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Climate change is a major global challenge. However, some geographical regions are
more affected than others. One of these regions is the African continent. Due to a
combination of unfavorable socioeconomic and meteorological conditions, African
countries are particularly vulnerable to climate change and its impacts. The IPCC
Special Report “Global Warming by 1.5 °C” outlines the fact that maintaining global
warming by 1.5 °C is possible, but also points out that a 2 °C increase could lead to
crises in agriculture (rain-fed agriculture could decline by 50% in some African
countries by 2020) and livestock, damage water supplies, and pose an additional
threat to coastal areas.

The IPCC also predicts that wheat could disappear from Africa by 2080 and that
maize — a staple food — may decline significantly in southern Africa. In addition, arid
and semi-arid soils are likely to increase by up to 8%, which will have serious
implications for livelihoods, poverty reduction, and meeting the UN Sustainable
Development Goals. Pursuing appropriate adaptation strategies is therefore crucial
to meet the current and future challenges posed by climate change.

Despite recent progress since the signing of the Paris Agreement in 2015 and the
Katowice climate package in 2018, there is still much to be done to raise awareness
on the relevance of climate issues for African nations. This process of awareness
raising could be supported by specialized publications written by African experts
(or by experts working in the region), based on the realities on the African continent,
and comprehensively documenting and disseminating the many ideas, approaches,
methods, and projects being implemented across Africa today.

Based on the need to address the above issues that the African Handbook of
Climate Change Adaptation has been produced. It discusses current thinking and
presents some of the main issues and challenges related to climate change in Africa,
as well as evidences from a wide range of studies and projects that show how climate
change adaptation is being — and can continue to be — successfully implemented in
African countries. Thanks to its scope and wide range of topics related to climate
change, this book is intended to become a flagship publication on the subject.

This handbook shares some of the latest research findings on climate change and
its impacts in Africa. And apart from having provided senior African researchers and
representatives from government and non-governmental organizations with a plat-
form for the documentation and dissemination of their work, it provides an
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opportunity for young scholars from Africa to present their research and climate
adaptation projects. Some special features of the publication are:

1. Over 100 scientific contributions written by African researchers and/or
researchers based in Africa

2. All contributions have been peer reviewed by an international editorial team
consisting of editors, associate editors, and reviewers

3. It represents all African regions and contexts, from North, East, and West Africa
to Southern Africa.

The body of information and knowledge which characterizes the African Hand-
book of Climate Change Adaptation is of particular value to: early career and
established researchers whose research and studies examine aspects related to
climate change and climate change mitigation and adaptation in Africa; social
institutions working on climate change and climate adaptation in Africa that need
new information; nongovernmental organizations (NGOs); associations and compa-
nies, especially from the finance and insurance sectors; government institutions
(ministries of the environment, planning committees, etc.); international and national
aid organizations; and other actors in Africa whose activities are affected by climate
change.

The handbook provides an overview of the impacts of climate change on the
African continent and the methods currently being used to implement climate change
adaptation. The experiences from the contributors will also be useful for interna-
tional and regional experts working in the field of climate change and planning, as
well as for all those interested in the linkages between climate change and climate
adaptation. In order to support the training of a new generation of scientists, the
African Handbook of Climate Change Adaptation will be especially used by young
scientists (M.Sc. students, Ph.D. students, and postdoctoral students).

And, as importantly, the fact that this publication is available via open access
means that it is free and can be read and used by all those interested on matters
related to climate change adaptation in Africa, without any costs. Here, the editors
would like to thank the assistance provided by the German Ministry for International
Cooperation (BMZ), whose support has made this possible.

The editors would also like to thank the authors for their hard work, their patience
during the peer-review process, and willingness to share their knowledge with a wide
audience. Thanks are also due to the associate editors and reviewers for dedicating
their time in the assessments of their manuscripts. Their support is greatly
appreciated.

We hope that the African Handbook of Climate Change Adaptation will support
the regional and global efforts to assist African nations handle the many challenges
posed by a changing climate.

May 2021 The Editors
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Abstract

Seaweed farming is an important alternative livelihood activity that has been
heralded as a development success story. It has advanced women’s empowerment
and economic liberation in coastal communities in Zanzibar, despite recent
declines in its production. Using data from 36 semistructured interviews, we
explore the impacts of climate change on seaweed farming in Zanzibar and the
coping and adaptation strategies available to farmers. Interviews reveal that
climatic changes observed in Zanzibar are characterized by increased tempera-
tures, increased winds, and irregular rainfall, and these changes have negatively
affected coastal seaweed farming yields and quality. Combined with economic
challenges, these environmental stressors are threatening the sustainability of
seaweed farming and the wider development impacts that have been gained
over the past decades. Establishing seaweed farms in deeper water, using new
technologies, could be an adaptation method to overcome rising temperatures;
however, there are significant socioeconomic barriers for this to happen. For
example, women lack access to boats and the ability to swim. Adaptation options
to the increasing impacts of climate change will be possible only with institutional
support, significant investment, and through the empowerment of women and the
participation local communities.

Keywords

Development - Climate variability - Coastal communities - Gender - Coping
strategies

Introduction

The livelihoods of coastal communities are strongly linked to the health of the
coastal and marine ecosystems on which they rely (Salafsky and Wollenberg
2000). These socioecological systems are vulnerable to sudden shocks and long-
term change, including climate change, and communities often exhibit a high
incidence of poverty that can be exacerbated by these shocks (Tobisson 2014;
Ferrol-Schulte et al. 2015; Cohen et al. 2016). Alternative and diversification of
livelihood activities are popular intervention options aimed at elevating the socio-
economic status of coastal communities and reducing the pressure on marine
resources (Sievanen et al. 2005). To be successful, however, these alternative
livelihood activities must be resilient to fluctuations in ecological, economic, and
social systems (Allison and Ellis 2001; Newman et al. 2020).
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Seaweed farming is an alternative livelihood activity that has been promoted in
many tropical developing countries (Crawford 2002; Sievanen et al. 2005) because
of its low initial capital investment and short-farming cycle (Mshigeni 1973;
Valderrama et al. 2015) which provides a fast return on investment (Valderrama
et al. 2015). The positive socioeconomic impacts of seaweed farming have been
documented in countries including the Philippines, Indonesia, Tanzania, and the
Pacific Islands (Sievanen et al. 2005; Msuya 2006a; Namudu and Pickering 2006;
Arnold 2008). However, these successes have also been contested (Bryceson 2002;
Frocklin et al. 2012) and seaweed farming is prone to environmental and economic
boom-and-bust cycles (Valderrama et al. 2015). This raises questions about its
resilience to ecological, economic, and social system fluctuations, particularly the
impacts of climate change, and therefore about the sustainability of seaweed farming
as an alternative livelihood activity (Allison and Ellis 2001).

Case Study of Zanzibar

Zanzibar is a semi-independent archipelago within the United Republic of Tan-
zania and its population rely heavily on a vulnerable marine resource base
(Suckall et al. 2014). Seaweed farming was introduced in 1989 using the off-
bottom method to farm Kappaphycus alvarezii (commercially known as cottonii)
and Eucheuma denticulatum (spinosum) in the intertidal zone (Fig. 1) (Msuya
2011). This method involves tying algal fronds to ropes attached between wooden
pegs driven into the sediment (Ekl6f et al. 2012). Farming cycles are 4—10 weeks,
depending on growth rates (Eklof et al. 2012). Seaweed is dried on the ground
over several days and sold to a company to be exported and processed into
carrageenan (Fig. 1). Seaweed farming spread rapidly throughout Zanzibar and
mainland Tanzania and yearly production increased from 800 tons (dry weight)
per year in 1990 to about 11,000 t in 2002 (Ekl6f et al. 2012). Farming employs
15,000-20,000 people in Zanzibar, of which 90% are women (Msuya 2006a;
Frocklin et al. 2012). In a traditionally conservative Muslim society, seaweed
farming provides women with an opportunity to earn a regular cash income,
negotiate household needs, and gain economic independence (Wallevik and
Jiddawi 2001). It has been contended that seaweed farming has increased
women’s security at both the household and community level (Wallevik and
Jiddawi 2001). However, despite initial successes, the industry in Zanzibar strug-
gles to compete with global seaweed markets and there has been a production
decline of 47% between 2002 and 2012 (EkIof et al. 2012). The combination of
low-sale price and seaweed die-offs, linked to climate change and overgrowth of
fouling organisms such as epiphytes (Msuya et al. 2007; Msuya 2011; Ekl5f et al.
2012), have caused many farmers to reduce their farm size or abandon the activity
altogether (Bryceson 2002; Eklof et al. 2005).

Adaptation initiatives aim to increase the value of seaweed and improve the
livelihoods of the women who farm it. For example, the SeaPoWer project has
introduced a new technology to farm cottonii (the more valuable species) in the
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Fig. 1 (a) The seaweed farming cycle using the off-bottom method. (Adapted from Frocklin et al.
2012). Background photo of seaweed farms in Paje, Zanzibar; (b) Fresh Eucheuma denticulatum
(spinosum); (¢) Two piles of seaweed drying on palm leaf matting outside Jambiani village. (All
photos taken by the author)

deeper water (>8 m) using tubular nets and has provided a boat and other
equipment to two groups of farmers (Brugere et al. 2019). Value addition training
has been provided by academics and NGOs to enable women to process seaweed
into more valuable products such as soap, shampoo, cookies, and juice
(ZaSCI 2019). Some women have formed “clusters” to share costs of equipment
and strengthen their business. Another example of an initiative is The Seaweed
Co., a business providing seaweed farm tours and products to tourists, where
farmers are employed full time and receive a fixed salary. Adaptation initiatives
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may increase the sustainability of seaweed farming in Zanzibar; however, their
accessibility, effectiveness, and resilience remain to be assessed.

Conceptual Framework

Sustainable livelihoods, adaptation, and gender equality are key concepts to be
considered in relation to the unique socioecological system of seaweed farming in
Zanzibar. A livelihood is understood in relation to natural, human, economic, and
social capital and is considered sustainable if it can cope with present and future
shocks and stresses, while not undermining natural resources (Scoones 1998; Serrat
2017; Quandt 2018). Considering the strong interrelations between environmental
conditions and seaweed farming outcomes, attention needs to be paid to the implica-
tions of environmental change. Where previous literature has emphasized the chal-
lenges that environmental change can pose (Hassan and Othman 2019; Makame and
Shackleton 2019) more attention needs to be paid to if, and how, people are
responding. Therefore, this study adopts principles from the dynamic environmental
sustainability of livelihoods (DESL) framework, which focuses on dynamic responses
to change (Newman et al. 2020). Typically, those who are unable to cope, by making
temporary adjustments, or to make long-term adaptations are vulnerable and unlikely
to attain sustainable livelihoods (Scoones 1998). Responses to shocks and stresses
include extensification, intensification, and diversification (Suckall et al. 2014). With
regard to seaweed farming, these can be understood as increasing the geographical
area where seaweed is farmed, increasing the time spent on the farm, and finally,
taking on additional livelihood activities. Long-term adaptations are the actions of
individuals, communities and governments undertaken for the purpose of improving
or protecting livelihoods (Adger et al. 2005). The capacity to adapt is shaped by socio-
institutional factors, including social identities and power relations, which include
gender inequalities (Brown and Westaway 2011). The sensitivity of seaweed farming
to environmental fluctuations and climate change make it particularly susceptible to
shocks and stresses (Msuya and Porter 2014) and the unique nature of this female-
dominated industry in the context of gender inequalities in Zanzibar, may impact
farmers’ ability to adapt. Assessing the viability of coping and long-term adaptation
strategies is essential for understanding its future importance as an alternative liveli-
hood activity. As such, we focus on adaptive strategies alongside barriers to adoption
whilst critically reflecting on how such barriers might be overcome.

Aims and Objectives

This study aims to explore whether seaweed farmers in Zanzibar can adapt to climate
change to ensure its continued sustainability as a livelihood diversification option.
Firstly, we assess the environmental changes that are occurring in Zanzibar and
farmers’ perceptions of these changes. Secondly, we identify the challenges that
women are facing, particularly in relation to climate change, and the effects these
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challenges have on production. Finally, we explore how farmers are responding to
change, the adaptation strategies available and the barriers to adaptation. In doing so,
findings from this work contribute to understanding the effectiveness of adaptation
options and to developing recommendations for enhancing the sustainability of
seaweed-related interventions.

Methods

Meetings took place with key NGOs and academics working with seaweed farming
in Zanzibar to contextualize the project and gather additional background informa-
tion, found in the supplementary information (S1: List of Academics and NGOs
Contacted During Scoping Phase). Thirty-six semistructured interviews were carried
out with seaweed farmers from five villages on Unguja, the largest island of the
Zanzibar archipelago (Fig. 2, S2: Participant Profiles); participants were sought with
the support of academics and NGOs working in Zanzibar. Thirty-four farmers were
female, two were male and ages ranged between 23 and 70, with the average age of
45. Four different groups of farmers were selected to represent different types of
seaweed farming options on the island (Table 1). Groups were identified during the
scoping phase and a purposive sampling strategy was used to gain representation of
the four identified groups of seaweed farmers. This number of participants was
deemed an adequate sample size to permit case-orientated analysis while providing
a new understanding of experience (Sandelowski 1995).

Interviews were semistructured to allow for supplementary information to be
incorporated into the discussion. Interviews were carried out in participants’ homes
with the assistance of a translator and were recorded using a mobile phone if consent
was given. The translator had an academic background in marine sciences and
translated from Swabhili to English. A meeting was held with the translator before
interviews commenced to ensure that translation and interpretation of questions were
accurate. Furthermore, to minimize misinterpretation, there was mutual consultation
between the translator and the researcher throughout translation during interviews to
fully unravel answers (Temple and Young 2004). Six pilot interviews were carried
out and questions were adapted to make them clearer for participants and to make the
challenges section less restrictive and allow participants to talk more openly and in
depth about the challenges they were experiencing.

Questions were developed using themes that were based around the key aims and
objectives (S3: Interview Questions Used as a Guideline for the Semi-structured
Interviews). The first section gathered background information to gain understand-
ing about whether farming contributes to financial stability in the household. The
second section asked farmers to consider challenges, how these have changed over
time and their coping strategies. Adaptation methods were considered by opening up
conversation about deepwater farming and value addition (if applicable) and ways to
make farming easier. The final question was very open-ended, allowing participants
to freely add any information that they deemed important. Interviews lasted between
20 and 40 min. Participants received a small remuneration for their time according to
local customs (4000 Tsh / US$ 1.5).
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Fig. 2 Map of Zanzibar. Red dots indicate villages where participants were interviewed

Analysis

Interview notes were studied to identify key themes and concepts emerging from the
data (Spencer et al. 2003). Thematic categories were based on the objectives but
labeled using language from participants to ensure that analysis remained embedded
in the data (Spencer et al. 2003). Interview scripts were then systematically coded
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Table 1 Summary of the groups interviewed. (No. = number of participants)

Method of Value

Group No. | Description farming addition?
Independent |9 Farmers working alone, receiving no Off-bottom X
Farmers institutional support
Value 11 Farmers making value addition products, | Off-bottom v
addition part of a “cluster”
Sea PoWer 10 Received equipment and training to farm | Off-bottom X

in the deepwater using tubular nets and deepwater
Seaweed Co. |6 Employed 6 days per week, receive a Off-bottom v

wage. Business sells tours to tourists

under thematic categories using NVivo 12 (version 12.4.0) (S4: Coding Strategy
Used to Analyses the Seaweed Farming Interview Data). Coded information about
challenges was organized into a presence-absence data format (S5: Presence
Absence Data for Challenges to the Off Bottom Method, S6: Presence Absence of
Challenges for Deepwater and off Bottom Methods). Statistical analyses were
carried out using R (version 3.6.0). Fisher’s Exact tests were run to compare
challenges across the deepwater farming (» = 10) and the off-bottom method
(n = 36). Further analysis took place by examining recordings and full interview
notes to capture detailed illustrative quotes. Quotes were selected to capture the
breadth of challenges and emerging themes.

Results

Seaweed farming is often seen as one of the few options available for women to
earn an income. With limited options for other employment, it is an important
livelihood activity to alleviate poverty. Income from seaweed farming varied
dramatically, ranging from 20,000 to 160,000 Tsh (US$ 9.00—69.00) per month.
Farmers noted the considerably large differences in income when the harvest was
“good” or “low.” Challenges to seaweed farming are numerous and farmers
indicated that farming has been affected by changes in climatic factors and
nonclimatic stressors over the last 20 years. Climatic variables include increased
sea temperatures, increased winds, and irregular rainfall (particularly impacting on
the ability to dry the harvested seaweed). Other stressors include low market price
and health repercussions, such as back pain and skin irritation. The more valuable
species, cottonii, cannot be farmed in many areas in Zanzibar due to poor growth
and die-offs driven by diseases, such as “ice—ice” disease. As a result of chal-
lenges, there has been a huge reduction in the number of farmers. For example, the
number of farmers in Bweleo has been reduced from 200 to 60 (Seaweed farmer,
VA, Bweleo, July 2019). This reduction in farmers echoes a decline in production
across Zanzibar (Fig. 3).
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Fig. 3 Seaweed produced in Zanzibar 2009-2018. (Data acquired from Department of Fisheries
Development (2019))

Meteorological Evidence

See Fig. 4.

Perceived Climatic Changes and Reported Impacts on Seaweed

Although some seaweed farmers did not observe climatic change or were unaware of
why seaweed was not growing well, many were aware of changes and reported that
stressors were having a big impact on seaweed farming, reducing yields. The more
valuable species cottonii cannot be farmed anymore so farmers have to produce the
lower value spinosum. Table 2 indicates the effects that climate stressors have on
seaweed farming.

Adaptation Strategies and Constraints

Although some farmers could see no solution to the challenges they faced, there are
some adaptation strategies to mitigate the effect of low market price and climatic
stressors (Table 3). One coping strategy is to tend to farms more often, using “more
energy” to farm. Value addition is an adaptation to the low sale price of seaweed
because it can earn more money. However, it does not provide a solution to the
problem of a low harvest.

Due to the disease, we try to farm seaweed, but we harvest nothing. If we want to make value
addition, we have to buy from other farmers. The solution is to get a boat to farm into the
deep water. (Female seaweed farmer partaking in value addition, Bweleo, July 2019)
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Table 2 Effects of climatic stressors on seaweed farming as mentioned by participants

%

Stressor Effects participants | Example

Increased More disease — “ice—ice” 61% There is disease during the

sea disease which turns the summer, the water got hot and

temperatures | seaweed white, causes it to boiled the seaweed (Independent

rot female farmer, Paje, July 2017)

1t is getting worse because now
the sun is very high and hot and
so the disease is worse (Female
seaweed farmer partaking in
value addition, Paje, July 2019)

Increased Epiphytic algae, causes 28% There is a type of seagrass that

sea seaweed to rot grows on the seaweed and causes

temperatures it to rot. .. I wanted to cry
because there was so much
(Female farmer employed at the
seaweed business, Paje, July
2019)

Increased Lower yields as seaweed 50% Due to the changing of the

wind speed breaks off the rope and weather, the seaweed that we

farms get destroyed plant gets ripped off by the wind.

We plant a lot but when we go to
harvest it there is not much there
(Independent female farmer,
Bweleo, July 2017)

Changes in Lower yields as destroys the | 19% During the rainfall we plant it but

rainfall harvest if it gets wet whilst we don 't harvest it because it is

patterns drying difficult to dry it (Independent

female farmer, Paje, July 2017)

Deepwater farming is a group activity that uses a new technology to farm in the
deeper and cooler water. It requires the involvement of men to drive a boat and swim
to place nets, although some swimming lessons have been provided to some women.
SeaPoWer farmers believed that seaweed grows better in deeper water, particularly
the more valuable species cotfonii and it was believed that the new method addresses
environmental challenges. A comparison of the off-bottom method and the deepwa-
ter method reveals that disease and seagrass infestation were significantly less of a
challenge for farmers using the deepwater technology compared to the off-bottom
method (Table 4). However, the deepwater method elevated alternative challenges
including the presence of grazers (fish-eating the seaweed) and the need for training
(Table 4). Farmers have placed fish traps at the bottom of the tubular nets in the
deepwater to capture the herbivorous fish to sell. Interviews reveal that there are
constraints to adaptation methods (Table 3). For example, independent farmers
expressed a desire to partake in value addition but noted that they lacked training
and equipment. Similarly, to farm in the deeper water using the tubular technology,
farmers need to learn to swim and dive, and have access to a boat. Currently, farmers
have to rely on men because boat skills are highly gendered activities that are
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Table 4 Comparison of the challenges mentioned by participants for seaweed farming using the
off-bottom method and deepwater farming. P value represents the significance levels from fisher’s
exact test. * denotes significant results

Challenge Off-bottom method Deepwater P value

Disease 64% 20% p = 0.028*
Epiphytes 39% 0% p = 0.020%*
Winds 47% 40% p > 0.05
Grazers 6% 50% p =0.0031%*
Training 0% 60% p = 0.0000022*

associated with fishing activity. However, there is strong consensus among the
female participants that women would like training to be able to do these activities
themselves. These constraints highlight clear socioeconomic barriers to adaptation
options.

Discussion

Seaweed farming, using the off-bottom method, is susceptible to shocks and stresses
and climatic changes are clearly having a big impact on seaweed farmers. Initial
benefits associated with seaweed farming, such as increased household income and
job opportunities, become less obvious as harvests are increasingly unreliable which
leads to greater insecurity. Many farmers observed increases in wind speed and
temperature, which is in alignment with meteorological data and other studies
(Hassan and Othman 2019; Makame and Shackleton 2019). The presence of “ice—
ice” disease, which causes a discoloration of the seaweed thali and affects the quality
of seaweed, is linked to changes in light intensity and temperature (Largo et al.
1995). The more valuable species (Cottonii) is particularly sensitive to environmen-
tal fluctuations, and seaweed die-offs caused by “ice—ice” disease is a widespread
issue and has been long documented in Zanzibar (Msuya et al. 2014; Msuya and
Porter 2014). Moreover, the invasion of epiphytic algae, which causes the seaweed
to rot (Critchley et al. 2004; Vairappan 2006), has also been linked to increased
variability in water temperatures (Tsiresy et al. 2016). The emotional response of
farmers during the interviews to this problem clearly indicates the effect it has on
income and human capital because of the economic insecurity and emotional
response it causes. The difficulty of high die-off rates and therefore low yields is
compounded by irregular rainfall patterns, which cause post-harvest loss of yields if
it rains during the drying process, and a low-sale price. The combination of envi-
ronmental and economic challenges results in a very low income for farmers and
therefore threatens the economic capital of farmers by reducing their ability to
generate a stable income. Seaweed farming is clearly susceptible to economic and
environmental shocks and stresses. Given that future projections estimate that
temperatures will increase by 1.5-2 °C by the 2050s (Revolutionary Government
of Zanzibar 2013), seaweed die-offs will be exacerbated and its sustainability is
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therefore questionable if adaptation is not achieved. Other challenges, such as poor
health effects (Frocklin et al. 2012), further impact sustainability by negatively
affected human capital. The off-bottom method is negatively impacting human and
economic capital and is becoming increasingly vulnerable to shocks and stresses.
Therefore, it is important to understand indigenous perceptions about climate change
and its impacts to assess the dynamic responses to changes and to determine suitable
adaptation strategies to attain sustainable livelihoods.

There are a number of short-term and long-term adaptation strategies available to
farmers. Intensification of farming (i.e., using “more energy” to tend to farms) is a
short-term coping strategy in response to low production, high winds, and low sale
price. Value addition is a form of long-term diversification, aiming to address the issue
of a low sale price that farmers get as a result of their weak bargaining power with
seaweed buyers. Interviews reveal that women clearly see the benefit of value addition
through an increase in their income. Moreover, deepwater farming can be seen as
either a form of extensification or a migration to a new production environment that
successfully addresses many environmental challenges and farmers believe that they
can earn more money by farming the more valuable species. Although there are still
uncertainties regarding the outputs of these long-term adaptation strategies (value
addition and deepwater farming), and further monitoring will be required to assess
the impact that this has on the farmers’ household income, the attitudes of farmers
engaging with these activities are positive. The farming innovations are also bringing
about additional benefits such as greater social capital by empowering women pro-
ducers and elevating women’s status in society (Brugere et al. 2020).

However, successful adaptation requires an enabling environment dependent on
environmental, economic, social, and institutional factors and some strategies are more
effective that others, particularly in relation to climate change. Although some long-
term adaptation strategies are having positive impacts, there are a number of barriers to
adaptation that warrant further attention, and adaptive strategies must be analyzed in
the context of these barriers to assess their effectiveness. Given that climatic change is
a major challenge for seaweed farmers that is likely to be exacerbated in the future,
many adaptation strategies will not be adequate in ensuring the long-term sustainabil-
ity of farming. For example, intensification of farming and value addition activities
will not be resistant to climatic stressors because they do not address the inability to
grow seaweed. Moreover, there are economic considerations that may inhibit farmers’
ability to adapt; unlike the off-bottom method, deepwater farming and value addition
both require large initial investment to purchase equipment. If farmers do not have the
financial capacity to make this initial investment, adaptation will not be possible unless
enabled through institutional or NGO support (Wright et al. 2014).

Social factors will also either inhibit or enable adaptation. Deepwater farming and
value addition both require substantial training and knowledge sharing. Many
independent farmers interviewed were aware of adaptation methods but were unable
to access them, highlighting the importance of social collaboration as a critical
enabling environment to promote knowledge sharing for adaptation (Fu et al.
2011). Moreover, deeply engrained social practices and the complex nature of gender
biases and power relations will be significant barriers to overcome for adaption
methods. Labor-led intensification is characterized by an increased time burden,
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which disproportionately affects women due to their roles within the household and as
child-carers (Wodon and Blackden 2006). Therefore, it is unlikely to be sustainable
because of the impact on human and social capital by reducing time available for other
roles that are typically dominated by women. The complex nature of gender biases and
power relations also significantly affects deepwater farming, which currently entails
the involvement of men. Gender power dynamics must be monitored to maintain (and
promote) the positive impact to date of seaweed farming on women’s security at the
household and community level (Wallevik and Jiddawi 2001). Interviews revealed
women want to learn to swim and drive the boat to reduce their dependency on men,
highlighting a shift in traditional attitudes (Brugere et al. 2019; Brugere et al. 2020).
Deepwater farming represents a shift in gender attitudes because it challenges the
traditional belief that the deepwater is an area accessed by men due to women’s limited
mobility and role in society (Frocklin et al. 2014). The government is promoting
gender balance by increasing the number of female village leaders and females in
government offices which shows a wider change in gendered roles. However, despite
signs of attitude shifts, deeply engrained cultural practices and ways of thinking, held
by both men and women, require repeated action, support, and perseverance over
extensive periods of time to evolve (Brugere et al. 2019).

Lastly, government involvement will impact the success of adaptation methods by
providing (or inhibiting) an institutional enabling environment. Policies and institu-
tions play a major contributing role to the sustainability of coping and adaptation
strategies (Osman-Elasha et al. 2006). Governance mechanisms aimed at adaptation
can support coping strategies by providing training, technical support, and financial
support (Jabeen et al. 2010). It is promising that there is government attention on
seaweed farming in Zanzibar, highlighted by the recent appointment of National
Seaweed Day to emphasize the importance of the activity and previous governmental
attempts to increase the price of seaweed (Davis 2011). Moreover, there are currently
plans to construct a processing plant on Pemba which is a large-scale value addition
project (IPPmedia 2019). However, the government should be investing in technolo-
gies that will be resilient to climate change, not only promoting value addition
activities which will be an ineffective coping strategy in the long-term.

Overall, short-term coping strategies are often ineffective and have resulted in
many people ceasing to farm as seen by the reduction in farmer numbers in Bweleo
and the reduction in production. Although long-term adaptation methods provide
promising ways to increase the sustainability of seaweed farming by overcoming
economic and environmental challenges, particularly those relating to climate
change, there are significant socioeconomic barriers that need to be overcome.
This will only be achieved through a supportive enabling environment with partic-
ipation of local communities and institutional support (Sietz et al. 2011).

Future Study
Although 36 participants was deemed sufficient to enable thorough analysis due to

the recurrence of themes during interviews, the study would benefit from incorpo-
rating the experiences of farmers on the other islands in Zanzibar, particularly Pemba
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where seaweed farming is a particularly important livelihood activity. More inves-
tigation is required into the potential cobenefit of using fish traps at deepwater farms
to see if the catch of fish can outweigh the loss of seaweed yield. Moreover, there
should be more research into drying techniques in order to reduce the post-harvest
loss due to irregular rainfall, or the possibility of farmers selling seaweed fresh
opposed to dried. Additionally, the complex issue of gender dynamics requires
further study, particularly the possible shift in power as a result of extensification
into deeper water, which could have major impacts on the long-term sustainability of
seaweed farming as a way of empowering women.

Wider Implications

Seaweed farming is being promoted as an alternative livelihood activity in many
tropical developing counties, including Zanzibar, Indonesia, and Philippines. How-
ever, it is important that alternative livelihood activities are resilient to ecological and
social system fluctuations, particularly climate change (Allison and Ellis 2001). In
order to maintain yields, efforts need to focus on seaweed farming adaptation strate-
gies that will be resilient to climate change. Deepwater farming using the new tubular
technology shows the most promising adaption method to environmental challenges.
However, it requires significant investment and training to ensure its success. Inter-
estingly, despite negative impacts of climate change on the growth of seaweed that
have been reported in Zanzibar and elsewhere, seaweed aquaculture is gaining recog-
nition as a climate-change mitigation strategy by its ability to act as a carbon sink
(Duarte et al. 2017). Although it would be minor at this scale, it is worth exploring how
climate change mitigation policies that provide economic compensation for the envi-
ronmental benefits brought about by seaweed farming could help investment and
could generate a new market for seaweed production (Duarte et al. 2017).

Conclusion

Seaweed farming is still heralded as a success story and is responsible for women’s
empowerment and economic liberation. However, climatic stressors such as
increased sea temperatures, high winds, and variable rainfall reduce seaweed growth
and quality. Given the current environmental and socio-economic challenges, sea-
weed farming provides an unreliable income. Despite the cultural importance as a
livelihood activity, the future of seaweed farming is uncertain, particularly as the
impacts around climate change are likely to increase. Individual short-term coping
strategies, such as intensification of tending to seaweed farms are unlikely to be
effective in the long-term. The sustainability of seaweed farming is reliant on long-
term adaptation methods that will require adopting new technologies, overcoming
significant socioeconomic barriers, and will demand substantial institutional support.
It is important to support adaptation strategies that are codesigned with communities,
and that use holistic approaches that embrace the technological, individual (social
and economic), and institutional dimensions of climate change adaptation.
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Supplementary Information

S1: List of Academics and NGOs Contacted During Scoping Phase

Name

Organisation

Narriman Jiddawi

Department of Fisheries Development

Flower Msuya

Zanzibar Seaweed Cluster Initiative

Alice Mushi

Milele Foundation

Cecile Brugere SeaPoWer
N/A The Seaweed Company
S2: Participant Profiles

Participant | Group | Age | Gender | Village Status Children | Electricity | Water
1 SWC1 SWC |48 |F Paje Married |3 1 1
2 SwWC2 SWC |33 |F Jambiani | Divorced | 5 0 0
3 SWC3 SWC |66 |F Paje Married |8 0 1
4 SWC4 SWC |44 |F Paje Married |2 0 1
5 SWC5 SWC |25 |F Paje Divorced |3 1 1
6 SWC6 SWC |23 |F Paje Married |0 1 0
7 INDI IND 34 |F Paje Divorced | 4 1 1
8 IND2 IND |54 |F Paje Married |8 0 1
9 IND3 IND |70 |F Paje Divorced | 1 0 1
10 | IND6 IND |58 |F Paje Divorced | 4 0 0
11 |IND7 IND |57 |F Paje Widowed | 3 0 0
12 | IND8 IND 39 |F Paje Widowed | 5 0 1
13 | IND9 IND |32 |F Paje Married |4 0 1
14 | INDIO IND |42 |F Paje Divorced | 3 1 1
15 |IND IND |51 |F Bweleo | Widowed | 6 1 0
16 |SP1 SP 64 |F Nyamanzi  Married |5 1 0
17 | SP2 SP 46 |F Dimani Married |6 0 1
18 | SP3 SP 48 |F Dimani Married |12 0 0
19 | SP4 SP 40 |F Nyamanzi | Married |3 0 0
20 | SPS SP 41 |M Dimani Married |3 0 0
21 | SP6 SP 38 |F Muungoni | Married | 7 1 0
22 | SP7 SP 52 |F Muungoni | Married | 5 1 0
23 | SP8 SP 43 |F Muungoni | Married |2 0 0
24 | SP9 SP 52 |F Muungoni | Married | 7 1 0
25 |SP10 SP 24 |F Muungoni | Married | 2 0 0
26 | VAl VA 40 |F Paje Married |4 1 1
27 | VA2 VA 48 |F Paje Married |3 0 1
28 | VA3 VA 46 |F Paje Married |2 1 1
29 | VA4 VA 50 |F Paje Married |4 1 1

(continued)
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Participant | Group | Age | Gender | Village Status Children | Electricity | Water
30 | VAS VA 42 |F Paje Married |3 1 1
31 | VA6 VA 54 |F Bweleo Married | 6 1 0
32 | VA7 VA 25 |M Bweleo Single 0 1 0
33 | VAS VA 45 |F Bweleo Married |4 1 0
34 | VA9 VA 56 |F Bweleo Married | 6 1 0
35 | VAIO VA 40 |F Paje Married |3 0 1
36 | Vall VA 50 |F Paje Married | 6 0 0
S3: Interview Questions Used as a Guideline for the Semi-structured
Interviews
Registration:
Age:
Gender:
Village/District:

Single/Married/Widowed:

Number of children:

Electricity in home:

Water piped in the home:

Questions

Background

How long have you been farming seaweed?

Why did you decide to start farming seaweed?

What do you think are the main benefits coming from seaweed farming?
What type of method do you use (shallow water/deepwater)?

If you do both, why? If you changed from the traditional method to the new
method, why?
When did you start farming the new method?

What type of seaweed do you farm? Cotonii or Spinosum?

How much time do you spend farming seaweed in the traditional/deepwater method?
How many days a week do you spend farming?

Economic

Who do you sell the seaweed to?

How much money do you make from seaweed farming per month?

What is the price per unit (kg bag of dried seaweed) Are you able to negotiate the

prices?

Which method earns more money? Which species earns more money?
Has the value of the seaweed you farm increased, decreased or stayed the same in

the last 20 years?
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How essential is seaweed farming to the income of the household?

Do you have any other sources of income other than seaweed farming?

What is the money from seaweed farming spent on?

Do you have a say on how the money from seaweed farming is spent?

What is the cost of the off bottom culture equipment per cycle of production?

If you have farmed using both methods, how do you think the deepwater
technique compares with the traditional technique, in terms of

— Seaweed seedlings [more expensive, less expensive, the same]
— Equipment (ropes, pegs versus nets, strings, PVC tubes, boat, petrol. . .)
— Time/labour spent farming (more, less, the same)

What challenges are you facing? (Off bottom method)

Does the seaweed grow well?

Are these new/emerging challenges or have they always existed?
Are these challenges increasing/decreasing or staying the same?
Do the challenges vary across different seasons?

How do you respond to/cope with these challenges?

What would help to stop these problems?

Are you facing any health repercussions?

— Have these increased with exposure or stayed the same?
— How do you cope with or manage these health implications?

What does your family think of farming the new method/the old method?
— Does the time taken to farm seaweed affect your family?

Has there been any spatial conflict with other users of the ocean space? — eg does
tourism or fisherman prevent you from farming?

— How do you manage this?

Is there anything that would make it easier for you?

Do you farm in the deepwater?

How much time do you spend on this?

What effect does this have on your income?

What are the challenges?

Do you do any value addition — making products?

How much time do you spend on making products? What equipment and/or
inputs are you using?

How/where do you sell your products?

What products do you make?

Is there anything else that you would like to add or say?
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S4: Coding Strategy Used to Analyses the Seaweed Farming

Interview Data

[ Interviews
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Presence Absence of Challenges for Deepwater and off Bottom

Methods
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S7: Percentage of Participants Spending Their Income from Seaweed
Farming on Various Items

% Participants

Item

School fees 69.4%
Food 55.5%
Everyday household expenses 38.9%
Clothes 36.1%
Savings 30.5%
Personal use 27.8%
House renovations 25.0%
Extra household commodities 19.4%
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Abstract

The adverse effect of climate change on agriculture is well-documented and is a
cause of concern for governments globally. In addition to concerns over food crop
production, the economies of numerous developing countries rely heavily on cash
crops. The coffee and tea sectors are key in Kenya’s economy, contributing
significantly to the gross domestic product, foreign exchange, and the direct or
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indirect employment of millions. Farmers engaged in the production of coffee and
tea are predominantly small-scale farmers, with the majority farming on less than
five acres. Climate change poses a threat to the production of these two crops and
by extension to the economy of Kenya and the livelihood of farmers and those
employed in these sectors. This study identifies the challenges posed by climate
change in the tea and coffee sectors, the adaptation and mitigation measures
identified, and the scope of their implementation. The production, processing, and
marketing of tea and coffee in Kenya differs widely in terms of the institutions
and institutional arrangements in the two sectors. This study will therefore
analyze the role played by institutions in both sectors and how this affects climate
change adaptation and mitigation measures by small-scale farmers.

Keywords

Kenya - Tea - Coffee - Small-scale farmers - Climate change adaptation -
Institutions

Introduction
Agriculture in Kenya

The agriculture sector is key to Kenya’s economy. It accounts for 65% of the export
earnings and provides the livelihood of more than 80% of the population. The sector
employs more than 40% of the total population and about 70% of the rural population.
In 2018, it contributed 34.2% of Kenya’s gross domestic product (GDP) and an
additional 27% through linkages to other sectors such as manufacturing, distribution,
and services (Food and Agriculture Organization (FAO) 2020; Kenya National Bureau
of Statistics (KNBS) 2019; Ministry of Agriculture, Livestock and Fisheries (MALF)
2020). The climate of Kenya varies from tropical along the coast to arid in the interior.
The weather in Kenya is generally sunny year-round, with the main rainy seasons
being from March to May and from November to December (International Coffee
Organization (ICO) 2019a). The topography rises from the coastal plains to the eastern
edge of the East African Plateau and the Great Rift Valley. The highest altitude is in the
central region and temperatures of 15 °C compared to the coastal region with
temperatures of 29 °C (UNDP 2020). The Agriculture in Kenya is 98% rain fed and
highly sensitive to changes in temperature and rainfall. Studies indicate there will be a
20% decrease in rainfall by the year 2030 (Government of Kenya (GoK) 2015).
Temperatures are projected to increase 1.2-2.2 °C by 2050 in addition to increase in
frequency and intensity of heavy rainfall, increase in severity of dry spells and duration
of heat waves, and 1642 cm rise in sea level (United States Agency for International
Development (USAID) 2018). Since the early 1960s, both minimum and maximum
temperatures have been increasing. The minimum temperature has risen generally by
0.7-2.0 °C and the maximum by 0.2—1.3 °C. There has been increased variability of
rainfall from year to year and during the year. Extreme weather occurrences such as
droughts and floods have become frequent and intense, leading to crop failures.
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The adverse impacts of climate change are compounded by human factors such as
illegal encroachments and settlements, logging and livestock grazing, which exac-
erbate deforestation, land degradation, and desertification. Forest cover in Kenya, for
instance, has fallen from 12% in the 1960s to less than 2% in 2010. Kenya has a
landmass of about 582,350 km? with 17% being arable while 83% consists of arid
and semiarid land (ASAL) (GoK 2010). The combination of deforestation to open up
croplands, the extension of agriculture onto land with low potential, and the use of
more basic farming techniques and technologies due to cost and capacity barriers
make the current agricultural system unsustainable in the long term (Republic of
Kenya 2018). This necessitates that farmers engage in activities to adapt to and
mitigate climate change. Adaptation refers to actions that minimize negative impacts
of climate change, including the social, environmental, and economic impacts while
mitigation refers to activities that reduce, prevent, or remove greenhouse gas (GHG)
emissions and therefore reduce climate change. These measures require that farmers
engage in sustainable agriculture, which is defined as farming in a responsible
manner while enhancing profitability, well-being of the people, and the environment
for now and the future (Cameron 2017).

The MALF oversees agriculture in the country. The Agriculture and Food Author-
ity (AFA) is a government agency under MALF and is responsible for the develop-
ment, regulation, and promotion of scheduled crops (ICO 2019b). AFA is comprised
of several directorates that are specific to particular crops and include the Tea Direc-
torate and the Coffee Directorate. Tea, horticulture, and coffee are Kenya’s main
agricultural exports. Tea and coffee are, however, unique as they are predominantly
grown by small-scale farmers. This necessitates the formation of farmer organizations
to benefit from economies of scale and to navigate the labor and capital-intensive
process from production at the farm to the sale of the finished products.

Climate Change Policies and Regulations in Kenya

Kenya recognizes the importance of climate change action and has policies and plans
to enact adaptation and mitigation measures. These include the National Climate
Change Response Strategy (NCCRS) of 2010, National Policy on Climate Finance
(2015), the Climate Change Act of 2016, the National Climate Change Action Plan
(NCCAP) 2018-2022, and the National Adaptation Plan 2015-2030. The Environ-
mental Management and Coordination Act (EMCA) of 1999 is the framework law
on environmental management and conservation. Under this Act, EMCA established
various institutions including the National Environmental Management Authority
(NEMA). NEMA is the principal instrument of government charged with the
implementation of all policies relating to the environment, and to exercise general
supervision and coordination over all matters relating to the environment (National
Environmental Management Authority 2020).

The NCCRS is the main document that guides the Kenya government’s climate
change agenda. The main focus of the strategy is to ensure that adaptation and
mitigation measures are integrated in all government planning, budgeting, and
development objectives. It prioritizes agriculture as one of the vulnerable sectors
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of the economy. The NCCRS established that the institutions in place to govern
climate change affairs were inadequate and recommended that a comprehensive
climate change policy and related legislation be put in place. The Climate Change
Act was subsequently passed in 2016 and provides for a regulatory framework for an
enhanced response to climate change. The Climate Change Act pertains to all sectors
of the economy and to the national and county level government in the 47 counties of
Kenya. It aims to mainstream climate change responses into development planning,
provide incentives and obligations for private sector contributions in achieving low
carbon climate resilient development, promote low carbon technologies, facilitate
climate change research, and enhance cooperative climate change governance
between the national government and county governments.

The Act obligates the Cabinet Secretary responsible for climate change affairs to
formulate a five-year NCCAP. In accordance with the Act, the NCCAP represents
the national mechanism through which climate change will be addressed in Kenya,
including the implementation of the Nationally Determined Contributions (NDCs).
Kenya submitted its NDCs in 2016. The NCCAP 2018-2022 provides mechanisms
for mainstreaming climate change into all sectors of the economy and in the County
Integrated Development Plans (CIDPs). The initiatives undertaken through the
NCCAP include the scale up of renewable energy technologies, clean energy
solutions, improved water resource management, sustainable forest management
and tree planting, climate smart agriculture, and agroforestry (GoK 2015). It pre-
scribes measures and mechanisms for climate change adaptation and mitigation, and
the review and recommendation of duties of public and private bodies on climate
change. Climate change duties refer to the statutory obligations conferred on public
and private entities to implement climate change actions consistent with the national
goal of low carbon climate resilient development. NEMA monitors, investigates, and
reports on compliance with the assigned climate change duties. The Act also
provided for financial provisions through the Climate Change Fund, which is a
financing mechanism for priority climate change actions and interventions (Republic
of Kenya 2016). Kenya also has a Climate Smart Agriculture Strategy for 2017—
2026, which has been used as a source of input for the development of NCCAP
2018-2022 (Republic of Kenya 2018).

Tea Sector in Kenya

Kenya is the third largest producer of black tea globally after China and India, and is
the world’s largest exporter of black tea, contributing over 20% of total world
exports. The sector is therefore significant to the global and national economy. By
2012 the sector accounted for 17% of total export earnings and 4 % of the national
GDP (FAO 2015). In 2018, tea earnings amounted to Ksh.127.7 billion (KNBS
2019). Tea is grown on 236,000 ha with smallholders cultivating 142,000 ha and
estates 93,000 ha. Tea production in 2018 was 493,000MT with 272,500MT from
smallholders and 220,500 from estates (KNBS 2019). The tea sector contributes to
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environmental conservation through improved water infiltration, reduced surface
erosion rates, and enhanced carbon sequestration.

Tea farming in Kenya is regulated by the Tea Act, Revised Edition 2012 [1960].
The Tea Directorate undertakes regulation and compliance of the tea industry,
marketing and promotion of tea, the provision of technical and advisory services,
and tea export guidelines. It facilitates research on all tea-related matters through the
Tea Research Institute (TRI). All tea farmers are required to register with a factory as
shareholders and to which they must supply the entirety of their production. Nearly
all tea factories with small-scale farmer membership are shareholders in the Kenya
Tea Development Agency (KTDA), a management company with several subsidi-
aries. Acreage per farmer varies from 0.25 to over 50 acres and most KTDA farmers
grow on approximately half an acre of tea on average. Majority rely heavily on tea
production for their livelihoods, which comprises over 60% of their total income.
KTDA works directly with 611,000 farmers and indirectly impacts over four million
people. A 2.5% management fee based on net price for services rendered is paid to
KTDA Management Services and KTDA subsidiaries charge for their services
separately. The government supports KTDA through guarantees for loans and
support to extension services through the Ministry of Agriculture. The Kenya Tea
Growers Association (KTGA) was established to promote the common interests of
large-scale tea growers and is open to growers who maintain over 10 ha of tea. The
large-scale tea sector, also referred to as tea plantation, includes both individual
farmers and corporations, and accounts for about 40% of total tea production in
Kenya (Kenya Tea Growers Association (KTGA) 2016). Challenges in the tea sector
include declining prices, low yields, high production costs, low production diversi-
fication, low value addition, and a multiplicity of taxes and levies (Ngumo 2015).

The agro-climatic requirements of tea are temperatures ranging from 10 °C to
30 °C, ideally 0.5-10 degree slopes, elevations up to 2,000 m, acidic volcanic soils,
well-distributed rainfall between the range of 1,200 and 1,400 mm annually, suffi-
cient sunshine hours, and a mild climate. Tea in Kenya is grown in altitudes between
1,500 m and 2,700 m above sea level, receiving 1,200-1,400 mm of rainfall
annually, which is spread throughout the year (FAO 2015). The agro-zones for tea
production include the areas of Mount Kenya, Aberdare Range, Nyambene Hills,
Mau Escarpment, Kericho Highlands, the hills of Nandi and Kisii, Mount Elgon, and
Cherangani Hills (FAO 2015). Tea production in Kenya occurs all year round but the
highest yields are in the rainy seasons in March—June and October—December. The
tea supply is consistent throughout the year in both quantity and quality. Over 90%
of tea from Kenya is handpicked, with only the top two leaves and a bud being
picked for processing to ensure high quality. About 50 varieties of tea have been
developed to suit the seven tea growing regions. The tea is grown without the use of
agrochemicals as it is pest and disease free, and requires only fertilizer to replenish
soil (TRFK 2010). Tea husbandry includes weeding, pruning, and fertilizer applica-
tion. Pruning is ideally undertaken at the end of the peak-growing period, July to
August, when the soil moisture is still adequate (East Africa Tea Trade Association
2020). The weather during this period is usually cold with light rains and enables
pruning to occur without sun scorch.
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Climate Change Challenges in the Tea Sector

Tea production is highly sensitive to changes in growing conditions. These condi-
tions are expected to be impacted by climate change (Change 2015). Climate
changes include inadequate rainfall, a larger soil water deficit, unpredictable rain
patterns, and temperature rise (Ethical Trade Partnership (ETP) 2011). Climate
change causes low productivity and poor quality in tea. Drought reduces the yields
of tea while changes in the reliability and predictability of rainfall distribution and
patterns have negative effects on tea yields and quality. Hailstorms and frost damage
tea leaves and extreme temperatures suppress yields. High temperatures for example
lead to decreased yields, reduced quality, high evaporation, reduced water content in
the tea, dry weather pests, aggressive weed growth, weeds found in low country
appearing in mid and up country poor bud break, bud scorch, stem and collar canker,
wood root, leaf and bark desiccation. Excessive rain causes spread of fungal
diseases, wet weather pests, and poor drainage in low-lying areas, heavy soil erosion
that results in reduced water holding capacity, poor soil nutrients, and poor bud break
and shoot development. Increase in extreme weather causes crop damage and failure
due to events such as droughts, hail, storms, floods, frost, and landslides. Climate
change also reduces productivity of subsistence crops which reduces food security
(International Trade Center (ITC) 2014; Prematilake 2014). Due to climate change,
the current areas of production are becoming unsuitable for tea production due to the
risk of increasing temperature and increasing pests and diseases (ITC 2019; USAID
2018). A study by the International Center for Tropical Agriculture (CIAT) of
climate change impacts on tea production in Kenya up to 2050, estimated that
with increasing temperatures and rainfall, optimal areas for tea production will
decrease, and production will have to shift to higher altitude areas, moving from
around 1,500 m to 2,000 m above sea level (Ethical Tea Partnership 2011). A study
by TRI indicates that in 2012, almost one-third of the harvest was lost (Omondi
2015). Incidences of severe and damaging frost that are attributed to climate change
are becoming more common in Kenya. For example, the 2012 frost resulted in 30%
tea crop loss in Nandi County (GoK 2015).

Adaptation and Mitigation Measures by Small-Scale Farmers in the
Tea Sector

Tea planting is done through the planting of seedlings or more rarely, through the
transplanting of a tree plant. Maturation of the tea seedling takes approximately 3
years, after which the tree plant continues production for decades. Adaptation to
climate change can therefore not be carried out through adjusting the planting date.
Adaptation measures can however be taken through adjusting the timing of tea
husbandry activities such as pruning and fertilizer application, to climate change.
Toward addressing issues on climate change, TRI is developing new technologies
including environmental conservation efforts and development of improved tea
varieties. TRI conducts research aimed at improving planting material, husbandry,
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yields, quality, and disease and pests control. It also provides advisory services to the
growers on specific problems encountered in tea cultivation. The TRI has developed
over 914 improved clones, of which 51 clones have been selected for consistent
superiority in yield and quality. Thirteen of these clones yield between 5,000 and
8,000 kg of processed tea per hectare annually. These yield levels are some of the
highest in the world and are three times the average yields of unimproved tea
varieties. It has also developed a new tea clone — “Purple tea.” According to the
Kenya Agriculture and Livestock Research Organization (KALRO), the TRI began
research on the “Purple Tea” cultivar over 25 years ago, and in 2011, the Tea
Directorate began encouraging farmers to plant it. It is drought, frost, disease, and
pest resistant. It has wide adaptability and is suitable for all designated tea-growing
regions (KALRO 2020). Production of tea varieties such as purple tea, which is more
resistant to climate variability than green tea, is a climate adaptation measure with
the potential for higher income for tea farmers. Kimtai (2019) did a study aimed at
establishing the rate of adoption of purple tea farming, determining the socioeco-
nomic factors that hinders adoption and determining the role of purple tea farming
for carbon sequestration. The purple variety had higher production than green tea
and fetched higher prices. It was more resistant to drought, frost, hailstone, pests, and
diseases. It was therefore highly rated for impacts of climate variability and change.
Constraints to farming purple tea included availability of land, extension services
were low particularly to farmers with the least acres of land (two acres), lack of
training, poor access to credit, and limited market channels. The adoption of purple
tea was however positively influenced by factors such as requiring little investment,
higher income level, less risk on crop failure, and availability of labor.

Further adaption strategies include selection of the most suitable areas for tea
growing, no expansion of new planting or replanting in low production areas, crop
diversification in low production areas, efficient management of soil and water
resources, catchment protection, riverbank protection, soil water conservation,
crop insurance, use of drought tolerant cultivars, rainwater harvesting, and estab-
lishment of shade trees. Shade management particularly in the low and mid country
reduces ambient temperature and prevents sun scorch. Other benefits of shade trees
include carbon sequestration, improved net assimilation of tealeaf, reduced weed
growth, additional organic matter from leaf litter and minimized wind damage,
reduced frost, and reduced soil erosion (Ethical Tea Partnership 2011; Omondi
2015; Prematilake 2014). Tree planting also reduces frost and prevents soil erosion.

Several key partnerships enable the tea sector to adapt to and mitigate climate
change. KTDA is involved in partnerships geared toward sustainable agriculture
including climate change adaptation. One of its key partners has been Unilever,
which is a multinational corporation with tea estates in Kenya and is also a major
buyer of tea sold by KTDA. Unilever established a Sustainable Agriculture Pro-
gramme in 1999. In 2007, it launched a partnership with the KTDA to enable
Kenya’s small-scale tea farmers acquire the certification standard set by the Sustain-
able Agriculture Network (SAN), which is a global coalition of environmental
organizations. Factories and the KTDA trained farmers through Farmer Field
Schools and Rainforest Alliance certification. Selected smallholder farmers are
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trained and they in turn instruct other farmers. Each lead farmer reaches an additional
300 farmers to ensure compliance with the SAN Standard required for Rainforest
Alliance certification. KTDA in partnership with Unilever and IDH (the Dutch
Sustainable Trade Initiative) has certified all the factories to the Sustainable Agri-
culture Network standards. Both farms and factories must meet the necessary
requirements to receive Rainforest Alliance certification. By mid-2016, all of
Kenya’s smallholder tea farmers had met the Rainforest Alliance certification stan-
dards, and Unilever’s Lipton brand was selling 100%-certified tea. Other major tea
brands also began purchasing certified tea (Cameron 2017). The replicability, scale,
and local leadership component of this system could serve as a model for developing
participatory climate change adaptation plans (Moroge 2012). By March 2019, all 69
KTDA-managed tea factories were Rainforest Alliance certified and 21 tea factories
were Fair Trade certified. Other certifications obtained by tea producers and factories
included UTZ, Kosher, and Ethical Tea Partnership (ETP) (IISD (International
Institute for Sustainable Development) 2019).

This success is attributed to several factors. Key among these is that Unilever,
which has a large market share in Kenya, made the decision to purchase only tea that
was Rainforest certified. Tea production is linked to global rather than domestic
demand, with more than 95% of tea produced in Kenya is exported. Other factors
include the strong regulation of the tea sector by the government including the
registration and licensing of factories by the Tea Directorate. Kenya’s tea industry
is also highly concentrated both geographically and structurally with KTDA
accounting for 60% of the market. KTDA’s structure is highly integrated with strong
links between farmers and factories (Cameron 2017). Unilever was also part of the
development of the Cool Farm Tool, a calculator of GHG emissions that is freely
available for use by farmers. In collaboration with the Kenyan government, it has
been using it to quantify carbon within its plantations (Ellis et al. 2013).

The World Bank (WB) is also a key partner in climate adaptation in the tea sector.
It announced during the March 2019 Nairobi Summit that an Emission Reduction
Purchase Agreement (ERPA) would be signed between the Carbon Initiative for
Development (Ci-Dev) trust fund, with WB acting as trustee, and KTDA Power
Company Ltd. (KTDA Power). The contract aims to purchase carbon credits from
small hydropower plants that provide power to 350,000 smallholder tea farmers and
39 of their regional tea factories in Kenya (Africa Times 2019). ETP, an alliance of
tea packers working toward the sustainability of the tea sector, is another key partner.
They started work in Kenya in 2010 and implemented a Climate Change Adaptation
Program with GIZ, a German development agency. ETP utilized technology devel-
oped by its partners, such as Cafedirect Producers’ Foundation, which developed a
tool called WeFarm, an SMS platform for farmers (Budsock 2015). ETP also created
a partnership with ITC and other nongovernmental organizations and founded a
project to help farmers in climate change adaptation and mitigation. The program
trains farmers and tea factory managers in carbon standards compliance, conserva-
tion and management of water, soil conservation, and use of biogas instead of wood.
A partner factory, Makomboki Tea Factory that was using 2,000 cubic meters of
wood per month as fuel for drying tea, changed to alternative energy sources. This
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included sawdust, rice husks, biomass, macadamia, and cashew nut shells and
briquettes made from sawdust and rice husk. The new initiative saved more than
30,000 trees while lowering operational costs of that factory by 20% (Omondi 2015).

Multilateral partnerships are particularly effective in adaptation strategies. An
example is the “Upscaling and Embedding Sustainability for Smallholder Tea
Farmers,” which is a collaborative initiative by KTDA Management Services
(KTDA-MS), Unilever, and IDH — the Sustainable Trade Initiative. More than
85,000 (about 15% of 560,000 farmers) small-scale farmers had been trained by
2015 on Sustainable Agricultural Practices under a farmer field School (FFS)
program (Cameron 2017). Another multilateral collaboration is between Germany,
China, and the Food and Agriculture Organization (FAO), which was formed with
the aim of promoting sustainable agricultural development and combating climate
change in Kenya. This is through a project on carbon-neutral tea value chains.
Germany through GIZ has been working with the KTDA, the Ethical Tea Partner-
ship (ETP) among others in an integrated development partnership with the private
sector to increase energy efficiency in all the factories to save GHG emissions and
increase income of the farmers (Sino-German Center for Sustainable Development
2019). KTDA in 2015 signed a loan for Ksh.5.5 billion for the construction of seven
small hydropower projects. The loan agreement was with the International Financial
Corporation (IFC) which is a member of the World Bank, in partnership with other
organizations including the Global Agriculture and Food Security Program
(GAFSP) the French Development Institution (Proparco, the Netherlands Develop-
ment Finance Company (FMO)). The expected reduction of reduce Kenya’s carbon
footprint from using hydropower is approximately 63,000 tons of carbon dioxide
equivalent per year. On average, tea factories spend approximately Ksh. 30 million
to Ksh. 65 million each per year on electricity (KTDA 2015). The hydropower plants
have a total installed capacity of 16 megawatts and will provide captive power
generation with the excess energy being sold to the state-owned power company.
The farmers provided 35% equity on the loan via green leaf delivery, making it
perhaps the first initiative in the world in which a farmer-owned institution is
undertaking a renewable energy project of such a scale (IFC 2016).

KTDA Foundation, a nonprofit charity, also engages in environmental sustain-
ability and climate change. Programs under climate change focus on promoting
climate change mitigation, adaptation, and resilience building among smallholder
tea farmers. In partnership with factories it has established over 31 indigenous,
exotic, and fruit tree nurseries. Over 2.4 million trees have been planted in farms,
major water catchment areas, and public forests. It is also undertaking an environ-
mental conservation campaign for schools. Farmers are encouraged to adopt clean,
renewable energy through promotion of and access to clean and renewable energy
such as energy saving stoves, solar lighting products, and biomass. Adaptation
measures include planting tea bushes along hill contours to reduce soil erosion.
Seedlings from KTDA nurseries (commonly native species) are distributed through-
out the local community for planting along farm boundaries, as buffers for water-
ways and forests, and to create small forest patches on farms. These native trees store
carbon, stabilize the tea microclimate, and increase soil fertility. Planting native trees
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on steep slopes or degraded lands can also reduce vulnerability to heavy rains or
prolonged droughts which creates resiliency to extreme weather. The KTDA is
working to secure its own sources of sustainable fuel by acquiring land and encour-
aging its farmers to grow woodlots. Eucalyptus is commonly planted for fuelwood in
the region. However, eucalyptus takes up large amounts of water, and KTDA and
Rainforest Alliance are supporting farmers’ efforts to replace eucalyptus in buffer
zones with indigenous trees.

Although tea is on the “receiving end” of climate change, it also exacerbates it
through deforestation. The common processing method of tea used in Kenya is the
Cut Tear and Curl method, known as CTC. This involves the tea leaves going
through a process of cutting, tearing, and curling, followed by oxidation and drying.
The drying is often carried out using wood fuel due to the high price of electricity.
Tea manufacturers are, however, gradually utilizing renewable energy alternatives
such as electricity generation through micro-hydro plants to reduce energy costs and
potentially generate further revenues by selling surplus electricity back to the
national grid. Other mitigation measures include the use of biomass waste to
power the water boiler systems. Gravity-powered ropeways are used by Finlay’s, a
multinational company, in some of its tea plantations. The KTDA also requires
factories to acquire open land in order to plant seedlings and grow trees as a
sustainable source of firewood. This saves money on the purchase of firewood or
alternative fuels and could potentially generate revenues from carbon trading if the
planted forests are managed sustainably. Varieties of tea other than Black CTC tea
undergo a less emission-intensive process, as the wilting and CTC process are not
required. Black CTC tea is manufactured by all 69 factories while only ten process
black orthodox tea and four process other specialty tea.

Coffee Sector in Kenya

Kenyan coffee is grown on an estimated total area of 115,570 ha in 32 of 47 counties
in the country. The sole type of coffee produced in the country is Arabica, which is
planted during the rainy season from April to October with two harvest periods,
April to June and October to December. Production is enabled by a combination of
deep red volcanic soils, high altitude, rainfall, and moderate temperatures. The sole
type of coffee grown in Kenya is Arabica. Coffee is grown in the high potential areas
between 1,400 and 2,200 m above sea level, with temperature ranging from 15 °C to
24 °C, in red volcanic soils that are deep and well drained. Over 99% of Kenyan
coffee is Arabica, whose main varieties are SL 28, SL 34, K7, Ruiru 11, Batian, and
Blue Mountain (ICO 2019a). Coffee is an evergreen shrub and is therefore an
important contributor to carbon sequestration, effective in stabilizing soils and
permits the preservation of much of the original biodiversity in planted areas (ICO
2019b). The coffee sector contributes annually an average of US$230 million in
foreign exchange earnings and is ranked as Kenya’s fourth most important export,
after horticulture, tourism, and tea. In 2018 coffee earnings amounted to Ksh. 14.8
billion. The value of coffee as a percentage of all export goods represented 5.5% in
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2017, while its share of GDP was 0.22%. The coffee industry contributes an average
of Ksh. 23 billion per year in foreign exchange earnings, ranking fourth after
tourism, tea, and horticulture (ICO 2019a). Coffee is grown on 115,600 ha,
90,000 ha by smallholders and 25,000 ha by estates. Production was 41,400MT
with 30,000MT from cooperatives and 11,000MT from estates (KNBS 2019). In
2017/18, the major importing countries of Kenyan coffee were Germany, the USA,
Belgium, and the Republic of Korea, who imported about 58% of Kenya’s coffee.
Thirty-two of the 47 counties in Kenya are coffee producers (ICO 2019a).

Kenya has about 700,000 coffee farmers and about 99.63% have less than five
acres. All coffee farmers with less than five acres are mandated to cooperative
membership. There are between 500 coffee cooperatives (ICO 2019a) and 651
coffee cooperatives (KNBS 2019). Each coffee cooperative has factories where
farmers deliver coffee berries for processing. At the factory, the coffee berries
undergo pulping, which is a process of washing and drying, which results in
“parchment.” Parchment is then delivered to a coffee miller who further processes
and grades the coffee, resulting in the “green” or “clean” coffee which is then sold by
marketers at the Coffee Exchange through auctioning. Cooperatives also have the
option of selling coffee directly to buyers without going through the auction. The
Coffee Directorate is mandated to develop, promote, and regulate the coffee industry
in Kenya. The Coffee Research Institute (CRI) conducts research in all areas of
production, processing, and marketing of coffee. The global organization for coffee
is the International Coffee Organization (ICO). It is comprised of member govern-
ments who represent 98% of world coffee production and 67% of world consump-
tion. One of its objectives is to encourage members to develop a sustainable coffee
sector in economic, social, and environmental terms (ICO 2019b).

Climate Change Challenges in the Coffee Sector

It is estimated that half the world’s coffee-producing land will be unsuitable for
coffee production by 2050 (Bunn et al. 2015; CIAT 2011). Other estimates indicate
that the area unsuitable for production could be as high as 88% in Latin America
(Worland 2018). Climate change caused by changing rainfall patterns and rising
temperatures is affecting coffee production in several ways: directly through nega-
tive effects on the coffee plant and indirectly by altering the population dynamics
and incidence of coffee pests and diseases (Jaramillo 2013). Rising temperatures will
especially damage the Arabica bean, which accounts for about two-thirds of global
coffee production, but whose production is limited to subtropical highlands in Brazil,
Central America, and East Africa (Cameron 2017). This narrow region of the tropics
is known as the coffee belt, and stretches from Central America to Sub-Saharan
Africa to Asia (Worland, 2018). Rising temperatures will bring drought, increase the
range of diseases, and kill large swaths of the insects that pollinate coffee plants
(Worland 2018). Recent trends indicate that coffee growing is shifting from tradi-
tional optimal growing zones to higher altitudes. In traditional growing zones
random flowering patterns and differences in berry growth stages has resulted in
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difficulties in disease and pest management, harvesting, and processing (Daily
Nation 2012).

The effects of climate change in Kenya include unreliable and erratic rains with
shorter seasons (ICO 2019b). Changing rainfall patterns affect the flowering of the
coffee plants which impacts the whole production cycle. The altered flowering
pattern with coffee berries at different stages of maturity poses a challenge in disease
management, insect management, and harvesting (Ethical Tea Partnership 2011;
Mugo 2016; Mwaura 2010). Extremely heavy rains lead to higher erosion levels,
resulting in loss of soils, leaching of nutrients, and consequent soil infertility. On the
other hand, the dynamics of incidence of coffee pests and their management are
evolving rapidly due to changing climatic conditions. The changing environment is
also posing challenges to patterns of cherry ripening and drying of parchment
because of unpredictable rainfall patterns (ICO 2019b). Changing rainfall patterns
cause uncertainty regarding the timing of fertilizer application and the drying of
parchment. Most coffee growing zones in central Kenya, particularly Kiambu and
Murang’a, are no longer suitable for the crop due to rising temperatures (Kamau
2017). Intermittent rainfall in the 2007/08 crop year caused a severe episode of
Coffee Berry Disease that cut Kenyan output by 23% to 42,000 MT. This happened
because farmers were not able to spray the crop on time (Mwaura 2010). Climate
variability and its effects is however not a “new” problem, as evidenced by research
shortly after Kenya’s independence. This is illustrated by a 1969 journal article by
Nutman and Roberts, titled “Climatic conditions in relation to the spread of coffee
berry disease since 1962 in the in the East Rift Districts of Kenya.” (F.J. Nutman &
F.M. Roberts 1969)

Adaptation and Mitigation Measures by Small-Scale Farmers in the
Coffee Sector

The Coffee Directorate in collaboration with stakeholders provides capacity building
to the counties’ agricultural staff and other value chain players. The collaborating
private agencies include Technoserve, Solidaridad, certification bodies such as UTZ,
4C, and Fairtrade, and management services providers. CRI develops technologies,
releases new coffee varieties, and carries out research on disease and pest manage-
ment, while the Ministry of Agriculture sets policy guidelines (ICO 2019b). The
Coffee Research Foundation (currently CRI) started a program in 2012 to help
farmers reverse the effects of global warming and boost coffee production. Farmer
sensitization clinics were held and farmers were encouraged to plant indigenous
trees to provide shade and to practice water harvesting (Daily Nation 2012). The CRI
has made various recommendations on approaches toward environmentally sustain-
able coffee production systems. One approach is integrated farming, in which
mulching, conservation agriculture, organic fertilizers, and use of bio-stimulants
are recommended. Other measures include the use of suitable shade trees and the
adjustment of spraying programs to cope with changing trends in the manifestation
of coffee pests and diseases (ICO 2019a). Most Kenyan coffee is grown without
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shade, but shaded coffee is becoming increasingly popular in order to mitigate the
effects of climate change, although quantifying the area under shade has not been
done. Research is ongoing to determine the appropriate shade trees (ICO 2019a).
Research shows that biodiverse shaded coffee is far more resilient and productive
than coffee grown in monoculture. Shading coffee therefore improves the resilience
of agro-ecosystems. Shade trees protect plants from microclimate variability, the
effects of lower precipitation and reduced soil water availability, and reduce high
solar radiation. It also improves soil fertility, protects coffee from insect pests, and
provides economic benefits for farmers (Jaramillo 2013).

The need to develop disease-resistant coffee varieties was felt in early 1971 and
breeding programs were initiated whose optimal outcome was the cultivar Ruiru
11 (Njoroge 1991). The CRI currently has developed two improved varieties of
coffee — Ruirull and Batian. The improved varieties are resistant to Coffee Berry
Disease and Leaf Rust Disease, thus lowering the use of agrochemicals and
reducing production costs. The CRI estimated that the production cost of the
traditional variety is four to five times more than Ruiru 11 and Batian. Over
300,000 farmers are estimated to have planted the new varieties (ICO 2019a).
The traditional variety of coffee grown is SL-28. Other Arabica varieties include
SL-34, K7, and Blue Mountain. A study of the coffee sector in Nyeri County
showed that 50% of farmers in certified coffee cooperatives and 57% in the
noncertified cooperatives had only the traditional SL variety of coffee on their
farm. An additional 45% in the certified and 39 per in the noncertified had other
varieties in addition to the SL (Okech 2019). It therefore means that less than 5%
had the disease and drought resistant varieties exclusively on their farms. Incen-
tives therefore need to be provided to encourage planting of new varieties, beyond
the step of providing free seedlings.

The International Coffee Organization (ICO) has pilot projects in Africa and
Latin America to address climate change by assisting coffee farmers use environ-
mentally friendly technologies. These include building the capacity of institutions,
improving access to credit and risk management mechanisms, reducing vulnerability
to income volatility, and promoting gender equality. It also engages in long- and
short-term adaptation strategies as well as mitigation strategies (ICO 2019b). Several
organizations including private companies involved in coffee production and mar-
keting have taken the lead in climate change adaptation and mitigation in the coffee
sector. The World Coffee Research (WCR), a consortium supported by major coffee
retailers, distributors, and exporters, has an $18 million coffee-monitoring program
that covers 1,100 farms in 20 countries including Kenya. It conducts farmer training,
provides technical assistance, and is testing coffee varieties and adaptive farming
methods (Worland 2018). Since 2013 Starbucks has support centers in nine countries
and a 10-year, $500 million investment fund that supports sustainability programs,
including adaptation training for farmers and the testing of new coffee varieties
(Worland 2018). Sangana Commodities Ltd and GIZ implemented a three-year
project creating a link between coffee smallholders and carbon markets, and devel-
oping a verifiable and voluntary climate change module, which can be integrated
into the existing 4C’s standard (ETP 2011).
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Sustainability standards in the coffee sector are geared toward sustainable agri-
cultural practices, which include adaptation and mitigation measures. Certification in
the coffee sector is, however, not as extensive as in the tea sector. In Nyeri County,
which is a leading coffee producer, Fairtrade was the most common certification with
at least 12 of the 23 cooperatives having received this certification. The earliest
reported Fairtrade certification in the cooperatives was from 2006. At least seven
cooperatives had obtained Rainforest Alliance certification and four had acquired 4C
certification. Benefits of certification included payment of premiums and improved
quality and quantity of coffee. Challenges included difficulty of maintaining certi-
fication as it was involving and expensive. This is illustrated by the example of an
estimated Ksh. 400,000 for certification and renewal, with additional costs of up to
Ksh. 1,000,000. Enforcing requirements as well as nonconformity to requirements
was also costly. Certification organizations also did not source for markets and the
cooperatives therefore used the conventional marketing channels, which were
viewed as opaque (Okech 2019).

Recommendations and Conclusion

Tea and coffee are essential to farmers and other Kenyans as a source of livelihood,
to the government as a contributor to GDP and foreign exchange and to the
commodity chain players such as marketers and retailers. Tea and coffee also
contribute significantly to climate change mitigation. Climate change, however,
threatens to disrupt the production of these crops and by extension the economy of
Kenya and the livelihoods of those who depend on it. Continued and increased
uptake of climate adaptation and mitigation measures is critical for the sustainable
farming of tea and coffee. Climate change can worsen the socioeconomic condition
of farmers and conversely fragile socioeconomic conditions can exacerbate climate
change. Various measures can be taken to increase the adaptive capacity of small-
scale tea and coffee farmers.

Farmer Empowerment

Farmers are rational economic actors and farming has to be profitable for adaptation
and mitigation measures to be implemented. Climate adaptation and mitigation
activities such as uptake of improved crop varieties are carried out in view of
perceived economic benefits and particularly for the most vulnerable, in view of
immediate economic benefits. Activities such as the adaptation of improved crop
varieties can be neglected due to small land size and the resultant “lost” while the
new variety matures to the point of harvest. Other measures such as water harvesting
may require capital expenditures whereby the capital is either unavailable or the
returns to investment are deemed uneconomical. Interventions that deal with com-
modity chain weaknesses that reduce profitability are critical. Profitability of farming
is the largest incentive to adopting sustainable agricultural practices. Increasing the
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adaptive capacity of tea farmers therefore requires farmers’ economic empower-
ment. It is essential that stakeholders provide incentives for the implementation of
measures whose returns are long-term or not tangible. This could include measures
such as insurance for climate-related crop losses and a minimum guaranteed price
per kilogram. Farmers also need to be politically empowered as decisions in farmer
organizations are often made by elected representatives. Civic awareness is therefore
an integral component of farmer empowerment. Social empowerment majorly
revolves around gender. Men predominantly own land but women provide 60% of
the labor on the farms and in the wet mills (ICO 2019b). Women therefore need to be
major actors in activities involving climate change adaptation and mitigation. When
they are not empowered, especially in terms of access to resources, various adaption
and mitigation activities may not be implemented.

Strengthening of Institutions

The common features of the tea and coffee sector in Kenya is that both are cash
crops, grown majorly for export and production is predominantly by small-scale
farmers. Profitable production therefore requires that farmers organize so as to share
costs. In the tea sector, the KTDA is the primary agency through which farmers
produce process and market their tea. In the coffee sector, coffee cooperatives are the
primary and mandated vehicle for production, marketing, and processing. However,
there are coffee farmers with more than five acres who choose to remain in cooper-
atives due to economies of scale. Institutional capacity therefore has a large influence
on farmers’ activities, including those related to climate change adaption and
mitigation. Lack of institutional capacity in farmer-owned organizations or institu-
tions that support farmers can reduce productivity and profits and therefore constrain
farmers’ adaptive capacity. The average age of tea and coffee farmers is over
50 years and this further constrains the availability of alternative livelihoods. Unlike
the tea sector where almost all small-scale tea farmers operate within the institutional
structure of KTDA, coffee cooperatives are not homogeneous. For example, coffee
payments for the 2017/18 year varied from Ksh. 9 to Ksh. 105/kg of coffee cherry
(exchange rate in this period was approximately one USD to Ksh. 100-103). While
there are climatic and soil-type differences, the differing payments were also within
the same region. In Nyeri County, which is a leading coffee producer, the payment
range was between Ksh. 12.75 and Ksh. 105. This points to institutional constraints
at the cooperative level, although constraints occur across the coffee commodity
chain. The challenges facing the coffee sector are well documented. Toward this end,
a Coffee Taskforce was created to investigate the challenges and make recommen-
dations for sectoral improvement. The tea sector has also encountered various
institutional challenges. In January 2020, the president directed that the KTDA be
restructured for the benefit of tea farmers (Cheruiyot 2020). The organizations that
farmers engage in and the institutions within which they operate can either facilitate
or constrain the activities of farmers, including those pertaining to climate change
adaptation and mitigation.
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Collaborations and Partnerships

Climate change adaptation and mitigation requires the long-term involvement of all
actors in the commodity chain including the consumers. Stakeholder mapping is
necessary, whereby a list of relevant groups, organizations, and people who can
collaborate in climate change adaptation and mitigation can be invited to collaborate
towards these measures. These stakeholders include the International Coffee Orga-
nization, the Tea and Coffee directorates, agricultural institutions and departments,
producer organizations, certification organizations, technical support providers,
financial institutions, and supply chain actors including processors, marketers, and
retailers. Research, information, and best practices on sustainable agricultural prac-
tices and on measures to streamline the commodity chain can be enhanced and
widely adopted through collaboration.

