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ABSTRACT

Ng'ang’a. T.W (2010) Integrating farming and sciéat knowledge in adaptation
technologies to climate change: A technographidyaisaof the Tradeoff Analysis model for

semi-subsistence agriculture in Kenya

The study contributes to adaptation science theptatian activities on the ground of
agricultural farmers. It analyzes the mode of iriéigg them with scientific modelling for
future anticipatory adaptation. This is discussea anean to facilitate adequate development
and deployment of technologies designed to reducesrmt and future vulnerability of the

farmers.

It analyzes the farmers’ perception on climate ataitity andchange and the strategies they
were engaged in. Twelve (12) Focused Groups Dismssand 42 household formal
interviews were administered. The scientific reggoanalysed was the process of making
Tradeoff Analysis (TOA) model where participatofyservation & informal discussions were

used as methodology.

The farmers perceive local micro climate changa emsality. The consequences are decreased
agricultural productivity impacting on food secwriTheir adapting techniques are embedded
in their individual livelihood strategies. The TQAodel is testing technologies in potato and
sweet potato production for their economic, envimental and policies sustainabilityA
comparison of the two practices resulted into syies; Tradeoffs and modes of integrating
the two practices. It demonstrated the value aadéed of integrating the practise of farmers

with the practise of science through the approdawoaal shaping of technology (SST).

Keywords: Farming practices, scientific practises, perceptidimate change, adaptation

strategies, Tradeoff Analysis
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Executive summary
In this study the notion of adaptation to climatltange was examined between two groups

operating on different spatial, temporal and sosehles. The aim is to contribute to
adaptation science by exploring the adaptatiorvities on the ground and analysing the
modes of integrating current farmers’ responsesientific long term projections. This is the
TOA adaptation technologies designed to addressdtspof climate change and reduce
vulnerability of the local community in Embu Disttj Kenya. It looked at practice of
adaptation science among the scientific commursitwell as adaptation strategies among the
community of farmers. It established a detailed yamim of local social realities as
experienced and performed by the local farmers el as the contribution and efforts of

science in adaptation to climate change.

Chapter one introduces the international debatediorate change and adaptation. The idea
of climate change and variability is defined andalgsed in relation to what adaption
mechanism is taking place. Two types of adaptai@nconceptualised reactive, autonomous
and private among the farming community and araicify, planned and public among the
scientific community. The idea of developing adéptatechnologies is discussed first as a
dynamics process and embedded in livelihood peiod the farmer. Secondly as a result of
techniques of environmental manipulation that hasnblong present within the human
systems and culture. The chapter also presenteei@arch objectives with the three main

research questions. It also introduces the techggddeing observed, the Tradeoff analysis.

Chapter two has two sub sections. The first stémys discussing the technography
methodological design used in the study. The féements of technography used in the study
are defined and their purpose stated. These arerialdy, modality, sodality and the task
group. The research design is expounded givindineframe, site selection, data collection
tools, language used, implementation and finally thallenges experienced. The second
subsection gives the background of the study drstarts with climate change projection in
the country, geographical location of the area latet singles out the two crops that are of

interest in this study as they are the crops usdidel model as information sets.

Chapter three begins with a preliminary step whigplains how farmers conceptualize both
global and local climate change discourse. Thiggiway to exploring how they perceive
their own micro climate data, predict it and howythrelate with scientific weather forecasts.
The second part of this chapter analyzes percepfidarmers on climate change as a local

phenomenon and captures the indicator of climatngh, cause and the impact. This is



linked to adaptation strategies they have innovathdse details are given in chapter four.

This data was collected during the focused grosputisions.

Chapter four analyzes the farmers’ adaptationegies. It is divided into two subtopics. The
first one gives the technical view of adaptatioreagperienced in the farming practices. The
second explains how adaptation can also occur eesswt of other multi stressors. This
therefore explains adaptation as it is integratetthé technical, social and economic activities.

The data feeding this chapter was collected durmgsehold interviews.

Chapter five, the final result chapter uses founatisions of technography defined in chapter
two to analyze the process of technology developme&his involves two main crops,
potatoes and sweet potatoes as interacts with ¢teosa the scientists and the local farmers. It
helps identify the commonalities and diverging pras in their interaction with the two
crops. This is used to analyze the social shapirigolnology. This is where the interaction
of the two actors affects the design and developroértechnology. Data was collected
through formal household interviews, participatolyservation and informal discussions. In
the formal household interview, the process of potidn and processing of the two crops
was sought. Within the scientific community, “beitingre” in the layout and implementation

of the experiments opened chances to acquire sleffaihe practice of science.

Chapter six and the final chapter give a discussionclusion and recommendation of the
entire thesis. The chapter emphasizes on threessthat are advocated for adaptation
technologies. Firstly the reality of climate chasges a local phenomenon, and how the local
communities are responding to these changes. gltearthat farmers’ actions are not only
reactive, triggered by past or current events, raicgatory based on assessment of future
conditions, but they are equally based on micronale change phenomenon they are
observing and experiencing. Secondly the analysiti@ synergy and point of divergence
between the practice of farming and scientific pcachelps identify the modes of integrating
current farmers’ responses to scientific long tgomojections. This hypothetically will
facilitate adequate development and deployment dafpttion technologies designed to
address impacts of climate change thus reduce nalditigy of the local community in Embu
District, Kenya. It opens up the black box of th®A model and discusses the social

technical elements that were filtered out due éodhantitative nature of the model.



1.0 CHAPTER 1: INTRODUCTION

1.1 Human adaptation and Environmental changes

The “world wide climate is changing” this is accoigi to the fourth assessment report of the
Intergovernmental Panel on Climate Change (200y. ®/4ile this is being debated there are
already some scientific consensus like changesvarage climatic conditions, increased
frequency and intensity of weather hazards, andhbir climate becoming less predictable
(Lemos et al 2007).

Globally there is increased concern on climate ghawhich has reinforced the importance
of timely action to mitigate its cause and adaptsamdverse effects (Boyd et al 2008). This
both actions call for adjustment to behaviour &f society (Adger et al 2005). This study
reviews the nature of adaptation in relation totighatemporal and social scales and the

implication in developing adaptation technology.

1.1.1 Climate change and climate variability
The concern on climate change is due to the drasticease of global atmospheric
temperatures by 0.3-0® over the last 100 years, its average rate ofeas® during the
21century is predicted at 8@ per decade (IPCC 1990). This is as a result ofeased
concentration of carbon dioxide (gQOin the atmosphere and other green house gasses,
(methane, nitrous oxide). Scholars have referredhtse changes as human-induced or
anthropogenic climate change. In 1992, the Unitetidhs Framework Convention on
climate change (UNFCCC) in Rio de Janeiro estabtisivo actions to deal with this kind of
climate change, mitigation and adaptation (Schi®96); Mitigation referring to actions
designed to reduce green house gas emissions an@nd their sinking. Adaptation to the
impacts of climate change was then not definedak overlooked for a long time as priority
and discussions focused on mitigation to lowerdberce of climate change, rather than on
adapting to it (Schipper 2006). The meaning andrpretation of the term adaptation ever
since became an academic and policy debate cacsnflicts especially between the north
and the south governments, where adaptation wasded as a “developing country issue”
(Schipper 2006). A new focus on adaptation as @yoption to climate change was given in
2001 during the Marrakesh Accords under the UNFCT@Us recognised adaptation as a
necessary objective and not an alternative to atiig (Schipper 2006). This called for an
adaptation policy, linked with UNFCCC and at pathainitigation policy. Adaptation in the
climate change arena is faced with lots of unaetydn definition, and in meaning as well as

in implementation (Schipper 2006).



The term “Climate variability”, is used to refer timate fluctuations that are non-
anthropogenic (Orlove 2005). Some body of litemtsuggests that there is nothing new
about climate change, and the way the society amaphanges (Boyd et al 2008). These
adaptations by the societies have been refereed woping to climate variability. Orlove
notes the difficult in distinguishing between clitmachange and variability especially at
regional specific climatic conditions due to earligocieties negatively affecting their

environment (Orlove 2005).

This study reviews the nature of adaptation inti@hato spatial, temporal and social scales

and its implication in developing adaptation tedbgg

1.1.2 Adaptation Theory

This study analyses the theory of adaptation usig communities operating on different
spatial, temporal and social scale. The first & ghientific community, whose focus is at a
higher regional level and bases their adaptaticategjies on future climatic condition using
climate focusing models. The second are the l@rahdérs whose adaptation is viewed in the
context of local micro climate change and whoseptateon is integrated within individual
livelihood strategies as well as within non climasiocial economic factors. This results in
two types of adaptation which are based on adaptaiscourse of purposefulness and timing.
The purpose of this study is to contribute to aaligu science by systematically discussing
adaptation activities on the ground, and openiegolack box of the Tradeoff analysis model,
bringing in what has been filtered out during isvelopment process. Adaptation science
was defined by Meinke as a “process of identifyamgl assessing threats, risks, uncertainties
and opportunities that generates the informatiorgwktedge and insight required to effect
changes in systems to increase their adaptive tg@ad performance” (Meinke et al 2009
p.69). It is seen as the intermediary or sittinghst boundary of science and the society.
Activities of adaptation science refer to the TOAd®l that is supposed to inform policy for
adaptation decisions. The objective of this stiediherefore to look at both societies that are
informing the model, and contribute to what cousvén been filtered out due to its scientific

protocol and quantitative need of information.

Foundation of the term adaptation and definition

The term adaptation to environment has its rootnich developed from the natural sciences
especially population biology and evolutionary egyl (Winterhalder 1980). Adaptation here
is considered as genetic characteristics, respomsghanism which allowed individual
organisms to adjust or change in behavior, phygigldemographic and structure to survive,

reproduce and become more suited in the environthegtinhabited (Winterhalder 1980).



The adaptation paradigm has found its way in sai@nce and by extension to ecological
anthropology where ecological concepts and priesigire applied in the context of human-
environment interaction (Smithers & Smit 2009). él&uman systems can and do adapt to
changes in environment. The application of the tadaptation in human systems can be
traced to the anthropologist and cultural ecologigian Steward. In his principle of cultural
ecology he used human cultural groups as systerasadvbgical adaptation (Smit & Wandel
2005). This is through their behavior, techniquppliad, social organization, institutional
frameworks, and how the human systems think andeimgnts decisions. Cultural practices
are in this case equated with genetic characisisti natural sciences. In recent social
science studies, adaptation is distinguished biegobehavior and technological innovations,
(Denevan 1983). It is also widely used in many igigtes like cultural geography, natural

hazards research, and ecological economics andnexeatly in climate change studies.

The term adaptation has been defined by Adger amelid (2005 p. 78) “adjustment in
ecological, social & economic systems in resporsetiserved or expected changes in
climate stimuli and their effects and impacts”. eTdefinition of the term adaptation used in
this thesis is borrowed from Lemos, (2007 p. 26pwdfers to it as “action taken to adjust to
the consequences of climate change, either beforafter impacts are experienced”.
Adaptation is therefore any activity taken by theran systems to reduce the negative effects

of climate change and/or takes advantages of n@eramities presented by the changes.

Adaptation as integrated in the Livelihoods Strateg

Adaptation through the lens of livelihood stratsggives the linkage between human and
environmental. The two are taken as interactindp wach other with the distinction that the
humans are both reactive and proactive. This istdube ability to plan and manage they
own adaptation, as well as incorporate environnieptxceptions and evaluate risks
(Smithers & Smit 2009). The human systems indicagders to people, their land, farming
systems, their knowledge in regard to their envirent, climatic conditions and global views
on agriculture and climate change. Ecological sgyste the conventional sense, refers to
natural environment where topography, soils, rélinfemperatures, Flora and Fauna, are the

key elements observed (Raufflet et al 2000).

Adaptation as integrated in the non climatic societonomic factors

Adaptation can also be influenced by other factdingr than climatic stimuli. These are often
referred to as “intervening conditions” as theyedeiine the resilience of the system. For
example two regions could be affected by a sefielsaught periods that result in crop failure,

but due to different economic and institutionalaagements, the impact varies (Smit et al



2000). Adaptations decisions are not isolated frattmer decisions made by the human
systems. They occur in the broader and narrow gbuatfedemographic, cultural, economic
change, technologies, governance and social caowentlt can therefore be difficult to

separate climate change adaptation strategies acidiahs or actions triggered by other

social or economic events (Adger et al 2005).

Adaptation types

The phenomena of climate change and climate vétiabvill provides a framework to
understand how these ecological systems have ctamge time and actions being taken.
The unit analysis in this study is not only theiwlal farmer in his/her position as a
decision-makers in adaptation, but the entire ‘@gickl population” (Denevan 1983). This
includes the dynamics of individual farmer, the Enflarming community and the scientists
and their culture as they react to a changing enuient. It will focus on climate change as
what the human system (who) is adapting to and daaption is taking place, referring to the
types of adaptation (Smit et al 2000). In the disse framing of adaptation, several types of
adaptation have been identified. Adger (2005) talksut reactive and anticipatory adaptation
based on their triggering factors. The formerigggred by past or current climate variability;
Hug and Reid (2009) referred to it as adaptatiomattoirally occurring climate variability. lan
Burton (2009) referred to it as “adaptation type It occurs spontaneously without
considering climate change and its activities a&ctive responses after impact has been
manifested. It does not require intervention ofublic agency (Smit et al). For example a

farmer experiencing crop failure, may change hiescti®on of crop varieties.

Anticipatory adaptation is based on assessmenutofd climate conditions (Adger et al
2005) before the impacts are observed. Burton osiegl and referred to this action as
adaptation type Il. Hug and Reid (2009) refergttas adaptation to anticipated human-
induced climate change. They are planned adaptateasures with conscious and deliberate
policy decision or response strategies. It is ofteulti-sectoral in nature and aims at
improving the adaptive capacity of the system (FAW7). For example, deliberate crop
selection and distribution strategies across differagro-climatic zones. Practically it is
difficult to distinguish the two types, but poliayise, under the context of UNFCCC,
adaption is defined as “adjustment of a system limate change (including climate
variability and extremes) to moderate potential dges, or to take advantages of
opportunities or copy with consequences” (IPCC 200Within this broad IPCC definition
different types of adaptation can be recognisedicatory and reactive adaptation, between
private and public adaptation, and between autonsmand planned adaptation (Orlove
2005).



This study conceptualises the adaptation actideenthy the farmers as reactive, autonomous
and private, while adaptation by the scientistsaaticipatory, planned and public. The
distinction is made because of the fact that adiaptay the scientific community is based on
long term future climate projection model. It algtilises the TOA model as a long term
decision making tool which can specify the costd laenefits of various adaptation strategies,
giving both economic and environmental developm&he TOA model can inform policy
makers on the optimal climate adaptation strategged on its analysis. This type of
adaptation is viewed as an exogenous decision blayigplanned by the modeller. The
farmer’s adaptation is considered autonomous addgemous as it is often independent, not
controlled by other people and developing from witiThey are private in nature and not
regarded as a decision making variable as do @ lihe hands of the region leaders (Tol &
S 2005). The question is as scientists workingraitipatory adaptation will develop a public
adaptation strategy, how will be hosted under thsplte of private adaptation if not

integrated from the beginning?

Adaptation and Technology development

Steward principle of cultural ecology referred fwe trelationship between environment,
technology and task as a useful group that mansnfmdclimatic and biotic factors to be
useful to him (Netting 1965). Lack of technologyllwhinder communities’ capacity to

implement adaptation options as limits the rang@axdsible options (Smit et al). Denevan
(1983) recognized adaptation as being dynamicsearttbdded in livelihood strategies and in
land use management. It is technical and socia. ddaptive capacity of local farmers to
engage in this dynamic process depends on theabil#jt and access to technologies at

various levels, from local to national sectors (Senial).

Technological innovations and options exist witthie human systems as he/she deals with
the environment (Denevan 1983). These options cbeldth use by the society or dormant
based on ecological situations experienced. Dené¥883) disagreed on attributing new
mode of adaptation to an external origin, or taeeehnological innovation. This is where
intervention is associated with the state, researghnizations, NGOs, private sectors or the
community (Denevan 1983). Within the adaptatioeréiture this is referred to “building
adaptive capacity”. This is not a new phenomenaré&merging in the context of climate
change due to the multiple stressors the alreathexable communities are going through
(Lemos et al 2007). This study does not equate tatiap to interventions, but as an
integration of techniques of environmental manipafaby the local communities with those

being utilized by the scientific community for arifiatory adaptation.



The study takes on board the suggestions of Denewvahlooks at adaptation as a dynamic
process, integrated in livelihood strategies arsb aloming from within as well as from
external. It also looks at TOA technology developtngrocess as a patrticipatory, involving

the farmers and therefore not as an interventiom foutsiders.

1.2 Problem Statement

This study is based on a hypothesis that if curfamhers’ responses to climate change are
highly integration with scientific long term adapbtam plans, this can facilitate adequate
adaptation of technologies designed to addressefutimate change. This is expected to
reduce the vulnerability of the local communityaifloption rate is high. This study was
conducted in two divisions, Nembure and RunyenjeSmobu District, Kenya. It focused on
adaptation strategies of the scientific communitg ghe farmers’ community. Adaptation
strategies for the farmers community was identiie®ugh focused group discussions and
household interviews. The scientific community @se was determined through

participatory observation and informal discussions.

The working problem statement is lack of an analysdi how these two communities can
combine their efforts and shape a future adaptatémihnology to climate change. For
example the scientific community is using maizevetoas mulching material for potato
production. The farming community although histalig used maize stover, it is in
competition with its increase need as animal foduhet therefore another alternatives leaves

like grevillea are in use.

This thesis aims are conducting an analysis ofpitaetice of farming and the scientific
practice aimed at developing technologies to addtee challenge of climate change. It
identified issues that can hinder this realisatioe to high levels of trade-off and identifies
synergy points and proposes modes of reducing glivgrissues in the development. The

analysis reveals a recommendation for developisocelly shaped adaptation technology.

1.3 Research General Questions and Objectives

The objective of this study is to contribute to pidéion science by exploring the on-going
adaptation activities in the field of the farmemsEmbu district and to analyse the modes of
integrating current farmers’ responses with sciienting term projection. Hypothetically this
will facilitate adequate development and deploynwnadaptation technologies designed to
address impacts of climate change thus reduce naldititdy of the local community in Embu

District, Kenya.



The objective is guided by three main questionstlfir what are the perceptions of local
farming communities to climate variability and clyan and how does this influence their
adaptation strategiesThis question is supported by five sub questitnsy do the local
farmers describe their own climatic conditions amgeriences? Are they adapting? What are
they adapting to and how? And what is the roleechhology in the adaption process? The
importance of this question in the adaptation theé®to investigate if there is any adaptation

to climate change happening in the face of the ifsgroommunity.