Certification

The 2017 SAN Standard aims to support farmers in advancing sustainable liveli-
hoods, improving farm productivity, and becoming more resilient to climate change.
Changes of note include climate-smart agricultural practices. These are built into the
standard to help farmers address climate change risks. The effect of irregular rainfall,
changing temperatures, and related increased pest and disease attacks can be reduced
through soil conservation, water-use efficiency, and the conservation and restoration
of natural ecosystems. The Standard is built on principles of sustainable farming
including biodiversity conservation, improved livelihoods and human well-being,
natural resource conservation, effective planning, and farm management systems
(Rainforest Alliance 2019). The SAN Climate Module is an add-on for voluntary
verification within the existing Sustainable Agriculture Network certification sys-
tem. Farmers who achieve compliance with the module will be able to assess the
risks posed by climate change to their farms and communities, analyze their prac-
tices to quantify and reduce GHG emissions, and increase the carbon levels stored on
their farms through the restoration of degraded lands, reforestation, and improved
soil conservation while also being able to better adapt to altered growing seasons and
other conditions (Sustainable Agriculture Network 2011).

Fairtrade aims to help farmers become more resilient to climate change while giving
consumers, retailers, and traders the opportunity to reduce their carbon footprint.
Farmers can spend the Fairtrade Premium on climate change adaptation projects
such as tree planting, irrigation, crop diversification, and clean energy. Farming
communities can also benefit from access to carbon finance, which can be used in
mitigation or adaptation activities (Fairtrade International 2015). While certification
has numerous benefits, acquiring and maintaining of certification by coffee coopera-
tives and estates requires the collaboration and financial support of stakeholders.

Rainforest Alliance and Fairtrade are the major certification bodies in the coffee
and tea sector in Kenya. Majority of the small-scale tea farmers in Kenya comply
with the SAN Standard and have received Rainforest Alliance. This extensive
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certification can be largely attributed to the institutional arrangement of the tea
sector. KTDA acts as the management agent for 69 factories, which comprise the
vast majority of small-scale tea farmers in Kenya. In the coffee sector, however,
more than 700,000 farmers are members of an estimated 500—650 coffee coopera-
tives. Certification depends on various factors including membership numbers,
productivity levels, number of factories, cooperative leadership, and relationships
with a multiplicity of commodity chain actors. While some cooperatives are certified
by multiple certification bodies, others do not comply with any sustainability
standard. Certification ensures the implementation of climate change adaptation
and mitigation measures. Acquiring and complying with sustainability standards is
therefore key for small-scale farmers.
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Abstract

Climate variability is one of the leading natural threats and a root cause of food
insecurity in the developing world, more so in Africa. It is a major impediment to
the accomplishment of the global Sustainable Development Goals (SDGs),
Vision 2030 and Big Four agenda in the Kenyan context. The rise in occurrence
and brutality of extreme events resulting from variability of climate including
prolonged flooding and drought has become more pronounced in the relatively
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drier areas. This chapter presents a synthesis about rural communities in Garissa
and Tana River Counties, Kenya. The key environmental conditions that face the
rural communities in the two counties are prolonged drought and recurrent
flooding events. The two conditions have resulted in various challenges facing
the communities in these regions through low agricultural production (food and
pastures), poor infrastructure, human displacement, and the resultant extreme
poverty, overall food insecurity, and tough livelihoods. The problems have been
exacerbated by lack of capacity by most of the community members to cushion
themselves against these impacts. However, as the conditions continue to man-
ifest themselves, the community members have also identified adaptive mecha-
nisms that are best suited in the region including planting drought-resistant crop
varieties, diversifying their livelihoods, embrace sustainable land use, and made
efforts to plant trees. We, therefore, conclude that integrated information sharing
including early warning alongside affordable and appropriate technologies and
crop insurance could be an entry point in cushioning the local communities in the
arid and semiarid lands (ASALs) against the extreme weather conditions experi-
enced in the region.

Keywords

Adaptive capacity - Africa - Climate variability - Food insecurity - Mitigation -
Rural livelihoods

Introduction

Climate variability has been on the rise due to increased global atmospheric green-
house gas emissions (GHG) comprising mainly of nitrous oxide, carbon dioxide, and
methane (IPCC 2014). Carbon dioxide is the key GHG, while as much as methane
and nitrous oxide are emitted in trivial quantities in reference to carbon dioxide, they
play a significant role in global warming and their associated global effects. For
example, N,O, a potent gas with a high potential to deplete ozone layer, is over 265
more powerful while CHy is 28 more powerful in their global warming potential
relative to carbon dioxide, over 100 years’ time limit (IPCC 2014). These three main
GHGs accounts more than 80% to the present global radiative imposing to enhanced
global warming and consequently climate variability and its negative resultant
effects (Myhre et al. 2013).

Climate variability characterizes one of the extreme economic, environmental,
and social intimidations facing the earth presently (Nnadi et al. 2019). In emerging
countries, climate variability has a substantial influence on the livelihoods and living
situations of the rural communities. Sub-Saharan Africa (SSA) is a “vulnerability hot
spot” of climate variability influences (Asfaw et al. 2018). SSA challenges on
adaptation will raise considerably, even if the global emission gap is maintained
lower than 2 °C due to limited adaptive capacity. The IPCC’s Fourth Assessment
(AR4) demonstrated that Africa’s vulnerability to the effects of climate variability is
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relatively high due to low adaptive capacity and over-reliance on natural systems for
their livelihoods (Mpandeli et al. 2019). Extreme occurrence of droughts is likely to
become more rampant and severe in Africa (Schellnhuber et al. 2012). Conse-
quently, climate variability is negatively affecting agricultural production, particu-
larly in SSA where most countries rely heavily on rainfed agriculture as the mainstay
of their economies (Abdul-Razak and Kruse 2017). Climate variability related to
biophysical stressors is expected to worsen the existing vulnerabilities by dipping the
crop yields (Gonzalez-Orozco et al. 2020).

It is postulated that warming more than 3 °C worldwide will see almost all of the
current crops such as maize, sorghum, and millet-cultivated regions in Africa becom-
ing unfeasible for present cultivars. Water unavailability, lower feed quality which is
inaccessible, and effects of disease and heat stress will negatively affect production in
the livestock sector (Schaeffer et al. 2013). According to Huq et al. (2004), climate
variability has a direct impact on how humans manage natural resources and which
results in food insecurity. The risks associated with climate variability threaten the
capacity of livelihoods to meet basic needs, such as food and water. These effects will
be more intense in the arid and semiarid lands (ASALs) where the resources are
already limited, vulnerable, and could, therefore, suffer the most.

To mitigate climate variability, community adaptive capacity must be pursued.
According to Levina and Tirpak (2006), the term adaptive capacity has been defined
differently by different authors. Different authors have explained the concept of
adaptive capacity to simply mean the capacity of a natural system to positively
respond to the impacts of climate variability. Policymaker also use the term adaptive
capacity to refer to the ability of individual communities to respond and adjust their
way of life based on the effects of climate variability and lead to adaptation.
Therefore, whenever we use adaptive capacity, society and communities must
come up with coping strategies especially when dealing with impacts of climate
variability in order to minimize its adverse effects.

Communities living in SSA are facing climate variability in a very tough way due
to their lack of capacity to respond. The influences include increasing temperatures,
more inconsistent rainfall, and increasing incidence of floods and droughts (CARE
and ALP 2013). These impacts have severe consequences especially among the rural
poor whose livelihoods are directly pegged on the very vulnerable environment.
These communities heavily depend on land resources for agricultural production and
therefore the impacts of climate variability have a direct impact on their livelihoods.
Crop yields will decline transversely in the landmass as ideal growing temperatures
are surpassed and growing periods reduced. The areas and timing of cropping
activities that were previously suitable for certain crop are anticipated to shift as
home-grown climates varies.

In Kenya, the adverse effects of climate variability have also been witnessed
particularly in the ASALs which forms ~80% of Kenyan land mass (582,646 km?)
(Macharia et al. 2020). The main effects of climate variability in Kenya have been
demonstrated by prolonged and frequent droughts, floods, resurgence of diseases,
pests, and environmental disasters. As a result, agricultural productivity is significantly
reduced, resulting to increased food insecurity and threatened livelihoods which in
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most instances leads to human conflicts over scarce land and water resources (Enya
et al. 2013). For instance, the La Nina occurring between 1999 and 2001 in SSA was
the most prolonged and most severe ever, causing devastating effects especially on
human livelihoods. The drought affected over four million people due to crop failure
and the resultant reduced yields. Droughts have caused starvation, loss of life, and
degradation of the environment as a result of deforestation.

Variability in climate poses major threats to environmental sustenance, commercial,
and sustainable development in rural areas of the arid regions of Kenya. In particular,
the ASAL region of Garissa and Tana River County has been experiencing severe
prolonged drought and flooding despite having River Tana traversing the region. This
has led to loss of vegetation cover, drying of water catchment areas, rivers, and
seasonal streams. This is then followed by heavy lack of pastures and shortage of
drinking water resulting to livestock deaths. Recently, in short rains of 2018/2019,
Garissa and Tana River counties experienced floods which caused severe havoc
resulting to over 50 fatalities, over 15,000 people displaced, and thousands of livestock
killed as a result of bursting of River Tana’s banks. In addition, extreme weather events
such as flooding has spoiled or destroyed transport and communication networks and
affected other nonagricultural portions of the food system badly. This has led the
communities to seek alternative ways of meeting their livelihoods such as charcoal
burning hence environmental degradation resulting to double tragedy from the loss of
their only source of livelihood and land degradation. Against this backdrop, this study
aimed to close the gap by identifying possible adaptive capacity of the vulnerable
communities in the region for the purpose of coping mechanism. This study was
conceived to explore the existing adaptive capacity which is sustainable and viable and
which the communities would easily embrace to act as adoptive buffer towards the
impacts of climate variability in Garissa and Tana River Counties.

Impacts of Climate Variability

Key among the impacts of climate variability includes the following.

(a) Drought
Drought is a major threat globally and more so in Africa due to low adaptation
capacity resulting from limited resources. Drought results in decreased moisture
emanating from inadequate and erratic rainfall and high extreme temperatures.
As observed by Keya (1997), moisture storage is largely dependent on rainfall
received prior to the onset of drought conditions and the permeability of the soil
(micro edaphic conditions). Drought has led to loss of pasture for the livestock as
well as wildlife, vegetation loss, and food insecurity. This threatens the source of
livelihoods of local communities in the arid lands.
(b) Loss of biodiversity
Ecosystem varieties will hypothetically change rapidly as heating increases
with reduced precipitation, and will result to biodiversity loss. Some species may
be impotent to adapt to the varying climatic conditions (Schaeffer et al. 2013).
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High temperatures and lack of precipitation affects distribution and abundance
of fauna and flora species. Substantial shifts in climatic situations could result to
loss of some standing biomes and the general aesthetic appeal of our environ-
ment (Williams et al. 2007). In some instances, the changes in climate may favor
the growth of invasive plant species hindering the alien species such as Prosopis
Juliflora “Mathenge” a common plant in the northern Kenya.
Food insecurity

Extreme temperatures above the ideal may have harmful consequences on
crop productivity (Wheeler et al. 2000). These changes have a significant effect
on the facets of food security since they negatively affect food availability,
access, and utilization resulting to unstable and unreliable food systems.
Kenya may experience reduced yields with the changing climate (Herrero
et al. 2010). Crop yields are drastically reducing in SSA as the optimal temper-
ature increases altering cropping and seasonal calendars (Schaeffer et al. 2013).
In Africa and to a large extent, the ASALs region of East African such as Sudan,
Ethiopia, and Kenya have in the past experienced hostile climate change. This
has hampered crop production leading to acute shortage of food, pastures, and
fibers, hence food insecurity. According to Lobell et al. (2011), yields are likely
to diminish by ~1% daily for maize crops if such high-temperature regimes are
consistent similar with other crops such as cotton and soybeans (Schlenker and
Roberts 2009). Similarly, livestock production will be severely affected through
quality feed and water availability (Schaeffer et al. 2013).
Human health and diseases outbreak

Water availability and increased rates of disease outbreak are transformed by
climate change (Schaeffer et al. 2013). The impacts of climate variability will be
felt through increased infectious diseases which are relatively high in SSA.
Extreme weather events may lead to illness and mortality. The level of malfunction
may also be on the rise up to between 35% and 80% due to a rise of between 1.2 °C
and 1.9 °C (Lloyd et al. 2011). As reported by Patz et al. (2008), flooding results to
disease outbreaks including diarrhea, cholera, trachoma, and conjunctivitis. Other
diseases like malaria may shift and be felt to areas where they were not felt before
due to changes in temperature suitability responsible for pathogen growth.
Water resources

Change in the hydrological sequence due to climate variability has a direct
impact on water timing and circulation (Goulden et al. 2009). With most of the
countries in SSA facing challenges with provision and supply of clean usable
water, climate change will exacerbate this and lead to more water shortages in the
coming years (Schellnhuber et al. 2012). The resultant effect will be increased
disease outbreaks due to poor sanitation, low agricultural production, food
insecurity, and general influence on livelihoods. Rise in temperature due to
global warming would lead to a complex rate of evapotranspiration leading to
increased loss from water bodies (Ogolla et al. 1997).
Land degradation

Population increase combined climate variability impedes good resource
management leading to environmental degradation (UNEP 2002b). Climate
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variability is slowly encroaching and engulfing countries thus rendering their
land unproductive due to variations in weather patterns and global warming. As
human population grows further, the natural distribution of vegetation on earth
will be altered. This leads to opening new land for agriculture and cultivation of
marginal areas (UNEP 2002a). This has led to loss of natural habitats, reducing
vegetation cover and exposing soils to wind and water erosion in many parts of
Africa. Soil erosion has increased the rate of siltation in dams and rivers and at
the same time reducing the productivity of the land.

Adaptive Capacity to Mitigate Climate Variability Impacts

Adaptive capacity calls for strategies to help the communities to adapt to these
extreme events such as drought and flooding. Adaptation simply means adjust-
ments made in the existing systems as a response mechanism toward countering
the effects of climate variability by the communities and individuals involved.
These adjustments are mainly meant to act as a buffer and to assure proper
exploitation of the new opportunities that minimize harm and as they present
themselves. Therefore understanding the adaptive capacity by farmers is crucial
to effective adaptation planning since it assures continuous production crucial to
effective planning and guarantees human survival (Chepkoech et al. 2020). With
the projected increase in global temperature, likely to result to increase in global
warming, it’s thus inevitable for individuals and communities to find adaptive
ways which guarantees their survival. Adaptive measures toward climate change
are no longer regarded as second measured but should be taken as primary
consideration especially by farmers. However, the adaptation capacity in most
African countries is low mainly due to lack of capacity to invest in the recent
technologies which have been studied and found to promote better survival and
livelihoods. Majority of agriculture in SSA is rainfed with only a very small
percentage of farmers with a capacity to carry out irrigation which makes it
difficult to predict due to climate variability. Further, the challenges are associated
with lack of reliable weather data to inform on policy, and therefore most of the
countries lack early warning systems that can be used early enough to caution the
governments of possible climate-related calamities.

Impacts and Adaptation Strategies to Climate Variability in Arid
and Semiarid Lands: A Case of Garissa and Tana River Counties in
Kenya

Rainfall and Temperature Impacts on Food Security

From a data synthesis on annual rainfall and temperature over a period of 20 years
for Garissa and Tana River counties indicate that rainfall was characterized with
extended dry season occurring between January and February. The long rainy season
occurs between March and May (MAM) while prolonged dry season occurs from
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Fig. 1 Reduced River Tana flow during the month of October. (Courtesy of D. Karienye)

mid-May to mid-October, while short rainy season begins in mid-October to end of
December of each year. There are fewer days of more intense rainfall with the rains
often starting late but intense which are described as “very unreliable” (that is
seasonal failures are common).

Similarly, for temperatures, the highest temperature amounts were observed
between February and March, which coincides with the same time when rainfall is
lowest in the study area. Around September—October, the temperatures are also at
highest. Temperature increase has an important impact on water availability, thus
aggravating drought conditions. Decreases in rainfall have profound repercussions
on river flows leading to declining river discharge (Fig. 1). The months that saw an
increased rise in temperature also experienced drought. This can be explained by the
high evapotranspiration making the vegetation deficient of moisture leading to crop
and pasture failure.

However, in trying to escape the droughts, the few well-endowed farmers prac-
ticed drip irrigation and greenhouse farming as indicated in Fig. 2. This ensured a
reduction in the impact of droughts. This low number of farmers adopting new
farming mechanisms, and which is a shift from rainfed agricultural production can
be explained by the high cost of the greenhouses’ infrastructures. This represents an
innovative technology in response to the changing weather patterns though the
adoption rates remain relatively low due to high cost.

Community Perception on Climate Variability and Its Impacts

From the interaction with the community, majority of the households were extremely
worried about climate variability and identified rainfall to be very unpredictable
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Fig. 3 Land degradation through charcoal burning. (Courtesy of D. Karienye)

stating that there exists a consistently prolonged dry period every now and then.
Nevertheless, farmers believe that temperatures have already increased and precip-
itation has declined or is unpredictable (Karienye et al. 2019).

The impact of climate variability has been felt mainly by reduced crop produc-
tion, extreme cases of flooding, and land degradation as evident by charcoal burning
(Fig. 3) and reduced biodiversity. The reduced precipitation coupled with flooding
leads to crop failure which destroys the crops that are grown along River Tana.
Floods have in the past been responsible for causing disruption in transport systems
and displaced residents living in the low-land areas which are prone to flooding
(CARE and ALP 2013).
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Fig. 4 Community-based agro forestry programs. (Courtesy of J. Macharia)

Adaptations Strategies to Climate Variability in Arid and Semiarid
Land

Based on their own experiences and from sharing information among themselves,
most of the households in these ASALS of Kenya have identified several adaptive
strategies to cushion them against the extreme conditions. The communities pre-
ferred livelihood diversification (business, cropping, and livestock) as an alternative
livelihood option, sustainable use of the land including conservation agriculture,
mulching, building trenches and ditches around the homesteads and watering crops
using cans during dry spell. They have also adopted drought-tolerant and early
maturing crop species, changing eating behaviors and afforestation (Fig. 4).

Conclusions

From our synthesis, the rainy seasons are no longer predictable thereby prohibiting
any farming activities. The impacts of climate variability in the ASALs are mainly
through extreme conditions of drought and flooding. The two conditions have
resulted to various challenges facing the communities in these regions through low
agricultural production (food and pastures), poor infrastructure, population displace-
ment resulting to extreme poverty, overall food insecurity, and tough livelihoods.
These challenges are exacerbated further by the inability of the majority of the
communities to cushion themselves against the impacts of climate variability and
this becomes a cyclic problem year in year out. The better-endowed community
members have invested in greenhouses and drip irrigations to ensure continuous
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supply of food particularly for their domestic consumptions. However, efforts by the
local communities have been identified where they have, through experience over
time, resulted to planting drought-resistant crop varieties, diversified their liveli-
hoods, embraced sustainable land use, and made efforts to plant trees. It’s imperative
to note that well-informed, adaptive, and forward-looking decision making is central
to adaptive capacity of the host communities. In order for community to respond to
expected changes and to participate in adaptive decision-making, they require
precise information, knowledge and skills that enable them to actively address
climate risks to their livelihoods. Therefore, adaptation energies must aim to ease
access to information and the development of the skills and knowledge needed for
accurate adaptation targeting. Institutions and agencies responsible for policy for-
mulation should ensure an enabling atmosphere for local adaptation efforts.

Recommendations

In order to embrace the adaptive capacity as long-term practical solutions, the
following are recommended:

* Monitoring daily weather patterns and improving scientific understanding of
climate.

* The community needs to be trained on affordable and appropriate technologies
such as sustainable agriculture.

* Promotion of climate-smart crops farming.

» Promotion of insurance services against the consequences of catastrophic weather
events to mitigate against climate variability.

* Provision of early warning systems to the communities.

* There is a need to build community-based capacities in planning, coordination,
and implementation of climate change adaptation activities and programs.

* Intensification of tree planting through community-owned nurseries, establish
green zones, and invest in reforestation programs.
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Abstract

Agricultural intensification worldwide is increasingly relying on a narrow range
of crops such as rice, wheat, and maize. The reliability on this relatively small
numbers of food diversities raises a very serious concern about the sustainability
managing our nutrition today and in the future. We conducted a scoping review
using online databases to identify various agricultural interventions that can be
utilized for enhancement of underutilized root and tuber crops adaptability under
the current observable effects of climate change. This is because reports of
underutilized crops’ adaptability to climate change continues to remain anecdotal
with limited research capacity to support them. The results mooted a wide range
of crop production techniques that can be utilized in production of root and tuber
crops. They includes biofertilizers, tied ridging method, improved seed varieties,
management of community seed banks, cropping systems, irrigation methods,
exploiting abandoned lands, agroforestry practice, clean seed production tech-
nologies, and nutrient use efficiency. Based on the findings, each of these
interventions plays different roles in management of the negative impacts brought
up by climate change and thus they would be useful when adopted in combination
since package adoption would enable farmers to benefit from the positive synergy
of the selected interventions. The interventions are therefore recommended not
only for sustainability but also for profitable production to meet feed, food,
energy, and fiber needs and foster economic growth in the ever changing world.
Therefore this chapter contributes immensely towards the development of inno-
vative mechanisms for strengthening the resilience of root and tuber crop.

Keywords

Agricultural intensification - Sustainability - Adaptability

Introduction

The root and tuber crops are group of plants which yields tubers, starchy roots,
corms, stems, and rhizomes. Okigbo (1989) defined while tuber crops as crops with
edible carbohydrate-rich storage organs developing wholly or partly from under-
ground stems while root crops as edible crops with energy-rich underground plant
structures developing from modified roots. Major tropical root and tuber crops are:
cassava (Manihot esculenta); potato (Solanum spp.); sweet potato ([pomea batata);
yam (Dioscorea spp.); aroids like elephant foot yam [Amorphophallus paeoniifolius
(Dennst.) Nicolson]; taro [Colocasia esculenta (L.) Schott.], and tannia
[Xanthosoma sagittifolium (L.) Schott.]. Additionally, there are minor tubers such
as Chinese potato [Plectranthus rotundifolius (Poir.) J.K. Morton.]; yam bean
[(Pachyrhizus erosus (L.) Urban], and arrowroot [Maranta arundinacea (L.)].
These crops are vegetatively propagated and plays major roles in food sector
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especially by managing the well-being of people in developing countries.
According to FAO (2009), these crops are produced in approximately 53.93 million
hectares globally and this produce about 736.747million tonnes annually.

In Sub-Saharan Africa (SSA), many people highly depend on root and tuber crops
but not all as a contributory if not the primary source of their food and nutrition. This
is also because of the role they play in food security, their ability to resist drought, as
well as their capacity for commercial processing in Kenya. Actually they were
ranked as the second most important food crop in 2019 by the ministry of agriculture
after cereals (MoALF 2019). At the moment, the Kenya is producing 3.68 M MT of
Irish potatoes, cassava, sweet potatoes, yam, and cocoyams. However, their yield is
below average which is much way below country’s potential. For instance Irish
potatoes stands at 7MT per ha compared to the potential of 25 MT achieved under
optimal husbandry practices (MoALF 2019).

Root and tuber crops are considered to be resilient because they are more
adaptable to marginal areas. This areas are characterized by edaphic and climatic
conditions that may not be favorable to the non-native materials. These crops are
tolerant to poor soils and drought stress. They also grow very well on well-
drained soils, with good organic matter, and especially those with loose and
friable fertile clay loam or loam. Moreover, the optimal conditions for their
growth are: annual rainfall ranging between 1000 and 2000 mm, temperature
of 18-35 °C, and a soil pH ranging between 5 and 7.5. Nevertheless their
planting differs from another case in point Coleus potato, tuberous rhizomes,
or seed tubers are normally planted about 5 ¢cm in depth on raised beds and are
spaced at 15-20 cm while in Amora; they are planted at about 15 cm deep and a
distance of 30—40 cm (Codd 1985).

These crops are also well known to serve as important components of subsis-
tence farming system in their native areas and have played crucial, if not weighty
roles income generation and in household food security of the rural areas. As food
crops these crops are very rich in carbohydrates and on that account they play a
paramount role as part of our daily diet, accounting for over 50% of the total staple
food. In terms of energy requirements for global population, they contribute 3.9%
energy that is sweet potato 1.5%, cassava 1.9%, yams and other root and tuber
crops 0.3%. Along with this potatoes produce additional protein and dry matter per
hectare than key cereals (Birch et al. 2012). Monneveux et al. (2013) also reported
that potatoes have higher water generative capacity than cereals and are considered
among the most energy productive crops, producing 5,600 kcal/m® of water,
compared to 3860 in maize, 2300 in wheat, and 2000 in rice. Other root and
tuber crops such as taro, yautia, and yam, also have notable energy values and
inconsistent nutritional properties, including vitamin C, dietary fiber, and caroten-
oids (Asiedu and Sartie 2010). At the same time these crop plays a meaningful role
as cash crops. They literally hold strong economic potential and can be financially
rewarding to the agricultural economies. Finally these crops are progressively
being used as a source of raw material for industrial use and for feeding the
livestock. In comparison to other staple food crops, they provide comparatively
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huge amounts of nutrition and energy per unit area and time, they require less-
intensive management systems even under risky environmental conditions. Conse-
quently, these crops are very important in fighting famine caused by floods,
droughts, civil strife, and other climatic catastrophe such as pests and diseases
which seems to be unending in some countries.

Climate change is a menace posing extreme stress to the environment and also to
the humans. Deschenes and Greenstone (2006) reported that it has an adverse effect
on humans and their income-generating activities especially agriculture owing to its
dependence on nature, largely temperature and precipitation. In addition climate
change influences soil functions both directly and indirectly. The direct influence
include soil process, namely, changes in organic matter and nutrient cycling and this
is through adjusting temperature and moisture regimes or through increased soil
erosion rates caused by increased frequency of intense rainfall occurrence. This
causes severely effects on agriculture especially on the crops being grown. As a
matter of fact, Africa is one of the riskiest continents to the ongoing climate
variability causing robust negative economic impacts. This vulnerability is accentu-
ated by development challenges specifically ecosystem degradation and endemic
poverty which are supported by limited access to capital, infrastructure, markets, and
technology (IPCC 2007).

Small-scale farmers in sub-Saharan Africa, who are the majority, have histor-
ically been confronted with high climate variability. Some of its negative effects
on farm include decreased soil fertility and limited plant growth (Dhankher and
Foyer 2018). Despite smallholder farming systems having proven to be resilient
and being viable in risk-prone environments, climate change is likely to outpace
their current coping capabilities (Morton 2007), if effective measures are not
implemented. Specifically, low levels of income and technology, coupled with
isolation from markets and lack of institutional support, are common character-
istics of smallholder farming systems that make them particularly vulnerable to
changes in external conditions (Morton 2007). This is worsened by the fact that
food security and livelihood programs mostly stress on grain crops such as
maize, rice, and wheat. In support of this, Atakos (2018) reported that only one
or two studies have looked into the future potential of root tuber crops and their
possible importance even with climate change. Our dependence on this relatively
small number of food species therefore elevates serious concerns of feeding the
whole world sustainably. In such context, investment in sustainable agricultural
technologies and practices becomes crucial for adaption to sustain crop produc-
tivity to be able to feed the growing populations. In particular to able to reduce
the negative effects of climate change on the agri-food system, Sombroek and
Gommes (1997) proposed that populations and economic systems must be able
adapt to future climatic conditions.

Since root and tuber crops play a great role as source of nutrition, and on the other
hand, researchers are advocating for mitigation and adaptation as possible options to
combat the adverse effects of climate change on agriculture, this chapter therefore
focus on agricultural interventions that can enhance climate change adaptation of
underutilized root and tuber crops.
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Major Roots and Tuber Crops
Cassava

Cassava (Manihot esculenta) is a perennial woody shrub which grows as an annual
crop. It is also referred as manioc, mandioca, or yuca, which is in the spurge family
(Euphorbiaceae) (Hillocks et al. 2002). This crop is also known as the “king of
tropical tuber crops” and has a significant position in the global agricultural econ-
omies. According Bennett (2015), the crop is ranked as the second most important
food source in Africa with regard to calories consumed per capita. Cassava is native
to South America (Allem 2002) but it is grown all over tropics and subtropics. It is
largely produced in Brazil followed by Thailand, Nigeria, DR Congo, and Indonesia,
even though about half of the global production is in Africa. The crop is grown in
about forty African countries where it is recognized as an important food crop
particularly in Nigeria, DR Congo, Ghana, Mozambique, Uganda, Cameroon,
Madagascar, Angola, Cote d’Ivoire, Tanzania, Benin, and Kenya. FAO 2000
revealed that about 70% of Africa’s cassava production is obtained in Nigeria,
Tanzania, and DR. Congo.

It has been proposed that cassava could potentially be hardy to climate change
than other staple crops (Jarvis et al. 2012). Likewise Nweke et al. (2002) revealed
that cassava can grow well in marginal lands, and that it requires low farm inputs.
The average cassava root yield is about 11.6 t/h worldwide (FAO 2018) which is
exceedingly lower than its potential yield of 60 t/ha under better farming practices
which was reported in some parts of Africa (Kintché et al. 2017). Even though
FAOSTAT (2014) reported that world production of cassava storage roots improved
tremendously from 176 to 277 million Mg between 2000 and 2013. Major limiting
factors for cassava production are low soil fertility and pests and diseases.

Sweet Potatoes

Sweet potato (Ilpomoea batatas (L.) Lam) is a herbaceous dicotyledonous plant
belonging to Convolvulaceae family (Purseglove 1972). The plant has creeping,
perennial vines and adventitious roots (Purseglove 1972). It is grown for its green
leaves and storage roots which are very useful for human consumption, feeding
animal, and to a certain extent, for industrial purpose (Woolfe 1992). For that
reasons, according to Motsa et al. (2015), the crop plays a critical role for food
security and income generation for many households. Consequently, the crop is
extensively cultivated in tropical, subtropical, and frost-free temperate climatic areas
of the world (Onwueme and Sinha 1991).

Sweet potato is ranked as the seventh most important food crop globally because
it contributes majorly in terms of energy and nutrition (Marques 2015). The crop also
matures at a very short time on marginal lands and play an important role in the
economy of poor households (Nath et al. 2007). As stated by Ukom et al. (2009), the
crop is important for its storage roots which can either be baked, cooked, fried, or
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roasted for human consumption. Its storage roots can also be processed into flour for
baking bread, making noodles, as well as for alcohol production. In addition, the
storage roots are very good source of vitamin A, vitamin C, vitamin B6, dietary fiber,
manganese, copper, potassium, and iron (Baybutt et al. 2000). Even though the crop
has a high storage root yield potential ranging between 20 and 50 t/ha (Kivuva et al.
2014), in Sub-Saharan Africa, this is yet to be realized since its production is still less
than 10 t/ha (FAOSTAT 2017).

Yam

Yams (Dioscorea spp.) are tropical plants with large food reserve in their under-
ground tubers and comprise of various species that originated from Southeast Asia,
West Africa, East Africa, Brazil, and Guyana. The main species are Dioscorea alata
(greater or water yam), Dioscorea cayenensis (yellow guinea yam), Dioscorea
esculenta (lesser yam), and Dioscorea rotundata (white guinea yam) (Arnau et al.
2010), and this comprises both annual and perennial species. They cultivated all over
the tropics and in some parts of subtropics and temperate areas. FAO (2000) reported
that up to 95% of the world’s production is realized in West Africa.

The tubers are very important and constitute stored wealth since they can be sold
all-year-round by farmers because they can be stored for relatively longer period of
time in comparison with other tropical fresh produce (Aidoo 2009). The tubers also
provide a substantial amount of vitamins (vitamin B1 and C), potassium, and iron
(Rudrappa 2013). Most essentially many of the yam species have high content of
steroidal saponins which make them suitable for industrial use as corticosteroids
precursors and anti-cancer bioactive compounds. Besides being staple food that is
consumed by about 155 million people in the world, yams are grown as cash crop, as
medicinal plant, and have high cultural value for the groups cultivating it (Coursey
1981).

Major hindrance for intensifying yam productivity is low soil fertility (both in
terms of macro- and micronutrient deficiency) (O’Sullivan and Ernest 2007). This is
because Dioscorea spp. are high-nutrient-demanding crops (Carsky et al. 2010).
Therefore, yams still remains being categorized as orphan crop (Naylor et al. 2004).

Irish Potato

Irish potato (Solanum tuberesum L.) is indigenous to South America near the present
border of Peru and Bolivia but not Ireland (Spooner et al. 2005). According to
Robert and Cartwhight (2006), it belongs to the family solanaceae, and is named
after Ireland country because it is associated with the Irish potato famine, also known
as the Great Hunger. This was a historic famine caused by Phytophthora infestans
which infected Irish potato crop. This crop plays a crucial role in the economy
and is ranked number one non-grain food commodity (Rykaczewska 2013).
Globally it is ranked third most important food crop in consumption after rice and
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wheat (Birch et al. 2012). It has a worldwide cultivation exceeding 19.34 million
hectare in more than 158 countries, with an approximate yearly production of
364 million tons (FAOSTAT 2014). According to Tshisola (2014) in Africa, it is
regarded as one of the most important food crops.

Practically the crop contains all the requisite dietary components such as
protein, vitamins, carbohydrates, essential nutrients, and minerals (Sriom et al.
2017). Additionally it is a source income and employment opportunity in developing
countries. Unfortunately, limiting factors to its production include short day lengths,
low light intensities, high temperatures, and most importantly low soil fertility
(Jones and Wendt 1994).

Cocoyams (Arrow Roots)

Cocoyam (Colocasia esculenta (L.) Schott.) is a member of Araceae family
(Purseglove 1975) and is a subsistence and emergency food source globally (IFA
1992). It is an important starchy tuberous herbaceous perennial plant (Purseglove
1975). The crop has different varieties and commonly produced varieties are
Colocasia esculenta (Taro) and Xanthosoma sagittifolium (Tannia). They also
occur in all tropics and have been domesticated in most communities in Oceania,
Africa, and Asia (Ramanatha et al. 2010).

The crop is cultivated for its edible cormels, corms, and leaves as well as other
traditional uses (Pinto and Onwueme 2000). As food for consumption, it is essen-
tially a source of calories obtained from underground corm and cormel (Davies et al.
2008). Their leaves which resemble spinach are nutritious and are source mineral
and vitamin (Sefa-Dedeh and Kofi-Agyir 2002). Primarily, fresh cocoyam hold
about 70-80% water, 20—75% carbohydrate, and 1.5-3.0% protein (Udo et al.
2005). It actually contains over 80% and 240% higher digestible crude protein
than yam and cassava, respectively. Therefore this crop is high-ranking nutritionally
than cassava and yam in terms of protein and other elements such as vitamin and
mineral content. However, the crop still remains to be underexploited food resource
(Onyeka 2014).

Root and Tuber Crop Production in Kenya

Ministry of agriculture, livestock, and fisheries of Kenya report indicate that roots
and tuber crops production stagnated for a period of 3 years (2012 to 2015) with an
average cultivated zone of about 240,000 ha, which gave a total production level of
3.3 million MT although these reduced to 2.4 MT in 2016 (MoALF 2019). This
elicited the national government to draft a strategy (the national root and tuber crops
development strategy 2019-2022) to help in upscaling their production. This was an
initiative of the national government of Kenya, but it was being supported by other
key stakeholders such as the European Union, and by organizations like Self Help
Africa (Table 1).
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In sub-Saharan African counties, there are noticeable cultural preferences for root
and tuber crops, and using the Impact General Equilibrium Model, a 2015 analysis
the International Food Policy Research Institute revealed that per capita consump-
tion of these crops continues to rise (Fig. 1). Therefore, because of its low produc-
tivity brought by the effects of climate change and which cannot meet their demand,
there is need to enhance their resilience to climate change using innovative ways.

Agricultural Interventions for Adaptation to Climate Change

Farmers, especially small-scale farmers, still use indigenous farming practices which
lead up to ultimately low yields. This is coupled to farmer’s nonadoption of
better crop production strategies and lack of improved and high-yielding varieties.
Moreover, these farmers on their own do have other alternatives that can help them
bear and share loses or modifies threats. On the other hand, climate change adapta-
tion should be built on sound and a working ecosystems, as it provides a variety of
benefits and services on which agricultural production systems and rural livelihoods
depend. Therefore, this calls for adoption of new technologies while producing these
crop to help us throughout this challenging times. To this end, this chapter provide
the suitable technologies available that can be exploited to increase root tuber crops
adaptability to climate change. The technologies include:

Bio Fertilizers
By definition, bio fertilizers are products containing natural occurring micro-

organisms that are artificially multiplied for ameliorating soil fertility. Each and
every type of crops grown in different agro-ecological zones can benefit from their
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use, since they are valuable to the environment. This is because they are enabling
farmers to minimize the use of modern chemical fertilizers in crop production. In
particular, they are designed to improve nutrient availability or reduce pest pressure.
According to Malik et al. (2011), constant use of microbial-based bio-fertilizers
enables microbial population to persist in the soil which helps in soil fertility
conservation (Table 2).

Phosphate-Solubilizing Microorganisms (PSM): They are a group of beneficial
microorganisms that capable of hydrolyzing inorganic and organic insoluble phos-
phorus compounds to soluble phosphorus form that can easily be absorbed by
plants. They include various soil fungi and bacteria, and important species are
Pseudomonas, Bacillus, Penicillium, and Aspergillus. Hikmatullah and
K. Nugroho (1994) reported that their abilities of phosphate solubilization from
organic materials differs due to their differences in their capacity to produce organic
acids that play a key role in releasing phosphorus bound by aluminum, iron, and
calcium ions. Specifically, this is because organic acids released by microorganisms
are different in quantity and quality (Jha et al. 2013). Some of the organic acids
released that are capable of freeing AI-P bond include Malic acid, malonic, tartaric,
oxalic, and citric (Marbun et al. 2015). These organic acids decrease the soil pH in
their locality to cause the dissolution of bound phosphates in soil. Khan et al. (2009)
reported that 1 g of fertile soil can hold 10' to 10'° bacteria, and their live weight
may exceed 2,000 kg ha~'. Similarly Chen et al. (2006) outlined that among the
whole microbial community in soil, phosphate solubilizing bacteria comprise
1-50% while phosphate solubilizing fungi comprise 0.1-0.5% of the total respective
community. Therefore, microbial-based biofertilizers can be utilized to boost soil
microbial population whenever they are low and when cultivating root and tuber
crops. With high density of PSMs, it is expected that microbial phosphate solubili-
zation can compete effectively with other microorganisms in the soil.

Phosphorus Mobilizing Fungi: This group comprise of the arbuscular mycor-
rhiza fungi (AM fungi) that belongs to the phylum Glomeromycota (Schiiler et al.
2001). The fungi form a mutualistic relationship with most terrestrial plants. In the
association, the plants benefit through various ways such as water and essential

Table 2 Types of biofertilizers for root and tuber crops

Phosphorus-solubilizing microoganisms

1) | Bacteria Bacillus megaterium var. phosphaticum, Bacillus subtilis, Bacillus
circulans, Pseudomonas striata
2) | Fungi Penicillium sp, Aspergillus awamori
Phosphorus mobilizing fungi
1) | Arbuscular Glomus sp., Gigaspora sp., Acaulospora sp., Scutellospora sp. &
mycorrhiza fungi Sclerocystis sp.

Micro nutrients solubilizers

1) | Silicate solubilizers Bacillus sp.

Plant growth promoting rhizobacteria

1) | Pseudomonas Pseudomonas fluorescens

Source: (Kumar et al. 2017)
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nutrients uptake, and also by enhancing plant tolerance to biotic and abiotic stresses
(Augé et al. 2015). This multifunctional ability and diversity of AM fungi has led to
the development of mycorrhizal inoculants for use as biofertilizers in agriculture.
Actually, most land plants are facultative symbionts such that they gain from AM
fungi, yet they can also live without them, although at reasonable fitness cost.
However, some plant species are obligate parasites on the fungus such that they
are fully dependent on fungal nutrition (mycoheterotrophs) and have lost photosyn-
thetic capacity (Graham et al. 2017).

Since mycorrhizal inoculations has been used for decades to stimulate plant
growth for several crop, root and tuber crops which are highly mycorrhizal could
also profit from the numerous services offered by this fungi not only in increasing
their resilience to climate change but also their productivity. For instance, according
to a report by Sieverding (1991) AM fungi inoculation of cassava increased its fresh
roots weight by up to 5 t/ha.

Micronutrients Solubilizers: Such as Silicate solubilizing bacteria (SSB) are
microorganisms that are able to degrade silicates and aluminum silicates in soil.
These microorganisms such as Collimonas, Janthinobacterium, Proteobacteria,
Aminobacter, Burkholderia, Dyella, and Frateuria are reported to solubilize the
biotite which hold substantial amounts of silicate minerals (Uroz et al. 2009). During
their metabolism, various organic acids are released which plays double roles in
silicate weathering. These species supply hydrogen ions to the media which encour-
ages hydrolysis. As well the organic acids let out such as oxalic acid, Keto acids,
citric and hydroxyl carbolic acids form complexes with cations, which foster their
removal and retention in the media in a dissolved state.

Since phosphorus and potassium are crucial macro elements for plant growth and
development, P and K chemical fertilizers are regularly applied to replace the
removed minerals in soil for yield optimization; SSB also plays an efficient role
not only in solubilizing insoluble forms of silicates but also potassium and phos-
phates, hence this microorganisms when applied would increase the soil fertility,
thereby enhancing root and tuber crops productivity.

Plant Growth Promoting Rhizobacteria (PGPR): Also referred as yield
improving bacteria (YIB) are a group of bacteria that are known to increases plant
growth and yield by-way-of several plant growth promoting substances as well as
bio fertilizers. They are distinguished as free-living soil microorganisms colonizing
plant roots and brings into play a beneficial effect on plant development and/or
subdue plant pathogens. The microorganisms include; Alcaligenes, Agrobacterium,
Bacillus, Bradyrhizobium, Burkholderia, Enterobacter, Frankia, Klebsiella,
Pseudomonas, Arthrobacter, Azospirillum, Azotobacter, Rhizobium, and Serratia.
The genera enclose most PGPR with well-known benefits on different crop species
(Tailor and Joshi 2014).

There are numerous mechanisms through which the bacteria helps the plants
including: inducement of increased nutrient uptake (termed Bio fertilizers), provi-
sion of nutrients by way of nitrogen fixation and phosphate solubilization, better
plant growth promotion through the production of phytohormones (termed Bio
stimulants), and the suppression of plant pathogens or the induction of systemic
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resistance to diseases (termed Bio protectants) (Vessey 2003). Also species of
Pseudomonas and Bacillus produce plant growth regulators that stimulate crops to
produce many fine roots which increases the surface area over which plant roots
absorb water and nutrients.

Due to their multiple roles, research on these growth regulators has been rising
and a number of experiments (both in vivo and in vitro) have been tested on different
crops including root and tuber crops. For example, Bacillus and Pseudomonas
sp. have been tried on potatoes and they have helped in improving phosphorus
uptake, promoting indole acetic acid (IAA) production, and for biocontrol (Hunziker
et al. 2015). Therefore, these microorganism can be very useful in fostering the
growth and yield of root and tuber crops, with minor inputs of agrochemicals.

Organic Agriculture

Organic agriculture can be defined as a production system that sustains the health of
soils, ecosystems, and people. This management system helps in mitigating climate
change by diminishing the emissions of greenhouse gases and by sequestering
carbon dioxide from the atmosphere. Organic agriculture is reported to be the most
sustainable approach in food production. This is because it highly emphasizes on
recycling practices and use of low external input for realization of high output. In
addition, its principles dwell on increasing soil fertility, its diversity at all levels, and
mitigating soil erosion.

Some management options of organic agriculture are generally considered to
have both mitigation and adaptation benefits since they increase soil carbon. Ciais
et al. (2013) stated that soil carbon provides a mitigation benefit by storing carbon
taken out of the atmosphere by plants during photosynthesis. Soils with higher
amounts of carbon are associated with greater water holding capacity, increased
nutrient availability, and higher yield potentials, which could prove adaptive in a
future climate (Stokes and Howden 2010). Organic agriculture practices are inno-
vative way that can be used to increase these crops adaptability to climate change.

Soil Organic Matter Management

Soil organic matter (SOM) is a major measure of agricultural productivity and
general soil health. Mean annual temperature and precipitation are major climatic
drivers of SOM levels and dynamics. Long-term field trials and farm comparison
show that organically managed soils have notably higher organic matter content.
According to Foereid and Hegh-Jensen (2004), it was evaluated that under Northern
European conditions, changing from conventional to organic agriculture resulted in
enhanced SOM ranging from 100 to 400 kgha~' yearly during the first 50 years.
Therefore, after a hundred years of organic agriculture, it is estimated that a steady
state of stable level of SOM would be realized.

Environmental Protection Agency estimated that composting 1 ton of organic
matter gave a net storage of about 600 pounds of carbon dioxide (EPA 2006). Even
though all kinds of agriculture poses the capability of sequestering carbon, essen-
tially organic agriculture can sequestrate remarkably more carbon than conventional
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systems (Don 2007). This is because organic agriculture restrains the use of chemical
fertilizer and pesticide and integrates use of cover crops especially from leguminous
plants, and place in order increasing soil organic matter as the first step. Therefore, to
sequester more carbon as possibly brought up by climate change, it is necessary to
incorporate SOM management practices when producing root and tuber crops.

Mulching

Mulching is a traditional practice which involves the covering of soil surface with
organic material which plays a vital role in soil and plant protection. Mulches are
capable of changing the environment around the plants and control weed sand
annual grasses, soil erosion and runoff, and soil-borne diseases. Besides, they
decrease moisture evaporation, increase water absorption and retention, and boost
root growth. Organic or natural mulches such as compost provide many favorable
and fertilizer-like effects for root and tuber crops production by supplying abundant
plant nutrients, during their decaying process.

Owing to climate change that has resulted in land slide, high temperature and
flashfloods, mulching is necessary since several types of mulching practices have
exhibited reduction in soil erosion by more than 90% compared to bare soil
(Mostaghimi et al. 1994). Unger (1994) argued that mulches with low carbon to
nitrogen ratio decompose rapidly providing nutrients for crop growth at a faster
rate. Furthermore, studies in Latin America and Papua New Guinea revealed the
benefits of mulching cassava and sweet potato plants for yield stabilization
(Ossom et al. 2001). To support this, Coling (1997) reported that mulches of
plastic film enhanced dry matter accumulation, plant height, leaf area index,
and tuber yield of potatoes. Similarly Sarma et al. (1999) after planting potato
cv. Kufrimegha on ridges and flat seedbeds in combination with mulches and
earthing up, he confirmed that mulching with black plastic film resulted in
enhanced tuber yield which was greater than the normal cultivating method.
This is because plastic mulch literally conserved the soil moisture which helped
in better crop growth and tuber yield. Similarly, mulching the soil has been
positively correlated with plant species richness.

As a normal practice, root and tuber crops are usually cultivated on ridges where
soil erosion and weeds can be a menace. Therefore, for their effective production
mulching is important since it is a valuable practice that can be used to control
weeds. This is because mulching prevents weed growth and development by
blocking light from reaching the soil surface where their seeds lie. In root and
tuber crops, mulching could assume an important function of lowering soil temper-
atures in addition to soil moisture conservation (Sangakkara et al. 2004).

Zero Tillage

Zero tillage which is also referred as direct drill or no till is an agricultural practice of
cultivating crops or pasture without disturbing the soil surface through tillage. Its
aim is to conserve soil and moisture through nondisturbance of the soil surface and
also by ensuring that 30% or more of crop residues are conserved on the surface
(Erenstein and Laxmi 2008). According to Fernandez et al. (2010), the practice has
been documented widely for its benefits including protecting the soil against erosion
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Table 3 Area under zero tillage by continent

Continent Area (ha) Percentage of total (%)
South America 49,579,000 46.8

North America 40,074,000 37.8

Australia and New Zealand 17,162,000 11.5

Asia 2,530,000 2.3

Europe 1,150,000 1.1

Africa 368,000 0.3

World total 115,863,000 100

Source: Derpsch et al. (2010)

and managing soil structure. Also, this practice increases carbon sequestration and
activities of the microorganisms (Helgason et al. 2010) (Table 3).

Studies show that practices that reduce soil disturbance and intensify cropping
have the potential of increasing soil organic matter (SOM) and improving soil health.
For instance, soil disturbance with tillage generally promotes loss of SOM by
facilitating microbial degradation of SOM, promoting crop-residue-soil contact,
and placing residues into more favorable subsurface moisture regimes as compared
to surface placement under no-tillage (Halvorson et al. 2002). By adopting no till
practices in root and tuber crops production, soil conservation would be improved
greatly, water and wind erosion would be considerably reduced, while the crops
would yield more since they would protect from pests and external environment.

Tie-Ridging

Tie-ridges are soil and moisture conservation structures that involves the construc-
tion of small basins that are rectangular shaped. This basins are formed within the
furrow of cultivated fields mainly to enhance the storage of rain water and for
allowing more time for water to percolate in the soil (Wiyo et al. 1999). Belachew
and Abera (2010) reported that the stored water can accessed by plants for a longer
period of time better than it can be used when there is run off. Ridging across slope is
highly recommended in dry areas for soil and water conservation in crop production
(Kumwenda 1999).

Mechanized ridging is achieved either by animal-drawn ridgers, as it is com-
monly practiced in African for cassava and other food crops production, or by
tractor-mounted ridgers which is a major practice for cassava production in Asian
countries (Suyamto and Howeler 2001). The purpose of mechanization is to reduce
hard work and in the process increase the scale of production crops. Although when
using tie-ridging the optimum height of the ridge depends on the soil type and the
cultivar being grown.

Benefits of tie-riding reported include: increased number of roots per plant which
is identified as a major contributory factor to the higher yields on ridges (Suyamto
and Howeler 2001). In particular, ridging has been shown to increase sweet potato
yields by 38% (Ennin et al. 2003) over mounding, mainly as a result of increased
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plant population density and better weed suppression on ridges. Shetto (1999)
reported that many farmers find weeding of cassava to be easier on ridges than on
mounds; it is also effective in soil erosion management and results in high yields.
Ennin et al. (2009) recommended the cultivation of cassava, yams, and other tuber
crops on tie-ridges for realization of economizing the available planting space and
thus increase on the planting density. Ridging is also responsive to improved farming
practices such as herbicide application, fertilization, and yam staking, and this is due
to the regular spacing of crops obtained under the systems.

The concept behind creation of tie-ridges is to optimize water infiltration, improve-
ment of soil-water management, enhancement of root growth and nutrient uptake, and
enhancement of rooting depth which is also supported by FAO (2000). Therefore,
tie-ridge would play a significant role in production of root and tuber crops.

Improved Seed Varieties

Unlike the other true seed crops, root and tuber crops are propagated vegetatively.
The benefits of improved seed varieties for root and tuber crops can only be realized
through breeding and addressing the challenges in their seed value chain. This can be
achieved through having a functioning seed systems and directly linking of the
systems as a key tool of addressing the issue of improved seeds. This can further be
linked in addressing the issues of climate change.

To this effect, the International potato center (CIP) has fostered and expedited their
breeding schemes that shortens the time it takes in developing and releasing new
varieties of root and tuber crops actually from 8 to 4 years. To this effect, their breeders
have released potato varieties that are tolerant to heat, salinity, and drought. Some of
the varieties are Tacna and Unica which were developed and tested in Peru; Raniag
variety in Philippines; and Kinga, Kiningi, and Meva developed in Africa (Atakos et al.
2018). Further variety Tacna was released in the Republic of China under the name
Jizhangshu 8, and had covered 20,000 ha by 2008. Recently work has been going on to
develop climate change resilient potatoes that have the characteristics of drought and
salinity tolerance, and according to Atakos et al. (2018), variety Sarnav has been
released in Central Asia (Uzbekistan and Tajikistan), while heat and salinity tolerant
BARI Alu-72 has been released in Bangladesh. With minimal precipitation being
realized ranging between 15% and 20% and new experiences in temperature increase
of 2-3 °C due to the effects of climate change, these clones have shown a high degree
of tolerance to these effects (CIP 2017). On that account, such efficient breeding
practices that delivers improved seed varieties of root and tuber crops should be
supported especially in the area of improving their resilient to climate change.

Management of Community Seed Banks

Community seed banks are entities that are governed locally and they are managed
in an informal manner by institutions whose core function is to maintain seeds for
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local use (Development Fund 2011). Vernooy et al. (2014) reported that the com-
munity seed banks were founded by Rural Advancement Foundation International
(RAFI) now known as ETC Group or Action Group on Erosion, Technology, and
Concentration. The three key functions of the community seed banks are: (i) to
conserve the plant genetic resources; (ii) to make the availability and accessibility of
diverse seeds and planting materials according to farmers’ needs and interests easier;
and (iii) facilitating seed and food sovereignty (Vernooy et al. 2014). Community
seed banks are globally located in Guatemala, India, Malaysia, Mexico, Nicaragua,
Sri Lanka, USA, Honduras, Bhutan, Bolivia, Brazil, Canada, Bangladesh, China,
Costa Rica, Nepal, Trinidad and Tobago, Rwanda, Uganda, Mali, Burundi, Norway,
Zimbabwe, and South Africa. Recently it was launched in Kenya in Nyando in
smallholder farmer areas by the Consortium of International Agricultural Research
Centers (CGIAR) research program on climate change agriculture and food security
(CCAFS) in sub-Saharan Africa which works in partnership with Bioversity Inter-
national to establish community seed banks in Kenya, Tanzania, and Uganda. The
idea behind is that when you take one seed you return two, if you take five, you
return ten. This protocol aids in their sustainability. The idea of community is
excellent; however, the existing community seed banks are focused on cereal
crops neglecting the root tuber crops. Although the International Potato Center
(CIP) researchers are promoting innovative ways that allows storage of seeds of
root and tuber crops.

Specifically sweet potatoes farmers are encouraged to mass-produce their own
vines during planting time. The system is known as Triple S (for storing vines in
sand to make them sprout). It involves storing the vines in dry sand following
harvest, and thereafter planting them in seedbeds 6—8 weeks before the rainy season,
and watering them to produce enough vines to plant when the rains begin. The
practice results in increased vines, earlier harvests, which provides food and income
at a time. In addition in order to maintain disease free planting materials, the farmers
in high virus pressure zones are advised to use net tunnels systems to protect against
insects such as whiteflies and aphids which are known in spreading viruses. This
practice is effective in suppressing the infection rate by sweet potato virus disease
thus supporting the availability of clean planting materials. According to Atakos
et al. (2018), such tunnels also have contributed in moisture retention by reducing
the amount of water required for irrigation. The major benefits derived from com-
munity seed banks that can be exploited for production of root and tuber crop seeds
are pest and disease reduction, increased production of seeds, and climate stress
buffering.

Cropping Systems

Cropping systems plays important roles in crops adaptability to climate change since
the practice encompasses on farm adaptation of improved farming technologies and
in this case planting more than two crops with different maturity periods. This
system has various advantages including: better utilization of the environment,
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greater food yield, increased return per unit area, and insurance against crop failure.
Therefore, root and tuber crops which have great flexibility can be part of such a
system. This is because they can be intercropped with plantation crop such as areca
nut, coconuts, coffee, rubber, and fruit crops like mangos, bananas, and litchi as
these crops are adapted to the same ecological conditions (Nayar and Suja 2004). In
this system, the principal crop provides cash while root intercrops provide as high-
energy secondary staple to the farm family and feeds for farm animals, behave as
insurance crop against risk and natural calamities, ensure food security, enhance
resource use efficiency, augment net income, and increase employment
opportunities.

To support this, cultivation of root and tuber such as yam, cassava, sweet
potatoes, and edible aroids in the interspaces of perennial plantations such as rubber,
coffee, coconut, and banana is common in tropical countries. Crops such as elephant
foot yam and yam grow as intercrops horticultural and planation crops. Also
intercropping maize and yam is believed to be productive and compatible mainly
because maize is a short season crop (3—4 months), while yams are long are long
duration (7-12 months) crops. Sagoe (2006) also revealed that yams and cocoyams
are usually cultivated in association with cocoa and furthermore new innovations
propose use of cassava trees in cocoa production. Davis et al. (1986) reported that
sweet potato are grown as intercrop and in rotation systems with crops like soybean,
bean, sorghum, maize, and cassava. In India, cassava, yams, and edible aroids are
intercropped with rubber plantations during their immature phase whereas in Malay-
sia cassava is grown as intercrop in Rubber estates (Leihner 1983). The cropping
system also includes practices such as adjusting the planting dates, irrigation appli-
cations, and fertilizer application (Sagoe 2006). This examples suggests that when
managed appropriately, cropping systems can enhance the adaptability of these crops
to climate change especially when the right crops are chosen for the system.

Irrigation Method

Climate change causes in drought which is a major abiotic factor that limit crop
production. On the other hand, global warming causes rainfall fluctuations increas-
ing the risk of plant exposure to repeated drought (Miyashita et al. 2005). Other
factors ever berating the drought situation include limited fresh water bodies which
cause serious issues globally, particularly in arid and semiarid regions. These fresh
water bodies are also decreasing due to population pressure, comping demands from
the industries, low rainfall, agricultural and urban development. Furthermore
drought is considered one of the major constraints for root and tuber crop production.

Root and tuber crops have much capacity in terms of their water use efficiency
and nutrient use just like other food crops. Additionally, these crops have a unique
growth characteristics and functionality. Therefore a suitable irrigation method must
be selected while cultivating these crops such as: an irrigation method that releases
the exact amount of water required, and time and method of water application. To
this end, sprinkle and trickle irrigation methods therefore becomes the best option for
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these crops. This is because they save irrigation water by up 30% and 50%,
respectively, as compared with surface irrigation (Al-Jamal et al. 2001). Amer
(2011) revealed that in small-scale farming using gated pipes and double planting
row beds, with partially wetted furrow irrigation, water saving is achieved just as in
trickle irrigation. Even though partially wetted irrigation can be very useful espe-
cially because it decreases installation cost compared to trickle and sprinkle systems,
in this case it is important to consider the right method for climate change adaptation.
Considering this, trickle irrigation becomes the best method for theses crops under
the prevailing climatic conditions since it conserves water, prevents nitrogen
leaching, allows deep water percolation, and reduces soil erosion. Also it gives
famers an opportunity to apply water at the right time.

Exploiting Abandoned Lands

In this chapter, land abandonment concept is used on a land where traditional or
recently agricultural activities have stopped due to their marginal characteristics.
Lands are classified as abandoned when their productivity level is situated close to
the margin beyond which management expenses are not compensated by the profits
obtained after harvesting. To this effect, cropland abandonment has become a
common occurrence globally due to the improper agricultural practices being used.

To reclaim this types of lands and to increase the arable lands, alternative crop
productions (in intensive form) should be used. This is because the remaining arable
land is being lost to urban and industrial uses, deforestation, rural development, such
as afforestation, and land fragmentation into smaller units. According to FAO
(2011), many efforts to revamp land productivity have continued over the years
since the abandoned lands represents a valuable resource for crop production. Such
efforts are supported by the farmers desire to pass productive farmlands onto the
future generation in just a good condition as when they inherited them (Greenland
et al. 1998).

Root and tuber crops can therefore be very useful for use in reclaiming these
abandoned lands. This is because of their agronomic advantage such that these crops
are adapted to diverse soil, environmental conditions, and a variety of farming
methods with minimum agricultural input. Also, variations in the growth pattern
and adopting cultural practices make them specific in production systems. In addi-
tion, these crops are relatively easy to grow since they are highly adaptable in
growing at a wide range of altitudes, on both flat and sloping lands, and on both
sandy and clay soils where other crops are not well adapted. Finally, the variety to
choose from for these crops is very high.

All these characteristics indicates that root and tuber crops have a comparative
advantage for cultivation in marginal lands than other crops since they can be
selected to resist stress conditions and in contributing to sustainable crop production
with low input cost. Similarly, IPGRI (2000) reported that these crops contributes to
the food crops diversity and hence exploits fully the abilities of agro-ecosystems.
Under this scenario of large abandoned land, root and tuber crop can be produced
effectively on these lands, and after years of their production, the lands can be
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returned for production of other agricultural crops production. In return this would
lead to reduced clearing of additional forests and grassland for farming purposes.

Agroforestry Practice

Agroforestry is an interaction of agriculture and trees, including the agricultural use
of trees. This encompass trees on farms and in agricultural landscapes; farming in
forests and along forest margins and tree-crop production including coffee and
cocoa. It ranges from traditional swidden agriculture to elaborate systems of fruits
trees and vines in spatial complementarity. Examples of useful agroforestry trees
include; Acacia albida, Leucaena leucocephala, Prosopis juliflora, Acacia
scorpioides, and Euphorbia spp. Others include green manure crops such as
Tephrosia spp, Desmodium spp, Dolichos spp, and Indogofera spp.

Some of the most promising agroforestry techniques for root and tuber crops
include: (a) Scattered farm trees, this simply involves the increase in number of trees
in the middle of crops and alongside the farm boundaries. The trees might have
greater value than the crops they displace. Alternatively, the trees might actually
increase the productivity of these crops by replenishing the soil and helping reduc-
tion of soil erosion. (b) Improved fallows, which involves fallows being enriched
with fast-growing trees, vines, or shrubs. This is required by the fact that the fallow
periods in many areas needs to be shortened considerably. (c) Buffer strips, which
are areas of land maintained in permanent vegetation that helps control soil, air, and
water quality. Root and tuber crops can therefore serve as buffers against soil erosion
when planted along contour lines of slopes. In complicated systems, these root and
tuber crops buffer strips can include other crop, such as grasses, trees, shrubs, and
fodder legumes.

Clean Seed Production Technologies

Policy makers acknowledges that seed security is pivotal for global food security.
This is because seeds serves as the primary farm input in crop production and is also
a means for conveying agricultural innovations to the farmers. Forasmuch as seeds
are among the main factors that impediment crop production, these seeds must
therefore be in good quality by the time they are distributed to the farmers. Actually
availability, accessibility, and use of quality seeds that are adapted are of essence in
increasing agricultural productivity and improving farmers livelihoods.

For clean seed production of root and tuber crops, cases reviewed encouraged
seed stakeholders to emerge as permanent seed producers (Bentley et al. 2018). This
would enable clean seed to flow through the value chain constantly. Methods of
clean seed production include:

(a) Commercial farms being contracted for one season, even though the method has
demonstrated that it is labor intensive, it is susceptible to pests and diseases, and
it is time consuming.
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(b) Tissue culture, which is the growth of tissues of plants or animal in an artificial
medium separate from the parent organism. This method is very important for
plant propagation for example the use of this method in seed production has
ensued in mass production of clean potato seeds within a short period of time. In
support of this, Pruski (2001) revealed that the method is characterized by its
flexibility in terms of the rapid multiplication of seedlings. This method has been
adopted in several countries like Vietnam where it revolutionized production of
potato seeds. The method is now well understood and has been used in propa-
gation of several plant species across the globe.

(c) Aeroponic method: which is the process of cultivating plants in an air or mist
environment without the use of soil or media. It is considered as one of the safest
and ecological friendly method for producing natural and healthy crops. The
multiplication of potatoes using this method of more advantage than other
available systems. CIP (2018) reported that the method is ten times more
successful than convectional techniques, hydroponics, and tissue cultures
which takes much time and are more labor intensive. The method utilizes
nutrient solution recirculation, thus water is not wasted and the available nutri-
ents are used effectively. Therefore this system comparatively offers lower
energy and water inputs per growing area. This system can therefore be utilized
for rapid production of root and tuber crops seeds.

Nutrient Use Efficiency (NUE)

Nutrient use efficiency indicates the ability of crops to take up and utilize nutrients
for yield. The concept entails three major processes in plants: uptake, assimilation,
and utilization of nutrients. The nutrient uptake and fertilizer recommendation of
important root and tuber crops are presented in Table 4. This is an indicator that root
and tuber crops have a higher NUE. This is support by Nieto, C. O. (2016) who

Table 4 Nutrient uptake and fertilizer recommendation of important root and tuber crops

Recommended
Tuber yield Uptake (kg/ha) Farmyard manure dose (kg/ha)

Crop (t/ha) N P K (t/ha) N P K
Cassava 30 180 |22 |160 |12.5 100 |50 |100
Sweet potato 14 34 6 47 5 50 25 |50
Elephant foot 36 122 |31 |176 |25 100 |50 |150
yam

Yams 25 163 |24 | 127 |10 80 60 |80
Taro 17 119 |18 | 157 125 80 25 |80
Tannia 20 125 |37 |187 |25 80 50 | 150
Coleus 26 106 |13 |107 |10 60 60 | 100
Arrow root 24 194 |31 292 |10 50 25 |75

Source: Mohan Kumar et al. (2000)
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reported that NUE of potatoes under low nitrogen input was higher than under high
nitrogen input, and higher for late cultivars than for early cultivars.

Conclusion

There is an urgent need to broaden the food basket of the Sub-Saharan Africa by
supporting root and tuber crops cultivation through boosting their capacity to adapt
to climate change. Even though these crops have been neglected, there is evidence
that the crops have greater adaptability to extreme climatic conditions and that they
are more resilient to both biotic and abiotic stresses. Therefore, the suggested
innovations and/or adaptation measures will help in enhancing their adaptability to
climate change and also to enable them to produce more harvestable yields where
major crops have failed.
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Abstract

Small-scale farmers’ limited adaptive capacity confronted with the adversities
of climate change is a major call for concern considering that small-scale farms
feed over half of the world’s population. In this light, small-scale farmers’
adaptive choices and adaptive capacity to climate change were assessed. Data
were collected from primary and secondary sources using a mixed research
approach. Findings revealed that extreme weather events have been recurrent
and small-scale farmers perceived access to land, household income, and the
planting of trees/shrubs on farms (agroforestry) as the main factors influencing
their capacity to adapt to climate change. Agroforestry and monoculture prac-
tices were the main adaptive choices of small-scale farmers confronted with
climate change. T-test and chi-square test statistics revealed a strong non-cause-
effect relationship (p < 0.001) between small-scale farmers’ capacity to adapt
to climate change and different socio-economic, institutional, and environmen-
tal variables. Parameter estimates of the binomial logistic regression model
indicated the existence of a strong direct cause-effect relationship (p < 0.05)
between small-scale farmers’ capacity to adapt to climate change and access to
credit, household income, number of farms, access to information, and access to
land, indicating that these variables enhance small-scale farmers’ capacity to
adapt to climate change. It is recommended that policy makers examine the
adaptive choices and determinants of farmers’ adaptive capacity unearthed in
this chapter when formulating policies geared towards enhancing small-scale
farmers’ capacity to adapt to climate change.

Keywords

Climate change - Small-scale - Farmers - Adaptive capacity - Africa - Cameroon
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Introduction
Background of the Study

The fight against climate change features prominently among the seventeen (17)
United Nations Sustainable Development Goals (SDGs) — 2030 Agenda, demon-
strating the desire of the global policy making community to tackle climate change,
one of the foremost existential threats facing humanity today, head-on (IPCC 2018;
Chanana-Nag and Aggarwal 2018; Niles and Salerno 2018). This comes in the wake
of unprecedented levels of global warming caused mainly by increasing concentra-
tions of carbon dioxide, methane, nitrous oxides, and other greenhouse gases
(GHGs) in the atmosphere (Aggarwal et al. 2015; TPCC 2018). Anthropogenic
activities especially excessive fossil fuel combustion, deforestation, and degradation
of tropical forests have been singled out as the principal causes of the increasing
emissions of greenhouse gases into the atmosphere (Biermann 2007; [PCC 2007,
The Royal Society 2010; NAS and RS 2014). With the present climatic variations
and changes, humanity has just two choices: adaptation and/or mitigation. With
mitigation being a long-term option, adaptation becomes incumbent for different
sectors of economic life especially the agricultural sector (Adger et al. 2007,
Challinor and Wheeler 2008; Challinor 2009; World Bank 2013; FAO et al. 2018).
With the most vulnerable actors in the agricultural sector being small-scale farmers,
there is absolute necessity to promote measures that foster adaptation and enhance
adaptive capacity to the adversities of climate change.

The FAO (2011) indicated that climate change will seriously threaten the liveli-
hood of small-scale farmers. In 2016, studies demonstrated that small-scale farmers
will be adversely affected by changes in climate patterns owing to their limited
adaptive capacity (FAO 2016). Small-scale farmers’ limited adaptive capacity when
confronted with the adversities of climate change is a major call for concern
considering that small-scale farmers — who in the majority are found in developing
countries — contribute to the nourishment of over half of the world’s population
(FAO 2016). It is estimated that the developing world has roughly 500 million small-
scale farms supporting about two billion people, and these small farms produce
about 80% of the food consumed in Asia and sub-Saharan Africa (IFAD 2012). With
the number of small-scale farms across the developing world rising (FAO 2010a, b;
IPCC 2014; FAO et al. 2018), it becomes necessary to examine the capacity of small-
scale farmers to adapt to climate change adversities and to examine the factors
influencing the capacity of small-scale farmers to adapt to the negative effects of
climate change.

Cameroon like other developing countries is dominated by food-based agricul-
tural systems. These food-based farming systems owned in the majority by small-
scale farmers (who constitute over 90% of the farming population) have been
adversely affected by climate change (Molua 2006, 2008; Tingem et al. 2009;
Azibo and Kimengsi 2015; Awazi 2018). Small-scale farmers’ capacity to adapt to
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climate change could be enhanced if human, material, logistic, and financial
resources are placed at their disposal (Molua 2008; Azibo et al. 2016; Innocent
et al. 2016). From this perspective, this chapter sought to assess small-scale farmers’
adaptive choices and the determinants of small-scale farmers’ capacity to adapt to
climate change, in the hope that the findings will go a long way to influence policy
and alleviate the plight of small-scale farmers.

Review of Literature
Perceptions of Climate Change by Small-Scale Farmers in Africa

Africa’s small-scale farmers are increasingly perceptive of climate change, although
their perceptions vary on a country-by-country basis as shown by different studies
carried out in Africa. In a study carried out by Belaineh et al. (2013) in the Doba
District, West Hararghe, Ethiopia, it was found that all male-headed and female-
headed households perceived the occurrence of climate change. Boissiére et al.
(2013) on the contrary, in a study carried out in Indonesia — the tropical forests of
Papua — found that the local population’s perceptions of adverse climatic variations
and changes differed significantly across the studied villages. They concluded that
these differences in perception of climate change could be due to the different agro-
ecological conditions of the villages. Mtambanengwe et al. (2012) on their part
found respondents unanimous that the total quantity of rainfall had declined. The
findings of Mtambanengwe et al. (2012) corroborate those of De Wit (2006) and
Anderson (2007) who revealed that Southern Africa is becoming increasingly drier,
threatening agricultural sustainability, as rainfall distribution within the season
fluctuates tremendously.

Maddison (2006), however, found that Zimbabwe’s small-scale farmers’ percep-
tion of climate change varied with respect to the number of years of experience in
farming. According to Maddison, small-scale farmers with more than 20 years of
experience in farming were more likely to notice significant changes in normal
weather patterns compared to their less experienced counterparts. This is corrobo-
rated by Mtambanengwe et al. (2012) who also found that 3-4% of small-scale
farmers who claimed not to have noticed any shift in climate in the two communities
studied in Zimbabwe were young farmers or farmers mostly involved in off-farm
activities.

In a study undertaken in South Africa, Benhin (2006) found that about 72% of
farmers sampled were of the opinion that climate change has been occurring over the
years, with delays in the timing of the rain, a drastic drop in the quantity of rain, and
higher temperatures. The farmers’ perceptions, however, varied slightly across the
nine provinces in which the study was carried out. In the semiarid areas of Tanzania,
Mary and Majule (2009) found that 63.8% of farmers sampled in Kamenyanga
village and 73.8% of farmers sampled in Kintinku village perceived an increase in
temperature. Farmers reported that the months of September to December were
becoming extremely hot and the nights were generally becoming very cold. It was
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also found that most of the farmers sampled perceived a decrease in precipitation and
changes in onset of rains as well as an increase in drought frequency in Kamenyanga
and Kintinku districts, respectively. Most of the farmers stated that the onset of
rainfall has changed because crops were usually planted in the months of October/
November but lately crops are being planted in the months of December/January.

In a study undertaken in eleven (11) African countries, Maddison (2006) found
that a large majority of farmers believed that precipitation is declining and temper-
ature is on the rise. Majule et al. (2008) also reported similar findings. Tessema et al.
(2013) in a study undertaken in the East Hararghe zone of Ethiopia found that
farmers’ perceptions differ with respect to changes in precipitation and temperature.
A large majority (91.2%) of the farmers perceived a rise in temperature, whereas
3.5% and 5.3% of the farmers perceived a decrease in temperature and no change,
respectively. Most of the farmers (90.3%) perceived a drop in the quantity of
precipitation; meanwhile 2.6% and 6.2% of the farmers perceived an increase in
the quantity of precipitation and no change, respectively. Only a small percentage
(0.9%) of the farmers indicated that precipitation is variable rather than agreeing
either on an increase or decrease in the quantity of rainfall.

In the same line of thought, studies undertaken across different parts of Africa
have shown that small-scale farmers perceive climate change through variations in
climate elements. Studies undertaken by Ishaya and Abaje (2008) in Kaduna state,
Nigeria; Gbetibouo (2009) in the Limpopo Basin of South Africa; Mertz et al. (2009)
in the Rural Sahel; Deressa et al. (2011) in the Nile Basin of Ethiopia; Nyanga et al.
(2011) in Zambia; Nzeadibe et al. (2012) in the Niger Delta Region of Nigeria;
Tambo and Abdoulaye (2012) in Nigeria; Yaro (2013) in Ghana; Juana et al. (2013)
in sub-Saharan Africa (synthesis of empirical studies); Temesgen et al. (2014) in
Ethiopia; Mulenga and Wineman (2014) in Zambia; and Aggarwal et al. (2015) in
the Kullu District of the western Himalayan region all found that small-scale farmers
were increasingly perceptive of climate change. Based on the findings of all these
studies, a conclusion could be drawn to the effect that small-scale farmers’ percep-
tions of climate change are quasi-unanimous across Africa.

Adverse Effects of Climate Change on Africa’s Small-Scale Farmers

Africa’s small-scale farmers are increasingly being affected by climate change.
Scholarship indicates that climate change has mainly adverse effects on Africa’s
small-scale farming communities. In a study carried out in Kenya, Herrero et al.
(2010) found that climate change adversely affected small-scale farmers through
recurrent droughts. Mary and Majule (2009) carried out a study in Tanzania,
revealing that the recurrence of extreme climate events (changing rainfall and
temperature patterns) led to increased risk of crop failure owing to the washing
away of seeds and crops, stunted growth, poor seed germination, and withering of
crops. It was equally found that, in the case of livestock, variations in rainfall
patterns (decreased rainfall-drought and increased rainfall-floods) led to a decrease
in pasture and an increase in parasites and diseases. Similar findings have been
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reported by other studies carried out in Africa. Mortimore and Adams (2001), for
example, found that the timing of the onset of the first rains and other intra-seasonal
factors such as the effectiveness of the rains in each precipitation, and the distribu-
tion and length of the period of rain during the growing season, seriously affect crop-
planting regimes as well as the effectiveness and success of farming. According to
the IPCC (2007), changes in rainfall patterns and the quantity of rainfall affect soil
moisture and the rate soil erosion, both prerequisites for crop growth and crop yields.
All these negatively affect small-scale farmers.

In a study assessing the economic impact of climate change on agriculture in
Cameroon, Molua and Lambi (2006) found that as temperature increases, and
precipitation decreases, net revenue dropped across all the surveyed farms. The
study equally revealed that an increase in temperature by 2.5 °C will lead to a
drop in net revenues from agriculture in Cameroon by $0.5 billion. A 5 °C increase
in temperature on its part will lead to a drop in net revenues by $1.7 billion. A 7%
decrease in precipitation will lead to a drop in net revenues by $1.96 billion, and a
14% decrease in precipitation will lead to a drop in net revenues from crops by $3.8
billion. The study, however, found that increases in precipitation will lead to an
increase in net revenues. Based on these findings, small-scale farmers in Cameroon
will be adversely affected by climate change through a fall in farm revenue.

On their part, Tabi et al. (2012), in a study carried out in the Volta region of Ghana,
found that climate change adversely affects rice farmers. These adverse effects were
death of animals, loss of farming capital, heat stress, increase in social vices, shortage
of water, slow development, and increased poverty and food insecurity. From these
findings and those of other studies aforementioned, it could be said that climate change
has mainly adverse or negative effects on small-scale farmers in Africa.

Drivers of Small-Scale Farmers’ Vulnerability to Climate Change in
Africa

In the face of climate change adversities, small-scale farmers in Africa are the most
vulnerable actors involved in the agricultural sector (Rurinda 2014). Small-scale
farmers’ vulnerability to climate change adversities could be attributed to several
factors. In a study carried out to examine the vulnerability of small-scale farming
systems of Zimbabwe to climate change, Rurinda (2014) and Rurinda et al. (2014)
found that the main causes or sources of vulnerability of small-scale farmers to
climate change were lack of knowledge, lack of draught power, increased rainfall
variability, lack of seed, lack of fertilizer, and declining soil fertility. Following
Rurinda’s findings, the single most important source or cause of small-scale farmers’
vulnerability to climate change was increasing variability in rainfall.

In a study assessing rice farming in the Volta region of Ghana, Tabi et al. (2012)
showed that the main sources or causes of rice farmers’ vulnerability to climate
change were low price of rice in the local market, difficult land tenure system,
limited or no access to credit facilities, few farmers engaged in off-farm activities,
poor soils, and lack of insurance in times of crop failure.
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The CDCCP (2009), in a study undertaken in the Chiredzi district of Zimbabwe,
found that the main causes of small-scale farmers’ vulnerability to climate change
were as follows: poor farming practices, high frequency of drought, inherent dry-
ness, limited use of climate early warning systems, over-dependence on mono-
cropping especially maize, high incidence of poverty, population pressure, skewed
ownership and access to drylands’ livelihood assets such as livestock and wildlife,
lack of drought preparedness plans, limited alternative livelihood options outside
agriculture, and low access to technology (irrigation, seed), markets, institutions, and
infrastructure (poor roads, bridges, modern energy, dams and water conveyance).

These findings therefore demonstrate that small-scale farmers in Africa are highly
vulnerable to the adverse effects of climate change.

Adaptation Options Implemented by Small-Scale Farmers in Africa
Confronted with Climate Change

In Africa, small-scale farmers have adopted different adaptive options in order to
improve their adaptive capacity confronted with climate change. Tabi et al. (2012)
while assessing rice farming in the Volta region of Ghana found that rain-fed lowland
rice farmers practiced different adaptive choices among which were the application
of fertilizers, water management control practices, alternation of planting dates,
herbicide use, and the use of high-yielding and disease-resistant varieties. On their
part, Kuwornu et al. (2013) in a study carried out in northern Ghana found that small-
scale farmers adopted both indigenous and introduced (modern) adaptive options to
improve their adaptive capacity to climate change.

Molua and Lambi (2006), in a study undertaken in Cameroon, found that the main
indigenous adaptation strategies implemented by small-scale farmers in the face of
climate change were changing timing of farming operations, increasing planting
space, undertaking traditional and religious ceremonies, change of crops, varying
area cultivated, and cultivation of short season local varieties. The FAO (2006) found
that the major indigenous adaptation strategies practiced by small-scale farmers were
reducing food intake, change of crops, reducing personal expenditures, mortgaging
land, homestead gardening, disposing of productive harvests, and re-sowing or re-
planting.

Different authors have carried out studies across Africa with varying findings as
far as indigenous adaptive choices implemented by small-scale farmers confronted
with climate change adversities are concerned. For example, studies carried out by
Hassan and Nhemachena (2008), the FAO (2008, 2009b), Gbetibouo (2009), and
Deressa et al. (2010) showed that diversification of crops is a major indigenous
strategy practiced by small-scale farmers confronted with climate change adver-
sities. Studies carried out by Easterling et al. (2007), Boko et al. (2007), Gbetibouo
(2009), the FAO (2009a, 2010c), and Deressa et al. (2010) showed that the
integration of livestock to crop production is a key indigenous strategy practiced
by small-scale farmers confronted with climate change. Studies undertaken by
Molua and Lambi (2006), Easterling et al. (2007), Boko et al. (2007), Hassan and
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Nhemachena (2008), Gbetibouo (2009), and the FAO (2009b) revealed that
changing the timing of farm operations is one of the most important indigenous
strategies adopted by small-scale farmers in the face of climate change. The FAO
(2006, 2009b), Molua and Lambi (2006), and Gbetibouo (2009) found that
changing of crops was a major adaptation strategy used by small-scale farmers
to adapt to climate change. The FAO (2006) and Altieri and Koohaftkan (2008)
found that home gardening was a major indigenous strategy practiced by small-
scale farmers confronted with climate change adversities.

The FAO (2010a), Thorlakson (2011), Rao et al. (2011), Mbow et al. (2013),
Bishaw et al. (2013), Mbow et al. (2014), Kabir et al. (2015) and Awazi and
Tchamba (2019), found that agroforestry practices like scattered trees on croplands,
improved fallows, home gardens, and cocoa, coffee, and banana agroforests were
sustainable and climate-smart adaptive choices practiced by small-scale farmers
across Africa in the face of climate change.

From the foregoing, small-scale farmers are adopting both indigenous and intro-
duced adaptive measures to adapt to the adverse effects of climate change across
Africa. However, very little has been done to assess the adaptive capacity of small-
scale farmers in the face of climate change.

Determinants of Small-Scale Farmers’ Choice of Adaptive Measures
Confronted with Climate Change

Small-scale farmers’ choice of adaptive measures confronted with climate change
was influenced by several factors. Tabi et al. (2012), in a study carried out to assess
the different adaptive choices of small-scale rice farmers in Ghana, found that the
main variables influencing the different adaptive options of small-scale farmers were
distance to farm and market, labor, advice from extension agents, gender, length of
stay in rice farm, age, farm size, number of farms, credits, household size, and
education. Deressa et al. (2008) and Atinkut and Mebrat (2016) on their part found
that different infrastructural and institutional factors as well as household and farm
characteristics influenced the adaptive choices of small-scale farmers confronted
with adverse climatic changes. Through marginal analysis, Deressa et al. (2008), in a
study carried out in the Nile Basin of Ethiopia, found that institutional factors
(availability of information), social capital, household variables, agro-ecological
features, and wealth attributes influenced small-scale farmers’ adaptive choices
confronted with climate change in the Nile Basin of Ethiopia.

Studies carried out by Maddison 2006 and Nhemachena and Hassan (2007)
showed that the most common household attributes influencing small-scale farmers’
adaptive capacity to climate change adversities were wealth, marital status, farming
experience, age, education, and gender of the head of household; common farm
attributes influencing small-scale farmers’ adaptive choices to climate change
included fertility, slope, and farm size; common institutional factors affecting adap-
tive choices of small-scale farmers to adverse climatic changes included credit
accessibility and access to extension services; and the common infrastructural factor
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influencing small-scale farmers’ adaptive capacity to climate change was distance to
input and output markets. Across Africa, different studies have been carried out
assessing the impact of climate change and factors affecting small-scale farmers’
adaptive choices in crop, livestock, and mixed crop-livestock production systems
confronted with climate change adversities (Maddison 2006; Hassan and
Nhemachena 2008; Kurukulasuriya and Mendelsohn 2007). However, Zivanomoyo
and Mukarati (2012) assessed the factors affecting small-scale farmers’ choice of
crop varieties confronted with climate change adversities. The study sought to
examine how farmers’ choice of different crop varieties contributed to improve
their adaptive capacity to climate change. Findings revealed that the use of more
disease-resistant and hybrid varieties contributed in a major way towards enhancing
the adaptive capacity of small-scale farmers to climate change.

From the foregoing, the factors influencing the adaptive choices of small-scale
farmers confronted with climate change adversities could be broadly classified into
institutional, environmental, and socio-economic factors. Although the factors
influencing the adaptive choices of small-scale farmers confronted with climate
change have been examined by different studies across Africa, little has been done
to assess the small-scale farmers’ adaptive capacity to climate change.

Barriers to Adaptation for Small-Scale Farmers in Africa Confronted
with Climate Change

In Africa, small-scale farmers have increasingly faced difficulties adapting to the
adverse effects of climate change because of different factors. Tabi et al. (2012), in a
study carried out on small-scale rice farmers in the Upper Volta region of Ghana,
found that the main barriers to small-scale farmers’ adoption of different adaptive
options confronted with climate change were lack of equipment for quick and
appropriate land preparation, lack of farm inputs, inadequate or no irrigation facil-
ities, inadequate or no weather forecast, and limited access to credits. Deressa et al.
(2008) in a study carried out in the Nile Basin of Ethiopia found that five major
constraints affected small-scale farmers’ adaptation choices to climate change. These
barriers were shortage of land, shortage of labor, poor potential for irrigation, lack of
money, and lack of information. The study however found that most of the con-
straints to small-scale farmers’ adaptation to climate change could be largely attrib-
uted to poverty. Deressa et al. (2009, 2011), in studies undertaken in the Nile Basin
of Ethiopia, equally demonstrated that poverty is a major barrier to small-scale
farmers’ adaptation to climate change, because lack of money makes it difficult for
small-scale farmers to get the required resources and technologies that ease adapta-
tion to climate change.

In a study carried out in the coastal regions of Bangladesh, Kabir et al. (2015)
found that the main constraints to climate change adaptation for small-scale farmers
were lack of information, lack of credit, unpredicted weather, shortage of land,
shortage of farm inputs, and lack of water. Tessema et al. (2013), in a study carried
out in the Eastern Hararghe Zone of Ethiopia, discovered that the major constraints
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to climate change adaptation for small-scale farmers were shortage of land, lack of
seed, shortage of labor, limited market access, lack of money, lack of water, lack of
fertilizer, lack of oxen, insecure land tenure, and lack of information. In different
parts of Ethiopia, studies have shown that small-scale farmers face several difficul-
ties in their drive to adapt to climate change (Maddison 2007; Deressa et al. 2009,
2011; Bryan et al. 2009; Mersha and Laerhoven 2016).

The aforementioned studies indicate that, small-scale farmers’ inability to adapt
to climate change is largely due to different barriers. However, limited work has been
done to examine the adaptive capacity of small-scale farmers confronted with
climate change and the barriers to small-scale farmers’ capacity to adapt to climate
change.

Effectiveness of Small-Scale Farmers’ Adaptation Measures in
Enhancing Adaptive Capacity to Climate Change

In Africa, the effectiveness of small-scale farmers’ adaptive choices confronted with
climate change varies tremendously. Kuwornu et al. (2013) carried out a study to
assess the adaptive options of small-scale farmers confronted with climate change
adversities and the effectiveness of these adaptive options. They found that among
the different indigenous strategies used by small-scale farmers to adapt to the
adversities of climate change, the strategies comprising of timing of rainfall and
early or late planting were ranked by small-scale farmers in northern Ghana as the
most effective strategy used in adapting to adverse climate change while soil-related
strategies were ranked as the least effective indigenous strategy used by small-scale
farmers. Kuwornu et al. (2013) equally found that among the introduced adaptation
strategies (adaptation strategies introduced by research), soil and plant health strat-
egies were ranked by small-scale farmers as the most effective introduced strategy
enhancing adaptation to climate change, while non-adoption of any of the introduced
strategies was quasi-unanimously ranked by small-scale farmers as the least effective
way of adapting to the adverse effects of changing climatic conditions. Hadgu et al.
(2015) in a study undertaken in the Tigray region of northern Ethiopia found that
changing of crop variety/type was ranked by small-scale farmers as the most
effective adaptation strategy to climate change while the “No” adaptation strategy
was the least effective way to adapt to the adversities of changing climatic
conditions.

The review of previous literature enabled the authors of this chapter to understand
what had been done on the African continent in general and Cameroon in particular
as far as small-scale farmers’ adaptation and adaptive capacity to climate change
were concerned. It equally afforded the authors the opportunity to identify some
independent variables used in the chapter. However, it was found that while many
authors had undertaken studies which revealed that small-scale farmers adopt dif-
ferent adaptive choices in the face of climate change, little had been done to examine
small-scale farmers’ adaptive capacity to climate change. This work was therefore
initiated in a bid to fill the knowledge gap.
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Description of Study Area and Methodology
Description of the Study Area

The study was carried out in the north-west region of Cameroon. The north-west
region of Cameroon lies between longitude 9°30'E to 11°15’E and latitude 5°4'N to
7°15'N. The north-west region of Cameroon covers a total surface area of about
17,812 km? and hosts a population of over 1,840,500 inhabitants, which gives a
population density of roughly 103 inhabitants/km® making it one of the most densely
populated regions in Cameroon. The climate is tropical, and the vegetation is mostly
made up of savannah grassland, interspersed with some forest patches. The topog-
raphy is rolling and characterized by mountains like Mount Oku and plains like the
Ndop and Mbaw plains.

Research Methods

Study Site Selection and Sampling Methods

The multiphase sampling procedure was employed. At the first phase, the area of
study (the north-west region of Cameroon) was selected purposively owing to the
presence of mainly small-scale farmers and the high levels of vulnerability of these
small-scale farmers to climate change. At the second phase, ten villages were
randomly selected from the different sub-districts found in the north-west region
of Cameroon, taking into cognizance the agro-ecological, socio-economic, and
environmental attributes of the different sub-districts. This was done with the help
of agricultural extension agents working in the area. The third phase involved focus
group discussions with small-scale farmers and key informant interviews with
resource persons. This was done in order to get general information on the adaptive
capacity of small-scale farmers and to triangulate this information with that gotten
from small-scale farmers during household surveys. In the fourth and last phase,
household surveys were conducted in the ten villages using the simple random
sampling approach. With the use of semi-structured questionnaires, a total of 350
small-scale farmer household heads were sampled in the ten villages.

Data Sources and Collection

Both secondary and primary data were collected. Secondary data were collected
primarily through the review of relevant literature from previous scientific studies as
well as climate data from meteorological stations in the study area. Primary data
were collected through a survey of 350 small-scale farmer household heads,
complemented with focus group discussions, key informant interviews with resource
persons, and overt observations.

Through the use of five-point Likert scale-style questions during household
surveys, farmers were asked to rank their adaptive capacity to climate change
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based on their livelihood capital assets. These livelihood capital assets were natural,
human, social, financial, and physical. These different capital assets constituted the
independent variables of the study. It was on the basis of these capital assets that
farmers ranked their adaptive capacity to climate change to be high, low, or no
adaptive capacity.

Analysis of Data

Primary data collected on the field was coded and imputed into Microsoft Excel
2007 and SPSS 20.0 statistical packages for descriptive and inferential statistical
analysis. Descriptive statistics computed were charts and percentage indices, while
inferential statistics computed were t-test statistic, chi-square test, and logistic
regression.

The independent samples t-test and chi-square (X?) test statistics were used to
identify the non-cause-effect relationship between small-scale farmers’ capacity to
adapt to climate change and independent variables.

The binary logistic (BNL) regression model on its part was used to examine the
cause-effect relationship between small-scale farmers’ capacity to adapt to climate
change and independent variables. The binary logistic regression model predicts the
log ODDS of having made one decision or the other. This model permits the analysis
of decisions across two categories (Di Falcao et al. 2011; Awazi and Tchamba 2018).

Dependent and Independent Variables

Both dependent and independent variables were used. The dependent variable was
adaptive capacity (binary, i.e., adaptive/not adaptive), while the independent or
independent variables (different capital assets) were age of household head, house-
hold size, number of farms, income of household, educational level, gender of
household head, practice of agroforestry, vulnerability to climate change, informa-
tion accessibility, credit accessibility, land accessibility, and access to extension
services. Because the dependent and independent variables were mainly qualitative
in nature, the statistical analyses were done using non-parametric tests and the
discrete regression model (binomial logistic regression).

Findings

Variations and Changes in Climate Elements

The analysis of over five decades of climate data revealed significant variations in
climate parameters (Figs. 1, 2, and 3). In the past 58 years (1961-2018), temperature

fluctuations were high, and most of the years experienced above mean temperature,
implying that temperature is becoming higher than usual. Meanwhile the total
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quantity of rainfall and number of rainy days equally experienced marked levels of
fluctuation, with most of the years experiencing a decrease in amount of rainfall and
fewer rainy days. This indicates that the amount of rainfall has been scanty while the
number of rainy days has been erratic. These high levels of fluctuation in climate
parameters within the past 58 years could therefore be seen as an indicator of
climatic variations and changes.

In the face of climatic variations and changes, the relationship between the
different climate parameters varied. Scatter plots indicated the existence of an
insignificant negative correlation between rainfall and temperature, and rainy days
and temperature. Meanwhile a relatively strong positive correlation was found to
exist between rainfall and rainy days.

Adaptive Choices of Small-Scale Farmers Confronted with Climate
Change Adversities

An analysis of small-scale farmers’ adaptive choices confronted with climate change
showed that a majority of the small-scale farmers (74%) were practicing agroforestry
on their farm plots (Table 1). Among the agroforestry practices most patronized by
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small-scale farmers confronted with adverse climatic variations and changes were
home gardens with livestock (13%), home garden (11%), trees on croplands (11%),
live fences/hedges (11%), and coffee-based agroforestry (9%) (Table 1).

Equally, some small-scale farmers confronted with adverse climatic variations
and changes practiced monoculture (Table 1). The most common monoculture and
mono-livestock practices of small-scale farmers confronted with adverse climatic
variations and changes were market gardening monoculture (8%), cash crop mono-
culture (7%), and food crops monoculture (9%).

Farmer Perceived Factors Influencing Adaptive Capacity to Adverse
Climatic Variations and Changes

Assessing small-scale farmers’ adaptive capacity to adverse climatic variations and
changes (Fig. 4), it was found that all the small-scale farmers perceived land
accessibility (100%) and income of household (100%) as being the main factors
influencing adaptive capacity to climate change.

Agroforestry (82%), accessibility to markets (77%), credit accessibility (72%),
information accessibility (65%), and access to extension services (55%) were
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equally perceived by small-scale farmers as being among the key factors affecting
adaptive capacity to climate change. Other least perceived factors influencing
adaptive capacity to climate change were irrigation (31%) and others (14%) like
road network and topography. However, it is worth mentioning that the main factors
influencing small-scale farmers’ adaptive capacity to climate change were land
accessibility, income of household, agroforestry, accessibility to markets, credit
accessibility, and information accessibility (Fig. 4).

Farmers’ Capacity to Adapt to Climate Change

Concerning the adaptive capacity of small-scale farmers to climate change (Fig. 5),
most small-scale farmers perceived that on the basis of their livelihood capital assets,
they were not adaptive (58%).

Meanwhile 14%, 20%, and 4% of small-scale farmers perceived that, on the basis
of their livelihood capital assets, they were adaptive, less adaptive, and much less
adaptive, respectively, to climate change. Only 4% of small-scale farmers perceived
that, on the basis of their livelihood capital assets, they were highly adaptive to
climate change. From these perceptions, it was noticed that most small-scale farmers
had a limited capacity to adapt to climate change (Fig. 5).
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Table 1 Small-scale farmers’ adaptive choices confronted with the adverse effects of climate
change

Farmers’ adaptive choice confronted with climate change Frequency Percent
adversity (n) (%)
1. Agroforestry practices

a. Home garden with livestock 35 13

b. Home garden 30 11

c. Trees on croplands 30 11

d. Live fences/hedges 30 11

e. Taungya 20 7

f. Trees on grazing lands 15 6

g. Improved fallows 10 4

h. Coffee-based agroforestry 25 9

i. Others (entomoforestry, aquaforestry) 5 2
Total 200 74
2. Monoculture and mono-livestock practices

a. Market gardening crops only 20 8

b. Cash crops only 20 7

c. Food crops only 25 9

d. Livestock only 5 2
Total 70 26
N 270 100

Source: Adapted from Awazi et al. 2020
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Fig. 4 Factors influencing adaptive capacity to climate change perceived by small-scale farmers
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Table 2 Non-cause-effect relationship between small-scale farmers’ adaptive capacity to climate
change and four continuous independent variables

T-test for equality of means
Independent variable t df p-level Mean diff.
Number of farms —10.776 170.493 0.000"" —2.940
Household size —7.552 195.262 0.000™" —1.590
Age of household head —8.224 209.441 0.000™" —5.192
Income of household —9.062 179.442 0.000""" —179415.9
(in FCFA)

“"*Significant at 1% probability level

Factors Affecting Small-Scale Farmers’ Adaptive Capacity to Climate
Change

Non-Cause-Effect Relationship Between Small-Scale Farmers’ Adaptive
Capacity and Continuous Independent Variables

T-test statistics showed that there was a significant non-cause-effect relationship
between small-scale farmers’ adaptive capacity and four continuous independent
variables (Table 2).

The continuous independent variables (number of farms (t = 10.776, p < 0.001),
size of household (t = 7.552, p < 0.001), age of household head (t = 8.224,
p < 0.001), and income of household (t = 9.062, p < 0.001)) all had a significant
non-cause-effect relationship with small-scale farmers’ adaptive capacity to climate
change. This demonstrates that the number of farms owned, size of household, age of
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household head, and income of household play an important role in influencing the
adaptive capacity of small-scale farmers confronted with climate change.

Non-Cause-Effect Relationship Between Small-Scale Farmers’ Adaptive
Capacity and Qualitative Independent Variables

Chi-square test statistics showed that there was a significant non-cause-effect rela-
tionship between small-scale farmers’ adaptive capacity to climate change and seven
(07) qualitative independent variables (Table 3).

The qualitative independent variables (level of education of household head
(X* = 123.10, p < 0.001), gender of household head (X* = 24.95, p < 0.001),
practice of agroforestry (X* = 64.50, p < 0.001), information accessibility
(X* = 4470, p < 0.001), credit accessibility (X* = 90.88, p < 0.001), land
accessibility (X* = 52.50, p < 0.001), and access to agricultural extension services
(X* = 21.54, p < 0.001)) all had a significant non-cause-effect relationship with
small-scale farmers’ adaptive capacity to climate change. This confirms that the
level of education of household head, gender of household head, practice of
agroforestry, access to information, access to credit, access to land, and access to

Table 3 Non-cause-effect relationship between small-scale farmers’ adaptive capacity and qual-
itative independent variables

Frequency | Percentage

Qualitative () (%)
independent N. Chi-
variable Description | A. A. A. N.A. square |L.R. p-level
Educational No formal |11 |21 [3.14 |6 123.10 |141.69 | 0.000"""
level of edu.
household Primary 62 |180 |17.71 5143
head Secondary |10 |0 286 |0

High 34 |1 9.71 |2.86

school

Tertiary 30 1 857 |2.86
Gender of Male 104 |89 2971 [2543 | 2495 | 2547 [0.000""
household Female 43 114 | 1228 |32.57
head
Practice Yes 147 132 |42 3771 | 6450 | 90.23 |0.000""
agroforestry No 0 71 |0 20.28
Information Yes 42 |7 12 2 4470 | 46.69 | 0.000""
accessibility No 105 | 196 |30 56
Credit Yes 64 |5 1828 |1.43 90.88 | 99.25 |0.000""
accessibility No 83 | 198 [23.71 |56.57
Land Yes 51 10 |14.57 |2.86 5250 | 54.33 |0.000""
accessibility No 96 193 |27.43 |55.14
Access to Yes 45 |22 12.86 |6.29 21.54 | 2141 0.000"™"
extension No 102 181 [29.14 |51.71

"*"Significant at 1% probability level; A. = adaptive; N.A. = not adaptive; L.R. = likelihood ratio
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agricultural extension services influence small-scale farmers’ adaptive capacity to
climate change.

Binary Logistic Regression Model Predicting Small-Scale Farmers’
Adaptive Capacity to Climatic Change from Independent Variables

The parameter estimates of the binary logistic regression model revealed that five
main independent variables played a statistically significant role in influencing
small-scale farmers’ adaptive capacity to climate changes (Table 4).

From the parameter estimates of the binary logistic regression model, the number
of farms (B = 0.271, p < 0.05), information accessibility (f = 0.937, p < 0.1), credit
accessibility (B = 1.596, p < 0.05), income of household (B = 1.821, p < 0.01), and
land accessibility (B = 1.029, p < 0.05) all had a significant direct cause-effect
relationship with small-scale farmers’ adaptive capacity to climate change. This
implies that as the number of farms, information accessibility, credit accessibility,
household income, and land accessibility increase, small-scale farmers’ adaptive
capacity to climate change also increases.

It is important to note that the parameter estimates of this model were valid
looking at the likelihood ratio X°, the number of cases correctly classified, and the
Nagelkerke R%. The likelihood ratio X (5, n = 350 = 145.835, p < 0.01) indicated
that the model was statistically significant and had a strong explanatory power. The
model correctly classified up to 80% of the factors influencing small-scale farmers’
adaptive capacity to climate change. Looking at the Nagelkerke R? (Pseudo R?) of
the model which stood at 0.648, it revealed that up to 64.8% of the changes in small-
scale farmers’ adaptive capacity to climate change could be explained by changes in
the continuous and qualitative independent variables of the model. Hence, from the
values of the likelihood ratio X°, the number of cases correctly classified, and the
Nagelkerke R?, it could be said that the predictions of the model were very much

Table 4 Logistic regression showing influence of independent variables on the adaptive capacity
of small-scale farmers to climate change

Coefficients | p- Std Odds ratio
Independent variables ® level error Wald df | (Exp B)
Constant —1.961"" 0.000 |0.294 |44.426 |1 |0.141
Number of farms 02717 0.003 | 0.092 8.690 |1 |1.311
Income of household 1.821" 0.002 |0.614 9.064 |1 |5.134
Information accessibility 0.937" 0.087 |0.548 2929 |1 2.553
Credit accessibility 1.596™ 0.006 | 0.582 7526 |1 | 4.931
Land accessibility 1.029"" 0.027 |0.465 4891 |1 2.798
Log likelihood 330.37
Likelihood ratio X° 145.84™" 0.000
Nagelkerke R? 0.648
Number of cases correctly 80%

classified
*’ **’ 4k

*Significant at 10%, 5%, and 1% probability levels, respectively
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valid as far as determining the factors influencing small-scale farmers’ adaptive
capacity to climate change was concerned.

Discussion
Variations in Climate Elements

Extreme levels of variation in climate parameters (rainfall, temperature, and rainy
days) have been recurrent in the north-west region of Cameroon in the past five
decades which attests to climate variations and changes. Although other studies have
shown the occurrence of climate variability in the north-west region of Cameroon
(Innocent et al. 2016; Awazi 2018; Awazi and Tchamba 2018; Awazi et al. 2019),
few studies in Cameroon have examined climatic variations using over five decades
of climate data.

The chapter equally assessed the non-cause-effect and cause-effect relationship
existing between climate parameters (temperature, rainy days, and rainfall) in the
face of adverse climatic variations and changes. It was found that there is a very
limited inverse relationship between rainfall and temperature as well as rainy days
and temperature. Meanwhile a relatively strong direct relationship exists between
rainfall and rainy days. This indicated that an interdependent relationship exists
between rainfall and rainy days in the face of climate change. Studies carried out in
other parts of the world by Chen and Wang (1995), Buishand and Brandsma
(1999), Seleshi and Zanke (2004), Cong and Brady (2012), Berg et al. (2013),
Olsson et al. (2015), Nkuna and Odiyo (2016), and Weng et al. (2017) have
equally proven the existence of an interdependent relationship between climate
parameters, although not in the context of climate change. By examining the
relationship between climate parameters in the face of climate change, this chapter
has filled a major knowledge gap.

Adaptive Choices of Small-Scale Farmers Confronted with Climate
Change

It was found that most small-scale farmers practice agroforestry to enhance their
adaptive capacity to climate change. Agroforestry practices therefore constitute a
major adaptive choice for small-scale farmers. Most studies carried out in Africa
(Easterling et al. 2007; Boko et al. 2007; Hassan and Nhemachena 2008; Gbetibouo
2009; FAO 2009b, 2010; Deressa et al. 2010) have merely shown that small-scale
farmers adopt indigenous and non-indigenous adaptation strategies to combat the
adversities of climate change. This chapter revealed that most small-scale farmers
adopt agro-ecological farming practices like agroforestry to mitigate the adverse
effects of climate change, thereby filling the knowledge gap.
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Perceived Factors Affecting Farmers’ Adaptive Capacity to Climate
Change

Small-scale farmers perceived several factors influencing their adaptive capacity.
Among these factors, land accessibility, income of household, and the practice of
agroforestry were perceived by small-scale farmers as the most important factors
affecting their adaptive capacity to climate change. As reported by other scientific
studies, small-scale farmers usually perceive a combination of factors influencing
their adaptation to climate variations and changes. Most studies have assessed the
different adaptation choices practiced by small-scale farmers to enhance adaptive
capacity to climate change (McCarthy et al. 2004; Gbetibouo and Ringler 2009;
Folke et al. 2010; World Bank 2013), with very limited literature dwelling on the
adaptive capacity of small-scale farmers confronted with climate change. By exam-
ining small-scale farmers’ perceptions of their adaptive capacity to climate change,
this chapter has filled the knowledge gap. Although some studies (Gordon 2009;
Gbetibouo 2009; Thorlakson 2011) have used conceptual and theoretical approaches
to assess adaptive capacity to climate change, this chapter by applying the inferential
statistical approach to examine small-scale farmers’ adaptive capacity to climate
change adversities has filled a major knowledge gap.

Non-Cause-Effect and Cause-Effect Relationship Between Small-Scale
Farmers’ Adaptive Capacity to Climate Change and Independent/
Independent Variables

A non-cause-effect relationship was found to exist between small-scale farmers’
adaptive capacity and independent variables (institutional, environmental, and socio-
economic variables) like number of farms, household size, age of household head,
income of household, level of education, gender, practice of agroforestry, informa-
tion accessibility, credit accessibility, land accessibility, and access to extension
services. Most studies undertaken across Africa and different parts of the world
(McCarthy et al. 2004; Gbetibouo and Ringler 2009; Gordon 2009; Gbetibouo 2009;
Folke et al. 2010; Thorlakson 2011; World Bank 2013; Awazi 2018; Awazi et al.
2019) mainly examined the non-cause-effect relationship existing between indepen-
dent variables and small-scale farmers’ adaptation choices to climate change. By
unraveling the existence of a non-cause-effect relationship between adaptive capac-
ity and different independent variables (institutional, environmental, and socio-
economic variables), this chapter has therefore filled a knowledge gap.

A direct cause-effect relationship was found to exist between small-scale farmers’
adaptive capacity and five main independent variables (credit accessibility, informa-
tion accessibility, income of household, number of farms, and land accessibility).
These five independent variables could therefore be considered as very important in
enhancing small-scale farmers’ adaptive capacity to climate change.
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Thus, small-scale farmers with many farms are more adaptive to climate change
which could be attributed to more yields obtained from these many farms which are
consumed by the household and the excess sold to buy farm inputs. It could equally
be that these farmers have more access to social and financial resources and/or better
education which allows them to control more land and therefore enhanced adaptive
capacity.

In the same light, small-scale farmers with better information accessibility are
more adaptive to climate change than their counterparts with limited or no access
which could be attributed to the fact that small-scale farmers with easy access to
information are able to make plans into the future which helps them to adopt best
practices.

Equally, small-scale farmers with more access to credit are more adaptive
to climate change adversities than their fellow farmers with limited or no access to
credit. This could be due to the fact that small-scale farmers with easy access to
credit facilities are able to buy better farm inputs and can easily switch to best
practices which act as a buffer to the adverse effects of climate change. Meanwhile
small-scale farmers with little or no access to credit facilities are unable to buy good
farm inputs and cannot switch to best practices on time which renders them weak and
vulnerable in the face of climatic extremes.

Similarly, small-scale farmers with more access to land are better adaptive to
climate change than their counterparts with limited or no land which can be
attributed to the fact that land is an indispensable asset to any farmer, for it is the
most important fixed asset, and without it, no farming activity can take place.

Some authors like Mccarthy et al. (2004), Gbetibouo (2009), Thorlakson (2011),
and Awazi et al. (2019) have found the existence of cause-effect relationship
between small-scale farmers’ adaptation choices to climate change and different
independent variables. Through the use of inferential statistics to examine the cause-
effect relationship between adaptive capacity and different independent variables
(institutional, socio-economic, and environmental factors), this chapter fills a major
knowledge gap.

Conclusion and Policy Implications

Based on the findings of this chapter, it is clearly noticed that institutional, socio-
economic, and environmental factors are key determinants of small-scale farmers’
adaptive capacity to climate change. The existence of a statistically significant
direct cause-effect relationship between small-scale farmers’ adaptive capacity and
independent variables such as credit accessibility, information accessibility, land
accessibility, income of household, and number of farms is testament to the vital
role these livelihood capital assets play towards enhancing small-scale farmers’
adaptive capacity to climate change. Thus, it is recommended that policy makers
seeking to alleviate the plight of vulnerable small-scale farmers take these deter-
minants of small-scale farmers’ adaptive capacity into consideration when
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formulating policies geared towards enhancing small-scale farmers’ adaptive
capacity to climate change.
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Abstract

Agriculture has shown a considerable capacity to adapt to climate change. Many
adaptations occur autonomously without the need for conscious response by
farmers and agricultural planners. However, it is likely that the rate and magni-
tude of climate change may exceed that of normal change in agriculture that
specific technologies and management styles may need to be adopted to avoid the
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most serious of effects. Thus areas likely to be most vulnerable to climate
variability can be spared from its impacts through implementation of appropriate
adaptation measures such as development of indigenous technologies.

Six hundred farmers from the six geopolitical zones of Nigeria were surveyed
and they all possess different indigenous adaptation strategies ranging from swamp
farming (Oyo State), application of neem seed (Kaduna State), soil erosion control
(Enugu State), rainwater harvesting (Taraba State), land improvement (Cross River
State) to farmland management (Benue State). They all have simple but profound
technologies driving these schemes with much success. These indigenous adapta-
tion techniques are majorly constrained by inadequate financial resources. Indige-
nous technology adoption is affordable with high revenue potential.

Keywords

Indigenous technology - Climate change adaptation - Farmers - Nigeria

Introduction

Historically, agriculture has shown a considerable capacity to adapt to changing
climatic conditions. If climate change is gradual, the adaptation may go widely
unobserved and the adjustment process largely independent (Parry et al. 2004). In
the field of climate change, vulnerability has been described as the degree to which a
system is susceptible to, or unable to cope with, adverse effects of climate change,
including climate variability and extremes (Marrewijk 2011). Thus the need for
climate change adaptation/mitigation measures to combat vulnerability. The major
task of climate change adaptation and mitigation in agriculture is to produce more
food efficiently and with clear reductions in greenhouse gas (GHG) releases from
food manufacturing and marketing. “Adaptation” can be defined as societal or
ecosystems efforts to prepare for or cope with future climate change. The coping
methods can be defensive (i.e., being protective against adverse impacts of climate
change), or adaptable (i.e., seizing the benefits of any advantageous effects of
climate change) (USEPA 2014).

Nigeria along with other developing countries under UNFCCC is to focus on
adaptation to make them able to cope with the new extremes in climatic regimes;
they are also to concentrate on environmentally and economically sustainable
development (Adesina and Odekunle 2011a). The argument is, the developing
countries’ growth is being impaired by climate change effect and these countries
produce only a small fraction of the GHG that is causing climate change. They also
have fragile adaptive capability because their economies are still growing, thus they
are highly vulnerable to the impacts of climate change.

Climate change adaptation is not novel; history has told how human societies
whether by migration, improved crop varieties, or diversifying housing types have
repeatedly proven strong capacities for adapting to different climates and environ-
mental changes (Adger et al. 2007). However, the current rate of global climate
change is unusually high compared to past changes that society has experienced and



6 Assessment of Farmers’ Indigenous Technology Adoptions for Climate Change. .. 119

thus new innovations are necessary to combat the challenge. In this era that the world
is getting increasingly interdependent, adverse effects of climate change on one
community or economic sector can have aftermaths around the world (United States
Global Change Research Programme — USGCRP 2009).

Adaptation is globally important because climate change will not become history
soon. Many greenhouse gases linger in the atmosphere for 100 years or more after
their emission and because of their long-lasting effects, they will continue to warm
Earth in the twenty-first century, even if additional greenhouse gases emission were
to stop today. Therefore, steps must be taken now to prepare for, and respond to, the
impacts of climate change that are already occurring, and those that are projected to
occur in the years ahead (USCGRP 2009).

There is need for continuous actions to mitigate climate because there are limits to
the ability to adapt. Adaptation alone on long-term basis may not be sufficient to
cope with all the projected impacts of climate change, thus it will need to be
continuously coupled with actions to lower greenhouse gas emissions (IPCC 2007).

Adaptation is based on the level of socioeconomic development of a country;
the resilience and adaptive capacity of a country is dependent on its level of
development with respect to economy and political stability. To improve adaptation
strategies, a clear understanding of local susceptibilities to climate change and
critical thresholds must be established. Adaptation strategies should be adequately
flexible in order to accommodate future possible changes in climatic parameters
which may be responsible for quick review of plans; the plan should be reviewed
periodically.

A myriad of possible adaptation strategies for agriculture are available; some of
the most prominent in Nigeria are innovative indigenous technology options ranging
from improved crop varieties, composting of organic waste, recycling and waste
minimization, improved cultivation techniques, and cover cropping (Eze and
Osahon 2015).

Reactive adaptations are those which occur after the impacts of climate change
have been experienced, while anticipatory adaptations are proactive, undertaken
before the impacts are fully felt. Planned adaptations are generally anticipatory,
but can also be reactive (i.e., climate change effects are experienced). Farmers
have access to various adaptations depending on their local environments and the
specific farming system.

Some impact studies have suggested “adaptations” involving reductions and
expansions of agricultural zones. This implies that some farmers would relocate,
or others would completely change their type of farming while others would stop
operations in some locations. Also, in other locations, there would be new farmers
and some existing landowners would try new types of farming (Adesina and
Odekunle 2011b). Although adaptations can be strategic at the farm level, the term
“planned adaptation” is commonly used to describe actions taken by governments as
a conscious policy response. Probable governments’ planned adaptations include
reinforcement of technological adaptations, such as crop development and early
warning systems, promotion of land and water use options, changes in diversifica-
tion or intensity of production aid, transformed financial support in established
programs, and impromptu compensation.
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Issue Description

Smallholder farmers were facing a lot of climate change-induced challenges on their
farms of which flooding, pest and disease invasion, high temperature, and low crop
yield are the most prominent. The Nigerian government has promoted various
adaptation measures as its effort to curtail these challenges. These include provision
of improved crop varieties, fertilizers, irrigation schemes, and geodata (Adefolalu
2007). Wisner et al. (2004) report that farmers’ vulnerability is not determined by the
nature and magnitude of climate change as such, but by the interplay of the societal
capacity to adapt and/or recuperate from environmental change. The adaptation
capacity and degree of exposure is connected to environmental changes and also
to changes in societal aspects such as land use and cultural practices. Most studies on
climate change and agriculture in Africa have concentrated on actual and projected
impacts as well as farmers’ coping/adaptation strategies (Adejuwon 2004). There has
been little or no work in the area of local/indigenous adaptation technologies and
their challenges or success. This chapter will therefore attempt, through a question-
naire survey, Focus Group Discussions, and review of relevant literature, to fill this
gap.

The objective of this chapter is to assess indigenous technology adaptation
options being used by smallholder farmers in Nigeria.

Research Techniques and Findings

The survey area is Nigeria; for ease of data collection, the major food-producing
state of each geopolitical zone in the country is sampled for the survey. After relevant
literature and National Bureau of Statistics consultation, the following six states
were selected for the survey:

North-Central Zone — Benue State
North East Zone — Kaduna State
North-West Zone — Taraba State
South-East Zone — Enugu State
South-South Zone — Cross River
South-West Zone — Oyo State

It is very important to assess the various indigenous technology adaptations in use
by smallholder farmers in Nigeria so as to know which can be fully developed for
national adoption. To achieve this objective, 600 questionnaires were administered
to smallholder farmers in the six states to survey their various indigenously designed
adaptation options to climate change. The questionnaires were designed to collect
information on farmers’ biometric data, years of experience and skills, farm size,
types of crops cultivated, educational level, experiences on climate change effects,
and indigenous adaptation techniques. Secondary data was obtained from NBS and
the Agricultural Development Agencies of each of the States. The retrieved
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questionnaires were imputed and analyzed using Microsoft Excel spreadsheet 2016
and the results are presented in frequencies and percentages.

A total of six hundred questionnaires were administered to smallholder farmers in
the six states, and all were retrieved through the assistance of agricultural extension
workers who administered them, the results are presented in Table 1.

In order to obtain realistic data, matured farmers are targeted, the average age is
53 years old. Majority (86%) of the farmers have more than 30 years of experience in
farming with 60% of them owning more than one hectares of land. Female farm
owners (42%) are mostly found in Southern Nigeria while men majorly own
farmland in the north, and employ numerous women laborers. The most grown
crops across Nigeria as detected in the data are cassava, maize, yam, rice, and
vegetables.

Almost all the farmers (97%) complained of the various losses they have incurred
due to devastation effects of climate change ranging from drought encroachment in
the north to flooding in the south. The totality of the respondent farmers have poor
knowledge of the scientific explanations behind climate change, but experience
taught them that nature (weather) is no longer their friend and they have to devise
strategies to make it work in their favor. Their understanding is that nature (or the
gods) is fighting them through the massive attack of pests and diseases, flooding,
erratic rainfall, high temperature, and low yield. As a result, they devise different
techniques to adapt to climate change effects including sacrificing to the gods. These
indigenous adaptation techniques vary from zone to zone, depending on the

Table 1 Socioeconomic characteristics of sampled smallholder farmers

Variables Categories | Benue Cross River | Enugu | Kaduna |Oyo Taraba
Freq/% | Freq/% Freq/% | Freq/% | Freq/% | Freq/%
Sex Male 67 41 46 72 52 66
Female 33 59 54 28 48 34
Age(years) <40 2 3 0 1 0 4
41-50 39 37 30 26 29 29
51-60 54 51 59 58 61 59
61-70 5 9 11 15 10 8
Marital Single 3 2 4 0 7
Status Married 97 96 91 99 89 98
Widowed 0 2 5 1 4 2
Levels of Informal 61 14 17 48 12 68
Educational | Primary 32 52 32 38 23 30
Attainment | Secondary |07 34 51 14 65 02
Farm <1 25 63 67 31 33 21
Size(ha) 2-5 57 26 29 42 55 56
Above 5 18 11 4 27 12 23
Farming <30 13 19 18 11 17 6
Experience 31-40 60 55 53 58 56 62
(years) Above 41 27 26 29 31 27 32

Source: Fieldwork
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prevalent climate change effect in the area. Swamp farming was devised in Oyo
State, discovery, and application of neem seed to enhance soil fertility in Kaduna
State, improved soil erosion control in Enugu State, rainwater harvesting in Taraba
State, intentional cover cropping in Cross River State to farmland management
(organic manure) in Benue State. They all have simple but profound technologies
driving these schemes which will be discussed in details.

This finding harmonized with that of Eze and Osahon (2015) who listed adapta-
tion strategies as improved crop varieties, composting of organic waste, recycling,
and waste minimization, improved cultivation techniques, and cover cropping.

Devastating Effects of Climate Change on Smallholder Farmers

All the smallholder farmers surveyed have in their more than 30 years of experience
suffered different adverse effects of climate change. The prominent effect in North-
ern Nigeria is erratic rainfall and unusual heat (heatwave). They are also faced with
desert encroachment advancing into Nigeria from Niger republic and pest invasion.
Their counterparts in the South are majorly faced with flooding, infertility, increase
in temperature, and pest invasion. The major effect in North Central is the increase in
temperature, soil infertility, and pest invasion.

The finding is in agreement with the work of Lybbert and Sumner (2010) that
temperature increase is an indication of climate change, and also the work of
Adegoke et al. (2014), who stated that weeds, pests, and fungi thrive under warmer
temperatures, wetter climates, and increased carbon dioxide (CO,) levels.

The different climate change effects being experienced in different zones in
Nigeria dictate the corresponding indigenous adaptation techniques, and these are
presented in Tables 2 and 3.

Indigenous Adaptation Techniques in Use in Nigeria

North-Central Zone - Benue State

Benue State is the food basket of Nigeria, the state is popular for large-scale food and
fruit production including yam, cassava, sweet potato, beans, maize, millet, guinea
corn, vegetables, soybeans, rice, and citrus. The smallholder farmers in Benue State
are faced with climate change impacts such as soil infertility, increase in temperature,
pests and diseases invasion, crop failure, and increased weed. To mitigate/adapt to
these effects, the adaptation strategies common to smallholder farmers in the state
are mixed cropping, growing pest/disease-resistant crop varieties, use of cover crops,
and making bigger ridges.

The prominent indigenous adaptation practice in the state is local farmland
management. The Benue farmers devised a farmland management practice to
adapt to climate change. The practice entails conscious efforts to reduce temperature
on farmlands and is very similar to organic agriculture. It is a complete management
system with high organic matter content (mulching), soil cover (cover crops/tree
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Table 2 Devastating effects of climate change on smallholder farmers

Cross

Variables Benue river Enugu Kaduna Oyo Taraba
Mean max 5 Mean Mean Mean Mean Mean Mean

™) ™) M) M) ™) ™)
Soil infertility 4.2 2.1 1.9 4.4 2.7 3.0
Increase in 43 4.0 4.3 4.2 4.4 4.1
temperature
Pest invasion 4.6 4.7 4.5 4.4 4.5 4.4
Crop failure 3.6 4.2 39 4.0 3.5 3.7
Increased weed 3.9 3.8 3.1 2.8 34 4.2
Drought 1.2 0.8 1.5 3.8 1.1 3.7
Land degradation 23 2.8 2.5 3.6 3.1 3.2
Flooding 32 3.8 4.1 3.6 3.9 2.9
Access to water 2.4 0.5 1.5 3.7 1.2 3.4
Decrease in soil 3.1 1.5 2.4 32 2.1 3.7
moisture
Erosion 34 32 3.9 3.1 3.8 2.9

Source: Fieldwork

planting), and high soil fertility (crop rotation, organic manures, and legume plant-
ing) thus retaining nutrient and water, building more floods, drought, and land
degradation resilient soils.

North West Zone - Kaduna State
Kaduna is a state in which 80% of the people are actively engaged in farming. They
produce crops ranging from yam, maize, beans, guinea corn, millet, rice, and
cassava. The prevalent climate change impacts in the state are drought, pests and
diseases invasion, crop failure, land degradation, increase in temperature, flooding,
access to water and soil infertility. The widely adopted adaptation practices are
mixed farming, mixed cropping, growing drought-resistant crop varieties, growing
pest-resistant crop varieties, crop rotation, irrigation, roof water harvesting, and
making bigger ridges.

The unique indigenous adaptation method in use in the State is the application of
neem seed for pest control (used as fumigant, pesticide), compost (used as fertilizer,
manure), and soil fertility (used as soil conditioner and urea coating agent).

North-East Zone - Taraba State

Taraba State just as his North-West counterpart is 80% agrarian. They produce crops
ranging from maize, millet, sorghum, rice, yam, cassava, and sweet potatoes. They
experience climate change effects such as high rate of weeds, drought, decrease in
soil moisture, increase in temperature, decrease in crop yields, and high rate of pests
and disease incidence. The adaptation measures generally in use in the State are
growing drought-resistant crop varieties, crop rotation, irrigation, integration of
livestock farming system, changing crop varieties, mulching, and intercropping.



124 I. Ologeh et al.

Table 3 General adaptation techniques in use in Nigeria

Cross

Variables Benue | river Enugu | Kaduna |Oyo Taraba
Mean max 5 Mean Mean Mean Mean Mean Mean

M) M) M) M) M) M)
Mixed cropping 3.7 3.8
Growing pest/disease resistant 3.9 3.7 3.7 4.1 4.4 34
crop varieties
Use of cover crops 3.6 3.7 2.9 33 34 3.1
Making bigger ridges 3.5 33 33 3.7 34 33
Mixed farming 32 2.7 2.8 4.4 3.1 34
Growing drought resistant crop | 3.1 2.1 2.8 3.6 2.8 3.5
varieties
Mulching 3.1 4.2 33 32 3.9 4.4
Crop rotation 34 2.1 24 3.7 2.7 4.1
Irrigation 34 33 34 4.0 4.2 4.1
Roof water harvesting 3.1 2.7 2.8 3.7 2.5 3.1
Integration of livestock farming | 2.3 1.2 1.8 33 2.9 3.6
system
Changing crop varieties 2.6 22 2.4 3.1 33 3.6
Intercropping 32 2.3 2.8 3.1 3.3 3.8
Use of pesticides/herbicides 2.4 2.5 3.9 2.7 4.2 3.1
Construction of drainage 1.2 3.7 4.2 2.2 2.9 2.8
systems
Contour cropping 2.1 2.0 3.9 3.1 3.4 3.1
Diversification in crop planting | 2.4 3.6 3.8 2.8 32 3.0
Ridge construction 2.8 2.7 33 34 33 3.5
Crop substitution 34 2.1 2.8 33 34 3.7
Changing planting dates 3.1 3.1 3.0 33 32 3.5

Source: Fieldwork

The indigenous adaptation practice unique to Taraba State is rain harvesting. Access
to water is an issue in the state and thus the need for irrigation. Rain harvesting is used
to augment the water used for irrigation. The most common is roof water harvesting
which is channeled into catchment tanks or concrete reservoirs.

South-East Zone - Enugu State
Enugu State has a diversified economy dominated by agriculture. Major crops
produced in the State are yam, cassava, maize, rice, cowpea, sweet potatoes, and
plantain. Their crop production is impaired by climate change effects such as
increase in temperature, flood, soil erosion, pests and diseases invasion, and crop
failure. Adaptation practices widely in use in the State include planting pest/disease-
resistant crop varieties, use of pesticides/herbicides, construction of drainage sys-
tems, contour cropping, and diversification in crop planting.

Soil erosion is the major problem affecting smallholder farmers in Enugu State,
and its volume was aggravated by the effects of climate change. Their key indige-
nous adaptation strategy is soil erosion control using stone and sandbags to divert
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erosion away from the farms, ridging, and use of wrapped weeds or grasses to cover
planted heaps. Stems from previous harvests are also arranged or scattered on the soil
in bands to reduce soil erosion. Tree planting on the borders of the farm also prevents
soil erosion as the trees shield the farm from direct impact of rainfall.

South-South Zone - Cross River

Cross River State famously known for tourism and fishing is also fully involved in
agriculture. The crops mainly cultivated in the State are cassava, yam, plantain, rice,
and maize. Although it is a coastal state, they also have their share of climate change
effects. They are affected by increased weeds, pests and diseases invasion, increase
in temperature, crop failure, and flooding. They adapt by planting pest-resistant crop
varieties, diversification of crops, planting cover crops, mulching, and construction
of drainage systems.

Indigenous land improvement methods are the key indigenous adaptation practice
in Cross River State. These methods include organic addition to the land (mulching,
compost, and manure), cover tree planting, planting of legume crops (mixed
cropping), and polyculture. Water harvesting from runoffs also helps to maintain
soil moisture during dry season.

South-West Zone - Oyo State

Oyo State is an industrialized state with many educational institutions. It also enjoys
diversified economy with agriculture as the major occupation. Smallholder farmers
in Oyo State are faced with climate change effects like their counterparts in other
states, this includes flooding, pests and diseases invasion, soil erosion, crop failure,
and increased temperature. Their general adaptation methods are ridge construction,
use of pesticides and pest-resistant crop variety, irrigation, crop substitution, and
changing planting dates.

The major captivating indigenous adaptation method practiced by the smallholder
farmers in Oyo State is swamp farming. There are lots of swamp areas in Oyo State,
where smallholders resort to when there is prolonged delay in rainfall season. This
initiative allows early and late farming as there is constant access to water. Some
farmers in Oke Ogun area of the state channel their domestic wastewater to wet their
vegetable farms all year round.

These findings are in agreement with that of Adger et al. (2007) that listed
adaptation strategies as migration, improved crop varieties, or building different
types of shelter, while Anriquez and Stamoulis (2007) list include changing the
timing of operations, adoption of conservation tillage practices, and diversification in
production systems, improvement of irrigation schemes, modification of farm sup-
port programs, and development of new plant varieties.

Constraints to the Development of Indigenous Adaptation
Techniques in Nigeria

The various indigenous adaptation strategies assessed have developmental con-
straints. The major is inadequate financial resources; adaptation practices are cost-
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intensive and these smallholder farmers cannot afford elaborate adaptation strate-
gies. Even the indigenous methods need funding to develop, e.g., the planting and
processing of neem seed in Kaduna State and soil erosion control in Enugu State.
Other constraints include inadequate farm labor due to express increase in rural-
urban migration; poor extension services, insufficient drought-resistant varieties, and
strict adherence to local varieties (see Table 4).

Indigenous Adaptation Techniques Contributing Factors
The results of the partial least squares (Ringle et al. 2005) are presented in Fig. 1, and
showed the factor loadings for all observed variables, R? value of the unobserved

endogenous (dependent) variable as well as regression coefficients between
exogenous and endogenous unobserved variables. Nine (9) observed variables

Table 4 Constraints to the development of indigenous adaptation techniques in Nigeria

Cross
Variables Benue | river Enugu |Kaduna |Oyo | Taraba
Freq Freq Freq Freq Freq |Freq
/% /% /% 1% 1% 1%
Finance 93 92 88 95 91 86
Farm labor 34 62 57 37 48 33
Poor extension services 23 42 38 31 54 48
Insufficient drought-resistant 76 84 63 67 66 52
varieties
Strict adherence to local varieties | 62 33 28 56 14 51

Source: Fieldwork

Indigenous Technology

Perceived Effects

Fig. 1 Structural model of indigenous technology adoption
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with high loadings were retained for further analysis, while items with low factor
loadings were removed. The R* value of 0.412 indicates that about 41% variance
observed in the choice of indigenous adaptation techniques employed by farmers can
be explained by farmers’ perceived effect of climate change, need for crop yield
increase, and perception of changing weather.

Reliability and validity of unobserved variables is presented in Table 5. The
results show that composite reliability (CR) which indicates the convergent validity
in all the constructs is adequate and above 0.7 the minimum threshold (Hair et al.
2010). The average variance extracted (AVE) which is a more conservative method
of measuring convergent validity than CR (Malhotra and Dash 2011) is also within
the recommended threshold (>0.5). On the contrary, only the value of Cronbach’s
alpha for perceived effects was below the recommended threshold (0.7).

The results of the T-statistics showing the significant level of regression
coefficients are presented in Table 6. This result showed that indigenous adaptation
techniques by respondents is influenced by their perceived changes (2.703; p < 0.05)
and yield increase (6.665; p < 0.05). The result suggest that respondent’s choice of
indigenous adaptation techniques depends on the aspect of perceived changes in
climatic parameters as well as the usefulness of climatic information.

Table 5 Reliability and validity of unobserved variables

Composite Cronbach’s
AVE | reliability alpha Communality | Redundancy
Indigenous 0.617 |0.828 0.700 0.617 0.056
technology
Perceived 0.942 1 0.970 0.938 0.942
changes
Perceived effects | 0.589 | 0.737 0.317 0.589
Yield increase 0.807 0.893 0.761 0.807
Table 6 Path analysis
Original Sample Standard Standard T-statistics
sample mean deviation error (lo/
©O) ™M) (STDEV) (STERR) STERR])
Perceived changes - —0.196 —0.198 0.072 0.072 2.703
> indigenous
technology
Perceived effects - 0.145 0.156 0.081 0.081 1.782
> indigenous
technology
Yield increase - 0.516 0.519 0.077 0.077 6.665

> indigenous
technology
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Conclusion

The chapter examined the various climate change effects affecting smallholder
farmers across Nigeria. The general adaptation techniques adopted in each geopo-
litical zone of the nation were assessed as well as peculiar indigenous adaptation
techniques initiated and in use in each zone. The constraints to the development of
the indigenous adaptation techniques were also investigated. Going forward, these
indigenous techniques need to be developed and commercialized; the state and
federal government agricultural schemes and agencies can fund this project and
support the efforts of the smallholder farmers. It is also essential for a functional link
to be established between the farmers’ indigenous innovation and the academia to
foster research and development.
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production. Food crop production under various climate change scenarios requires
the use of improved technologies that are called climate smart agriculture to ensure
increased productivity under adverse conditions of increased global temperatures,
frequent and more intense storms, floods and drought stresses. This chapter sum-
marizes available information on climate change and climate smart agriculture
technologies. It is important to evaluate each climate change scenario and provide
technologies that farmers, research scientists, and policy drivers can use to create the
desired climate smart agriculture given the array of tools and resources available.

Keywords

Climate change - Climate - Climate smart agriculture - Food security - Breeding
approaches

Introduction
Background

Climate describes the weather conditions of a region such as its temperature (hot,
warm, or cold) which is due to amounts or intensity of sunshine, rainfall (dry or
wetness) and its pattern, air pressure, humidity, cloudiness, and wind, throughout the
year, averaged over a series of years. “Climate change” as a terminology was
suggested by the World Meteorological Organization (WMO) in 1966 to represent
climate variations over long periods of time often from decades to millennia,
irrespective of the causative agents (Hulme 2017). The term has been widely accepted
and has fast become a household name for climatic variations which are often not
favorable for man’s survival. Climate change has largely been associated with anthro-
pogenic global warming; however, it is indeed larger and encompasses all vagaries in
climatic conditions which occur over decades. Also human activities are estimated to
have caused approximately 1.0 °C of global warming above pre-industrial levels, with
a likely range of 0.8 °C to 1.2 °C. Global warming is likely to reach 1.5 °C between
2030 and 2052 if it continues to increase at the current rate (IPCC 2018). In today’s
world, the term climate change has evolved from being a technical jargon for
describing vagaries in climatic pattern into a global issue agent which requires the
intervention of man to prevent future disastrous outcomes being predicted.

It should be noted that this book chapter will cover very limited information on
climate change as the objective is to guide the reader to appreciate the need for a
response that adopts innovations to accelerate the development of climate smart
agriculture technologies as mitigation efforts against climate change. With that
understanding we shall proceed to attempt to cover the breadth of knowledge in a
summary of what is known with regards to the expected impact of climate change on
crop production and food security, an overview of climate smart agriculture tech-
nologies and what is possible given current trends in technology and innovation.

Even though mitigation and adaptation responses compete with each other due to
potential negative trade-offs across spatial, temporal, institution (Smith and Olesen
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2010), economic scales (Wilbanks and Sathaye 2007). While mitigation measures
aim to reduce emissions on a global scale, adaptive measures are specific to micro-
environments and address various local impacts of climate change. As a result of the
interconnection between the environment and socio-economic risks, the agriculture
sector offers opportunities for complementary actions through the implementation of
ecosystem sensitive approaches known as the CSA. This new approach is to bridge
the growing divide between the two discourses and foster long-term resilient devel-
opment in the agriculture sector. CSA is defined by FAO as “agriculture that
sustainably increases productivity, resilience (adaptation), reduces/removes GHG’s
(mitigation) and enhances achievement of national food security and development
goals’ (FAO 2010). Therefore, adaptation, mitigation, and food security are the three
key pillars of CSA (Lipper et al. 2014).

Climate smart agriculture (CSA) is a way to achieve sustainable development as
well as green economy goals. It intends towards food availability and takes part to
conserve natural assets and is closely associated with perception of improved
growth, as FAO develops it for crop yield (FAO 2011). There is a high need for
climate smart agriculture because agricultural production systems are expected to
produce food for a global population of about 9.1 billion people in 2050 and over 10
billion by the end of the century (UNFPA 2011). This, however, has necessitated the
development of CSA strategies and policies at different levels of governance
(Zougmore et al. 2016). Therefore, it is highly imperative to sustain livelihoods
which are predominantly agrarian in these regions.

Climate Change and Food Security

Climate change has the potential to threaten food production and, consequently, food
security especially in vulnerable regions. One major area where the impact of climate
change is expected to be very significant in threatening the very existence of
humanity is the estimated effect of climate change on agriculture. Agriculture is
the major source of income and livelihood for an estimated 70% of the poor and
vulnerable people who live in rural areas with limited resources oftentimes without
access to basic technologies (World Bank 2016b). However, the production of food
is being affected by climate change, it is therefore important to study the influence of
this global climate change to meet the requirements of people and is estimated that
by 2100, the world population will reach about 10 billion (Boogaard et al. 2014).
The climate change and variability will adversely impact on food security and
agriculture livelihoods of the poorest farmers, fisher folks and forest dwellers.
Even though sub Saharan Africa contributes less than 5% of the global greenhouse
gas (GHG) emissions, the region is vulnerable to the negative effects of climate
change due to the fact that the region’s development prospects are closely linked to
the climate due to the great reliance on rainfall (Tol 2018). Added to other non-
climatic stresses (poverty, inequality, and market shocks), the impact of climate
change will make negatively impede the achievement of the Sustainable Develop-
ment Goals (SDGs) on livelihoods, food security, poverty reduction, health, and
access to clean water in vulnerable communities (IPCC 2014a). However, the use of
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climate change predictions based on theories and past data accrued over centuries is
difficult to use in projecting the expected impact of changing climates on food
security. Since the institution of climate change as a body or a field of study, many
academic and scientific publications have emerged. The first scientific work by Katz,
published in the first issue of the first journal on climate change titled “Climate
Change” on the effect of climate change on food production clearly questioned the
accuracy of any such predictions and warned that the predicted impacts at the time
were estimates should be acknowledged as such. A direct quote from Katz follows:
“Attempts to assess the impact of a hypothetical climatic change on food production
have relied on the use of statistical models which predict crop yields using various
climatic variables. It is emphasized that the coefficients of these models are not
universal constants, but rather statistical estimates subject to several sources of error.
Thus, any statement regarding the estimated impact of climatic change on food
production must be qualified appropriately” (Katz 1977).

The aforementioned challenges have been addressed by leading investigators
recently where climate change impact has been modelled based on quick country-
level measurement of vulnerability to food insecurity under a range of climate
change and adaptation investment scenarios (Richardson et al. 2018). The findings
have been made accessible through their publication and an online interactive portal
that is user friendly for policymakers (Met Office 2015). The interactive graphically
displayed model predicts that food insecurity vulnerability is anticipated to worsen
rapidly under all simulations of GHG emissions, and the re-distribution of vulner-
able geographic regions remains very similar to present-day conditions where sub-
Saharan Africa and South Asia remain the most severely affected. By the year 2050,
an additional 2.4 billion people expected to be living in developing countries with
much concentration in South Asia and sub-Saharan African, where agriculture is an
important sector and major employment source, but currently more than 20% of the
population is on average food insecure (Wheeler and von Braun 2013). About 75%
of the global poor live in rural areas, and agriculture is their most important source of
income (International Fund for Agricultural Development 2011). High levels of
adaptation is seen to be able to decrease vulnerability across affected areas; however,
the only scenario with the highest level of mitigation combined with high levels of
adaptation shows appreciable levels of reduction in vulnerability compared to the
present-day prevailing conditions (Smith and Olesen 2010). As agriculture is
directly affected by climate change, adaptation strategies are becoming increasingly
important issues for promoting development (Clements et al. 2011). Therefore,
adaptation strategies in the context of climate change are all those practices that
are employed by smallholder farmers to either get used to or minimize the effects of
climate change and variability. According to the IPCC, adaptation is the process of
adjustment to actual or expected climate and its effects that in human systems,
adaptation seeks to moderate or avoid harm or exploit beneficial opportunities
(IPCC 2014). The strategies for adapting to climate change and variability can be
grouped into two; namely, autonomous and planned adaptation strategies. The
autonomous adaptation strategies involve actions taken by non-state agencies such
as farmers, communities, or organizations and/or firms in response to climatic
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shocks while planned adaptation involves actions taken by local, regional, and or
national government to provide infrastructure and institutions to reduce the negative
impact of climate change. However, the planned adaptation which measures or
results from deliberate policy decisions and awareness from farm to global levels
and are discussed in literature as key to reducing present and future vulnerability and
climate impacts on livelihoods (IPCC 2014). However, there are limitations to
planned adaptation measures under severe conditions. As a result, more systematic
changes in adaptive capacity and resource allocation are being considered. So in this
discussion we shall look at the various climate smart agriculture practices that can
help mitigate the climate change effects on agriculture. Therefore, the effects of
climate change can be solved by climate smart agriculture practices such as climate
smart crop (breeding), improved pasture and animal rearing, amelioration of
degraded lands, rehabilitation of polluted water bodies, and management of sustain-
able systems such as agroforestry, livestock management, and manure management.
Also, the promotion of sustainable land management practices which are also part of
CSA practices (Branca et al. 2011) have influenced paradigms shift from the
traditional practices. Most of these technologies can help mitigate greenhouse gasses
(GHG) emissions. Food security and improving food productivity can also reduce
human vulnerability to climate impacts and the need for additional land conversion
to agriculture, which represents almost as much as GHG emissions and those directly
generated from agriculture activities (IPCC 2014), but food production and security
measures may conflict with climate smart and conservation objectives, especially
intensifying agriculture and producing more food for a growing population
(Matocha et al. 2012).

Climate Smart Agriculture Technologies

The climate smart agriculture technologies will focus on describing some of the
approaches which include breeding (climate smart crop), efficient resource manage-
ment, integrated renewable energy technologies for farming systems, resource
conserving technologies, land use management, cropping season variation, efficient
pest management, forecasting, and geographic information system (GIS) mapping.

Breeding and Climate Change

Agriculture was born about 13,000 years ago when man gradually transitioned from
hunting and gathering lifestyle into domestication of wild plants and animals. Food
production systems since the invention of Agriculture which remains heavily depen-
dent on the availability of rainfall has been evolving progressively to match-up to the
growing demands of the human population. It is noteworthy that the art of breeding
which emerged through domestication which involved selecting plants and animals
that were acceptable with good qualities for the consumption/utilization by man.
Breeding which begun as selection has seen many advancements; notable are
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hybridization techniques, matting designs and schemes, genetics enhanced hybrid-
ization programs, tissue culture and mutagenesis aided systems, genetic engineering
using recombinant DNA technologies, and Genomics- and other Omics-assisted
breeding and the latest being genome editing. A summary of the resources and
tools available for breeders in this day and age is presented in Box 1 below. As
breeding has evolved based on man’s knowledge and the development of tools to aid
the development of new variants, climate and the rate of climate change has rapidly
outpaced and outstripped the worlds production systems especially in areas of
greatest vulnerability where new technologies remain inaccessible. The dry areas
and flood prone areas are of the greatest concern where extreme weather conditions
can prevail and persist for long periods disrupting the natural seasons and cycles of
production that farmers are used to. These concerns can mostly be addressed if all
tools available to breeders are widely accepted and utilized to aid in the development
of climate smart crops that are designed to adapt to harsh and extreme weather
conditions producing higher yields compared to currently available varieties that do
poorly under such conditions.

Box 1 Array of Tools and Resources Available to Breeders

Genetic Genetic Resource 1st Generation 2nd Generation 3rd Generation 4th Generation
Resources Characterization Breeding Tools Breeding Tools Breeding Tools Breeding Tools

In vitro Next Generation
propagation Molecular Sequencing
Domestication/ techniques Biology Tools

Gene Banks Microscopy

Mutants Basic Phenotyping

: Genomics Aided
Selection Breedin,
Organogenesis L

and

Transcriptomics
culture
Hybridization Marker Assisted Gene Expression
techniques Breeding Regulation
Somaclonal
variations Metabolomics
Sequencin, o
n

situ conservation

Targeting Genome Editing

enotype-by
Core Collections Environment Studies
Screen houses &

Diverse Panels S

Hydroponics
Bi-Parental QTL

Aeroponics
Recombinant
Inbred Lines

ml
3
=

Nested Association
Mapping Population|

Vegetative
Propagation

Techniques In vivo dissection
and analysis

Advanced
Iphenotyping platforms|

MAGIC

nduced Local
Lesions in Comparative
Genomes Genomics

Satellite-Aided
Phenotyping

Training Populations

The myriad of available resources range from genetic resources available that are
conserved in situ, ex situ, or in vitro,; gene banks, core and representative collections
not forgetting diverse panels in national, international, and regional research Centres
as well as the Bi-parental, Recombinant Inbred Lines (RILs), Nested Association
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Mapping, Multi-parent Advanced Generation Inter-cross (MAGIC) & Training
populations in the hands of researchers and Scientists who originated and curated
them. These genetic resources are sources of alleles of great agronomic importance
required in the development of climate smart crops or animal breeds that can
withstand and yield highly under changing climatic conditions. These are therefore
the first range of arsenals of breeders in the fight against dwindling productivity
under climate change conditions. The next in the array of tools are those that can be
used to characterize, evaluate, detect, select, and then release these climate adaptable
varieties to farmers and businesses for increasing productivity under prevailing
circumstances. These tools have evolved from first generation to the current cutting
edge fourth generation tools that are available for breeders to use in the development
of new and improved varieties with better adaptation to the changing environmental
conditions. The first-generation tools mainly encompass discoveries of basic princi-
ples of domestication/selection, the knowledge and use of pollination to make self
and crosses as well as means of vegetative propagation such as grafting, corms,
bulbs etc. Second generation array of tools are mainly based on advances in biology
that allow for cell, tissue and organ culture which allow for more advanced technol-
ogies in the crop and animal improvement by breeders. Third and fourth generation
tools such as represented in Box 1 that have been developed add speed and precision
to the array of tools that are currently available for quick development of improved
climate smart crops.

It is important to evaluate each climate change scenario and provide strategies
breeders can use to create the desired climate smart crops given the array of tools and
resources available. The various climate change scenarios, potential impact and
climate smart breeding approaches are delineated in Table 1. For instance, climate
change is greatly impacting agriculture currently in the tropics and other arid areas
with erratic rainfalls that no longer follow the patterns or established seasons known
to farmers that heavily depend on rain-fed crop production systems. This scenario
has the potential impact of poor yields as a consequence of untimely start of the
farming activities and crop failure. For adaptability to such scenarios, climate smart
crops with adaptability to different types of droughts or erratic rains could be
developed using a combination of tools and resources described in Box 1 and
made available to farmers. Such climate smart crops are required in vulnerable
areas threatened by climate change in order to avert the worsening food insecurity
problem and ensure the achievement of sustainable development goals 1 (no pov-
erty) and 2 (no hunger).

Efficient Resource Management

Another approach that can be of relevance in achieving the objectives of climate
smart agriculture is efficient management of resources. This approach is an impor-
tant part of CSA and the future environment. In the food production chain, from the
farmer to the customer or final consumer, almost one third part of the food is lost due
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Table 1 Climate change scenarios, potential impact, and climate smart breeding approaches

Climate change
scenarios

Erratic rainfall

Prolonged droughts in
arid areas and New
Droughts prone areas

Increased floods

Intense rain and wind
storms

Rise in sea levels

Potential impact

Farmers plant too late or too
early leading to yield losses

Crop losses, Famine and loss of
lives

Damage to crops and animals;
loss of lives and property,
displacement of people

Damage to crops and animals

Increase in salt stress on crops,

Climate smart approaches
Climate smart crops with
adaptability to different types of
droughts or erratic rains.
Drought resistant crops that
perform well under water limited
conditions

Development of water loving
crops as well as crops resistant to
lodging

None

Salt resistant or tolerant crops

loss of arable lands to toxic

levels of salts, low or no yields
Loss of soil cover Soil erosion, loss of soil fertility,

loss of microbes in the soil

Planting of trees and plants that
will rehabilitate the soils.
Introduction of bioengineered
microbes that encourage soil

health.
Increased global Improved heat adaptable crops

temperatures

Reduced yields, new pests and
disease emergence and damage
to crops and animals

to the improper management of resources (Hartter et al. 2017). On yearly basis, for
instance, the total energy consumption in the global food losses are almost 38% of all
the energies utilized by the food chain. Critical areas in the food chain processes
which serve as good avenues for improving energy efficiency includes: transporta-
tion, conservation, processing, cooking, and consumption (FAO 2011). In Africa, a
majority of wood removed is used for manufacturing household articles as well as
cooking. However, cooking in stoves helps save energy thereby decreasing defor-
estation in the long run. For instance, this technique of managing resources and
climate change projects has helped in supporting sustainable intensification through
a number of initiatives including the establishment of an agriculture information and
the decision support system and the preparation of soil management plans. Since this
approach was adopted in 2014, climate smart agriculture was adopted on 2,946,000
hectares and has provided for a carbon sequestration potential of up to 9 million tons
carbon dioxide annually, (https:/www.worldbank.org/en/topic/climate-smart-agri
culture). Additionally pastoralists are also enjoying some benefits from climate smart
agriculture in the Sahel, Burkina Faso, Chad, Mali, Mauritania, Senegal, and Niger.
The application of rangeland management is boosting productivity and resilience.
This approach is also helping to reduce emissions.
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Integrated Renewable Energy Technologies of Farming Systems

The Integrated Renewable Energy Technologies is the application of suitable
energy technologies, tools, and different farming services which are relevant in
creating the stable change to energy smart proficient food systems. These technol-
ogies are governed by conditions of nature. These technologies are very useful
because in the long run there will be a reduction in GHG’’s emissions. For instance,
mid-season aeration can be promoted through short term drainage. Some of the
technologies in the energy smart food system are the windmills, solar panels, wind
generators, photovoltaic lights, biogas, and conversion of hydrothermal tools, bio
energy and water pumping machines, information and communication technolog-
ical innovation, and other similar approaches (Bochtis et al. 2014; Basche 2015).
This technology has been applied in Morocco through the Morocco inclusive
project Green Growth project, through the supply of agrometeorological informa-
tion and the facilitation of the resilience building technology such as direct
seeders. The pumps used can be both fuel and electric water pumps which are
mostly used on irrigation farming (deep well and submersible pumps). Stake-
holders in the agricultural industry should appreciate this modern technological
innovation due to the benefits of increasing the value of production in the farming
business. Most times, these technologies are linked on the farm from an integrated
food energy system as shown in Fig. 1 below.