The second main questigrhat are the processes, synergies and divergendég iprocess of
making TOA model7This is an adaptation technology being developgdwn research
organisations based in Kenya, International Po@émtre (CIP) and Kenya Agriculture
Research Institute (KARI) to address climate char@® is classified as an International
Agricultural Research Centres (IARC) while KARI asNational Agricultural Research
Systems (NARS). The two are the most prominenténpotato and sweet potato technologies
in Kenya. This main question is supported by thsek questions, what is the stakeholder
involvement and organisation during the technolalgwelopment process? What are the
potatoes and sweet potatoes practices used byctbstists to develop the technology?

Finally, how different are these practices to perfance of the farming practice.

Finally, the third questiorhow can the individual farmer’'s adaptation opticarsed strategies
be integrated in the TOA model for effective dgualent and deployment of anticipatory and
public adaptation.This is an integrating question that connectsathalysis of question one
and two. The aim is to bring both exogenous andgedous decision variable as a common

factor in shaping technology and influencing polaptions.

1.4 The Tradeoff Analysis Model: -Adaptation technologcal tool

Tradeoff as a concept and a tool

The concept of tradeoffs is a basic principle imremmics and derives from the idea that
resources are scarce. The relationship betweenesberces can be in the form of competition
and therefore tradeoffs. There can as well be aminmnoutcome, but this as well comes at the
expense of some other desired attributes. They shatto obtain more of one scare good, an
individual or society collectively must give up seramount of another scarce good. This is
fundamental to economists who refer to it as ttecjple of opportunity cost. Therefore for a
given set of resources and technology, to obtairernba desirable outcome of a system, less
of another desirable outcome is obtained. (Stoaley al 2004). According to Stoorvogel

(2004), TOA model is not per se a model, it is #ivsare package that is used by a team of



scientists to integrate disciplinary data and medet Tradeoff Analysis. The CIP project

leader referred to it as an “excel spread sheet”.

Tradeoff Analysis for adaptation options

Tradeoff analysis has been used in exploring then@mic potential for soil carbon
sequestration in the Nioro region of Senegal’'s Be&asin. The study analysed the linkage
between site-specific biophysical models and ecansimmulation models using the Tradeoff
Analysis System. This was to simulate farmers’ ipgedtion in soil carbon sequestration
contracts. The results analysed an increase irtitjearof carbon that could be sequestered in
the soils of the region if farmers increased fedil use and incorporated crop residue. Other
elements investigated were labour costs involveth¢orporate crop residues, the value of
crop residues, and the transaction costs of implMimg carbon payment schemes. The
researcher recommended need for better data om thasables and for an accurate
assessment of the capabilities of local institigitmimplement carbon contracts (Diagana et
al 2007). Another form of “minimum-data” methodojogvas used by Lieven in Vihiga
district, western Kenya. The purpose of the studgs wo assess the economic viability of
adopting dual-purpose sweet potatoes in the reditiis methodology integrated socio-
economic and bio-physical data on farmers’ landalkgation, production, input and output
use. The results indicated that the local commwduld benefit economically from adopting
dual-purpose sweet potato. The use of minimum-getnodology in this study also proved
that analyzing specific adaptation strategies tikgps can help determine which option will
improve the livelihoods of smallholder farmers @iierg in mixed crop-livestock systems
(Claessens et al 2009).

Tradeoff Analysis in the CIP/KARI adaptation Project

This study explores the process of making an atlaptiechnology by research organisations
under the project titleParticipatory development and testing of stratedg@seduce climate
vulnerability of poor farm households in East Adrithrough innovations in potato and
sweet potato technologies and enabling polici@SIP 2007) This project links the teams
from the IARC and various NARS. CIP is the leadamigation with experimental projects in
Kenya, Uganda and Ethiopia. In Kenya CIP is inamration with KARI. My focus is in

Kenya, Embu district, Nembure and Runyenjes dinisio

There are three expected outputs from this projégtregionally-specific technology and
policy strategies to reduce vulnerability of farimuseholds to climate change; (2) enhanced
national and international capacity to utilize negearch methods for analyzing impacts of

technologies and policies affecting farmers’ adamtato climate change; (3) identified
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policy impact pathways with assessed actual anéaggd policy changes (CIP 2007). The
project activities aim at assessing the economid anvironmental sustainability of
technologies and policies. This is referred torasdelling adaptation to climate change using
the Tradeoff Analysis methodology” (CIP 2007). Trheearch relies heavily on lessons learnt
from previous studies iKenya, Peru, Senegal and Ugarndat proved reduction of farm
household poverty and vulnerability to climate dpaif a few things were considered; farm
size increased and household dependence on raagfeailture reduced, through appropriate
technology adoption and economic development msjdimproving system sustainability by
increasing soil nutrients and organic matter amhlliy increasing crop and livestock

resilience by improving their tolerance to droughtl pest (CIP 2007).

The Kenyan field experiments are hosted by KARI-&tabunder the supervision of the
director who is a soil scientist. The actual impdatation is by a PhD student who is
responsible of biophysical modelling, livestock ratiddg and climate downscaling. |

conducted participatory observation at the studeletel where field experiments are being
conducted. The scientific community in Kenya wamposed of the CIP project leader, the
director KARI-Kabete and a PhD student. | had apoofunity to interact with the three of

them in their different capacities. In the fieldrmh experiments are laid out in four divisions
of Embu District. Various potato and sweet potalanpng strategies are being used and

tested for yield, soil nutrient and moisture cotiten

The direct beneficiaries of this project are thiestists from the NARS and IARC and policy
makers as they have access to the tool under qewett. It is expected that their
participation will increase the capacity to utiliaelvanced research methods of analyzing
climate vulnerability. Policy makers can apply tlesults of the model to develop specific
adaptation strategies and policy options. The fiaheficiaries are the farmers who will

benefit from improved adaptation decision made (£0B7).

The development of the TOA model started with digipatory workshop process, where key
stakeholders were invited. These were the scientigtmers and government officers from
the three countries and International scientisisnfiWageningen and Montana Universities.
The vulnerability indicators and adaptation stregegwere determined through group
processes but are implemented based on countryfispganditions (Sietz et al 2009). In
Kenya experiments are conducted in farmers’ fieldscost sharing bases where there is an
agreement on who contributes what. The scientib¢ats data in the field and modeling is

done through the networking of the scientists imedl The recommendation after three year
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of the project will be used in policy formulatioorfeffective adaptation strategies that will

reduce the vulnerability of the local communitiedsEmbu district (CIP1997).

Adaptation to Climate Change

LISA SCHIPPER & AN BURTON

; . Adaptation debates from schol:
o D 1]
. b‘ 1 :‘j

-

Figure 1: Photographic representation of the reseah objective
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CHAPTER 2: - ANALYTICAL FRAMEWORK

2.1 Methodology used in the study

This study is based on an interdisciplinary appnoadere the process of adaptation is
observed between the local community and the sfierdommunity. Among the local
community, it is informed by local realities andeeyday practices of the farmers. The
concept of adaptation is viewed first from the lieraangle of how the community is relating
to climatic changes they have observed. Secondlg &busehold level where different
decision making processes are involved and finathyv the local farmer is integrating
potatoes and sweet potatoes in the adaptationggoséethe scientific community, the studies
are informed by processes of developing the Trddewdlysis (TOA) model. In this process
the technical and social-economic process of ugoigto & sweet potato as a source of data
collection for feeding into the model is observéle scientists utilize data that is quantitative
in nature and can fit into the spread sheet malgk study integrates technical, social and
economic aspects of these communities giving aitqtisé description of how they are
approaching adaptation. This could be easily Bileout due to its qualitative nature. The
analytical framework adopted is technographic asialgmbedded in the “social shaping of
technology” (SST). This is an instrumental tooitasharacterize human systems (technology,
knowledge and skills), and the interaction with thelevant environment features,

(topography, soils, rainfall, temperatures, flonal fauna).

2.1.1 Technographic analysis
Technography is categories as a realist methodalagyto its ability to determine the causal
mechanism in an object, unpacking the complexitieahniques (Richards & Vellema 2009).
It is a body of practices and procedures to study relationship between society and
technology and was chosen to explore various aetwishow they describe their techniques.
How these techniques have been developed over &intehow they interact and combine
with other elements. It addresses and descriltedslef the real circumstances as it unveils
the performance of the technology and the obsepbgeLt. This is importance in the study as
it allows observation of techniques in the TOA addlwas out of the box to the real world of
the farmers where broader elements and generatadidappstrategies are integrated through
their livelihood practices. The four (4) dimensiooftechnography are used; materiality,

modality, sodality and the task group.

Materiality, as usedn technographic analysis helps define technologlyim terms of tools
alone but also in terms of other elements likelskihd techniques that help humans to make
things work. Climbing of trees and swimming vertigaequires the bodily comportment of

both skills and knowledge (Richards & Vellema 2008)e main material objects used by the
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scientists in their TOA experiments are the pottaad sweet potatoes. They use their
professional training to handle the crops as imsénts of information. These two crops
equally play a role in the livelihood of farmersiEmbu district. The way the farmer interacts
with them is based on their experience and praclibe element of materiality is therefore
used to describe how the material objects is thigysis linked with the social and the

technical value of the different users.

Modality, was associated to the structure and organizatidheolocal or universal church
Richards and Vellma (2009) where knowledge was dndoh the parish. It goes beyond
family relations to institutions that are boundheit by kinship or locality. The element of
modality in Embu district is quite visible in th@niguage and the culture of the Aembu people.
Adaptation to climate change among the Embu pedplenaterialized in a variety of
institutional modalities. These strategies andrapkes will be discussed in chapter 4 where
the internal dynamics of adaptation is integratethe livelihoods strategies. A more focus in
the use of the materiality identified will be dissed in chapter 5, in the TOA model

development process as it fits in the local sa@ality.

Sodalityas used in technography is a specific professigrap of people who perform a
specialized task (Richards & Vellema 2009). Slkdlte therefore important in defining them
as they try to improve on material utilization.idtusually a non-localized group united by
specific specialism or ethics which conforms tolamilve aim. The name in history of this
professional group is “the guild” (Durkheim 195717). The formal Roman guild group only
fulfilled the utilitarian functions as they couldnly serve the material interest of the
profession. They had exclusive rights and were dike family. The professional group from
history share same ideas, interest, sentimenteesupations which the rest of the population
does not have (Durkheim 1957). The scientific graujplentified as sodality due to the clear
protocols and procedures followed during experimeset up. These included rules, routines,

and standardization. This was observed as panticgdzserver in field experiments

Task groupas aconcept in technography is used to study smallggas units of analysis

accomplishing a specific task. The group relateth environment with its challenges as
they perform the defined task. The group is orgathito look at technologies and solve
community problems (Richards & Vellema 2009). Tvask groups were identified, the
scientists’ group which was composed of the CIRgotdeader, scientists from IARC, NARS

soil scientists and the PhD student with the talskleveloping an adaptation model. The
second task group identified are the selected fearrieat worked with the scientists. They

were already in existence before the scientistgddvthem and were already engaged in
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different agriculture activities. The task of tharhers group was to test the various potato
mulching strategies and indentify the one with Hest results during this era of climate
change. In the experiments, the organization andtioning of the group was observed as
well as how the group interacts with the scientiStse experiments were laid in the farmers’
farms and allowed the scientists to collect theadaeded to feed the TOA development
process. It is also a learning point for farmersl déinks local communities to research
scientists who add facts to techniques. They utmlisglobal discussion on effects of

climate change and downscale it to local levels.

This studies reviews the body of research thazesiland addresses the “the social shaping of
technology” (SST) MacKenzie and Wajcman, (1999kxamines the content of technology
and the particular processes involved in the devetmt. MacKenzie and Wajcman, (1999)
in their introductory essay argued that technol@ygmbedded in social organisation. He
warned on the notion of “technology determinismhieh assumes that technological change
is independent; it shapes and impacts the sodiety butside. This notion is unsatisfactory
because, in reality technologies follow some premeined course of development, research
and development decisions play a significant rdateighie & Gareth 1992). The SST
facilitates the opening of the ‘black-box’ of tedhmgy to allow the social-economic patterns
embedded in both the content of technology andptmticular processes involved in the

development to be exposed and analysed (MacKen¥i&jgman 1985).

2.2 Research design used in the study

2.2.1 Timeframe:
The data collection period was August 2009 — Felpr@a@10, a complete season to observe
the main crops (maize, beans, and potatoes) plamddharvested. Potatoes and beans are
harvested in December and January, while greenenti@ized on variety is harvested green in
February and dries in March and April. This penwals selected to allow observation of the

entire production season of the local farmers imhiere and Runyenjes division.

2.2.2 Site selection:
The CIP/KARI climate change project is working wuf divisions, out of which two were
selected for this study. These are Nembure and éhjey. This was after a general tour and
observation of the entire project area, and in glb@gon with the scientist (PhD student)
doing the field implementation. The following ju&tation was used; Runyenjes division
hosts the only sweet potato experimental plot i é¢mtire project. Nembure district was
chosen on bases of own perception that there &ma number of sweet potatoes growers

unlike the remaining division. “Own perception” ags based on field observations, and
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recommendation from the scientist but not on aagisical findings. In each division, two
villages were selected and for logistic purpose tlere close to each other. Rwangondu and
Gachutheri in Nembure division are separated byuaram road, but they share common
public facilities like hospital, shopping centredasthools. In Runyenjes division, Kiarangane
and Kaveti-Kiarangane are divided by a tarmac tbatljoins Nairobi to Meru town. There is
a history of both being under one village calledriéngane; Kaveti was therefore born out of
Kiarangane. Unfortunately the Kaveti villagers fézging their initial identity, leaning to the

former name referring to their village as Kiarangddaveti.

Table 1: FGD and Household Interview Sites and Admmistrative Units

Village Sub-location Location Division
1. Rwangondu ENA- West Githimu Nembure
2. Gacutheri ENA- West Githimu Nembure
3. Kiarangane Njerure Kieni North Runyenjes
4. Kaveti -Kiarangane Njerure Kieni North Runyenjes

2.2.3 Focused Group Discussions (FGDs):
A total of twelve (12) Focused Group Discussionsemeeld, six (6) per division with an
average of two per village. The youth groups comtbimembers from both villages. The
average number of participants was 8, ranging fe®. The group with the minimum
number of participants (5) was the men group indfiavillage. The group with the highest
representation (19) was the women group Gachuwfilge. In total 100 farmers participated.

The officer from the Ministry of Agriculture (MOA)as present in the respective meetings.

The points of discussion were guided by a set gfdgestions with sub questions and were
referred to as a protocol that had four (4) toalgpendix 1).This protocol was developed
based on the research proposal, literature revéed, consultation with both the field and
University supervisor. It waseplicated in all the 12 groups. The first toolgtrered the
discussion on historical and current climatic infiation. It sought to find out how the local
farmers understood the term and debates aroundteliohange, how they defined their own
local climate and what guided them in making agroicodecisions plus the role of weather
forecast in the process. The second tool aimedxglbeng the adaptation strategies the
farmer was using to ensure agriculture remaineauecs of livelihood. The third tool looked
at various agro-technologies the farming commusitiad access to and were utilising. This
involved the changes in farming systems as wellhglrid crops from the research
organisations. The last tool raised the debateherrdle of potatoes and sweet potatoes as

adaptation crops.
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The guiding principles that were followed werepaling the participants to move on with the
discussion without over facilitation. The procesaswecorded allowing everything to be
captured from the beginning of the discussion todéhd. This procedure allowed writing of
separate notes on the flip over as the participgtdésacted. Some probing questions were
used like “why, who, when and how”". Participantsevalso encouraged to demonstrate their
idea either by writing on the flip over or tellirgstory, or reiterating a previous discussion.
All this information was typed and became the prirdata of this research.

Graph 1: Composition of the 55 participants of theeDGs Nembure division

Composition of Participants in Nembure Division

O G. Women group 1
O G. Men group 2
OR. Women group 3
| Youth group 4

®m R. Women group 5

No. of Participants ®m G. Women group 6

G. Women group 6

R. Women group 5

Youth group 4

G. Men group 2 Groups
G. Women group 1

Categories (Total no., Yrs age range, Education levels)

The group were numbed based on how they were dastie Letter “G” stands for Gacutheri
and “R” Rwangondu village. Youth members came flmth villages. Women group 6 from
Gachutheri village had the highest number of pdicts. The highest age bracket
represented was 30-40 years with 27%, followed &yge 40-50 (24%). 64% of the
participants had only basic primary education, witty 4% with above secondary education.

Figure 2: A photo of the G. women group 6 during F®s in Nembure division
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Graph 2: Composition of 45 participants in Runyengs Division

Composition of Participants in Runyenjes Division

O K. Men group 1

O K. Women group 2
0O KK Men group 3

® KK Women group 4
@ K men group 5

| Youth group 6

No. of Participants

Youth group 6
K men group 5
KK Women group 4
KK Men group 3
K. Women group 2
K. Men group 1

Groups

Total No.

Prim

Informal

Categories (Total no., Yrs age range, Education levels)

The group were equally numbered based on whenvikey conducted. Letter “K” stands for
Kiarangane village while “KK” Kaveti-Kiarangane Mbe. Youth members also came from
both villages. Group 4 composed of women had thyhdst participants and came from
Kaveti- Kiarangane village. The age group highlgresented was above 60 years with 28%.
The highest education level attained by 58% ofigipeints was primary education. Unlike
20% participants in Nembure who had secondary diuncaRunyenjes division had 38%.
Some participants from “KK” group 4 were participat in the CIP/ KARI project and
therefore the concept of climate change was not teewhem. They were already in the
preparation stage for their first field experimeats potatoes and sweet potatoes. The FDGs

took a period of three (3) weeks inclusive of pragian and appointments.

Figure 3: A photo of men group with MOA official in Runyenjes Division
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2.2.4 Formal household interviews:
These were a follow-up of debates generated duihiedg-ocused Group Discussions. The list
of names of the 100 participants formed the poprdaupon which a sample of 42
respondents were randomly selected and succesdfitdigviewed. Adjustment in the field
was done where necessary, for example a case Wieeselected person had left the village,
another one from the group list was selected. & interviews, 19 came from Runyenjes
and 23 from Nembure Division, village representati@achutheri 13, Kaveti —Kiarangane 12,

Rwangondu 10 and finally Kiarangane 7.

The interviews were structured into four sectiaiggering specific discussions and answers
(appendix 2). The first section asked general m&dron on the main sources of livelihood
income. The second part explored decisions thag¢ wexde by the farmer at the onset of the
planting season, October 2009. Section three loakélde harvesting period and experiences
of the farmer in the outgoing season. The lasi@egtas zoomed into production of potatoes
and sweet potatoes crops as crops within the farmnactices. The interviews were all

conducted by the researcher and took a time rahge-@.5 hours.