Biomass Crop residues Wind Sun
: and manure : H

Solar

Y Biogas plants \J Windmills Y  PVpanels
g $ collectors

and storage

pesssrssnsanennes . = | Control

: equipment
. ig© :

CHP station \
> Meters Heat accumulator

@ Powor

. Heat v v
Electricity to the grid Heat for housing
@be'\a.’;t:' or off-grid installations or productive uses

Fig. 1 Integrated renewable energy technologies for farming systems. (Source: Amin et al. 2016)
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Resource Conserving Technologies (RCTs)

This technology consists of methods that enhance efficiency in the management of
inputs. When these resource technologies are implemented, it comes with its own
merits which includes low cost of productivity, limited use of fuel, labor, water, and
early planting of crops which results in improved yields in the long run. For instance,
the zero tillage system, which happens to be one of the resource conserving
technologies, is a type of cultivation system in which the seeds are directly sowed
into a virgin (uncultivated) soil. The zero-tillage system, however, involves the
cultivation of crops into untilled soil by aeration of thin channels with adequate
depth-width so as to attain suitable seed coverage. The soil remaining is left as if
tillage has never been done on it before (Derpsch et al. 2010). In some parts of the
globe, the zero tillage permits farmers to grow wheat very soon after the rice harvest.
This allows the head of the crops to appear and the filling of the grains before the
warm weather, pre-monsoon set off. Therefore, as the average temperature of the
globe in certain parts rises, early planting will be more relevant for the production of
wheat (Pathak 2009).

Land Use Management

Land use management involves the proper planning of land and its usage. The proper
planning includes fixing the location of plants and livestock production, changing
the concentration of the application of plant foods and bug sprays can reduce global
warming on agricultural activities (Ahmad et al. 2014). Other land use practices
involve shifting production out of marginal areas, changing the role of applying
cartilage and pesticides. However, it must be noted that capital and labor can
minimize the risks from Climate change on agriculture production. The farmers
can regulate the duration of the growing season by changing the time at which the
farming fields are sown. Other adaptation mechanisms can be in the form of
changing the times of irrigation and use of fertilizer.
Figure 2 elucidates Cropland Expansion Potential for different continents.

Cropping Season Variation

The planting dates can be set to reduce the infertility that is caused by increasing
temperatures; this may prevent the flowering period from meeting with the hot
period (Arslan et al. 2015). The effects of the increased climatic variations which
normally happens in both the semiarid and arid regions sometimes take advantage of
the wet period by changing the planting times/dates. However, this approach is
usually to avoid intense weather events in the growing season. This system of
cultivation promotes the development of strong cultivars thereby leading to the
production of different crops. The planting dates can be set to reduce the infertility
that is caused by increasing temperature; this may prevent the flowering period from
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Potential for Cropland Expansion?
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Fig. 2 Land use management. (Source: Burnisma 2009)

meeting with the hot period. The effects of the increased climatic variations which
normally happens in both the semiarid and arid regions sometimes take advantage of
the wet period by changing the planting times/dates. However, this approach is
usually to avoid intense weather events in the growing season. This system of
cultivation promotes the development of strong cultivars thereby leading to the
production of different crops. The farmers will, therefore, need to ensure that they
adopt the changing crop rotation system in the various hydrological cycles (Pathak
et al. 2012).

Crop Relocation

This approach involves the grouping and sorting of the plants and the varieties with
respect to its sensitivity to the weather condition of a place. Crop relocation helps the
crops to perform well according to the sensitivity of the climate during the vegetative
and productive stages (Shames et al. 2012). There are several factors which affect
agricultural production as a result of climatic change. These include increase in
temperature, carbon dioxide (Co,) levels, and increase in drought and floods. These
impacts vary across the various regions in the world as well as the different cultures.
Other factors such as daylight, temperature, and humidity are very necessary for the
vegetative and reproductive growth of the crops. Additionally the period for
harvesting should be properly done so as to minimize losses during the period
(Baba et al. 2017). However, it is therefore important to differentiate regions and
crops that are highly susceptible to climate change. For instance, it is obvious that
temperature increases affect the quality of many important crops. Some of these
crops with respect to the discussion include basmati rice and tea.
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Efficient Pest Management

The normal agriculture pest and insect management on farms poses a threat to the
environment. The usage of chemicals to destroy and kill pests is very harmful for
farmers and also living organisms in the soil. Even chemicals such as insecticide,
herbicides for plant disecases have been banned by some governments of certain
countries, as the situation exists now, there is no botanical or environmental friendly
chemical available. Due to this, farmers still use the chemicals for controlling pests
on their farms. So, basically this technique provides an opportunity to employ
environmentally friendly measures for pest control. The difference in the climatic
factors such as the fall and rise in temperature unpredictably influences pest and
disease incidence thereby impacting on major crops.

Therefore, the change in climate will affect the relationship of pest and weed and
the host populations. However, some of the adaptation strategies in this pest man-
agement approach includes;

(1) Improvement in different breeding types that are resistant to pest and disease.
(i) Strong pest adaptation mechanism with more relevant control for both biolog-
ical and cultural practices.
(iii) Adoption of techniques such as crop substitution with regards to places resis-
tant to pest and hazards.

GIS Mapping

This approach is used in analysis and mapping. It is a system which is designed
to capture, store, manipulate, analyze, manage, and present geographical data.
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Fig. 3 Risk Assessment and mapping. (Source: Amin et al. 2016)
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However, it helps in the estimation and computation of storm causes and flooding
that is related to hot cyclones. The study in using GIS mapping considers factors
such as property allocation, infrastructure facilities among other resources. The
photograph and images (Fig. 3) were used in the experimentation of seashore due
to rising sea levels and hot cyclones. The figure below shows risk which can be
explained by the cumulative study of emerging threat and the existing patterns of
vulnerability. The technique enables the creation of hazards and risk maps at many
different possible scales or dimensions to show the threat allocation across different
geographical spaces within the globe. Some of the geographical places can be site
specific, municipal (administrative areas) and other natural landscapes in river
basins, coastlines, and lakes. Figure 3 portrays Mapping and Risk Assessment.

Conclusion

Climate change is a great threat to agriculture and as such there is the need to tackle
this adverse impact by adopting new innovative techniques in climate smart agri-
culture. This chapter has dealt with some of the climate smart agriculture techniques
that can help reduce the impacts of climate change on agriculture and increase food
crop production. To achieve food security and agriculture development goals,
adaptation to climate change will be required to lower emission intensities per
output. Thus improving food protection by moderate climate change, sustainable
use of the natural resources, using all products more competently, have less incon-
sistency and greater constancy in their outputs. More fruitful and more flexible
agriculture requires a paramount change in the usage of resources such as land,
water, soil nutrients, and genetic resources management by climate smart agriculture
approaches.
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Abstract

This chapter deals with the problem of sorghum farmers’ adaptation to climate
change in the semiarid region of Cameroon. Its general objective is to compare
the various adaptation strategies’ typologies and to characterize the sorghum
farmers’ adaptation strategies on the basis of the suitable one. The stratified
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random sampling method was used to select the sites, which consist of twenty
(20) villages, and the sample, which consists of six hundred (600) farm household
heads. After conducting focus-groups in ten villages and interviews with resource
persons, the primary data were collected using a semi-open survey questionnaire.
It appears that the poor spatiotemporal distribution of rains and the drought
constitute, respectively, the main climate hazard and the main water risk that
farmers are dealing with; the farmers are vulnerable to climate change because the
adaptation strategies used are mostly traditional, their adoption rates are very low,
and the use of efficient adaptation strategies (irrigation, improved crop varieties)
is almost unknown. The characterization of the adaptation strategies used shows
that they are more complex than most authors who have established the typolo-
gies thought. It comes out that improving the resilience of these sorghum farmers
absolutely requires the improvement of their basic socioeconomic conditions.

Keywords

Semiarid region - Sorghum farmers - Climate change - Climate hazard - Water
risk - Adaptation strategies

Introduction

Farmers in the semiarid regions of Africa, to which belongs the Diamaré division in
the Far North Cameroon, are among the most vulnerable to water constraints caused
by climate variability during the 1960s and 1970s. This vulnerability has its origin
in their essentially rain-fed agriculture, their unfavorable socioeconomic character-
istics, and their very fragile ecosystem.

According to Borton and Nicholds (1994), of all-natural hazards, droughts are the
ones with the greatest economic impact, and affecting the greatest number of people.
In the Diamaré division, as in the whole semiarid zone of Cameroon, water con-
straints, particularly droughts and floods, have had a negative impact on cereals’
production, especially sorghums, which constitute the basic food of the population.
According to L’hote (2000), the period called “Drought in the Sahel” was an
agronomic disaster for the entire region. Similarly, the results of the simulations
carried out by Blanc (2012), compared to a reference without climate change,
indicate that sorghum yields could decrease by around —47% to —7% by 2,100 in
this region. Faced with this situation, a wide variety of adaptation strategies ema-
nating from both farmers and agricultural research has been made available to
sorghum farmers, but adoption rate remains low as everywhere else in the African
semiarid zones (Yesuf et al. 2008; Leary Kulkarmi and Seipt 2007).

In order to better understand the main orientations of these various adaptation
strategies, a variety of typologies has been previously established by some authors
(Dingkuhn 2009; Nhemachena and Hassan 2007; Jouve 2010; then Fabre 2010); but
a comparison between adaptation strategies on the basis of these typologies remains
difficult because of the diversity of analysis’ angles used by the authors. For this
reason, it seems better to identify the main similarities and differences between the
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various typologies, and then to characterize the sorghum farmers’ adaptation strat-
egies on the basis of the most suitable typology. The sorghum farmers’ adaptation
strategies’ characterization could allow researchers as well as policy-makers to better
reorient research priorities and policies in order to improve farmers’ resilience.

The Diamaré division located in the Far-North region of Cameroon (Fig. 1),
between 10° and 11° North latitude (10°30’00") and 14° and 15° East longitude (14°
30'00"), constituted the focus area. The climate is Sudano-Sahelian in its southern
part and Sahelo-Sudanian in its northern part, all characterized by a long dry season
(7-9 months), and a short rainy season. Agriculture (rainy season, dry season),
animal husbandry, fishing, trade, and crafts are the main activities of these
populations.

The information has been collected through directed interviews with some
resource people (researchers, patriarchs, heads of technical services), and then
focus groups and a survey questionnaire submitted to six hundred (600) household
heads. The descriptive and inferential statistics (frequencies, percentages, Principal
Component Analysis, Kaiser-Meyer-Olkin/KMO test) from the SPSS statistical
software have been used to analyze the information gathered.

Socioeconomic Characteristics of the Sorghum Farmers

In general, agriculture and livestock are the main activities of the farmers, and the
Diamaré division is one of the three divisions most exposed to food insecurity in the
region. Priority is given to cereals in terms of land mobilization and work (CEDC
2010), and sorghum (rainy and dry seasons) constitute the staple food of the
populations. This agriculture is essentially characterized by the practice of polyculture
(93.80%) and self-consumption agriculture (79%), the small size of the sown areas
(100%<10 ha, with areas varying between 0,5 ha and 1 ha for sorghum), the low
quantity of agricultural inputs used (FAO 2009), the poor access to agricultural
supervision (51.50%), and to credits (43.50%). Cotton and onion are the only export
crops. In order to ensure their daily survival, these farmers multiply income-generating
activities (65.50%), which reflects the inability of agricultural activities to meet their
food needs, and therefore their high vulnerability. The household heads are mostly
men, most of them aged between 35 and 54 years (FAO 2009), with an average age of
48 years in Diamaré. The average household size is around 9 people, and seems to be
high compared to a regional average of 7 and a national average of 5.7. The school
enrollment rate, which is 57%, is the lowest in the country, with 39.30% having
reached primary, 17% secondary, and less than 1% (0.4%) higher education. Health
and school infrastructures are among the least fortunate in the country.

Climate Hazards and Sorghum Farmers’ Adaptation Strategies

Table 1 summarizes the climate hazards imposed by the climate change to the rainy
and dry seasons’ sorghum production.



S. Abou et al.

150

LEGEND

-—--—--—- Secondary road

== Tarred road
Main road

[ Diamare
(10)

O Dry season sorghum
@ Rainy season sorghum  (10)

Fig. 1 The Diamaré division in the Far-north region of Cameroon



8 Sorghum Farmers’ Climate Change Adaptation Strategies in the Semiarid. . . 151

Table 1 Climate hazards perceived by rainy and dry seasons sorghums’ farmers

Rainy season Dry season

sorghum sorghum
Climate hazards Total | % Total | %
Late or early arrival of rains 300 100 297 99
Early cessation of rains 300 100 293 97,67
Poor spatial rainfall distribution 299 99,67 299 99,67
More frequent and long dry spells 300 100 300 100
Flooding of crops 300 100 294 98
General decline in the total amount of rainfall 299 99,67 |296 98,67
Rapid drying of water sources (ponds, rivers, lakes, wells) | — - 300 100
Rapid drying and hardening of soils - - 292 97,33
Light rains at the beginning of the rainy season - - 297 99
Absence of heavy rains at the end of the rainy season - - 297 99
No haze during cold season - - 299 99,67

Most of the climate hazards listed relate to the poor spatiotemporal distribution of
rains, while most of them are linked to drought, and not to excess water (floods); that
means the poor spatiotemporal distribution of rains is the main climate hazard while
drought is the main water risk limiting agricultural production both during the rainy
and dry seasons in the area. This observation confirms the results obtained by Chédé
(2012), Gnanglé et al. (2012), then Agossou et al. (2012).

Likewise, it emerges that all the three known forms of drought are represented
here:

* Meteorological drought (late arrival of the rains, early start of the rains, dry spells,
decrease in the amount of rains, light rains at the start of the rainy season, light
rains at the end of the rainy season)

» Agricultural drought (rapid drying and hardening of soils)

* Hydrological drought (rapid drying up of ponds and rivers)

According to FAO and National Drought Mitigation Center (2008), when all of
these three forms of drought rage somewhere, automatically, the socioeconomic
drought which is their logical consequence, will also rage there; and that is notice-
able through the socioeconomic characteristics of the sorghum farmers described in
the previous paragraph.

One can also remark the high rate of climate hazards’ perception by the farmers,
which could reflect both the extent and the severity of these constraints, but also a
good perception of the phenomena by farmers who control their physical environ-
ment. Indeed, Arodokoun (2011) considers that, in general, peasant communities
which maintain close links with their environment have a perfect knowledge of the
climate, its manifestations and the changes that have occurred. This situation could
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also be justified by the fact that according to Nhemachena and Hassan (2007),
climate change has very negative effects on the poorest households which have the
least capacity to adapt to changing climatic conditions.

It appears also that all the climate hazards affecting rain-fed sorghums also affect
dry season sorghums; which reflects the strong dependence of dry season sorghum
on meteoric water. On the other hand, the multiplicity of climate hazards affecting
dry season sorghum can be explained by the diversity of the water resources
(meteoric, surface, underground) essential to its production.

The adaptation strategies in use by sorghum farmers in the face of these climate
hazards and water risks are summarized in Table 2.

The analysis of the nature of the adaptation strategies used by sorghum farmers in
the face of climate hazards and water risks could lead to the following remarks:

» All the adaptation strategies used by sorghum farmers aim to compensate for
either the poor distribution of rains, the droughts (meteorological, edaphic,
hydrological, socioeconomic), or to both of the two types of constraints.

* An overwhelming majority of these adaptation strategies have been adopted to
cope with meteorological drought, which is the main form of drought faced by
sorghum farmers; it is followed by edaphic drought, then hydrological drought.

Table 2 Nature and frequency of adoption of the adaptation strategies used by sorghum farmers

Rainy season sorghum | Dry season sorghum

Adaptation strategies Total (%) Total (%)
Sowing early matured varieties 131 43,67 175 58,33
Sowing or transplanting early 178 59,33 139 46,33
Sowing of drought resistant crops varieties 178 59,33 194 64,67
Diversification of crops varieties 94 31,33 182 60,67
Changing of crops or crops’ varieties 105 35 25 08,33
Labor of plots and mounding of plants 234 78 96 32
Temporary or permanent transfer of crops 170 56,67 30 10
Making of racks or bunds 103 34,33 203 67,67
Nursery organic or inorganic fertilizer input 271 90,33 82 27,33
Diversification of income-generating activities | 195 65 141 47
Crops diversification 268 89,33 272 90,67
Multiplication of weeding 123 41 20 06,67
Sowing of molten seed holes or dried plants 166 55,33 05 01,67
Rocky bunds 05 01,67 - -
Late transplanting - - 125 41,67
Deepening piles - - 129 43
Purchase or request of nurseries - - 104 34,67
Scaling of nurseries over the time - - 203 67,67
Organic or inorganic fertilization of nurseries - - 107 35,67
Cleaning and deepening of ponds - - 131 60,33
Water research over long distances - - 95 31,67

Fertilization of transplanting water - - 06 02
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* Despite the identification of floods as another main water risk by sorghum
farmers, no adaptation strategy has apparently been adopted by them to deal
with it.

» The adaptation strategies used are traditional in their majority, and those recog-
nized as efficient such as the irrigation or the use of improved crops’ varieties are
almost unused.

» Despite the traditional nature of the adaptation strategies used, their adoption rates
by farmers are low in the majority of cases.

The synthesis of these preceding remarks conducts to the following conclusions:

» The poor spatiotemporal distribution of rains and the drought (especially meteo-
rological), constitute, respectively, the main climate hazard and the main water
risk faced by farmers in the area; this has been previously confirmed by several
researchers including Batterbury and Mortimore (2013), then Mortimore and
Adams (2000), who consider that all the Sahelian farmers’ problems correspond
to a group of “five (5) crises of the Sahelian orthodoxy,” to which they are trying
to provide solutions, the main one of which is represented by drought.

* Sorghum farmers in particular and farmers in general from the region are very
vulnerable because they do not really adapt to but they simply cope with the
climate change; this confirms the observation made by the IPCC (2014),
Sissoko et al. (2010), OECD (2010), then Leary et al. (2007), according to
whom Sahelian farmers do not adapt to but simply cope with climate change;
these sorghum farmers’ maladaptation (lack of adaptation) can be perceived or
explained from the previous paragraph 1 through the practice of self-
consumption agriculture, the small size of the sown areas, the low quantity of
agricultural inputs used, the poor access to agricultural supervision and to
credits, the multiplication of income-generating activities, and the weak school
enrollment rate. Contrary to this result, authors like Jouve (2010) and
Batterbury and Forsyth (1999) find that in fact Sahelian farmers adapt to climate
change. This duality of contradictory observations could be justified either by
the different use of the concept of adaptation, or by the difference in the results
obtained in different contexts.

Sahelian Farmers Adaptation Strategies’ Typologies

On the whole, the farmers’ adaptation strategies in the dry regions (semiarid, arid)
can be classified both on the basis of farmers’ practices, which takes into
account all the actions undertaken by them to ensure their survival, and on the
basis of the agricultural research, which is only interested in crop management.
According to these two angles of analysis, the typologies could be grouped into three
main categories:
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» The first category of typologies, proposed by Nhemachena and Hassan (2007),
Jouve (2010), Ngigi (2009), Diarra (2008), Fabre (2010), then Batterbury and
Mortimore (2013).

» The second category of typologies brings together those proposed by Batterbury
and Forsyth (1999), then Ngigi (2009).

* The third category of typologies, which corresponds to that proposed by
Dingkuhn (2009).

First Category of Typologies

The first category of typologies is that proposed by Nhemachena and Hassan (2007),
Jouve (2010), Ngigi (2009), Diarra (2008), Fabre (2010), then Batterbury and
Mortimore (2013). These typologies distinguish adaptation strategies which consist
of facing risks from those focusing on avoiding risks.

In general, Nhemachena and Hassan (2007) estimate that there are roughly two
types of adaptation strategies in agricultural production systems:

1. The strategies which are based on “confronting water risks,” essentially based on
increasing diversification which corresponds to the adoption of production activ-
ities tolerant to drought and/or resistant to thermal stress, as well as activities that
relate to efficient management that value the quantity of water available and
ambient temperatures among other factors.

2. The strategies which are based on “eviction of water risks,” essentially based on crop
management practices, and which consist in avoiding that the critical stages of plant
growth do not coincide with bad climatic conditions such as inter-season droughts
(modification of the crop cycle and modification of sowing and harvest dates).

Jouve (2010), Ngigi (2009), and Diarra (2008), based on the subjective assess-
ment of risks and vulnerability, have grouped the farmers’ adaptation strategies into
three (3) categories:

1. The “pre-risk” or preventive management options (prevention strategies) or
before risks, such as the choice between risk-tolerant varieties, investment in
water management, and diversification of survival and agriculture, well before the
arrival of the growing season.

2. The “intra-season” adjustment of crops and resources management options in
response to constantly changing specific climatic shocks, also called “adaptive
methods” or “mitigation strategies”; these are peasant innovations put in place to
adapt to climate change and to make the best use of rainwater resources.

3. The “post-risk” management options or “palliative methods” or “adjustment
strategies,” which minimize the impacts of adverse climate shocks; they seek to
mitigate the effects of climatic risks which particularly affect poor rural
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populations; these methods, based on the establishment of insurance systems, aim
to stabilize farmers’ incomes and avoid their indebtedness and decapitalization
during bad years; they are intended to alleviate the impact of the event when it
happened.

The comparison between these two typologies indicates that they are identical:
the strategies based on “confronting water risks” proposed by Nhemachena and
Hassan (2007) correspond to the intra-season adjustment and post-risk” management
options in the typology proposed by Jouve (2010), Ngigi (2009), and Diarra (2008),
while “crowding out water risks” corresponds to “pre-risk” management options.

Batterbury and Mortimore (2013) estimate that the Sahelian farmers’ adaptation
strategies correspond to the five crises of Sahelian orthodoxy:

» The management of rainfall by farmers each year

» The integration of agriculture and animal husbandry
* The conservation management of biodiversity

» The intensive and sustainable soil management
 The diversification of livelihoods

Jouve (2010) and Fabre (2010), for their part, believe that sahelian farmers’
adaptation strategies to climate variability can be split into three (3) groups:

» The choice of crops (species, varieties)

» The modification of practices (irrigation and drainage, polyculture, modification
of the cropping calendar)

» The modification of sources of income (crafts, livestock, trade, etc.)

Reconciling the last two typologies also indicates that they are similar insofar as
the management of rainfall, the integration of agriculture and animal husbandry, and
the intensive and sustainable management of soil suggested by Batterbury and
Mortimore (2013) corresponds to the modification of practices suggested by Jouve
(2010) and Fabre (2010). Similarly, the conservation management of biodiversity
corresponds to the choice of crops, while the diversification of livelihoods corre-
sponds to the modification of sources of income.

Finally, the comparison between the two previous typologies and the two last
ones indicates that they are in fact similar. The “increase in diversification” proposed
by the first two typologies corresponds to the “modification of the sources of income
and the practices” proposed by the two last ones, while the crop “management
practices” correspond to the “choice of crops”; this amounts to saying that in
terms of farmers’ practices, the four typologies are identical.

The particularity of this first category of typologies is that they are based
principally on the natural agro-pastoral resources (water, soils, crops, animals)
spatiotemporal management.
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Second Category of Typologies

The second category of typologies includes those proposed by Batterbury and
Forsyth (1999), then Ngigi (2009). These typologies distinguish “adaptive pro-
cesses” which are long and medium terms adaptation strategies, from “adaptive
strategies” which are short term actions intended to ensure the survival of
farmers.

Batterbury and Forsyth (1999) find that farmers’ adaptation strategies can be
divided into two categories:

* The “adaptive processes,” which generally call for a spatial extension of
activities outside the locality, in order to reduce the pressure on local
resources; it is an appropriate strategy for communities in dry regions where
diversification is the main response to drought or crop failure; adaptation
processes are long-term transitions that change the configuration of relation-
ships between a community and its resources; each transition has several
components, and adoption and the form that transition takes depends on
several factors of change, such as farmers’ knowledge, the biophysical envi-
ronment (especially precipitation and soil), and availability of the work force;
for this reason, each transition will be relatively unique, thus reflecting the
interactions between farmers, their institutions, their economic policy, and
their environment.

» The “adaptive strategies” are short-term practices, adopted in response to sudden
shocks or difficulties in accessing resources.

Ngigi (2009) differentiate adaptation strategies to climate change between:

» “Adaptation itself” or “adaptation strategies,” which constitutes a change in
response to changing climatic parameters and
* “Coping mechanisms” or “coping strategies,” generally in the short term.

The comparison between these two typologies shows that they are also similar.
“Adaptation itself” corresponds to “adaptive processes,” while “coping strategies”
correspond to “adaptive strategies.”

This category of typologies is characterized by the fact that tries to differentiate
the farmers’ adaptation strategies, either on the long- and medium-terms use of
agricultural or nonagricultural strategies to truly adapt climate change, or on the
short-term use of agricultural or nonagricultural strategies to cope with climate
change (without really adapting to it); in other words, it differentiates farmers’
adaptation strategies based on whether they are genuinely adapting in the long- to
medium-terms, or whether they are simply coping in a short-term with climate
change to just ensure their survival.
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Third Category of Typologies

The typology proposed by Dingkuhn (2009), corresponds to the third category, and
groups adaptation strategies according to the agricultural research fields, into four
very distinct types:

* Genetic adaptation (drought resistant varieties, early varieties)

» Agronomic adaptation (all the strategies linked to the management of crops,
which are the most numerous)

* Geographic adaptation (temporary or permanent change in cultures)

» Temporal adaptation (early sowing, late sowing, staggering of nurseries)

The particularity of this category of typologies is that it is not interested in the
climate hazards or risks that farmers are facing (first category of typologies), nor in
the strength or weaknesses of the adaptation strategies in use (second category of
typologies), but simply to the scientific field to which each of these adaptation
strategies relates.

The comparison between all the previous typologies and the current one proposed
by Dingkuhn (2009) indicates that one could very well transpose the genetic,
agronomic, geographic, and temporal adaptations suggested by this typology in
these ones; however, the socioeconomic adaptation taken into account by these
typologies does not exist in the one proposed by Dingkuhn (2009), and this could
be explained by the fact that this typology is essentially concerned with crop
management and not with farmers practices in their whole.

After a careful analysis of the typologies’ categories and the sorghum farmers’
adaptation strategies, it appears that it is appropriate to characterize them on the basis
of the first category of typologies because both (category of typologies, adaptation
strategies) are oriented towards the agro-pastoral natural resources’ management; on
the other hand, while the second category of typologies requires the strategies to be
monitored over time in order to assess their effectiveness, the third category is more
descriptive and does not allow to grasp easily the real objectives targeted by sorghum
farmers.

Characterization of Sorghum Farmers’ Adaptation Strategies

The adaptation strategies were grouped according to crops, so first, the adequacy of
the rainy season sorghum farmers’ adaptation strategies has been tested using the
KMO test. The results are listed in Table 3.

All the KMO values taken by the different adaptation strategies being greater than
0.49, all these strategies have been used in the test.
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Table 3 Results of the KMO sample adequacy test applied to the rainy season sorghum farmers’
adaptation strategies

Adaptation strategies Codes KMO values
Sowing early matured varieties SEVARPRE 0.834
Sowing or transplanting early SEMISSEC 0.743
Sowing of drought resistant crops varieties SEMVARES 0.817
Diversification of crops varieties DIVARCUL 0.896
Change of crops or crops varieties CHASPVA 0.671
Labor of plots and mounding of plants LABBUTPL 0.815
Temporary or permanent transfer of crops MUTEDECU 0.858
Making of racks CONFCAS 0.925
Organic fertilizer input FUMORGA 0.849
Diversification of income-generating activities DIVACGER 0.854
Crops’ diversification DIVERCUL 0.850
Multiplication of weeding MULTSARC 0.867
Sowing of molten seed holes or dried plants RESREPIQ 0.845

The eigenvalues of the various factors from the PCA results reveal the existence
of two (2) main factors, which explain 53.64% (>49%) of the total variation of the
adaptation strategies, in accordance with the KMO rule (Fig. 2 and Table 4).

Loading these adaptation strategies according to the two main factors gave the
results mentioned in Table 5.

Factor 1 brings together the adaptation strategies “sowing of early matured
varieties,” “diversification of crop varieties,” “change of crops or crop varieties,”
“labor of plots and mounding of plants,” “temporary or permanent transfer of crops,”
“organic or mineral fertilizer input,” and “sowing of melted seed holes or dried
plants.” This factor can be called “Adaptation to climate hazards through efficient
management of natural resources (soil, water, crops).” This factor can be interpreted
as the decision-making by farmers to continue to carry out agricultural activities
despite the risks, and corresponds in fact to the adaptation strategy by “confronting
climate hazards and water risks” suggested by the first category of typologies.

Factor 2 groups together the adaptation strategies “sowing or transplanting early,”
“sowing of drought resistant crops varieties,” “making of racks,” “diversification of
income-generating activities,” “crop diversification,” and “multiplication of
weeding.” This factor brings together adaptation strategies whose main objective
is to avoid water risks.

It therefore corresponds to all the activities carried out by farmers with the aim of
minimizing climate hazards and water risks and their impacts; and for that, it
corresponds well to the adaptation strategy by “eviction or minimization a priori
of climate hazards and water risks” suggested by the first category of typologies.

It finally emerges from this analysis that all the rainy season sorghum farmers’
adaptation strategies correspond very well to the typology proposed by the first
category of typologies’ authors, namely adaptation by “confronting water risks”
and adaptation by “a priori eviction or minimization of water risks”.
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The test of the adequacy of the dry season sorghum farmers’ adaptation strategies
using the KMO test gave the results mentioned in Table 6.

All the KMO values taken by the adaptation strategies are greater than 0.49,
except that of the “late transplanting” strategy, which will not be used in the
KMO test.

The eigenvalues of the different factors from the PCA results reveal the existence
of five (5) main factors, which explain 53.612% (>49%) of the total variation of the
adaptation strategies, in accordance with the KMO rule. (Fig. 3 and Table 7).

Loading the adaptation strategies of the dry season sorghum farmers according to
the five (5) main factors gave the results mentioned in Table 8.
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Table 5 Results of the loading of the rainy season sorghum farmers’ adaptation strategies by factor

Adaptation strategies Factor 1 Factor 2
Sowing early matured varieties —0.570 0.067
Sowing or transplanting early —0.444 —0.511
Sowing of drought resistant crops varieties —0.267 0.513
Diversification of crops varieties —0.712 0.292
Change of crops or crops varieties 0.582 0.475
Ploughing of plots and mounding of plants 0.862 —-0.217
Temporary or permanent transfer of crops 0.540 —0.424
Making of racks —0.572 0.456
Organic or mineral fertilizer input 0.554 —0.052
Diversification of income-generating activities —0.127 0.697
Crops’ diversification 0.133 0.163
Multiplication of weeding —00.77 0.690
Sowing of melted seed holes or dried plants 03.65 —0.735

Table 6 Results of the KMO sample adequacy test applied to the dry season sorghum farmers’
adaptation strategies

Adaptation strategies Codes KMO values
Sowing of early matured varieties SEVARPRE 0.817
Sowing or transplanting early SEMISSEC 0.577
Sowing of drought resistant crops varieties SEMVARES 0.743
Diversification of crops varieties DIVARCUL 0.782
Change of crops or crops varieties CHASPVA 0.522
Ploughing of plots and mounding of plants LABBUTPL 0.801
Temporary or permanent transfer of crops MUTEDECU 0.540
Making of racks or bunds CONFCAS 0.771
Crops organic or inorganic fertilizer input FUMORGA 0.773
Diversification of income-generating activities DIVACGER 0.731
Crops diversification DIVERCUL 0.500
Multiplication of weeding MULTSARC 0.687
Sowing of molten seed holes or dried plants RESREPIQ 0.621
Late transplanting SREPITAR 0,444
Deepening piles APROFPI 0.555
Purchase or request of nurseries ACHATPE 0.663
Scaling of nurseries over the time ECHELPEP 0.780
Organic or inorganic fertilization of nurseries FEORMIPE 0.568
Cleaning and deepening of ponds CURAMAE 0.753
Water research over long distances RECHEAGD 0.739
Fertilization of transplanting water FERTEARE 0.585

Factor 1 groups together the adaptation strategies “sowing of early matured

LR N3

varieties”, “sowing of drought-tolerant varieties”, “diversification of crop varieties”,

LEINY3

“ploughing of plots and mounding of plants”, “making of racks or bunds”, and
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Table 7 Variability Factors Variation % Cumulative %
explained by factor F1 3.690 17.571 17.571

F2 2.581 12.292 29.863

F3 2.132 10.151 40.014

F4 1.561 7.434 47.447

F5 1.295 6.165 53.612

“diversification of income-generating activities”. This factor brings together all of
the farmers’ adaptation strategies which aim to avoid or minimize water risks and
their impacts, and in fact corresponds to the adaptation strategy by “a priori eviction
or minimization of water risks” suggested by the first category of typologies.
Factor 2 groups together the adaptation strategies “multiplication of weeding”,

<

“sowing of melted seed holes or dried plants”, “deepening of piles”, “scaling of

CEINT3 EL I3

nurseries over the time”, “cleaning and deepening of ponds”, “water research over



162 S. Abou et al.

Table 8 Results of the loading of the dry season sorghum farmers’ adaptation strategies by factor

Factor Factor Factor Factor Factor

Adaptation strategies 1 2 3 4 5
Sowing of early matured varieties 0.663 0.219 | —0.100 0.194 0.149
Sowing or transplanting early 0.459 0219 | —0.168 | —0.163 0.596
Sowing of drought resistant crops 0.777 0.277 | —0.307 0.124 | —0.240
varieties

Diversification of crops varieties 0.813 0213 | —0.246 0.075 | —0.160
Change of crops or crops varieties 0.052 0.165 | —0.052 0.487 | —0.248
Ploughing of plots and mounding of 0.613 | —0.224 0352 | —-0.070 | —0.107
plants

Temporary or permanent transfer of 0.176 0.170 0243 | —0.035 | —-0.391
crops

Making of racks or bunds 0.743 0.152 | —0.349 0.055 | —-0.171
Crops organic or inorganic fertilizer 0.367 | —0.416 0.445 0.029 0.140
nput

Diversification of income-generating 0.443 | —0.133 0.428 0.158 0.387
activities

Crops diversification 0.120 0.077 | —-0.220 | —0.222 0.194
Multiplication of weeding 0.039 0.535 0410 | —0.154 | —0.272
Sowing of melted seed holes or dried 0.061 0.633 0464 | —0.312 0.019
plants

Deepening of piles —0.139 0.392 | —0.287 0.033 0.222
Purchase or request of nurseries 0.172 0.236 0.245 0.469 0.297
Scaling of nurseries over the time —0.357 0.438 | —0.386 | —0.007 0.084
Organic or mineral fertilization of —0.215 0.253 0.262 0.418 0.245
nurseries

Cleaning and deepening of ponds —0.337 0477 | —0.359 | —0.023 |—0.038
Water research over long distances —0.251 0.471 0.049 0.389 0.143
Fertilization of transplanting water 0.026 0.657 0.498 | —0.401 | —0.016

long distances”, and “fertilization of transplanting water”. This factor brings together
all the adaptation strategies aimed at the sustainable management of water resources,
and can be called “Adaptation to water risks by efficient management of water
resources’.

Factor 3 contains the “crops organic or inorganic fertilizer input” strategy. It
brings together strategies aimed at sustainable soil management, and can be called
“Adaptation to water risks through efficient soil management”.

Factor 4 groups together the strategies “change of crops or crop varieties”, “crops
diversification”, “purchase or request of nurseries”, and “organic or mineral fertili-
zation of nurseries”. It brings together strategies aimed at the sustainable manage-
ment of crops, and can be called “Adaptation to water risks through sustainable
management of crops”.

Factor 5 groups together the strategies “sowing or transplanting early” and
“temporary or permanent transfer of crops”, which aim to avoid water risks, and
can be called “Adaptation by a priori eviction of water risks”.
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Analysis of all the five factors reveals that factors 1 and 5 correspond to the
farmers’ adaptation to climate change by “eviction or a priori minimization of
water risks”, while factors 2, 3, and 4 correspond to their adaptation by
“confronting water risks”; and therefore, it could be said that the dry season
sorghum farmers’ adaptation strategies corresponds very well to the typology pro-
posed by the authors of the first category of typologies, namely, adaptation by
“confrontation with the water risks” and adaptation by “a priori eviction or minimi-
zation of the water risks.”

That said, depending on the results of the characterization of the sorghum
farmers’ adaptation strategies using PCA and KMO test, their whole adaptation
process can be explained through a set of two actions:

1. The agro-pastoral natural resources management by “confrontation with the
climate hazards and water risks” or by “eviction of the climate hazards and
water risks”.

2. The intense spatiotemporal diversification of the practices (agro-pastoral natural
resources management, income generating activities).

Finally, it can be said that the characterization of the sorghum farmers’ adaptation
strategies shows that they are more complex than most authors who have established
the typologies thought, because of the spatiotemporal diversification of the practices.

Conclusion
At the end of this chapter, we could draw the following conclusions:

* The poor spatiotemporal distribution of rains and the drought respectively con-
stitute the main climate hazard and the main water risk faced by sorghum farmers
in particular, and farmers in general in the semi-arid region of Cameroon.

* The sorghum farmers are highly vulnerable to climate change, and that could be
perceived through the coexistence of all the three forms of drought (meteorolog-
ical, agricultural, hydrological), the permanent food insecurity, the mostly tradi-
tional adaptation strategies used and their very low adoption rates, the underuse or
absence of efficient adaptation strategies (irrigation, improved crop varieties), and
their socioeconomic characteristics (the practice of self-consumption agriculture,
the small size of the sown areas, the low quantity of agricultural inputs used, the
poor access to agricultural extension and to credits, the multiplication of income-
generating activities, and the weak school enrollment rate).

» The characterization of the adaptation strategies used shows that they are more
complex than most authors who have established the typologies thought because
the whole adaptation process used by sorghum farmers can be explained through
a set of two actions: the agro-pastoral natural resources management by “con-
frontation with the climate hazards and water risks” or by “eviction of the climate
hazards and water risks”; and the intense spatiotemporal diversification of the
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practices (agro-pastoral natural resources management, income generating
activities).

 Insofar, as the farmers are very vulnerable to the climate change, it seems given
their poor socioeconomic conditions that a real improvement in their resilience
depends absolutely on a real and deep improvement of these socioeconomic
conditions.
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Abstract

Climate variability and change have undermined the poor rural households’
ability in sub-Saharan Africa (SSA) to engage in food production effectively —
which comprises their primary source of livelihood — partly because it is pre-
dominantly rain-fed. Notwithstanding, the rural poor are not docile victims to
climatic risks. They actively seek innovative ways to utilize their bundle of assets
to reduce the negative effects of climatic risks to ensure household food security.
Bundle of assets comprise the financial, human, physical, social, and natural
assets owned by, or easily accessible to, an individual. Drawing on primary
data obtained qualitatively in the Delta State of Nigeria, this chapter analyzes
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how Indigenous farmers utilize their bundle of assets to grow their food in the
face of a rapidly changing climate. The results indicate that human and social
assets played crucial roles in facilitating household food security. Also, social
assets facilitated the procurement of other assets necessary to ensure continuity in
food production, albeit farmers continue to live under the global poverty line.
This chapter critically discusses the implications of these findings in relation to
the attainment of both the first and second Sustainable Development Goals (no
poverty and zero hunger) by 2030 in the Delta State.

Keywords

Assets - Climate change - Adaptation - Food security - Indigenous farmers;
Nigeria

Introduction

Climate variability and change have adversely affected various sectors of the global
economy including health (Ebhuoma and Gebreslasie 2016), transportation
(Jaroszweski et al. 2010), and tourism (Fitchett et al. 2017). However, no sector
has been severely affected like agriculture, especially in the developing world
(Intergovernmental Panel on Climate Change (IPCC) 2014). This is primary because
the agricultural practices embarked upon by poor rural households are extensively
dependent on rainfall (Conway and Schipper 2011). Consequently, the slightest
deviation of weather patterns from the normal can subject most of the rural poor in
developing countries to excruciating poverty and misery due to their inability to
obtain their livelihood from food production (IPCC 2014). Furthermore, the vulner-
ability of the rural poor to climatic risks is exacerbated by weak institutions and
agricultural policies, deficiency of social safety nets, inability to purchase farm
insurance, and low levels of education (Perez et al. 2015).

In Nigeria, for example, agriculture contributes about 20% to its gross domestic
product (GDP), making it next in line to the country’s mainstay after crude oil
(National Bureau of Statistics (NBS) 2014). In the last two decades, however,
climate variability and change have wreaked havoc in various farming communities,
especially in the Delta State where 90% of rural households are actively engaged in
food production (Ifeanyi-obi et al. 2012). Climatic risks have become a huge cause
for concern among the rural poor due to growing uncertainty regarding anticipated
food productivity and outputs (Mavhura et al. 2013; Nelson et al. 2014). Despite the
increased climatic risks that the rural poor in the Delta State and other parts of sub-
Saharan Africa (SSA) are besieged by, they are not docile victims to these threats.

The poor, as Moser (2011) argue, are actively and consistently seeking innovative
ways to utilize, modify, and adapt their bundle of assets or capital to reduce the
negative effects of climatic risks on their livelihood. Bundle of assets comprises the
financial, human, physical, social, and natural assets (Table 1) owned by or easily
accessible to an individual. The focus on assets is crucial to facilitating the
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Table 1 Definition of bundle of assets

Asset or

capital Definition

Physical This includes equipment, infrastructures such as road networks, and other
productive resources owned by individuals, households, communities, or the
country itself

Financial This refers to financial resources available and easily accessible to individuals,

which includes loan, access to credits and savings in a bank or any other financial
institutions

Human This refers to the level of education, skills, health status, and nutrition of
individuals. Labor is closely associated with human capital investments. Health
statuses of individuals impact either positively or negatively on their ability to
work, while skill and level of education is crucial because it influences
individuals return from labor

Social This refers to the norms, rules, obligations, mutuality, and trust embedded in
social relations, social structures, and societies’ institutional disposition
Natural This refers to the atmosphere, land, minerals, forests, water, and wetlands. For the

rural poor, land is an essential asset.
Sources.: Bebbington (1999); Moser and Satterthwaite (2008); Moser (2011)

identification of entry points to inject tailored policy interventions that are necessary
to build and fortify the adaptive capacity and resilience of the rural poor (Moser
2011; Moser and Stein 2011). As documented by Moser (2011), individuals are not
docile victims but possess resources that they can draw upon in times of crisis. Thus,
identifying and strengthening these resources is crucial for the poor to be able to hold
their own in times of crisis such as climate variability and change by deploying their
available resources to ensure food security.

In the wake of a rapidly changing climate, the injection of tailored policy
interventions is desperately needed to scale up food production in SSA and facilitate
the actualization of Sustainable Development Goals (SDGs) 1 and 2 (no poverty and
zero hunger) by 2030. Against this background, this chapter analyzes the ways in
which Indigenous farmers in Igbide, Uzere, and Olomoro communities in the Delta
State of Nigeria utilize their bundle of assets to grow their food in the face of a
rapidly changing climate. Indigenous, in this context, refers to people that possess a
peculiar culture and knowledge distinct to their community that have been examined
with real-life scenarios (Ebhuoma 2020).

Research Methodology

The chapter is based on primary data obtained in Olomoro, Igbide, and Uzere
communities situated in Isoko south local government area (ISLGA) of the Delta
State in Nigeria (Fig. 1). The mean annual rainfall in the Delta State is between 2500
to 3000 mm (Adejuwon 2011). Both Igbide and Uzere are low-lying, while Olomoro
comprises both high- and low-lying areas. Due to annual heavy rainfall events, the
low-lying farmlands are submerged from June to the last week in October.
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Fig. 1 Map of the study areas. (Source: Cartographic Unit, Wits University, South Africa (2016))

Omohode’s (2012) documentation, following the 2012 flood disaster that severely
affected most States in Nigeria, influenced the choice of these communities. He
highlighted that most low-lying communities in ISLGA were completely submerged,
making the area resemble emergency oceans when viewed from a distance. Thus,
unpacking the ways in which Indigenous farmers in these communities engage with
their bundle of assets will provide valuable insights regarding how vulnerable people
grow their food in the face of climatic risks.

The communities are homogeneous in nature. For instance, Isoko, an Indigenous
language, is the local dialect spoken. Also, small-scale farming is the major eco-
nomic driver of these three communities, with the women at the helm of the practice.
While some men assist their wives to produce food, they are mostly involved in
fishing. In terms of food production, cassava and groundnut are the predominant
staples cultivated annually. Cassava makes up approximately 65% of the total caloric
intake in each community. Other cultivated crops include cocoyam, potato, pepper,
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and plantain. With the exception of cassava which requires a minimum of 6 months
to reach maturity, the other crops can be harvested 3 months after planting.

Focus group discussions (FGDs) and semi-structured interviews were used to
obtain primary data. Thirty-five FGDs and four one-to-one, semi-structured inter-
views (two in Olomoro, one in Igbide and Uzere) were conducted between June and
October 2015. Of the 35 focus groups, 24 were made up of female respondents; five
comprised male respondents, while six were made of both male and female respon-
dents. Respondents in each FGD varied between 3 and 12 respondents aged between
20 and 85.

Respondents were identified using purposive sampling based on age, gender,
those who have been farming in the study areas for a minimum of 10 years, those
whose household assets and livelihoods were severely affected by the 2012 flood
disaster, and those that grow their food on low-lying farmlands. Key informants who
have lived in each community for over 40 years and an agricultural extension worker
facilitated the recruitment of eligible respondents. Primary data retrieved were
analyzed using the thematic analysis technique.

Findings
Livelihood Vulnerability to Climatic Risks

Respondents pinpointed heavy rainfall events — which resulted in seasonal flooding
of low-lying farmlands annually — as the worst weather conditions that undermined
effective food production through farmers’ inability to maximize their natural
capital. In this regard, a respondent from Uzere, in his 80s, stated:

We are constrained to practice seasonal planting due to flooding which must occur on our
farmland annually. Consequently, we must harvest all our cultivated cassava before our
farmland gets inundated. This usually worsens food insecurity in times of poor harvest. . ..
This is the advantage farmers in neighboring communities who cultivate on high ground
have over us. They do not lack garri (processed cassava) throughout the year.

Seasonal flooding restricts farming for 8 months annually, which has implications
for the amount of food farmers are able to produce annually. The second weather
conditions that adversely impacted food production are rising temperatures, especially
between February and April. On the one hand, respondents aged 40 years and below
revealed that the weather has become warmer in the last decade. On the other hand, the
elderly respondents (50 years and above) argued that the rise in temperature began in
the early 1980s. Both groups unanimously acknowledged that in the last 5 years,
temperatures between February and April have become abnormally high in the
afternoons. This has undermined their ability to work effectively on their farmlands.
From the respondents’ viewpoint, the adverse effects of the rising temperature are
evident in groundnut production as they now harvest empty pods more frequently than
in previous times. A respondent from Igbide, in her 50s, asserted:
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The sunlight during the months of February and March is really terrible and planting during
those months is very difficult. Groundnut is the crop that is seriously affected because it is
does not require intense sunlight for optimal productivity.

Approximately two-thirds of the respondents stated that the change in weather
conditions is due to God’s making and supernatural forces. When probed about the
role of humans in contributing to climate change, most debunked the claim. To
concretize this viewpoint, female respondents in a FGD in Igbide unanimously
agreed that the change in weather, humans have nothing to do with it; it is solely
the making of God. However, the youths attributed the vagaries of weather to the
increased rate of deforestation carried out by farmers to obtain firewood. Also, few
elderly respondents revealed that the rising temperatures are due to continuous gas
flaring activities by Shell’s crude oil exploration activities for over 40 years. These
three communities have about 62 oil wells that Shell drilled oil from before selling
all its oil wells in these communities to the Integrated Data Services Limited (IDSL),
a subsidiary of Nigerian national petroleum corporation (NNPC), in 2014. In this
light, a male respondent from Uzere, in his 50s, commented:

This community is particularly known for farming. But since the early 1980s, the quality of
both cassava and groundnut produced has reduced significantly. This is due to Shell’s oil
exploration activities. Most of the youths now engage in off-farm activities because farming
can no longer foot their bills.

Most elderly respondents attributed the poor starch content of the garri (pro-
cessed cassava) they produce to crude oil exploration activities. They lamented that
the oil exploration had compromised their soil’s nutrients, which in turn has affected
the nutritional value of the garri produced, especially when compared to the produce
harvested in the 1980s. However, only a few respondents highlighted farmers’
inability to engage in bush fallowing, due to increased demand for land stemming
from sporadic population growth, as an added factor that has facilitated the reduction
in quality of food produced.

Assets and Food Production Nexus

Due to the annual seasonal floods, farmers employ their human capital to produce
cassava on their low-lying farmland through an Indigenous strategy referred to as
elelame (follow the water). The other cultivated crops — cocoyam, potato, pepper,
and plantain — are produced using the early rains, which usually begins between
February and March and last till the end of May. The water strategy commences as
soon as the floodwater starts to recede the farmland, usually in November. The
farmers’ plant their cassava stems on the part of the soil that is visible and moist.
They replicate this process until the floodwaters have completely dried up from their
farmland. The planting process usually ends between the second and third week in
December.
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The following year, between June and August, when the rain is heavy and
continues to fall consistently, they start harvesting their produce. The decision
regarding where to commence harvesting is hinged on their human capital informed
by their Indigenous knowledge, as they know the precise portion of their farmland
that will be submerged at the earliest. Thus, they do not harvest all their farm produce
simultaneously. The crop closest to where the inundation will commence are
harvested first. The reason for not harvesting all the produce at the same time is
because the longer cassava remains in the soil, the bulkier they get. Also, labor
shortage is another factor that contributes to adopting this harvesting strategy.
Thereafter, usually within a week, they would return — pending on the consistency
of rainfall — to their farmland to employ a similar process to harvest the other
produce. After harvesting all their produce, they preserve the cassava stems on
their inundated farmland by constructing temporary structures to use them for food
production in the next planting season (Fig. 2).

To ensure they have garri to eat all year round, they utilize their human capital to
process the harvested cassava as well as store it properly. Respondents explained that
after the necessary procedures have been implemented, which entail peeling, soaking
the cassava in water for several hours, drying the soaked tubers and blending into
powdered form, it is fried with little palm oil to an overly dried state. After cooling
down, the garri is preserved in airtight sack bags. Thereafter, a wooden structure is
constructed and the sack bags placed on top of it. The fundamental reason for
suspending the sack bags from the ground is to prevent the garri from going bad
through mold formation.

Fig. 2 Indigenous technique used to preserve cassava stem on low-lying farmland. (Photograph:
John Ayiko (2015))
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It is noteworthy to mention that some farmers rent farmland, a natural capital, to
grow their food. Because most farmers lack financial capital during the planting
season, social capital plays a vital role in this regard only for trustworthy individuals.
As a respondent from Uzere, in her 40s, highlighted:

Most farmers lack finances during the planting season. Consequently, only trustworthy
individuals are privileged to get farm plots leased to them without having to pay the agreed
sum upfront. Often times, they pay the landowners after harvesting and traded some of the
produce.

Also, some farmers — due to a shortage of household labor and lack of capacity to
hire laborers — drew on their social capital to acquire human capital to facilitate the
harvesting of farm produce before the occurrence of the seasonal flooding. Specif-
ically, some farmers depend on neighbors, relatives, and friends to accelerate the
harvesting process to avert the possibility of some of the produced cassava from
decaying. Furthermore, social capital catalyzed the procurement of financial capital.
This is particularly useful as most farmers have been unable to benefit from several
loan schemes afforded by the Delta State government against the backdrop of the
farm loans being disbursed consistently for over 10 years (United Nations Develop-
ment Program (UNDP) 2014). Some highlighted that they only hear of farm loans
after the application process had closed, a state of affairs which was largely attributed
to nepotism.

Although microfinance banks (MFB) in the Delta State have been given direc-
tives to provide the rural poor with farm loans, the inability to provide collateral
matching the value of the loan sought after or a guarantor with valuable assets has
hampered farmers’ ability to secure such loans. As respondents in a female-only
FGD in Olomoro bemoaned:

Loans exist that could reduce some of the challenges we undergo as farmers, but due to the
fact that there is nobody to stand as a guarantor [lack of social capital], they have not been
able to harness such opportunities.

Since farmers’ annual earnings from food production (between 137 USD to 219
USD) are inadequate to secure their livelihood objectives, they utilize their social
capital to temper the financial drought. This is achieved by some community
members coming together to form a small group where the prior agreed monetary
contributions are made weekly to a trustworthy individual. At the end of each month,
the total sum is given to a group member, hinged on prearrangement. This scheme,
referred to as Osusu, is useful in ensuring that farmers can purchase items necessary
for food production.

Households Still Living Below the Global Poverty Line

Despite farmers’ skillful utilization of their meager bundle of assets at their disposal
to ensure continuity in food production, the majority still live under the global
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poverty line of less than $US 1.90 a day (Livingston et al. 2011). A fundamental
reason for this is due to the low financial gains made from the sale of garri
underpinned by its inferior quality when compared with those produced in neigh-
boring communities’ void of oil exploration activities. Thus, they are “forced” to
market their produce at a much-reduced price.

Another factor that impeded farmers from transcending living above the global
poverty line is due to the exorbitant interest rate money is borrowed from
unregulated bodies such as informal meeting groups and money lenders. Respon-
dents highlighted that not knowing influential people, underpinned by lack of social
capital, to act as guarantors to co-sign the credit agreement to access farm loans from
MFB is a pull factor toward securing loans from unregulated sources. As some
respondents explain, this is prevalent during the planting season as farmers often run
out of money having addressed other pressing issues such as paying for both
children’s tuition fees and levies attached to social responsibility. Thus, farmers
are left with no feasible alternative but to obtain loans from “financial predators” as
their requirements are less demanding. While the loan obtained enables farmers to
produce their food, it proved counterproductive in terms of evading the poverty
maze. For example, if a farmer borrows 50 USD for 6 months, the farmer is required
to refund the loan with a whopping 40% interest. This is testament to the fact that the
drive to become food secure pushes farmers to do anything within their powers to
achieve the objective, regardless of the long-term consequences.

The financial predators are well knowledgeable on the importance of farm loans
in ensuring household food security. As a result, they are unwilling to water down
their terms and conditions. In this regard, a farmer from Igbide, in his 50s, explained:

Without loans, some farmers cannot grow food. After these farmers secure loan from non-
government bodies, grow their food and sold some of the produce to refund the loan, most of
the time, they are left with little or nothing for the next planting season. The only choice they
have is to go back to secure loans from the group that lend them money previously. This is
the survival tactic of some farmers in this community.

In fact, the inability to access loan is a catalyst that has made some farmers to
engage in off-farm activities. Another factor that compromised effective food pro-
duction was the lack of physical capital, especially for farmers with access to large
hectares of land enough to engage in commercial farming. For example, farmers’
inability to access farm machinery dampened their fight to transcend the boundaries
of a subsistence farmer. A male respondent in Uzere stated that while the Delta State
government usually provides farm equipment for farmers, “it never gets to them.”
Instead, the equipment is “always hijacked” by influential politicians and close
associates of key politicians in the Delta State. In addition, the unavailability of
rice milling machines has prevented farmers from producing rice. Few elderly
respondents (50 years and above) in Igbide revealed:

In the 1960s, they were actively involved in rice production because of the swampy nature of
their farmlands, and rice milling machines provided by the government. But since the 1970s
till date, no provision has been made to provide rice milling machines for farmers. As a
result, rice cultivation has been abandoned.
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Finally, the farmers lamented bitterly that despite the enormous contributions
their communities have made to the nation’s foreign revenue for over four decades,
their communities have remained shockingly underdeveloped. The lack of good road
networks within each community, for example, erodes the financial capital of some
farmers, albeit insidiously. To illustrate, during the rainy seasons, it can be challeng-
ing for motorists to navigate their way through their community due to countless
potholes. This makes accessibility to markets where they have to sell some of their
farm produce an exasperating venture.

Discussion

The adverse effects of climatic risks are palpable in Igbide, Uzere, and Olomoro
communities in the Delta State of Nigeria. They have manifested in the form of
heavy rainfall events (Ifeanyi-obi et al. 2012), which leads to seasonal flooding of
low-lying farmlands, and rising temperatures (Ike and Ezeafulukwe 2015). While
these climatic variables have undermined food production, oil exploration activities
have aggravated farmers’ woes. By significantly degrading soil’s nutrients, oil
exploration activities have adversely compromised the quality of food produced.
This assertion is corroborated by research findings that have also emerged from the
Delta State (Ererobe 2009; Elum et al. 2016). Nonetheless, the findings can be
disaggregated into two key points.

First, farmers’ perception of climate change is underpinned by religious framing.
Similar findings have been recorded in Botswana (Spear et al. 2019), Mali (Bell
2014), Nigeria (Jellason et al. 2020), South Africa (Okem and Bracking 2019), and
Zimbabwe (Moyo et al. 2012), respectively. Attributing the cause of climate change
to oil exploration activities, God and other supernatural forces as well as
disentangling their lifestyle activity — deforestation — as a contributing factor
seems the logical way for people to continue with the state of affairs without any
ill feelings. Accepting how their lifestyle choices may be contributing to climate
change, no matter how insignificant it may seem in comparison to gas flaring, for
example, will doubtlessly require behavioral changes. In contrast to studies that
show that people highly vulnerable to climate change may be more willing to adopt
behavioral changes (Akerlof et al. 2013; Azadi et al. 2019), this may not be feasible
for farmers in the Delta State due to their quest to obtain their livelihood by any
means necessary.

For instance, to rely on kerosene or gas-fueled stoves for cooking may have
substantial financial implications in comparison to firewood. In this light, therefore,
the need to sensitize farmers on how their actions are contributing to climate change,
including the possible future implications for household food security, is essential.
This is primarily because rural households in SSA are expected to be adversely
affected by the impacts of future climate change (IPCC 2014). Also, it is necessary to
involve religious clergies as key stakeholders in the discourse around climate change
mitigation as their beliefs and values have the potential to influence the behaviors of
their congregation.
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Second, farmers have carved out unique strategies to maximize their meager asset
portfolios to produce food despite the increasing threats from climatic risks. The
systematic ways in which farmers utilize their human capital to grow food on their
low-lying farmlands indicate that farmers are not helpless victims to climatic risks.
This is corroborated by findings in Bangladesh (Al Mamun and Al Pavel 2014),
Botswana (Motsumi et al. 2012), and Zimbabwe (Mavhura et al. 2013). With the
right support and interventions such as providing easy access to loans, machinery,
and good road networks, the likelihood that farmers will successfully transcend
living above the global poverty line is extremely high. As several studies show
(Kochar 1997; Akoijam 2012; Ibrahim and Aliero 2012; Assogba et al. 2017), easy
access to government loans remain a major challenge for rural farmers in developing
countries. It is documented that the flourishing of exploitative money lenders is due
to low priority given to rural credit (Akoijam 2012). Thus, to ensure farmers access
farm loans, robust broadcasting of any program through mediums utilized by
households to receive vital information are crucial. Otherwise, the persistent depen-
dence on financial predators will continue to flourish, to the detriment of farmers in
the Delta State achieving the first SDG.

It should be emphasized that the skillful utilization of social capital to acquire
human capital (assistance with cassava harvesting), financial capital (Osusu), and
natural capital (not paying the rental before cultivating on farmland) indicates that
climate adaptation interventions that may cause fragmentation of households should
be avoided. For example, suppose the government wants to provide farmlands on
higher grounds to farmers to ensure they can produce food all year round. In that
case, farmers in the same community should be given land close to one another. This
is crucial for the strengthening of social capital, which is essential to facilitating
household food security and ensuring that the country is on the trajectory toward
achieving the first (no poverty) and second (zero hunger) SDGs by 2030. As Joshi
and Aoki (2014) argue, strong social networks influence household’s ability to
recover from a disaster.

Final Remarks

Climatic risks are making life difficult for the farmers cultivating on the low-lying
farmlands in Olomoro, Uzere, and Igbide communities. In responding to these
threats, Indigenous farmers skillfully employ their limited bundle of assets to
continue producing their food. Specifically, this chapter illustrated how human
capital plays a pivotal role in ensuring the production of cassava in the low-lying
farmlands, which experiences seasonal flooding annually, through an Indigenous
strategy referred to as elelame (follow the water). Also, social capital is a crucial
asset in farmers’ portfolio through its ability to facilitating the procurement of
financial capital through a local scheme called Osusu. Further, it enabled the
acquisition of natural capital by allowing trustworthy individuals to renting farm-
lands and only paying the fee after harvesting and selling some of the produce. Since
social capital is overwhelmingly fundamental to the achievement of food security,
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any scheme meant to assist farmers to adapt more effectively to climatic risks to
produce more food must ensure it creates an avenue for strengthening ties among
farmers.

This chapter also finds that despite farmers’ ability to attain household food
security every year, they still live below the global poverty line. A key factor fuelling
this state of affairs is primarily due to the inaccessibility of government loans.
Consequently, financially strapped farmers are constrained to secure loans from
unregulated sources. While it provides a leeway to continue in food production, it
is counterproductive due to the high-interest rates attached to the loans. Perhaps,
easing the loan acquisition process from MFB may successfully combat this menace.
Otherwise, farmers will be unable to weave their way out of poverty. To conclude,
until interventions are geared toward ensuring the protection, strengthening, and
making the acquisition of assets that play a fundamental role in food production,
chances of successfully achieving the first and second SDGs will be slim.
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Abstract

Climate change and variability is already reducing agricultural productivity and
opportunities for employment, pushing up food prices and affecting food avail-
ability and production of formerly adapted crop types. Such is the case in cotton
production in Zimbabwe, where it was the only viable commercial crop in
marginal areas. As a form of adaptation, there is need for African farmers to
have a range of agricultural techniques as coping strategies and tactics to enable
sustainable production of crops and deal with extreme events. Such techniques
include water conservation and introduction of new adapted crop genetics to cope
with the new environment. The emerging trends in climate change will force
farmers to adopt new crops and varieties and forms of agricultural production
technologies. The objective of this study is to determine the contribution of
combining in-field water harvesting and early maturing cotton varieties in curbing
drought in cotton in semiarid Zimbabwe. The results show that both water
harvesting in form of planting basins significantly (P <0.05) increased boll
number and branch number of cotton across all varieties. The varieties M577
and M567 out-performed the conventional varieties in early growth, branch
number, and boll number. Tied contour ridges gave a significantly (P <0.05)
higher moisture content in 0—5 cm and the 610 cm depth compared to conven-
tional tillage. The new varieties displayed early phenological development.
Despite the existence of rainfall gaps, the in-field water harvesting techniques
captured enough moisture and prevented moisture losses through runoff which
resulted successful flowering and fruiting in the short varieties compared to
conventional tillage on conventional varieties. In this regard, water harvesting
and early maturing varieties offer considerable hope for increasing crop produc-
tion in arid and semiarid areas of Zimbabwe.

Keywords

Climate change - Adaptation - Water conservation - Cotton - Semiarid

Introduction

Africa is regarded as having climates that are among the most viable in the world on
seasonal and decadal time scales (UNFCCC 2007). Floods and droughts can occur in
the same area within months from each other. Of the total additional people at risk of
hunger due to climate change, although already larger proportion, Africa may
account for the majority by the 2080s (Fischer et al. 2002). The increase in inerratic
rainfall seasons characterized by unpredictable length of seasons, high temperatures
alternating floods and dry spells, and variable rainfall amounts presents new
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Table 1 Agro-ecological regions and potential land use for Zimbabwe

Agro- Area as

ecological % of Recommended land

zone Area (ha) country | Characteristic weather use

I 703,400 1.8 High rainfall (>900 mm per | Fruits, tea, coffee
annum), with some macadamia nuts,
precipitation throughout the intensive livestock
year. Low temperatures production

I 5,861,400 |15.1 Moderately high (750— Intensive crop and/or
1000 mm per annum) rainfall | livestock production
confined to summer. Severe
dry spells are rare

I 7,287,700 | 19.5 Infrequent heavy rainfall Marginal for maize,
leads to moderate annual tobacco, and cotton
recording of about 650— production, livestock
800 mm. Fairly severe production
mid-season dry spells

v 14,782,300 | 36.7 Fairly low total rainfall Drought resistant crops
(450—650 mm per annum). such as sorghum and
Periodic seasonal droughts, pearl millet, livestock
severe dry spells during rainy | production
season

\% 10,441,100 |26.8 Low and erratic rainfall Too dry for successful

(<450 mm per annum,
<650 mm in the Zambezi
valley, and <600 mm in the
Sabi-Limpopo Valleys).
Prolonged midterm dry
spells

crop production
without irrigation.
Marginal millet,
sorghum, extensive
beef ranching, game
ranching

challenges to the majority of the farmers in the absence of appropriate response
strategy (Zimbabwe climate change response strategy, 2017). In the 2018-2019
cropping season below normal and highly erratic and patchy rainfall was recorded
for the first half of the season and most crops were stressed with most being
completely written off because of prolonged dryness (FEWS Net 2019).

In Zimbabwe, over 70% of Zimbabwe’s employment is directly or indirectly
accounted for by agriculture. The national agricultural production largely relies on
rain-fed agriculture which is one of the most vulnerable sectors to climate change
and variability. Adaptation to climate change will entail adjustments and changes at
every level from community to national level. Communities must build their resil-
ience including adapting appropriate technologies while making the most of tradi-
tionally and locally generated technologies and diversifying their livelihoods to cope
with the current and future stresses (Fischer et al. 2002).

Zimbabwe is generally characterized by low rainfall and more than 50% of its
land area falls under region IV and V which receive rainfall lower that 650 mm per
season (Table 1).

Maize planted late will not give good yields, thus making maize production a less
viable activity under climate change conditions. In the low-lying areas of southern
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(A) current (B) worst case 2080

Fig. 1 A comparison of the maize production zones under the current and worst case scenario for
the year 2080. (Source: Zimbabwe’s Second Communication to the United Nations framework
convention on climate change (UNFCCC))

Zimbabwe, for example, it is probable that climate change will turn the region into a
non-maize-producing area, as exemplified by reduced maize production in
Masvingo (Fig. 1). The projections are that by 2080 the area suitable for maize
production in the south-western and central provinces of Zimbabwe will have
decreased (Fig. 1).

This area, which represents 42% of the communal area, will become even more
marginal for maize production. Based on site results, seasons could be 25% shorter
than now.

Communities living in natural regions IV and V (which make up about 64% of the
land area) are at the mercy of climatic extremes, with few livelihood options (Brazier
2015). They tend to be the most vulnerable to poverty. These regions are already
feeling the impacts of climate change and will be the hardest hit in the future.
Climate change will exacerbate hardship and poverty among the people of
Zimbabwe. Women, children, and the disabled, especially those living in rural
areas, will be the worst affected. The causes of rural poverty relate to the adverse
climate and environmental conditions that disrupt agriculture, the main livelihood
activity in areas where most people live. Women, children, the elderly and the
disabled have been identified in several studies as being the most vulnerable to
shocks. Zimbabwe’s agricultural systems are already insecure as they depend mainly
on seasonal rainfall. In addition, ruinous land use practices in the form of poor soil
and water management, reduced biodiversity, and poor choice of crops to plant have
led to degradation of the resource based on which agriculture depends. Climate
change will hasten the degradation and exacerbate food insecurity, which is already
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Table 2 The impacts, sectorial vulnerabilities, and adaptive capacity to climate change

Impacts Sectorial vulnerability | Adaptive capacity

Warning by 1.5 °C Agricultural Rainwater harvesting
production severely
compromised

Drier subtropical regions Uncertainty on what Improved varieties that
and when to plant fit into the current
seasons

Decrease in annual rainfall Yields from rain-fed
production can be
halved

Extreme events: increase in frequency and | Net revenue could fall
intensity of storms and droughts and floods | by 90% by 2100

Adapted and modified from Christensen et al. (2007)

prevalent in Zimbabwe. There are likely to be shifts in the start and end of the rainy
season, and the onset of the rains may be delayed by between 4 and 6 weeks.
This will mean changes in planting and harvesting dates, the length of the growing
season, and the types of crops that farmers are forced to adopt.

Climate change affects crop production in the following ways (Table 2).

Characteristics of Cotton Growing Areas in Zimbabwe

The farms are generally small, often held under traditional tenure and are located in
marginal areas which are risk prone (FAO 2012). Their challenge is to improve
production of cotton under climate change. The investments in farming are low and
their ability to adapt is very low. The inventions in this sector have to low cost so that
adaptation levels are high hence the introduction of tied ridges and use of imported
varieties for sustainable cotton production. Varieties purchase will be done by
everybody prior to the onset of the season. Tied ridges are not an expensive
technology to introduce to the farmers as long as they understand the merits.

Crop Genetic Diversity and Climate Change

The emerging changes in climate will force farmers to adopt new varieties and crop
types and forms of agricultural production technologies that can respond to new and
changing stress factors. The areas that are currently the most food insecure will be
worst affected and will have the greatest need for new crop varieties that are tolerant
to drought high temperatures flooding salinity and other environmental extremes
(FAO 2015). Diverse crop species, varieties, and cultivation practices allow crops to
be grown across a wide range of environments. Sometimes better adapted varieties
will need to be brought in from outside.
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Traits that contribute to phenotypic plasticity (ability to cope with a wide range of
environmental conditions) may be increasingly important. Such is the case with
cotton in Zimbabwe where the traditional varieties were complimented by imports of
new cotton seed varieties from India.

Genetic resources could contribute greatly to efforts to cope with climate change.
It is likely that climate change will necessitate more international exchanges of
genetic resources as countries seek to obtain well-adapted crops. There is likely
going to be a greater interdependence on the use of genetic resources and that
underscores the importance of international cooperation (FAO 2015).

Food-insecure people in the developing world such as Zimbabwe especially
women and indigenous people are among the most vulnerable groups and usually
the hardest hit. In the case of cotton, the varieties used in Zimbabwe were not of a
match to the current environmental characteristics. Zimbabwe farmers continued to
cultivate the varieties although they were poorly adapted to the environment. The
Cotton Company of Zimbabwe imported hybrid varieties from India with the
objective of improving productivity and helping farmers to cope with environmental
adversities.

Status of Cotton

Cotton is the second most important cash crop in Zimbabwe and is grown by
thousands of smallholder farmers on average plot sizes of about 1 ha in the summer
growing season (Global Agricultural Information Network 2017). The crop is
strategic for poverty alleviation and is of major significance to food security for
smallholder farmers in marginal areas due to its contribution to incomes and
employment (Mujeyi 2013). The crop supports over one million people in marginal
areas of Zimbabwe including farmers their families, farm workers, and industrial
workers (Buka 2017; Mujeyi 2013). Most cotton growers have limited opportunities
as these are in semiarid areas and cotton production is the only viable option.

However, cotton production has been on the decrease in terms of the number of
farmers producing the crop (Fig. 2).

In some yeas the government intervened in cotton production through free cotton
inputs. Generally the trend from the number of cotton farmers to yield per hectare
(Figs. 2 and 3) points to the fact that cotton production is in the decrease. This might
be partly due to the low prices on the international market. The low levels of
production might be partly due to old varieties which are poorly adapted to the
current environmental trends as dictated by climate change. There have been no new
cotton varieties over the past 25 years in Zimbabwe. This implies that the recent
climate shifts experienced in most parts of the world has not been factored in
Zimbabwe cotton breeding program. The government of Zimbabwe prohibited the
use of genetically modified seed which might have improved cotton yields.

Climate change has brought greater uncertainty and exposure to multiple climate
stress. The lives of millions of people in semiarid Zimbabwe who depended on
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cotton for their livelihood are highly vulnerable to climate change. The local farmers
have traditionally managed harsh environment by growing moisture stress-tolerant
cotton. In order to improve the effectiveness of crop production in these marginal
rainfall regions, cultural practices which conserve water availability to the crop are
essential (Mupangwa et al. 2000).

Investing in agricultural production methods to boost farmers’ resilience against
weather shocks is a key strategy to reduce negative impacts. The cotton growing
areas of Zimbabwe are generally rain fed and are characterized by rainfall patterns
which are highly variable in amount and distribution. This has been exacerbated by
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climate change. According to McHugh et al. (2007), the main limitation for increas-
ing crop yields in rain-fed farming systems is crop water stress caused by inefficient
use of rainwater. Rockstrom and Falkenmark (2000) reported that inefficient use of
rainwater is often a consequence of poor rainfall partitioning resulting in low root-
zone soil moisture or poor plant uptake of available moisture. Making rainfall
available and its effective storage and efficient use are therefore important adaptive
mechanisms and major determinants in cotton production under climate change.
According to Nyamadzawo et al. (2013), climate change models have projected a
decrease in rainfall in southern Africa and research has already shown the same.
Therefore, the focus should be on upgrading rain-fed smallholder farming in tropical
environments characterized by frequent droughts and mid-season dry spells.
According to Ibraimo and Munguambe (2007), there is need for more efficient
capture and use of scarce water resources in arid and semiarid areas. The optimiza-
tion of rainfall management through water harvesting in sustainable and integrated
production system can contribute to improve small scale farming households by
upgrading rain-fed agricultural production. Research has documented substantial
increases that are obtained through soil water conservation and efficient use of it by
the crop, and, subsequently, the yield increases.