2.2.5 Participatory observation & Informal discussions:

This is a type of observation, where a researchieest part in the daily interactions and
activity within a study situation. He/she is not relg a passive observer but an active
participant (Yin 1984). This way the researcherreahe explicit and tactic aspects of the
people’s lives, routine and culture (Kathleen & liBil 2002). While Focused Group
Discussions and formal household interviews wereduamong the local communities,
participatory observation was used within the ddiencommunity. This was from August
2009 to February 2010. | assisted in research atrdach for the project under observation:
“Participatory development and testing of stratede reduce climate vulnerability of poor
farm households in East Africa through innovationgotato and sweet potato technologies
and enabling policies” (CIP 2007). This was in expent layout, and data taking as well as
represented CIP at scientific workshops and meetihgis methodology unlike the first two
was not confined within the two districts of thiesis, but participated and assisted in all the
experiments in the four divisions of the entire BIRRI project, but what has been used as

data is only data from the two divisions.

2.2.6 Language:
Nembure and Runyenjes division is inhabited by #wnbu people and speak Kiembu
language. They neighbor the Agikuyu, Ameru, Achualkal Akamba, all from the Bantu

group. The researcher, originally from the Agikugammunity and with fluent Kamba
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language, was competent in both written and spadembu. The officers from the MOA
were present in all the respective meetings angdtadsin interpretation of terms that were
unclear. The language used during the househoktvietv used was Kiembu and for

clarification Kiswabhili, the national language wased.

2.2.7 Logistics:
During the FGDs two meeting were held per day, e¢akimg a range of 2-3 hours. Men and
women had different sittings venues. The locatibthe meeting was arranged by the contact
farmer. For all the women meeting, the venue wa$@atcompound of the inviting farmer.
Men’s meeting had centre meeting points like imfiee bush, or outside the church, or under
a common mango tree. Household interviews were wadrd at individual farmer’s homes.
Some discussion led to farm visits where the farcoetd explain for instance how and where
the short rain season crops were planted in tha. far the participatory observation within
CIP/KARI project, we either travelled with the raseher from the station in Nairobi or we
meet in the field. Our field visits were often diima of two weeks per visit. A total of 3 visits
were done, this was during data collection, lanepgration and planting and finally during

harvesting.

2.2.8 Challenges:

The challenges encountered, were beyond controkeags discovered later but they are
worthy mentioning. Choosing of participants was tefthe prerogative of the contact farmer,
and the officer of the MOA. These were people oftemking with the officers or relatives
and friends of the farmer. To overcome this, hoakkinterviews were randomly selected
and tried to stick to the selection with out beinfjluenced by the contact farmers. Touring
the village during the household interview neededoatact farmer to show around and
reintroduce the researcher. Due to the sensitdfitthe issues being discussed, the farmers
could not be open and the contact farmer could &edpver questions. Upon realising this, the

contact farmer work was reduced to drawing the raaf,the researcher could trace the route.
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2.3 Background of the study area Embu District, Kenya

2.3.1 Characteristic of the study area

The study area was composed of two divisions, Neeland Runyenjes both of Embu

district (figure 4). Embu district is an adminigive region lying in the south of the Eastern

Province of Kenya. It lies at the southeasternedogf Mount Kenya and bordered by Mbeere

district to the East, Kirinyaga district to the Wasd Meru South district to the North. It has

two political constituencies Manyatta and Runyenjempresented by two Members of

Parliament. It has five (5) administrative divissomamely, Central, Kyeni, Manyatta,

Nembure and Runyenjes, figure 4. These divisioaslanided into location, sub-location and

| ||||{ LN

Figure 4: Map of Embu District, in Kenya

vilages. Its  difference in

altitudinal gradient along the
slopes of Mount Kenya results in
diverse agro-ecological zones
from the upper to the lower zones.
The district illustrates a typical

agro-ecological profile of the

windward side of Mount Kenya,

from the cold, wet high altitude
zone near Mount Kenya (UM1) to
middle altitude UM 4, figure 5

with different agricultural systems
from the upper to the lower zones
table 2.

The elevation between 1500m and 4500m a.s.|, coparts of Manyatta, Kyeni and
Runyenjes divisions with agro-ecological zone (AGH1, UM1. The midlands’ altitude,

ranges between 1000m to about 1500m a.s.l. andreawest of Nembure and Central

divisions with AGZ UM2+3+4. Average annual rainfplittern is bimodal with two seasons,

long rains in March- April and short rains Octob&tovember. It increases with increase in
altitude from 1000 to 2000mm (Ouma et al 2002)nfsam Embu district are well defined
and approximately 2-5 acres. Soils are fertile aetl drained. Population density averages
472 persons per KnfTable 3)(Central Bureau of Statistics. 20Q1).
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Figure 5 and Table 2: Land use in the different Ago-ecological zone along Embu-
Mbeere transect(Gachimbi 2002)

TAO Snow
TA I-lll | Natural Vegetation
UHO Forest
LH1 Tea and Diary
‘UM1  CoffeelTeazone |
Ao || UM2 Main coffee zone

_
umM4 Sunflower and Maize
LM1-5 | Mbeere District

UM1 Runyenjes and UM3 Nembure was the study arkttgsothesis

Table 3: Administrative division and population, Embu District, Kenya

Division  Total Households Area Population
population (no.) (km2) Density
Personskm?2)
Central 52,466 14,726 70.6 743

L Kyeni 48,385 10,441 104.9 461
o Manyatta 71,332 15,523 197.1 666
Nembure 41,590 8,976 88.1 472
Runyenjes 64,111 13,981 149.0 432
Mt Kenya 332 246 210.2 2

Forest
Total 278,216 63,893 819.0 456t

Source: Central Bureau of Statistics (2001)
Note: TExcluding Mount Kenya Forest
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2.3.2 Characteristic of the potato and sweet potato protion in Kenya
Potato production in Kenya
Potato §Solanum tuberosumoriginated in the highlands of South America awds
introduced in Kenya by the British farmers and odb officials in the 1880s (Waithaka
1976). The colonial government encouraged its\atittn during the First World War as a
means to feed troops stationed in East Africa. Hewéfrican farmers in Kenya, especially
at the Rift Valley province began planting potatteathe end of WWI mainly for domestic
use (Crissman 1989). Seed imports for researchopaspand formal variety trials date from
this period (Waithaka 1976). By the end of WWA§ cultivation had spread to other areas
like Kiambu, Muranga, Nyeri, Elburgon, and Meru tits (Crissman 1989). These are the
original districts and covered a large geographenaa, today these districts have been
subdivided into smaller districts. Currently theimpotato production areas are within the
tropical highlands zones, with altitude range dd@2 2700 m a.s.l. The mean annual rainfall
of 1000mm or greater is experienced in these regigimego 1985). These are lands which

straddle the Rift valley, surrounds Mt. Kenya almel Aberdare ranges.

Kenya is the eighth most producer of potato in @&friwith an output of 800,000 tonnes in
2007 (FAO 2008). It ranked as the country’s secomddt important food crop after maize
(Ministry of Agriculture. 2007). It is an importafdod and cash crop in the medium and high
rainfall areas where it is grown mainly by smaklscwomen farmers (FAO 2008; Kiiya et al
2006). Some large scale growers produce for comalgrarposes (FAO 2008). Over the past
30 years, its production has grown in importancea agable crop as well as a source of
farmers’ income (FAO 2008). In the drier parts loé ttountry potatoes and beans are often
grown during the short rain season when maize matimally do poorly (Kiiya et al 2006).
Potatoes are therefore eaten with beans in mostrpoal households during this dry period

just before the maize crop is planted and maturésa long rains season (Kiiya et al 2006).

The major constraint to potato production in theny@ highlands is the rapid decline in soil

fertility as a result of continuous cultivation haiut adequate replenishment of mined
nutrients (Kiiya et al 2006). Inadequate supplyceitified seeds, as farmers depend heavily
on informal seed sources (farm-saved, local maketeighbours or self-supply) (Kaguongo

et al 2008).

Irish potatoes although not the number one croghi country, It has potential upon

improvement for increased production to contritiotéhe national objective of reducing the

vulnerability of farmers as a result of climate e,
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Sweet Potato production in Kenya

The origin of sweetpotatolfomoea batatas)s believed to be semi-humid regions of
Central America, either in or close to Nicaraguhe Trop reached the tropical highlands of
Eastern Africa in the mid-19century. Currently sweetpotato is grown in Afridaighlands
up to 2200m.a.s.l. with night temperatures close’@ (Andrade et al 2009). In Kenya it is an
important traditional root crop and its productienconcentrated in Western and Nyanza
Province 63%, others are Coast Province 30% andn5&te Eastern Province (FAO 1998;
Shakoor et al 1988).

It is grown primarily by small holder farmers eitress monocropped patches or intercropped
with like maize, or under shade of perennial cr@g@stuura 1992). It is an important food
security crop when maize is in short supply or mang of drought (Mutuura 1992).
Sweetpotato planting material is often traditiopadbtained from previous crops or from
other local farmers (Andrade et al 2009). It isoaydar food crop, and consumed when boiled
or roasted as snack with tea, vine are fed to dmilff@ARI 1999). Current research and
activities are promoting Orange-fleshed sweet potahose flour is a nutritious food to
combat Vitamin A deficiency (VAD) high in beta ctéeae and source of income (KARI
1999). Other focus of research in KARI and ClPdigtoduce cultivars which have a high

root yield and dry matter content and resistanafigeases and pests.

2.4 Expected climate change projections in Kenya
2.4.1 Recent climate variability and impacts

A report submitted by Stockholm Environment Ingst (SEI 2009) in advance of COP 15
reported that Kenya has been experiencing sevienatat variability which has caused major
socio-economic impact not only among the local camities but also to the entire country.
Recent documented droughts occurred in 1998-20004/@5 and in and in the year 2009.
Major floods occurred in 1997/98 and 2006. Theseersdly affected food security in the

country, as in the agricultural and environmengaitar; it caused loss of crops and livestock,
forest fires, and damage to fisheries. Other arsfscted were reduced hydro-power

generation, reduced industrial production and redweater supply.

Temperature and Precipitation

The mean annual temperature has been increasidgdbg since 1960 (McSweeney 2008).
According to McSweeney 2008, this is an average odit0.21°C per decade. He did not
observe any statistically significant trend in th@nfall patterns in Kenya, but he reported a

proportion increase of rainfall occurring in thedprain period.
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2.4.2 Future climate change projections
Temperature
The projections using Global Circulation Models (@Cindicate future increases in mean
annual temperature by 1.0 to 2.8°C by 2060s, aBdol4.5°C by 2090s (McSweeney 2008).
Studies conducted by Stockholm Environment In&i8EI 2009) using nine GCM models
confirms McSweeney finding of increases in meanuahtemperature in future years. They
reported a rise of almost 1° by 2030 and arounfl By52050 for a mid-range emission
scenario but the range of increase in temperateness the different models is wider with
projections from 1 to 3.5 °C by 2050s (SEI 2009).

Precipitation

The different results of models used by SEI (2af28jcluded that the future rainfall scenarios
are very uncertain as they vary with seasons agidne. Some SE| (2009) models showed a
wide variation in relation to average annual rdinfahere the mean rainfall is an indication

of increase in annual rainfall (McSweeney 2008 m&showed reduction in rainfall in some

seasons while annual rainfall and trend did nohgbaSome indicated a shift in the timing of
seasons, Some models project average increas@nfdllravhile others project reduction in

rainfall in some months for some regions in Keny&l(2009).

Extreme events: drought and floods

Future projections on these two extreme events ényd vary widely (SEI 2009). Some
models project an intensification of heavy rainféllring the wet season in some regions,
resulting to flood risks; others project the couéition of drought periods with more
variations, while some indicate reduction is sdyeof both events (SEI 2009). SEI
conclusion in the study was “climate is changing already and the ...the climadé 2030
(and beyond) is very unlikely to be the same apraisent”(SEI 2009 P. 4)

2.4.3 Climate change effects on Agriculture

Climate change has serious consequences on agreuwithich is the mainstay of Kenyan
economy. Most of the Kenyan population in the raadas depend on rain-fed agriculture.
This makes it a climate sensitive sector and wél &ffected by climate change, both
positively or negatively (SEI 2009). Positively e higher temperatures could potentially
have a direct Cofertilisation effect (SEI 2009)According to Mati (2000) the increase in
temperatures during the short rain period whicim@e reliable for food production will

adversely affect long season crops like maize which staple crop in Kenya. “Maize is the

dominant crop in Kenya and is a major householglstdAbigail Amissah-Arthur 2002).
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CHAPTER 3: - CLIMATE CHANGE AND VARIABILITY, FARMER &

PERSPECTIVES
The objective of this chapter is to explore theezignces of local farmers as they relate to
their own local climate phenomenon. This is anmagtieto shift from the idea that farmers are
coping to the usual natural climate variabilitytteey are adapting to an experienced local
micro climate change. The climatic information fréinns discussion establishes a foundation
for this argument, that indeed some adaptation ar@sh is already ongoing at the playing
ground of the farmers. Different scholars view eatrfarmers action different, Adger (2005)
views the actions as reactive adaptation while khaReid (2009) referred to it as adaptation
to naturally occurring climate variability. In mypmion this judgment is not local specific
and could face the challenge of wide spatial gdizaeteon. The paradigm shift proposed
involves reassessing the phenomenon of climategehbased on narrow spatial and social
scale and the responses taken at this level. b@< analyzes climate change as viewed by
Embu people living in Embu district, at the windrdizside of Mount Kenya. It identifies
adaptation responses by the local people for wbkatelimate change they believe has

occurred. The responses are individual, and relhemperson’s plans and decisions.

The methodology used included Focused Group Digmussvhere a total of 100 farmers
participated and 42 household interviews. It anedéhe first question of this research which
sought to analyse the perceptions of the farmingmoonities to climate change and
variability and how the changes influenced themmdtion strategies. Three steps were used.
The first one was to find out if the farmers folledvthe current debates on climate change.
Secondly how they identify their own weather anteéast it and finally the importance of
meteorological weather forecast in their farminggbice. The second step identified farmers’
perception to climate change and three element® waEmtified, indicators, causes, and
impact. The final step sought to find out actioaken by the farmers in response to the
observed and experienced climate change. Thisiidehtidaptation strategies which being
the core of the thesis, more details were gathdueshg household interviews and form the

focal point of chapter 4.

3.1 First step: Preliminary debates
3.1.1 Climate change as debated by the locals
The awareness of the term “climate change” variedray the different focused groups. In
three of the women groups it was a new word. Iriledlmen and the youth groups they had
heard the term mostly through the radios. This mad®% awareness of the term climate
change among the local community. The radio programere on weather forecast,

agricultural related programs which advised farnmrglanting strategies like early planting
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and variety selections, discussions on current &umtages in the country, associated with
the three consecutive drought seasons, politidaateés on the destruction of forests like the
Mau forest and the effects of exogenous treegttikesucalyptus trees on the water tables and
the environment. Some members of the youth hadtldhe term in school and followed

television and newspapers discussion and theyitleddt as a result of global warming.

Local interpretation

There is currently no direct translation of themtefclimate change” in kiembu language.
Farmers talk aboutktshejia kwa rierg this directly translates to “changes in weather”
“riera” refers also to air, and could be confused to niehanges in air”. Although the term

climate change was new to some groups, in theallggarms, it was an often discussion
among local communities. The main focus was on &atpre and precipitation and the
influence they have on their farming practices. peratures in relation to drought and heat,
and precipitation in relation to rainfall amourts duration and onset. Local discussion on
climate change is triggered by farmers’ own expere observations and from information

networks, like farmers’ agriculture day, radio, d®pment groups’ seminar, and churches.

The perspective of farmers is that “local climases lshanged”. They disagree with the notion
that climate change is a phenomenon to come ifiutiiee. Their worry is on the magnitude

of the expected changes and preparation strateEg@msercome it.

3.1.2 Local climatic conditions as known by the farmermonunity
There are two rainy seasons, long and short réiimslong rains starting from March to April
and was historically referred to asBbura ya njahii (dolichos rain). The name changed after
farmers gradually stopped planting dolichos. Thev neame, still in use ismbura ya
mbembé (maize rain). This referred to the maize plantsgason which took over dolichos
season. It also referred to the long hail stormsavhich was associated with little ball like
ice material referred to by the local as “maiz&he short rains of October to November was
referred to asMbura ya mwere”(millet rainfall). This was associated with themiing of
millet which required short rains as it is a stewdsoned crop. This term is now not used as

maize is planted in both seasons.

June to July was often a foggy a very cold seamothé Kenyan highlands. It is usually

described as “the highland winter”. This was mam@npunced in regions near the mountain
than in the lowlands. The rest of the months, Jandebruary, August and September were
often hot seasons. The next step was to find owtthe locals forecast their weather and if

the method used are reliable and if still use.
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3.1.3 Farmers’ responses to seasonal climate forecasting
This sub topic helps explain the challenges expeed with large spatial scale climate
information at the local micro level. It comparé® tmodern science metrological weather
forecasting to local knowledge weather forecastihgs a narrow tool to break down the
limitation bound to happen if the concept of climahange is debated at high levels in terms
of large spatial temporal and social scales. hdwiin the importance viewing climate change

and adaptation options in narrow spatial, tempanal social scales.

Local knowledge (IK) of climate forecast,

This study discovered that the farmers have actessid combine both local methods of
weather prediction with meteorological forecastinfheir interpretation was however

skeptical towards modern science, which they cldialie not give accurate seasonal climate
forecasts. 80% of the farmers interviewed use |koailvledge to predict the onset of rainand
when to perform important agricultural activitiekel planting. This happens however with

the information from the meteorological departmigetiind their mind. This local knowledge

is often vested upon animals and plants whose eaxist is challenged by current human
activities as well as climate change. These two swaf/ predicting weather conditions

therefore need to complement each other with ttieased challenges of climate change.

This subsection explores how the farmers forecastfall patterns which are the most
importance weather element in their agriculturactices. They rely on observation and
interpretation of specific phenomena that existsth@ surrounding of the local people
(Roncaoli et al 2002). It includes the moon, tredragon flies, wind and birds. The discussion
will give the local name, how it is used or whablsserved, what it predicts, its reliability and

if still in use in the face of climate change.

The shape and behavior of the moon
It is a reliable indicator of the onset of rainfatid how the season will be. It was mentioned

and discussed by 42% of the FGDs. It was oftendirbup by the aged men and women.

Description of the moon and its importance
The day the moon appears from the west directiothe month of September it rains. This
rainfall is said to be washing the moon. The im@oce of this indicator is that; if it does not
rain on that day, the onset of rainfall in bothssees’ shifts from 1% March and 1% October
to 258" March and 2% October. If it rains and continues as the moon esaw the east, the
rain for the season will increase in amount anduration. If it rained and stopped before the

moon reached the east, the season will have reduaednt of rainfall and not enough for the
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growth of the crops. The appearance of the full mioathe east, 15 days after its appearance

in the west means the rains are in a short rangdaamers can start planting.

The shape of the moon as it appears in the westrdscent. Gertrude Giciku, 55,
demonstrated the shape of the moon and the mealtieg.egion facing the inside part of the
crescent is believed to expect good rains, anéther the harvest. The region which the back
of the crescent is facing
is expected to have low
rainfall and famine and
starvation can befall the
region. Short seasoned
crops are recommended.
If it is full moon, or “U”
shaped bumper harvest
is expected for the entire

country.

Figure 6: photo of a farmer showing shapes of the aon

Juanina Ruguru, 90, gave an example of a dialogednad with her son during the long rains
of 2009.“l told my son, this season we are going to go myngy son asked, “mama why”,
look at the shape of the moorshe said. That season according to her very feoplpe
harvested. Testing this spectacular observatiom,ftlcused groups agreed to observe the
moon in the month of September. They confirmed thatas “U” shaped. This meant the
entire country could have bumper harvest. During lousehold interviews conducted in
February 2010, after the short rains, all the radpats (100%) were happy with the yields. It
was also announced in many media houses of bunapeedt all over the country.

Curious of the source of this knowledge among twall | asked Juanina in an informal
discussion where she had learnt from. She explainadin the older days, farmers could
distinguish the two seasons mentioned above velly the long rains hbura ya njahi and
the short rainsnjbura ya mwerne For confirmation the local people then usedlisesve the
moon. Repeated observation confirmed to them tbeang the short rains the back of the
curve could be facing the people and could theegftant millet. When the inner part of the
curve was facing them, they knew it was the sets@bant dolichos or maize as the rains are

heavy.
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Table 4: Summary of how the moon is as an indicatoof rainfall seasons

Indicator

Description

Observations & actions

Rain at the appearance of t

moon in the west

néf rains only that day

expected rainfall dates remajn
15" March and 18 October,

If it does not rain on that Onset of rains shifts from %0

a

day 25" of March and same with
October
Does this rain continue farif Yes The rain in the season will be
15days lot in amount and duration
If No:- stops The rainfall will be short

after 15 days from appearance

the west.

Full moon appearance in the ei

ias full moon

adVhen appear in the easRains are near and farmers dan

start to plant

Crescent appearance

Side facing the inside

p&ood rains and high yields

the crescent

Side facing outer part of

Low rainfall, low yields

Behavior of Indigenous trees

Mivuti (Erythrina abyssinicajs local tree that blossoms with red flowers. Itswaentioned

by all the groups and declared an important andbiel method of predicting the onset of rain.

It produces and blossoms twice in a year with teddrs as the key observable indicator. It

is therefore used in both seasons to predict teetmf rainfall.

Description and importance

The shedding of the leaves starts during the
dry period as well as flowering. When all the

leaves are shed, and it is fully and brightly

blossomed, the onset of rainfall is at medium
range. When the flowers start dropping down
it is an indicator that the rains will start in a

short time, 1-2 weeks and farmers start dry
planting. In some groups they mentioned that
when the tree drops its seed it rains within a

day.

Figure 7: A photo of muvuti in the mid of other trees, taken in September
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Other trees with almost similar characteristics“anegomo”, muringd, and “mutondd. The
challenge befalling this indicator is that many édneen cut down, and only traces remain in

different farms.

Miembe (Mangifera indica Lare traditional mango trees. They are a reliaidiécator of the

onset of rain and how the rainfall season will be.

Description and importance
Flowering of mango trees starts in September,ishé indication of medium range, mainly
2-3 week to the onset of rain. As the infant frgitarts to appear the rainfall is at a very close
range, and it can rain within a week. Farmers aasothe rain with dropping of the infant

fruits.

The blossoming of the mango trees is also an itidicaf how the season will be. This is
based on the interpretation of how much yield ipeexed. If it blossomed a lot and high
yields are expected, the production of other foaumbg is expected to be low as the rainfall
amount will be low. In such a season, mangoesaidets be a natural way of providing food

security to the people.

The presence of dragon fliggniyeri),

These are type of insects which appears in themegust before the onset of rain. There
were mentioned by 83% of the focused groups. Teéiability is currently challenged due to
changes in climatic conditions. They have redugedhfhuge swam to some unnoticeable

sizes. They also occasionally come late, afteptiget of rain and therefore not useful.

Description and importance
The presence of the flies is an indicator of theebrof short rains in October. They appear
twice in a season. The first appearance in the ImohtSeptember, they fly from the east,
indicated by the sun set, or low landgetu’ going to the west, or to the mountain. They fly
high, fast and calm. Farmers interpret this agsflare going to get the rain”. At this stage the

onset of rainfall is still far and farmer startgiough their land.

Two weeks after their first presence, they comek iiiamnm the west going to the east. They fly
low and in a particular noticeable pattern. Theycto the ground and then fly up again.
Farmers interpret this as a message to covergbeds in the soil; others say it is too heavy to
fly due to the rain it is carrying. The rains cofie2 weeks after the flies have disappeared.

The second presence is an indicator that plantingstart.
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wind

The swirling winds known by communities around Mt Kenya asléma sya akKa(devils of
women), they are winds that spin at phenomenal dspesually over the land with no
vegetative cover and they draw up dust and lightide(dry leaves and papers). This was
said by all the six focused groups. Although thadhis considered dangerous as they cause
soil erosion and damage roofs of houses, theylacevéewed as important in clearing land
for planting. They usually come during the day drtey increase in frequency the rains are

about and dry planting is done.

Strong windswvere considered a very reliable method althoud mentioned by 17% of the
Focused Group Discussions. They blow from the naostto the low lands. When they
change the direction they were coming from, blowmrogn the low lands to the mountains, it
starts to rain in less than 3 days. Unlike the lgvgrwind, these winds comes at night,
making it difficult to stay outside, the bananazné fall as well as the leaves and branches of

trees, and the rains can come any time.

Sighting special birds

The sight of the swift birdglfungururu)is an indication of rainfall in less than two daysd
beginning of planting time. It used to be relialbdet not currently in use, as the birds have
disappeared with the decreased flowering treesy H&me said to be looking for mud to
construct their houses. Making of noise by kawada njuKi birds, bees predatory as the name
suggest and are found in the flowered trees igya af onset of rain. The English name of

these birds was not identified.

Others

Seasonal datewhere farmers know when to expect the rains basethlendar seasons. This
is very unreliable due to the current climatic apg Thamorning dewmeant the rains are
quite near, thenating period of frogsis they croaked a lot at the river banks. Thelsohéhe
soil or of the rain “it smells like the dry soil§ water is poured on it". Increase in
temperatures at night. Safari ants and termitesa once they come out from the hiding

place is an indication of the rains are about to&o

Modern science/meteorological weather forecast: peeption of farmers

The research noted that farmers have access tormsdence of predicting climate forecast,
however many rely on local knowledge to make denision agricultural activities like

planting. The broadcasting of radios in local leages allows the farmers to follow

discussions and debates on climatic conditionglgleBarmers are however skeptical about
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the information given especially in relation to gmitation. For example they narrate the
information they received during the short rainsl®97. They explained that a low rainfall

season had been communicated to them and thatistidy expected. The short rains came
as expected but did not end at the expected médinttmntinued in January, February and

joined the March long rains of 1998 and turnedtouie EIl Nifio as was announced later.

During the period under this study (October 2008brEary 2010), farmers explained during
the FGDs that the information they received was; thavas going to be an El Nifio season.
Farmers knew that this was going to start in theatm@f October. During the household
interview 95% of the respondent knew the seasonfevasasted to be El Nifio. In conducting
household interviews farmers were asked the préparand decision they made in regard to
the El Nifio projections. In Nembure division, 52%tlte respondent used the information in
making planting decisions, while only 33% in Rungsnused it. From the 1997 EIl Nifio
experience, they prepared themselves by diggimgdes, keeping stock of firewood in the
house and some purchased and planted long seasmyedarieties like the hybrid maize
variety 6 series and reducing the amount of betargqu as they are known to be destroyed
by long rains. For those who did not use the inftion (Nembure 48%, Runyenjes 67%)
claimed uncertainty, and mistrust of the informatidAnother element however affected
majority of the farmers’ decisions was the MOA msghng to the country food insecurity

and anticipating long rain gave the farmers hybraize variety 513.

Identifying the gap of the practice of science usgnmeteorological weather information

Farmers describe the 1997 El Nifio as “total coofusiThey were not prepared in advance;
they therefore planted without this consideratibhe consequences were that many of their
crops got spoilt, due to wet harvesting. Harvesting second planting took place the same
time, again without clear information of how lorggetrains were to continue. They attributed

this confusion to lack of precise and accuratermédion given by the weather forecast.

In the 2009 El Nifio projection the farmers agaipested it to be like the experienced one in

1997. According to them, they experienced the staims as usual which had a break of three
weeks that gave them a panic. Unlike the usual shors that end in December this ended in

January. In terms of duration it was longer thamaligut not as heavy as expected and they
did not consider it as El Nifio. They however acklealged the presence of El Nifio in some

part of the country based on flooding informatibeyt received through the media. According

to them, the meteorological department had oncéndailed to give them accurate local

specific information on their local weather forecas
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3.2 Second stepPerception of the local community on local climatehange
The second step identified farmers’ perception limate change using four elements,

indicators of climate change, causes, impact atidresctaken.

3.2.1 Indicator of climate changes
Indicators of climate change are based on the ase climate variability that the farmers
have observed over the past years. The three nm@madies mentioned are precipitation,

temperatures and foggy season.

Changes in rainfall patterns

Through the extensive discussions during the FGies farmers explained how changes in
rainfall patterns had taken place. These changes wentioned as the key indicators of
climate change by the twelve groups. The changésdliwere; changes in the usual onset of
seasonal rainfall, reduction of long rains and ease of short rains, a general decline in

rainfall amount, reduced offseason rain showerd fiwally unpredictable rain pattern.

Changes in the onset seasonal rainfall,

The farmers explained that they had always knowanithe long rain and the short rains start.
This was 18 of March and 180f October respectively. Any change to these det@s a
delay of 10 days and the rains could start on 8feo2 the month. The current onset of rain
can either be too early or too late. In the yedi®fdbr example, rainfall started in January.
There was a lot of confusion in the season as wpkieed by the farmers. They planted
thinking it was the onset of long rains, but itidédi seedlings withered and dried. It resumed
again in March, and farmers’ replanted again fa& $lecond time and the rains failed. The
April rainfall when farmers replanted for the thitidhe was considered better of. However

many had given up and no much investment in tefrss@ds and fertiliser was used.

Reduction of long rains and increase of short ran
The distinction between the old known long raind aarrent short rains is blurring. Farmers
explained that the old categories of long rain base high magnitude and its duration and
short rains in terms of reduced magnitude and shostion had changed. This had confused
the traditional way of naming the season and chénbeir farming practice. For example
maize is grown in both seasons and millet is h@dora main crop planted in the region.
Planting of maize in both seasons is a risk adaptahechanism as they never know which
season it will do well. Giving the above exampletbé 2009 long rains, could not be
compared with short rains of the same season. $aimd started in October and ended in

January a very unusual scenario, and farmers eeghgoiod maize harvest.
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A general decline in rainfall magnitude
Farmers expressed their observation that therg@&naral reduction in rainfall. They gave an
example of the long rains which could be continumis for 3 months, March, April and
May. This could easily join in with June, and Jtihe cold foggy season. This has however
changed and farmers are adapting to this reductioe.long rains were also associated with
river Kamburu, which was very dangerous to crossnduthe season as it could get full;
break the river banks, and carry the bridge. Thetlme it happened was during the 1997 El
Nifio. The long rains currently experienced do nibthis river, and reduces very fast after
the rains. During the dry season, the river coddibed as a local swimming place for boys.

This has ceased due to reduced level of waterimivier.

Reduced offseason rain showers
July been a cold season, it could end with 8 déysin before the August dry period. This
was helpful to crops planted in foggy season, ogdhem to withstand the dry period. In
September again two days of heavy showers was ierped after every harvest season
especially beans. This was mentioned by four grotibis was in the months of February and
September. There are the same showers associatldthei shooting of the moon, as
discussed above. The showers were referred tmasuria matondi translated as rain to put
off bush fire. The fires were set to burn the bestoger, and clear the land in preparation for
the re-germination of pasture. Smoke from diffefantns was visible and the rains could put
them off. These showers were equally beneficighto seedlings planted during the June —
July foggy period and could endure till the shaits of October. The rainfall showers are not

reliable any more as they either does not rairkpeaed or rain with reduced amount.

The foggy period “Highland winter”

The months of June- July are cold and foggy periad$ie Kenyan highlands. The locals
referred to this period agiathand others referred to it as the winter of the Kenyéghlands.

In the regions observed, little showers of rain &gdy conditions could limit visibility. For
example the locals could not see Mount Kenya frodistance. This period has changed to
being, cold, dry and the visibility of the mountagclear even in the morning, before the
sunset. The local community could use the showedant long seasoned maize crop, and
sweet potatoes. The last foggy season experienasdnithe year 2006. Farmers claim that
since then things have changed. In the month ofe@der, historically maize crop could be
in the farm, awaiting green harvest in Decembere F&Ds were held in September, the
farmers showed their frustrations while discusging point. They expressed that there was
no maize in the farm since they had not even pthrithis has changed their farming practice

as they no longer plant maize or the sweet potatbis season.
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Increased temperature

Farmers noted that temperatures had been increagergthe years and complained of very
hot seasons. They used examples of drying treehwd them is an indication that the trees
are affected by the high temperatures with reduegdfall. Rivers are drying up very fast
even after heavy downpour, this is due to high exatfon rates. The soils are bare and hot,
making even walking without shoes very difficulthdly however associated this with the

cutting down of trees which could provide the shaate regulate the hot air.

3.2.2 Farmers perception on causes of climate change
The global climate change is associated with batianal and human induced activities. The
local community however discussed the causes @l ldamate change as a result of local
human activities. Four main causes were identifeedting down of trees, cultivation along

the river banks and wetlands, increased populgiiessure on land, and industrialization.

The cutting down of indigenous trees and plantingfoexogenous trees

The cutting down of trees was in reference to titigenous trees. These ané/uti, migumo,
mikuu, miiria, mitondo, and miringalhese were trees often found at the water catchmen
areas. In their place, exotic trees have been giaespecially the grevillea and eucalyptus.
Paul Njiru, 82, viewed the cause of climate asdéstruction of the wilderness foresiti),

the wilderness conservation efforts based on pastiilderness (Kalamandeen 2007). The
forests were preserved under spiritual ethics aerk wiewed as sacred and homes of their
god (mwene nyanga The Embu community had 5 shrines that wereebeti to trap the
moving clouds which could bring in rain. This fowh conservation did not allow utilisation
of forest products, game and grazing. Breaking thies resulted to sacrifice of a goat to

cleanse the sins caused to the forest.

Modernisation and land demarcation allowed allacatof the forests to individuals and
private investors. This resulted to over explomatiof the forest resources as well as its
conversion to school playing ground and agricultlarad. Christian religion and new beliefs
left the taboos ideology which was viewed as trad#&l and demonic. Fear of the god and

sacrifices became things of the past and exploitatias with no spiritual connection.

Deforestation is not the problem. The farmers viggir region as having many trees
everywhere than was there previously. It was ptesibr example to see landscapes
positioned very far. This was because the indigerioees were positioned only on strategic
places, at the slopes, near the rivers, water swaand springs. The new tenure and land

ownership made individual farmers to plant the iextsees to act as farm boundaries and for

36



timber and firewood production due to their earlgtuning. The eucalyptus whose local hame
is “munyua mdi(drinker of water) was referred to as the “wrorigge for the region and the

main cause of climate change. This is due to tfeckethe farmers have observed in the area
they are planted. For example, drying of riverg #nea 30m around the tree becomes very

unproductive and reduced water table of boreholes.

The purpose of their introduction in the regiortlas farmers explain was to reclaim swamps
and wetlands, and they were planted in specifiaard hey are now planted every where and
increased tremendously in number due to their bighnomic value to the individual farmer.

They have however increased vulnerability of thencmnity as the roots have no boundary.

The over exploitation of the wetlands and irrigation along the river banks

This was seen as a cause to climate change aslnyirgy the wetlands and the rivers. The
increased cultivation in the wetlands and irrigagaots near the rivers and streams is seen as
a farmers’ response for lack of land, severe drbagid the pressing domestic needs. The
drying of the wetland was explained by giving aample of a cow which could be attracted
to go and graze at the green grass that was visiinle a distance. The wetlands were then
impassable due to high water table, the cow cowt sjuck. Several strong men were
required to pull it out and this could result toav with broken legs and could be slaughtered.

The wetlands were sources of reeds for making bssked farming of arrow roots.

Cultivation in the wetlands started by digging desje trenches and making raised beds to
create room for production of other crops. Thisasqged over time, artificial fertilisers were
introduced for soil fertility and all this resultéd rapid deteriorated of the wetlands. The
irony behind this practice is that trenches thenevelkig for drainage purposes. Currently they
are dug for irrigation purposes. Farmers associditedirying of wetlands with reduction of

water table and drying of streams and therefoneoresible for climate change.

Increased population pressure on land

High population pressure and land subdivision leaslted to over utilization and degradation
of agricultural land. These has resulted to an seasitive soil system that cannot sustain a
crop in an event of reduced rainfall due to climateinge. Shift cultivation historically
practiced could allow resting and revitalizing @ils. With small pieces of land and over
dependence on few crops planted (maize, beangppsjacrop rotation is as well challenges.
Continuous cultivation characterises the farmingcpices in the region. One lady illustrated
that since she was married 10 years ago and shdwnevio farm by the in-laws, she had

continued to farm there and never missed a season.
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Industrialization

This was mentioned by 5 focused groups. The yaalited about industrial pollution as the
main cause of climate change due to green housss giestroying the ozone layer. The men
blamed the tea industry in Runyenjes division sitihesy are the main market of eucalyptus
trees as they use firewood for their factory bsil&ucalyptus trees as discussed above are an

additional challenge to agricultural productivity.

3.2.3 Impacts of climate change as perceived by the Ideamers
Local communities experience reduced agricultural pductivity
Agricultural productivity was mentioned as the mimsportant impact of climate change by
the 12 focused groups. Cash crops like tea an@eafere said to have reduced in yield and
therefore reduced income. This was associated loith rainfall and prolonged drought
periods. The productivity of bananas had equaliiyiced. Bananas used to be in plenty due to
high rainfall amount and were a source of food seigaty. The reduction in banana
productivity has resulted to scarcity and incregeézes unaffordable even to the locals.