In-Field Moisture Harvesting
Tied Ridges

The effect of the ridges was generally higher in drier periods and more when the
ridge ends were tied. Belay et al. (1998) reported that in wetter seasons, open-end
ridges gave higher yields which show how important it is that soil and land
management practices include means to safely dispose water from the field,
should the rain exceed the retention of the soil. UNEP (1997) also confirmed
that rain water harvesting involves the use of methods that increase the amount of
water stored in the soil profile by trapping or holding the rain where it falls and it
involves small movements of rainwater in order to concentrate it where it is
required.

Planting Basins

In Zimbabwe, planting basins are structures that are dug from July through October
in the same positions annually and whose recommended dimensions are 15 cm
length by 15 cm width and 15 cm depth (Mupangwa et al. 2006; Twomlow and Hove
2007). These basins are spaced at 90 cm by 60 cm. The basins benefit, particularly,
poorer farmers with no access to draught power as they will not have delayed
planting as they wait to borrow draught power from their neighbors (Mazvimavi
and Twomlow 2007).
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Mulch Ripping

Ox-drawn rip lines are made from attachments fitted on the plough frame and were
developed to open furrows for moisture capture. They also break superficially
compacted layers (Mandumbu 2011). Mapfumo et al. (2002) explained that mulch
ripping makes use of the soil on the surface to protect the soil underneath, making
soil disturbance limited to the planting zones, and ripping is done to a depth of
23 cm. In Zimbabwe, rip lines that are being promoted go to a depth of 23 cm.

Cotton Production Under Climate Change

Drought-tolerant cotton and in-field water harvesting are promising technologies to
minimize the impacts of drought (Katengeza et al. 2019). The farmers in Zambezi
valley in Zimbabwe have traditionally used two cotton varieties. Although these
have over the years sufficed, they are currently failing due to recent trends on climate
change. The low cotton genetic diversity and its use in traditional risk management
may affect the resilience of farmers especially recently due to existing stresses which
have made the environment more unpredictable (Meldrum et al. 2017). According to
Thomas et al. (2015) the importance of crop genetic diversity or resilience and
adaptation of farm systems to climate change is highlighted in many studies.

Recently, the cotton companies have promoted subsoiling and tied contours as
in-field water harvesting techniques to cushion farmers against the adverse effects of
climate change (Chaniwa et al. 2020). In situ water harvesting involves small
movements of rainwater as surface runoff, in order to concentrate water where it is
wanted most (Ibraimo and Munguambe 2007). Therefore the objectives of this study
are to determine the effects of two tillage systems (conventional and tied ridges) on
the performance of six cotton genotypes in semiarid northern Zimbabwe.

Effects of Water Harvesting on Soil Moisture Content

The results showed that tied rides had a significantly higher (P <0.05) moisture
content in the 0—5 and 610 cm depth compared to conventional system, while there
were no significant differences between the two tillage systems at 11-15 cm (Fig. 4).

The results indicated that tied ridges had significantly higher percentage of
moisture content at 0—5 and 6—10 but not at 11-15 cm. Higher moisture content at
0-5 cm illustrates the effectiveness of tied contours in moisture conservation on top
soil horizons. The 2018-2019 season was a drought year in Zimbabwe, so the effects
of the tillage method on moisture was apparent. These results are in tandem with
Mupangwa et al. (2006) and Nyamadzawo et al. (2013) who reported the efficiency
of tied ridges in capturing moisture and concentrating it on the root zone. Usually
shallower depths are first ones to dry, hence the ability of the tied ridges to retain
moisture makes the crop grow better compared to those in conventional plots; as the
season was characterized by short duration, high-intensity rainfall, this might have
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Fig. 4 Effects of tillage system on percentage moisture content at three sampling depths

resulted in moisture loss through runoff as rainfall intensity exceeded the infiltration
capacity of the soil.

This means that the use of tied ridges as moisture conservation techniques was
advantageous in the cotton as plants grown in tied ridges could still absorb moisture
from the top horizons while those in conventional tillage could not. Higher moisture
content will be followed by higher water use efficiency and subsequently higher
yields. Promoting such a technology in the communities located in marginally drier
areas would increase productivity of the cotton plants and help farmers cope with
dryness caused by climate change.

Tied ridges increase the amount of water in the soil profile by trapping or holding
the rainfall. These structures reduce runoff from the fields and enhance infiltration.
This leads to higher amounts of stored moisture. Water harvesting is currently being
rejuvenated in the marginal areas as an adaptive mechanism to climate change. High-
intensity rainfall causes moisture to be lost through runoff. Research done by
Nyamadzawo et al. (2012) found moisture losses as much as 50% being lost to
runoff from cultivated fields. Due to the erratic nature of the rainfall such losses may
never be recovered.

Soil water content near field capacity allows for best combinations of sufficient
air space for oxygen diffusion, greatest amounts of nutrients in soluble forms,
greatest cross-sectional areas for diffusion of ions and mass flow of water, and
most favorable conditions for root extension.

The days to flowering varied significantly due to the effects of cotton genotypes.
The results indicated that the genotypes M579 and M 577 had significantly fewer
days to flowering compared to QM301 and CRIM 51 which are the Zimbabwe
varieties (Fig. 5).
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Fig. 5 The effect of cotton varieties on days to flowering

It was observed that M579 and M577 flowered the earliest compared to the rest
of the varieties (Fig. 2). The variety M577 had the highest number of productive
branches (Fig. 2). This according to Kooyers (2015) illustrates drought escape.
Drought escape occurs when plants develop rapidly and reproduce when the
environment becomes severe. Usually a variety that develops early escapes
drought due to the shortened life cycle. The early flowering varieties represent a
response when the plant’s genetic resources are sourced to assist farmers to adapt
to the changed climate. FAO (2015) reported that the biggest challenge for future
food or commerce is to find a good match between the crops and the production
environment as the effects of climate change increase. The two varieties are
therefore suited to the changed conditions of semiarid Zimbabwe. These geno-
types were obtained from India. Singh (2017) reported that one of the breeding
strategies to mitigate the effect of climate change is to improve adaptation through
increased access to a number of varieties at the local level with different growth
durations to escape or to avoid predictable occurrences of stress at critical periods.
This reduces the vulnerability of local farmers to the effects of climate change
extremes.

The cotton variety M577 had the biggest cotton branch number compared to the
rest of the varieties. The locally bred varieties showed lower branch numbers
compared to the imported one (Fig. 6).

Branch number was also significantly (P <0.05) affected by moisture conserva-
tion method. Tied ridges had significantly higher branch number compared to
conventional tillage (Fig. 6).

The hybrids showed potential for use in environments with low water availability.
Obtaining hybrids with good grain yield in environments with water restriction and a
significant increase in water-limited environments has been an aim of many breeding
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programs. Varieties with lower yield reduction in stressful environment mean sta-
bility of production which is desirable.

A combination of high bearing branch number and few days to flowering is key in
selecting crop varieties suited to climate change. One major characteristic of the
seasons is erratic rainfall which begins early and terminates prematurely. Other
seasons have delayed start and end prematurely. Generally, most seasons are not
long enough to allow most varieties from germination until it reaches maturity. The
varieties M577 and M567 suit such an environment as it can escape droughts
through early phenological development. Quicker production of flowering branches
also indicates tolerance to drought. Therefore, introduction of varieties to small-scale
farmers in Zimbabwe is for farmers’ adaptation to climate change.



10 Tied Ridges and Better Cotton Breeds for Climate Change Adaptation 193

For flower number the M577, M579, and M567 had the highest number of
flowers. Flower number represents reproductive capacity. The same trend was
observed on boll number. Higher flower numbers were observed on tied ridges
compared to conventional system (Fig. 7). This showed that the varieties respond
to tied ridges compared to conventional. As cotton is grown by small-scale farmers
in high-risk environments, the results illustrate the suitability of these three varieties
to the northern Zimbabwe environment. Adopting the three varieties to the Zimba-
bwean conditions illustrate Nhemachena et al. (2016)’s assertion that new crop
varieties will be needed to cope with climate change. Areas with shortened seasons
result in low yield potential, affecting agricultural productivity. Local breeding
efforts may be slow to match the changing environments, hence the importation of
genotypes that suit the environment. The new environment is forcing farmers to
abandon some varieties or even abandon the crop especially if the varieties cannot
withstand the new conditions.

The tied ridges gave a significantly higher branch number compared to conven-
tional system (Fig. 5). This illustrates the suitability of the moisture conservation to
maintain cotton production in arid areas which are vulnerable to climate change.
Tied ridges tended to concentrate moisture on the few areas and that makes more
moisture available for the crop.

The varieties M579 and M577 were the most suited to the climate of northern
Zimbabwe as they performed much better that the traditional varieties which farmers
have been using. Also making tied ridges improve water retention properties of the soil
and leads to greater water use efficiency. Therefore adoption of tied ridges and the two
varieties has potential to be an adaptive strategy that has potential to resuscitate an
industry that was facing extinction due to climate change. Bringing new varieties and
introducing water harvesting has been key in alleviating the effects of climate change
on cotton production. The current conventional cotton varieties had failed to cope with
climate change effects of reduced moisture availability. Other characteristics noted on
the new varieties were very early development and increased branch number. These
new varieties are better able to withstand the current adversities and keep marginalized
farmers in production. The number of bolls noted per branch and on branches is all
yield parameters which are critical for cotton productivity.

The cotton parameters noted above contribute to phenotypic plasticity which is the
ability to cope with a wide range of environmental conditions. According to Kooyers
(2015), drought escape may be optimal for annual plants in environments with shorter
growing periods that are ended by sever terminal drought while drought avoidance may
be optimal where if the growing season is punctuated by transient droughts.
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especially among cattle farmers. In order to attempt filling this gap, this study
analyzed the determinants of the perception of climate change by cattle farmers
distributed in the dry and sub-humid tropical zones of Benin as well as the current
adaptation strategies developed by these farmers. For this purpose, surveys were
carried out through group discussions and an individual questionnaire administered
to 360 cattle farmers in the two climatic zones. The data collected related to the
sociodemographic characteristics of cattle farmers and their perception of climate
change and adaptation strategies. A binary logit model has identified the factors that
influence cattle farmers’ perceptions of climate change. The results of the study
showed that cattle farmers perceive a drop in rain (at least 77%), an increase in
temperature (at least 80%), and violent winds (at least 60%). Breeding experience,
level of education of the farmer, household size, membership of a breeders’
organization, and cattle herd size determine these perceptions. Four major groups
of adaptation strategies have been developed by farmers to cope with climate
change. These are production adjustment strategies, activity diversification strate-
gies, livestock management strategies, and selection strategies. The political impli-
cation of this study is that government and development partners should integrate
these factors into projects and programs related to climate change.

Keywords

Animal - Climatic zone - Climate change - Adaptation strategies - West Africa

Introduction

Climate change is currently an increasingly visible threat to the viability of the rural
population of sub-Saharan Africa, where communities depend mainly on the exploi-
tation of natural resources (Kaboré et al. 2019; Adimassu and Kessler 2016).
Livestock rearing is one of the main economic activities on which the poorest people
in sub-Saharan Africa depend as a source of food and income. Despite its impor-
tance, livestock is currently threatened by climate change (Apata et al. 2009; Deressa
et al. 2009) because of its high dependence on natural resources specifically fodder
and water (Idrissou et al. 2019; IUCN 2010). The impacts of climate change in the
livestock sector are felt in the production and quality of forage crops (Polley et al.
2013; Chapman et al. 2012), water availability, animal growth, milk production,
reproduction, and disease (Henry et al. 2012). Faced with this situation, the chal-
lenge for the scientific community is to produce knowledge enabling farmers to
anticipate the effects of climate change on their system and to develop methods and
tools to adapt to it (Sautier 2013). To achieve this, it is necessary to understand how
pastoralists perceive climate change (Deressa et al. 2011), as this influences the way
they manage climate-related risks and opportunities, as well as the strategies put in
place to adapt (Mamba 2016). In developing countries, numerous studies have dealt
with the perception and adaptation strategies of pastoralists in the face of climate
change (Idrissou et al. 2020; Sanou et al. 2018; Ayanlade et al. 2017). In Benin, for
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example, several studies show that pastoralists perceive climate change through the
drop in rain, irregular rainfall, and late start and early end of the rainy season
(Idrissou et al. 2020; Dossa et al. 2017; Zakari et al. 2015). Pastoralists in Burkina
Faso have unanimously discerned some changes in precipitation and temperature
(Sanfo et al. 2015). They saw a decrease in annual precipitation, an increase in the
intensity of precipitation, and the frequency of flooding. In Kenya, pastoralists have
reported changes in the amount and distribution of precipitation, fog, temperature,
and wind over the past 20 to 30 years (Cuni-Sanchez et al. 2019). To cope with the
harmful effects of climate change, pastoralists in developing countries have devel-
oped several strategies such as herd mobility, storage of crop residues, and integra-
tion of livestock rearing with crop farming, among others (Idrissou et al. 2019).

These studies, although they allow apprehending the perceptions and adaptation
strategies of cattle farmers, are still insufficient. Indeed, information on the factors
that determine the perceptions of pastoralists has not often been analyzed. Knowl-
edge of this aspect is important for science and will allow better targeting of policies
to support the adaptation of pastoralists to climate change in developing countries.

Benin, a small country in West Africa, has three climatic zones, the most
vulnerable to climate change being the dry and sub-humid tropical zones (Gnanglé
etal. 2011; MEHU 2011). It is in these most vulnerable areas that more than 85% of
the country’s cattle farms are concentrated (Alkoiret et al. 2011). These cattle farms
will be severely affected by the effects of climate change, resulting in reduced
productivity (Nardone et al. 2010). Pastoralists in these zones are thus exposed to
risks of food insecurity and increasing poverty. A study analyzing the perception and
adaptation strategies of pastoralists in these areas in the face of climate change is
timely as it can help improve policies aimed at supporting these pastoralists to adapt
sustainably to climate change (Folefack and Tenikue 2015; Mabe et al. 2014). The
aims of this study are therefore to (i) analyze the determinants of the perception of
climate change by cattle farmers in the dry and sub-humid tropical zones of Benin
and (ii) identify the current adaptation strategies developed by these farmers.

Material and Methods
Study Areas

This study was carried out in two of the three climatic zones of Benin (located 6° and
12° 50'N and 1° and 3° 40’ E). These are the dry tropical zone between 9° 45’ and
12° 25’ N and the sub-humid tropical zone located between 7° 30" and 9° 45’ N
(Fig. 1). The choice of these zones is based on the fact that climate forecasts indicate
that they are the most vulnerable to rainfall deficit and high sunshine (Gnangl¢ et al.
2011; MEHU 2011), yet more than 85% of the Beninese cattle herd is concentrated
in these zones (Alkoiret et al. 2011).

In each zone, two (2) municipalities were chosen based on the large number of
cattle farmers and preliminary interviews with technicians from the “Agences
Territoriales pour le Développement Agricole” (ATDA). Thus, the municipalities
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Fig. 1 Location of the villages surveyed in Benin

of Tchaourou and Nikki were selected in the sub-humid tropical zone and those of
Gogounou and Banikoara in the dry tropical zone. Within each municipality, three
villages have been selected (Fig. 1). In the dry tropical zone, which includes the
municipalities of Gogounou and Banikoara, the mean annual rainfall is often less
than 1000 mm, and the relative humidity varies from 18 to 99% (highest in August).
The temperature varies from 24 °C to 31 °C. The soils in this zone are hydromorphic,
well-drained soils, and lithosols. The vegetation of this zone is mainly composed of
savannas with trees of smaller size. The sub-humid tropical zone, made up of the
municipalities of Tchaourou and Nikki, is characterized by unimodal precipitation,
from May to October, and lasts about 113 days with an annual mean rainfall varying
between 900 and 1110 mm. The annual temperature ranges from 25 °C to 29 °C and
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the relative humidity from 31% to 98%. Soils in this zone are ferruginous with
variable fertility. The vegetation of the sub-humid tropical zone is characterized by a
mosaic of woodland, dry dense forests, tree and shrub savannas, and gallery forests.

Data Collection

Data collection was carried out from November 2018 to April 2019 in two stages that
include the exploratory study and in-depth interviews.

Exploratory Study

During this phase, interviews were carried out with technicians from the ATDA in
order to identify the villages and cattle farmers to be surveyed. On the basis of the
defined criteria, with the local technicians, the villages of Koubou, Papan¢, and
Agbassa were identified in the municipality of Tchaourou; the villages Tébo, Biro,
and Sakabansi in the municipality of Nikki; the villages of Bagou, Fana, and Lougou
in the municipality of Gogounou; and finally those of Founougo, Goumori, and
Soroko in the municipality of Banikoara (Fig. 1).

After identifying the villages, focus groups of staff varying from 6 to 15 people
were carried out (one focus group per village). During the focus groups, the
questions were open and made it possible to record the maximum of responses on
the perceptions and adaptation strategies of cattle farmers. At the end of these focus
groups, a list of climatic parameters cited by cattle farmers was drawn up. These
climatic parameters have been broken down into different indicators of their man-
ifestations as cited by farmers. A global synthesis was made to constitute the content
of the questionnaire for in-depth interviews.

The interviews carried out during the exploratory study made it possible to
randomly select 30 cattle farmers per village to whom questions were addressed
individually for the continuation of the study. Thus, a total of 360 cattle farmers were
surveyed during this study. The criteria for choosing cattle farmers were having
cattle breeding as their main activity and being at least 50 years old. The choice of
breeding as the main activity to discriminate the respondents is justified by the fact
that several studies focus on agro-pastoralists and generalize the results obtained
both to agro-pastoralists and to pastoralists. However, these socio-professional
categories face different socioeconomic problems (Zampaligré et al. 2014). The
age barrier (50 years) is explained by the fact that climate change is very slow and
elderly people are needed to have reliable historical information (Kaboré et al. 2019;
Bambara et al. 2016).

In-Depth Interviews

The in-depth interview consisted of collecting data through semi-structured inter-
views with the 360 cattle farmers identified during the exploratory study. For data
collection, local investigators were recruited and trained. The training of local
investigators was undertaken for a week and piloted before the start of interviews
with cattle farmers. The aim of the training was to minimize bias and errors in data
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collection. The interviewers used to conduct the interviews with the cattle farmers
were selected from each study village and understood the local language of the
village. The data were collected using a questionnaire. A first series of questions
related to the sociodemographic characteristics of the cattle farmers (sex, age,
breeding experience, ethnic group, household size, number of agricultural assets,
level of education, contact with agricultural extension services, membership of a
breeders’ organization, etc.) and a second series of questions concerned the percep-
tion of climate change indicators as well as the adaptation strategies developed. The
questions posed to farmers on their perception of climate change are consistent with
the indices of the Expert Team on Climate Change Detection Monitoring and Indices
(ETCCDMI) (Zhang and Yang 2004). Climate change indicators are meteorological
parameters whose evolution over time reflects climate change. These indicators are
total annual precipitation, rainfall intensity, daily maximum, and minimum temper-
atures. Other parameters were also taken into account including “rainless days” or
pockets of drought, vortex, and strong winds (Bambara et al. 2016; Salack et al.
2012).

Statistical Analysis

The data from the surveys were processed using the Statistical Package for Social
Sciences (SPSS) version 17. Frequencies of responses were reported and compared
with chi-square (y2) test. The quantitative variables describing the cattle farmers
surveyed were presented as means + standard deviations and compared between
climatic zones using the Mann-Whitney U nonparametric test (McDonald 2009).

The determinants that influence cattle farmers’ perception of climate change have
been analyzed by binary logistic regression (Kaboré et al. 2019; Uddin et al. 2017).
The equation of the binary model is as follows:

Yi=Xip+ei (1)

where Yi is the variable which takes the value 1 if the farmer perceives a climate
change indicator and 0 if he does not perceive it; Xi is the set of explanatory
variables indicating the factors that influence the cattle farmers’ perception of
climate change; and i is the standard error.

Before estimating the logistic regression model, the explanatory variables were
checked to determine the existence of multi-colinearity, using the contingency
coefficient test (Uddin et al. 2017). A collinearity was observed between the
breeding experience and age; between the number of agricultural assets and house-
hold size; and between membership of a breeders’ organization and contact with
extension services. Consequently, age, number of agricultural assets, and contact
with extension services were omitted from the logistic regression model after the
multi-colinearity test. The explanatory variables used for the regressions are sex,
breeding experience, ethnic group, level of education, location (climatic zone),
membership to a breeders’ organization, household size, and herd size.
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Results and Discussion
Sociodemographic Characteristics of the Cattle Farmers Surveyed

The sociodemographic characteristics of the cattle farmers surveyed are summarized
in Table 1. The majority of the cattle farmers surveyed are of the Fulani sociocultural
group (80.83%) and of the male sex (92.5%). They are relatively old
(56.43 £ 5.88 years) and have an average experience of 30 years in cattle breeding.
Cattle farmers in the sub-humid tropical zone were older and more experienced
(p < 0.05) than those in the dry tropical zone. Very few cattle farmers have been
educated (5%). The household size of the cattle farmers surveyed was on average 11
people, and the cattle herd size was on average 64 heads. A large number of cattle
farmers are members of an organization (90.92%) and are also in contact with
agricultural extension services (66.21%). It is specified that the number of cattle
farmers in contact with agricultural extension services in the dry tropical zone is
significantly high (p < 0.05) compared to that of the sub-humid tropical zone. This
could be explained by the fact that historically the dry zone is an area purely
dedicated to animal husbandry, which leads technicians leaving agricultural college
and university to settle more in this zone. Additionally, the first livestock extension
structures were created in the dry zone.

Table 1 Sociodemographic characteristics of cattle farmers

Climatic zones

Variables STZ DTZ Total
Percentage (%)

Sex

Male 95.00* 90.00* 92.50

Female 5.00% 10.00* 7.50

Ethnic group

Fulani 80.00* 81.67° 80.83

Bariba 20.00* 18.33* 19.17

Level of education

Educated 6.67% 3.33% 5.00
Non-educated 93.33* 96.67* 95.00
Membership in an organization 88.33% 93.50? 90.92

Contact with the extension 60.67% 71.75° 66.21

Mean + standard deviation

Age 57.95 + 6.52° 5491 +4.7° 56.43 + 5.88
Breeding experience 34.37 £ 10.95% 25.75 + 8.4° 30.05 + 10.63
Number of agricultural assets 8.55 + 3.64° 7.16 + 3.25° 7.85 + 3.50
Household size 11.70 + 4.64* 11.71 + 4.81* 11.70 + 4.71
Cattle herd size 61.28 + 41.59* 67.72 £ 35. 46" 64.50 + 38.62

STZ sub-humid tropical zone, DTZ dry tropical zone
2 PThe values of the same line indexed by different letters are significantly different at the 5%
threshold
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Cattle Farmers’ Perception of Climate Change Indicators

Seventy-seven percent (77%) of cattle farmers in the sub-humid tropical zone and
82% in the dry tropical zone perceived a decrease in rainfall (Fig. 2a). The indicator
“high intensity of rainfall” was perceived by 78% of the cattle farmers of the dry
tropical zone against 52% of the cattle farmers of the sub-humid tropical zone. In the
both zones, indicators of change in precipitation such as the duration of the drought
pocket, the late onset, and the early cessation of the rains were perceived by more
than 80% of the farmers interviewed. At least 50% of the farmers in both zones
perceived an irregularity in the rains. These indicators of change in precipitation
perceived by pastoralists could be explained by the fact that these indicators remain
the most visible in the observation of rainfall pejoration in Africa (Bambara et al.
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Fig. 2 Perception of indicators of changes in rainfall (a) in temperature (b) and wind (c) by cattle
farmers in the dry (white) and sub-humid (black) tropical zones of Benin
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2013). These results therefore confirm the work of several authors in Africa (Cuni-
Sanchez et al. 2019; Opiyo et al. 2016).

The majority (at least 80%) of cattle farmers in the both zones recognize that the
heat is getting stronger (Fig. 2b). These results reflect an increase in maximum and
minimum daily temperatures observed throughout the year. Farmers also indicated
that the cold season is warming up (70% and 73% of the cattle farmers in the dry and
sub-humid tropical zones respectively) and tends to become shorter (82% in the dry
zone and 85% in the sub-humid zone). As the temperature is a direct feeling, the
farmers can easily see its increase through warmer days and nights. In addition, high
temperatures cause animals to seek more shade and water (Idrissou et al. 2020). This
behavior of animals observed by farmers could also explain their perception of the
increase in temperature.

According to 60% of cattle farmers in the dry tropical zone and 64% of the
farmers in the sub-humid tropical zone, the winds have become more and more
violent (Fig. 2c). The increase in vortices was reported by at least 40% of cattle
farmers in the both zones. In addition, more than 50% of the cattle farmers in the two
zones perceived an increase in dust mists. Strong winds cause material damage such
as destruction of roofs, erosion of cultivable land, uprooting of trees, etc. This
damage noted by farmers could explain their perception. Similar perceptions have
been reported by several authors in other parts of Africa (Limantol et al. 2016; Opiyo
et al. 2016).

Determinants of Cattle Farmers’ Perception of Climate Change

The analysis of binary logistic regression performed to determine the factors that
influence the farmers’ perception of the change in precipitation and temperature is
summarized in Table 2. The variable “Breeding Experience” positively affects
perceptions of reduced rainfall and late onset and early cessation of rains. This result
indicates that farmers with longer years of cattle breeding experience were more
likely to perceive climate change. In addition, experienced farmers observe changes
over time and compare them to current climatic conditions, allowing them to quickly
perceive climate change. This result is similar to those obtained by several authors
(Sanogo et al. 2017; Uddin et al. 2017).

The level of education of the cattle farmers positively influences the perception of
the late onset of the rains at the threshold of 10% (Table 2). The most educated
farmers are more interested in calendar dates or the start of school holidays, which
generally coincide with the start of winter (Kaboré et al. 2019). The less educated do
not really make the difference between an early or late season.

Membership of a breeders’ organization influences cattle farmers’ perception of
reduced rains and late onset and early cessation of rains. Breeders’ organizations
benefit from training from development partners through non-governmental organi-
zations (NGOs), agricultural development projects, and programs. Through these
different structures, cattle farmers are made aware of climate change as well as the
present and future consequences on their livelihood. In addition to these sources of
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learning are the relationships that cattle farmers have with each other which serve as
channels for sharing experiences.

Household size positively influenced the cattle farmers’ perception of the
increased heat. This finding indicates that with increasing household size, the
likelihood that cattle farmers perceive climate change increases. Milk represents an
essential constituent of the food ration of Fulani cattle farmers and also generates
income for their households (Alkoiret et al. 2010). Climate change is causing a
decrease in the milk production of animals (Henry et al. 2012). Large households are
therefore no longer able to meet the milk demand of their large families. This is why
cattle farmers can more easily detect climate change (Kosmowski et al. 2016).

Cattle herd size has also influenced cattle farmers’ perception of the increase in
heat, the decrease in rainfall, and the late onset and the early cessation of rains. This
means that farmers with large numbers of cattle perceive climate change better than
those with small numbers due to the high demand for water and forage. This result is
similar to that obtained among Turkana cattle farmers in northwestern Kenya (Opiyo
et al. 2016).

Cattle Farmers’ Adaptation Strategies to Climate Change

To adapt to climate change, cattle farmers in the dry and sub-humid tropical zones of
Benin have developed several strategies (Table 3). These strategies can be grouped

Table 3 Adaptation strategies of cattle farmers in the dry and sub-humid tropical zones of Benin in
the face of climate change

Climatic

Adaptation strategies zones
Strategy group Type of strategy Total |DTZ |STZ |X° p-Value
Production Forage cropping 31.1 10* 52.2° 72.9 <0.0001
adjustment Storage of crop residues 76.1 |82.2% | 70° 6.7 0.009
strategies Making hay 189 |19.4* [18.3® 0.01 | 0.89

Night grazing 144 | 13.9* |15° 0.02 0.88

Use concentrated feed 728 |77.8° |67.8° 4.05 0.04
Activities Integration livestock-crop | 83.9 | 95% 72.8° 31.2 <0.0001
diversification Fattening 153 |1L1° |194* | 368 | 0.051
strategies Off-farm activities 256 |15°  [36.1° | 199 | <0.0001
Livestock Herds destocking 70 77.8% | 62.2° 9.6 0.001
manag.ement Livestock diversification 589 |92.8" |25° 167.9 <0.0001
strategies Pastoral mobility 96.1 |100*° |922° | 125 0.0003
Selection Breeding local breeds 2.3 19.4* |21.1° 0.06 0.79
strategies Cross between local breed | 25.3 | 31.7° | 18.9° 7.1 0.007

and breed adapted to heat

DTZ dry tropical zone, STZ sub-humid tropical zone
2 PThe values of the same line indexed by different letters are significantly different at the 5%
threshold
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into four major groups of strategies, namely, production adjustment strategies,
activities diversification strategies, livestock management strategies, and selection
strategies. This classification is similar to that developed by Calvosa et al. (2010).

The production adjustment strategies consist of the storage of crop residues, use
of concentrated feed, forage cropping, making hay, and night grazing. The adoption
rates for the storage of crop residues (82.2%) and the use of feed concentrates
(72.8%) were significantly higher (p < 0.05) in the dry tropical zone than in the
sub-humid tropical zone. Conversely, forage cropping (52.2%) was more adopted
(p < 0.0001) by cattle farmers in the sub-humid tropical zone. Indeed, the rainfall
and the number of rainy days recorded in the sub-humid zone being higher than that
obtained in the dry zone could favor the forage cropping in this zone. Also, as the
climatic conditions are not conducive to the forage cropping in the dry zone, this
leads cattle farmers in this zone to resort to other strategies such as the use of feed
concentrates and the storage of crop residues to feed the animals.

Integration of livestock rearing and crop cultivation, fattening, and off-farm
activities are the types of strategies contained in the activities under the diversifica-
tion strategies category. The practice of fattening did not vary significantly
(p > 0.05) from one climatic zone to another. On the other hand, the integration
livestock and crop was more adopted (p < 0.0001) in the dry zone than in the sub-
humid zone. This result means that pastoralists have moved to agro-pastoralism.
Indeed, milk was the staple food for Fulani cattle farmers (Alkoiret et al. 2010), but
with the fall in milk production due to climate change, the consumption of cereals
has increased. To obtain these cereals, cattle farmers exchanged milk for these
products with farmers. But today, given the decrease in crop yield and the strong
demand due to the demographic surge, cereals are inaccessible because their prices
have increased, making the exchange of products difficult. This may be the reason
why cattle farmers integrate livestock and crop because they are convinced that
livestock cannot be their only source of food. This result is similar to those obtained
in Burkina Faso by Sanfo et al. (2015). Off-farm activities were more practiced by
cattle farmers in the sub-humid tropical zone (p < 0.0001) than those in the dry zone.
This could be explained by the fact that the sub-humid tropical zone is an area which
abounds in urban centers of a commercial nature, which could facilitate trade. Thus,
income from off-farm activities can be used by cattle farmers to increase the level of
investment in inputs such as labor, feed concentrates, and veterinary products.

Herd destocking, livestock diversification, and pastoral mobility, all of which are
livestock management strategies, were adopted more in the dry zone (p < 0.001)
than in the sub-humid zone. Indeed, the insufficiency of forage due to the precari-
ousness of the rains pushes the cattle farmers having a large number of cattle to
practice the transhumance to reduce the risk of mortality (Kiema et al. 2013). In
addition, other cattle farmers are forced to reduce the size of their herd (Kima et al.
2015; Oyekale 2014). Livestock diversification through the introduction of small
ruminants into the breeding constitutes a real advantage for the farmers because of
their low food needs, their larger feeding areas, and their higher reproduction rates
(IUCN 2010).

Breeding local breeds adapted to local climatic conditions, and the crossing
between local breeds and heat-resistant breeds were the two selection strategies
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implemented by the cattle farmers in both zones. The adoption rates for the first
strategy were not significantly different (p < 0.05) in the two study zones. On the
other hand, crossbreeding between local breeds and heat-resistant breeds as an
adaptation strategy was more adopted in the dry zone (p = 0.007) than in the sub-
humid zone. This could be explained by the fact that the dry zone is a pre-Sahelian
zone where there is a high temperature, therefore requiring the breeding of heat-
resistant animals.

Conclusion

The manifestations of climate change are perceived by cattle farmers in the dry and
sub-humid tropical zones of Benin. The changes in rainfall are felt through signs
such as reduced rainfall and late start and early end of the rainy seasons. Changes in
temperature and wind were felt through increased heat and violent winds. This study
showed that the sociodemographic characteristics of cattle farmers such as the level
of education and membership of an organization influence local perceptions of
climate change.

Adaptation strategies implemented by cattle farmers can be grouped into four
main groups. These are production adjustment strategies, activities diversification
strategies, livestock management strategies, and selection strategies. These current
developed strategies allow farmers to take advantage of their livelihood.

Based on the results of this study, there is a need to strengthen the adaptive
capacities of farmers in both zones through their access to education and training on
adaptation to climate change within breeders’ organizations. These help to improve
their perception of this phenomenon and help them to better develop adaptation
strategies. Climate information is needed to enable them to increase production to
achieve food security. In addition, endogenous climate change indicators should be
further promoted, as they allow farmers to predict the course of the rainy season and
guide them better in implementing their adaptation strategies to climate change.
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Abstract

Climate change is a major development challenge affecting developing countries
that rely on rain-fed agricultural production for food and income. Smallholder
farmers in these countries are using multiple adaptation practices to manage the
effects of climate change. This chapter examines household and community-level
factors that influence smallholder farmers’ level of adaptation to climate change
in the Hwedza District in Zimbabwe. Data for this study were collected from 400
randomly selected smallholder farmers, using a structured questionnaire, focus
group discussions, and key informant interviews. The study used a multilevel
modeling approach to examine the factors that influence smallholder farmers’
level of adaptation to climate change. Results from the study show that small-
holder farmers’ level of adaptation to climate change is conditioned by access to
extension services, access to remittances, family labor, household education
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(household level factors), and linking capital (community-level factor). This
chapter therefore concludes that smallholder farmers that have higher levels of
adaptation to climate change are those that are well linked to external organiza-
tions and have access to agricultural extension services. The chapter recommends
that adaptation to climate change can be enhanced by improving access to
agricultural extension services and promoting linkages with external organiza-
tions that provide information on agricultural adaptation practices.

Keywords

Level of adaptation - Climate change - Smallholder farmers - Hierarchical linear
modeling - Linking capital

Introduction and Background

Climate change is a major development challenge facing developing countries
particularly those in Southern Africa (Ali and Erenstein 2017; [IPCC 2014). These
countries are battling to address multiple stressors that include a high incidence of
poverty, chronic food insecurity, malnutrition, HIV, lack of disaster preparedness,
political upheavals, and macroeconomic instability (Adego et al. 2018). In this
region, rain-fed agriculture which accounts for 95% of agricultural production pro-
vides livelihoods to over 70% of the population (Zamasiya and Nyikahadzoi 2018;
Asfaw et al. 2016). Overreliance on climate-sensitive agricultural systems exacer-
bates the vulnerability of countries in Southern Africa such as Zimbabwe (Rurinda et
al. 2013). Rainfall is the major determinant of agricultural production. Reports show
that the mean annual rainfall has already declined by over 5% and forecasted to
further decrease by 10%. The IPCC’s 2018 report notes that with business as usual
approach to greenhouse emissions, temperatures will increase by over 1.5 °C. The
consequences of such an increase will be catastrophic to resource-constrained
smallholder farmers in Southern Africa particularly those with low adaptive capac-
ity. This development will plunge developing countries into dire food insecurity and
chronic malnutrition. These conditions require that smallholder farmers who are the
major food producers adapt to climate change (Abid et al. 2015; Mabe et al. 2012).
Adaptation, in this case, is the use of farming practices that can reduce the impact of
climate change on smallholder farmers’ food security.

Scholars observe that adaptation reduces the impacts of climate change on food
security systems (Adego et al. 2018; Shisanya and Mafongoya 2016; Di Falco et al.
2011). Some of the adaptation practices that smallholder farmers are to manage the
impacts of climate change include crop diversification, drought-tolerant varieties,
income diversification, staggering of planting dates, crop mixing, and soil and water
conservation (Adego et al. 2018; Shisanya and Mafongoya 2016; Nyikahadzoi et al.
2017). Studies show that some smallholder farmers use more than one adaptation
practices. In such circumstances, such smallholder farmers are likely to have better
food security than those that use solitary adaptation practices. Although adaptation is
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a viable response to climate change, smallholder farmers face challenges in
implementing the adaptation practices. These challenges include lack of access to
climate information, lack of access to agricultural credit, lack of access to an
extension to adequately prepare for seasons, lack of knowledge on adaptation
practices, and lack of labor resources (Nyikahadzoi et al. 2017; Salau et al. 2012;
Di Falco et al. 2011). Since adaptation differs by contexts, some of the adaptation
practices may not be applicable in other regions.

There are very limited studies (Ali and Erenstein 2017; Below et al. 2012) on
drivers of the level of adaptation to climate change by smallholders. While the
limited studies that are there provide important insights on determinants of the
level of adaptation among smallholder farmers, their major challenge is that they
used simplistic modeling techniques. These techniques do not recognize the nesting
of data in groups and may, therefore, lead to biased results and poor policy targeting.
This chapter recognizes that since farmers are nested in villages and villages are
nested in wards, the actions of individual smallholder farmers are a function of
household socioeconomic level and community-level variables. This is because
smallholder farmers live in an open environment in which they interact among
themselves, interact with people from other wards, and interact with external orga-
nizations. The levels of interaction vary from village to village, and this necessitates
the use of multilevel modeling techniques (Frankenberger et al. 2013). The chapter
proposes the use of the hierarchical linear modeling technique to examine the drivers
of the level of adaptation to climate change among smallholders’ farmers in the
Hwedza District of Zimbabwe. This model addresses the weaknesses of confounding
that are inherent in models used in previous studies.

In some of the studies on drivers of the level of adaptation to climate change,
social capital was used as an explanatory variable. The definition used for social
capital is restricted to farmer-farmer interactions at a local level such as within a
village. This definition does not capture vertical interactions between communities
and organizations that are external to the community. In this study, a deliberate
attempt is made to distinguish between social capitals. The chapter adopts the
categorization of social capital proposed by Aldrich (2012) and Frankenberger et
al. (2013) which provides a clear distinction between bonding capital, bridging
capital and linking capital. In this study, our concern is on linking social capital. It
refers to the linkages between communities and organizations that are external to it.
Scholars argue that communities that have better resilience are those that have higher
linking social capital compared to bonding capital (Aldrich 2012; Taruvinga et al.
2017). This chapter measures linking capital as a village-level variable and use it as a
level 2 covariate in the hierarchical linear regression model.

Given the inevitability of climate change, adequately preparing for this eventu-
ality requires policymakers to understand the drivers of the level of current adapta-
tion practices to climate change by smallholders. The purpose of this chapter is to
improve policymakers’ understanding of the determinants of smallholder farmers’
level of adaptation to climate change. The issue of determinants of the level of
adaptation to climate change among smallholder farmers is poorly understood and
measured. In this study, the level of adaptation to climate change is the number of
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strategies that are used by a smallholder farmer in response to climate change. This
chapter, therefore, seeks to provide empirical evidence on what drives the level of
adaptation. This information is critical for identifying and setting policy targets for
enhancing adaptation. Without that, it is difficult for policymakers to enhance current
and future adaptation by smallholder farmers.

Data Gathering and Analytical Framework

This study was conducted in Hwedza District in Mashonaland East Province of
Zimbabwe is a “climate hotspot.” Zimbabwe is divided into five agro-ecological
regions known as natural regions (NR). This classification is based on the soil
quality, rainfall regime, and vegetation distribution. The quality of the land resource
declines from natural region (NR) I through to NR V. Hwedza District is located in
natural region II with an annual rainfall of 650—800 mm and a mean temperature of
29 °C (Rurinda et al. 2013). The predominant soil type is coarse sandy soils derived
from granitic rocks (Rurinda et al. 2014). Average household farm sizes range
between 2 and 5 ha per household (Rurinda et al. 2014). Hwedza District is a
communal area dominated by subsistence maize production for food security. The
subsistence farmers also grow groundnuts, finger millet, and cowpeas on small plots
(Zamasiya et al. 2018). Crop production is complemented with livestock rearing
mostly cattle, goats, and indigenous chickens. During poor cropping seasons, small-
holder farmers in the district rely on non-timber forest products for food (Woittiez
et al. 2013) and food aid from nongovernmental organizations (NGO). Due to
climate change, the onset and distribution of rainfall in the Hwedza District are
now very unpredictable. The district experiences frequent midseason droughts with
good rainfall years increasingly becoming fewer over the past 20 years (Rurinda
et al. 2014). Smallholder farmers in this district use different farming practices to
manage the effects of climate change. These practices include crop diversification,
staggering of planting dates, soil and water conservation practices, drought-tolerant
varieties, integrated soil fertility management, and crop mixing (Zamasiya et al.
2017). Public and private research organizations and nongovernmental organizations
were promoting a basket of ex ante climate adaptation practices to improve small-
holder farmers’ preparedness to droughts and increased rainfall variability.

The study used a multistage sampling technique to select the study site and the
survey respondents. The target population in this study are smallholder farmers
practicing crop and/or livestock farming in Hwedza District in Zimbabwe. In stage
one, purposive sampling was used to select the Hwedza District in Mashonaland
East Province of Zimbabwe. This study site was selected on the basis that it has a
high agro-ecological potential and has experienced an increase in extreme climatic
events since the year 2000. In stage two, random sampling was used to select Ushe
and Dendenyore wards from a total of 22 wards in the district. In stage 3, simple
random sampling was used to select 10 villages per ward. Dendenyore ward has 30
villages, and the Ushe ward has 22 villages. In the last stage, the study used simple
random sampling to select 20 households in each village. In total, 400 smallholder
farmers were interviewed during the survey in February 2015.
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Quantitative and qualitative data used in this study was solicited from smallholder
farmers using a structured questionnaire, focus group discussions (FGDs) and key
informant interviews. The structured questionnaire collected data on demographic
information, strategies used by smallholder farmers to respond to climate change,
access to extension, remittances, and challenges experienced by farmers in adapting
to climate change. The key informant interviews were conducted with ward level
agricultural extension officers (AEOs) and district level extension officers. In total,
eight AEOs participated in the key informant interviews. The study also collected
data from knowledgeable smallholder farmers. A total of six farmers participated in
the key informant interviews. Knowledgeable farmers are smallholders who have at
least 30 years of conducting farming activities in the Hwedza district. Purposive
sampling was used to select participants for the key informant interviews. Focus
group discussions were conducted with smallholder farmers in each village. Each
FGD had 12 smallholder farmers (6 males and 6 females). The purpose of FGDs in
each village was to get an average rating of the village’s perception of the level of
linking the capital, the farming practices used by smallholder farmers, and the
challenges that they are experiencing in adapting.

Quantitative data analysis was done in STATA Version 15. This study used a
multilevel modeling technique that is known as the hierarchical linear modeling
(HLM) to establish the determinants of farmers’ level of adaptation to climate
change. An HLM technique is a random coefficient modeling approach that can be
used to analyze data that is nested within groups (Huta 2014). Such models are used
to examine how individual-level relationships vary as a function of group charac-
teristics (Hox et al. 2018). The HLM estimation procedures are capable of analyzing
nested data (Huta 2014). The results from this analysis are presented in tables as
coefficients. This study used a level 2 HLM approach comprising household-level
variables for individual farmers and group level variables. Qualitative data collected
from interviews and focus group discussions and observations were analyzed
thematically.

Multilevel Estimation of Determinants of Level of Adaptation

This chapter presents the results from the determinants of the level of adaptation to
climate change among smallholder farmers in Zimbabwe.

The first stage is to run the random effects model. The purpose of doing this is to
understand the portion of variance that is due to cross-village interactions compared
to individual household interactions. This model can be written as follows:

Random Effects

Results in Table 1 show that there are 400 level 1 units (number of observations) in
the analysis and 20 level 2 units (number of villages/groups). The cluster size varies
from 14 to 28 with a mean cluster size of 20. The log-likelihood ratio is —797, 1447.
The grand mean across the villages is 1.5066 with a standard error of 0.1640. The z
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Table 1 Estimation results for a random effects model

LOA Coef. Std. Err. Z P>z [95% Conf. Interval]
_cons 1.5066 0.1640 9.1900 0.0000 1.1851 1.8281
Random effects parameters Estimate Std. Err. [95% Conf. Interval]
village: Identity

var(_cons) 0.3868 0.1723 0.1615 0.9263

var(Residual) 2.9565 0.2146 2.5644 3.4085

LR test versus linear model: chibar2 (01) = 22.5800 Prob > chibar2 = 0.0000

Table 2 Estimation results for a random intercept model

Adaptation (Adj) | Coef. Std. Err. z P>z [95% Conf. | Interval]
Visitextn 1.1785 |0.2022 5.8300 0.0000*** | 0.7822 1.5748
FamilyRemit 0.7180 |0.2262 3.1700 0.0020*** | 0.2747 1.1612
Farmlabor 0.1669 |0.0433 3.8500 0.0000*** | 0.0819 0.2518
Hheducation 0.0533 |0.0316 1.6900 0.0920* —0.0087 0.1152
_cons 0.3953 |0.2588 1.5300 0.1270 —0.1119 0.9025

Random effects parameters Estimate | Std. Err. | [95% Conf. Interval]
village: Identity
var(_cons) 0.2390 0.1193 0.0898 0.6360
var(Residual) 2.6064 0.1892 2.2608 3.0049

Wald chi2(4) =59.92; Prob > chi2 = 0.0000; LR test versus linear model: chibar2(01) = 13.61
Prob > chibar2 = 0.0001

statistic is 9.1900, and the p-value is 0.000. The reported LR test statistic is 22.5800
with a p-value of 0.000; we, therefore, reject the null hypothesis that tao is equal to
zero. It, therefore, means that there is intervillage variation in the adaptation by
smallholder farmers. Based on the output, the interclass correlation is 11.57%. This
means that 11.57% of the variation in adaptation among smallholder farmers in
Hwedza district is due to differences across villages and 88.43% is due to individual
differences across farmers.

The random intercept model involves the addition of level 1 covariates to the
model, but it assumes fixed effects. In this stage, the intercept is allowed to vary
across villages to accommodate intervillage variations. The model can be expressed
as follows:

Table 2 shows the estimation results of the random intercept model. The results
show that all the independent variables have positive effects on adaptation. They are
all statistically significant with Visitextn (p <1%), FamilyRemit (p <1%),
Farmlabor (p <1%), and Hheducation (p <10%). The Wald test shows that
W = 59.92 and p-value =0.0000. Comparing the fit of the random intercept
model and the LR = 13.61 and a p-value of 0.0001. Therefore, the null hypothesis
that the intercept is the same across all villages is rejected.



12 Drivers of Level of Adaptation to Climate Change in Smallholder Farming. . . 219

Hierarchical Linear Regression Model with Random Intercept and
Level 2 Covariates

This model seeks to account for the variation in intercepts across villages. This is
done by adding a level two covariate.

Table 3 shows the results of the hierarchical linear regression model with random
incept and a village-level covariate. The results show that Level 1 covariates are all
significant. The level 2 covariate (linking social capital) is also very significant
(p <1%). The Wald test statistic W = 100.55 has a p-value of 0.000. The results
show that the second level variable linking social capital improves the level of
adaptation for smallholder farmers.

This chapter presents the discussion from the study. The discussion is based on
theoretical and empirical evidence to recommend how government and organiza-
tions external to the community can help in improving adaptation to climate change
by smallholder farmers. Based on this study, the variables that can be influenced to
promote adaptation are access to agricultural extension services, access to remit-
tances, family labor, level of education, and linking social capital.

The coefficient of access to agricultural extension services (p <1%) is statisti-
cally significant and positively influences smallholder farmers’ level of adaptation to
climate change. Extension officers play a pivotal role in the dissemination of
agricultural adaptation technologies (Zamasiya and Nyikahadzoi 2018; Zamasiya
et al. 2014). Through field-based demonstrations and awareness meetings, extension
officers help in disseminating information to smallholder farmers on adaptation
practices that they can use to manage the impacts of climate change on food security
(Zamasiya et al. 2017; Ali and Erenstein 2017). Smallholder farmers who have
access to AEOs are more likely to know different adaptation practices. As such they
are more likely to have higher levels of adaptation to climate change than their
counterparts. However, key informants highlighted that the major challenge facing
AEOs is Zimbabwe is lack of motorcycles for improving mobility and contact with

Table 3 Estimation results for HLM with random intercept and level 2 covariates

LOA Coef. Std. Err. V4 P>z [95% Conf. Interval]
Extension 1.0950 0.1995 5.4900 0.0000 0.7040 1.4859
FamilyRemit 0.6645 0.2234 2.9700 0.0030 0.2267 1.1022
Farmlabor 0.1574 0.0428 3.6700 0.0000 0.0735 0.2414
Hheducation 0.0554 0.0312 1.7800 0.0760 —0.0057 0.1165
Linking 2.1973 0.4137 5.3100 0.0000 1.3865 3.0081
_cons —0.4074 0.2734 —1.4900 0.1360 —0.9433 0.1286
Random effects parameters Estimate Std. Err. [95% Conf. Interval]
village: Identity

var(_cons) 0.0216 0.0493 0.0002 1.8808

var(Residual) 2.6050 0.1890 2.2597 3.0031

Wald chi2(5) = 100.55; Prob > chi2 = 0.0000; LR test versus linear model: chibar2(01) = 0.23
Prob > chibar2 = 0.3150
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smallholder farmers. The wards in Hwedza District are so big that it becomes
difficult for the AEOs to effectively contact farmers if they are not motorized.
Other AEOs highlighted that they have motorcycles but have no access to fuel.
This, therefore, makes it difficult for them to dispatch their roles efficiently. During
FGDs, smallholder farmers highlighted that the challenge with AEOs is that climate
change is a new phenomenon to them. They were advising farmers based on their
lived realities. These results corroborate with the findings of Zamasiya et al. (2018),
and Ali and Erenstein (2017).

Results show that the coefficient of access to remittances (p <1%) is very
statistically significant and positively improves a smallholder farmer’s level of adap-
tation to climate change. Remittances improve the number of financial resources that
are available to a household (Nyikahadzoi et al. 2013) for purposes of financing
transaction costs associated with adaptation to climate change. These costs could
include the cost of improved seed, inorganic fertilizers, and herbicides. Zamasiya et
al. (2018) note that smallholder farmers with access to remittances are more likely to
adapt than their counterparts. They further highlight that some smallholder farmers
rely on disposing of small livestock to finance adaptation costs. This is the case in
economies such as Zimbabwe where most smallholder farmers have no access to
formal banking systems (Nyikahadzoi et al. 2012). With improved access to financial
resources, it is more likely that the smallholder farmers will improve their levels of
adaptation. During FGDs, smallholder farmers highlighted that their major challenge
is lack of agricultural credit. They mentioned that the lack of access to financial
resources limited their ability to implement several adaptation practices. For instance,
some farmers highlighted that they lacked financial resources to purchase improved
seeds, inorganic fertilizers, and herbicides, and this made it difficult to implement
several adaptation practices. Some of the smallholder farmers ended up planting
recycled maize seeds. Key informants highlighted that when smallholder farmers
used recycled seed, they used the wrong seed rate for maize crop. The key informants
also highlighted that in most cases, agro-dealers sell only one variety of maize seeds.
The smallholder farmers just end up buying the available seed. These results corrob-
orate with the findings of Ali and Erenstein (2017).

Study findings show that the coefficient of family labor positive and statistically
significant (p <1%) influences a smallholder farmer’s level of adaptation to climate
change. Labor is a major constraint to adaptation among smallholder farmers
(Deressa et al. 2010). The family offers technical and manual skills that are crucial
for executing agronomic practices on time. Smallholder farming households that
have large pools of labor can spread labor resources across different adaptation
practices. Such households can utilize labor-intensive practices such as crop diver-
sification and soil and water conservation practices (Zamasiya et al. 2018). As such,
households with higher labor resources are more likely to have higher levels of
adaptation than their counterparts. These results corroborate with the findings of Ali
and Erenstein (2017).

Research findings show that the coefficient of level of education (p <10%) is
marginally statistically significant and positively influences a smallholder farmers’
level of adaptation to climate change. Zamasiya et al. (2018) note that education
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improves a smallholder farmer’s ability to receive, decode, and use the information
on adaptation practices. These results suggest that smallholder farmers who are
educated are more likely to be aware of climate change, the adaptation practices
that they can use, and the benefits of adaptation. It is therefore likely that such
smallholder farmers are more likely to have higher levels of adaptation to climate
change than their counterparts. During FGDs, it was observed that most educated
smallholder farmers were aware of adaptation practices and were proactively seeking
more information on the practices from extension officers. Key informants
highlighted that educated farmers were willing to experiment with new adaptation
practices than uneducated smallholder farmers. Key informants highlighted that the
lack of education among smallholder farmers is a major constraint to adaptation.
Results corroborate with the findings of Below et al. (2012) and Ali and Erenstein
(2017).

Study findings show that the coefficient of linking capital (p <1%) is very
statistically significant and positively influences the level of adaptation to climate
change. Linking social capital is an important driver of the level of adaptation to§
climate change by smallholder farmers. As observed by Aldrich (2012), linking
capital improves adaptation through the provision of information that is otherwise
unavailable. Through vertical relations with organizations external to the commu-
nity, linking social capital improves access to information that is very important for
enhancing adaptation to climate change (Taruvinga et al. 2017; Babaei et al. 2012).
Information that communities may access through linking social capital includes
improved varieties, yield robustness of such varieties, baskets of adaptation tech-
nologies, research results, and opportunities for exchange visits. In the study site, the
communities are linked to research institutions that conduct farmer-managed and
researcher-managed experiments. The smallholder farmers participate in field days
where they get to interact with staff from organizations that play a key role in the
agricultural value chain. Through these platforms, smallholder farmers have access
to valuable agronomic information that they use for enhancing their adaptation to
climate change. During FGDs, smallholder farmers highlighted that external orga-
nizations played a pivotal role in the dissemination of information on adaptation
practices. The smallholder farmers noted that they were now aware of new crop
varieties, their performance under different management regimes, and had acquired
invaluable knowledge on different adaptation practices. Key informants highlighted
that financial resources were scarce for the Agritex Department. As such, access to
linking capital is associated with higher levels of adaptation to climate change.

This chapter sought to understand the determinants of the level of adaptation
among smallholder farmers in Southern Africa using the example of the Hwedza
district in Zimbabwe. The study used the multilevel modeling approach. Results
show that level of education, access to agricultural extension, family labor, and
access to remittances positively influence the level of adaptation. At a community
level, adaptation is influenced by access to linking social capital. We, therefore,
conclude that smallholder farmers that have a high level of adaptation to climate
change are those that are well linked to external organizations and have access to
extension services and financial resources.
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Promote Learning Through Linkages with Public and Private
Extension Services

Based on the results from this study, the chapter recommends that to improve
smallholder farmers’ level of adaptation to climate change, there is a need to enhance
access to agricultural extension services and NGOs or research organizations.
Because the mobility of extension staff is a recurrent problem in most areas, the
public extension should establish linkages with other extension service providers in
their area such as NGOs and private companies so that they can combine their
programs. This will ease the mobility challenges. Further, government can also boost
extension service delivery through timely recruitment, periodic training of the
agents, and provision of adequate logistical support. The role of organizations that
are external to the smallholder farming communities cannot be underestimated.
These institutions provide a feedback loop between grassroots and policymakers.
They gather critical information on climate change technologies and disseminate it
to smallholder farmers. For instance, NGOs and research organizations have
pioneered agricultural technologies and trainings that have since been incorporated
into the public extension system. To promote development of linking capital,
policymakers need to adopt participatory and inclusive decision-making processes
in their work with communities, encourage smallholder farmers to work in groups,
promote look and learn tours to other communities to challenge, inspire, and educate
communities. This will improve access to critical information on agricultural tech-
nologies that are useful for enhancing smallholder adaptation to climate change.
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Abstract

Smallholder farmers who grow the staple maize crop rely mainly on rain-fed
agricultural production, and yields are estimated to have decreased by over
50% largely due to climate change. Climate-smart agriculture (CSA) technol-
ogies, as adaptive strategies, are thus increasingly being promoted to overcome
problems of declining agricultural productivity and reduced technical effi-
ciency. This study analyzed profitability and profit efficiency in maize (Zea
mays) production as a result of CSA technology adoption using cost-benefit
analysis and stochastic profit frontier model. The study used data from a
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cross-sectional household survey of 386 households drawn from 4 districts in
Mashonaland East province located in the northeastern part of Zimbabwe.
Results from the cost-benefit analysis reveal that maize performs best under
CSA technologies. The profit inefficiency model shows that extension contact,
number of local traders, and adoption of CSA had significant negative coeffi-
cients indicating that as these variables increase, profit efficiency among
maize-growing farmers increases. This implies that profit inefficiency in
maize production can be reduced significantly with improvement in extension
contact, access to farm gate/local markets, and adoption of CSA. The findings
call for development practitioners to incorporate market linkages that bring
buyers closer to the farmers, support for extension to be able to have frequent
contacts with farmers, and promotion of CSA adoption.

Keywords

Cost-benefit analysis - Return on investment - Profit efficiency - Stochastic
frontier - Zimbabwe

Introduction

Maize (Zea mays L.) is the most important cereal crop in sub-Saharan Africa and
is the world’s most widely grown cereal crop as well as essential food source for
millions of the world’s poor (Abate et al. 2017). In sub-Saharan Africa, maize is a
staple food for an estimated 50% of the population and an important source of
carbohydrate, protein, iron, vitamins (A, B, E, and K), and minerals (magnesium,
potassium, and phosphorus) and is grown on an estimated 100 million hectares
throughout the developing world (Nsikak-Abasi and Okon 2013; Siyuan et al.
2018). In 2018, Zimbabwe got approximately 730,437 tonnes of maize, and the
average yield was 613.1 Kg per hectare pointing to some technical inefficiencies.
The average yield is lower as compared to the world average of 5923.7 Kg tonnes/
ha and 2040.2 Kg/ha for Africa in the same year (FAOSTAT 2020). The small-
holder farmers rely mainly on rain-fed production and in addition are often
constrained by multiple constraints such as reduced soil fertility; limited income
to access inputs such as fertilizers, improved seed, herbicides, and pesticides;
unavailability of lucrative output markets; high cost of inputs; and reduced yield
due to climate variability (Poole 2017; Rurinda et al. 2014). Researchers and
development practitioners have reported reductions in agricultural yield due to
extreme weather (UNCCS 2019). These unpredictable seasons have become a
major constraint in smallholder crop and livestock production farming systems,
and as such, the use of climate-smart agriculture (CSA) technologies becomes
essential as a solution. Climate-smart agriculture technologies are innovations
that sustainably increase agricultural productivity, help households to adapt and
be resilient to climate change, and contribute to the reduction of greenhouse gas
emissions (Steward et al. 2018).
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Adaptation strategies for households can either be reactive (Shongwe et al. 2014),
i.e., soil fertility maintenance through the use of animal manure and inorganic
fertilizers, rotations, and intercropping in order to address problems linked to
observed climate change impacts, or proactive CSA technologies such as use of
new drought-tolerant varieties, use of early maturing varieties, and policy measures
such as insurance policy. Zimbabwe has participated in interventions and alliances
promoting CSA such as the DFID-funded Vuna (2015-2018) and the Africa Devel-
opment Bank’s Africa Climate-Smart Agriculture (ACSA) (2018-2025) (Thierfelder
et al. 2017; Rosenstock et al. 2019). The Government of Zimbabwe (GoZ) has
developed policies and interventions to lessen the impacts of climate change on
agriculture. These policies include a child-friendly climate policy which targets
education in schools on climate change issues, the climate-smart agriculture policy
which promotes adoption of CSA by farmers, and the national climate policy which
is targeting putting legal structures to guide businesses on becoming greener (GOZ
2018). Government and nongovernmental organizations have introduced a range of
CSA in Zimbabwe which include conservation agriculture, drought-tolerant maize
and legume varieties, cereal-legume intercropping and rotation systems, and
improved fodder crops among others (Mujeyi 2018). Assuming economic rational-
ity, smallholder farmers who rely on agriculture for livelihoods would adopt tech-
nologies that reduce costs of production while increasing benefits from greater
incomes through improved yields. Smallholder farmers are heterogeneous, and as
such, they adopt different combinations of CSA to address varying constraints that
they face. These different technology bundles have different profitability levels
because of the different input requirements associated with them as well as their
potential impact on productivity.

The need to upscale CSA as adaptation mechanisms in order to improve or
maintain high productivity levels in smallholder farming communities can effec-
tively be achieved if profitability of these technologies and factors that enhance
efficiency are properly understood. This study therefore aims to:

1. Estimate profitability and compare benefit-cost ratio (BCR) of maize production
in smallholder farming communities across CSA technology bundles

2. Investigate the determinants of profit efficiency and identify the determinants
thereof

The aim of this study is to contribute to the literature on CSA in Zimbabwe by
analyzing profitability of current CSA technology bundles in maize production and
technical inefficiency. Furthermore, using stochastic frontier model, the chapter aims
to identify determinants of efficiency. The results will provide a better understanding
of costs and benefits that would make it possible to design more economically
efficient policies and programs to promote CSA technology adoption. Economic
evaluations can provide critical information to those making decisions about the
allocation of limited agriculture input resources across enterprises. The chapter
provides empirical evidence from actual farmer behavior in uncontrolled environ-
ment, thus adding to studies from on-farm and on-station trials.
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CSA in Crop-Livestock Farming Systems

This study particularly chose to do analysis for maize (Zea mays) as it is the most
important crop in smallholder farming systems in the four districts. Maize is the
staple crop in Zimbabwe to 98% of the 12.7 million people in the country, and it
provides 40-50% of the calories (Kassie et al. 2017). Average maize yield has
dropped from a highest (after independence) of 2163.7 Kg/ha in 1985 to 667.8
Kg/ha in 2017 (FAOSTAT 2020). Maize productivity has been negatively affected
by infertile soils, inadequate water due to drought, and erratic rainfall patterns
caused by climate change as well as incidence of pests and diseases. Various CSA
technologies have been used in maize production in an effort to boost yields. One
such technology is conservation agriculture (CA) which consists of three key
principles, namely, minimum tillage, permanent soil cover (mulching with crop
residues or cover crop), and crop diversification (either temporal diversification, i.
e., rotation, or spatial diversification, i.e., intercropping). CA offers benefits of
increased yields when properly followed. Crop rotation and intercropping
improve soil fertility through the nitrogen fixing characteristics of legumes.
Large increases in maize yields in maize-groundnut rotations have been reported
by CIMMYT researchers in Zimbabwe from long-term trials in smallholder
farming systems (Waddington et al. 2007). Cereal-legume rotations also have
benefits of reducing build-up of pests and diseases. Minimum soil disturbance
reduces the rate and amount of soil erosion. Soil cover leads to reduced runoff,
reduced soil erosion, increased water infiltration, and reduced evaporation of soil
moisture (Michler et al. 2019; Steward et al. 2018; Thierfelder et al. 2017).
Drought-tolerant maize (DTM) varieties have been promoted by organizations
such as CIMMYT, and these are input-responsive, stress-tolerant, and high-
yielding in comparison to traditionally grown commercial hybrids (Mujeyi and
Mujeyi 2018).

Methodology
Study Area and Data Collection

This study uses data collected from a cross-sectional household survey using a
structured interview in communities that were exposed to CSA technologies and
data from key informant interviews with stakeholders who were involved in tech-
nology dissemination. Multistage sampling method was used to select the 386
respondents from maize-growing communities in 8 wards located in 4 districts,
i.e., Goromonzi, Murehwa, Uzumba Maramba Pfungwe, and Mutoko. The econo-
mies of the four districts are integrated crop-livestock farming systems that rely on
rain-fed production. Maize is the main cereal staple crop, while groundnut is the
leading legume crop. The main livestock kept by the farmers are cattle and goats.
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Livestock rely mainly on pastures for feed. Integration of the crop and livestock
enterprises helps farmers to maximize resource uses. Stover from the field crops are
used to feed livestock, while dung from the livestock is used to improve soil fertility
through its use as manure.

Murehwa district falls under agro-ecological region 1IB which is characterized
by moderately high rainfall (700 mm annually) and moderate temperatures for
crop production. This district has predominantly sandy loamy soils. The majority
of Motoko’s communal area is in natural region IV which is characterized by
subtropical climate with cool dry winter and hot rainy summers (650 to 700 mm
rainfall annually). The soils are shallow to moderately deep, yellowish red,
coarse-grained loamy sands. Goromonzi is located in natural region II which
also gets moderately high rainfall. Uzumba Maramba Pfungwe (UMP) has two
natural regions (natural regions II to V), but wards were selected from natural
region V.

Two wards that have been exposed to CSA technologies were chosen from each
district. Households were randomly selected from one randomly selected village in
each ward. Sample households were distributed within the wards according to the
ward sizes (proportionate sampling). The farm households were interviewed by
trained enumerators during the 2017/2018 crop season.

Data Analysis

The study employed descriptive statistics and inferential statistics. It explored the
economic assessment of CSA technologies through a cost-benefit analysis (CBA)
and a stochastic profit frontier model. This study precisely probed farmers to state
which CSA technologies they had used for various crops in one season and the
inputs that were used and grain harvested after such an investment. Information
from this economic analysis is important for price setting of commodities by
government watchdogs, researchers working to improve the technologies, farmers
using them, and donors and governments who fund research and development
work.

Economic Analysis of CSA

Farmers use different technologies as adaptation strategies, and their decisions on
which technology to adopt under what area depend on the cost-effectiveness
(Shongwe et al. 2014). Cost-benefit analysis thus plays an important role of farmers’
decisions with regard to input costs, e.g., fertilizer, labor, seed, pesticide, etc., and
was used in the economic analysis. Other researchers have used CBA in analyzing
CSA technologies (Papendiek et al. 2016; Sain et al. 2017). Cost-benefit analysis
(CBA) compares inputs and outputs for a technology in monetary terms (Shongwe et
al. 2014). CBA for this study focuses on the quantitative evaluation of CSA
technologies on the maize crop. All benefits and costs are estimated in monetary
terms, and through calculating net benefits, the most economic efficient CSA are
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identified. Benefits from maize include grain and stover used to feed livestock. The
net benefits are calculated as follows:

NB = X (Bt — Ct) (1)
NB = Bt — XCt (2)

where:

NB represents the net benefits.

YBt = total benefits in year t.

>Ct = total variable costs (TVC) in year t.

Bt is the combination of revenue from quantity of grain output and stover
benefits.

YBt = Total Revenue
= 3 (Grain Output (Kg) * Unit grain prices ($/Kg) (3)
+(Stover Output (Kg) * Unit stover prices)

Average local market prices obtained by the farmers were used to compute
returns. The farm gate price of the output is the value (price) farmers receive or
can receive for their harvested crops. Total variable input costs refer to the sum of all
variable input costs and vary from one CSA technology to another.

TVC = ZCt
=P landpreleandprepr +P basalfertiliserQbasalferti]iser

+ PtopdressingfertiliserQtopdressingfertiliser + PseedQseed + PlaborQlabor +..
+P,Q, (4)

The benefit-to-cost ratio (BCR) which is a financial ratio that is used to determine
whether the amount of money made through a project will be greater than the costs
incurred in executing was also computed as follows:

BCR = (Benefit/Costs) (5)

For each CSA technology, the total costs incurred when using that strategy and
benefits were used to compute the net benefit for that particular adaptation strategy.

Return on Investment

Return on investment values help link the value of technologies to users. The return
on investment (ROI) value is more powerful than the benefit-cost ratio because the
ROI value shows the net return for a $100 investment.

ROI = (Net Benefit/TVC) % 100 (6)
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The Stochastic Profit Frontier Model

The stochastic frontier models have been used extensively even in agriculture, to
model input-output relationships and to measure the technical efficiency (Greene
2010). These were first proposed in the context of production function estimation
to account for the effect of technical inefficiency (Wang 2008; Dziwornu and
Sarpong 2014). The analytical method has been used to compare the performance
of farmers under different technological regimes. For example, the method has
been used to examine the impact of technology adoption on output and technical
efficiency of rice farmers or even beef farmers under various production systems
(Ombhile et al. 2016; Villano and Fleming 2006). In this study, the stochastic profit
frontier model is used to compare inefficiency of farmers using CSA versus those
who are not using any CSA technology. The model captures inefficiencies associ-
ated with different endowments as well as input and output prices. The model is
specified as follows:

y=Ppx+e (7)

where y is the observed outcome in this case maize profitability estimated by the
gross margin (goal attainment), x is the logarithm of costs of that input, coefficient
are parameters estimated, and ¢; is the error term. The error structure is specified as
follows:

& ==V — (8)

where v; is the random error term and v is the inefficiency effects of farm j.
Uj is independently distributed with mean p, and variance 67,.
Thus, the stochastic model is:

y=px+v—u, )

B'x + v is the optimal, frontier goal (e.g., maximal production output or minimum
cost) pursued by the individual, p'x is the deterministic part of the frontier, and v ~N
[0,0v %] is the stochastic part. v; is the stochastic error term, and u; is a one-sided error
representing the technical inefficiency of firm j. Both v; and u; are assumed to be
independently and identically distributed.

Inefficiency model is modelled using farm-specific, market-specific, and house-
hold characteristics and can therefore be estimated as follows:

Uj =a+ oZ; +ei (10)
Uj =a+ o Z1020103723 + ... 0z Zy + € (1 1)

where Uj is technical inefficiency of the jth farm.

7, to Z,, are the determinants and g; is the disturbance term and the coefficients
o are parameters estimated. Stochastic frontier models allow to analyze technical
inefficiency in the framework of production functions. Production units such as
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households are assumed to produce according to a common technology and reach
the frontier when they produce the maximum possible output for a given set of
inputs. Inefficiencies can be due to structural problems or market imperfections
and other factors which cause countries to produce below their maximum attain-
able output. The stochastic frontier model decomposes growth of the output
variable into changes in input use, changes in technology, and changes in effi-
ciency. All parameters in the stochastic frontier and the technical inefficiency
effects model are simultaneously calculated by a single-stage maximum likeli-
hood estimation procedure using sfcross command in Stata (Karakaplan 2017).
Table 1 gives a summary of all the variables thus used in the stochastic frontier
model.

Table 1 Stochastic frontier model variables

Frontier regression model (efficiency factors)

yi Vi Dependent variable — maize gross Continuous variable
margin in US$
X1 SEEDcosts Seed costs in US$ Continuous variable
X2 DFERTcosts Basal fertilizer costs in US$ Continuous variable
X3 ANFERTCcosts Top dressing fertilizer costs in US$ Continuous variable
X4 LANDPREPcosts | Land preparation costs in US$ Continuous variable
X5 MANURECcosts Manure costs in US$ Continuous variable
X6 HERBcosts Herbicide costs in US$ Continuous variable
X7 PESTcosts Pesticide costs in US$ Continuous variable
X8 LABOURCcosts Labor costs in US$ Continuous variable
X9 PACKcosts Packaging costs in US$ Continuous variable
X10 | OTHERcosts Other costs in US$ Continuous variable

Inefficiency model

Z1 HHSEX Gender of household head Dummy, i.e., | = male
0 = female

z2 HHEXPER Experience household head (years) Continuous variable

73 MEMBERSHIP Membership to farmer groups Dummy, i.e., | = yes
0 =no

74 CREDIT Access to credit Dummy, i.e., | = yes
0 =no

z5 TRADERS Number of traders locally Continuous variable

76 TAR Distance to tar (km) Continuous variable

z7 Kmextension Distance to extension (Km) Continuous variable

V4 TLU Total livestock units Continuous variable

79 AGROREGION Agro-ecological region Dummy, i.e., 1 = wetter
1T
f) i otherwise (drier III
and 1V)

Z10 | EXTNcontact Frequency of extension contact Continuous variable

Z11 | CSAadoption Use of CSA in maize production Dummy, i.e., | = yes

0 = otherwise
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Table 2 Maize CSA technologies
Maize technology | Goromonzi | Murehwa | Mutoko |U.M.P | Whole sample | Chi square

Intercropping 24.0% 21.6% 2.0% 54% | 16.1% 24.23%**
Sole CN 5.5% 7.2% 0.0% 6.5% 5.4% 3.66
Rotation 39.0% 54.6% 66.0% 47.3% | 48.4% 12.88%*
Minimum tillage | 39.0% 35.1% 48.0% 24.7% | 35.8% 8.89%*
DT maize 13.7% 11.3% 36.0% 12.9% | 15.8% 17.85%**
Manure use 13.7% 21.6% 14.0% 8.6% | 14.5% 6.69*
Mulching 4.1% 5.2% 10.0% 0.0% 4.1% 8.59%*

**% k% and * indicates significance level at 1%, 5% and 10%

Results and Discussion

Profitability across CSA technology bundles was estimated using cost-benefit anal-
ysis, and the stochastic profit frontier model was estimated to see if CSA adoption
has a significant effect on technical inefficiency. Tables 2, 3, and 4 show the results
of the analysis with subsequent discussions.

CSA Adaptation Strategies Employed by Households in Maize
Production

Maize production is negatively affected by climate change, and as such, adoption of
CSA technologies is key to increasing yields. Table 2 shows the CSA technologies
currently being used by the farmers.