Water sources and storage strategies

Sources and storage of water were never a wornngrtiee local community. Simple drums
were used to store either rain water or fetche@maYith the experienced of reduced rainfall,
farmers are investing on rain water harvesting gisinge tanks, either plastic or concrete
made. The challenge is that the
reduced long rains under the face
of climate change, do not harvest
enough water to do irrigation. It is
only therefore for limited domestic
use, like cooking and drinking.
Alternative sources are boreholes
which capture underground water,

but also dry off during prolonged

drought periods.

Figure 8: manual search of water, digging of borehes

Increase of pest and diseases

Farmers complain of increased crop pest and disedé&ngo trees and especially grafted
ones need to be sprayed which is a new practiseetSpotatoes weevigéthua) isa pest
whose increased impact has resulted to farmersdabarg the crop or adapting to new

growing methods. Maize is also being sprayed fat pentrol. The short rain season of 2009,
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although had good rainfall, it was associated witlreased pest which destroyed maize and

beans. This pest was not identified.

3.2.4 Summary: climate change or climate variability
The local ways of forecasting weather are still th@or source of information on weather
and climate patterns for the local community in Nene and Runyenjes divisions. However,
their reliability is challenged by the increasediability or micro climate change. Scientific
weather forecast is based on large spatial scaletlagir local implication is not well
interpreted by the farmers. Giving the example$3¥7 and 2009 EIl Nifio forecasted, farmers
in this region experienced a different scenarioMbfit was communicated. This therefore
makes it difficult for the farmers to plan the smass crop failure increases the farmers’
vulnerability to climate change. It is important totegrate local knowledge within the

scientific forecast for a better local interpredatand implementation of climate information.

Climate change as a global consequence is viewedpsenomenal to come in the future.
Based on local community own observation and eepeg climate change is probable. This
is based on the practical reality of their everyddgraction with the environment. This view
is given by the anomalies they listed, changesainfall pattern, dry highland winter and
increase in temperatures. They use this to makeaa distinction between climate change
and climate variability. The causes of climate @eare as a result of local human induced
activities like destructions of natural forests #ifeines, the many eucalyptus trees and they
consequences, degradation of land, over explaitatiche wetland and over dependency on
agriculture land. Periods of drought and periodbwmper harvest have been there from
history, but the community had established mecinasiso predict and to cope with the
seasons. These changes have resulted to reducéxiltagal productivity, increased

incidences of crop pests and diseases, and fragjileultural lands.

This analysis to a large extent has revealed Healocal communities are taking the issues of
climate change as a concern to their livelihoodeyTtare not only reacting to climate
variability, but are responding to changes theyehalyserved, and the worst they anticipate. If
the scientific community on the other hand viewmate change based on large spatial scale
as a future phenomenon, will there be a gap betwkentwo communities in terms of
adaptation? What will be the impact of this gap?sTdiscussion and questions are taken
further in the next chapters, where | will discube action being taken by the farmer
community, as well as how the adaptation techne®ayithin the scientific community are

socially constructed.
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Lower than average rainfall scenario
(Nembure Division)

W Land availability =

O
/ YE~§\ Irrigation River water
Casual labourer Keep livestoc mulching \
150sh/day (Gosthickeén) Have wetlands dig a borehol
Start Business
Early pleogt Plant short seasoned crgps
Cryve'rcsﬁtion (katumamiluma) Re
Short seasoned varieti Plant maize
/Y/E%Z Plant indigenous/drought resistaiops Plant (Hortlculture+ arrooot
Irrigate O (Cassava+ yams + Sweet potatoes) + Sweet potatoes+ potatoes+ maizé——
Sorghum +bananas+ sugar cane)

Traditional varieties
Water harvesting

Harveste
YE?/ NO seart:/h for_information

Storg, do not sell fosd crops  Buy from othersté&res

Climatidormation Training (preservation, valaddition)
Reduce eating habits

Start planting indigenous trees NOW

Figure 9: Future adaptation strategies of lower tha average rainfall scenario due to climate change
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Higher than average rainfall scenario
(Runyenjes Division)

Land availability =

/ _\ Perennial cashper(rlea)

Water harvesting for drought usage

|
Plant crops thaistant long rain
(Napier grass+ bananas+ sweet potato; Soil conservation

O

Wetland farming + Cassava)

Terraces

Water catchment holes
Plant long sessib maize varieties,
(Kilo)

Plant trees conserve the river banks
Plant grasses

Community tree nursery

Plant long seasoned crops

Figure 10: Future adaptation strategies of highertian average rainfall scenario due to climate change
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CHAPTER 4: - FARMERS ADAPTATION STRATEGIES
The fourth assessment report to the IPCC (2007@firots the changes in climate and that

many physical and biological systems are beingctdte by these changes. This is in
agreement with the climate observations and expegie of the farmers’ discussed in Chapter
3. This study acknowledges the challenge of ifignt local adaptation to climate change
since it is an ongoing activity and also underittiiience of multiple non- climate stressors.
This was the reason behind the discussion on dimlagnge as a starting point in the FGDs.
It helped an easy introduction of the adaptatiortlbimate change topic and differentiated
specific actions from the normal ongoing diverseellhood practices. These actions as
discussed in chapter 1 have been referred by gsshals reactive (Adger et al 2005),

autonomous and private adaptation (Orlove 2005).

The term adaptation to recent global warming wésédé as “actions taken to adjust to the
consequences of climate change, either beforeter iaipacts are experienced” (Lemos et al
2007). The emerging range of local adaptation ésved in relation to decisions and actions
taken by individual farmer and considered as peivatlaptation. It is a dynamic process
embedded in livelihood practices and observed encintext of farm management and crop
production. They are not however taken in isolatbmther non- climate drivers which also
play a role in adaptation. They occur in the cont#xdemographic, cultural, economic and
social changes (Adger et al 2005). This opens amwhdrizon to equally look at adaptation in

the other context of social economic activities.

Adaptation is explored as actions taken to respondinfall changes, increased temperatures
and missing foggy season. They were categorizedtimd based on purpose and mode of
implementation (Adger et al 2005; Smit et al 200)ese includes diversification in crop
production categories as different types of cropmswvg, short seasoned varieties selected,
early planting preferred to capture the first rand the most important crop for domestic
food security occupies the large proportions ofdlahlt also includes land management
practices like intercropping, mono-cropping, crapation, mulching and use of chemical
fertilizer in response to the fragile soil condittodue to reduced soil fertility. Non climatic
stimuli include management of farm labour, skillsdaexperiences, culture, and other

entrepreneurship.

4.1 Diversification in farm management and crop produach
This involves practices of farming by the indivild@mer to ensure high yield and reduce
risk from unreliable and unpredictable rainfalltpats and amount. Local farmers historically

practiced mixed farming where they grew crops agyt kvestock. They mainly depended on
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natural resources and rain-fed agriculture for rtHeielihood. The changing climatic
condition is posing threats to the agriculture piatity and the livelihood of the local
community. These are actions and strategies bakentby the farmers to reduce these risks.
These actions are highly initiated at the levehdividual households and a low proportion at

government level through local interventions.

4.1.1 Individual adaptation: diversification in type ofrops produced
At individual household level most informants highted actions taken in relation to farm
management and crop production. These are sedte inantext of different types of crops

selected for planting, crop varieties selectedctet! land available and marketing strategies.

There are a variety of crops that are producedinvitiie region; root crops (cassava, yams,
arrow roots and sweet potatoes), horticulture c{apwatoes, French beans, and kales), tuber
crops (potatoes), Legumes (beans, cowpeas) Cegimaige, millet) other food crops are
bananas, and sugarcanes, fruits (mangoes, passits &vocadoes), cash crops macadamia,
coffee and miraa, with tea occurring in Runyenjedy.oMaize, bean and potatoes are
commonly planted each season, are the bulk of $eedrity in the homesteads and formed

the main crops observed in the study.

Maize

Maize is produced both as a food crop as well assh crop. It was mentioned by all

respondents as the most important and frequendg tsod crop for domestic consumption.

77% of the farmers in Nembure district sell it flocome, with 68% in Runyenjes division. Its

high value as a cash crop is due to its increasgidmwide demand, as well as low prices
offered by other cash crop like coffee. Althougrsiboth a cash crop and a food crop, its role
for domestic food takes priority. Farmers sell éxpected surplus or when certain that the
next crop will give high yield. This means storiting harvest for a long time. This is as a risk
management measure in case of low production infahewing seasons due to reduced

rainfall. It has other non-monetary values like tetaution in the school feeding programs.

These have been established to ensure every sphiogl child gets a meal a day.

Lack of alternative sources of income also chaksntpeir storage and forces farmers to sell
immediately after harvest (73% Nembure & 63% Rujg®n This is based on urgent
domestic needs or if a farmer has harvested antbtrants to sell on large scale at once. This
scenario happens because the main market outethabrokers who visit the villages only
during harvesting period. The prices then are lawe tb high supply. In other situations

farmers sell small quantities locally to meet immaéel needs. A proportion of farmers (36%
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Nembure & 10% Runyenjes) in the villages have iffiedt this opportunity and are
individually buying maize and beans immediatelyafiarvest and sells to the same villagers

at later dates on a 40% profit margin.

Horticulture crops (tomatoes, French beans, and &g},

These crops are planted by 13% of the responddraserfarms have a river flowing through
and have the capacity to irrigate. They main taig¢te local market, division and national
market. They mostly target dry periods when demardgh, but this period also requires a

lot of investment due to irrigation machinery othiese it is very labor intensive.

Potato production

In Nembure division potato production is limiteddomestic consumption, with 18% selling
it for income. In Runyenjes division a higher perege (53%) produces potatoes for
domestic consumption as well as for income. Thih lgercentage is attributed to the fact that
many farmers in this region rent land in the lowenes, referred to asverd’ (desert). This
area is preferred for potato production due to; Iofestation of pests and diseases, higher
yields enough for domestic use and for sale, ldwedet is relatively cheaper, no spraying is
done and a good yield is certain. Mulching is tmdy aequirement to conserve moisture
levels. The farmers doing this are able to fulfihtestic needs of potatoes and sell as ware

and seeds.

The low use of potatoes as an economic crop in Neendivision is associated with lack of
clean and high quality seeds and high incidencasaoferial wilt. The few that have clean
seeds conserve them as seed and capture the glaetiod as the market niche. A 2kg
bucket of potatoes which normally cost 25-40Kshjrduharvest time would increase by 3-4
folds. A 10kg bucket which cost 250-300Ksh, durlmyvesting time could double its cost
during planting period.

Sweet potatoes

Sweet potata crop used in the TOA model is produced by a &dchihumber of farmers,
(Nembure 14%, Runyenjes 37%). The low producticsttisbuted to the increase in pest, the
sweet potato weevil, locally referred to &gathua”. This pest is associated with low
moisture level in the soil. Pesticide control matka was always discussed as declared not
available by the farmers. They have invented mamagé practices of reducing the attacks
by planting the sweet potatoes on raised beds emw#ilands or plots near the river banks
where water moisture levels are higher. This ig/ grdssible to the farmers with access to

these resources.
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Arrow roots and Bananas

Arrow root are under intensive cultivation in thetlands where they are grown to meet the

market demand. They are planted by farmers witlesecto these natural resources. Bananas
and especially tissue culture bananas are beingngho plenty and because they are easy to

grow, are manageable and in case of reduced raimfalcan do irrigation.

Fodder and fodder crops

Maize stover and Napier grass are the main foddapscfor livestock. Maize stover is
residues from maize production. Napier grass isniyaplanted by livestock farmers.
However upon sale or death of cows they becomeuscemf income as are sold to other
livestock farmers. The two fodder crops are howesssd as a source of income by a limited
proportion of farmers (Nembure 32% & Runyenjes 16@§oba and Graaff (2005) equally
in a study conducted in Runyenjes found out thatafsplant residues as animal feed was a
common practice and only a small percentage sdtat ihcome. Unlike Napier grass where if
a farmer has no livestock the only option he hde sale, for maize stover farmers have yet
another options other than sale and livestock, akarorganic fertiliser. This is where it is
used as mulching material for potato cultivatiohisTis done to keep temperatures low and
conserve the moisture conditions in the soil ay tire planted during the hot season. They

later decay increasing the soil fertility and maielanted the following season.

Tea, Coffee, Macadamia and Miraa

Coffee and tea the main cash crops with tea in Buojeg only, however farmers are putting
their hands on macadamia and mir@atha edulis) Tea has an organised marketing system
where all the villagers have one managing agem¢aadenya Tea Development Authority
(KTDA). They have established village buying cenirlgere farmers take their tea and they
can pick from a collective centre. The bushes &mnérs own ranges from 400-3000 bushes.
The reduction of rainfall amount has affected teadpctivity, and hence the number of
bushes required to earn a sustainable income. &maedting is labour demanding due to
everyday picking; it occupies a large space of ldvad can not be intercropped or abandoned
as could cause more future challenges as they l®=eocomanageable bushes. A few farmers

with less than 1000 bushes have opted to uproot trel instead planted bananas.

Coffee production in both divisions suffers the lgpse of the industry and currently
rejuvenating. Their main marketing outlets are dees, societies, or brokers. The choice of
the buyer depends on membership and the previdasespoffered. The collapse of the
industry although had faced many governance isa#ssalso associated with low prices,

reduced yields which resulted to farmers abandottiegnaintenance. The industry seems to
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be reviving with the three agents offering diffdrgmices to attract farmers. The growing
coffee market is however challenges by high tentpega and irregular onset of rainfall. This
affects the flowering and yield of coffee as farmare witnessing coffee berries of different
ages in different times. Individual farmers takés trevival of the industry differently. To
some farmers coffee is still not a priority andréfere plant maize and beans in between the
coffee rows. Intercropping maize and coffee isallmwed due to pollination and reduction of
coffee quality. To those who take the opporturlitgyt plant beans alone and apply fertiliser

in the hope that both crops will benefit.

Macadamia trees and miraa bushes are both growm @ap but do not have a well
established and defined market. They are usually gwough the brokers. Mirag&Catha
edulig or khat is a native flowering plant that contains an aetphmine-like stimulant
(Roncaoli et al 2010). Farmers have between 1-lstod macadamia and 200-1000 bushes of
miraa. The price of miraa is dependent on seastim tive highest price ranging from 800-
1200Ksh during the dry season. On rainy seasopribe goes down by four folds to a range
of 200-500Ksh. To capture this fortune during thg deason, irrigation is done. Miraa
production is a male crop and due to its finanealards they put lot of effort and investment.
Although the crop is associated with increasingsetwld income, it faces social challenges
where it is associated with reducing the econondcal social productivity of young male
adults. They form chewing groups and spend theidyctive time chewing thighatand not

on other considered economic activities.

4.1.2 Individual adaptation: diversification in crops vaeties planted
Adaptation through crop varieties was observeduidnoplanting decisions during short rains
of October-November 2009. This is in relation toiety selection, reason for the selection
and its purpose. Crop variety selection was donernw85% of the respondent had the
information on forecasted El Nifio. 52% of the resgent in Nembure and 33 % in
Runyenjes division confirmed using the informatidine selection of maize variety varied
from one farmer to another. Although will see amottype of adaptation on a large scale, a
significant proportion of farmers (48% Nembure, 83F4inyenjes) opted to plant short
seasoned crop varieties like Duma, Pana, Pionde31 and local Kiembu seedsirafa,
kishungy. These are considered short seasoned cropsirggliitte amount of rain. These
are considered risk mechanisms in an event of extluainfall from their previous
experiences of consecutive drought seasons leaviegn with food insecure. The high
percentage in Runyenjes is associated with lackogérnment seeds aid as was in Nembure
division. A smaller percentage (8% Nembure, 15% yRujes) planted small portions of

hybrid maize variety 6 serigkilo). This variety is considered a long seasoned crop and
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requires lots of rain than the rest but has higheld due to its big stem and long cobs with
many lines of grains. Plantiridlo depended on the land size of the farmer and hisbisty

to take risks. This is the reason why it was pldtite very few farmers who are considered to
have large farm sizes. They too planted on smatkps they were equally not sure and did

not want to take much risk. They decision was basethe predicted El Nifio.

4.1.3 Government adaptation: diversification in cropsneties planted
The government aid on seeds and fertilisers allowady farmers to plant maize variety DK
513, which was the seed variety given by the Mipist Agriculture. Farmers described this

variety as requiring a lot of rain and planted Uigua areas with high rainfall.

4.1.4 Individual adaptation: apportionment of land to cps

In many homesteads maize occupies the largest giap®f land. In Nembure 65% of the
respondent had maize occupy more than three quartéreir land, 63% in Runyenjes. These
high percentages were associated with the high deém& maize for domestic need. With
information on forecasted El Nifio, and previous 189 Nifio experience they planted more
maize and less beans. This is because the prelzldiigio spoilt a lot of beans. Some of the
decisions they made included reducing the usuabatmaf beans the individual farmer plants
and instead increased the amount of maize plamtesl others due to land sizes intercropped
both maize and beans and felt that they had ocdupeesame proportion. Others had planted
more beans than maize as they are usually morensixgethan maize, while other had
reduced maize production due to reduced soil itgrtind lack of artificial fertilizer. Other
made the option of dry planting beans, (68% NemBus2% Runyenjes), giving a reason of

early harvesting before the heavy El Nifio, andaejgd more maize.

4.1.5 Individual adaptation: Planting time
Planting time as an adaptation strategy is depermaearop selected by the individual farmer.
This is observed through the decision made by tidividual farmer to capture the
unpredictable rainfall. It is based on the acquegperience, resources and cultural beliefs of

the farmer.

Maize plating time

This was categorized into four periods, dry plamtiafter the first night of the onset of rain,
2-3 days after the onset of rainfall, and finalh2 Wweeks after the onset of rainfall. The
percentage of farmers who chose different planpegods varied in the two regions as

shown in graph 3.
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Graph 3: The four maize planting time categories irpercentage in the two divisions

Graph 3: showing thefour categories of planting season found in Nembure and
Runyenjes Division
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The farmers explained that traditional maize was\tfgld a week after the rains when the soil
had attained sufficient moisture level. This penwas described as planting when the soils
are muddy(matoro). The current trend is to plant maize as close asiple to the onset of

rain to capture the first rain. In Runyenjes demsi58% of the respondent opts for dry
planting which starts a week before the onset @fi. rdhey are very keen with local

knowledge indicators discussed in chapter 3 toiprelde onset of rain. The main reason for
this choice is due to the continued rainfall vaitinh They believe that the seed must capture

every drop of rain and is only made possible ifnfdin the soil at the onset of the rain.

45% of farmers in Nembure division talk of theirimgaplanting period as the current culture.
They plant maize the following morning after thestinight of the onset of rain. They opt for
this strategy due to unpredictable rainfall patt@rney also use artificial fertiliser which in

dry soils could damage the seeds. They explairatitert 2-3 weeks of rain there is always 3-4

weeks of dry period and the crops need to be steaoggh to endure this period.

A small percentage (9% Nembure, 5% Runyenjes)raides diversifies their risk by planting
maize using two periods. They do dry planting a$l a& after the onset of the rains. The
main reason for this strategy is to spread thefragk unreliable rainfall. In dry planting they
plant the short seasoned maize varieties likenB,while at the onset of rainfall with more

certainty of the rains they plant the other lonasemed hybrid maize like 5 and 6 series.

Beans planting time
In both regions beans are planted within threegoaies; dry planting, few days after the
onset of rain, and both dry planting and afterdheet of rains. There are different reasons

why farmers make these choices.
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Graph 4: The three beans planting time categorieis percentage in the two Divisions

Graph 2: showing percentage of the categories farmers use to plant beans

80

70

60

50

CRunyenjes
ENenbure

40

30

Percentages

20

10

I s

D1y plantng Fewdays after the min twice, before & afterrains

Categories

A majority of farmers (68% Nembure, 52% Runyenjesjctise dry bean planting as their
adaptation option. This is to capture every dropgaifi but also to avoid labour pressure
during maize planting. In dry planting potatoes planted first followed by beans and then
maize. They do this to capture the first rains megliby both the maize and the beans. The
beans are very sensitive to the 3-4 weeks of dripgevithin the rainy season and therefore

dry planted to be strong enough to endure thigeri

A significant percentage of farmers (23% Nembui®o3Runyenjes) plant beans a few days
(2-7 days) after the first rains. These farmersehemall pieces of land ranging from less than
an acre to an acre. They usually intercrop maizekgans to maximally utilise the available
space. In this scenario therefore maize is plafitedand after germination beans follow.
This option is also becoming popular due to sevexgleriences where beans withered and
dried after germination due to poor start up anctliable rainfall. Farmers explain that in a
situation where it only rains for a few days ane #iready dry planted beans germinate then

the rains stops, these young plants wither andipry

Farmers with big pieces of land 3-5 acres (9% Nembll% Runyenjes) use “dry planting”
and “after the onset of the rain” planting categofhey start dry planting beans and as
rainfall approaches they plant maize. When plantngize is finished, they plant the
remaining portions of beans. This way they enshey thave enough labour during maize

planting, but also diversify risk in case beansdirg to reduced and unpredictable rainfall.
Potato planting time

Potato planting in both divisions takes place lbefpre the on set of the short rains. This is

in the month of September when temperatures ate with low soil moisture levels. There
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are three main reasons why farmers do this; fitstigvoid muddy soils due to the rains as the
soils are heavy and tiring to dig the furrows, coaad heap the potatoes which are basic
requirements of potato planting. Secondly to avoigh labour demands when planting maize
and beans near the onset of the rains. Finallydesroonsider these period when the potato is
in the soil during the dry period as a requirenfensprouting. This is facilitated by mulching
of potatoes creating low temperatures at night.ifgnmental factors like long days and cool
night temperatures have been documented to protmbégization (V. Balamani et al 1985).
Farmers have adapted to mulching their plantedtpegawith maize stover, ar@revillea
robusta leaves. Although it is usually very hot during tday the mulching reduces the
temperatures and keeps the soil environment hufti. makes them germinate and shoots
uniformly soon after the rains. With the reducenhfed! potatoes planted early capture the
first rain and mulching is used to conserves theéstace level. Mulching of potatoes with
maize stover in Nembure district is not a new peactlt has been used for years to weed
control by farmers who did not want to weed andhedtreir crop. Currently it is done for
additional reasons brought by climatic changes likeuced temperatures as well as
conserving the moisture level. It is however a meactice in Runyenjes and picking up due

to the same reason as in Nembure.

Sweet potato planting time

Rain fed sweet potato planting takes place aftetthihee main crops have been planted. This
is in the months of November-December. The respasdae Runyenjes planted 3 weeks after
the onset of rain. This was attributed to the thet they had the planting material given to
them by the CIP/KARI project. The two main reasgsagiated with late planting of sweet
potatoes is to allow a sufficient moisture levethe soil which allows immediate germination.
Secondly they depend on the old crops as the sadfiremes for the new planting material.
This means waiting for the new shoots from thedlaéd crop after the rains. Over time
farmers are losing their only source of vines a&sribw shoots with reduced rainfall wither
and dry off. They are however adapting to the laisplanting vines by establishing small

conservation gardens around the homestead whetekitvaste water is used for irrigation.

Summary on diversification of farming practises

Farmers’ adaptation strategies involves diverdificain livelihood strategies especially crop

production as they are a farming community. Sevetrategies were observed like different
types of crops grown for a particular reason, skeasoned crop varieties preferred, planting
dates set aiming at the onset of rainfall, anddargrtions of land allocated to maize the crop
that provides food security. Crane (2010) identifiéversification of livelihood strategies to

reduce vulnerability to climate shocks as a respansong-term environmental change.
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4.1.6 Individual adaptation: Land use management
Land degradation in the face of climate changedticing the agricultural productivity and
increasing the vulnerability of the farming comnties who depend on natural resources like
rainfall. Soil and rainfall are the two main facdnfluencing land use management of the
local farmers. Farmers having noted this challetigey are individually taking measures in
land management to reduce the fragile agricultsyatem. This involves the use of artificial
fertilisers, crop rotation, and mulching. It isahgh this individual attempts that diversity in
land management is observed (Foley Jonathan edG8)2Adaptation is in the context of
individual decision making process, land sizes, armp production. Four strategies are
identified, intercropping, mono-cropping, crop taia and small and efficient land

management.

Intercropping

Intercropping of maize and beans was used by 48%efespondents. This is a practice
often used by farmers with land sizes less thaaca®. It is considered a risk measure against
crop failure due to weather related risks, unceties in rainfall amount or due to pest and
diseases. Beans are very sensitive to either wanpot very high rainfall. Intercropping as an
adaptation ensures maize is harvested within thee sspace if beans fail due the increased
rainfall uncertainty. In the intercrop maize ismikd first and beans follow 2-7day after the

onset of rainfall to avoid competition.

Mono-cropping

Mono-cropping means planting maize and beans separéd2% of the respondent planted
using this practise. This is often used by farnwgtk pieces of land above two acres. Due to
the unpredictable onset of rains farmers oftentpte@ans and potatoes before the onset of
rains. Once the rainfall signs become more relithedy plant maize on separate plots. These
farmers choice this practise as they have obseilvaidbeans shoot faster than maize and

results in competition for sunlight, soil nutrierasid moisture.

Crop rotation and mulching

Farmers divide their land into different plots aa&th season different crops are planted in an
almost established regular sequence. The main crepd are potatoes, maize and beans in
that order. Crop rotation is used for basically twasons. To improve the soil fertility of the
land as potatoes requires fertiliser applicatiod mmlching with crop residues which decays
enriching the soil. In the second season maizdastegd and farmers confirm of its high
yields due to the inorganic fertiliser. Beans danfed after the maize crop, and the process

continues. Crop rotation is also done to contrgt ped diseases.
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Small-efficient field management; use of fertiliser

Farmers are currently in favour of planting a smalition of their farm which they can afford
to apply the required amount of fertiliser or manurfhat is making a choice to plant on a
portion of land than the entire farm with insuféiot amount of farm inputs. The crops get
sufficient nutrients and high yields are attainadike planting a large area with below
required amount and the consequences is low yidlds. use of artificial fertilizer is an
ongoing process and farmers argue that there mead for planting without it. It is not about

just fully embracing the use of artificial fertdéisbut also the recommended amounts.

Summary

Local farming communities are dealing with the &s&i fragile soils in the face of climate
change in very different ways. These are individietisions they make and are based on
resources available. Intercropping, mono-croppircgop rotation, and efficient field
management actions were identified. Intercroppimgdy mono-cropping focus on planting date,
crop failure adapting mechanism and avoid crop aditipn for sunlight, moisture and

nutrients. The rest two aim at enriching the saitsility and improve productivity.

4.2 Adaptation as integrated in social economic activigs.
This section identifies the adaptation actions dase other non climatic stimuli that either

promote or hinder adaptation.

Skills and experiences of the farmers have growrthay interact with their changing

environment. Majority of the farmer are in favodrtioe seed capturing the first drops of the
rain. They mentioned that these kinds of seed, igaten uniformly matures faster and have
high yields than those planted late and miss tist fain. They have also been trained on

early planting by the MOA extensions officers andadio programs.

High labour demands at the onset of rainfall makssplanting of potatoes and bean very
favourable. Potatoes are planted first followedbbgns. The two are high labour dependant
activity and made worse during raining season dueuddy soils. They are easy and faster to
plant when the soils are dry and loose. As the tooseain approaches or start planting of
maize is a priority. To avoid the rush for all csdp capture the first rain, farmers plant those
crops that can withstand high temperatures durirgg dry season. In Nembure division
farmers culturally wait for the night it rains atkek following day they plant maize. They trust
that the rains will continue for the season. Thanfihg culture and the norm of planting is to
begins with potatoes in the dry spell followed labs and later as it starts to rain maize is

planted.

52



On farm job opportunities are highest during plagtseason. Many farmers who use this as
an additional source of income prefer to planhigirt seeds early creating time to capture this
niche. This also provides an opportunity for somernkers to get income to buy seeds. This

group of farmers usually plant after the rains.

Non-farming entrepreneurships especially in Rurggmjivision where majority of farmers
have other jobs promote adaptation. Farmers ptefplant early before the onset of rains as
the soils are light and loose making planting flaatel creating time for the businesses.

Land sizes and labour is a consideration for th@das with big pieces of land. They start dry
planting and spills over to the onset of rain. Thedps them maximize the use of family
labour which is cheaper. This also ensures that @ine not late with planting at the onset of
the rainfall. For the farmers with small land siZess than an acre, they need a day to finish
planting the entire farm and they start with maien beans follow as it is an intercrop.

Irrigation and wetland farming is done by farmeiithvaccess to this resources. Irrigation is
practised by those whose farm ends in a river bahky practice horticulture by growing

crops like kales, tomatoes, French beans, and gregre. The main target for this is the
market. Wetlands are government properties anddfeairboth divisions. They are used for

sweet potatoes and arrowroots production among otbes.

Figure 11:- Irrigated kales near a stream and spineh on a new technique

Religion and spirituality may hinder adaptationtlas strategy of the night it rains following
day farmers plant is ineffective when the rainststan a Friday or a Saturday. For example
the rains in Nembure started on a Friday and manydrs are Christians. They prepare on
Saturday for the Sunday activity and Sunday iscaeshday. A day when practical individual
activities and pursuits are set aside for the sdikendertaking collective ritual actions which
create abstract frameworks of meaning and idehitgiefining (or continually redefining) the
community while still leaving space for individug@irofane) behaviours (Richard P.).
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Farm inputs availability determines when an indixtfarmer will plant. Some buy the seeds
before the onset of rain and store waiting for ampropriate time to plant. They either
practice dry planting or immediately after the ffirains. Lack of seeds at the onset of rain
means food insecurity due to delayed planting. Seeihg is practised by vulnerable farmers
with limited access to hybrid seeds. The easy acteseeds comes in handy when rain fall

unexpectedly. They are less painful if replantsigaquired due to minimum investment.

Bureaucratic seed systems especially in Nemburnsiaolivwhere farmers were given farm
inputs by the Ministry of Agriculture influenced aatation. One of the qualifications was
land size and National Identity card. This disdiedi some farmers and had to wait to be
given seeds by their neighbours. Some also recdivedseeds after the onset of rainfall.

Those who had already bought their own and hadqiastored them for another season.

Mixed farming with livestock conflicts was menti@ha lot in Runyenjes where maize that
was planted during dry period was removed by chickept on free range system. This is
solved by planting during rainy season. At thisdiihis informally known as the planting
season and every farmer locks his chicken. The higfsture level in the soil also helps
create a hard surface by stepping on the covertl 3dis makes it difficult for the chicken

to remove. Other plant treated seeds which areaten by chicken.

4.3 Summary of the adaptation strategies of the farmers

The vulnerability of the local farmers in Embu distis increasing due to the effects of micro
climatic changes on agricultural productivity dissed in chapter 3. The study revealed that
farmers are reacting to past or current climatienés referred to as reactive adaptation
(Adger et al 2005), and anticipatory figure 9 afdbased on assessment of future conditions.
A more interesting analysis reveals that their enirractions are equally based on micro
climate change phenomenon they are observing gretierncing. These strategies are private
and visible within the household livelihoods. Thegre observed in crop diversification and
land management as well as in social economiciaesyWithin an individual farmer several
strategies are used. Two individual farmers coaladadly apply completely different strategy.
For instance intercropping and mono-cropping wiiktified climatic reasons. The potato
mulching and crop rotation were identified as comnpractices among many farmers.
Potatoes were viewed as important crop in the fagmractice as they can be planted early to
avoid the labour pressure during planting. Secoitdl/the starting crop in the crop rotation
and soil fertility program. Sweet potato was regdr@s a drought tolerant traditional crop

and its importance as an adaptation crop is ctgdigtvy the increased infestation of pests.
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CHAPTER 5:- TECHNOGRAPHY OF THE TRADEOFF ANALYSIS M ODEL

The chapter addresses the second and the thirdiarue$ the research which explores the
processes, synergies and divergences in the protasaking TOA model. Secondly how the
adaptation options and strategies of the individaaher identified in chapter four has been
integrated in the development of the TOA modeldtiective development and deployment

of anticipatory and public adaptation.

Technographic analysis as a methodology was usedadiss ability to find causal powers in
the context of the real world of the community. Toer elements discussed in chapter 2 were
used. Materiality is used to analyse material dlgsovell as social element associated with it.
Potatoes and sweet potatoes were the two main ialabdjects under observation in this
chapter. The concept is used to unveil the sodalfural, technical and economical
dimensions within the production of the two cropkese are embodied within the experience,
observation, analysis, training or practices (Ridha& Vellema 2009) of the two actors, the
farmers and the scientists. Modality as definedRiphards and Vellma (2009) refers to the
structure and organization of the local philosopthjcreferred to as “universal church”. This
was observed within the language and culture ofcttamunity. It was used to study the
activities and events in the field of the commomfar. Sodality was identified as specific
professional group of people following particulatess and routines (Richards & Vellema
2009). This was observed among the scientists arsdused to identify scientific protocols,
procedures, values and logics behind their intemaetith the potato and sweet potato as data
sets for TOA model development. The task group idestified as a group set to accomplish
a particular task (Richards & Vellema 2009). Twouwgrs are identified, the scientists group
and the farmers’ groups. The concept was usedderitte the internal interactions, goals and

purpose of the collectivity as they interact witle two material objects.

5.1 Introduction to the TOA Model development process
Tradeoff Analysis (TOA) is a software package ubgda team of scientists to assess the
economic, environmental and policies sustainabititytechnologies in potato and sweet
potatoes (CIP 2007). It collects to a large extqudntitativesite-specific data that can be
aggregated for regional policy analydistferent data collection methodologies are used t
enhance this; stakeholders’ workshops, a survey faald experiments. The last data
collection methodology was the main focus of thedgt The experiments are designed to
take two years where four cropping seasons wertede$articipatory observation and
informal discussion were conducted during the seommopping season of the project and

observed potato production of short rains of 2009 sweet potatoes were already planted.
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The CIP/KARI project aims at anticipatory, plannaod public adaptation strategies. The
analysis of the model will inform policy maker foggional adaptation strategic decisions
aimed at reducing the vulnerability of the commiasitto climate change. These decisions
will address food insecurity, economic and envirental development as attributed by
limited soil water availability, nutrients and seoitganic matters (CIP 2007). The project is
the second phase of the TOA project of the departtnoé Agricultural Economic and
Economic Montana State University. This Univergidgether with Wageningen University
and the CIP form the main International AgriculttR&@search Centres (IARC) in the project.
The aim is to meet the needs of the developing tti@snby generating farm and regional-
level information needed for making adaptation teggges by the decision makers (TOA
Project. 2008). The project analyzes the sustdibhaloif existing potato and sweet potato
technologies, their potential for adoption, theremoic and environmental consequences of
policy decisions for poverty, food security andtausability of the agro-environment (TOA
Project. 2008).

TOA methodology starting point is the recognitidratt the farming communities are near
critical sustainability thresholds for soils andr@te (CIP 2007). It consider solutions within
the already developed agro-technologies of potatbsaveet potatoes whose usefulness has
been considered but not assessed under the rapigtelchange (CIP 2007). This explains
the main reason why the two crops were selecteth@snain material object under the
technographic analysis. Analysing the interactietwieen the material objects and the
different actors plays a role in adaptation techggldevelopment and facilitates deployment

to address the vulnerability of the local commuimt¥Embu District, Kenya.

5.2 Modalities: farmers production realities
This subsection determines how institutional mdaliof the farmers relate with the potatoes
and sweet potatoes. Modality is considered a saaialy of analysis as it gives the
collectively of the shared values that define tbeia and the technical aspects of the two
crops among the farming community. This is basedhair positioning at the local social
space and farmers decision making process. This heéntify social-technical and cultural
issues that may have been filtered out by the @ga#ne requirement of the model. Focused

group discussions and formal household intervieeewsed to collect data.

5.2.1 Materiality: Potato production (post) among farmingommunities
This explores the sequential flow of potato proauctnd post production among the farmers.
This identifies the social, cultural, technical aedonomical dimensions and lies the

foundation for identifies synergies and points iwedgence among the two actors.
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Potato production constraints

In Nembure and Runyenjes division potato productfln small scale basis. A question

posed during the household interview on how muctatpoone planted was answered by

many respondents agust a small portioh The exact amount of potatoes planted ranges

from 1-2kg bucket to 6-10kg bucket. Several proiductonstraints attributes to this.

Bacterial wilt

Bacterial wilt caused byRalstonia solanacearumvas regarded as the most important
constraint of potato productioffarmers who did not plant in the season fearedthi@atvilt
had spread in the entire farm. Others had planteall portions as a trial after several crop
failures due to the wilt and had kept off plantfog several seasons. For others it was fear of
high investment in terms of seeds, fertiliser aadablir with high probabilities of risk. Local
knowledge measures used to reduce risk includespuslean seeds although never certain,
crop rotation, use of tobaccbithonia diversifoliaand ash. Farmers spray against early blight

and hardly mention of any damages it causes.