The results show that farmers use various CSA technologies in maize production,
with crop rotation being the highest in Mutoko followed by Murehwa (66% and
54.6%, respectively). Minimum tillage and DT maize are highest in Mutoko (48%
and 36%, respectively). Few farmers (less than 10%) are not using any CSA
technologies in maize production. This highlights the importance of CSA in the
smallholder farming communities. Adoption of CSA such as intercropping, rotation,
minimum tillage, DT maize, manure use, and mulching was significantly different
across the study districts. Overall, CSA technology use is still low with less than
50% of households adopting CSA across all the districts except for rotation which is
adopted by more than 50% of households in Murehwa and Mutoko districts. Farmers
highlighted during FGDs that manure use had become low as there was an outbreak
of theileriosis which led to most households being left with no cattle, which are the
major source of manure. Manure from small ruminants and poultry is prioritized for
use in horticulture gardens. Farmers also cited that technologies such as minimum
tillage promoted by NGOs particularly basin making with hoes were strenuous in as
much as they could be done bit by bit in the dry season for farmers with fencing. This
was not so for the majority with unfenced fields who therefore needed to do it at the
onset of the season. This has led to farmers shunning basins in favor of even hiring in
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Table 3 Results of cost-benefit analysis

Maize technology cluster
Cluster 1 | Cluster2 | Cluster 3 | Cluster 4 | ALL

Cost-benefit indicators N=178 n=163 n=24 n=21 n =386
Grain (Kg) 1646.41 1815.61 1833.51 1266.87 1711.02
Grain revenue ($) 643.94 705.14 752.63 488.18 668.91
Stover (Kg) 823.21 907.80 916.75 633.43 855.51
Stover revenue ($) 32.93 36.31 36.67 25.34 34.22
Total revenue 676.87 741.45 789.30 513.52 703.13
Land preparation costs 68.85 65.37 67.81 77.46 67.75
Seed (Kg) 25.72 25.20 26.60 29.76 25.78
Seed costs ($) 67.60 71.71 69.56 68.73 69.59
Compound D fertilizer (Kg) 204.97 208.33 247.40 180.58 207.80
Compound D fertilizer costs 137.76 138.44 151.12 134.94 138.76
Ammonium nitrate fertilizer (Kg) 184.39 187.66 192.53 178.17 185.99
Ammonium nitrate fertilizer 137.43 137.46 137.08 141.96 137.68
costs ($)

Manure (carts) 0.00 0.02 0.00 0.00 0.01
Manure costs ($) 30.39 33.22 47.60 30.16 32.72
Herbicide costs ($) 1.55 2.01 0.29 0.48 1.61
Pesticide costs (§) 0.38 0.23 2.08 0.00 0.40
Labor costs ($) 66.36 72.74 47.67 119.05 70.91
Maize packaging costs (8) 5.02 6.68 5.05 433 5.71
Other costs ($) 0.21 0.88 2.03 0.00 0.61
Total variable costs (TVC) 515.56 528.75 530.30 577.11 525.74
Gross margin 161.30 212.70 259.00 —63.59 177.39
BCR 1.42 1.50 1.69 0.90 1.44
ROI 4217 50.06 68.82 —9.59 44.42

**% k% and * indicates significance level at 1%, 5% and 10%

animal-based tillage services. Minimum tillage could be achieved using animal-
drawn rippers and direct seeders, but farmers highlighted that there has been an
outbreak of January diseases which saw farmers losing cattle and draft power was
the hardest hit. Mulching and intercropping under maize also recorded the least
frequencies. Farmers highlighted that mulching was difficult to come by given that
stover was used to feed livestock. The study further identified CSA technology
combinations in maize production using principal component analysis-clustering.
Four distinctive clusters were identified, i.e., Technology Cluster 1 (dominantly
minimum tillage with lower use of rotation, DT maize, manure, and intercrop),
Technology Cluster 2 (dominantly rotation use with lower use of intercrop and very
low DT, manure, and minimum tillage), Technology Cluster 3 (higher use of mulch,
manure, and DT maize, average use of minimum tillage and rotation, and less
intercrop), and Technology Cluster 4 (conventional).
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Table 4 The stochastic frontier model results

Variables ‘ Coef. Std. Err P value
Frontier regression model (efficiency factors)
X1 SEEDcosts 102.41 151.51 0.50
X2 DFERTcosts —166.68%* 67.53 0.01
X3 ANFERTcosts —40.02 67.85 0.56
X4 LANDPREPcosts 106.57 105.16 0.31
X5 MANURECcosts 11.6 27.17 0.67
X6 HERBcosts -93.47 74.80 0.21
X7 PESTcosts 15.98 121.90 0.90
X8 LABOURCcosts —28.28 24.82 0.25
X9 PACKcosts 1362.15%** 79.66 0.00
X10 OTHERCcosts —208.07** 96.51 0.03
_cons —642.06 324.50 0.05
Inefficiency model
Z1 HHSEX —51.86 72.02 0.47
z2 HHEXPER 152.62%* 69.20 0.03
Z3 MEMBERSHIP 18.08 63.86 0.78
Z4 CREDIT 117.29 76.06 0.12
z5 TRADERS —145.16%* 60.61 0.02
76 TAR —74.88 85.25 0.38
z7 Kmextension 100.71 64.87 0.12
Z8 TLU 181.94%** 59.94 0.00
79 AGROREGION —60.21 63.55 0.34
Z10 EXTNcontact —167.5%* 82.10 0.04
Z11 CSAadoption —297.64%* 125.80 0.02
_cons 436.91** 201.05 0.03
Usigma
_cons 4.65 7.77 0.55
Vsigma
_cons 11.78%%** 0.09 0.00
sigma_u 10.22 39.70 0.80
sigma_v 361.46%%* 15.36 0.00
Lambda 0.03 42.72 1.00

% k% and * indicate statistical significance at 1%, 5%, and 10%, respectively

Economic Analysis of Maize

Economic analysis was performed to estimate the net return and benefit-cost ratio in
various CSA technology bundles. A comparison of costs and returns from various
CSA technology combinations in maize production is presented in Table 3.

The results show that the farmers who used CSA had higher gross margin ranging
from $259 (return on investment of 69%) with a BCR of 1.69 under higher CSA use
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to $161.30 (return on investment of 42%) and a BCR of 1.42 under low CSA use
compared to a negative gross margin under sole conventional practices (—$63.59)
with a BCR of 0.9 but negative ROI of close to 10%. This indicates that farmers get
at least more than $40 for every $1 spent in maize production using CSA technol-
ogies. The difference in profitability is mainly maybe a result of yield differences of
conventional system versus CSA. These findings are consistent with the findings of
Sain et al. (2017) who found that the incorporation of the CSA practices increased
maize yields by 20% or more in comparison to existing farm management systems
and Ali and Erenstein (2017) who found that yields differed according to production
system and technology used.

Estimated Stochastic Frontier Profit Function

The analysis was done using the sfcross Stata commands for the estimation of
parametric stochastic frontier (SF) models using cross-sectional data (Bell and
Bellotti 2014; Newton et al. 2014). Table 3 shows the maximum likelihood estimates
for parameters of the stochastic frontier model. Almost all inputs have positive
correlation with maize profitability except for fertilizer, herbicide, and labor costs
that have negative effects on maize output variable.

Table 4 shows the determinants of technical inefficiency in maize production.
Inefficiency is the dependent variable in the technical inefficiency model, and as
such, variables with a negative (positive) coefficient sign will have a positive
(negative) impact on technical efficiency. The analysis found that frequency of
extension contact had a negative and significant effect on inefficiency. This implies
that farmers with high frequency of extension contact are more technically efficient.
Extension officers impart skills to farmers through one-on-one visits, training work-
shops, advisory services, and promotional events like exchange visits and field days.
Farmers can thus learn about new technologies when they are in constant contact
with extension, and thus they end up becoming more efficient farmers. This finding
is in line with those of Dziwornu and Sarpong (2014), Welch et al. (2016), and
Abdulai et al. (2018).

They are also in line with findings from Mango et al. (2015) who found a negative
and statistically significant relationship between technical efficiency and extension
contact in smallholder farming systems of Zimbabwe following the fast track land
reform program. Another researcher, Konja et al. (2019), also found positive impact
of extension contact on technical efficiency in certified groundnut seed production in
Northern Ghana.

Correspondingly, the coefficient for number of locally available traders was
negative and significant. This means that farmers who have access to farm gate
traders are technically efficient. Maize farmers in most rural areas are constrained
when it comes to capital and hence have difficulties to access distant markets.
Therefore, if traders come to buy locally, this acts as an incentive for them to produce
that crop knowing there is going to be a guaranteed market with potential to lower
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transaction costs. Furthermore, the coefficient of CSA adoption was negative and
significant. This means that farmers using CSA technologies are more efficient.
The stochastic frontier results showed that fertilizer and other costs have negative
and significant effect on the inefficiency of maize profitability. The negative signs of
the variables indicate that as these variables increase, the profit inefficiency of maize
producers decreases. This means a unit increase in costs of the basal dressing
fertilizer (DFERT) and top dressing (ANFERT) will lead to 166.68% and 40.02%
increases in profitability, respectively. Basal and top dressing fertilizer applications are
very critical for maize profitability, and the increase in use as proxied by costs will
result in increased profitability. Total livestock units (TLU) and farming experience
had significant positive coefficients implying that as the farmer’s TLU/head size and
farming experience increase, the profit inefficiency of the farmers also increases. This
contradicts prior expectation and might be explained by the fact that experienced
farmers are older and unwilling to invest in any new technologies that come around.

Conclusions and Recommendations

The most economic adaptation strategy in the face of climate change would be adoption
of CSA technologies as evidenced by positive gross margins and higher returns on
investment when compared to the conventional way of farming. This is further
supported by the positive effect of CSA adoption on technical efficiency. Farmers
should however note that not all adaptation strategies are economical; thus, record-
keeping of costs and income for regular computation of costs and benefits is crucial.
Farmers can then choose technologies that give higher benefits or those that use less
inputs given that most of the farmers are financially constrained. Based on variables
that significantly influenced profit efficiency, the study makes three recommendations.

Government should continue putting resources towards supporting mobility of
extension staff for continued extension to farmer contact and giving them adequate
resource (information materials) so that they continue delivering key information on
yield enhancing CSA technologies.

Policies to promote inorganic fertilizer use in order to boost soil fertility remain
critical. Government should therefore strengthen the capacity of rural agro dealers to
sell fertilizers locally at reasonable prices.

Policies to promote farm gate buying or market centers within wards should also
be put in place as they have the potential to increase efficiency if farmers are aware of
such a guaranteed market with very low transaction costs.
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Abstract

Cassava and sweetpotato are major factors in food security across sub-Saharan
Africa. Though cassava and sweetpotato varieties that are early maturing and
resistant to diseases have been developed, many farmers still grow local varieties.
Cassava and sweetpotato cultivars that mature between 6 and 12 and 3 and
4 months after planting, respectively, are available. The objective of the synthesis
was to obtain a general overview of cassava and sweetpotato production in
Matiliku subcounty of Makueni County in semi-arid eastern Kenya before the
establishment of a seed system for them. Participatory rural appraisal and focused
group discussions with key stakeholders in Makueni County on the current status
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of these crops provided very useful information. It was observed that there are a
few early cassava and sweetpotato adopters, meaning a lot of effort in commu-
nicating the need to commercialize them needs to be made. Even though the
farmers had sufficient experience in growing them at subsistence level, they were
searching for cultivars that combine both nutritional and food security. There is a
need to engage more extension service providers in order to campaign on their
adoption. There is a need to carryout training and awareness creation on their role
in food security and wealth creation.

Keywords

Cassava - Food security - Kenya - Makueni - Sweetpotato

Introduction

Cassava and sweetpotato produce starchy tuberous roots. Cassava and sweetpotato
may be sweet or bitter depending on the variety. The crops are resistant to drought
and are mainly propagated through stem cuttings or vines. Cassava and sweetpotato
can adapt to diverse climatic conditions, survive long dry spells, and can be
harvested and stored on a flexible time schedule, all of which qualifies cassava and
sweetpotato as food security crops and technologies that respond well to climate
change. Cassava and sweetpotato tuberous roots are rich in carbohydrates and are a
staple food for many Africans. They are also used to manufacture alcohol. The leaves
are richer in protein and minerals than the tuberous roots both qualitatively and
quantitatively and are used both as vegetable and fodder. Cassava and sweetpotato
have high potential if people are sensitized to their usefulness and nutritive value.
Currently, women and children usually grow cassava and sweetpotato as food security
crops. However, the scenario changes when the two crops are grown for commercial
purposes with men playing a prominent role (Nweke et al. 2002).

Thirty-centimeter (30) stem cassava cuttings are planted upright, slanting, or
buried horizontally. Sweetpotato is propagated also from 30 cm vines, about 2/3 s
of which are inserted in the ground. Both crops have a great yield potential of 20—
50 t/ha of root dry weight in the tropics. This yield potential has yet to be exploited as
farmers are producing an average of less than 10 t/ha. Cassava and sweetpotato
provide 8% or more of the minimum calories requirements of some 750 million
people in the tropics, making it one of the most important energy sources in the
human diet. Cassava and sweetpotato have great potential as industrial starch
production crops and hence provide employment at the production, marketing, and
sales levels. Given that the demand for food and feed remains unsatisfied and the
time pressure to meet the challenge is increasing rapidly, cassava and sweetpotato
can help alleviate this problem.

Cassava and sweetpotato produce about 10 times more carbohydrates than most
cereals per unit area and are ideal for production in marginal and drought prone
areas, which comprise about 75% of Kenya (Githunguri et al. 1998; Githunguri
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2002; Nweke et al. 2002). Despite their great potential as a food security and income
generation crops among rural poor in marginal lands, their utilization remain low.
The potential to increase cassava and sweetpotato utilization is enormous with
increased recipe range (Githunguri 1995). The International Institute of Tropical
Agriculture (IITA) has officially recognized cassava as a new cash commodity and a
vital food in Africa. The Common Fund for Commodities has recognized cassava as
an internationally tradable commodity. The Intergovernmental Group on Grains has
adopted cassava as a commodity. Cassava and sweetpotato can accelerate develop-
ment and improve livelihoods of Kenyan rural communities as has been demon-
strated in Vietnam and Thailand. Adoption of improved cassava production,
processing, and marketing technologies earns these countries about one million
USS$ per annum. This model is being pursued by initiatives in Africa such as the
NEPAD Pan African Cassava Initiative, Sub-Saharan Africa Challenge Program,
and the South African Root Crops Research Network and East African Root Crops
Research Network.

Cassava and sweetpotato are major factors in food security across sub-Saharan
Africa. In Kenya, cassava is grown in over 90,000 ha with an annual production of
about 540,000 tons. Cassava (Mahihot esculenta Crantz.) is a relatively neglected
tropical root crop in East and southern Africa (Githunguri 1995; Githunguri et al.
2017a, b, ¢). It is grown widely in East Africa in areas below 1500 m above sea level
(Acland 1985). Cassava production in Kenya is concentrated in three main regions:
Coastal, Central, and Western region. Western and Coastal regions are the main
cassava producing areas, producing over 80% of the recorded cassava output in the
country (Githunguri et al. 2017a). Though cassava is considered to be a food security
crop in the sub-Saharan Africa, its production in Kenya is low compared to other
crops like maize, beans, and sorghum. Its consumption is low especially in the
central region of Kenya where it is considered a poor man’s crop and is usually
consumed during periods of food scarcity. Despite its high production in the coastal
and western regions of Kenya, utilization is limited to human consumption. In order
to promote production, which has been decreasing in recent years, there is a need to
explore and identify other uses of cassava.

According to FAO (1990), Africa produces about 42% of the total tropical world
production of cassava and contributes significantly to food security across sub-
Saharan Africa. Githunguri et al. (1998) and Nweke et al. (2002) noted that cassava
could grow well in marginal lands, requires low inputs, and is tolerant to pests and
drought. Cassava is grown in over 90,000 ha with an annual production of about
540,000 t in Kenya and could remain in the ground for 7-24 months after planting
and then harvested thereafter (Githunguri et al. 2017a). Utilization of cassava
remains low in Kenya because the fresh root tubers are limited to roasting and
boiling for consumption only despite its great potential as a food security and income
generating crop (Githunguri 1995; Githunguri et al. 2017a). However, it should be
noted that cassava is widely used in Kenya by almost all communities despite the
fact that there is still a lot of room for expansion on its use especially by industrialists
who have yet to fully utilize cassava in food and stock feed manufacture. The Home
Economics Department of the Ministry of Agriculture and other organizations have a
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wide range of options in developing cassava recipes acceptable to a larger commu-
nity (Githunguri 1995; Githunguri et al. 2017a). In Kenya, cassava is the second
most important food root crop after Solanum potato. However, due to its small
production base, it is ranked 36th out of 50 in KALROs 1991 priority setting
exercise (KALRO 1995; Githunguri 1995; Githunguri et al. 2017a). There is a
slow but steady increase in cassava production because its consumption has a direct
effect on demand.

Variability studies by Rai et al. (1986) on cassava showed that phenotypic variance
was higher than genotypic variance for all characteristics, which included plant height,
tuberous root girth, length, and weight. Later rain-fed trials involving several cassava
cultivars showed significant genotype by environment (g x e) interaction for yield
(Naskar et al. 1989). Selection for a slightly higher than optimal leaf area index, and
hence greater biomass, can lead to stable cassava yields across both favorable and
stress environments. Further, according to Nartey (1981) and Githunguri et al. (2014),
the harvested cassava yields depend on the distribution of dry matter between the
useful and other parts of the plant, which may be affected by the sink capacity of the
useful parts to accept photosynthates, as well as the capacity of the leaves to supply it.
In sub-Saharan Africa, most boil and eat fresh cassava consumers prefer roots with
high dry matter contents, which are boiled and consumed as vegetable (Nartey 1981;
Githunguri et al. 2014). It is important to note that Dixon et al. (1994) had reported
negative correlation between root dry matter content and root cyanogenic potential
which is important when selecting cassava varieties targeting fresh tuberous root
consumers. According to IITA (1990b) and Githunguri et al. (2016), useful yields of
the cassava crop depend on its total biomass and its distribution among useful parts. As
such, since the total light intercepted strongly depends on leaf area, the best yielding
cassava is one that establishes adequate and efficient photosynthetic surface suffi-
ciently early in the cropping season, maintains it at least over the duration of the
moisture cycle, and partitions dry matter into yield (Cock 1985); IITA 1990a). Other
studies (IITA 1990b) have shown that best root yields are obtained at a leaf area index
of 3.5, with general reduction in yield as the leaf area indices increase.

African farmers usually grow cassava under field conditions where one or more of
the resources are limiting. However, it should be noted that most of the research
works carried out are under optimum management conditions (Githunguri et al.
2006). Importance of cassava as an industrial crop is increasing rapidly in several
countries within the tropics and especially sub-Saharan Africa (Ayinde et al. 2004;
Azogu et al. 2004; EFDI-Technoserve 2005; Ezedinma et al. 2005; Githunguri 1995;
Onyango et al. 2006). According to several studies (Githunguri 2002; Odongo 2008;
Tivana and Bvochora 2005), safety of cassava products is important and could be
affected by agro-ecological zones and genotypes. According to Ekanayake et al.
(1997a) and Ekanayake et al. (1997b), a cassava plant possesses several physiolog-
ical parameters and processes that confer to it the ability to produce modest yield
under a range of both abiotic and biotic stresses. Some of these parameters include
heliotropism, leaf drooping, long fibrous roots, loss of leaves, high water use
efficiency, and large source potential, and sink capacity (Ekanayake 1998;
Githunguri 2002). Other studies have shown that the cassava value chain has three
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main components: field production, processing, and marketing (Githunguri et al.
2017a, b, c). Though cassava varieties that are early maturing and resistant to
diseases have been developed, many farmers in the cassava growing regions
(coastal, central, and western) still grow local varieties (Githunguri et al. 1998,
2006, 2007a; Githunguri 2002). In addition, early maturing, high yielding, disease,
and pest tolerant cassava cultivars developed through participatory breeding by the
Kenya Agricultural and Livestock Research Organization (KALRO) are available to
farmers (Githunguri et al. 2006, 2007a).

Sweetpotato is an important staple food in the East African region after banana and
maize. It has high potential for livestock feed and industrial use as well (Onwueme
1978). Generally, small-scale farmers using traditional farming systems on marginal
soils produce most of the sweetpotatoes and cassava. According to Onwueme (1978),
yields of sweetpotato and cassava vary with cultivar, disease resistance, and location
and production practices. Constraints to sweetpotato production in Kenya include the
sweetpotato weevil, lack of adequate disease and pest-free planting materials, poor
cultural practices, lack of appropriate storage and processing technologies, and poor
market infrastructure (Lusweti et al. 1997; Githunguri et al. 2003). Although some
trade occurs, there is minimal official record of international trade in sweetpotato.
Kenya mainly meets her consumption needs almost exclusively through internal
production. Thus, sweetpotatoes like cassava are consumed locally and hence traded
in a closed economy. This suggests that prices are mainly dependent on local forces of
supply and demand. Due to lack of external market, the aggregate demand for
sweetpotato within Kenya is assumed to equal supply (Odendo et al. 2001). One of
the major constraints towards cassava and sweetpotato production and commerciali-
zation is their low and slow multiplication ratio due to their being vegetatively
propagated. This constraint is further compounded when their production is carried
out in the arid and semi-arid areas where their multiplication can only be effectively
and commercially multiplied under irrigation and high inputs. Most local cassava and
sweetpotato cultivars are low yielding and are late maturing. Though cassava and
sweetpotato varieties that are early maturing and resistant to diseases have been
developed, many farmers still grow local varieties. KALRO has sweetpotato cultivars
that mature between 3 and 4 months and cassava cultivars that produce appreciable
yields between 6 and 12 months after planting. As such, the specific objective of this
synopsis was to obtain a general overview of cassava and sweetpotato production in
Matiliku Division Makueni District in semi-arid eastern Kenya before the establish-
ment of a seed system for the two crops.

Farmer Interviews

Participatory rural appraisal (PRA) and Focused Group Discussions with farmers,
local leaders, extension staff, and other stakeholders were conducted at Matiliku
Division in Makueni District. The PRA involving 51 farmers was conducted at a
farm with an elevation of 1043 m above sea level located on Latitude S: 011.867812
and Longitude E: 042.78234. Using a semi-structured questionnaire, farmers were
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interviewed individually whereby an overview on cassava and sweetpotato produc-
tion in Matiliku was obtained. The data was subjected to descriptive analysis
methods while charts were generated using Microsoft Excel application. The results
were used to inform decisions on their training and cassava and sweetpotato pro-
duction requirements.

Survey Observations and Synthesis in a Semi-Arid Area in Kenya

Figure 1 shows about 35.3% of the farmers put 0.25 acres under cassava cultivation
while 13.7% have a few stands and 33.3% do not grow cassava at all. About 11.8%
of the respondents put in cassava on land ranging from 0.5 to 1.5 acres and this
category could be the early adopters.

The number of years under cassava production ranged between 1 and 40 years
with only a few (7.7%) farmers indicating to have been growing cassava for a period
above 40 years (Fig. 2). The majority of farmers, about 41.1%, have grown cassava

£ 100 -
2 5l
S5 70
58 60 A
=8 50 -
8 40 A
£ ° 30 -
§ 20 -
o 10 1 I
0 l*l'_T_' i_\

0 0.125 0.25 Few stands

Proportion of acreage under cassava

Fig. 1 Proportion of acreage under cassava production in Matiliku Division, Nzaui District,
Makueni County. Vertical bars represent the standard error between means (P = 0.05)
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Fig. 2 Number of years under cassava production and proportion of farmers growing cassava in
Matiliku Division, Makueni (Nzaui) District. Vertical bars represent the standard error between
means (P = 0.05)
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for only 1 year while the rest had cassava-growing experience ranging between 2 and
30 years in proportions ranging between 5.1 and 10.3%. These results suggest that
cassava is grown as a subsistence crop and a lot needs to be done if it is going to be
commercialized in Matiliku.

According to Table 1 the majority of farmers, about 40.5%, were growing a local
cassava cultivar whose name seemed to be unknown while 31.0% were growing a
cultivar whose origin was uncertain. Among the known local cultivars, Kitwa was
being grown by 7.1% of the respondents. A similar percentage (7.1%) of respon-
dents were growing the improved “Mucericeri” cultivar obtained from KALRO and
FIPs Africa. Other minor cultivars included 990,005, “Kiisungu,” and “Nyawo.”
These results suggest that even though KALRO and some significant service pro-
viders have started distributing improved cultivars, a lot still needs to be done if
cassava is going to play its rightful role in supplying the much needed calories.

Table 2 shows that the most significant methods of utilization include boiling and
eating cassava for breakfast and chewing raw as a snack. About 10.1% of respon-
dents mix cassava with maize and beans (“githeri””) while 17.7% grow cassava for

Table 1 Types of cassava cultivars cited and proportion of farmers growing them in Matiliku
Division, Makueni (Nzaui) District

Types of cassava cultivars cited Percentage (%) of farmers growing them
990,005 (improved) 2.4
FIPS Africa (improved) 2.4
(KALRO) improved 4.8
Kiisungu (local) 2.4
Kitwa (local) 7.1
Local (unknown) 40.5
Mucericeri (improved) 7.1
Nyawo (local) 2.4
Unknown (not certain improved or local) 31.0

Table 2 Method of utilization of cassava and proportion of farmers involved in Matiliku Division,
Makueni (Nzaui) District

Method of utilization Percentage (%) of farmers utilizing them
Boil and eat as a snack 2.5
Boil for breakfast 354
Chew raw 24.1
Give to friends 1.3
Have not utilized 5.1
Mix with “Githeri” 10.1
Mix with meat to make a stew 1.3
Peel, chip and mix with sorghum or maize 1.3
Process cakes 1.3

Sell in the market 17.7
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sale in the local market. Only 5.1% of the respondents indicated they have not
utilized cassava in any way. The results indicate that there is very little processing of
cassava taking place in Matiliku suggesting that there is need to carryout training and
awareness creation on the role of cassava in food security and wealth creation.

Results in Table 3 show that KALRO (35.9%) has been largely responsible in the
introduction of cassava as a viable technology in this area. 25.6% of the respondents
were not certain about the origin of their cultivars, whereas 20.5% obtained them
from the local market. It seems 20.5% of the respondents purchased cassava cuttings
from the market, which is a positive sign on the viability of cassava being taken up as
a commercial venture. There is need to increase the number of extension service
providers in the area.

Figure 3 shows that the majority of respondents comprising 52.5%, 30%, and
10% grow sweetpotatoes on 0.25, 0.125 acres of land and only a few stands,
respectively. The rest 7.5% grow sweetpotatoes on pieces of land ranging from 0.5
to 2 acres who seem to comprise the group of early adopters. These results suggest
that sweetpotato is also grown as a subsistence crop. Serious efforts need to be put in
place in order to move sweetpotato from subsistence level to commercialization in
Matiliku.

Table 3 Origin of cassava cultivars cited and proportion of farmers growing them in Matiliku
Division, Makueni (Nzaui) District

Origin of cassava cultivars cited Percentage (%) of farmers growing them
Farmers 7.7
FIPs Africa 7.7
Inherited from parents 2.6
KALRO 359
Local market 20.5
Unknown 25.6
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Fig. 3 Proportion of acreage under sweetpotato production in Matiliku Division, Makueni (Nzaui)
District
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Figure 4 shows that majority of the respondents, about 60%, have mainly grown
sweetpotatoes for the last 3 years. The rest 40% have mainly grown sweetpotato for a
period ranging from 4 to 30 years. This suggests that the concerted efforts that have
been put in place by KALRO and its partners in extension service providers during
the last 4 years have paid divided and all that is needed is to sustain the efforts.

The results in Table 4 show that 21.2% of the respondents were growing a local
cultivar of an unknown origin while 16.7% of the farmers were growing an unknown
improved cultivar presumably obtained from KALRO or other extension service
providers. Sallyboro, an improved orange-fleshed sweetpotato cultivar, and “Mwezi
moja,” a drought tolerant local cultivar, were the only cultivars being grown by an
appreciable number of respondents, 15.2% and 10.6%, respectively. The rest of the
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Fig. 4 Number of years under sweetpotato production and proportion of farmers growing them in
Matiliku Division, Makueni (Nzaui) District

Table 4 Types of sweetpotato cultivars cited and proportion of farmers growing them in Matiliku
Division, Makueni (Nzaui) District

Types of sweetpotato cultivars cited Percentage (%) of farmers growing them
Kareti 4.5
KALRO 1.5
Kirinyaga 7.6
Kitharu 1.5
KSP20 3.0
Local 21.2
Mukanda 1.5
Mulala 1.5
Munyala 1.5
Mwezi moja 10.6
Nyawo 4.5
Sallyboro 15.2
SPK 013 1.5
SPK004 3.0
Unknown 4.5

Unknown improved 16.7
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13 cultivars were thinly spread among the respondents with proportions ranging
between 1.5% and 7.6%. The multiplicity of cultivars suggests that the farmers have
accepted sweetpotato as an important part of their food security technologies and it
seems they have been searching for a suitable cultivar. It seems a combination of
Sallyboro and “Mwezi moja” have the qualities the farmers have been looking for:
namely, food and nutrition security. There is a lot of potential to commercialize
sweetpotato production in Matiliku if a sustainable seed system is established.

According to Table 5, the most popular method of utilization of sweetpotato is
boiling and taken for breakfast. The sweetpotato is also a tradable commodity with
26.5% of respondents selling them in the local market. About 6% of the late adopters
had not utilized sweetpotato at all. A few farmers were feeding sweetpotato vines to
livestock while there was very little processing. In the area of utilization, there is a lot
of room for training and improvement. However, farmers here like in the major
sweetpotato producing areas in Western and Central Kenya could target the huge
fresh market in Nairobi and other major urban centers.

Table 6 shows the origin of sweetpotatoes is mainly from KALRO (35.8%),
neighboring farmers (34.0), and FIPs Africa (20.8). It seems KALRO and FIPs
Africa have made major inroads in addition to the farmers being receptive and a
willing congregation.

Table 5 Method of utilization of sweetpotato and proportion of farmers involved in Matiliku
Division, Makueni (Nzaui) District

Method of utilization Percentage (%) of farmers utilizing them
Boil for breakfast 42.2
Boil for lunch 1.2
Chew raw 8.4
Feed vines to livestock 3.6
Have not utilized 6.0
Process into cakes 3.6
Roast 7.2
Sell in the market 26.5
Sell vines 1.2

Table 6 Origin of sweetpotato cultivars cited and proportion of farmers growing them in Matiliku
Division, Makueni (Nzaui) District

Origin of sweetpotato Number of times cited by Percentage (%) of farmers
cultivars cited (respondents) farmers growing them

Farmers 18 34.0

FIPs Africa. 11 20.8

KALRO 19 35.8

Local market 1 1.9

Unknown 4 7.5
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Table 7 Education level, occupation, and main mode of communication by farmers involved in
cassava and sweetpotato production in Matiliku Division, Makueni (Nzaui) District

Education Percentage (%) of farmers within the
level Occupation Telephone main categories
Postsecondary | Farmer Cellphone 8
Postsecondary | Farmer/service Cellphone 2
provider
Primary Farmer Cellphone 34
Primary Farmer Cellphone/ 2
email
Primary Farmer None 6
Primary Farmer/ Cellphone 2
shopkeeper
Secondary Farmer Cellphone 36
Secondary Farmer Cellphone/ 2
email
Secondary Farmer None
Secondary Farmer/ Cellphone
shopkeeper

Results in Table 7 show that the majority, over 70%, of cassava and sweetpotato
farmers had attained at least the Primary Level of education with more than half of
them having a secondary level of education. At least 2% of the farmers had an email
address. The results suggest that the majority of the farmers were educated and had
already started embracing modern technology meaning it will be easy to convince
them to adopt the new cultivars.

Cassava: Postanalysis

Cassava production and its optimized food, nutritional, and industrial positioning as
a climate smart crop faces challenges including diseases, late maturing varieties,
pests and lack of climate smart adaptable varieties, low yields, weak seed systems,
insufficient value addition, limited market linkages, and insufficient mapping of
gendered roles in production and marketing. Limited availability of clean planting
materials has resulted in few agro producers growing improved varieties, hence
reduced root yield and quality. The majority of cassava famers (93%) in Kenya use
planting materials from their own or neighbor’s fields (Githunguri et al. 2014), hence
a continued build-up of diseases and pests (Githunguri and Njaimwe 2013a, b, c, d;
Githunguri 1983a, b). Unfortunately, the perception of cassava as a poor peoples’
food has impacted negatively on national efforts to promote cassava as a viable,
commercially marketable product which has confined it to subsistence production,
rudimentary processing, and limited consumption (Githunguri et al. 2017a). There is
need to address and change this negative attitude towards cassava through advocacy
and change in policy. The minimal processing techniques are usually tedious, time-
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consuming, low yielding resulting in products with unpredictable qualities and
hence rarely stocked in markets. We believe that adjustments of locally available
processing technologies accompanied by an aggressive vigorous promotion and
marketing campaign will significantly raise the profile of climate smart crops like
cassava and thus contribute to the improvement of food security, incomes, and
community resilience.

Cassava (Manihot esculenta Crantz) is the fifth most important food crop in the
world (Githunguri 2002). It produces more energy per unit area compared to most
cereals (Githunguri et al. 2015; Githunguri and Amata 2015). The crop is drought
tolerant and produces under marginally fertile soils where other crops fail
(Githunguri et al. 2014); hence, it is the most resilient to climate change among all
major African crops (Jarvis et al. 2012). Cassava is grown by smallholder agro
producers in western, coastal, and eastern Kenya. Considering that about 75% of
Kenya is arid or semi-arid and the majority of small-scale farmers in cassava
growing areas are women, increased cassava production and consumption will
contribute greatly towards poverty alleviation, food security, women empowerment,
and wealth creation of the nation (Githunguri et al. 2007). In 2017 the country
produced 1,112,000 tonnes from 90,394 ha, translating to 12 t/ha which is lower
compared to 16 to 24 t/ha in China, Indonesia, and Thailand (FAO, IFAD, UNICEF,
WFP and WHO 2017) and the crop potential of 90 t/ha (Cock et al. 1979). Lamu and
Kisumu are among the major cassava producing counties in Kenya and the crop
contributes 6% of the total household incomes (MOALF 2018). Production is
dominated by low-yielding varieties that are susceptible to pests and diseases
under poor crop and pest management practices. Major diseases are cassava mosaic
(CMD) and cassava brown streak (CBSD) disease which cause yield losses of up to
100% with CBSD causing necrosis which renders roots unfit for food, feed, and
industrial purposes (Monger et al. 2010). Pests such as cassava mealybugs (CMB)
and cassava green mites (CGM) affect production particularly during the dry
periods. Kenya Agricultural and Livestock Research Organization (KALRO) has
identified improved varieties such as MM95/0183, Midgyera, and Katune (990005)
and that are high yielding, early maturing, and tolerant to pests and diseases.
Therefore, validating and upscaling improved varieties and good agronomic, pest
and disease management technologies will contribute to increased productivity.
Wide adoption of improved varieties will be enhanced if planting materials are
bulked in close proximity to production areas to reduce transportation costs. Lack
of an efficient seed delivery system has resulted in limited availability and accessi-
bility of clean planting materials, resulting in 93% of the agro producers in Kenya
using infected planting materials (Amata et al. 2012; Ekanayake and Githunguri
2000). This causes a buildup of pests and diseases further contributing to low
productivity of clonally propagated crops (Githunguri et al. 1992). There is a need
to have a system compliant with national regulations to avail high quality planting
materials to agro producers, to address losses attributed to these pests and diseases.
Use of tissue culture and three node technology to mass propagate disease free
planting materials and bulk at three levels — primary (NARS, breeders’ seed),
secondary (Government, NGOs and other private Institutions), and tertiary (village
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seed entrepreneurs) — could be beneficial in availing clean materials to agro pro-
ducers. Cassava utilization in the target counties is limited to boiling, deep frying,
roasting, and blending cassava with maize, millet, or sorghum flour to make porridge
or “ugali” (Githunguri 1995). In Nigeria, the crop is processed into feeds and food
products like garri. Cassava can replace 10-30% of maize in food and feeds, 60—
70% in confectionery products, and up to 60% of barley in beer making, hence can
relieve the demand for and importation of wheat and save on foreign exchange. This
potential has been recognized and the Ministry of Agriculture in Kenya is enacting a
law to enforce blending of maize and wheat with cassava flour. Production of high
quality flour is a requirement for blending and hence improved processing technol-
ogies that will ensure safety of products will be validated and up-scaled. In addition,
new products will be introduced to entrepreneurs who will be linked to markets to
create employment and increase income generation.

Sweetpotato: Postanalysis

Sweetpotatoes are important in the economy of poor households and are a major
source of subsistence and cash income to farmers in agroclimatically disadvantaged
regions and even in high potential areas of Kenya. Constraints to sweetpotato
production in Kenya include the sweetpotato weevil, sweetpotato virus complex,
lack of adequate disease and pest free planting materials, poor cultural practices, lack
of appropriate storage and processing technologies, and poor market infrastructure.
Effective control of major biotic and abiotic stresses on sweetpotatoes through
selection and breeding of clones’ resistance and/or tolerant to them plus the avail-
ability of clean planting material will boost food availability significantly in arid and
semi-arid lands through the establishment of sweetpotato based industries in
sweetpotato growing areas. The objectives of the Root and Tuber Crops Programme
in the Kenya Agricultural and Livestock Research Organization (KALRO) are to
develop sweetpotato varieties that are widely adapted to diverse agro-ecological
zones. The varieties should also be high yielding, early bulking, and drought
resistant/tolerant, resistant to major biotic and abiotic stresses and have good root
quality and especially high in B-carotene content (orange fleshed sweetpotatoes).
The Kenya Agricultural and Livestock Research Organization has recognized the
importance of involving farmers in their selection and breeding research programs.
Sweetpotato produces starchy tuberous roots. The crop is resistant to drought and is
mainly propagated through vines. Sweetpotato can adapt to diverse climatic conditions,
survive long dry spells and can be harvested and stored on a flexible time schedule, all of
which qualifies it as a food security crop. Sweetpotato tuberous roots are rich in
carbohydrates and are a staple food for many Africans. They are also used to manufac-
ture alcohol. The leaves are richer in protein and minerals than the tuberous roots both
qualitatively and quantitatively and are used both as vegetable and fodder. Sweetpotato
has high potential if people are sensitized to their usefulness and nutritive value.
Sweetpotato is propagated also from 30 cm vines about 2/3 s of which are inserted
in the ground. Both crops have a great yield potential of 20-50 t/ha of root dry
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weight in the tropics. This yield potential has yet to be exploited as farmers are
producing an average of less than 10 t/ha (Nweke et al. 1994). Sweetpotato provides
8% or more of the minimum calories requirements of some 750 million people in the
tropics, making it one of the most important energy sources in the human diet.
Sweetpotato has great potential as an industrial starch production crop and hence
provide employment at the production, marketing, and sales levels. Given that the
demand for food and feed remains unsatisfied and the time pressure to meet the
challenge is increasing rapidly, sweetpotato can help alleviate this problem.

Sweetpotatoes have the potential to contribute towards increased and sustainable
food security, poverty alleviation, and wealth and employment creation. As such, the
Kenyan government needs to have challenges and opportunities addressed along the
sweetpotato value chain. Kenya’s Economic Recovery Strategy of 2003 focuses on
creating employment and wealth in the various subsectors including agriculture
which contributes about 30% to the gross domestic product and provides about
70% of employment opportunities annually (MoA 2005). The vision of the govern-
ment Strategy for Revitalizing Agriculture and Kenya Vision 2030 (National Eco-
nomic and Social Council of Kenya (NESC) 2007) is to make the sector profitable,
commercially oriented, and competitive (MoA 2005). Value addition and efficiency
in production, processing, and marketing of high quality competitive sweetpotato
products in Kenya and beyond will be used to enhance household incomes, employ-
ment, and food and nutrition security.

Despite its great potential as a food security and income generation crop among
rural poor in marginal lands, its utilization remains low. However, its utilization can
be increased with an enhanced number of recipes. Sweetpotato can accelerate
development and improve livelihoods of Kenyan rural communities as has been
demonstrated in China. Studies indicate sweetpotato seed, flour, crisps, starch,
livestock feeds, and ethanol as the six best bet sweetpotato technologies. However,
there is need to focus on sweetpotato seed. Several small-scale sweetpotato-based
technologies have been initiated in a number of countries and similar models can
work for Kenya (Onyango et al. 2006). What is lacking is an effective technology
transfer mechanism that makes it possible for sweetpotato farmers and processors in
Kenya to test, select, and adopt or adapt the best options. There is need to train
farmers and processors on good sweetpotato field production and manufacturing
practices and facilitate their access to microcredit and market avenues to catalyze
sufficient investment in the sweetpotato industry.

A successful commercial sweetpotato seed industry could lead to increased
sweetpotato field production which could in turn lead to processing of products
and better markets for sweetpotato products leading to increased incomes to the rural
community thus leading to a reduction in poverty levels among them. This could
also lead to increased utilization of quality sweetpotato products and enhanced food
security as proposed by the ERS and the SRA. Quality sweetpotato products have
the potential of greatly contributing to improved health of the rural populations and
enhance nutritional security among small scale farmers.

With successful interventions, there will be need for policy makers to create
policy instruments to absorb surplus sweetpotato, which will create incentives for
local producers. Making it mandatory for processors to use a certain percentage of
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sweetpotato, flour in making livestock feeds could achieve this. This would promote
use of sweetpotato in addressing rural food security, industrialization, employment
creation, rural urban migration, and rural youth occupation.

The sweetpotato value chain has three main components: field production,
processing, and marketing. We will build strong ties with both public and private
institutions engaged in research, extension, and social development in order to
accomplish this linkage by the end of project. Though sweetpotato varieties that
are early maturing and resistant to diseases have been developed, many farmers in
the sweetpotato growing regions still grow local varieties. Many local sweetpotato
cultivars take more than 6 months to mature, whereas the Kenya Agricultural and
Livestock Research Organization has sweetpotato cultivars that mature between 3
and 4 months. Intensive multiplication and dissemination of the newly bred early
maturing high yielding disease and pest tolerant cultivars will result in increased
sweetpotato production and ensure a source of food and income for the rural
households. Early maturing, high yielding disease, and pest tolerant sweetpotato
cultivars developed through participatory breeding at various Kenya Agricultural
and Livestock Research Organization Centres are available.

Conclusions

There are a few early cassava and sweetpotato adopters, meaning cassava and
sweetpotato are still being grown as a subsistence crop and a lot needs to be done
if they are going to be commercialized in Matiliku. The farmers had sufficient
experience in growing the two crops albeit at subsistence level. The farmers seemed
to be searching for cultivars that combined both nutritional and food security. There
is need to engage more extension service providers than there are currently in order
to hasten the adoption of new cultivars. There is very little processing of these crops
taking place in Matiliku suggesting that there is need to carryout training and
awareness creation on their role in food security and wealth creation. Sallyboro, an
improved orange-fleshed sweetpotato cultivar, and “Mwezi moja,” a drought tolerant
local cultivar have been accepted by the farmers. There is a lot of potential to
commercialize cassava and sweetpotato production in Matiliku if a sustainable
seed system is established. Cassava and sweetpotato are tradable commodities in
Matiliku. Farmers could target the huge fresh market in Nairobi and other major
urban centers. Majority of the farmers are educated and could easily adopt new
technologies.
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Abstract

Food security is a major public health priority in Cameroon, amidst climate
change and sea level rise (CC/SLR), vis-a-vis the ever-increasing population
growth with associated challenges. CC/SLR, singly or combine, is well known
to have severe impacts on agricultural productivity, food security, socioeconomic
activities and ecosystem (environment, plant and animal) health systems in
coastal areas. They contribute to natural disasters including erosion, flooding,
inundation of coastal lowlands, and saltwater intrusion, altogether reducing
agricultural productivity. Additionally, these disasters provoke adverse animal,
human, and environmental health implications; reduction in tourism; and poten-
tial close of some socioeconomic activities that constitute secondary (after agri-
culture), or main source of livelihood/income for many coastal indigents.
Although there are inadequate reports on the impacts of CC/SLR, preliminary
reports point to negative effects on crop production and socioeconomic activities
in coastal Cameroon. This chapter highlights the susceptibility of coastal Cam-
eroon agriculture and socioeconomic activities to CC/SLR. Furthermore, it has
propose agricultural (CC/SLR and non-climatic) and educational intervention
socioeconomic strategies for the mitigation and adaptation to CC/SLR and for
sustainable agricultural productivity in coastal Cameroon. The proposed strate-
gies may provide a small contribution toward a wider multi-stakeholder pool of
strategies and which, when applied, may enhance food security in coastal Cam-
eroon amidst CC/SLR and promote socioeconomic and touristic activities while
reducing negative implications on animal, plant, human, and environmental
health.

Keywords

Agriculture - Climate change - Sea level rise - Food security - Ecosystem health

Introduction

Food security is a major concern in feeding the world’s estimated 9.8 billion people
by 2050 (Worldometer 2020). The demand for food by 2050 will increase by an
estimated 60%. This will be associated with broader economic and societal issues.
Thus, there is increasing need for sustainable agriculture (Breene 2016; Abia et al.
2016; Center for Development Research (ZEF), Forum for Agricultural Research in
Africa (FARA), Institute of Agricultural Research for Development (IRAD) 2017)
toward sustainable food supply. Food security exists when all people, at all times,
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have physical and economic access to sufficient safe and nutritious food that meets
their dietary needs and food preferences for an active and healthy life (Food and
Agriculture Organization (FAO) 2010). In addition, food security has three dimen-
sions. These include (i) availability of food (which consist of three elements related
to production, allocation, and exchange); (ii) access to food (that is connected with
affordability, e.g., income and wealth, provision, and preferences); and (iii) utiliza-
tion of food (focusing on the essential elements that are associated with dietetic and
social values as well as food safety issues). Additionally, it is vital to ensure that the
available and accessible food is safe. Furthermore, food waste should be minimized
as much as possible (zero food waste concept. According to the Codex Alimentarius
Commission (CAC 2003), food safety is the assurance that food will not cause harm
to the consumer when it is prepared and/or eaten according to its intended use.

Food security is generally affected by several factors. Climate change remains
one of the most devastating factors. Notwithstanding, both climatic and non-climatic
factors, singly and collectively, hinder agricultural productivity. These factors
include increase in temperature, fluctuation in rainfall (periods and amounts) and
population growth, and sea level rise. Their effects on coastal agricultural produc-
tivity and sustainability may be a concern (Schiermeier 2018). They may provoke
inundation, soil erosion, and saltwater intrusion (Gopalakrishnan et al. 2019).

In Cameroon, agriculture and food associated sectors provides employment to an
estimated 75% of the adult-working population (mainly small-scale peasant farmers
(NIS 2010), contributing 30% to the gross domestic product (GDP) and account for
approximately half of total earnings from exports (DSCN 2002). The sustainability
of the agricultural sector in Cameroon is essential (Abia et al. 2016) and sustaining
the food sector (ZEF, FARA, IRAD 2017). However, there is inadequate focus on the
limitations to the country’s coastal agricultural productivity. Coastal Cameroon’s
agricultural productivity is likely already and may continue to experience adverse
impacts of climate change and sea level rise (CC/SLR) especially in terms of area of
inundation, soil erosion, flooding, salinity intrusion, and reduction in crop produc-
tion. This may have serious repercussions on farmers, food security and safety, as
well as on the ecosystem (plant, animal and human) health. An early awareness and
preparation toward helping coastal farmers cope with CC/SLR is relevant. This
chapter highlights the vulnerabilities of coastal Cameroon’s agricultural productivity
and ecosystem health to CC/SLR induced hazards, with proposed mitigation
strategies.

Highlights of Coastal Cameroon

The coastal lowlands of Cameroon is located between the Atlantic Ocean and the
western highlands in the northeast and the south Cameroon plateau in the southeast
and covers 402 km of coastline. The coastal Cameroon spans 15-150 km inland from
the Gulf of Guinea with an average elevation of 90 m. The coastal zone of Cameroon
has three sedimentary basins (Campo Kribi, Douala, and Rio-del Rey). These are
known to be potentially rich in hydrocarbons and are currently being exploited by
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petroleum companies. The northern part of the coast (including Idenau, Debundscha,
Batoke, Bota, and Down Beach) is characterized by a small population size and very
few industries and suffering impacts from the volcanic eruptions of Mount Cameroon.
For example, during eruption, lava flows obstruct road networks, destroying crops,
and induce rise in ocean water thereby killing fishes and other marine ecosystems. The
coastal zone harbors the coldest place in Cameroon, Debundscha, which is at the foot
of the Mount Cameroon, which experience the highest rainfall (annual average:
11,000 mm). The coastal region is characterized by equatorial climate with less dry
(~3 months) and wet (~9 months) seasons alternating. The coastal line has high
humidity mainly associated with the Guinea monsoon winds. The center of the
coast, i.e., Douala, has an estuarine system of river Wouri and is the part with highest
human/anthropogenic activities. Additionally, the central coast has the highest coastal
population size and is home to approximately 60% of Cameroon’s industries (Alemagi
et al. 2006). It harbors the countries important industrial and environmental interests
(Onguéné et al. 2015). The southern coast area (Kribi) harbors the smallest coastal
population size and has few industries. The characteristics of coastal Cameroon have
been presented variedly e.g., based on water, salt, and nutrient budget of the two
estuaries (Gabche and Smith 2002) and based on characteristics of coastal vulnerabil-
ity to climate change (Leal Filho et al. 2018).

Coastal Zones and Risk Factors of Agricultural Productivity

Coastal areas are likely to be more vulnerable to climate change than inland areas
because, in addition to changes in flooding, temperature, and precipitation, coastal
lowlands are frequently affected by sea level rise (SLR) and sea wave heights.
Increasing Greenhouse Gas (GHG) emissions may raise the average atmospheric
temperature by 1.1 °C to 6.4 °C over the next century, with possible thermal expansion
of the oceans, rapid melting of ice sheets, and consequently SLR (Intergovernmental
Panel on Climate Change (IPCC) 2007a). On the average, the global SLR stood at the
rate of 1.8 mm per year from 1961 to 1993 and at the rate of about 3.1 mm per year
from 1993 to 2003 (IPCC 2007b). Even if GHG emissions were stabilized soon,
thermal expansion and deglaciation would continue to trigger SLR for many decades.
Furthermore, the continuous growth of GHG emissions and associated global
warming could well promote SLR of 1-3 m in this century, and unexpectedly rapid
breakup of the Greenland and West Antarctic ice sheets might produce a 5 m SLR
(Church et al. 2001) and may rise to 7.5 m by 2020 (Bamber et al. 2019). Altogether,
the IPCC Third Assessment Report of 2001 projected a global average SLR of
between 20 and 70 cm between 1990 and 2100 using the full range of IPCC GHG
scenarios and a range of climate models (IPCC 2001). Recently, SLR projection until
2030 was reported in the “Special IPCC Report on the Ocean and Cryosphere in a
Changing Climate” (IPCC 2019). In the report, two scenarios for GHG emissions are
considered: a “low” scenario (known as RCP2.6), with strong reduction of global
greenhouse gas emission, such that global warming will probably not exceed 2 °C, and
a “high” scenario (referred to as RCP8.5), in which no measures are taken to limit
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GHG emissions. Altogether, it is assumed that the high scenario may lead to SLR of up
to 5 m of the global average sea level in 2030 (IPCC 2019).

Coastal areas are generally vulnerable to anthropogenic influences such as dense
population, industrialization, and agricultural activities (Amosu et al. 2012). In the
west and central African sub-regions, erosion of beaches is among the major ecolog-
ical problems (Ibe and Awosika 1991). Due to coastal erosion and SLR, the surface
area of the coastal administrative capital of the Gambia, Banjul, may disappear within
approximately 50—60 years, thereby jeopardizing livelihood for over 42,000 people
(Jallow et al. 1999). SLR causes devastating effects, which could include loss of land,
population displacement, loss of economic gain, loss of urban infrastructures and
amenities, submersion of agricultural lands, wetlands (or biodiversity) loss, and even
the disruption of several ecosystems (Dasgupta et al. 2009).

Climate Change and Sea Level Rise (CC/SLR) and Food Security
in Coastal Cameroon

Combined climate change (e.g., shifting weather patterns) and sea level rise (e.g.,
increase the risk of catastrophic flooding) (CC/SLR) has continued to threaten global
agricultural production, socioeconomic activities and planetary health in an unprec-
edented manner for a while now, despite continuous efforts world over to mitigate
it. There is urgent need for drastic actions, now more than ever; otherwise it will be
more complex and expensive adapting to impacts of CC/SLR in the future (United
Nations 2019).

SLR is generally referred to as “an increase in the level of the world’s oceans due
to the effects of global warming.” Basically, a warming climate may cause seawater
to expand and ice over land to melt. Both scenarios in combination may cause sea
levels to rise (SLR). Thus, SLR is one of the major effect of climate change (CC),
with rising waters threatening to inundate small-island nations and coastal regions in
various parts of the world (Mimura 2013) and Cameroon (Fonteh et al. 2009). The
effects of climate change, SLR, and both CC/SLR are discussed below.

Climate Change and Coastal Areas

Among all the environmental challenges known to have overwhelmed the planet
since the 1980s, it has been estimated that more than 70% of them are linked to
climate change (Lambi and Kometa 2014). In the wake of natural disaster such as
droughts, SLR, floods, tropical depressions as hurricanes, storms, and heat waves,
there has been an overwhelming negative impact on humankind, the environment,
and economic livelihoods (Living with Risk 2002; Associated Program on Flood
Management 2009; Brown et al. 2013). Cameroon is exposed to the impacts of
climate change particularly her territories located in the Sahelian zone (which are
extremely threatened by effects of desertification) and coastal areas (that are highly
vulnerable to SLR) (Banseka and Levesque 2018). Partly due to the impacts of
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CC/SLR, coastal Cameroon is already facing extreme weather phenomena such as
heavy rainfall, violent winds, high temperatures, and drought, which endanger
communities’ ecosystems and the services they provide (Molua 2006; Fonteh et al.
2009; Banseka and Levesque 2018).

The major risks of climate change are inundation, soil erosion, and saltwater
intrusion (Gopalakrishnan et al. 2019) and which negatively affects agricultural
productivity, with the worst impact in the coastal areas. Additionally, it is speculated
that by 2080, coastal West Africa may experience a high-risk level of flooding
provoked by climate change (Nicholls and Tol 2006).

In addition to the social and human costs, the economic cost of the impacts of
climate change is immense. This includes decrease or losses in agricultural produc-
tivity due to droughts and increased variability of rainfall due to increased numbers
and intensity of natural disasters such as SLR (Banseka and Levesque 2018). It is
speculated that, if nothing is done to address climate change, the “cost of inaction”
may be huge and is estimated to be between 5% and 20% of world GDP, whereas the
cost of “acting” is estimated at only 1% or 2% (Stern 2006).

In order to contain the devastating effects and or influences of climate change on
the environment, agricultural productivity, and ecosystem (animal, human, plant,
environmental) health, which has jeopardized the entire planetary systems, two types
of policy response measures are needed: mitigation (efforts to limit GHG emission)
and adaptation (actions taken to reduce the negative consequences of changes in the
climate).

Adaptation capacity designates the ability for society to plan for and respond
to change in a way that makes it better equipped to manage its exposure and
sensitivity to climate change. Nearly 2.4 billion people (about 40% of the world’s
population), live within 100 km on coastal strip around the globe, making a total
of 60 miles of total land surface occupation per/inhabitant of the coastal strip.
Thus, oceans coastal and marine resources are very important for people living in
coastal communities, which represent 37% of global population (United Nations
Factsheet 2017). The term coastal zone is a region where there is interaction of
the sea and land processes, for example, the city of Limbe in the coastal
Cameroon.

Globally, the most common adaptation and mitigation measures used is the
“Ecosystems Based Adaptation” (EBA) approach. This involves the conservation,
sustainable management, and restoration of ecosystems to adapt to the advert effects
of climate change (Convention on Biological Diversity (CBD) 2009, 2018). This
approach will help people to take into account, manage ecosystems in ways that
permit them to adapt to climate change in coastal areas. The United Nations
Environmental Program (UNEP) has laid-down foundation guides for EBA options
under the UNEP building capacity for coastal EBA for small islands Development
States (project funded by European Commission). This guide is a strategic resource
geared at helping environmental and adaptation managers and planners, mainly in
governmental departments and civil society organizations. It facilitates baselines
knowledge and built broad understanding of the principles and concepts of coastal
EBA (UNEP 2016).
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In synopsis, “EBA implement and support, environmental decision makers in
choosing, implementing, monitoring, evaluating and over time adaptively managing
coastal areas.” Mangroves, coral reef, estuaries, seagrass beds, dune communities,
and other systems on or near shorelines do serve critical ecological functions which
are beneficial to human society. Some of these functions include fisheries, storm
protection, floods mitigation, erosion control water storage, ground water recharge,
pollution abatement, retention, and cycling of nutrients as well as sediments. In a
similar manner, the Convention on Biological Diversity (CBA) has also acknowl-
edged and recognized the potential importance of EBA in meeting this challenge
(CBD 2009, 2018).

Around the globe, the coastal zone management Act (CZMA) introduced in 1972
is equally applicable. This sought to balance economic development with environ-
mental conservation, mainly by avoiding the scenario of specifying a defensive
definition approach to climate change management. The National as well as inter-
national CZMA programs encourage various countries of the globe to develop and
implement CZMA plans to protect, restore, and develop the resources of their
national coastal zones for present and future generations. A good number of states
still recognize the importance pre-emptive action to address their vulnerability to
climate change (C2ES 2011). Some mitigation innovations include beach nourish-
ment, coastal fortification, and a reactionary approach which includes seawalls,
groin and jetty construction, and inshore artificial reefs.

In Cameroon, the reality of climate change is widely acknowledged. It is the
consequence of increasing temperatures caused by atmospheric GHGs, altering the
functioning of the ecosystems. According to the Fourth Assessment Report of the
IPCC, the efficiency is difficult to assess because of natural adaptation and
non-climatic factors (IPCC 2007c). Furthermore, 70% of GHG emissions observed
between 1970 and 2004 was caused by human activities (IPCC 2007a). The IPCC
Synthesis Report suggests that a continuation of the present policies to mitigate
climate change would probably lead GHG emissions to further in the coming
decades (IPCC 2007d). Therefore, for improved and sustainable agricultural pro-
duction, there is a need for continuous monitoring and forecasting and use of crops
and varieties that are more resistant to drought and adaptation of suitable planting
methods (Molua 2006). Furthermore, there is need for expansion of farm size,
livelihood diversification, and usage of organic fertilizers as potential adaptation
options (Epule and Bryant 2016). However, non-climatic factors such as deforesta-
tion, poor governance, inadequate access to farm inputs (e.g., fertilizers, increased
economic opportunities elsewhere and a breakdown of cultural practices) cannot be
minimized (Epule and Bryant 2016).

Sea Level Rise (SLR)

The impact of sea level rise (SLR) on developing countries is overwhelming
(Dasgupta et al. 2009). The effects will likely be more in coastal lowlands. SLR is
expected to pose unique challenges partly due to the resultant saline contamination.
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SLR may provoke more salt in soils and too much salt in soil can ruin crop yield
(e.g., through restriction of water and nutrient uptake by the plant) and render
farmlands or fields useless (Schiermeier 2018). SLR in coastal zones could poten-
tially lead to land loss through inundation, erosion of coastal lands, increased
frequency and extent of storm-related flooding, and increased salinity in estuaries
and coastal freshwater aquifers (Gopalakrishnan et al. 2019).

Fonteh et al. (2009) have revealed possible implications of future SLR on the
ecosystems and economic activities along the coast of Cameroon using mapping and
valuation approaches. This was partly associated with the high ecological and
economic value of the area. It was speculated that an estimated 112-1216 km?
(1.2-12.6%) of the coastal area is likely to be lost from a 2—10 m (equivalent to a
low scenario by 2050 and high scenario by 2100) flooding, respectively. Further-
more, approximately between 0.3% and 6.3% of ecosystems (estimated to worth
USS$ 12.13 billion/year) could be at risk of flooding by the years 2050 and 2100. The
areas under a serious threat contain mangroves, sea and airport, residential and
industrial areas, and to a lesser extent, main plantation crops of banana and palms
(Fonteh et al. 2009). Although there is inadequate information on the consequences,
it may be speculated that this may have adverse effects on coastal agriculture
production and may be a threat to food security and safety, as well as on the socio-
economy of the coastal Cameroon. Wetland losses and loss of productive mangrove
ecosystem will also occur with a SLR. According to the TOPEX/Poseidon and Jason
satellite data, the rate of SLR in Cameroon is 2-2.4 mm/year between 1993 and 2004
(NASA 2008). Thus, the low-lying coastal areas are physically and socioeconomi-
cally vulnerable to impacts of SLR. There is need to take prompt actions toward
mitigating the effects of SLR provoked natural disasters in coastal Cameroon
(Fonteh et al. 2009).

Climate Change and Sea Level Rise (CC/SLR)

Climate change and sea level rise (CC/SLR) are not new concepts, even though their
synergistic effects seem minimized and less talked about vis-a-vis climate change or
food security alone or in combination. SLR is a direct consequence of global climate
change. It appears to get worst as population growth increases (Gommes and du
Guerny 1998). The CC/SLR constitute a major hindrance to agricultural productivity
(Schiermeier 2018; Ogbuabor and Egwuchukwu 2017) and may exert adverse
effects on ecosystem health (Nicholls et al. 2011) in coastal areas.

As climate change continues to provoke SLR in coastal Cameroon, inundation of
low-lying coastal areas increases continuously and with saltwater, and gradually
contaminating the soil. Although rainfall can dissipate these salts, climate change is
also increasing the frequency and severity of extreme weather events, including
droughts and heat waves. This leads to intensive use of groundwater for drinking and
irrigation, which further depletes the water table and allows salt to leach into soil. In
some parts of the world, especially low-lying river deltas, local land is sinking
(known as subsidence), making sea levels that much higher (Nicholls et al. 2007).
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Thus, even without climate change, coastal areas such as coastal Cameroon would
still experience slow relative SLR due to these non-climatic processes and hence
increased flooding and damage cost through time (Nicholls 2002; Nicholls et al.
2007, 2011).

In addition to adverse impact on agricultural productivity, CC/SLR constitute a
nuisance in coastal ecosystem health and socioeconomic activities. This is particu-
larly worse in the developing countries with inadequate capacity to manage associ-
ated repercussions on land use, populations’ evacuation/displacement and
juxtaposition of livelihood sources, i.e., agriculture and touristic activities in the
case of coastal Cameroon and elsewhere. For example, in coastal Cameroon,
CC/SLR may lead to flooding which may provoke internal displacements with
associated joblessness. The coastal Cameroon’s situation is made worse by the
eruption of Mt. Cameroon, which releases lava flow that further reduce agricultural
land and destroy crops and marine lives whenever it erupts — a scenario which is
arguably by the assumed post eruption increase in soil fertility. Apparently, coastal
zones in different geographic areas, with varied anthropogenic activities, non-similar
efforts against SLR, and varied effectiveness of erosion-driving forces such as waves
and tides, are expected to react differently to SLR. Thus, considering the CC/SLR
projected likelihood of high-risk flooding in the lowlands of coastal West Africa
(including Cameroon) by 2080 (Nicholls and Tol 2006), there is a need for constant
monitoring and timely mitigating actions to salvage coastal Cameroon from the
natural disaster. To this effect, we speculate that relevant efforts to mitigate and adapt
to CC/SLR may include intensive farmers’ education on good agricultural practices,
creation of nurseries for improved and climate smart food varieties, irrigation and
vertical farming, and a shift from subsistence-to-industrial farming. Application of
these strategies may enhance food security, ecosystem health and socioeconomic and
touristic activities in the coastal Cameroon.

Conclusions and Future Prospects

Food security is a major public health priority in Cameroon, vis-a-vis the ever-
increasing population growth with associated challenges. Risk factors to agricultural
productivity such as combined climate change and sea level rise (CC/SLR) require
attention, particularly in coastal Cameroon. CC/SLR have negative impacts on
agricultural productivity and socioeconomic activities in coastal morphology. This
is through its contributions to natural disasters including erosion, flooding, inunda-
tion of coastal lowlands, and saltwater intrusion, which all have a significant impact
on crop productivity and output. Socioeconomically, these disasters may provoke
adverse animal, human, and environmental health implications; reduction in tour-
ism; and potential close of some socioeconomic activities (e.g., beer parlors, and
small roadside restaurants) that constitute as secondary (after agriculture), or main
source of livelihood/income for many coastal indigents.

Sustainable agricultural productivity in Cameroon is essential, moreover in
coastal Cameroon amidst CC/SLR. This requires concerted actions of stakeholders’
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(government, local civil society organizations, individual, and common initiative
farmers groups, and international bodies). Such efforts may propose and develop
sustainable strategies toward adaptation and mitigation of risk factors of agricultural
production and socioeconomic growth in coastal Cameroon. Potential adaptation
options may span from agricultural (CC/SLR and non-climatic) to educational
intervention socioeconomic strategies. CC/SLR strategies include expansion of
farm size, usage of organic fertilizers, creation of nurseries for improved and climate
smart crop varieties, irrigation and vertical farming, and a shift from subsistence-to-
industrial farming. Non-climatic strategies may include afforestation, good gover-
nance, ensuring adequate access to farm inputs (e.g., fertilizers), promotion, and
increase of local agribusiness opportunities. Educational intervention socioeconomic
strategies may include intensive farmers’ education on good agricultural practices,
and the diversification of livelihood. These strategies may provide a small contribu-
tion toward a wider multi-stakeholder pool of strategies and which, when applied,
may enhance food security in coastal Cameroon amidst CC/SLR and promote socio-
economic and touristic activities while reducing negative implications on animal,
plant, human, and environmental health.
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Abstract

Global climate change poses a great threat to poultry production. Greenhouse
gases (GHGs) are released through both natural and anthropogenic sources into
the atmosphere. Though poultry production contributes little to the release of
GHG:s, the subsector has been shown to be greatly affected by climate change and
global warming. Poultry production as a major subsector of agriculture has
provided the teeming population with a supply of needed animal protein in
terms of meat and egg production all over the world. It is yet a major global
employer of labor. Though it occupies a vantage position in meeting human
needs, it is being threatened by climate change, especially in Africa where
necessary structure to tackle the menace is nonexistent. Broiler chickens that
are reared mainly for chicken meat cannot tolerate the high ambient temperature
that prevails mostly in the tropical environment. Chickens are homeotherms that
homeostatically regulate core body temperature within a narrow range. Elevated
ambient temperature above thermal comfort zone, such as envisaged in climate
change scenarios, will trigger series of neuroendocrine modulations that are
detrimental to the welfare and productivity in broiler chickens. Such birds are
said to be undergoing heat stress (HS). Negative effects of HS include reduced
feed consumption, growth rate, feed digestion and efficiency, immunity, welfare,
and survivability. Various adaptive measures that could be harnessed by broiler
farmers, ranging from housing, feeding, watering, stocking, breeding for thermo-
tolerant strains, thermal conditioning, use of phytochemicals, and much more, are
reviewed upon in this chapter.

Keywords

Acclimation - Acclimatization - Broiler chickens - Environmental temperature -
Heat stress - Thermal comfort zone - Thermoregulation

Introduction

Climate change is defined by Ngaira (2007) as deviations in the patterns of climate
over a long period of time while the Intergovernmental Panel on Climate Change
(IPCC) recognized it as a change in the state of the climate that can be identified
(using statistical tests) by changes in average and standard deviation, and that
persists for a long period of time, typically more than one decade or longer (IPCC
2007). It poses a great threat to agricultural and socioeconomic development
(Niang et al. 2014). The problem of climate change will add to the burden of
heat stress (HS) usually experienced in the tropical regions of Africa because of
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the predicted increase in global temperature. Though Africa contributes the least
of the global GHG emission, yet evidences had shown that most developing
countries in Africa would be the most affected because of low infrastructural
capacity to cope. This is also hinged on the fact of widespread poverty, prevailing
slash-and-burn agriculture, erosion, and burning of firewood and farm residues.
The problem of desert encroachment and deforestation is also a contributory factor to
climate change. All facets of human life will be affected by climate change. Poultry
production, a subsector of agriculture that had helped in supplying the needed human
protein requirements from chicken, turkey, duck, guinea fowl, geese, and ostrich is not
spared. Productivity and welfare of poultry species in Africa will be negatively
impacted upon by climate change. Chicken being the most populous and important
among poultry species will be most impacted upon. Global chicken population was
over 22 billion in 2017. Broiler chickens, raised mainly for meat production with high
feed-to-meat conversion efficiency, is the most sensitive to the effects of elevated
temperature in the environment among other strains of chickens. Its productivity is
grossly affected once the required environmental conditions, especially temperature,
are compromised. These necessitate the development of a review of all available
options for adaptation of broiler production to the prevailing and envisaged global
warming.

Climate Change and Its Evidences in Africa

Livestock subsector was viewed as a victim until it was implicated as a major
contributor to global emission of greenhouse gases (GHGs) such as CO, and CH,.
FAO’s report Livestock s Long Shadow opened up the minds of many stakeholders to
this fact (FAO 2006) that the subsector contributes 18% of global GHGs. These
gases cause warming of the globe by entrapping heat on the earth crust not allowing
it to be reflected to the atmosphere. Resultant global warming and climatic variabil-
ity have been reported to have both direct and indirect impacts on livestock produc-
tion, including reduced growth and reproductive efficiency, low quality and quantity
of feed materials, and increased prevalence of disease due to rise in temperature
(Renaudeau et al. 2012). Africa is the most threatened all over the world with
predicted effects of climate change (Ngaira 2007). Though, the continent is the
least emitter of these GHGs of all continents, unlike other industrialized nations that
are emitting these in tonnes daily.

Predicted temperature rise of 2—6 °C is expected over the land of Africa within the
next 100 years and a rise of 1.5-3.0 °C by 2050. This is much more severe than
experienced in other regions. The presence of climate change in Africa is evident in
that the three warmest years over African land since 1950 had been identified as
2010, 2016, and 2017, all occurring within the last decade. Average deviation from
the mean temperature of 1961-1990 was +1.41, +1.26, and + 1.20 °C, respectively.
The warming rate per century recorded in Africa (+3.7 °C) is an alarming signal.
ACMAD (2017) stated that temperature anomalies varied over the different
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subregions of Africa in 2017. Northern Africa experienced the average temperature
anomaly was 1.1 °C warmer than the long-term mean. Similar to the experience in
the North Africa, 2017 had temperature anomaly of 1.2 °C above average over the
West African region. Central Africa had a temperature anomaly of 1.3 °C above
average. Over Eastern Africa land, 1.2 °C was recorded above average while
anomaly of 1.0 °C above average was reported over the Southern Africa region in
2017. However, temperatures in 2017 were mild over the island countries in the
Indian Ocean. For instance, one of the coldest years in Madagascar is 2017, with
temperature deviation of 0.3 °C below the mean. Climate change will pose consid-
erable risks to the livelihood of the dwellers of most countries in Africa that mainly
depend on agriculture (Hummel 2015).

Poultry farmers in Africa are aware of climate change because many of them have
been taken cognizance of variability in rainfall amount and pattern, heat spells, and
variability in other climatic elements. Indigenous technical knowledge and systems
that had been explored by farmers in adapting to high environmental temperature
abounds.

Impacts of Climate Change to Poultry Production

In Africa, there are two main poultry production systems. Distinguishing factors
between the two are associated with the scale of production, stock, management
system, and productivity. The two systems are the commercial poultry and the rural
poultry. The former is on large to medium scale, stocking improved/exotic breeds,
reared intensively with adequate care for feeding, health, and welfare of the birds in
modern facilities in large number. In terms of productivity, the commercial gives
higher returns. On the other hand, the latter, also known as village or backyard
poultry, is usually on small scale, stocking the locally adapted indigenous breeds of
birds. The productivity is lower with the village poultry system. In history, the latter
is far older than the former. Meanwhile, intermediate system between the two
systems has evolved over time. Commercial poultry system includes breeding
farms where grandparent (GP) and parent stocks are raised. Day-old chicks (broiler
and layer lines) are produced by the breeding farms. Commercial broiler farms raise
the chicks till table size of around 2.5 kg in 6-8 weeks. The effort to genetically
improve commercial stocks of broiler chickens began in earnest in the USA in the
1940s (FAO 2020). And since then, it has been the stories of great leaps in
improvement of growth rate and feed conversion efficiency. The successful breeding
company started exporting chicken hybrids with improved strains into African
countries in the 1950s. This coincided with the rapid development of commercial
poultry systems in Africa.

All these systems are under the threats of the climate change but the most affected
of them is the commercial poultry system. Impacts of climate change on poultry
production (Fig. 1) could be categorized into two.
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Direct Impacts

Climate change has impacts on poultry production by way of imposing stress on the
homeostasis in the birds. It may come in the form of extreme climatic situations:
elevated temperature, flood or drought, and water scarcity (Tiruneh and Tegene 2018).
Common among these is increased global temperature. Extreme weather conditions
lead to production losses (reduced growth rate, lowered egg hen-day production, and
increased morbidity and mortality) in poultry birds (Attia et al. 2011). Poultry birds
can adapt to hot environment. However, the mechanisms of coping subject the birds to
losses and diversion of nutrients meant for production to thermoregulation.

Growth performance of the birds is grossly affected by perturbations in weather
conditions in the surroundings. The most important of these is the pen temperature.
Changes in humidity work synergistically with high environmental temperature to
impact negatively on poultry birds. In hot environment, feed consumption is reduced
in order to limit metabolic heat production. Available nutrients in the system are
utilized for heat loss mechanisms instead of profitable usage for muscle accretion.
Digesta mobility in the gastrointestinal tract (GIT) is drastically reduced and efficiency
of nutrient digestion and assimilation in the intestines is lowered. Histomorphometric
studies show that the epithelial cells of the intestines are affected by HS (Santos et al.
2015). Vasodilation of blood vessels at the periphery reduces blood flow across GIT of
the birds thereby lowering the efficiency of digestion and nutrient uptake. All these
factors cumulatively contributed to the lowered final liveweight and dressing percent-
age usually obtained in heat-stressed chickens (Syafwan et al. 2011).

Productivity in laying chickens is negatively affected by elevation in temperature
by reducing the number and size of eggs produced. Internal and external quality
traits of the eggs are compromised by changes in weather conditions around the
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birds. High ambient temperature lowers egg fertility, hatchability, and chick quality
in breeder stocks (Ayo et al. 2011). Impact of climate change will be felt on the
synthesis and the release of reproductive hormones (FSH, LH, progesterone, estro-
gen, and testosterone) with resultant reduction in efficiency of gametogenesis in
male (spermatogenesis; Al-Saffar and Rose 2002; Karaca et al. 2002) and female
(oogenesis) birds (Rozenboim et al. 2007). Heat-stressed cocks produce semen with
low sperm concentration and quality. Immunity of the birds is lowered under HS
conditions (Calefi et al. 2017).

Indirect Impacts

Indirectly, climate change will impact on feed ingredient availability and quality for
the poultry birds; availability of adequate good quality water; and pest and diseases
infestation in Africa. Climate has effects on the yield and quality of produce of crop
husbandry from where most of the feed ingredients are sourced. Feed ingredients such
as maize, groundnut cake, cotton-seed cake, wheat offal, and rice bran are gotten from
agronomic activities. Semiarid regions experiencing low rainfall amount and irregular
pattern cannot boast of bountiful harvest. This may trigger skyrocketing of the feed
price for poultry species and exacerbate the animal-human competition for feed
materials except irrigation systems are employed. Rain-fed cropping in the forest
vegetation will also be affected by high temperature and insufficient rainfall.

Availability of adequate good quality water is essential to productivity in poultry
production. Climate change has reared up its head in reduction in water in the ponds,
streams, rivers, and the seas immediately after rainy season all around Africa
because of increased rate of evaporation (Alemayehu and Woldeamlak 2017).
Water shortage adversely affects body weight and lymphoid organs (Mustafa et al.
2010). Changes in the existing pattern of pest and disease infestations are envisaged
under different climatic change scenarios. This will affect productivity of poultry in
terms of morbidity, mortality, and the cost of vaccinations and medications.

Broiler Production

Broiler chickens are reared mainly for meat production. The production cycle lasts for
5 to 8 weeks, with high rate of turn-over of feed to meat from day-old chicks to market
age. Chicks are obtained from specialized lines called breeder chickens. At market age,
the liveweight of 40-55 g at day-old would have multiplied by 50 times to give about
2.5 kg chickens. Both male and female sexes of broiler chickens are reared for meat,
though male chickens grow faster than the female counterparts. Most of the strains of
broiler chickens reared in Africa are developed in the temperate regions of the world
such as the USA and the Netherlands but are imported into Africa. The birds are
incapable of expressing the inherent growth potentials because of HS and the produc-
tivity is often below what is obtainable in their counterparts in the cooler climes.
Broiler chickens are sensitive to elevation in ambient temperature during growing
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phase. Production and demand for chicken meat has increased tremendously world-
wide over the last few decades. This results from different selection and cross-breeding
techniques that are employed to improve growth rate of broiler chickens, reaching
market weight within a short span of time than what is obtained in the past. To
continue enjoying the gains of several years of broiler development, efforts toward
ensuring adaptation of broiler chickens to prevailing high environmental temperature
expected in climate change are worthwhile.

Heat Stress and Broiler Chickens

All farm animals in the tropical region suffer from HS at one time or the other
because of constant elevated ambient temperature (Altan et al. 2000). People and
livestock in the temperate regions are exposed to HS induced by elevated environ-
mental temperature during summer. HS is an adaptive response that occurs in a bird
when the rate of thermolysis is below thermogenesis and the ability to lose body heat
exceeded by the heat load acquired through exposure to high ambient temperature
(Al-Saffar and Rose 2002).

Broiler chickens are homeothermic animals capable of maintaining the body
temperature within a narrow range irrespective of the environmental temperature.
They possess an internal homeostatic mechanism that regulates internal body tem-
perature. The internal body temperature of adult chicken is normally between
41.2 °C and 42.2 °C (Mitchell et al. 2005). Newly hatched birds have a body
temperature approximately 2—3 °C below that of the adult birds. Additional source
of warmth is needed by the chicks during the first 21 days post-hatch to maintain
body temperature for normal growth and development. However, as the birds
increase in age and size, their requirement for supplemental heat declines. This
results from the development of insulating feathers, higher metabolic heat produc-
tion, and maturation of the thermoregulatory system of the birds. In general, the
thermal comfort or thermoneural zone (TNZ) for broilers declines from about 32 °C
at hatching to around 24 °C at 3 to 4 weeks of age and to about 21.1 °C thereafter.
The birds at this period are capable of heat regulation to maintain core body
temperature. As temperature increases beyond 21.1 °C around adult chickens,
mechanisms for heat loss are triggered.

The fast-growing broiler lines are susceptible to high temperature mostly during
growing-finishing phase. The high susceptibility to HS results from resultant inferior
development of their cardiovascular and respiratory systems (Yahav 2000). As well,
chickens do not possess sweat glands (Mitchell et al. 2005). In addition, their rapid
growth rate is supported by high feed intake, thus, as they grow, metabolic heat
production increases but their heat dissipation capacity does not. Broiler chickens
gain heat from metabolism, physical activity, and environment. This heat load must
be dissipated to maintain constant body temperature. Metabolic heat production in
broilers is particularly high because of their high feed intake compared to other
strains of chickens. Their growth rate is supported by feed consumption which leads
to generation of heat in the body system. Increased heat production does not have
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Fig. 2 Diagram showing
broiler chicken exhibiting
panting behaviour

any adverse consequence on the birds in TNZ and cold environments. But as
ambient temperature overshoots the upper limit of the TNZ, the ability of the bird
to dissipate heat is compromised making excessive heat production built-up. The
condition leads to hyperthermia (increased core body temperature) which is poten-
tially life threatening. Before this stage, the body temperature is regulated mainly by
loss of heat to outside environment through conduction, convection, and radiation,
also known as non-evaporative heat loss. Effectiveness of these three means of heat
loss is limited to lower temperatures (Borges et al. 2003).

As the temperature peaks, chickens exhibit panting, an evaporative heat loss
behavior (Fig. 2; Video 1). Panting involves evaporative cooling of the bird by
losing heat from the respiratory tract. They also display wing-raising to expose the
poorly feathered sides of the body and under-wing area. Sometimes, they dig into
the litter to sit on a cooler floor in the pen during hot periods. Panting occurs when
the deep body temperature of poultry reaches 42 °C. Respiratory rate may increase
from 25 to 150 breaths per minute over a 20-min period in response to an increase in
ambient temperature from TNZ. In a healthy chicken, hyperventilation through
panting will remove approximately 0.54 Kcal/g water lost in the lungs. Chickens
increase saliva secretion during this period because of the need to the surface of the
respiratory tract wet during panting.

Negative Effects of Heat Stress in Broiler Chickens

The adverse effects of HS can be seen in decreased feed consumption, increased
water intake, rise in body temperature, respiratory rate, heart rate, electrolyte
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imbalance, changes in hematological parameters, hormone levels and enzymatic
activities, and perturbations in blood pH (respiratory alkalosis; Lara and Rostagno
2013). All these negatively affect productivity of the animal. An increase in body
temperature above the regulated range, because of exposure to hot environmental
conditions, may lead to a cascade of irreversible thermoregulatory events that may
be lethal for the birds. Generally, broiler chickens try to lower its heat production
by reducing its feed consumption during heat episodes. The reduction in feed
consumption can be as high as 1.5% per 1 °C increase in temperature above TNZ.
Reduction in feed consumption consequentially leads to insufficiency of essential
nutrients. Coupled with this is the lowered digestibility of feed in the gastrointes-
tinal tract of the birds. Growth rate is therefore reduced in broiler birds when
environmental temperature rises because even the little energy obtained from the
small feed consumed is expended in panting. The result is that birds had lower
final body weight. Chronic HS increases the time to reach market weight and
impairs feed digestibility. More feed is required to lay down unit weight of
chicken than in TNZ conditions. Exposure to hot weather leads to high mortality
in broilers and loss of immunity. Efforts to increase feed consumption during HS
by force-feeding have been shown to decrease survival. Mortality in broilers up to
10% of the total production has been reported during HS. Egg production,
fertility, and hatchability are said to be grossly affected in both grandparent and
parent (broiler breeder) stocks. Time expected for feeding is expended in panting
and beside water troughs. Birds consume more water during HS exposure. Exces-
sive loss of CO, in exhaled air during panting results in high blood pH, a
syndrome called respiratory alkalosis.

Adaptation Options to Climate Change for Broiler Chickens
Housing System and Climate Amelioration

Ideal broiler chicken environment must meet the requirement of the birds for
adequate pen temperature, relative humidity, and air circulation. Broiler houses are
closed system in most industrialized countries where the temperature and humidity
are fully controlled, unlike in developing countries where open-sided housing units
are common. Foggers, tunnel ventilators, fans, and misters are used to cool the
environment in closed systems. However, the cost of installing and maintaining fans,
foggers, ventilators, misting pumps, and so on in poultry houses is often beyond
what most farmers can afford.

Attaining the optimal range of climatic variables in the open-sided poultry
houses common in the tropics is difficult and almost impossible (Abioja 2010).
However, proper ventilation is essential in minimizing the effect of heat
in African poultry housing units. As the higher environmental temperature is
expected all over Africa, the following should be considered for broiler
housing:
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* Orientation of the housing units should allow for cross—ventilation.

* Low-walled structures completed with wire mesh to ensure cross-ventilation
(Fig. 3). High walled structures trap heat inside and will not be applicable.

»  Mud wall houses provide cooler interior than brick wall housing unit.

* Roofing style should be such that allow for proper ventilation.

* Roofing materials must be considered. Asbestos roof is preferred to corrugated
iron sheet. Local materials that enable heat transfer such as palm fronds, long
grasses such used for thatched roof could be used.

» Tree planting around broiler housing units will provide coolness (Fig. 4).

» The use of mobile pens with wire mesh floor placed under shade of trees.

Fig. 3 Low-walled broiler housing units

Fig. 4 Tree shade beside broiler housing unit
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Fig. 5 Effect of floor type on skin temperature of broiler chickens during hot-dry season

Table 1 Effect of floor type on rectal temperature, respiratory rate, heart rate, and skin temperature
in broiler chickens during hot season

Floor
Parameter Deep-litter Wire mesh p
Rectal temperature, °C 42.7 +£0.07° 42,0 +0.07° 0.000
Respiratory rate, breaths/min 138.8 +2.28° 125.3 4 2.28° 0.000
Heart rate, beats/min 198.4 £+ 2.96* 188.6 + 2.96° 0.023

* ®Means within the same row with different superscripts differ significantly (P < 0.05)

Broiler chickens are commonly raised on deep-litter floor in most areas of the
world, but the use of cage for broiler is becoming common (Shields and Greger
2013). Type of floor has been reported to influence liveweight, feed intake, protein
efficiency, and feed conversion ratio in broiler birds reared during winter and
summer (Simsek et al. 2014). Wire mesh floor decreased skin temperature, cloacal
temperature, respiratory rate, and heart rate of broiler chickens compared to deep-
litter floor during hot season (Fig. 5, Table 1; Abioja 2020 —Unpublished data).

Feed and Feeding Manipulations

Special attention should be given to the nutrition of broiler birds under high
temperatures expected under climate change. The major problem of broiler chickens
under HS conditions is the fact of reduction in feed consumption. Reduced dietary
intake limits available metabolizable energy to sustain normal output. The following
suggestions may be of help in feeding broilers during heat spells:
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* More energy should be delivered in the form of fat instead of starch (because heat
increment from metabolizing fat is lower than that from carbohydrate however
rancidity of fat should be given a consideration).

» Balancing of amino acids in the diet especially methionine and lysine is necessary
to augment for deficiencies resulting from low protein intake.

* Diets with low protein level should be recommended in order to reduce heat
production in broiler chickens under HS because protein has the highest heat
increment of all nutrients.

* Anti-oxidant vitamins (A, C, and E) supplementation has also been credited to
improve performance of broilers during HS.

» Wet feeding (Awojobi et al. 2009; Dei and Bumbie 2011) was found to help in
improving the final liveweight and weight gain of the birds in a hot climate.
Syafwan et al. (2011) stated in a review on HS and feeding strategies in meat-type
chickens that wet feeding may be profitable under HS conditions. Feeding wet
diets might facilitate an increased water intake. This ensures availability of
adequate water for evaporation during panting, hence helping cooling of the bird.

Other areas to be considered for adaptation of broiler chickens to climate change
include feeding time (Farghly et al. 2019). Feeding time should be organized in a
way that the peak metabolic heat production will not coincide with the highest point
in environmental temperature.

Water Supply

Water is one of the limiting factors in broiler production. It is an essential nutrient
that must be taken into consideration if expected productivity is to be achieved.
Factors that are of importance in drinking water for chickens include quantity,
quality, temperature, salinity, and microbial load. Water supply to the broiler houses
must be clean and constant. Broiler chickens consume more water during hot period
than in cold climate (Manning et al. 2007; Bruno et al. 2011). Its restriction was
reported to raise heterophil-lymphocyte ratio, a major indicator of stress in broiler
chickens. Availability of drinkable water during hot spells must be ensured. Water
restriction caused reduced weight of lymphoid organs in broiler chickens (Mustafa et
al. 2010), which may negatively impact the innate immunity of the birds. In South-
Eastern Nigeria located in the rain forest zone, water restriction up to 1.2 liters per
day was found to have deleterious effects of the hematological parameters and
caused increased activity of liver enzyme which is an indicator of cellular necrosis
in broiler chickens (Iheukwumere and Herbert 2003). Water restriction had negative
effects on the renal functioning, digestion, immunity, and other vital body systems.
Birds subjected to water restriction had an altered behavior, becoming aggressive
and irritated. Therefore, water restriction irrespective of the magnitude must not be
allowed in broiler production.

Water temperature is another important factor that must be put into right
perspective. Warm water is nauseating and not readily acceptable to chickens.
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Table 2 Rectal temperature and respiratory rate in broilers offered water of two different
temperatures

Water temperature Standard error of
Parameter Ordinary Low means (sem)
Water temperature (°C) 30.0 16.0 0.09
RT at 08.00 h (°C) 41.7% 41.5° 0.03
RT at 16.00 h (°C) 42.5° 42.1° 0.04
RR at 08.00 h (breaths/min) 54.0* 46.7° 1.13
RR at 16.00 h (breaths/min) 85.2% 62.6° 2.11

Abioja MO (Unpublished data)
* PMeans with differing superscripts within a row were significantly different (P < 0.05)

Chilled water is preferred to water at ambient temperature. Offering water at low
temperature may reduce heat load and respiratory rate in broiler chickens (Table 2).
This has been proved to help combat HS in broilers (Abioja et al. 2011, 2013).
Practical activity in cooling water may involve having water reservoirs placed
under shade to disallow overheating by direct sunlight during hot periods. Many
poultry managers in all over Africa have been supplying their birds with water
cooled with ice cubes during the dry season. The enhanced respiratory rate during
HS is critical for body temperature maintenance because of its resultant evapora-
tive cooling.

Specific consequences of the acid-base perturbations have indeed been identified.
Electrolytes lost can be replenished with sodium (Na), potassium (K), calcium (Ca),
magnesium (Mg), chlorine (Cl), bicarbonate (HCO3), and sulfate (SO,) salts in water
(Ahmad and Sarwar 2006). The addition of the electrolytes to the drinking water not
only alters the bird’s osmotic balance by replenishing those depleted during HS but
also stimulates water consumption and influences water balance. Some African
native chickens had been found to have tolerance for water shortage. Chikumba
and Chimoyo (2014) reported that Southern African naked neck chickens was found
to performed better than Ovambo chickens under conditions of water restriction and
would be ideal to raise for meat and egg production in locations where water
shortages are a major challenge.

Stocking Density

Each bird in the flock emits radiant heat to the environment. Low stocking density
reduces the number of birds producing heat and the amount of heat that must be
removed from the house to maintain temperature. Recommended stocking density
appropriate for different housing type should be strictly adhered to. Assuming each
bird weigh 2 kg at slaughter, for controlled environment, the maximum stocking
density at slaughter should be 30 kg/m?; controlled environment during hot period,
24-26 kg/m?; open-sided house, 20-22 kg/m?; and open-sided house during hot
period, 16-18 kg/m>. Abudabos et al. (2013) reported that increasing the stocking
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density rate from 28 to 40 kg of body weight/m* had evident negative effects on the
growth performance of broiler chicken. Higher stocking density does jeopardize the
well-being of the chickens.

Epigenetic Adaptation to Thermal Assaults

Chickens are precocial birds having the development of body functions starting early
during the embryonic phase (Nichelmann and Tzschentke 2002). Thermoregulatory
mechanisms start during prenatal stage but not fully matured as at pre- and peri-hatch
periods (Tzschentke and Basta 2002; Tzschentke et al. 2004). At this point, exposure
to a level of stress can trigger an imprinting in chickens. Acute changes in the
environmental conditions especially thermal environments induce as a rule, first
uncoordinated and immediately nonadaptive reactions. Later, the uncoordinated
(immediately) nonadaptive reactions change into coordinated (adaptive) reactions
(Tzschentke 2007). Stress is usually avoided because of its perceived repercussions
on living tissues. However, evidences are emanating from various research works
that exposure of broiler chicks to mild stress at early age help in acquiring thermo-
tolerance at latter age. This was first reported in rats by Levine (1962). The author
discovered that mild stress at early age affects the adrenocortical functioning during
adulthood.

It was later confirmed in broiler chickens (Yahav and Plavnik 1999; Zulkifli et al.
2000; Liew et al. 2003). From this assertion, there are two strategies that have been
explored: thermal conditioning (TC) and early feed restriction (EFR). TC involves
exposing chicks at early age post-hatch to elevated ambient temperature (Arjona et
al. 1990; Yahav and Hurwitz 1996; Yahav and McMurtry 2001) within the first
6 days while EFR subjected the chicks to varying degrees of hunger during the same
period (Zulkifli et al. 1994). TC has been demonstrated to be effective as a tool for
thermotolerance acquisition in poultry but its application is not practicable in the
traditional open-sided poultry houses common in most tropical and developing
countries. The cost of heating poultry house to a desired temperature is high.
Besides, the technicality associated with thermal conditioning such as length and
degree of heat exposure may not be easily mastered by the local farmers. This leaves
the only option for thermotolerance acquisition in the developing and underdevel-
oped world to application of early feed restriction.

Sublethal stress imposed by feed withdrawal in the early age post-hatch on broiler
chicks has been noted to confer inherent capability in the birds to cope with stress in
latter age (Liew et al. 2003). Abioja et al. (2014) have found that applying EFR to
broiler chicks of d5 post-hatch for 24 h may help reduce hyperthermia that is
common during heat spell in pen at market age. It is not known whether the response
will be the same during transportation as in the acute heat spell. Improved thermo-
tolerance in broiler chickens at market age will help against losses that do occur
during transportation. Adopting feed restriction during early period of life in broiler
chickens as a means of improving thermotolerance in broiler chickens is easier for
farmers than adjusting pen temperature. Induced thermotolerance is generally



16 Impacts of Climate Change to Poultry Production in Africa: Adaptation. . . 289

referred to as the state at which an organism is transiently more resistant to killing by
heat due to a short pretreatment at moderately elevated ambient temperatures. This
usually takes place before the brain is fully matured for thermoregulation. During
ontogeny in chicken, embryo undergoes a transition from poiklothermy to homeo-
thermy, which is completed, at the early post-hatching. Full-blown homeothermy
starts at approximately 10 days post-hatch. Early age thermal conditioning by
exposing young chicks to 40 °C for 24 h reduces body temperature and improves
long-term broiler resistance to HS without negative effects on growth and feed
conversion ratio.

Zulkifli et al. (2000) reported that acute HS resulted in increase in heterophil/
lymphocyte ratio for all feed-restricted groups and the ad libitum group. But broilers
restricted from 60% of daily feed requirement on day 4, 5, and 6 had the least
heterophil/lymphocyte ratio. The authors concluded it appeared 60% feed restriction
is beneficial in improving growth and survivability of female broiler chickens
exposed to HS later in life. The authors restricted the feed by percentage on three
consecutive days (day 4, 5, and 6). Exact feed intake of the birds may not be
ascertained: feed intake depends on strain, genotype, environmental condition in
the pen, body weight, etc. Farmer may have problem calculating the feed intake.
Besides, percentage feed restriction may not give the exact day the EFR is most
effective. Therefore it is important to determine exact day of life the chicks should be
subjected to early feed restriction by farmer which ensures best acquisition of
thermotolerance.

Use of Honey and Other Natural Phytochemicals

The age-long conventional use of antistress antioxidant formula containing a mixture
of vitamins and minerals to help broiler chickens cope during heat spell in rearing
has proved to be effective. However, the use of phytochemicals that possess or are
suspected to possess efficacious antioxidant properties in the management of HS in
poultry production is becoming more popular (Abioja et al. 2012). Efficacy of honey
and some other naturally occurring materials from plants such as coconut water,
olive leaf extract, and propolis during stressful conditions in chickens had been
reported in literatures. Honey has recently been reputed as a possible natural source
of antioxidant in broiler chickens (Abioja et al. 2012; Osakwe and Igwe 2015; Oke et
al. 2016) with some positive results because of its phenolic and flavonoid com-
pounds content and various phytochemicals that possess antioxidant properties. It
has been used during acute heat and transportation stress conditions. Honey is
effective because some of its components are substances known to have physiolog-
ical actions in the body systems of animals. Diluted drinking water of concentration
20 ml honey dissolved in a liter drinking water had positive effect on respiratory and
heart rates, calcium metabolism, bone formation, and some internal organs in heat
stressed broiler chickens. Honey in drinking water could be of help in improving the
welfare of broiler chickens during stress episode by increasing the packed cell
volume, red blood cell count, and hemoglobin concentration according to Abioja
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et al. (2019). It helps in protecting gastrointestinal tract, liver, kidney, pancreas, eye,
plasma, red blood cells, and reproductive organs against oxidative stress in rats (Zaid
et al. 2011; Erejuwa et al. 2012).

The presence of phenolic compounds and flavonoids in honey had been primarily
implicated as the reason for its antioxidant activity. Phenolic compounds are good in
free radical scavenging, hydrogen donation, singlet oxygen quenching, and metal
ion chelation. Phenolics and flavonoids do help in correction of the redox perturba-
tions in the body by counteracting the damage caused by oxidants such as oxygen,
hydroxide, superoxide, and/or lipid peroxyl radicals. Exogenous nonenzymatic
antioxidants in honey synergistically support the endogenous antioxidant enzymes,
such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPX), to eradicate reactive oxygen species. Honey has various antioxidant constit-
uents that act together for the same goal but at different cellular and subcellular levels
(Erejuwa et al. 2012; Oryan et al. 2016; Kamaruzzaman et al. 2019).

It contains no fat and cholesterol contents. However, the use of honey must be
with caution. It was reported that there were infiltrations of fat cells in the liver
tissue of albino rats fed with honey over a long period. This may result in
nonalcoholic fatty liver disease or in other unpleasant conditions harmful to health
if not well managed. It has been discovered that long-term administration of
honey caused deformation and atrophy of specific reproductive apparatus in
laying chickens. Other authors had earlier stated that chronic consumption of
unprocessed Nigerian honey resulted in decreased bile flow, increased bile cho-
lesterol, and decreased plasma cholesterol in albino rats. The fear that more cholesterol
molecules especially much dreaded low-density lipoproteins may be deposited in the
eggs of chickens offered honey is pervading the air. Besides, vitamin A content is
important in human nutrition. Improvement in vitamin A content of eggs will go a long
way in correcting its deficiency and contribute to the welfare of consumers. Millions of
preschool-aged children in developing countries are suffering from vitamin A defi-
ciency, which may lead to blindness (Underwood 1998). The deficiency of vitamin A
is a public health issue that needs attention. Fortification of eggs for the children will
be a welcome idea, should honey help in achieving this. By-products of honey such as
honey slum gum (Babarinde et al. 2011), propolis (Chen et al. 2009), and bee pollen
(Wang et al. 2005; Hascik et al. 2012) had been used in broiler production and found to
be effective.

Honey is good but must be used with caution, especially in its application in
poultry production. In literature, it has been reported that there were infiltrations of
fat cells in the liver tissue of rats which was dosage-dependent (Avwioro et al. 2012),
decreased bile flow, increased bile cholesterol, and decreased plasma cholesterol
(Alagwu et al. 2009) in Albino rats and hypertrophy of follicle, giving it a deformed
shape instead of the usual round shape in laying chickens (Abioja and Adekunle
2018). The authors concluded that chronic consumption of honey may increase the
risk of hepatic damage.

Naturally occurring solution found inside the fleshy eatable part of coconut called
coconut water could also be used as antistress in broiler chickens during heat spells.
It contains a lot of bioactive metabolites which have not been explored (Reddy and
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Lakshmi 2014). Preliminary studies (Abioja et al. 2015) with diluted coconut water
in drinking water as a viable candidate in lowering body temperature in heat and
transportation stressed broiler chickens gave a promising results. Saat et al. (2002)
stated that coconut water has been used in humans after physical exercise or long
journey as an ideal rehydrating and refreshing drink. Its sugar content and mineral
composition (electrolytes) have been identified as reason for the usefulness. Coconut
water stimulates higher water consumption, which ensures availability of enough
water in the body to facilitate evaporative cooling (panting) under hot environmental
conditions. Chickens ingest more water under HS conditions. Prades et al. (2012a, b)
reviewed the uses, composition, properties, preservation, and processing of coconut
water. Major constraint in the adoption of coconut water as antistress in broiler
production is in quantity that would be required for a large-scale commercial broiler
industry. More research works are necessary to ascertain the appropriate concentra-
tion of diluted coconut water for the chickens. However, it can be used easily in
small scale, backyard, and family poultry production. Other materials that could be
used in ameliorating the negative effects of HS are raffia palm wine, olive leaf
extract, and orange peel extract.

Breeding for Thermotolerant Strains in Africa

Broiler chickens reared in the tropics were developed in the cooler regions of the world
and introduced into the tropics. They often respond differently under the new envi-
ronment, mostly growing at lower rate than in their home environment. Thus optimal
poultry production in the hot regions therefore requires an adequate and appropriate
management system that can reduce the effects of HS to the minimum. Olori (2008) in
a review stated that to develop broiler chickens for Africa, an understanding of the
factors affecting poultry production such as the climate, production systems, and
available feed resources in Africa is required. One of the major constraints in broiler
breeding is the fact that productivity traits are negatively correlated with thermo-
tolerance. The available major genes (naked-neck, frizzle-feather, and dwarfism) in
locally adapted breeds of chickens all over Africa must be explored. FUNAAB-alpha
broiler lines were developed by Professor Olufunmilayo Adebambo and her team from
several crosses and selection activities among flocks of Nigerian local chickens. The
newly developed chicken lines had just been registered and tested in different agro-
ecological zones of the Nigeria and parts of West African coast.

A recent report on the on-station performance evaluation of improved tropically
adapted chicken breeds for smallholder poultry production systems in Nigeria was
given by Bamidele et al. (2019). The authors in the study identified FUNAAB Alpha
and Noiler as being more suitable for dual-purpose functions (egg and meat), while
Sasso and Kuroiler (meat) and Shika-Brown (egg) were observed to be better suited
for single purpose functions. Chickens bred taken into consideration the climate of
African land should be given preference as the pangs of climate change is envisaged.
Breeds like FUNAAB-alpha, Kuroiler, Noiler, Sasso, and Shika-brown chickens are
now becoming popular in the hot regions of Africa.
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Others Adaptation Options

Organization of enlightenment programs, workshops, and trainings for the broiler
producers and stakeholders on adaptation of broiler chickens to climate change from
time to time by governmental agencies is necessary in Africa. Awareness and
advocacy about climate change should be extended to the young people and other
categories of people. Sustainable Development Goals should involve younger gen-
erations of African populace in schools where they can be furnished with adequate
and up-to-date information about climate change. Indigenous technical know-hows
of the African peoples, in forms of herbs, extracts, and other phytochemicals should
be explored in keeping broiler chickens adapted to impending global warming.

Conclusion

As the evidences of climate change are becoming more pronounced over Africa,
various adaptation options available for broiler production in literatures include
building housing systems that ensure climate amelioration for the birds, manipula-
tions of feed and feeding systems, supplying adequate water of good quality,
ensuring adequate stocking density, use of natural phytochemicals that ensure
balanced oxidative status in the body system, and breeding for thermotolerant strains
in Africa. Enlightenment programs should be organized for poultry farmers by
governmental and nongovernmental agencies on the climate change mitigation,
adaptation, and resilience strategies in order to improve livelihood of the people in
a sustainable manner.
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Abstract

This chapter examines the impacts of climate change on three tropical crops
and assesses the climate change adaptation options adopted by rural farmers in the
region. The study was conducted among farming communities settled in three
major ecological zones in Nigeria. Over 37 years of data on rainfall and temper-
ature were analyzed to examine climate change impacts on three major crops:
rice, maize, and cassava. Farmers’ adaptive capacity was assessed with a survey.
Climatic data, crop yields, and survey data were analyzed using both descriptive
and inferential statistics. The relation between rainfall/temperature and crop
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yields was examined using the Pearson correlation coefficient. Results show a
high variation in the annual rainfall and temperature during the study period. The
major findings from this research is that crops in different ecological zones
respond differently to climate variation. The result revealed that there is a very
strong relationship between precipitation and the yield of rice and cassava at
p <0.05 level of significance. The results further showed low level of adaption
among the rural farmers. The study concludes that rainfall and temperature
variability has a significant impact on crop yield in the study area, but that the
adaptive capacity of most farmers to these impacts is low. There is a need for
enhancing the adaptation options available to farmers in the region, which should
be the focus of government policies.

Keywords

Adaptation - Climate change - Crop yield - Impacts - Nigeria

Introduction

Given their impacts on both natural and human systems, climate variability and
climate change have become topical issues in recent research. As the changing
nature of weather and climate directly relates to crop yields, climate change impacts
on the agricultural sector and food systems have been the focus of a growing number
of works, including research in many African countries (Adenle et al. 2017; Morton
2017; Serdeczny et al. 2017; Molua 2020). Such studies have reported that rainfall
and minimum and maximum temperatures are the most important climatic elements
for agricultural production. The scenario over the years is that these climate param-
eters, especially rainfall patterns, have varied, with some high confidence of change
in their patterns in recent years, as perceived through indigenous knowledge of
people globally (Adejuwon 2005; Ayanlade 2009; Sowunmi and Akintola 2010;
Moylan 2012; Adamgbe and Ujoh 2013; Pablo and Antonio 2015; Ayanlade et al.
2017). The multi-hazard events climate change occasions comprising of windstorms,
wildfire, rainstorms, droughts, and dust storms which maybe become more frequent
with increased severity in the nearest future. There are several pieces of evidence in
the literature that land use and land cover change (Ayanlade 2017; Fourcade et al.
2019), sea-level rise (Agboola and Ayanlade 2016; Varela et al. 2019), and changes
in onset will pose significant long-term challenges. There have been changes that can
be identified by alteration in the mean or variability of climate properties and that
have persisted for an extended period. Consequently, climate change will pose
imperative short-term and long-term bottlenecks to agricultural production, particu-
larly for rural farmers who depend on rainfall for cultivation (IPCC 2007; Heltberg et
al. 2009; Ayanlade et al. 2018b; Ayanlade and Ojebisi 2020).

Agriculture is vulnerable to climate change as crops are sensitive to rising temper-
atures and changing rainfall patterns. Rising temperatures and erratic rainfalls threat
food crop production, thus exacerbating food insecurity and poverty (Sanchez 2000;
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Oluoko-Odingo 2011; Seaman et al. 2014). The impacts of climate change on
agriculture are likely to intensify in the future as climate models have predicted
increasing temperature and more erratic rainfall with the potential increase in the
intensity and frequency of extreme weather events (Wright et al. 2014; Ayanlade et
al. 2018a; Hein et al. 2019). For example, some studies have suggested that climate
change will reduce the yield of crops like maize, rice, and cassava by 15-25%, partly
because climate change will alter the incidence and severity of pest and disease
outbreaks, indirectly affecting crop production and yield (Harvey et al. 2018). Even
though climate change portends serious dangers to agriculture, current studies on
climate change impacts on the agricultural systems of Nigeria suffer from several
gaps. First, previous studies have mostly focused on crops like yam, coffee, cocoa,
sorghum, etc. (Ayanlade 2009; Ayanlade et al. 2009; Ajetomobi 2016). Other studies
on the topic have used short-term data, although long-term data is more accurate in
delineating climate change effects on agricultural practices (Adejuwon 2005, 2012).
Thus, previous research on this topic has treated Nigeria as a single ecological zone. To
fill these gaps, the present study focuses on climate change impacts on three crops that
have not previously received attention (i.e., rice, maize, and cassava) and using data
from three (3) different states in Nigeria, falling within three different ecological zones:
Ondo (Rainforest), Ogun (Freshwater), and Kwara state (Guinea savanna). This spread
will importantly give room for spatiotemporal comparison. More so, this study
involves the indigenous knowledge of climate change, effects, impacts, and adaptation
practices among the rural farmers. Rural farming is very important in this part of the
world for the provision of food and productive employment for many people.

Climate Change Assessment in Selected Ecological Zones in
Nigeria

Research as conducted in three different sites (Fig. 1), representing three different
ecological zones: Ondo (rainforest located within latitude 7°10’'N, 7°15'N and
longitudes 5°5'E and 5°83’'E); Ogun (freshwater, located between on latitude
6°12'N and 7°47'N and longitude 3°0'E and 5°0'E); and Kwara (savanna, located
between latitude 7°45'N and 9°30'N and longitude 2°30" and 6°25’E). The three sites
fall within the tropical wet and dry climate of Koppen’s climate classification,
dominated by a wet and a dry season. There are, however, some variations between
sites. The climate of Ondo State corresponds to a lowland tropical rain forest type,
with a mean monthly temperature ranging from 19 °C to 30 °C (mean monthly value
of 27 °C) and a mean relative humidity 75% (Owoeye and Sekumade 2016). The
mean annual total rainfall exceeds 2,000 mm. In the northern part of the state, there is
marked dry season from November to March with little or no rain, for which the total
annual rainfall in the north is of about 1,800 mm (Jamie 2016). Differently, Ogun
state is characterized by a tropical climate consisting of two distinct wet and dry
seasons. The long dry season extends from November to March. The annual rainfall
value ranges between 1,400 and 1,500 mm with a relatively high temperature of an
average of 30 °C. The average temperature value varies from one month to another,
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Fig. 1 Study area: Ondo, Ogun, and Kwara states in western Nigeria

with a minimum average of 25.7 °C in July and a maximum of 30.2 °C in February.
The humidity is lowest at the peak of the dry season in February usually at 37-54%
and highest between June and September with a value of 78-85% (Adeleke et al.
2015). Kwara state (Oladimeji et al. 2015) enjoys an annual rainfall ranging from
1,000 mm to 1,500 mm with the rainy season beginning at the end of March and
lasting until September while the dry season starts in October and ends in March
(Oriola et al. 2010). The temperature of the state is uniformly high and ranges
between 25 °C and 30 °C throughout the wet season except for July and September
in which the cloud cover prevents direct insolation. In the dry season, the temper-
ature ranges between 33 °C and 34 °C. In the rainy season, the relative humidity
in Kwara state ranges between 75% and 80% while in the dry season it is about
65% (Akpenpuun and Busari 2013).

Ondo is an agrarian state with large-scale production of crops like cocoa, yam,
cocoa, coffee, and rubber and huge forest reserves of about 2,008 km? which
produce timbers for furniture, fuelwood, and industrial uses. Ogun is also an agrarian
state with the production of arable crops like maize, rice, cassava, and melon.
Several other identifiable modern economic activities exist in Ogun, including
insurance, motor companies, petrol stations, and light and heavy industries. The
major economic activity of Kwara state is farming, with a particular predominance of
cash crops like cocoa, coffee, kolanut, tobacco, beniseed, and palm. Food crops like
cereals (rice, maize, millet) and tuber crops (yam, cassava, cocoyam, etc.) are grown
in Kwara (Oluwasusi and Tijani 2013).
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Daily climatic data of rainfall and minimum and maximum temperatures were
used for this study. The data, spanning for a period of 37 years (1982-2017), were
collected from the synoptic stations (Fig. 1) located at Akure (Ondo state), Ilorin
(Kwara state), and Abeokuta (Ogun state). The data were collected by the Nigerian
Meteorological Agency (NIMET) at the stations using the British Standard Rain
gauge and Dine’s tilting siphon rainfall recorder for rainfall and thermometer for
temperature. To establish the pattern of climate, a year running mean was used in the
analysis to show the annual fluctuation of rainfall and temperature. Mean of daily
data were averaged to get the annual mean for temperature (minimum and maxi-
mum) and rainfall using MS Excel. Sigma Plot (Version 10.2) was used to plot the
graph for annual rainfall, and minimum and maximum temperature against the year
covering the study period; the curves were then fitted to show the linear trend. Three
crops, that is, maize (cereal), rice (cereal), and cassava (tuber), were used for this
study. In this research, climate factors are seen as one of the important requirement
for the yield of the crops, as normal seasonal water requirements of maize, for
example, is between 400 and 600 mm (Phiri et al. 2003). Maize and rice are common
crops in all three zones. Crop yield data were obtained from the archives of
Agricultural Development Project (ADP) offices in Ondo, Ogun, and Kwara states.
Data were analyzed using the Pearson correlation coefficient between crop yields
and climatic data. This was done using the formula below:

VY- (E0()
J[E - o Ve - (7]

r =

where N is the number of pairs of scores, >_xy is sum of the products of paired scores,
S_x is sum of scores, Y.y is sum of y scores, >_x” is sum of squared x scores, Y )* is
sum of squared y scores, x is the crop yield, and y is the climate data.

Social survey data for the study were collected from farmers with the aid of
questionnaires and focus group discussion. Our survey instrument was designed to
assess farmer’s adaptive capacity. Data were collected among farmers who are purpo-
sively selected across the three states under consideration. Criteria for inclusion in our
sample were to be in a settlement where maize, rice, and cassava are cultivated and to
be 30 years and above. These criteria ensured the collection of data among experienced
farmers who had witnessed different farming seasons. The responses from the ques-
tionnaires were analyzed using both descriptive and inferential statistics. The major aim
of social survey is to obtain information from the farmers on how the yields have been
over the years and compare it with changes in climate.

Annual Variability in Rainfall and Minimum and Maximum
Temperature

Rainfall data for a 37 years period revealed a variation in the annual mean amount of
rainfall (Fig. 2). Rather than an absolute change, results for all the three stations
show rainfall variability. The rainfall in Kwara is below normal, a little above normal
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in Ogun, and varied in Ondo. The rainfall variability found in the data can be
attributed to seasonal and interannual climatic variability, which is much more
several particularly in the savannah region where Kwara is located (Adejuwon
2004; Odekunle et al. 2007; Ayanlade 2009). As depicted in Fig. 2, annual rainfall
was mostly below average before 2010, but varies greatly in the last decade, with
readings above average in all the stations. Rainfall peaked in 1991 (with 1,982 mm)
and 1995 (1,999 mm) in Ondo state, with 2016 (2,206 mm) recording the highest
rainfall during the study period (Fig. 2). In Ogun state, rainfall peaked in 1996
(2,026 mm), 2006 (2,216 mm), and 2015 (2,086 mm), with 2006 recording the
highest rainfall. Finally, in Kwara, rainfall peaked in 1991 (1,468 mm), 1995
(1,409 mm), 1998 (1,596 mm), and 1999 (1,539 mm), with the highest peak
recorded in 2014 (2,467 mm) with a very unusual high value. Generally, the annual
average of rainfall was lowest (673 mm) in Kwara state, with similar values in Ogun
(1,028 mm in 1986 and 1,037 mm in 2013) and Ondo states (1,041 mm). Values
follow an expected pattern, with higher values in the rainforest ecological zone close
to the ocean and lower values in inward zones closer to the savanna. Ogun state
received the highest rainfall between 1995 and 2010. The highest rainfall within a
year was recorded in 2014 in Kwara, the state belonging to Guinea savanna
ecological zone, which recorded a value slightly above the peak of rainfall in
Ondo (which belongs to the forest ecological zone).

Climatic variability in the study area can be linked to global climate oscillating
systems as El Niflo — Southern Oscillations, sea surface temperatures (SSTs), and
Inter-Tropical Discontinuity (ITD) have been reported to be responsible for inter-
annual variability in Africa climate (Stige et al. 2006). Such climate variability can
cause negative departures from normal climate, as documented in a part of Nigeria
and elsewhere (Ashipala 2013; Owusu et al. 2015; Ayanlade et al. 2018a). Studies
have further revealed that rainfall associated with SST strongly influences rainfall
variability in Nigeria in conjunction with the role of the ITD as the equatorial
displacement of the Atlantic Subtropical High suppresses the northward summer
migration of the ITD thereby resulting into rainfall variability (Bello 2008; Ayanlade
et al. 2019).

High variability was observed in the maximum temperature of all stations
between 1982 and 2017 (Fig. 4). The temperature was highest in Kwara state, the
northernmost state which falls within the Guinea savanna — an area dominated with
relatively low rainfall and high temperature — and lowest in Ondo state, the south-
ernmost state. Ondo and Ogun state recorded temperatures below average between
1982 and 2010. However, temperatures have experienced an increase from 2012 till
date, especially in Ogun state with the temperature higher gradually increases. As
shown in Fig. 3, all the stations experienced similar minimum temperatures patterns
from the early 1980s. Temperature oscillations in the maximum temperature were
recorded between 1990 and 2010 in Ondo and Ogun with an upward trend observed
only in Kwara, though from 2010, the temperature has generally increased in all
stations (Figs. 3 and 4).

As shown in Fig. 3, the annual minimum temperature is highest in Ogun state
with the lowest value in 1994 (22.8 °C), a value that coincides with the highest
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minimum temperature in Ondo state. Despite the southern location of Ogun state, the
minimum temperature is generally above the minimum temperature for the other two
stations, among which Ondo displays the lowest temperature than Kwara. These
values represent the highest temperature difference in Kwara and the lowest tem-
perature difference in Ogun state. The period of temperature increase in Kwara state
(i.e., years 2000, 2001, and 2002) corresponds to the period of rainfall decrease
which could be attributed to increasing temperature and decreasing rainfall as
a result of the increasing evapotranspiration and desertification also reported in
other areas of Nigeria (Ayoade 2003). The trend of the maximum temperature varies
considerably in all stations. However, while the trend is irregular in the early years of
the study period, an upward increasing trend was observed in the later years. This
recent increase in temperature could be linked to the effect of changes in climate and
to the rapid urbanization in the ecological zones under consideration (Mabo 2006).

Relationship Between Climate and Crop Yield

The results of the Pearson correlation analysis between annual minimum temper-
ature and crop yields during the growing season are shown in Table 1. Annual
minimum temperature had positive but weak correlation with maize in Ondo (0.142)
but not significant at p <0.05, a weak and not statistically significant negative
correlation of —0.078 at p <0.05 in Ogun state, and a positive correlation of 0.219
in Kwara at p <0.05. Rice, on the other hand, had a positive but weak correlation of
0.167 which is statistically not significant at p <0.05 in Ondo state while in Ogun
state with a positively strong and statistically significant correlation coefficient of
0.674 at p <0.05 and a strong positive and statistically significant correlation
coefficient of 0.481 in Kwara state at p <0.05. The correlation coefficient for cassava
in Ondo state is a weak and statistically not significant value of 0.22 at p <0.05 while
a strong positive and statistically significant correlation coefficient of 0.82 at
p <0.05 in Ogun and a positive but not significant correlation of 0.25 at p <0.05.
Generally, annual minimum temperature had a strong, positive, and statistically
significant correlation coefficient at p <0.01 and p <0.05 in rice for Ogun and
Kwara states and cassava only in Ogun state.

Table 2 shows the result of Pearson correlation analysis between annual maxi-
mum temperature and crop yields during the study period. The annual maximum
temperature had a positive weak and statistically not the significant relationship with
maize in Ondo (0.198) at p <0.05, a weak and not statistically significant negative

Table 1 Correlation between minimum temperature and crop yield

Maize Rice Cassava
Ondo 0.142 0.167 0.220
Ogun —0.078 0.674" 0.820"
Kwara 0.219 0.481" 0.248

“Significant at p <0.05
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Table 2 Correlation between maximum temperature and crop yield

Maize Rice Cassava
Ondo 0.198 0.160 —0.115
Ogun —0.337 0.884%** 0.870%*
Kwara 0.342 0.773%%* 0.626%**

*Significant at P <0.05; **Significant at P <0.01

Table 3 Correlation between rainfall and crop yield

Maize Rice Cassava
Ondo —0.151 —0.091 —0.076
Ogun 0.003 0.136 0.046
Kwara 0.08 —0.220 0.064

*Significant at P <0.05; **Significant at P <0.01

correlation of —0.337 at p <0.05 in Ogun state, and a positive correlation of 0.342 in
Kwara at p <0.05. Rice had a positive but weak correlation of 0.160 which is
statistically not significant at p <0.05 in Ondo state while in Ogun state with
a positive, very strong, and statistically significant correlation coefficient of 0.88 at
p <0.05 and a very strong positive and statistically significant correlation coefficient
of 0.77 in Kwara state at p <0.05. The correlation coefficient for cassava in Ondo
state is a negative, weak, and statistically not significant value of —0.12 at p <0.05
while a very strong positive and statistically significant correlation coefficient of
0.87 at p <0.05 in Ogun. A positive and significant correlation of 0.63 at p <0.05.
Generally, the annual maximum temperature had a strong, positive, and statistically
significant association with rice and cassava yields in Ogun and Kwara states but not
in Ondo state. The maximum temperature was not associated with maize yields in
any of the states.

The result of the Pearson correlation analysis between annual rainfall and crop
yields during the study period is shown in Table 3. Annual rainfall had a negative,
weak, and statistically not a significant relationship of —0.15 with maize Ondo
at p <0.05, a weak and not statistically significant positive correlation of 0.003 at
p <0.05 in Ogun state and a positive correlation of 0.08 in Kwara at p <0.05. Rice
showed a negative but weak correlation of —0.091 which is statistically not signif-
icant at p <0.05 in Ondo state while in Ogun state with a positive, weak, and
statistically significant correlation coefficient of 0.14 at p <0.05 and a weak,
negative, and statistically not significant correlation coefficient of —0.22 in Kwara
state at p <0.05. The correlation coefficient for cassava in Ondo state is a negative,
weak, and statistically not significant value of —0.08 at p <0.05 while a positive and
statistically not significant correlation coefficient of 0.046 at p <0.05 in Ogun was
observed. And a positive, weak, and not the significant correlation of 0.06 at p <0.05
was observed for Kwara state. Generally, annual rainfall had a weak and statistically
not significant association with maize, rice, and cassava yields in the three studied
states.
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Farmer’s Adaptive Strategies

Figure 5 shows the percentage error graph of farmers’ coping or adaptive capacity
toward extreme climatic conditions. According to our results, 16.7% of the respon-
dents are engaged in agricultural diversification, 17.3% are engaged in changing the
crops they cultivate, 20.2% are engaged crop rotation, and 19.6% are practicing
mixed farming.

As shown in Fig. 5, the farmers are coping or adapting to extreme climatic
conditions but generally with low capacity. This is because the results show that
19% of farmers had implemented changes in the size of farmland, 14.9% are
engaged in different crop composition, 33.3% are engaged in agricultural intensifi-
cation, 30.4% are engaged in bush fallowing, 29.8% are changing the daily working
time, 47.6% are presently engaged in agroforestry, 27.4% are changing the seasonal
timing of sowing, 41.1% are changing the harvest time, 35.7% are into irrigation,
31.5% are into the use of fertilizer, 32.1% are into the use of pesticide, 56.5% are into
getting loan and credit facilities, 32.7% are into getting other sources of income so
as not to depend on their farm only, 44% are changing the method of storing their
food, 27.4% are changing the quantity of food consumed by the family, and 24.4%
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are changing their residence by moving to another area for farming. From Fig. 5,
seeking for loans and credit facilities, changes in food storage, agroforestry, chang-
ing the time of harvest, use of irrigation, use of fertilizer, and agricultural intensifi-
cation, among others, are the most practiced adaptation options.

Conclusion

The effects of climate variability or climate change on selected crops in selected
ecological zones in Nigeria were examined in this study. Results show that minimum
temperature, maximum temperature, and rainfall varied both spatially and tempo-
rally. The annual minimum temperature, maximum temperature, and rainfall showed
that there is the year-to-year fluctuation with pronounced peaks and depressions.
While some years show upward trends, some showed a downward trend. Also, there
is the month to month variability in minimum temperature, maximum temperature,
and rainfall. Crop yields did not depend on rainfall and minimum and maximum
temperatures alone. In all the stations, maize yields were less sensitive to minimum
temperature than rice and cassava yields. While there appears a negative but
weak relationship that is not statistically significant between minimum temperature
and maize in Ogun, it has a positive but weak relationship in Ondo and Kwara.
Maximum temperature showed a strong positive and statistical association with rice
and cassava yields in Ogun and Kwara states. Finally, rainfall was associated with
maize, rice, or cassava yields in any state. Many other studies have reported the
similar finding of the climate-crops relationships in China (Zhang et al. 2016; Gao et
al. 2019; Ding et al. 2020), Southern Africa (Mafongoya et al. 2017; Nhamo et al.
2019) and East African countries (Sridharan et al. 2019; Thomas et al. 2019). These
results dovetail with results from previous research. Thus, although an increasing
trend in rainfall and temperature may affect rice yields, a study in Bangladesh
showed that despite an increasing rainfall and temperature, the yield of rice is not
negatively affected (Rahman et al. 2017). Matched with the results of the present
study, the rainfall can, therefore, have a positive or negative impact on the yield
of crops depending on its distribution and intensity over the growing season.
Furthermore, the present study revealed that farmers’ perception of climate variabil-
ity/change impacts on crop yield varied spatially. The majority of farmers believed
that average temperature of the coldest month, rain generally, rain during the rainy
season, and rain during the dry season were believed to have changed in recent years
in Ogun and Kwara by higher numbers of respondents, while statistical analyses
showed that there is variation while in Ondo state, the farmers believe that “the
temperature is warmer generally, the temperature of the hottest season is warmer,
rain is higher in the rainy and dry seasons with extreme drought less frequent, onset
earlier, rainy season duration longer.” The temperature of the hottest month was
believed, though, to be warmer by a higher proportion, as claimed by the farmers.
Many believe that extreme floods are more frequent while extreme drought and
duration of the rainy and dry seasons have remained the same. According to Tripathi
and Mishra (2017), farmers are aware of long-term changes in climatic factors
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(temperature and rainfall) but are unable to identify those changes as climate change.
However, many farmers are not taking concrete steps in dealing with perceived
change in climate but are changing their agricultural and farming practices
(Ayanlade et al. 2018a) which can be said to be passive response to climate change.
Farmers’ perception of climate is probably responsible for low adaptation to climate
change.
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markets belong to major plant families. Urban markets had the highest diversity
of plants and plant products. Three categories of plants and plant products were
documented. Around 67% of the plants and plant products were categorized as
whole plant/plant parts, 28% as processed plant parts, while 5% as reprocessed
plant/plant parts. It was revealed that 86% of these plants are used as foods, 11%
are for medicinal purposes, while 3% is used for other purposes. About 35% of
plants and plant products across the markets were fruits, which is an indication
that city and environs are a rich source of fruits. The local knowledge and
practices associated with the plants and plant products can contribute towards
formulating a strategic response for climate change impacts on agriculture,
gender, poverty, food security, and plant diversity.

Keywords

Climate change - Ethnobotany - Plant diversity - Plant products - Food security -
Market survey - Indigenous plants species - Economic plants - Agriculture
vulnerability - Sustainable development

Introduction

The utilitarian nature of humans is driving the massive extinction of biodiversity,
climate change, and ecological vulnerability. However, a greater understanding of
plant-human interactions can contribute to sustainable development, addressing
climate change and biodiversity loss, food security, and poverty reduction. All plants
are considered important and can potentially serve to fulfill one or more of our basic
needs — food, shelter, and clothing as well as environmental integrity. Plant product
refers to goods and services derivable from plants and may include whole plant or
plant part (used as ingredients and condiments). Proper local and scientific identifi-
cation of plant materials is necessary to determine and predict the role of a plant and
this will require a general knowledge of botany, sociology, and anthropology. Plant
is essential for our continued survival on earth as they directly or indirectly provide
food for survival, medicine, fibers, chemical products, and other commodities as
well as to protect and maintain the environment against erosion, used to cure disease
and relieve from suffering. Many industries are dependent on plants for their raw
materials. Some of the most outstanding materials of modern civilization are
obtained from plants, such as wood, tanning materials and dyestuffs, oils, resins,
gums, varnishes, beverages, etc. Plants provide raw material for industrialization and
are basis of the green revolution and a pillar for food security. The esthetic value of
plants has no small influence on man’s overall life satisfaction, as evidenced by the
host of garden enthusiasts and flower lovers. Plants are also the basis of a vegan
lifestyle.

In the economy of nature, the production and distribution of plant products have
a profound influence on the environmental, economic, and social life of a nation with
both domestic and international influence. The maintenance of an adequate supply of
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food and plant-based industrial raw materials is essential to the existence, as well as
the prosperity, of any nation (Burkill 1985). Additionally, plants also have important
roles in the tribal, social and cultural life of man (Osawaru and Dania-Ogbe 2010;
Osawaru and Ogwu 2014a). Local markets are an integral part of life and cultural
practice of the people especially in developing countries as a social, economic, and
ecological institution. Plant products available in the market can be used as an
indicator for biodiversity richness, climate changes effects, and agricultural vulner-
abilities. This is more important in Africa, which according to Ogwu (2019) the
environment and agriculture systems are most vulnerable climate change. Markets in
rural parts of Africa are often scheduled at considerable day interval, whereas in
urban and semi-urban centers, it is mostly open every day or night. Sellers have their
stalls or place while hawkers also patrol the market with their various plants and
plant products. Markets are rich sources of information on plants and plant products
as well as an easily accessible and cost-effective place for plant-based fieldwork
and germplasm collection. Markets can provide qualitative and quantitative data
concerning cultural, social, and economic aspects of a plant’s usage (Bye and
Linares 1983; Martin 1992; Cunningham 2001). Moreover, markets are recognized
as a vital botanical record of the history of useful plants in a region (Whitaker and
Cutler 1966). They are places of intensive interaction between people and plants.

Local traders (mostly women) are very knowledgeable about the uses of plants
and their seasonal availability. This knowledge is vital in the global response to
global climate change and massive loss of biodiversity in this sixth extinction era.
In Nigeria and West Africa, market vendors are known to deal in certain types of
plants and plant product and are found clustered together, which imposes a sort
of market influence such as fixed prices for their commodities. However, traders
have certain concession such as monopoly to regular customer and slight price
variations. Moreover, the survey of marketplaces provides information about food
and nutritional value of plant and products as well as their ethnobotany (Nguyen
2005). Findings from such studies have been used to draw interesting conclusions
and hypothesize about human-environmental-plant interactions and relationships.
Climate change, migration, and economic forces can influence the availability of
certain plant and plant products in the market. Obiri and Addai (2007) surveyed
economic plants in Kumasi central market and documented a total of 150 plant
species from 55 families most of them had multiple uses — 57% and 20% used for
medicinal and food purposes, respectively. Idu et al. (2010) documented the medic-
inal plants sold in markets in Abeokuta, Nigeria, revealed 60 medicinal plant species
used for traditional health management. The ethnobotanical survey of Yaradua and
El-Ghani (2015) reported 54 plants belonging to 33 families from Katsina metropolis
markets. The objective of this chapter is to identify and document the plants and
plant products sold in local markets in Benin City and environs.

This chapter will compare the diversity of the plants and plant products available
in local markets in urban, peri-urban, and rural centers in Benin City, Southern
Nigeria. Thereafter, this chapter will categorize the plants and plant products based
on the level of processing it was subjected to as well as their taxonomic families. The
results will seek to promote local markets as a reservoir of plant germplasm and



318 M. E. Osawaru and M. C. Ogwu

contribute towards understanding of how climate change vulnerability is affecting
agriculture system in Edo state, diversity of plant and plant-based food materials
available in local markets that can potentially contribute to addressing food security,
poverty, and sustainable development. It will also highlight the plant parts and plant
products sold in the markets.

Plants and Plant Products in Local Markets: The Case of Benin City
and Environs

There are numerous open markets in Benin City (latitude 06° 19'00” E to 6° 21'00” E
and longitude 5° 34'00” E to 5° 44'00” E; average elevation of 77.8 m above sea
level; 2006 est. pop. 1,147,188 with an annual growth rate of 2.9%), which is one
of the oldest cities in Nigeria and the capital of Edo State, Southern Nigeria. It is
within the tropical rainforest zone of Nigeria with an estimated area of 550 km?.
Geologically the city has a sedimentary formation of the Miocene-Pleistocene age.
Benin has an undulating topography with a vegetation type characterized by lowland
rainforest and an annual average rainfall of 800 mm. A 35-year study by Floyd et al.
(2016) revealed massive climate fluctuations especially in average rainfall, temper-
ate, humidity and suggested that it is impacting plant production and environmental
changes due to soil erosion. The fluctuation is attributed to high anthropogenic
activities in Benin City (Efe and Eyefia 2014). With increased warming, flooding,
and urbanization, agriculture and food production are threatened in Benin City
(Atedhor et al. 2011).

Benin is the center of Nigeria’s rubber industry, but processing palm nuts for oil
is also an important traditional industry. Benin has numerous local markets strewn
across the city to cater to the needs of its inhabitants as well as to serve as a sales
outlet for the numerous farm produce cultivated in the rural areas of the state as well
as in urban home gardens. The nodal nature of Benin makes it an ideal place for
various commercial activities as these farm produce can be easily transported to
cities like Lagos, Abuja, and Port Harcourt. Benin City is endowed with a wide
diversity of plants and plant products. The sales of plants and plant products play
a key role in the sustenance of livelihoods of people providing income, employment,
food, and medicines among others in Benin City and environs. Some of the local
markets in Benin City and environs are God’s Market (Ekiosa), Oba Market
(Ekioba), New Benin Market, Santana Market, Uselu Market (Ediaken Market),
Oliha Market, Ugbogiobo Market, Evbuotubu Market, Oregbeni Market (Ikpoba
Hill Market), Ekiadolor Market, Iguobazuwa Market, Ehor Market, and Usen
Market.

The sampling frame considered markets within Benin City and environs, which
were delimited into three categories according to the status defined by Osawaru and
Odin (2012) — urban, peri-urban, and rural. A reconnaissance visit was undertaken to
all the local markets in Benin City and environs. Twelve markets were randomly
selected for sampling. They consist of four urban, four peri-urban, and four rural
markets (Table 1).
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Table 1 Sampling sites for the survey of plants and plant products in Benin City and environs

Market Category Local government area
New Benin Urban Oredo

Uselu Urban Egor

Oba Urban Oredo

Oregbene Urban Ikpoba-Okha
Evbuotubu Peri-urban Egor

Ugbogiobo Peri-urban Ovia North East
Ugbiohioko Peri urban Egor
Iguobazuwa Peri-urban Ovia South West
Ehor Rural Uhunnwode
Usen Rural Ovia North East
Ekiadolor Rural Ovia North East
Ugbogui Rural Ovia South West

In each market, ten traders of mixed age and sex were randomly selected and
plants and plant products in their stalls were assessed. Each market was visited three
times. First, to map out the randomly selected informant, secondly, to administer the
questionnaire and inventory the plants and plant products, and finally, to seek clarity
for some questions outlined in the questionnaire. Responses via the questionnaires
were retrieved from the questionnaires, translated and scored by typing into Micro-
soft Excel, and analyzed quantitatively. Plants and plant products were categorized
according to Osawaru and Odin (2012) i.e.,

1. 1° of plants and plant products-whole plant/plant part
2. 2° of plant and plant product-processed plant part
3. 3° of plant and plant product-reprocessed plant/plant part

Majority of the traders encountered in the markets were women. This confirms
the findings of De Caluwe (2011) and Agea et al. (2011) that trading in plant and
plant products are dominated by women. In a different study, Osawaru and Ogwu
(2014Db) also established that women contribute significantly to holding plant germ-
plasm. These findings underscore the importance of women in the fight to address
the effects of climate change especially food security and sustainable agriculture.
Moreover, the sales of plants and plant products in the different markets were
practiced by different tribes and ethnic groups in all the markets surveyed.

A total of 88 plants and plants product was found in all the local markets assessed
(Table 2). The botanical and common names, forms, diversity, and categories of the
plant and plant products sold in local markets within Benin City and environs
are presented in Table 2. These 88 plants and plant product are distributed into 42
families. Presence of plant and plant products varies in the different markets.
For instance, Adansonia digitata, Brassica oleracea, Cucumis sativus, Cucurbita
pepo, Cyperus esculetus, Dialium guineense, Ricinus communis, Pennisetum
glaucum, Pentaclathra macrophylla, Myristica fragans, and Phoenix dactylifera
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Table 2 Diversity of plants and plant products in 12 local markets within Benin City and environs

Common Form/product | Local name Urban market
Botanical name Family name type (Bini) New Benin | Uselu
Abelmoshus esculentus L. Malvaceae Okra Ikhiav-bo + +
Adensonia digitata L. Malvaceae Baobab + +
Allium cepa L. Liliaceae Onion Alubara + +
Allium sativum L. Liliaceae Garlic + +
Amaranthus caudatus L. Amaranthaceae | Spinach Ebaafor + +
Anacardium occidentalis L. | Anacadiaceae Cashew + -
Ananas comosus L. Bromeliaceae Pineapple Edinebo + +
Annona muricata L. Annonaceae Soursop + +
Arachis hypogaea L. Fabaceae Groundnut Isaerewe + +
Azadirachta indica L. Meliaceae Neem - +
Bombax buonopozense L. Malvaceae - —
Brassica oleracea L. Brassicaceae Cabbage + +
Calotropis.procera Auton. | Apocynaceae + +
Capsicum annum L. Solanaceae Pepper Ehien + +
Capsicum Solanaceae Pepper Tkpovb-ukho + +
frutescens L.
Carica papaya L. Caricacae Pawpaw Uhoro + +
Celosia argentea L. Amaranthaceae | Celosia + +
Citrus Rutaceae Lime Alimonegiere + +
aurantifolia L.
Citrus limon L. Rutaceae Lemon + +
Citrus sinensis Osbeck Rutaceae Orange Alimebo + +
Cochorus olitorius L. Tiliaceae Jute + +
Cocos nucifera L. Palmae Coconut Ivin + +
Cola acuminate Engl. Sterculiaceae Kolanuts Gbanja + +
Cola nitida Schum. Sterculiaceae Kolanut Evbedo + +
Colocasia esculenta Schott | Araceae Cocoyam Akaha + +
Crescentia cujele L. Curcubitaceae Calabash Uko + +
Cucumeropsis mannii Cucurbitaceae Melon Ogi + +
Naudin
Cucumis sativus L. Cucurbitaceae Cucumber + +
Cucurbita pepo L. Cucurbitaceae + +
Cucurma longa L. Zingiberaceae + +
Cymbopogon Poaceae Lemmon Ebiti + +
citrates L. grass
Cyperus esculentus L. Cyperaceae Tiger nut + +
Dacryodes edulis Lam Burderaceae African pear Oruvbu - -
Daucus carota L. Apiaceae Carrot + +
Dennettia tripetala Annonaceae Pepper fruit Ako + +
Bak. F.
Dialium guineense Willd Fabaceae Velvet + +

tamarind
Dioscorea alata Lour Dioscoreaceae Water yam Igierua + +
Dioscorea cayenensis Lam. | Dioscoreaceae | Aerial yam Tkpen + +
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Peri-urban market Rural market
Oba | Oregbene | Evbuotubu | Ugbogiobo | Ugbiohioko | Iguobazuwa | Ehor | Usen | Ekiadolor | Ugbogui
+ + + + + + + + + +
+ + + - - - - + + -
+ + + + + + + + + +
+ + + + + + + + + +
+ + + + + + + + + +
+ — + + — + + + + +
+ + + + + + + + + +
+ + + — — — — — + +
+ + + + + + + + + +
+ — + + + + + — — -
- |- + + + + - + + +
+ + + - + - - - - —
+ - - - - + - + - -
+ + + + + + + + + +
+ + + + — - — - — -
+ + + + + + + + + +
+ + + + + + + + + +
+ + + + + + + + + +
+ + + + — — — + + —
+ + + + + + + + + +
+ + + + + + + + + +
+ + + + + + + + + +
+ + + + + + + + + +
+ + + + + + + + + +
+ + + + + + + + + +
+ + — + + + + — - -
+ + + + + + + + + +
+ + + + - - - - + -
+ + + + - - + - — -
+ + - - + - - - - -
+ + + — — — + — — +
+ + — — — — — — — —
- - — + + + + + + —
+ + + + + + - - + —
-+ - + + - + + — +
+ + — + + + — - - -
+ + + + + + + + + +
+ + + + + + + + + +

(continued)
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Table 2 (continued)

Common Form/product | Local name Urban market
Botanical name Family name type (Bini) New Benin | Uselu
Dioscorea rotundata Poir Dioscoreaceae | Yam Yam chips Emowe + +
and yam flour
Elaeis guineensis Jacq Palmae Oil palm Oil Udin + +
Garcina cola Heckel Guittiferae Bitter cola Edun + +
Glycine max L. Fabaceae Soy bean Owerie-otan + +
Gnetum africanum Welw. Gnetaceae + +
Gossypium hirsutum L. Malvaceae Cotton Oruhu + +
Hibiscus cannabinus L. Malvaceae + +
Hibiscus sabdarifa L. Malvaceae Roselle Zobo + +
Ipomea batata L. Convolvulaceae | Sweet Iyinebo + +
potato
Irvingia gabonensis Baill Irvingiaceae Bush mango Ogwi + +
Lycopersicum esculentum Solanaceae Tomato Tomato paste | Etomat-osi + +
L.
Mangifera indica L. Anacadiaceae Mango Emango + +
Manihot esculatua Crantz Euphobiaceae Cassava Garri, fufu, Igari + +
bobozi and
cassava flour
Murraya koenigii L. Rutaceae Curry Curry leaf + +
Musa paradisiaca L. Musaceae Banana + +
Musa sapientum Linn Musaceae Plantain Chips and Oghede + +
plantain flour
Myristica fragrans Houtt. Myristicaceae Nutmeg + +
Ocimum gratissimum Linn | Lasiottae Scent leaf Ebihiri + +
Oryza sativa L. Poaceae Rice Izee + +
Parkia clappertoniana Fabaceae Locust bean Evbarie + +
Keay
Pennisetum glaucum (L.)R. | Poaceae Millet Kunu + +
Br.
Pentaclethra macrophylla Fabaceae African oil + +
L. bean
Persea americana Miller Lauraceae Avocado + +
Pear
Phaseolus vulgaris L. Fabaceae Beans Beans cake, Ere + +
beans flour
Phoenix dactylifera L. Palmae Date palm + +
Piper guineense Schumach | Piperaceae African Oziza + +
pepper
Psidium guajava L. Myrtaceae Guava — —
Rauwolfia vomitoria Afzel. | Apocynaceae Rauwolfia Akata — +
Ricinus communis L. Euphorbiaceae | Castor oil + +
Saccharum officinarum L. Solanaceae Sugar cane | Sugar Ukhure + +
Sesanum orientale L. Pedaliacaece + +
Solanum melogena L. Convolvulaceae | Garden-egg Ekhue + +
Solanum tuberosum L. Poaceae Irish potato + +
Sorghum bicolour L. Poaceae Guinea comn | Kunu + +
Spondias mombin L. Meliaceae Hug phem Okhikhan - +
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Peri-urban market Rural market
Oba | Oregbene | Evbuotubu | Ugbogiobo | Ugbiohioko | Iguobazuwa | Ehor | Usen | Ekiadolor | Ugbogui
+ + + + + + + + + +
+ + + + + + + + + +
+ + + + - + - + - +
+ + + + + + + + + +
+ + + — — + + + — +
+ + + + + + + + — +
+ — — — — — + — + —
+ + + + + — — + — +
+ + + + + + + + +
+ + + + + + + + + +
+ + + + + + + + + +
+ + + + + + + + + +
+ + + + + + + + + +
+ |+ + + + + + + + +
+ + + + + + + + + +
+ + + + + + + + + +
+ + + — + — — - — -
+ |+ + + + + + + + +
+ |+ + + + + + + + +
+ |+ + + + + + + + +
+ + — — — — — — — —
+ + - - - — - - - —
+ + — + + + — — — +
+ + + + + + + + + +
+ — _ _ _ _ — _ _ _
+ + — — — + + — + —
+ + + + + — — — — -
+ + — — — — + + + +
+ — _ _ _ — — — — —
+ + + — + + — — — +
+ + + + + — — - — —
+ |+ + + + + + + + +
+ + + - + - - - - -
+ _ _ _ _ _ _ _ _ _
+ + + + + - - — — —

(continued)
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Table 2 (continued)

Common Form/product | Local name Urban market
Botanical name Family name type (Bini) New Benin | Uselu
Talfairia occidentalis Hook | Cucurbitaceae Pumpkin Uvbeg-hen + +
Talinum triangulare Jacq Portulaceae Water leaf Ebodo-don + +
Tamarindus indica L. Fabeaceae + +
Tetrochidium Euphorbiaceae - -
didymostemon
(Baill.) Pax & K. Hoffm
Thaumatococcus danielli Marantaceae Ebe-eba + +
Benth.
Theobroma cacao L. Sterculiaceae Cocoa Koko + -
Thymus vulgaris L. Lamiaceae Thyme + +
Treculia Africana Decne. Moraceae African + +
breadfruit
Trilepisium Apocynaceae + +
madagascariensis
DC
Triticum aestivum L. Poaceae Bread + +
(processed
wheat)
Vernonia amygdalina Asteraceae Bitter leaf Oriwo + +
Delile
Vigna unguiculata L. Fabaceae Cow pea Ere + +
Vitellaria paradoxa Gaertn | Sapotaceae Shea butter + +
Xylopia aethiopica (Dunal) | Lauraceae Unie — -
A. Rich
Zea mays L. Poaceae Maize Corn flour Okha + +
Zingiber officinale Roscoe | Zingibeaceae Ginger + +

+ = Present; — = Absent
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Peri-urban market Rural market
Oba | Oregbene | Evbuotubu | Ugbogiobo | Ugbiohioko | Iguobazuwa | Ehor | Usen | Ekiadolor | Ugbogui
+ + + + + + + + + +
+ + + + + + + + + +
+ = + - - - - — - +
- - + + + + + + + +
+ + + + + + + + + +
+ - - - + + + - - +
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were more common in urban markets than in rural markets. On the other hand,
Tetrochidium didymostemon, Xylopia aethiopica, Anacardium occidentalis, Bombax
buonopozense, and Dacryodes edulis were found mostly in rural markets. However,
this trend might not translate directly into plant diversity in urban and rural centers
but their utilization patterns. In Benin City, peri-urban markets mostly act as
a transition zone for rural and urban markets. Previous investigations of rural
markets in Nigeria by Johnson and Johnson (1976) recorded 58 species of plants
sold in Nigeria, Keratela and Hussain (1990) reported 21 species, Gill et al. (1993)
recorded 93 plants, Idu et al. (2010) reported 103 and Osawaru and Odin (2012)
reported 117. The difference in the number of plants recorded from the different
study might be related to the season when the study was undertaken as well as the
agricultural yield of the previous seasons and change in attitude, taste, where
vendors source their plants, prevailing economic and environmental conditions.
Mekasha and Tirfe (2019) highlighted that the marketing of agricultural produce
requires planned production, grading of products, transportation to markets, distri-
bution, pricing, and advertisement. Most of the plant species found in the markets are
exotic. This supports the report of Muhanji et al. (2011) and Ogwu et al. (2016,
2017) which opined that the colonial era introduced and promoted the production
and sale of plants exotic to Africa. Overall, the plants and plant products distribution
across the market ranged from 58 to 83 in all the markets assessed (Fig. 1). There are
more plants and plant products in urban markets compared to peri-urban and rural
markets. This might be due to the higher food demands of the growing urban
population, urbanization policies, greater economic power, and migration (Romanik
2008; Ogwu 2019). If the current urbanization trend is left unchecked, it might
increase the vulnerability of African cities to climate change as well as challenges
associated with food security. Another reason for the high distribution of plant
species in urban markets might be the large size of these markets and the age-long
attitude of rural dwellers to bring their farm produce to city centers for sale. The least
diversity was in Usen Market while Uselu Market had the highest species compo-
sition. Overall, the urban markets had higher species composition. Next to the urban
markets were peri-urban markets in plant and plant product abundance.

Plant products found in the different markets were assessed based on the level
of processing that has been done to the plants. The classification of plant processing
included first, second, and third-degree of plant and plant products (Fig. 2). The first
degree of plant and plant products refers to the whole plant or plant part, while the
second degree of plant and plant products and third degree of plant and plant
products are processed and reprocessed plant or plant parts, respectively. It was
also observed that most plant products were only processed once before been
presented for sale in the markets (Fig. 2).

Plants and plant products in the local markets can be grouped into cereals (e.g.,
maize, rice, guinea corn, millet etc.), legumes (e.g., beans, groundnut, soybean etc.),
stem tubers (e.g., yam and Irish potato), root tubers (e.g., cassava, carrot and sweet
potato), fruits (e.g., pawpaw, orange, pineapple, mango, banana, pear, etc.), vegeta-
bles (e.g., waterleaf, bitter leaf, Amaranthus sp., Celosia sp., pumpkin leaf etc.), nuts
(e.g., coconut), oil (e.g., palm fruit), spices (e.g., pepper, onion, ginger, garlic etc.).
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The dominance of first degree processed plant products could be attributed to the
near lack of government support for the agriculture sector of Nigeria. It also suggests
Nigerians might prefer plant products that have undergone little to no processing. It
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was observed that the availability of plants and their products rely on seasonal
variations. The plants and plant products were seen in different forms in the markets
depending on the season. Markets are made up 90-99% of plants and plant products.
Some of these products may have been to the 3rd degree of processing, for example,
Rain boot, etc. However, not all part of the plant may be essential. These forms are
fruits, leaves, rhizomes, bulbs, corms, stem tuber, root tuber and also in processed
forms such as fufu, gari, and cassava flour from cassava; oil, broom, and basket from
oil palm; tomato paste from tomato, etc. These different forms are the status in which
these plants and plant products are best sold and preserved. This is in line with the
report of Idu et al. (2005).

The utilization pattern of the plants and plant products is presented in Table 3.
Major categories included cereals, legumes, roots and tubers, fruits, fats and oils,
sugar crops, fiber crops, spice and condiments, beverages, medicinal, and others.
It was observed that 86% of the plants and plant products are used for foods, 10%
are used for medicinal purpose while 3% is used for other purposes. However, the
highest percentage was noticed in fruits, which are 35%.

The habit of plants found in local markets in Benin City and environs range from
grasses, herbs, shrubs, and trees to vines. Overall, the composition was 39%, 20%,
17%, 15%, and 9% for trees, shrubs, grasses, herbs, and vines, respectively (Fig. 3).
This is an indication that for plants and plant products gotten from tree crops, buyers,
and vendors will have to wait for months or years before parts that are available to be
harvested for sale or consumption.

The plant species recorded in the study are mainly used as a source of food, cash
or medicine. Others supply diversity, essential nutrients, vitamins, or minerals in
diets that would otherwise consist primarily of carbohydrates (Johns 2004; Johns
and Sthapit 2004). Our investigation revealed that most of the plants and plant
products are mainly for foods while a few are for medicinal and other uses. Often,
they reflect cultural values and as a pool of health and nutritional information for the
public and health practitioners (Johns and Eyzaguirre 2002). The availability of
diverse plant and plant products in the market relies on local agriculture system,
seasonal variations, local knowledge and practices, as well as plant germplasm.
Produce are mainly sourced locally from home gardens and distant farms. Therefore,
the vulnerability of agriculture systems in Benin City to climate change might not be
affecting the production of the plants reported in this chapter in the short term.
However, the interplay of diverse external factors and climate change is likely to
affect the availability of plant and plant products currently found in open markets in
the long term. It is recommended that the roles of women, soil health, and plant
diversity be assessed in order to formulate a policy to mitigate and adapt to climate
change impact on agriculture and food security in Benin City and other parts of
Nigeria and Africa.