Marketing constraints

Local farmers explain that the potato produced fibwir farms does not meet the market
standard. This is in comparison to what their neighing Meru district produces. They
complain that the tubers are too small in size @migl good for the village market. Majority
therefore produced for domestic consumption. Sputatoes are the first to be harvested they
are consumed in plenty before maize and beansaavedted. It acts as the transition bridge
between dry period and the next harvest. This mpk&sto to be consumed in plenty leaving
very little for the market. The storage capacityh® potato was highlighted as a challenge

and hindered waiting period to capture good mapkiees especially for ware potatoes.

Unavailability of clean seeds

There is inadequate supply of certified potato seedhe two regions. Farmers depend solely
on informal seed sources (44% farm-saved, 18% Ioeaket & 35% neighbours). There are
several ways they use to determine clean seedslyHrased on variety the neighbour had
planted for examplenerd variety is considered tolerant to the wilt, sediynon-farm
observation where they look and see the farm wigbad crop. They book seeds for the next
season from this farm. Finally from village disdoss where they talk about other farmers’
produce the one said to have had good potato igeldnsidered to have disease free seeds. In
the market they look at the variety and the shdpgheo“potato eye”. If it is not clear or has a
bad smell or oozing it is considered diseased aniid for planting. One respondent bought

from Kenya Farmers Association (KFA) Embu and warsain to be free from disease.
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Potato cultivation Practises

Crop rotation

A successful potato crop depends on judicious @llfractices of the individual farmer. This
involves good knowledge in selecting varieties theg¢ tolerant to bacterial wilt and the
choice of the plot to grow the potatoes. Potatsesuaed as base crops in rotation programs
where it is planted first and maize follows and rizean the third season. Rotation is a
management practice to avoid accumulation of pastsdiseases. It is also associated with
spreading soil fertility to the entire farm. Baaatrwilt has forced a significant number of
farmers to rent land else where in pursuit of disefaee land. They have learnt that affected
plots needs a resting period of 7 seasons or &a#ksas the disease is active in the soil for a
long period. Crop rotation as a soil fertility mecism is associated with the use of manure,
fertiliser and mulching with plant residues in gotg@roduction. The plant residues decay
improving the soil fertility. In the next seasorattiollows maize is planted in that plot many
farmers do not use more manure and fertilizer hasplot is considered fertile. These also

apply to the farm plots that the farmer feels aferiile. Potatoes are planted to upgrade them.

Land preparation

Potato production requires well drained and aerstédd The tool used to attain this is often a
fork hoe where deep soils with ploughing is invalwe remove hard pans or any roots of
previous crops especially maize or perennial grids. also used to mix the soil with the
manure if broadcasted. A hagefnbe)n the other hand is used for digging furrows a8 as
heaping the soil after planting. It is
easy to use during the dry season as the
soils are light and loose. Digging
furrows involves removing the top soil
which is kept on one the side in a row
parallel to the furrow. The same soil is
used to cover the planted tubers. Hoes
are preferred due to the large surface

area that carries a lot of soil.

Figure 12: Use of hoe in heaping after planting

Planting process

The common practice of planting potatoes is inftlieows. If manure is not broadcasted it is
put inside the furrow 1-5 days before the actuahtshg. Well processed and dry manure is
recommended to avoid spread of bacterial wilt. Séanmer usedithonia diversifolialeaves

as organic fertilizer and are spread before theungaT his together with tobacco and ash are
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also used to control pests and diseases. Fert@gaication, Diammonium phosphate (DAP)

is done the particular day of planting. Farmers enslia¢ during this process the fertiliser

does not come in contact with the tubers. Thelifgetiis broadcasted first on the furrows. It is

covered with sprinkles of soil before planting thetatoes. There is no particular relation

between rate of fertiliser application and quantityotatoes planted. This purely depends on
the capacity of the farmer.

Planting depth, spacing and placing

The main determinant of planting depth is the sizéhe tuber. Very small sized tubers are
planted on shallow furrows while medium sized tsben slightly deeper furrows. Farmers
use different terms to explain the spacing usedilex distance, 1 foot apart or use of own
foot. This gives a general agreement that the spaai potatoes is 30cm or one foot apart.

The eye of the potato is placed looking upwardaaitfh this is not a common practice.

Mulching

Potato mulching with plant residues is done aftanging. This is an old practise among the
farming community in Nembure division. Maize stoweas used as mulching material to
avoid weeding. Currently farmers continue to do chirg to adapt to changing climatic
conditions. Planting of potatoes is during the sesson of September when soil temperatures
are high with low moisture level. The mulch is edi&d due to its cooling effect of reducing
temperatures in the soil. Farmers
consider this as an ideal condition for
sprouting as temperatures are high
during the day and cold during the
night, allowing uniform germination
after the rains. It also conserves
moisture when the rainfall amount is
low and wused for soil fertility

improvement upon decays.

Figure 13: A photo showing mulching residues aftepotato harvesting

The main mulching material used are Grevillea leaf@variti), maize Stoverrfasaki ma
maveve and a mixture of many plant residues like grassesigo leaves and banana leaves.
Njeru Kimenji a male farmer from Nembure explairied differences. “Grevillea leaves keep
the soil temperatures warm and in case of higHatiitihe soils remain dry and warm”. Maize
stover, “create a very cold environment in the sdiich is helpful when rainfall is low”.

Grasses although are used are not recommendedsketay decay fast and eaten by
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termites. Banana leaves encourage floating of watatering penetration into the soil. The
challenge with maize stover is that they are use@rdamal fodder and large amounts are
needed for mulching in a small portion. In soiltifdy improvement farmers prefer maize
stover which they believe improves the fertilitythe farm and the second season they plant
maize even without artificial fertiliserLeaves of grevillea trees are growing in importaas

an alternative to maize stover, as they
have no other use. They are easy to
access when trees are pruned for
firewood. The only challenge is that
frequent pruning of trees is destructive
and can cause firewood shortages. It use
as soil fertility improvement material
upon decay is not considered among the
farming practise.

Figure 14: Transportation of maize stover for foder use

In Runyenjes division mulching is a new practicehwé0% of the respondent who planted

potatoes within the region not applying it. It istrtonsidered a norm in this particular region
as it is considered cold. For others lack of muighhaterial was the reason for not mulching.
Those who mulched within the region used a mixafrglant residues as discussed above.
Maize stover is left to meet the high demand ofraifodder. Those who planted in the

rented land inWeru” mulched with maize stover from the maize crophegame plot.

Post production process

Triggers of harvesting

Several factors were identified as triggering pmtharvesting. The main one is maturity
indicated by the yellowing of the leaves. The grsm is slashed two days before the actual
harvesting for stabilization and to avoid nematodes allow long time storage both the
leaves and the stems are left to dry before hamgestThis allows the skin to harden.

Cracking on the soil surface is also an indicattbmaturity of the potatoes.
In a scenario where the crop is attacked by battetit the farmer waits until all the parts of

the plants dries up completely. The plot is dugand any health tuber harvested is said to be
disease free. Harvesting withering crops is disaged as facilitates the spread of the wilt.
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Unexpected raining when the crop is mature or ngamaturity can hasten harvesting as the
wetness is destructive to the tubers encouraggeormeth for instance the unexpected rainfall
in December 2009.

Early piece meal harvesting of potatoes is comnfitan the second month of planting. This is
done to meet the urgent domestic food needs. Taetplwhich show maturity first by

yellowing are the first to be harvested. This amnds till the entire crop is either finished or
fully matured for full harvesting. Those who praetipiece meal harvesting complain of lack
of other source of food, or an alternative incoftethe expected harvesting time very little is

left or nothing. This makes it difficult for thera know the exact harvested quantities.

Harvesting process

Potatoes are harvested using a fork hoe or a btanhetgpanga)The use of the machete is
often used by the aged people as it is considesed fuendly. It is also used when doing
piece meal harvesting to avoid disturbing the ertiop where only a few tubers from a plant
are removed. A fork hoe is recommended when hangeshe entire plot as it causes
minimum injuries on the tubers. Digging out thedrsbis done one foot away from the centre
of the ridge. The tubers are put in a plastic btiakethe digging continues and transferred to
a stand by sack. This procedure avoids exposintutiers to the sunlight and hence greening

effect which is considered cancerous.

Grading and storage

Grading of potatoes at home where tubers are placdte floor of the store or of the house.

The unintentionally damaged tubers are consumet Tihe ware tubers are stored depending
on amount while the seeds are preserved. Farmanes [gbtatoes for four major reasons; as
seeds for their own subsequent crop, for sale edsséuring the next planting period; ware

tubers for home consumption and finally storagevarfe for sell at future date.

Potatoes are storaxh the floor of the store or of the house in atieraconsidered to be cool,
dry and dark. For preservation purposes differezdtiments are given. Majority use the ash,
while others use chemicals. Ash is said to preyssts. Some spread banana leaves or
tithonia leaves on the floor and spread the tubadssplash ash on top then cover with sacks.

Others combine both ash and chemicals. There @maavay to preserve the potatoes.
Consumption
Potatoes are cooked as one of the ingredients iy miahesgitheri for example a common

dish among the Embu community is a mixture of besams corns and potatoes are used to
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add flavour. It is also cooked with beans to makevsor wheat and maize producthépati
& ugali). It is can be mixed with other starch food crdige bananas, cassava, yams, and

arrow roots. It is considered the main ingredidrahaldren’s food.

Summary of potato production among the local farmes

In analysing the potato production among the fagr@ommunities low scale production is
analysed. This is associated with lack of cleanlagt quality seeds and high infestation of
bacterial wilt. Majority of the famers depend oformal seed sector which could be a source
of the wilt. In the potato production process amdhe farming communities there are
several techniques used to avoid pest and disdiaseash and tithonia. To improve soil
fertility crop rotation and mulching is used. Pot&s are considered an important base crop in
the rotation program. The rotation breaks the pest disease cycle and improves the soll
fertility due to mulching with plant residues. Mhing has attained a new paradigm shift
where it was used for weed prevention and now ng&Fature regulation and soil moisture
retention. Potato as a dish among the Embu comgnimitot considered as a priority crop
but an additional ingredient. This limits its pration investment among the farming

community.

5.2.2 Materiality: Sweet potato production (post) amongdal communities
The second material object observed in the studhdssweet potato. This section equally
identifies the constraints of producing sweet pmtahe process of production and post-
production processes. This opens the avenue tdififd@ommonalities and discrepancies

among the practice of science with the farming ticac

Sweet potato production constraints

The scale of production of sweet potato in Nemldivesion is low as 22% of the respondent
planted them in the season observed. It was howeghrwith 68% in Runyenjes divisions.

This is associated with the 43% of the respondéma were given the vines as participated in
the CIP/KARI project. This equally means a lowergeatage or 25% of the farmers took
their own initiative to plant sweet potatoes. Theduction aim is for domestic consumption
as breakfast or as a “snack” (67% Nembure, 64% &njrg). A smaller percentage
(Nembure 33%, Runyenjes 36%) target the markets Tdw production is associated with

two main factors, the sweet potato weevil and thece of planting materials.
Sweet potato weeViCylasspp), (gathua)
The main challenge of producing sweet potato isititeeased incidence of sweet potato

weevil. This was mentioned by all the twelve foaliggoups. This incidence is associated
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with dehydrated soil caused by increased tempeastand reduced rainfall. The damage in
yield can be up to 80% and 100% on specific tubEmne. attacked tuber is described as full of
spots and emitting a bad odour. This makes itdiffito discard the spoilt part and utilising

the remaining as happens with other root crops.

The mention of sweet potato brings fold memoriea shack that could be eaten primarily for
breakfast or lunch and children could never go mungweet potato weevil is slowly snatch
away this opportunity from the farming communitigégere is currently no pesticide known
by the farmers to control it. Local knowledge beinged are; use of ash, Tithonia or
application of Calcium Ammonium Nitratertilizer during planting, the vines are also left
wither before planting and timely harvesting isamenended. Other options utilised are
planting at the bottom of the valley or at the rikanks and in the raised beds in the wetlands.

This makes availability of these natural resouscégtermining factor in production.

Source of planting vines

Sweet potatoes are reproduced vegetative using vineutting. The main sources of these
planting materials are the old crop as was mentidne56% of respondents in Nembure and
36% in Runyenjes or maintained through the dry @eas the conservation garden. 33% in
Nembure and 21% in Runyenjes get their materiah fsocial networks. This lack of reliable
source of vines contributes to late planting agtismneeded for the old crop to regenerate and
produce new shoot which are then used. One farm&embure mentioned of purchasing
from the KARI stand during the Agricultural day iheir division. 43% of respondent in

Runyenjes got their vines from CIP/KARI projectfiom relatives in the project.

Sweet potato production practices

Crop rotation

In selecting the plots to plant sweet potato fagrmefer infertile plots as a mechanism to
improve the fertility of that plot. They argue treateet potato have inbuilt fertility due to the
organic biomass they leave in the farm and prothdesoil with a cover from direct sunlight.

Many farmers prefer to plant legumes like beansowrpeas after uprooting sweet potatoes.

Land preparation
Sweet potatoes are planted on loose and well aesa# to allow root penetration and
expansion. It involves removing any crop debris aighing a ridge or a furrow. In the

wetlands a jembe is used to dig and remove thesraed any perennial weeds.
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Plating process

A machete §angg is used to fix the vines to the soil either ie farrow and the vines lay on
the ridge or fixed on the ridge or on a flat groufitiese three planting strategies of sweet
potatoes vary among farmers. In Nembure divisiofo & the respondent planted on the
ridges as opposed to in the furrows. The reasomthehis is that on the ridges there is a lot
of soil heaped there making it loose for easy egjman In Runyenjes 57% planted on the
ridges as opposed to 43% who planted on a flatrgtoOn the ridges farmers can also plant
two rows of the vines. The few 22% who choose &mpbn the furrows expected the vines to
spread on the ridge and therefore produce fronethidre flat land planting was chosen as the
crop does not age quickly. No fertiliser or manapplication is used. Only one respondent in

Runyenjes used 23-23 fertiliser as she wantedtiatenfast root formation.

This analysis of the planting strategies of swedaioes reviews that majority of the farmers

refer to plant on the ridge as opposed to in thefand on a flat ground.

Sweet potato post-production process
Triggers of harvesting
There are two main indicators of maturity of sweetatoes where the soils start to crack and

the roots try to protrude out or the aging of thepand the leaves turn yellow.

Harvesting process

There are two ways of harvesting sweet potatoesraipg on if everything is harvested at
once or piecemeal. One time harvesting is doneabydrs who plant on rented land and
mainly for commercial purposes. They harvest akéd ta the market the same day. In this
process the vines are first removed and the foekisiaised to dig out the entire farm. In piece
meal harvesting, a sharp stiak6ru’ or a blurt machete is used to avoid damagingetttae
crop. It starts with the base of the vine dependingwhere it was planted. Hilling after
harvesting is done for the small ones to continggarding and to prevent the vines from
drying. On the second round of selective harvessndone where big roots are traced and
removed. Based on the variety planted the farmetheavest 2-3 round before the entire crop
is harvested by digging up the entire plot usifgea. Harvesting of modern varieties of sweet

potatoes starts as early as 3 months while withrétktional varieties takes 9 to 12 months.

Grading and Storage
Grading is done to remove the diseased and danmtageds. For market purpose different
sizes are sought based target. Their storage s c@tnmon practise due to the short life span.

Harvesting is when needed either for consumpticiaken to the market the same day.
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Consumption

Sweet potatoes are primarily either boiled or redstnd consumed with tea for breakfast or
lunch. One farmer talked of frying with other rdabers like cassava or with bananas while
another talked of mixing it with wheat flour to nea&hapati This two were real cases and

did not come out as common practices among theifigrmommunities. This means that

sweet potato consumption is still based on thettaditional recipes of boiling & roasting.

Summary of sweet potato production among the farmex

This review indicates that farmers grow they consuemd market sweet potatoes. They
associate it with having inbuilt soil fertility tta and therefore planted in plots considered
infertile. They production is however in very smatlale and this is associated with three
main constraining factors. The high incidence oéstpotato weevil, lack of reliable source
of vines and lack of new techniques of utilisatminsweet potatoes hinder their maximum
usage as an adaptation crop. The efforts takemdoyarmers to overcome the first and the
second challenges are planting on areas consigardr than others and planting on ridges.
The thesis recommends a need to tackle these pimalwnd post production challenges of
sweet potato to increase its importance as an aiiaptcrop. There is need to reverse the
place of sweet potatoes among the community byrawgavailability of varieties tolerant to

pest or management practices that reduces thedtites

5.3 Sodality: On farm research
In the technographic analysis the scientists wedmmntified as the sodality due to their
acquired professionalism. The concept was usedntlyze the practices of science as
performed by the scientists. The research siteg wet in three divisions of Embu district,
Manyatta, Runyenjes and Nembure and in farmerkidieThe overall aim is to investigate
the “ effects of farmers’ resource endowment, graied temperature increase and rainfall
variation, on soil Organic carbon and intern itkeeff on potato and sweet potato yields in
Eastern Kenya” (Gacheru et al 2008). Three differesearch designs were observed and
each had a different objective with a differentiables being tested. In the first one potato
experiments were laid in individual farmer’s platsthe three divisions. The independent
variable or the technique being tested was mulctpotatoes with maize stover. The
contribution of this technique to soil fertility, aisture level and yield were the key factors
being analysed. The second experiment was badedrigenjes division alone and involved
the different planting strategies of sweet potatoese were the independent variable, in the
furrow, on the ridge and on a flat ground. The @pta observed were moisture content and
nutrient level in the soil at different stages obwth and within the planting strategy and

finally the contribution of their biomass on theilstertility. The third experiment was
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discussed under the task groups where higher aiienaof farmers and scientist was
observed in potato production. These research emeets are part of an ongoinghD
project by a KARI scientist sponsored by the TOAject (CIP 2007).

5.3.1 Materiality: of on-farm potato trials
The concept of materiality was used to identify finactices of potato production and their
usage as data sets for TOA development. The ddtactton methodology used was
participatory observation and informal discussionrimy experimental lay out and
implementations during land preparation, plantidgta collection and harvesting and in the
WUR/CIP PhD land dynamic workshop in Embu. The idehind observing these processes
was for purposes of comparing with farmers’ progucipractices. The two being actors in
the TOA model it facilitated identify the synergigsd point of divergence with the process of

making technology.

In this experiment mulching of potatoes using défg quantities of maize stover is the
technique under investigati@md no mulching as the control. The aim was tordete the
yield of a specific potato variety under varyingl sganic matter content in small holder
farms (Gacheru et al 2008).The replication in theee division of Embu district enabled
comparison across the different agro ecologicakzdihe data set included collecting soill
samples to analyse the nutrient build up and watédling capacity improvement over time
and space. The discussion below filters out desonp of scientific potato planting
procedure as to a larger extent they are similéhedarmers. The observation although took

place in all the sites the data is aggregatedpesent one scientific practise.