Moreover, considering that Muhanji et al. (2011) reported that there might be
45,000 plant species in Africa, the amount of plant and plant products recorded in
open markets in Benin City only represent a small portion of that diversity. About
86% of the plants and plant products found in the markets in Benin City and environs
are used for foods, 11% are for medicinal purpose, while 3% are used for others
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Fig. 3 The habit of plants
and plant products in local
markets within Benin City and
environs

ETree

B Shrub
B Herb
@ Vine

B Grass

purpose. Of the 86% used for food purpose, fruits and vegetable had the highest
percentage of usage, which are 35% and 9% for fruits and vegetables, respectively.
This is an indication that the markets in Benin City and environs have rich and
diverse pool of fruits and vegetables, which are of great nutritional value. This is in
line with the study of Odhav et al. (2007) and Ogwu et al. (2016) wherein they
pointed out that indigenous vegetables and fruits represent inexpensive but high
quality nutrition sources for the poor segment of the population. Since many
indigenous food plants grow wild, they are accessible, they can be collected freely
and are thus available to everyone, including the poor (Kabuye et al. 1999). Fruits
and vegetables are of great nutritional value. They are important sources of vitamins
and minerals that are essential for human health and well-being. Their consumption
ensures the intake of various essential vitamins and mineral elements thus avoiding
the problem of malnutrition (Yamaguchi 1983). There is a wide variety of indige-
nous vegetables and fruits found in Africa, which are chief sources of nutrients,
vitamins, antioxidants, minerals, and proteins (Odhav et al. 2007; Ogwu et al. 2016;
Ogwu 2020). Some of the indigenous vegetables and fruits are mainly used for
medicinal purposes (Eifediyi et al. 2008).

Names and naming are important determinant factors in local society and con-
tributing to promoting sustainable plant utilization and conservation (Penny 2001;
Ogwu and Osawaru 2014; Ogwu et al. 2014). Plants are more easily recognized by
their local names in every part of the world. These local names play a vital role in
ethnobotanical study of a specific tribe or region (Singh 2008). The local names
of crop plants, especially in Bini language, are reported among tribes surveyed.
Documentation of local names is highly valued by Rogers (1963), Rogers and
Applan (1973), Allem (2000), Bressan et al. (2005), Sawadogo et al. (2005), and
Osawaru and Dania-Ogbe (2010). Local names are used to promote and trade plant
and plant products in all the local markets assessed with little to no reference to their
scientific nomenclature. Although local names are not directly recommended for
scientific discussions because they lack uniformity and consistency (Singh 2008),
yet they may certainly be considered as a useful tool for obtaining useful information
on plants. Local names provide means of reference by local people in a particular
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area. Also, in some cases, the plants are well known with their local name than the
common names. This is the case of “ebolebo” and “dogoyaro” for Indian almond and
neem, respectively.

In conclusion, plants provide valuable functions as foods, raw materials, socio-
economic development, as well as sustainable environmental development and
indicator of climate change impacts. They have been used as a means of livelihood
sustenance and preservation of indigenous knowledge through their utilization
pattern for centuries. This chapter established that local markets are a data bank
for economic plant species. The diversity of these plants and plant products in the
various local market assessed suggest that despite ongoing climate change, some
level of plant production and plant-human interaction is ongoing. This chapter also
revealed that urban markets have a higher number of plants and plant products
compared to peri-urban and rural markets. This is a reflection that lesser populated
markets are less diverse in terms of plants and plant products in the market.
Additionally, majority of the plants and plant products are utilized as food with
fruits being the predominant part that is used as food. Overall, the vendors/sellers are
predominantly women and their interaction with plants in the market makes them an
important group in the fight against climate change, food insecurity, and biodiversity
Crisis.
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Abstract

Background: Scientific progress and developments in technology have improved
our understanding of climate change and its potential impacts on smallholder
farming systems in sub-Saharan Africa (SSA). The persistence of such small-
holder farming systems, despite multiple exposures to climate hazards, demon-
strates a capacity to respond or adapt. However, the scale and intensity of climate
change impacts on smallholder farming systems in SSA will overwhelm any
indigenous coping mechanisms developed over centuries. Therefore, there is need
to co-develop resilient farming systems with farmers and extension workers in
anticipation of the looming food security challenges in the midst of climate
change.

A survey comprising of participatory rural appraisal, focus group discussions,
participatory resource mapping, and SWOT analysis was carried out for the
purposes of farming systems diagnosis in reference to their resilience to climate
change in three districts cutting across dry arid zones of Botswana agricultural
landscape. The survey also sought to identify vulnerability of the farming systems
to climate change and subsequently co-develop with farmers and extension
workers new climate proofed farming systems.

Results: Detailed evaluation of current systems and their strengths and weak-
nesses were identified. Farmers highlighted constraints to their production being
mainly drought related but also lack of production inputs. These constraints are
location and context specific as extension areas within a district highlighted
different challenges and even different CSA practices for similar production
constraints. Through participatory approaches, farmers were able to identify
and rank potential climate-smart agriculture practices that could ameliorate their
production challenges and subsequently developed implementation plans for
these practices.

Conclusions: The study demonstrates that climate change is already having
significant adverse impacts on smallholder farming systems and therefore, cli-
mate proofing these systems is necessary if livelihoods of smallholder farmers are
to be sustained. Therefore, retrofitting current farming systems to be climate
resilient is the first step to climate proofing smallholder farmers’ livelihoods.

Keywords

Botswana - Farming systems - Adaptation strategies - Climate change -
Smallholder farmers

Introduction

Agriculture is a proven path to prosperity as no region of the world has developed a
diverse, modern economy without first establishing a successful foundation in
agriculture. This trend is going to be critically true for Africa where, today, close
to 70% of the population is involved in agriculture as smallholder farmers working
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on parcels of land that are, on average, less than 2 hectares. As such, agriculture
remains Africa’s route for growing inclusive economies and creating decent jobs
mainly for the youth. In Botswana, the agriculture economic sector is limited
mainly to range resource-based livestock and pockets of arable farming based on
rainfall and limited irrigated agriculture at several places (Alemaw et al. 2006).
However, despite this aforementioned and the recent slowing in economic growth
across much of the continent mainly due to the sharp drop in the global prices of oil
and minerals, the prospects for African agriculture looks favorable. The African
food market continues to grow with World Bank estimates showing that it will be
worth USS$1 trillion by 2030 up from the current US$300 billion (World Bank
2007, 2010). Demand for food is also projected to at least double by 2050. These
trends, combined with the continent’s food import bill, estimated at a staggering
US$30-50 billion, indicate that an opportunity exists for smallholder farmers —
Africa’s largest entrepreneurs by numbers — who already produce 80% of the food
to finally transition their enterprises into thriving businesses (AGRA 2017).
Botswana is a net food-importing developing country (NFIDC); thus there is an
opportunity to increase domestic production of basic foodstuffs, particularly
cereals (grain sorghum and maize) and pulses. The national demand for cereal
stands at 200,000 t per year, of which only 17% is supplied through local produc-
tion (GoB 2019). Therefore, investments in arable agriculture will stimulate
private sector development, create employment, value-addition opportunities,
and enhance food security and ultimately exports.

Climate change poses a challenge to the attainment of agricultural potential.
Climate change is threatening to undo decades of agricultural development efforts
in developing countries with scientific projections pointing to a warmer climate
characterized by increases in both intensity and frequency of extreme climate
events, particularly in sub-Saharan Africa. Nkemelang et al. (2018) observed an
increase in extreme weather events such as heat waves and late and high spatial and
temporal rainfall variability across Botswana. Therefore, although climate adapta-
tion is a global requirement, the need for adaptation is considered higher among
developing countries where vulnerability is presumably higher (Adger 2003) and
also in the interest of individual farmers who rely on the revenue generated from
agricultural production (Holzkdmper 2017). The need for adaptation is especially
true in Africa as the population is highly dependent on rainfed agriculture (the most
climate-sensitive sector) and particularly for smallholder farmers as they generally
have limited adaptive capacity (Morton 2007), hence considered among those who
will suffer most from the impacts of climate change (Easterling et al. 2007).
Mogomotsi et al. (2020) highlight the vulnerability of smallholder rainfed famers
to climate change and variability in Botswana. Smallholder agriculture has long
been characterized by adaptive and flexible strategies to reduce vulnerability to
climate natural variability and soil depletion (Adger et al. 2003; Tschakert 2007;
Thomas et al. 2007; Eriksen et al. 2008). African farmers, particularly in dry land
areas, have developed both on- and off-farm adaptation strategies in response to
reoccurring droughts. Cooper et al. (2008) observed that coping better with current
climatic variability in rainfed farming systems of sub-Saharan Africa is an essential
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first step in adapting to future climate change, while Muyambo et al. (2017)
highlight the role of indigenous knowledge in drought risk reduction.

Nevertheless, climate change is going to negatively affect smallholder
farmers beyond their coping capacity for naturally-occurring droughts, hence
the need to hybridize traditional drought coping mechanisms with technology
through co-development of climate resilience farming systems involving
farmers, extension workers, and agricultural experts. Hence the need to retool
farmers and extension officers for climate. Williams et al. (2019) observed that
smallholder systems heterogeneity requires local specific climate adaptation for
reducing the negative impacts of changing climate in regions heavily relying on
small farms agriculture.

Due to the instability of agricultural production as a result of complex, dynamic,
and interrelated factors such as climate, markets, and public policy that are beyond
farmers’ control, there is a need for farmers to develop new farming systems that
incorporate innovations in their objectives, organization, and practices adapted to
changing production contexts (Martin et al. 2013). While Thornton et al. (2018)
highlighted that the scale of change required to meet the sustainable development
goals, including those of no poverty, zero hunger, and the urgent action needed to
address climate change, will necessitate the transformation of local and global food
systems. Thus the main aim of this chapter is to develop resilient farming systems in
Gantsi District and Bobirwa and Boteti sub-districts of Botswana. The chapter is
premised on the following specific objectives: to evaluate current farming systems in
the three districts and identify climate-smart practices within each district; identify
alternative livelihood options (off-farm) in the catchment areas; identify indigenous
knowledge of agricultural practices (ethno-veterinary and ethno-botanical) to cope
with effects of climate change and co-identify (farmers and extension workers); and
recommend potential climate-smart agricultural practices. The Republic of
Botswana is a landlocked country with an area of 582,000 km? (Fig. 1). The climate
is semi-arid to arid with high spatial rainfall variability. Rainfall decreases and
temperature range increases westward and southward, varying from 650 mm per
annum in the east to 230 mm in the south-west.

Agriculture plays a significant role in the lives of rural communities where it
provides food and income and employs a majority of the rural inhabitants. However,
the Intergovernmental Panel on Climate Change (IPCC 2007) has identified the
country as vulnerable to climate change and variability, probably due to its low
adaptive capacity and sensitivity to many of the projected changes. Therefore, it
implies that with climate change, including high temperatures and frequent droughts
conditions for agriculture, will worsen. For example, models have predicted that
parts of Botswana will become much drier and hotter (IPCC 2001). Currently, there
are projected statistically significant decreases in mean rainfall and increases in dry-
spell length at each global temperature level (Nkemelang et al. 2018). IPCC special
report on global warming of 1.5°C underlined that areas in the south-western region,
especially in South Africa and parts of Namibia and Botswana, are expected to
experience the largest increases in temperature (Engelbrecht et al. 2015; Matre et al.
2018).
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Gantsi District and Bobirwa and Boteti Sub-Districts

Although the three areas of interest are very similar in their vulnerability to climate
change impact, they vary in terms of land area, population, and physiography. Gantsi
District has mostly sandy, infertile soils with low water holding capacity. Farming is
the dominant economic activity in the district with pastoral being most dominant
although of recent there has been an increase in irrigated agriculture. Bobirwa sub-
district has relatively fertile soils although some. Integrated pastoral and arable
rainfed farming are major activities in the district. Boteti sub-district practices both
arable and pastoral farming.

A farming system model by Collinson (1987) was used to aid with farming
systems diagnosis of the three districts (Fig. 2). In the model, there are visible and
observable aspects, which are represented by solid boxes, and those that are deduced
from the description of these aspects and verified by a discussion with farmers and
extension officers, represented by perforated boxes.

Information on current farming systems in each district was acquired through key
informants, farmers, and extension workers. Two extension areas were randomly
selected in each district.

TARGET FARMER CIRCUMSTANCES
NATURAL ECONOMIC SOCIO and
e Climate *  Market CULTURAL
*  Soil opportunities «  Land tenure
«  Biodiversity * Input distribution «  Religion
: FIMILIES i FAMILIES
I HOUSEHOLD I RESOURCES
I PRIORITIES | ¢ tand  —
i 1 ¢ cash
B * Food I +  Labour
I----se-c-ﬂty_\— ¢ Technical
\ A ath,
L 3 1} L 8 |
= FARMERS i
] DECISIONS ON [ ]
1 RESOURCE 1
I ALLOCATION AND =

=/LMANAGEMENT -.\

CROPS LIVESTOCK OFF-FARM
*  Sorghum o Cattle *  Handicraft <
*  Maize «  Small stock *  Casual labour
*  Millet e  Chicken *  Non-timber
* Pulses farest nraducts

Fig. 2 Farming system diagnosis by Collinson (1987)
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(1) Gantsi District (Charles Hill, Ncojane)
(i) Boteti sub-district (Mosu, Moremaoto)
(iii) Bobirwa sub-district (Bobonong, Gobojango)

Multistage sampling technique was used to determine the ideal sample size of
participants in the focus group discussion (FGD) using Krecjie and Morgan (1970)
formula. The multistage sampling process was conducted with the assistance of
extension areas workers who provided facilitators with the number of active farmers
in their catchment. Triangulation was applied where specific information was
needed. A SWOT analysis was used to evaluate current farming systems, their
strengths (resilient to climate change and droughts), and weakness (vulnerability to
climate change and droughts).

The sharing of ideas (experience) among farmers and extension workers allowed
them to evaluate the shared experience and seek more solutions to the prevailing
livestock and crop production challenges and CSA practices in their respective
extension areas. The list of proposed CSA options was discussed with participating
farmers to ensure a common understanding was reached between them, facilitators
and extension workers. During the discussion, farmers were encouraged to come up
with additional practices especially those relating to indigenous knowledge practices
(ethno-botanical and veterinary practices). At the end, ranking of the proposed CSA
practices was done according to Khatri-Chhetri et al. (2017).

The discussion of the predetermined options was designed into a participatory
action plan that addressed the resources needed for implementation of the ranked
CSA potential practices. The action plan and the developed activity plan was a step-
by-step process that helped these groups of farmers together with their extension
workers and facilitators to design and deliver solutions to address proposed climate-
smart agricultural practices. Farmers ranked potential CSA practices for developing
climate-resilient farming systems and together with extension workers developed
their implementation guidelines. Figure 3 is a summary of the methods that were
used to collect data needed to co-develop climate-smart resilient farming systems
across the study areas.

Facilitators used a stated preference method to analyze the farmers’ preference
of CSA practices. In the stated preference method, participating farmers were
asked about their preferences in a list of practices (Khatri-Chhetri et al. 2017).

Current Farming Systems in Gantsi District and Bobirwa and
Boteti Sub-Districts of Botswana

Table 1 displays CSA practices currently found in the three districts. Such practices
can be divided into crop and livestock related. Crop technologies that were common
to all areas included fodder production and intercropping, whereas disease control
and public health as well as ethno-veterinary practices were the only two livestock
practices that cut across the three districts. Fodder production included planting of
cowpea, lablab, maize, melons, forage sorghum, napier grass, and soybean. Cowpea
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_-~~Resilient Farming ~~._
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Farming Systems . M
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Implement Ranked CSA !
| Options H

Fig. 3 Flow of methods used in developing the farming systems

and maize were not specifically planted as fodder, but their stover is normally fed to
livestock after harvesting. Intercropping involves planting of rows of cereals such as
maize, sorghum, and millet alternating with legumes such as cowpeas, lablab, and
soybean and is part of integrated pest management as it provides conducive envi-
ronment for natural enemies (Obopile et al. 2018) and also in maintaining soil
fertility through biological nitrogen fixation (Pule-Meulenberg et al. 2018).

Current farming systems in Gantsi District is predominantly livestock farming as
observed from the large number of cattle posts (livestock holdings) (Fig. 4). The
rearing system is free ranging based on rainfed natural pastures. This resource
(natural pastures) is prone to droughts and overgrazing leading to a large number
of livestock mortalities.

As an adaptation move, farmers are moving toward some integrated crop-live-
stock systems with production of fodder crops, while some large commercial cattle
ranchers use parts of their farms for diversifying into vegetable production. Small-
holder farmers are also practicing small-scale irrigated gardens. Maize and cowpeas
are the main rainfed arable crops in the area, and because of low drought tolerant of
maize, yields are low in most years (Fig. 5). Minimum tillage is practiced and
pioneered as a conservation agriculture (CA) in the district. However, due to the
sandy nature of the soil, farmers complained of the disappearance of planting pits/
basins, making their construction a laborious task that has to be repeated every year.

Boteti sub-district just like Gantsi District is a predominantly cattle-rearing area
although has more rainfed arable farming. Figure 6 shows the spatial distribution of
land uses in the sub-district. The main crops grown are maize, cowpeas, sorghum,
and millet; the latter two being drought-tolerant crops, whose limitation is suscep-
tibility to bird damage. Of recent, crop damage by wildlife especially elephants have
increased in the sub-district.
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Table 1 CSA practices currently found in the Gantsi District and Bobirwa and Boteti sub-districts

Bobirwa | Boteti
Current CSA Gantsi Sub Sub
practices CSA details District | District District
Planting in tires Vegetables X
Irrigation Combination of different types of X
vegetables
Holistic livestock Planned grazing in fenced farm X
management
Fodder production Cowpea, lablab, Maize, Melons, X X X
Forage sorghum, sugar cane, soya
Intercropping Intercropping legumes and cereals X X
Crop rotation Cereals rotated with legumes X
Backyard gardening Different types of vegetables X
Integrated farming Combination of different crop X
enterprises
Integrated farming Combination of different types of X
livestock, fodder, vegetables, field
crops, and poultry
Supplemental feeding | Using commercial and fodder
Disease control and Construction pit latrines to curb the | x X
public health spread of beef measles
Poultry production Constructed poultry houses which X
control temperatures using natural
ventilation. Collection of chicken
manure to sell for vegetation
production
Small stock Apply recommended management X X
production practices that follow small stock
calendar
Production of marula | Marula by products used for animal X
oil cake feeds
Utilization of Cutting Vachellia spp. (Vachellia X
indigenous tree tortilis and V. erioloba) species and
species for livestock mixing with stover to make livestock
feeding feeds
Pigs production About 300 individual pigs housed in X
large paddocks
Minimum tillage Mainly cowpeas, watermelons, X
(ripping using tractor) | maize, sorghum
Minimum tillage Cowpeas, watermelons, maize, X
(ripping using sorghum
donkeys)
Planting pits/basins Cowpeas, watermelons, maize X X
melons, maize
Cover cropping Mainly cowpeas, pumpkins, lablab, X X
watermelons, melons
Fertilizer application | Use of fertilizers on sorghum, maize X
as per soil analysis

(continued)
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Table 1 (continued)

Bobirwa Boteti

Current CSA Gantsi Sub Sub
practices CSA details District | District District
Kraal manure Application of kraal manure on X
application maize
Provision of housing | Housing for goats’ kids
Vaccinations Vaccinate against livestock and X X

poultry diseases
Use of solar energy Solar panels to generate electricity
Ethno veterinary Examples: wood ash for retained X X
practices placenta; powdered dead/sun

bleached millipede skeleton to treat
eye infection

Use of tolerant breeds | Use of Tswana goats, Boer goats X

Figure 7 displays current farming systems for crops and livestock in Letlhakane
extension area of Boteti sub-district. In order to minimize drought impacts on both
livestock and crops, it is imperative to increase the number of people that practice
climate-smart agriculture technologies such as conservation agriculture, fodder
production, and the use of drought-tolerant germplasm.

Of the three districts, in terms of both physiography and farming systems, Boteti
lies at the transitional zone between Gantsi and Bobirwa in having some aspects of
sandy predominant in Gantsi but also having the more fine-textured fertile soils
found in Bobirwa. Similar to Gantsi District, livestock production is dominant in
the Boteti sub-district. In Boteti sub-district, rainfed arable agriculture comprising
sorghum, millet, maize, and cowpeas are among the major crops grown similar to
Bobirwa.

Alternative Livelihoods in Gantsi District and Bobirwa and Boteti
Sub-Districts

Table 2 shows alternative livelihoods outside the agricultural sector. It is evident
that Gantsi District had many more alternative livelihood activities compared to
the two sub-districts of Bobirwa and Boteti. This is probably due to the fact that
Gantsi township is more urban compared to the villages of Bobonong and
Letlhakane, which are the sub-district headquarters for Bobirwa and Boteti sub-
district, respectively. In each of the three study areas, livelihood activities were
varied as shown in Table 2. The common activities that cut across the three
districts included employment through the Ipelegeng program (a Government of
Botswana poverty alleviation scheme), sale of veld product, running of tuckshops,
domestic work (being a maid), taxi services, sale of traditional brews, and catering
services.
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The types of veld products sold are area specific although there are some common
ones. For example, they include the morama bean (7ylosema esculentum), mongoose
seed (Bauhinia petersiana), and wild berries such as Grewia flava. In Bobirwa,
some of the veld products being sold are the mopane worm (Imbrasia belina),
fruit of baobab (4Adansonia digitata) tree, marula (Sclerocarya birrea) fruits,
monkey orange, Grewia flava berries, Vangueria infausta fruits, Mimusops
zeyheri, and wild vegetables such as Cleome gynandra, Amaranthus spp., and
wild okra. For the Boteti sub-district, veld products include the harvesting of the
water lily which is as a condiment for meat and sale of indigenous vegetables as
described for Bobirwa and wild fruits as baobab (Adansonia digitata) and
marula (Sclerocarya birrea). The sale of firewood and handicrafts was also
common among the study areas, the difference being the type of species that is
being sold.

It is noteworthy that veld products are dependent on climate because
during prolonged droughts when crops fail and livestock die, wild plants are
equally affected; hence such products go off the markets. This situation is also
true for traditional brews that are either made from mainly sorghum or wild
fruits. During drought years, they would also not be available. This scenario
shows the extent to which smallholder farmers are exposed to the effects of
climate change, hence the need to adopt climate-smart technologies, on and
off farm.

The recurring droughts leading to asset losses have driven communities in these
three districts to develop some alternative livelihoods strategies for coping with
drought challenges. Nevertheless, these alternative livelihoods strategies developed
to cope with natural droughts are unlikely to match the severity and frequency of
climate change-induced droughts because of their short-term nature (Table 2), hence
the need for coming up with CSA technologies by Government and other stake-
holders. However, the adoption of these CSA technologies has not been promising
due to among other obstacles, weaknesses as highlighted in Table 3. These weak-
nesses or malalignment of the current CSA technologies used in the districts or their
implementation may be due to that they were never meant for farming systems and
cultures found in the three districts, therefore could have been adapted for these
systems before implementation. Mwongera et al. (2017) noted that approaches that
aim to identify and prioritize locally appropriate climate-smart agriculture technolo-
gies will need to address the context-specific multidimensional complexity in agricul-
tural systems.

Therefore, to improve the adoption of CSA technologies, there is need for co-
development of technologies with farmers and extension workers at the local level.
Through participatory approaches, farmers ranked various CSA interventions. The
examples in Table 4 below shows that preferences vary at local extension levels
within a district and also between districts, highlighting the importance of consider-
ing local context and dynamics of farming systems when designing CSA practices
and interventions (Tables 4-9). Khatri-Chhetri et al. (2017) noted that farmers’
priorities for CSA technologies are linked with prevailing climatic condition of
particular location, socio-economic characteristics of farmers, and their willingness
to pay for available technologies.
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Table 3 SWOT analysis of current CSA farming practices in Gantsi District and Bobirwa and

Boteti sub-districts

Strengths

Improved soil fertility
Technologies are adaptable to
climate change

High carbon sequestration
Improved food and nutrition
security

Both males and females
participate in farming activities
Availability of underground
water

Availability of arable land
Supportive Government
policies

Mild winters

Availability of veldt products
(natural resources)

Fertile soils

Moisture conservation

Pest and weeds control (break
life cycle)

Reduction of soil erosion

Opportunities

Adaptation with co-benefits
Resilience to drought due to
irrigation

Diversified crop production
Employment creation

High demand for fish
Commodity clusters of farmers
can be helping in farming
systems (e.g., poultry and dairy)
Agro-tourism

Diversification in farming

Fish has a potential to grow
since it is a new in Bobirwa sub-
district and has a high
nutritional value

Enhanced import substitution
Availability of sunlight for
usage of solar power

No Market for cattle to BMC
because Bobirwa Sub District is
not a green zone

Irrigation (crops, fodder
production) almost the whole
year

Multiplication of Musi breed
Improved soil fertility (legumes)

Weaknesses

Use of hybrid seed destroyed traditional crop varieties
Destruction of CSA crop structures by wind erosion and
livestock

Unavailability of equipment for CSA crop practices

The decision to sell livestock is predominantly done by males
The decision to sell crops is predominantly done by females
Shortage of livestock grazing land and grazing resources
Poor vegetation

Shortage of farming equipment

Lack of farm input suppliers

Poor roads and infrastructure

Lack of research and development (e.g., abattoirs)
Long-time taken by Land Board to allocate land
Shortage of labor

Very interested to do fish farming

No financial assistance for fisheries

Few trained officers in Aquaculture

Unreliable rainfall

Reliability on Government hand out

Conflict on Government policies

Unwillingness to change by farmers to new technologies
High farmers to extension worker ratio

Lack of documentation on fish farming in Botswana
Blanket application of fertilizers

Threats

Occurrence of extreme weather conditions (e.g., change of
start of rainy season)

Emergence of new pests and diseases

Introduction of alien grass species in the rangelands (e.g.,
Cenchrus biflorus)

Competition of labor with Government programs

Other farmers may not cooperate in rotational grazing and
correct stocking rate in communal areas

Human-wildlife conflict (elephants)

To develop small stock slaughtering facility
Human-wildlife conflicts

The rain pattern has changed

Heat waves

Lack of raw materials for feeds

Use of hybrids seeds

Use of exotic livestock and poultry breeds

Lack of buy in by the Government on the programs for
fisheries (just like LIMID)

High budget to start fish projects

Invasive species

Stock theft from the neighboring countries

Aging farmers

Conversion of arable land to other land uses (e.g., tourism and
settlements)

Contamination of environment
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Table 4 Indigenous (ethno-veterinary) practices in the Gantsi, Bobirwa, and Boteti

Practices

Gantsi
District

Bobirwa
Sub
District

Boteti
Sub
District

Use of charcoal for diarrhea in calves

X

Use of charcoal for dressing livestock wounds

Use of charcoal to treat poisoning in dogs

Use mix of dry donkey dung, salt, and wood ash and
administered orally for retained placenta in small stock

Use of Senna italica (sebete) for the treatment of calf
paratyphoid

Ximenia spp. for the treatment of foot rot in livestock

Use of sugar to treat visually impaired eyes and eye
branding

>

Bandaging a fracture with wood and soft cloth

Use of Aloe spp. (mokgwapha) for foot rot

Use of wood ashes mix for snake bites

Use of cow dung after branding or dehorning

Thamnosma rhodesica (moralala) for prevention of
miscarriage and still birth

I B I

Diospyros lycioides (letlhajwa) for control of Pasteurella

>

Use of Aloe spp. (mokgwapha) in birds against
Newcastle disease and coccidiosis

Use of “thobega” against fractures in livestock

Dry old bleached millipede is crushed and applied to treat
visually impaired eyes

Use of sugar to treat visually impaired eyes

Use of Ziziphus mucronata leaves to treat eye infections

Ziziphus mucronata pounded leaves and paste applied to
dress wounds

Use of wood ash mainly Combretum imberbe (Motswere
tree) to control external parasites in chicken and puppies

Use of burnt cow dung against mosquitoes

Use of wild cucumber (mokapane) for the treatment of
wounds

Use of dried cow dung smoke for the treatment of
mastitis; burning cow dung is placed under the udder of
the animal for the smoke to cover the udder

A string is tied on the warts and left until it falls off

Ash of Vachellia mellifera is mixed with water and
administered orally when an animal has retained
placenta; can also be used to control weevils in grain

Use of hot ring iron to treat eye infection

Cutting of tail and ears for treatment of animals against
Pasteurella

Liquid paraffin external parasites on chicken, cats, dogs,
and rabbits

(continued)
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Table 4 (continued)

Bobirwa Boteti
Gantsi Sub Sub
Practices District | District District
Potassium per manganite to control chicken diseases (e. X
g., coccidiosis)
Use of brake fluid to control mites X X
Use of bitter apple fruits (thontholwana/morolana) to
treat eye infection
Use of charcoal to treat poisoning in dogs X

Use of sugar for control of uterine prolapse
Use of purslane to control uterine prolapse

Indigenous Knowledge of Agricultural Practices in Gantsi District
and Bobirwa and Boteti Sub-Districts

Farmers across the three districts indicated that they had indigenous agricultural
practices pertaining to production of livestock and crops (Tables 4 and 5). Table 4
shows ethno-veterinary practices across the three districts. A number of practices
such as the use of Senna italica to treat calf paratyphoid, treatment of eye infection in
livestock using sugar and/or branding around the infected eye, treatment of poultry
diseases such as Newcastle and coccidiosis using 4/oe spp., and the use of dried up
and bleached millipede carcass for eye infections in livestock were found in all the
study areas. It is noteworthy that about a third of the practices are plant based.
Consequently, prolonged droughts caused by climate change will affect them, hence
the need to intentionally conserve wild plants. Other practices are based on plant
products such as charcoal, wood ash, and smoke.

Table 5 displays the ethno-botanical practices found in the three districts. The use of
a mixture of tobacco, chillis, garlic, onions, and soap or a combination of any two with
liquid soap is common among the three districts for the control of aphids (4phis
craccivora), red spider mites (Tetranychus urticae), and fungi. The digging of trenches
around arable fields for control against corn cricket (Acanthoplus discoidalis) and the
traditional magical powers to protect fields against pest were common in the Gantsi
District and Bobirwa sub-districts. The use of chilli blocks to scare away elephants
where crushed chillis and mixed with cow dung, dried, and burnt was practiced in the
Bobirwa and Boteti sub-districts. Much like with indigenous practices for livestock,
about a third of the practices are plant based. Other practices such as digging of trenches
to control com cricket, animal snares, scare crows, use of reflectors to scare away
elephants, and other can be referred to as physical.

It is interesting that out of the list of indigenous practices for both crops and
livestock, none deal directly with increasing production but are all for the protection
of pests and diseases. Furthermore, many of the practices are plant based and
therefore are equally affected by the harsh effects of climate change.
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Table 5 Indigenous (ethno-botanical) practices for crops in Gantsi District and Bobirwa and Boteti
sub-districts
Bobirwa Boteti
Gantsi Sub Sub
Practices District | District District
Use of wood ash for pest control X
Mixture of tobacco garlic and onion and sunlight for X X X
aphid control
Trenches for control of Acanthoplus discoidalis X
(setotojane)
Use of scare crows X
Foot crushing of grasshoppers
Animal traps (snares)
Use of sugar to attract natural enemies
Application of Combretum imberbe and Vachellia
mellifera (motswere and mongana wood ash,
respectively, around plant stems and also application in
seeds/grains to protect against storage pests
Use of chilli block, where chillis are mixed with cow X X
dung, then dried, and then burnt to deter elephants
Python fat is mixed with seed before planting to protect X
the arable fields from predators
Burn mohetola (Indigofera sp.) to accelerate sorghum X
maturity
Use of empty containers to scare the birds and elephants
Use of metal reflectors along the fence to scare the
elephants
Collect human urine and pour small bits of it on strategic X
places around the perimeter fence to scare kudus and
jackals (mark territory)
Filling a clear bottle with water and placing at strategic X
places to scare away jackals

Digging a trench around the field to control pests, e.g., X X
corn cricket

>
>

Magically protect (Go upa masimo) through seeds
Use of whey to control aphids
Eucalyptus for the control of weevils in grains

Potential Climate-Smart Agricultural Practices Identified by
Farmers and Extension Workers

When designing CSA implementation strategies at farm level, one must consider
adaptation options that are well evaluated and prioritized by local farmers in
relation to prominent climatic risks in that location (Khatri-Chhetri et al. (2017);
FAO 2012). Table 6 is a compilation of how farmers in the three districts ranked
CSA practices according to their preferences. At each district, at extension area
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Table 6 Ranking of CSA practices in the Gantsi District and Bobirwa and Boteti sub-districts

Ghanzi [ Bobirwa [ Boteti

No. CSA Intervention Charleshill j 2 2 Moreomaoto

Provision of animal shade

Fodder Production

Vaccination and breeding calendar

Correct Stocking rate

Use of hardy i breeds

Harvesting and processing of enchroacher plant feed

Ethno veterinary practices

1
2
3
4
5 | Feed processing
6
7
8
9

Water harvesting

10_| Pasture re-seedin;

11 | Manure

12 | Rotational grazing

13 | Biogas production

14 | Conservation and utilization of breeds

15 | On-farm Al of Cattle

16 | Harvesting plant species for feeds

17 | Useof poultry breeds

18 | Dip tanks

S

Mobile laboratory

20 | Holistic pasture

21 | Solar energy use

Integrated farming

0 |
DN

Feedlot weaner production
24 | Small stock Al

15

Termites chicken feed production

26 | Leather processing

27 | Kraal rotation

level, through focus group discussions, farmers came up with a list of CSA
practices that existed or was perceived to be of importance for their area. The list
was presented to extension workers for validation and in many instances, extension
workers added more practices to the list. Only two interventions were highly
ranked across the three districts, namely, fodder production and vaccination cal-
endar adjustment. The production of fodder is important because without good-
quality animal feed, it would be difficult to have adaptation with mitigation co-
benefits of reduced greenhouse gases (Herrero et al. 2013). It has been documented
that one of the consequences of climate change is increased incidences of disease
(Moonga and Chitambo 2010). Adjusting livestock vaccination calendar is there-
fore relevant and important to control disease and as seasons seem to have shifted,
hence the need to vaccinate timeously. Out of the three districts, Gantsi has the
most uniform physiography, for example, its soils are predominantly sandy
(arenosols). Furthermore, livestock production is very important, with one of the
highest livestock populations in Botswana. This scenario can explain the uniform
agreement in ranking of the CSA interventions (Table 7).

Due to centuries of drought exposure, smallholder farming systems in the
three districts have developed some level of resilience to natural droughts.
Nevertheless, the frequent and severe climate change-induced droughts are
beyond the coping capacity of these systems, hence the need to climate proof
them through appropriate climate-smart agriculture practices. Effective adoption
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Table 7 Implementation plan for fodder production

CSA
Technology | Activities Jan | Feb | Mar | Apr | May | Jun | Jul | Aug
Fodder Land
production preparation
Buying
fertilizers
Buying
seeds

Planting

Fertilizer
application

Harvesting

Drying
Milling
and
Packaging

of climate-smart agriculture requires active participation by farmers not only in
identifying constraints to their production but also in developing CSA practices
for addressing the identified challenges. This approach requires hybridization of
indigenous knowledge with technology. Resilient farming systems lead to sus-
tainable livelihoods, thus, the need for an appreciation of smallholder livelihoods
as the anchor on which to build them on. Successful CSA adoption requires co-
development of implementation plans by farmers and extension workers.
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Abstract

Motivated by interest to increase the resilience of smallholder farmers to adapt to
climate change through uptake of agroecology, two community development
organizations commissioned a project evaluation upon which this book chapter
is written. The chapter discusses how smallholder farmers were experiencing
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implementing agroecology, trying to understand the reasons for adopting such an
approach to farming. The chapter also explores and problematizes the relationship
between trends in adoption of agroecology and the smallholder farmers’ aware-
ness of climate change and adaptation. The chapter confirms that agronomic and
income generation are the key reasons for adoption of agroecology. Most of the
farmers reminisced about how their crop yields had declined and soils no longer
producing enough to feed the family. Other motivating factors for uptake of
agroecology included lack of employment, limited income sources, access to
health organic foods, and medicinal value of herbs grown. The chapter further
concluded that the correlation between adoption of agroecology and farmers’
awareness of it as a climate change adaptation measure is generally weak.
Smallholder farmers adopted agroecology more for responding to issues of
food security, than any conscious desire to adapt to climate change. Implications
of this observation is that practitioners working with smallholder farmers need to
rethink their approaches and design of interventions to integrate climate change
education and learning, so that strong connections between the agroecological
practices promoted and adaptation to climate change are made. Such an approach
has potential to improve the sustainability and value of the agroecological
practices adopted.

Keywords

Agroecology - Permaculture - Climate change - Smallholder farmer -
Adaptation - Mitigation

Introduction

Social development organizations have noticed an increase in agroecological activity
among smallholder farmers in the South African lowveld in the last 2 years, includ-
ing in the districts of the Kruger to Canyons Biosphere Region. Agroecology has
also become the point of convergence for a network of institutions based in the
biosphere and focusing on a range of environmental, climate change, and social
concerns. These institutions included the Hoedspruit Hub, Association for Water and
Rural Development (AWARD) Mabhlatini, Ukuvuna, Kruger to Canyons Biosphere,
CHoiCE Trust, Hlokomela, SANParks, and others, who have mandates ranging from
agricultural training, poverty alleviation, biodiversity, and water conservation
through to health, yet for different reasons have all found agroecology a critical
component to realizing these mandates and notably building farmers resilience to
adapt to climate change. It is against this context that two of these organizations
working in partnership to promote agroecology among smallholder farmers in this
area, collaborated to develop this chapter with the aim of sharing the findings of an
evaluation conducted to understand the participating smallholder farmers’ experi-
ences of agroecology as both a livelihood option and a strategy for climate change
adaptation.
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Background Information

Kruger to Canyons Biosphere Region encompasses parts of the Limpopo and
Mpumalanga provinces, as well as three southern African biomes: grasslands,
Afro-montane forests, and the savannah of the lowveld. And as shown in Fig. 1
below, the region borders with the vast Greater Kruger National Park, which is home
to a diversity of flora and fauna. The Kruger to Canyons region also include much of
both the upper and lower sub-catchment areas of the Olifants river. Major land-use
practices in this region include conservation nature reserves areas, mining (gold,
phosphate, copper), exotic plantations, and the extensive nonorganic cultivation of
subtropical fruits and vegetables (mainly for export) and to a lesser extent peasant
farming.

Perhaps the most important contextual history of this area, when considering the
development of smallholder agriculture in post-apartheid South Africa, is the rem-
nants of the former apartheid homelands or bantustans. These were areas the
apartheid government set aside for African indigenous people to live after they
were forcibly removed from urban areas. It was thus the mechanism with which
the government realized segregation, but with which they also successfully created
labor reservoirs for the mines and other South Africa industries active at the time. It
is essential to take into consideration that although the apartheid government

" KRUGER NATIONAL
ATIVEW PARK

:] SA National Parks/Provincial Reserves
:l Proposed Managed Resource Areas/TFCA's
. Mocambique GKG TFCA/Private Reserves/Game Farms

—‘j Kruger To Canyons Bisphere Reserve

Fig. 1 Map of Kruger to Canyon landscape (AWARD 2016)
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intended for these areas to eventually become independent, they were not developed
and relied entirely on the larger South African economy.

Vibert (2018) wrote a poignant piece about the effects of forceful removals during
apartheid, which displaced people and gathered them in the former homelands. She
writes specifically about one homeland that was partly located within the current
biosphere, named Gazankulu. It “was envisioned as a rural enclave for women,
children, and elderly people of Tsonga ethnicity — their men were the labour force in
the mines and cities. This rural-urban binary is misleading: people and resources
circulated among these spaces, within and in infraction of the strict spatial regula-
tions of apartheid. Yet rural space was, under apartheid, a space apart” (Vibert 2018).
Vibert writes how women recall arriving in this new space where very little prepa-
rations had been made for their arrival, finding it inhospitable. They built houses
during the day and cooked at night to start a new life. They did not have enough
allocated space to grow crops such as sorghum, which they had grown before.

...We can’t forget sorghum,’ the indigenous grain they no longer have space or labour to
grow. Mamayila says it’s ‘very painful [va va ngopfu] to remember the way we were
situated. It was so nice. You had enough land to have your garden, donkeys, cattle kraal,
one side for goats, one side for pigs.” Today we have ‘maybe a cattle-kraal size’ says Sara.
(Vibert 2018)

Since the end of apartheid, not enough has been done to address the social
complexities and trauma of the forceful removals or the underdevelopment of
these former homelands, resulting among other social challenges, in millions of
unemployed people. Given the legacy of Apartheid’s forced removals, villages in
Gazankulu are densely populated (Wright et al. 2013). And overutilization of natural
resources combined with a lack of proper management of these resources has led to
soil erosion and a loss of soil moisture and soil nutrients. These factors, together with
low rainfall and poor soils in some areas, have affected smallholder farmer’s capacity
to produce enough food (AWARD 2016) and with climate change, their vulnerabil-
ities are likely to increase.

Therefore, the work being done by the two development organizations is
implemented within this context where historical segregation and limited formal
development have left millions of people heavily dependent of agriculture and social
grants as livelihoods options.

The Partnership

One of the two development organization is registered as a private company but
operates as a social enterprise and training center in the Hoedspruit region. Its social
development activities include a high school bursary program, and the training on
agroecology, which is of interest to this chapter. The course is meant to equip
smallholder farmers with skills and knowledge needed to practice agroecology as
a form entrepreneurship along the organic food value chain.



20 Agroecology and Climate Change Adaptation: Farmers’ Experiences in the. .. 367

20°00E I0VE INCE IT0TE 0TE
L L L

>z

24'00°8

2

eLyd .;nm

250078

Olifants Catchment
i S Beirast

TeMiddleburg
ey Olifants Rivers
Catchment

Minor Rivers

26°0'0°8

A Maor Rivers

International

Towns Border
] g

0 25 50 100 Kilomaters

Fig. 2 Map of the Olifants river sub-catchment in which agroecology projects are being
implemented (AWARD 2016)

The other organization is a nonprofit organization specializing in multi-
disciplinary, participatory, research-based project implementation aimed at
addressing issues of environmental sustainability, inequity, and poverty, in particular
relating to water conservation and management in the face of climate change. This
organization’s main geographical area of focus, although not exclusively limited to,
is in the areas lying within the lower and upper catchment of the Olifants river — a
major tributary of the Limpopo river, which is an international watercourse shared
between South Africa and Mozambique. Figure 2 below is a map showing the entire
Olifants river catchment.

Changes in Climate

Also, of interest in this chapter is how climate change is being experienced in
southern Africa and how this will impact on agriculture. A recent piece in the
Farmer’s Weekly by Lindie Botha, drawing on the opinion of Prof. Francois
Engelbrecht, chief researcher for climate studies, modelling, and environmental
health at the Council for Scientific and Industrial Research (CSIR), states that “the
average temperature increase in southern Africa due to climate change, is taking
place at twice the global rate. The resulting lower rainfall figures and increase in the
number of heatwaves will see agricultural landscapes shifting and veld fires growing
in frequency. All of this will demand careful planning” and a type of agriculture that
is climate smart (Botha 2019). She writes that the Department of Science and
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Technology launched the South African Risk and Vulnerability Atlas (SARVA) in
response to the changing climates observed in the last few decades. SARVA
published in 2018 that rural areas in South Africa are particularly vulnerable to
climate change due to its dependence on water and agriculture.

It is against this background that the two partner organizations have, over the
course of the partnership, trained and supported a total of 300 smallholder farmers to
implement agroecology. And the need to learn more about how the target small-
holder farmers are experiencing their implementation of agroecology is what moti-
vate the evaluation, whose findings are discussed in this chapter

Questions Investigated

In order to gain an in-depth understanding of the farmers’ experiences of adopting
and implementing agroecology, the project evaluation against which this chapter is
developed explored the following questions:

1. Why do smallholder farmers adopt an agroecological approach to farming?
2. Is adoption of agroecology as strategy for adaptation linked to farmers’ awareness
of climate change itself?

Exploring these evaluative questions was done in order to confirm if the agro-
ecological approach is indeed the most effective way to not only meet organizational
goals but to enhance the building of smallholder farmers’ resilience to adapt to
climate change. The answers to the questions of this evaluation are thus the basis for
discussions presented in this chapter, the ultimate aim being to improve the way
community development organizations work with and support smallholder farmers
in South Africa and beyond.

The evaluation was conducted using a qualitative interpretive research approach.
The decision to use a qualitative methodology was in sync with the nature of the
evaluative questions that the two organizations sought to answer and also the
ontological world views of what constitute reality held by the researchers (Creswell
2009; Niewenhuis 2007). Ontology, as defined by Niewenhuis (2007), refers to how
one perceives reality or think of that which can be known. Similarly, Patton (2002,
2014) argued that ontology is concerned about the constitution of reality, in the case
of this study, “farmers views and experiences of agroecology,” and what we are able
to know about it. Creswell (2009) also pointed out that ontological world views often
shape the orientation and design of the evaluation methodology preferred. Hence the
qualitative interpretive paradigm within which this evaluation was conducted, and
the case study method used together with the data collection and analysis techniques
all reflects the ontological viewpoint of knowledge as socially constructed (Denzin
and Lincoln 2011; Maxwell 2010; Yin 2013). An evaluation methodology that does
not only focus on the numbers of farmers trained and now then practicing agroecol-
ogy was needed. Therefore, knowledge interest that required much more than just
statistics for donor reporting determined the use of qualitative methodologies. And a
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qualitative approach allowed the evaluators to generate more insights into farmers
experiences illuminating light on some of the grey areas where future programming
needed to resolve in order to achieve not only more but sustainable impact, working
with smallholder farmers in Limpopo to adapt to climate change.

Using the Case Study Evaluation Method

According to Harrison et al. (2017), case study research has grown in reputation as
an effective means to explore and understand complex issues in real-world settings.
It has been widely used across several disciplines, particularly the social sciences,
education, business, law, and health, to address a wide range of research questions.

The case study method used in this evaluation allowed for a closer examination
and analysis of each participating smallholder agroecology farmer in real-life con-
texts (Harrison et al. 2017). It also allowed the evaluators an opportunity to select
information rich participants or cases (Flyvbjerg 2006, 2011) making it possible to
generate enough data and in-depth insights into how agroecology is being experi-
enced by and changing the lives of smallholder farmers. It also allowed them to
probe in detail the extent to which farmers understand the connection between
adopting agroecology and building their resilience to climate change.

Fifteen carefully selected cases of smallholder farmer households drawn from 300
farmers trained and being supported to implement agroecology. These households
were purposively selected on the basis of having received training and actively
implementing agroecological practices. Purposive sampling meant that the
researchers had to pick on the most productive sample (smallholder farmers) that
could provide adequate data to answer the research questions (Marshall 1996;
Flyvbjerg 2006, 2011). It also allowed for the selection of what Yin (2014) referred
to as data rich participants. And because this was not a comparative analytical
evaluation, selecting those data-rich cases made much epistemological sense.

As represented in Table 1, the farmers involved in the evaluation included those
that had been trained through 17 Shaft Training in 2015 and 2016 and those trained
by Hoedspruit Hub in 2016 and 2017.

Evaluation information was collected using semi-structured interviews integrated
with narrative enquiry and field observation. Yin (2014) argued that semi-structured
interviews allow a researcher greater freedom to pursue unexpected, but interesting
and relevant comments to a greater depth. Instead of a scripted list of questions, the
researcher has a good idea of the questions she would like to ask, and perhaps even
an interview guide, but may ask the questions in a way that fit the context of the
emerging conversation between researcher and participant smallholder farmer (Yin
2014; Creswell 2009). Also important for a qualitative evaluation such as this one
the use of semi-structured interviews allowed the farmers to answer questions in
their own words, potentially adding details to the data that might have been missed
otherwise (Yin 2011). The interview guide used to collect demographic information
relating on participants profiles also provided a way of generating quantitative data
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Table 1 The smallholder farmers participating in the evaluation and their training

Code name Training received
Leadership in Agroecology
17 Shaft Training (2016)
Organic Mango Production
17 Shaft Training (2015)
Organic Mango Production
Herb Gardening
Leadership in Agroecology
Herb Gardening

17 Shaft Training (2016)

NeRieRIEN RiNe WV NN NYRUS R SR

10 17 Shaft Training (2015)

11 Entrepreneurship in Agroecology (2016)

12 17 Shaft Training (2016)

13 Entrepreneurship in Agroecology (2016) (not interviewed yet)
14 Leadership in Agroecology

15 Agroecology for the Youth

on harvest and income trends being experienced by smallholder farmers
implementing agroecology.

Information collection also entailed use of narrative enquiry where farmers were
asked to tell their stories of change. Dyson and Genishi (1994) asserts that storytell-
ing provides a useful theoretical lens through which to examine the ways in which
individuals experience the world as illustrated through their own personal stories.
Narrative inquiry helped the evaluators to capture the farmers’ full experiences of
their adoption and implementation of agroecological farming practices. Davis (2007)
also argued that storytelling is a very useful way of collecting data especially from
informants with low literacy levels such as the case with most of the farmers
involved in this project evaluation. As such storytelling helped to make this project
evaluation socially inclusive in orientation.

With the consent of participants, their stories and responses to interviews were
audio recorded for data transcription and analysis. Some of the interviews were
video recorded and footage stored for the future development of a short video film to
support the sharing of the emerging findings of the project evaluation.

In order to deepen insights and triangulate information collected through the
interviews (Shenton 2004), field observations were conducted and entailed visiting
homesteads of all the 15 farmers to learn more about their agroecological practices
and ascertain harvests being experienced. Photography was used to capture obser-
vations made during the field trips.

In total, 15 interviews were done, and visits to all the 15 farmers undertaken. The
data generated was processed through transcribing, translation into English, making
it ready for analysis

Information collected was subjected to initial analysis using Atlas Ti 7 to both
locate and code the data (Friese 2014). Dohan and Sanchez-Jankowski (1998)
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argued that coding data with a well-designed computer program like Atlas Ti 7 can
be very useful but not an end in itself. Analysis of data was thus continued using
thematic data analysis where emerging themes relating to questions being pursued in
the evaluation and discussed in this handbook chapter were identified and analyzed.

Evaluation Findings
Farming Sites

The 15 smallholder farmers who participated in this project evaluation were drawn
from the villages as shown in the map below. All these villages are adjacent to the
Kruger to Canyons Biosphere area and falls within Maruleng, Lepele Nkhumpi, and
Elias Motshoaledi municipalities of Limpopo province. In terms of climate, these
areas are generally quite dry with an annual rainfall of around 500 mm/year
concentrated in 4 months during the summer (AWARD 2016).

Farmers were selected from villages such as Sidawa, Zebedela, Turkey, and
Mametja of Maruleng, and Motetema, Tarfelskop, Makweng, Dithabaneng,
Makushoaneng, and Monsterlus of Carpricorn and Elias Motshoaledi (Fig. 3).
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Table 2 Smallholder farmer demographics

Code Age Gender Size of family Years farming Production area (ha)
1 48 Female 3 6 0,540
2 41 Female 6 2 0,035
3 53 Female 4 1 0,534
4 44 Female 5 26 0,500
5 56 Male 4 1 0,003
6 40 Male 5 10 0,500
7 52 Female 5 2 0,002
8 58 Female 3 2 0,250
9 20 Female 5 0.2 N.A.
10 59 Female 3 10 N.A.
11 28 Female 2 2 0,200
12 30 Male 5 3 0,420
13 39 Female 3 7 0,200
14 44 Female 6 3 0,500
15 48 Male 2 4 0,032
Averages 45,3 4 5,6 0,28

Demographics

Of the 15 farmers interviewed, 11 were female and 4 were male. Average age of the
smallholder farmers interviewed was 45.3, with the youngest being 20 years old. On
average, each household size was reported as made up six family members.

The plot sizes for most farmers ranged from 0,002 ha (an area of 4 m x 5 m)
being the smallest to the largest of 0,54 ha. Each farmer was producing a good mix of
vegetables with limited fruit and herbs. Those farming herbs were benefiting from
the market linkage support that Hoedspruit Hub was providing. Table 2 illustrates the
above demographics of the farmers.

Reasons for Adopting Agroecological Farming Practices

The chapter confirms that most of the farmers interviewed has various reasons for
practicing agroecology. These reasons ranged from the need to produce more food
for household consumption, desire to generate income, and influence from neighbors
to the farmers’ realization of declining yields.

Asked to share his motivation for taking up and practicing agroecology one of the
farmers was quoted saying:

Remember the first thing which is needed by the family before they do any job is food. So for
me, I work for food first and then seek money elsewhere. (F2)



20 Agroecology and Climate Change Adaptation: Farmers’ Experiences in the. .. 373

Similarly, the other farmer interviewed weighted in by pointing out that:

When 1 started implementing the permaculture (agroecology) ideas, I noticed that my
vegetable production doubled, compared to the first yield where I had little knowledge.
This method is cheap and sustainable long term. (F4)

Asked to explain why adopting agroecology and converting from the usual
conventional farming, another farmer confidently said that:

I'have a diversity of activities in order to produce a wide variety of results such as generating
income, providing my family with meat and vegetables. (F7)

Two of the interviewed farmers were despite trained, however, not yet practicing
agroecology. The two perceived agroecology as for mainly very small farmers, thus
not very suitable for their scale of farming.

It became quite clear that the smallholder farmers interviewed were practicing
agroecology because of different reasons. These as reflected above included the both
the need to feed their families and earn income from selling the surplus backyard
gardening produce. Producing more food to feed the family and income generation
as, confirmed by responses from 66% (n = 10) of farmers interviewed, emerged the
top two reasons influencing adoption and practicing of agroecology. The desire to
improve household income as a reason for practicing agroecology was made much
more explicit by a farmer who shared her story as quoted below.

Life with my children and no support from their father was not a good life for me at all. I tried
many things to improve the living conditions of my children. I received government benefit
but it was not enough to send them to school, provide medical support and to buy the right
food. One of the areas I got passionate about was farming, but I had no skills. But then I got
training in agroecology and started from a small base growing a few vegetables and crops. . ..
and now | earn more money and I am happy. . .. (F10)

The desire to produce food for the family, to share with neighbors, and sell the
surplus to generate income is illustrated in Table 3.

Other influencing factors included realization that their soils are no longer
producing as much as they used to, keeping up with the jones (learning from
neighbors) and as well lack of employment opportunities especially among the
youth in the lowveld. About 33% (n = 5) of active agroecological farmers were
unemployed and many cited this as the original reason for starting their agroecolog-
ical production units. For many farmers, continued unemployment meant no other
option than to continue farming agroecologically. One farmer alluded to the medic-
inal value of herbs as the reasons for his interest in doing agroecology. Access to
market and increasing demand for organic vegetables by local lodges were also
mentioned as factors shaping the way agroecology was being adopted and
implemented. Also, very interesting is that a few farmers thought that agroecology
is easier and cheaper to do as it does not require heavy use of chemicals and
fertilizers. Ecological reasons for implementing agroecological farming practices
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Table 3 Household consumption, sharing, and selling of agro-produce

Code Household use (%) Sharing (%) Selling (%) Income p.m. (rands)
F1 54 22 24 900

F2 20 80 0 0

F3 20 0 80 600

F4 50 0 50 5000
F5 10 10 80 1200
F6 20 0 80 800

F7 20 40 40 200

F8 10 0 90 300

F9 N.A. N.A. N.A. 0

F10 N.A. N.A. N.A. 0

F11 100 0 0 0

F12 60 0 40 420
F13 40 5 55 5100
F14 90 5 5 120
F15 20 10 70 600
Avg 33,77 16,88 49,33 1016,00

were also observed and some of the farmers talked of the need to improve soil health
and save water. Asked to explain why she adopted agroecology, one farmer felt
agroecology enabled communities to live in harmony with nature, and she said that,

To me it would be beneficial if more people can farm agroecologically and if they can impart
it to their children. People say they are going to pray for rain. We are not living harmoniously
with nature, and not sending rain is nature’s response. It’s how nature talks

The desire to save water which was also linked to ecological reasons for taking up
agroecology could be easily understood from the fact that most of the farmers in the
area covered by this evaluation (lowveld of Limpopo) did not have reliable water
supply and were actually buying water (Award 2016) to sustain their gardens. Water
was therefore even without or before onset of climate change a scarce resource.
Others talked of social motivations including that gardening kept them physically
active and healthy, reducing stress, and keeping them out of poverty and criminal
activities.

The observations made above were also reported by similar research studies.
Studies done by Nilesa and Mueller (2016) revealed that farmers change their
agricultural behaviors not only because of the changes in climatic conditions. The
evaluation findings revealed that factors such as the inherent desire to sustain food
security and the changes in the wider environment, e.g., changes in soil fertility and
productivity levels, contributed to the changes in agricultural practices adopted by
farmers. Scholars such as Toffolini et al. (2018) also revealed that the evolution of
farmers’ practices towards agroecology is mainly influenced by agronomist factors
to increase food production. In a similar sense, Hubert (2012) also observed that
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agroecology has, in various countries, been considered a viable option for achieving
sustainable food production systems. Accordingly, Altieri (1999) claimed that the
agroecological approach provides an alternate path to increasing crop production
because of its reliance on local farming knowledge and technologies suited to
different and marginal climatic conditions such as those of Limpopo.

The Connection Between Agroecology and Climate Change

Out of the 15 farmers interviewed in this project review, only one (n = 1) of them
made an explicit reference to climate change. This is a very interesting observation
but one that is unusual. Such an observation can be understood from what other
studies has revealed. Nilesa and Mueller (2016) pointed out that they are unaware of
any studies that have examined the extent to which farmers’ perception of climate
change directly explains their changes in farming practices. Whyte (2014) also
observed that even though the broad issue of adaptation to environmental change
is not new for many indigenous peoples, it is something done out of survival instincts
rather than any significant levels of climate change awareness. Closely related,
Mugambiwa (2018) concluded that subsistence farmers have always adopted adap-
tive strategies to changes such declining crop yields. In his study, he concluded that
changes in farming practices such as a shift from maize to traditional millet and
sorghum that farmers in Mutoko, a district in Zimbabwe, adopted were triggered by
the desire to preserve local indigenous knowledges and cultures rather than the
changing climatic conditions. However, it can be argued that this change and
adoption of indigenous knowledge practices as acknowledged by Waha et al.
(2013) to respond to frequent droughts, scarcity of rain, and decreased crop yields
is by default a strategy for adapting to climate change.

Other studies done by Arbuckle et al. (2013) and Niles et al. (2015) to investigate
farmers’ perceptions of climate change, its risks, and potential to influence adoption
of adaptation and mitigation behaviors also confirmed that farmers relate more to
weather than climate change. This observation is also reflected in what one farmer
who made reference to climate change was quoted saying,

Then I ask myself, isn’t it important to know, what is hindering rain from coming? So, all
these practices we are doing, it’s hindering rain from coming, by contributing to climate
change. We can pray and pray and pray, but if we don’t change our thinking, decolonise our
minds, rain will not come. We can expect drought

Farmers are therefore arguably more affected by weather-related losses than
climate change per se. Thangata et al. (2002) argued that the decisions made by
smallholder farmers to adopt agroecological practices, e.g., agroforestry, in the
context of Zambia reflected the farmers’ perceptions of worst-case weather changes
such as delayed rainfall or droughts. And thus, if they were asked about how weather
determines their farming practices, a good number of the farmers involved in this
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evaluation could have provided more explicit answers. This finding denotes the need
to appreciate that for most farmers the adoption of agroecology is, at experience
level, motivated more by other factors than solely climate change (Palm et al. 2010;
Beddington et al. 2011; Nyanga et al. 2011).

While agroecology has been widely associated with strengthening the resil-
ience of farmers and rural communities (Niles et al. 2015), evidence to support
that adoption of agroecological practices is a direct result of the farmer’s aware-
ness of climate change remains anecdotal. Nyanga et al. (2011), in a study done in
Zambia, also reported of a positive correlation between perception of increased
droughts and adoption of conservation agricultural practices such as agroecology
but no correlation between farmer’ attitudes towards climate change itself. The
increased interest in agroecology has also been not only linked to climate change
but other narratives such as the green revolution. Hence the tendency to give
function to agroecology and all its associated soil, water, and biodiversity con-
servation technologies, as a strategy for climate change adaptation, can only be
referred to as of zero interest from the perspective of farmers. Other scholars have
further critiqued the way agroecology has now been hijacked by the politics of the
day and repackaged as climate smart agriculture. The implication of the observa-
tion made here is that it is just as important to know the priorities of the farmer
implementing agroecology practice than to present it as solely a climate change
adaptation measure.

Conclusion

While the work done by the two development organizations who commissioned the
writing of this chapter is aimed at building resilience for climate change adaptation,
it is important to note that farmers’ decisions to adopt agroecology is influenced by
many other factors. This observation gives added value to the need for additional
interventions such as the dialogues for climate change literacy and adaptation
(DICLAD) which can improve farmers’ levels of knowledge and awareness of
climate change, and how this relates to adopted agroecological practices being
implemented.

In general, the findings discussed in this chapter also calls for a redesign of
contemporary farmer extension support services. There is need to adopt approaches
that not only empowers farmers with basic knowledge of climate change science but
also recognize that agroecological practices and technologies have a history that is
tied to a range of evolving farmer’s priorities. Working with farmers and getting
them to a level of consciousness that recognizes the value of their indigenous
agroecological knowledges and systems for more than just climate change adapta-
tion is what must be pursued. Therefore, advancing the climate change adaptation
dimension of agroecology at the expense of the other equally important roles and
values is not only reductionist but problematic.
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Werana district as a case study site. Data were obtained from 123 households
selected using simple random sampling from three agro ecological zones. Key
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the data obtained from household survey. The monthly rainfall and temperature
data are for 56 points of 10 x 10 km grids reconstructed from weather stations
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and meteorological satellite observations, which cover the period between 1983
and 2016. Standardized rainfall anomaly (SRA), linear regression (LR), and
coefficient of variation (CV) are used to examine inter-annual and intra-annual
variability of rainfall. Annual and seasonal rainfalls show decreasing trends over
the period of observation. The decreasing trends in annual and March-May
(Belg) rainfall totals exhibit statically significant decreasing trends at p = 0.05
level. Kiremt (June—September) shows statically significant decreasing trends at
p = 0.1 level. Mean annual maximum and minimum temperatures show statically
significant increasing trends at p = 0.05 level. More than 80% of households
perceived that the climate is changing and their livelihoods (crop and livestock
production) are impacted. The district belongs to one of the most vulnerable areas
to climate change and variability in the country where large proportions of
households (62%) are under different food insecurity classes. Results suggest
that local level investigations are useful in developing context-specific climate
change adaptation.

Keywords

Climate variability - Rainfall and temperature trends - Food security - Ethiopia

Introduction

Africa is already affected by climatic extremes such as floods, droughts, and
windstorms, which are aggravated by climate change and variability. Ethiopia is
one of the African countries which is most vulnerable to drought and floods (Belay et
al. 2017). Climate change in the form of rising temperature, variable rainfall,
droughts, and flooding affects agricultural production and threatens food security
in low-income and agriculture-based economies (Mongi et al. 2010; Mesike and
Esekhade 2014). Agriculture in Ethiopia is a major source of food and contributing
sector to food security. It plays a key role in generating surplus capital to speed up the
socioeconomic development of the country (Adem et al. 2018; Hagos et al. 2019).

Achieving food security and end hunger in the face of the ongoing impacts of
climate change and variability is at the heart of the sustainable development goals.
Climate change and variability are currently the biggest challenge affecting countries
where rainfed agriculture is a means of livelihood (Asfaw et al. 2017).

The impact of climate change and variability on agricultural production increases
economic and social challenges. Climate change affects agriculture in a different
way. Climate extremes and changes in rainfall pattern are already influencing
agricultural productivity. Increased tension in households, increased lethargy, poor
school performance, and a range of other social ills are the major social impacts
mostly reported (Akinseye et al. 2013).

Climate change and variability affect four dimensions of food security, namely,
food availability, food accessibility, food utilization, and food system stability. The
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most direct impact on food security is through changes in food production. Short-
term variations are likely to be influenced by extreme weather events that disrupt
production cycles (Alemu and Mengistu 2019). Climate change and variability affect
food availability through its impacts on economic growth, income distribution, and
agricultural demand markets, food prices, and supply chain (Schmidhuber and
Tubiello 2007).

Historically, Ethiopia is well known for being prone to extreme events. The
rainfall over Ethiopia exhibited high variability (Suryabhagavan 2017), and the
country’s economy has been affected by long-term changes in both rainfall amount
and distribution where the country has witnessed frequent incidents of both exces-
sive and deficient rainfalls (Zeleke et al. 2017). The most common drought periods
known are 1957-1958, 1972-1974, 1984-1985, 2002-2003, and 2015-2016
(Markos 1997; Suryabhagavan 2017).

The central highland of Ethiopia, where the study area is located, is a drought-
and famine-prone area. The people mainly derive their livelihood from subsistence
agriculture, which is characterized by mixed farming system on fragmented land,
over utilized land, and affected by erratic rainfall (Alemayehu and Bewket 2016a).
Minor droughts are common every year due to climate variability. This brought an
impact on the poor performance of the agricultural sector which affects rural liveli-
hoods and food security (Asfaw et al. 2017). The central highland of Ethiopia is
already food insecure, and large parts of the Basona Werana district are beneficiaries
of the Productive Safety Nets Program (PSNP), which is the major food security
program of the government (Alemayehu and Bewket 2017b).

Adaptation enables farmers to reduce vulnerability to adverse effect of climate
change and variability. It helps rural communities cope with and adjust adverse
consequences to climate change and variability (Deressa et al. 2010; IPCC 2014).

Degefa (2002), Frehiwot (2007), and Messay (2010) investigated the socioeco-
nomic impacts of food security in different regions of Ethiopia. However, the impact
of climate change and variability on food security is not addressed in their respective
study areas.

Kahsay and Gebremicale (2018) investigated the impact of climate change on
household food availability in Tigray region. The findings show that high prevalence
of food insecurity has greater consequence among the female households. There are
studies addressing the vulnerability context and impacts of climate change covering
the central highlands of Ethiopia, which is also part of the present study (Bewket
2009; Alemayehu and Bewket 2016a, b, 2017a, b). This chapter links climate change
and variability and food security in Basona Werana district by taking three agro
ecological zones. This household level assessment is useful to identify and prioritize
food insecure areas and contribute factors for adaptation planning.

Three kebeles (the lowest administrative level in the country) incorporating
Kolla (lowland), Weyna Dega (midland), and Dega (highland) agro ecological
zones were selected purposively to capture variations in agro ecology (Fig. 1). A
total of 123 farmers were selected randomly (53 in Goshebado, 40 in Gudobert,
and 30 in Kore Margfiya, respectively). Focus group discussions and key



382 A. Tesfaye and A. Alemayehu

z 39°20°0°E 39°30°0"E 39°40°0°E
S Ethiopia
<)
z
<3
=% —
o} ;
o
z
o
=g
Ny
o
z
13
S 4
@
)
i Goshe__Bado
FZ74 Gudo_Bert
Lo ' 1Km [~ ] Kore__maregfiya
0 35 7 14 21 28 [ Baso werena Woreda

Fig. 1 Location of Basona Werana district, central highlands of Ethiopia

informant interviews were conductive to supplement the quantitative results from
the household survey.

The monthly rainfall data used for this study are for 56 points (each representing
areas of 10 x 10 km) for the period between 1983 and 2016. The monthly maximum
and minimum temperatures are for the same points and girds, but cover the period
from 1981 to 2016. All were collected from the National Meteorological Agency of
Ethiopia. Rainfall and temperature data were analyzed using coefficient of variation
(CV), standardized rainfall anomalies (SRA), and linear regression (LR).

CV is expressed as a percentage and computed as

eV = (o/n) (1)

where CV is the coefficient of variation

6 = is the standard deviation

p = is the mean rainfall

CV is used to classify the degree of variability of rainfall events. The different CV
classes are less (CV <20%), moderate (20%< CV <30%), and high (CV >30%).

Standardized rainfall anomalies are calculated to examine the nature of the trends
and determines of the dry and wet years in the period of observation as well as
frequency and severity of droughts (Agnew and Chappel 1999; Bewket and Conway
2007).

As shown in Agnew and Chappel (1999), SRA is given as

SRA = (Pt—Pm)/c (2)
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where SRA = standardized rainfall anomaly

Pt = annual rainfall in year t

Pm = is long-term mean annual rainfall over a period of observation and

o = standard deviation of annual Rainfall over the period of observation

The different drought severity classes are calculated as shown in Agnew and
Chappel (1999): extreme drought (SRA < —1.65), severe drought
(=128 > SRA > —1.65), moderate drought (—0.84 > SRA > —1.28), and no
drought (SRA > —0.84).

Linear regression was used to detect changes or trends in rainfall and tempera-
tures. It is given as

Y = mx + b (3)

where y is dependent variable, m is the slope, x is independent variable, and b is the
intercept.

Surface data were generated from 56 points of gridded monthly rainfall and
temperature data (10 km x 10 km) using simple kriging interpolation technique
with ArcGIS 10.5.

Household Food Balance Model (HFBM) (sheet) was used to analyses the status
of household food security of the sample households in order to classify the
households as food secure and insecure (Mesay 2010; Derara and Degfa 2016)

NGA = (GPi + GBi + GRi + GPSi)
—(HLi + GUi + GSi 4+ GVi + NSi) (4)

where

NGA = Net grain available (quintal’/household/year); a quintal = 100Kgs

GPi = Total grain production (quintal/household/year)

GBi = Total grain bought (quintal/household/year)

GSi = Total grain obtained through gift or remittance (quintal/household/year)

GPSi = Total grain obtained from previous year (stock/year/household)

HLi = Post-harvest losses due to grain pests, disasters, thievery (quintal/household/
year)

GUi = Quantity of grain reserved for seed (quintal/household/year)

MOi = Amount of marketed output (quintal’/household/year)

GVi = Grain given to others within a year (quintal/household/year)

NSi = Grain planned to be left by a household for next season (quintal/household/
year)

Descriptive statistical methods such as frequencies, means, and percentages were
used to summarize the information on food security issues and climate change
perceptions, impacts, and adaptation strategies. Chi-square test is used to test the
statistical significance of variations across AEZs.
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Impact of Climate Change and Variability on Food Security of
Rural Household

Variability and Trends in Rainfall and Temperature

As shown in Table 1, the average annual rainfall of the area for the study period is
1013 mm, with standard deviation of 125 mm and CV of 12%. Annual rainfall varies
from 784 mm (2011) to 1227.2 mm (1985). The results of trend analysis of annual
and seasonal rainfall are presented in Table 1. Accordingly, annual and seasonal
rainfalls show statistically significant decreasing trends except Bega (October—
February) rainfall where there is no clear trend. Annual rainfall shows statistically
significant decreasing trend 63.58 mm/decade at p = 0.05 level. Belg rainfall also
showed statistically significant decreasing trend at p = 0.05 level. Result supports
previous studies by Williams et al. (2012) and Kebede (2013) who reported declin-
ing trends in Belg rainfall. Kiremt rainfall has shown statistically significant decline
of 23.2 mm/decade. Elsewhere in Ethiopia, Kiremt rains support the main cropping
season locally known as Meher at p = 0.1 level. The declining trends of Kiremt
rainfall will aggravate the food security challenges in the area.

The coefficient of variation revealed that rainfall in the area has low inter-annual
variability (12%) (Table 1). June to Kiremt rainfall has large contribution to annual
rainfall (72%), with CV of 13%. Belg and Bega seasons have high rainfall variability
each having CV of 42.6% and 56.8%, respectively. Belg rainfall contributed 17% of
annual rainfall.

Rainfall distribution was highly concentrated in the few months of the year (July
to September). July and August are the wettest months. July has the highest monthly
rainfall (295 mm) which contributes 30% of annual rainfall. August has 287.5 mm
rainfall and contributes about 29%. November and December are the driest months,
having 11 mm of rainfall each (Fig. 2).

Analysis of the standard rainfall anomaly is used to show the intensity and
frequency of drought and inter-annual variation at various spatiotemporal scales.
The rainfall pattern showed a characteristic that a dry year is followed by another 2
or 3 dry years and vis-a-vis for the wet years.

Table 1 Trends of annual and seasonal rainfall

Amount Amount
Wettest | rainfall Driest rain fall
Mean | LR year (mm) year (mm) SD (6\Y
Annual | 1013 —63.58* | 1985 1227.2 2011 783.8 1244 123
Kirmet | 733.8 | —23.2° 1997 918.9 1987 485.3 98.6 |134
Belg 1824 | —24.8* 1987 437.1 1998 58 717 |42.6
Bega 87.5 —11.6 1997 237.2 2011 13.3 49.7 |56.8

LR = linear trends (mm 10/year)
Significant at 0.05 level
"Significant at 0.1 level
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Fig. 2 Monthly rainfall (in mm) and contribution to the annual total (in %)

After the 1984 drought, annual rainfall showed some recovery, but with consid-
erable internal variations. Extreme drought (<—1.65) is observed during the years
1984, 2008, 2009, 2011, and 2015. Severe drought (—1.28 to —1.65) is observed for
the years 1989, 1995, and 2005 (Fig. 3). The years 2006 and 2007 show positive
anomalies. The year 2006 was a major flood year in the country, which caused loss of
life and property in different parts of the country particularly in Dire Dawa and South
Omo (Alemayehu and Bewket 2017a). The proportions of negative and positive
anomalies account for 61% and 39% of the total observations, respectively. The
1980s and 1990s are wet compared with the 2000s. Close to 23% of observations fall
under different drought categories.

At show in Fig. 3, negative and positive Kiremt rainfall anomalies account for
52% and 48% of observations for the period 1983-2016, respectively. Extreme
drought was observed in the years 1984 and 1987 and severity drought in 2008
and 2011. Belg rainfall positive anomalies account for 42% of total observation. The
extreme drought is observed in 1992, 1997, 1998, 2008, 2009, 2013, and 2014. Belg
rainfall anomalies are relatively more positive in the driest decade of the 1980s than
the others. Generally, the findings repeat the earlier works of Bewket and Conway
(2007), Rosell (2011), Ayalew et al. (2012), and Alemayehu and Bewket (2017a)
who reported a similar finding for the central highlands of Ethiopia.

Figure 4 shows the spatial distribution of annual and seasonal rainfall distribution
and trends over the period of analysis. Large proportion of the district (42%) receives
annual rainfall of between 829 and 886 mm. About 35% of the area in the southern
part of the district receives rainfall of between 77 and 829 mm. Close to 33% of the
area in the in the northwestern part receives rainfall of between 886 and 955 mm.
Most of the grid points of annual rainfall trend fall within —0.84 and —0.04 ranges.
Result coincides with a previous study by Alemayehu and Bewket (2017a) on local
scale variability, and trends of rainfall and temperature in the central h