Construction of land to fit scientific guidelines

The plot where the potato experiment laid was fith no perennial vegetation and away
from shade or any other obstacles. It was seldoted the main farm and was divided into
twelve equally sub plots and semi permanent peed tessidentify the boundary. Two equal
paths run parallel separating the treatments soits pind three also equal paths run parallel
separating the replicates sub-plots. This strudiam the previous first experiment was not
interfered with during harvesting as the same imeat was continuing through out the
project process. The decaying maize stover which used as mulching in the previous
experimental was visible and although incorporatetthe soil one could identify the sub plot

which had the highest amount.
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Potato cultivation under the scientific procedures

Potatoes were planted in a standardized way ithalplots and sites. This was in the furrows.
Each plot and sub plots had equal number of furramg each was planted equal number of
tubers. The purpose of this was to ensure thatrdifice in yield per sub-plot was not
associated with number of tuber planted. DAP fedilwas broadcasted in the furrow in each
plot. However unlike the farmers the plots receiegghal amounts of fertiliser which had
been pre-packed in polythene bags. No manure walgedpA little soil was sprinkled to
cover the fertiliser and the seeds were arrangeldcanered forming a heap. These were

followed by respective mulching treatment.

Mulching as an independent variable

In the scientific practise the manipulation of thdependent variable was referred to as the
treatment. These were; using little mulching, medimulching and finally a lot of mulching
and no mulching as control. The amount used duhiagsecond planting season was a repeat
of the previous season where each plot receiveitasitreatment as the previous season. The
plots that had received the highest amount of nmstiaeer in the second season received still
the highest. Those that had not been mulched ardh&ol remained like that for the second

time. The amount used in each site was dependethieodry content matter of the stover.

Source of seeds

The experiment used certified seeds from farmessdcated with KARI-Tigoni station in
Central Kenya. The distance from the seed sourdbemlanting farm was approximately
200km and could take four hours drive. The seedsledd to be standardised by size as well
as variety. This was a problem as was proved byléleesion to return two sacks of the tubers

to the seller for having not being graded.

On-farm potato experiments as embedded in the TOA odel

This kind of scientific set up where the technigfienulching potatoes is continuously done
in technology development determines the impadédtfnological changes in environmental
conditions (Stoorvogel 2008). The data set requisesbil nutrient and moisture level, crop

yield, mulching management and rainfall and temjpeeadata. All these contributes to

environmental impact of agricultural production d&wvogel et al 2004). They are site

specific meeting the data requirement of TOA madeétre the experimental set up captures
three agro-ecological zones giving specific detaifsch can be extrapolated to larger spatial
variation needed for policy decisions (Stoorvogehle2004). The development of the TOA

model observed in these experiments are baseduantifjable indicators” (Stoorvogel et al

2004) of agricultural production. These are depahdea land qualities that influences water
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and nutrient availability and climatic charactadstlike temperature and rainfall (Stoorvogel
2008). Replanting and mulching potatoes in the galoteover a period of time is an essential
determiner of the impact of technology across spamktime. It influences soil texture and

depth the essential indicator of land qualitie®¢Btogel 2008).

Summary of the scientific practice of potato produton

The procedure of planting potatoes within the ddierpractice is to a large extent similar to
the farmers’ practice. They both plant during timg deriod in the furrows, they use DAP
fertiliser with the same spacing logic and finadigvering and mulching with crop residues.
The main point convergence is the use of potat@es astarting crop for soil fertility

improvement and use of mulching techniques asr@wcuadaptation technique.

The comparison between farming and scientific prastof potato production identified a
key point of divergence. This is particularly idatéon to decisions and logics behind potato
production, mulching and soil fertility improvementhe scientific community planted
potatoes in the same plots for the second timebasdd on the data requirement of the TOA
model this is planned to continue. The scientifigi¢ behind this is that the impact of the
mulching technique on the environment or soil syst@meeds to be analysed over time. This
is due to organic matter build up from the decayimgjze stover. This is meant to improve
the soil nutrient level and water holding capacithe farmers on the other hand do not
believe in continuous production of potatoes in $hene plot. They practise rotation where
the plot which had potatoes is planted maize ingbeond season and beans in the third
season. Their logic is to avoid build up of pest diseases and to distribute soil fertility from

the mulching technique evenly in the entire farm.

There is need to reduce Tradeoffs and increasegigseetween the two practices. This is an
important consideration behind developing an admptatechnology. It requires higher
investment with local stakeholders using highertipgatory and interactive approaches.
They involvement should be from the initial desigpiof the site specific experiments to
completion and analysis. For instance an imporsaagie could have been to identify and
assess the impact of climate change on alreadyirmpgotato techniques which could have
been an outcome of a participatory approach. Thiddcbe followed by assessing their
viability as adaptation technologies that are soalde with anticipatory climate change. In
the TOA model development the basis crop data cbeldhe potatoes, maize and beans.
Relationships between the three crops could berdited based on their soil nutrient needs
and contribution as well as crop characteristks toot systems and morphology. This could

equally mean investing different research orgaimisatith different mandates and a more
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interdisciplinary research. This in my opinion abhiave added value and avoided a remark
from an individual farmer who askedk“this not an obvious experimenthis was froman
informal interview where the farmer felt that thesult of the potato yield was expected. In
her opinion the plots with the highest mulching enatl could yield the highest while the
control plots with no mulching would yield the lea® the first season as was visible during
the second planting the stover were not decayedimgahat soil nutrients were more less
the same. There was therefore no much differenggeid realised in the potatoes with the
treatments. The added nutrients were not used &éyctbp. The difference in yield was
expected in the second season. The yield resultseoéxperiments for the second season of
the project was as expected. The highest yieldseghlwas in the plot with the highest
mulching material, followed by the medium treatmethe third was the plot with little
mulching material and the last was the control.pltiis was in relation to weighted Kilos.
The scientists were more interested with the sidisanalysis determining the significant
difference. Unfortunately in one of the sites tlntgpoes were attacked by a disease that was
not identified but was not declared as bacteridtl. Weest and diseases were identified as one
of the limitation of TOA (Stoorvogel 2008).

5.3.2 Materiality: On-farm sweet potato trials
This experiment was set in Runyenjes division oftlynvolved planting of sweet potatoes
using three planting strategies as the independiable. These are in the furrow, on the
ridge and on a flat ground. The objective of tlisearch design is to analyse the potential
contribution of sweet potatoes planted in differesttategies to soils ecosystems for
anticipated climate change (Gacheru et al 2008k Jdction will identify the social-technical
interactions and arrangement between the scieatist the individual farmers. It also
describes the construction of land for and finaliyl identify synergies and elements that

could have been filtered out in the process of nkine technology

Social-technical interactions and arrangements

The experiment was set up by the scientist in tifierént plots belonging to two brothers
and laid parallel to each other. Some were theegfoone farm while the others were in the
other. It was based on cost sharing basis wheréatheers volunteered the plots while the
scientist was responsible for the experimental @mm@ntation, management, and
administration. The farmer could benefit from tlmaf produce, while the scientist used the
set up to collect data for the TOA development. Tiethodology used to collect data was
participatory observation and started two montherafines had been planted and had started
flowering. Due to time limit research time elapdmfore harvesting was done. The level of

interaction observed was restricted to the landevs/wvho followed the instructions given.
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Research design and interactive learning

In the first farm which | will refer to as Emilyfarm the plot was divided into three sub-plots
and each had a specific planting strategy. Arolnedd plots the farmer had planted guard
rows of sweet potatoes on the ridge. She had aselaped her own plot parallel to the
scientists and planted double rows of the vinehernridge and mulched with grevillea leaves.
The research designs in Emily’s farm were replaratin the second farm referred to as
Njeru's farm. The difference between the farmingl agientific practice is quite visible in
Emily’s farm. There is land maximization within thegic of the farmer as shown in double
rows and also water conservation and temperatutectien with mulching. Although the
farmer had planted the local varieties while thersiést had the improved breeds, it could be
interesting to compare yield per land size.

Two sides of coin, the farmers and the scientigwion performance

The experimental set up was in the middle of tlenga In the first and subsequent visits to
the farm the vines were weak, retarded and drymglthough a few had small fresh flowers.

Emily the owner of the first farm could not hideetidisappointment she had for the poor
performance of the experiment. She associated thitkdate planting and dehydrated soil.

The vines had not received any rain since planflig scientist recognized the opportunity
for good data as could determine the moisture obviéwel that had sustained the crop that
far. In the household interviews farmers are optinglant sweet potatoes in plots with higher
water table mainly because dehydrated soil arecated with sweet potato weevils but not

because of poor performance.

Data requirement from sweet potato production foOA development

The data requirement for the crop growth simulatiothin the TOA model was based on
crop growth characteristics and soil qualities. Taa determining the crop characterises
included crop germination rate, crop cover and
biomass. The three had different methodology
and different equipments of determining them.
This was done for comparisons across the
planting strategies. The strategy with the
highest of the three supposedly should correlate
with soil nutrients and moisture levels. This

was determined by collecting soil samples

using soil auger.

Figure 15: Soil sample collection using soil auger
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The soils were taken in each plot using specifad communicated scientific procedures. The
soil depth had to be uniform and soil was samplethfthree different portions of the sub-
plot, mixed in a container and a small portionh@ mixture put in a plastic bag and labelled.
The samples were taken for laboratory analyse®utitity and moisture content level. These

data collection element were carried out sevensdi

S :
R T

Figure 16: Farmers vines next to the scientist, ddale rows & mulched

Summary of the sweet potato production as a data stor the TOA model

In analysing the sweet potato production practietsveen the two actors the study revealed
that the three planting techniques being testeth&scientist are ongoing within the farming
practice. However in relation to climate changepaakion planting on the ridge is more
preferred than the others. 78% of farmers in Nemlohioose the ridge than the furrow, while
in Runyenjes 57% of the respondent plant on thgerttian on the flat ground. Sweet potatoes
are identified by both as a source of soil fegtilitue to the amount of biomass it produces.
Pest and diseases hinder production and this sodagy development was recognised as
one of the limitation of the TOA (Stoorvogel 2008he research priority setting in fig 1 of
Stoorvogel and Antle (2004 p. 45) suggests threg feeindation stages of the TOA,;
identifying sustainability criteria, formulating pgtheses for potential tradeoffs and finally
identifying disciplines for research project. Tlgsan important for the TOA development

and to identify local needs with their realitiesma@reliminary work and details is needed.

This study reveals that the challenges of sweedtpowveevil are perceived as caused by
dehydrated soil. The adaptation by the farmer® iplant on the ridge in plots with higher
water tables. Sweet potato biomass and its comioibtio the environment regardless of the
planting strategy cannot be ignored. However ecandmsses due to infestation can be up to
80% and opportunity cost of land if maize for exéenpas planted needs more investigation.
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5.4 Task group: Research groups

The concept of task groups was used to study tipadmof higher level of integration of
farmers and their farming practices in scientifesearch and how it shaped adaptation
technology. Two task groups as units of analysigevigentified, the scientists group and the
farmers group. This methodology was used due tabifity to identify a task that joins the
group, the purpose of the group and how it relaiés the environment (Richards & Vellema
2009). It analysed the internal interactions ofgheups and what glues them together as they
interact with the material object the potatoes.ti€ipatory observation and informal

discussions with the farmers and the scientistsusad to collect field data.

Composition of the task groups

The scientific task group was composed of the Gtipept leader, scientists from IARC and

NARS and the PhD student. Apart from the scienbsisg involved in the two experiments

discussed above they invited five groups of farngmead across three divisions of Embu
district. Four of them were based in the two doisi under observation of this study, 2 in
Runyenjes and 2 in Nembure division. This groufanfers formed the second task group
which was the main focus of observation. These ggavere already in existence before they

were invited by the scientists to participate ia gnoject.

The identified task of the groups

The harmonised interest of the two groups was ®ende the productivity of potatoes if
mulched with maize stover, with grevillea leavesuleched with maize stover after
germination and weeding and no mulching as coniroe farmers’ benefit was viewed in
terms of experience they gained and obtained giéamting tubers from the produce. The
scientists’ interest was the data collection fa TTOA model. The first stakeholder workshop
was conducted before the observation of this stliig. outcome was the planting strategies
of potatoes with specific focus on mulching as vesllaction plans that described the groups’
task and responsibility. This information was remeg during the second workshop which |
participated and observed. Each farmer group peovidnd, labour, manure and mulching
material. In some groups the scientist had to tgsgetting maize stover from other regions.

The researcher on the other hand provided theiptpseeds, fertiliser and pesticides.

Group purpose

The group population ranged from 15-30 farmershlmén and women. In this experiment
there was a higher level of interaction betweenrsttientist and the farmers than the other two.
The farmers’ groups remained focused and edgeiater conclusion of the best adaptation

strategy. They were in charge of the experimen&nhavhen the scientist was not there. No
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new member joined in during the process but thexe evidence of sharing material gain with
non members. The officer from the MOA was preseravery village level meeting where
joint activities were conducted. Her presence wasnsas a means to facilitate the

continuation of the project once CIP/KARI pulledt.ou

Production constraint

Choice of land

Three of the plots the farmers had availed for erpental purposes had not met the
condition of the scientist. There was need for alinstandardized plots to avoid inconsistence
and interference with the yield results. Some gsdugd burnt trash inside the experiment plot,
others had chosen a plot where there was traceswofthed on one side while the other had
trees creating shade. All these elements were ulaged and some plots disqualified

requiring more search for better plots by the fasme

Bacterial wilt

Bacterial wilt being a common challenge in potatodoiction the two groups agreed on
reliable disease free seed which was the resptitsioi the scientist. She purchased from
certified farmers associated with KARI-Tigoni. Thesere hybrid seeds and of high quality.
Disease free land was left at the prerogative effénmer groups. To do this, farmers had to
consider the history and previous usage of the .fé&on example farm that had not been

planted potatoes for a long time was preferred.

Social- technical interaction in the group

The group members in this experiment unlike the Bxperiment where the individual farmer
owned the entire produce, these members had te #hamproduce among themselves. Prior
agreement with the owner of the plot was therefnegessary to avoid conflict after
harvesting. This was the responsibility of the groBome opted to rent land. Others were
given for a season but with clear terms on shatiegproduce equally. In one of the groups

the farmers gave the plot owner, also a membeddni@nal portion as appreciation.

Planting process

Needless to repeat, the potato planting followedilar steps as described in the first
experimental set put. The plot sizes were smalldr few and shorter furrows allowing few
tubers to be planted. The cause of this was ors @elected by the farmers and need to
standardise in all the groups. The paths left betweplicates and treatments were seen as
waste of land by the farming community. They womrdieif it was a practise that they needed

to also do in their farms. The paths were expla@gdreating standing points while learning.
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Mulching

In this set up, mulching was the technique undatyais as an adaptation technology. It was
referred to as the “treatment” and therefore thiejrendent variable. All the groups worked
on the harmonised treatments; mulching with mai@ees and mulching with grevillea leaves
immediately after planting, weeding and mulchingapmes after germination with maize
stover, and finally the control where potatoes we@ mulched but weeding after
germination. This was replicated. To break down ghientific jargon into farmer friendly
terms, the replication was referred to as thressels and the treatments as four subjects. The
classes were doing to study four subjects. Theesulyith the total highest score from all the
classes could be regarded as the best adaptatidegst To determine which treatment was
to be done on each plot voting method was usedr Balloting papers were written the
treatments and folded and four farmers numberedl iere asked to pick. The first farmer
picked the treatment that was done to plot numkteerdLso on. This was repeated until all the

plots had specific treatments.

The farmers were responsible of bringing the muighinaterial. The material came from
different farms resulting to a lot of inconsisteticat is not accepted in the scientific practice.
Grevillea leaves brought for instance had a mixifrdresh and dried leaves. Others had
many sticks and had to be pruned away. This rabindtdifferent quantities being used in the
different groups. Three sets of weighed maize stovare placed aside for mulching after

weeding.

Division of labour among the members of the growps easier than in others. For instance
some group leader divided the task upon realisiagthe mulching material was not enough.
Some went to get more while others were left prgrff the sticks and others were involved
in weighing and taking the mulching material nda plots. At planting time, all the group
members were involved. There was excitement, discusand comparisons with their
farming practices. The selection of treatmentsubhovoting made the participating farmers
own those particular plots. This was observed ag talled their friends not involved in the

voting to help in applying the treatment and waritedee how they “class” could perform.

Summary of the task group in experimental set up

The replication of the experiment for purposesafrer learning according to the scientist
was not necessary; however it was done for purpofemllecting scientific data where
replication is mandatory. The learning process Matimers used only one set with the four

treatments. Only the yield after harvest was coetbito determine which had the highest.
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This kind of research design prioritized the farsh@eeds. The higher level of integration of
the farmers’ practices and ideas shaped the résdagign in different way than the rest. The
purpose of using both mulching material is to indéég the farmers’ actions which involves
using either of the crop residues as adaptatiostegfies in potato production. Use of
Grevillea leaves is up coming as an alternativliéancreased scarcity of maize stover which
faces reduced production as well as animal foddellenges. They are both considered slow

in decomposition and therefore can sustain thégrdaring the growing season of the potato.

Post production process

Triggers and processes of harvesting

The harvesting timef this experiment was late January after most éasnmhad harvested
their own crop. These delay was associated withnptg logistic of the scientist, however
the potatoes had dried both the leaves and thesstBaveral data sets were taken before
harvesting, germination count for all dried stemd aoil samples to determine the moisture
level and the nutrient content at the time of harvgere taken. The rest was on yield and was
taken after harvesting. A fork hoe was used todwtrvT his choice fell under normal practices
of the farmers. The harvesting process as expldiyetthe scientist to the farmers was each

plot harvested individually and all the tubers kegparately.

Grading and results

Grading was done per plot where three grades weterdined. The marketable size referred
to as ware, medium size or seed/egg size andyfitiadl rejects. The rejects as defined by the
scientist were the very small, unintentionally dgethor had pest damages. According to the
farmer only the diseased and the damaged by pegks be considered as rejects. Within the
farming practise the damaged could be consumetdfditewed by the very small or as well
kept as seeds. The total yield was determined bynmitubers of similar grade in their
respective treatment. Care was taken to avoid s@rfuA particular pattern was followed in
weighing. The yield from the maize stover treatmeas first where the ware, then the seeds
and finally the rejects were weighed. This wasoiettd by grevillea treatment with the same
pattern; the third was the yield with the treatmetiere weeding and mulching was done

after germination and finally yields from the cair

Summary of the potato production with integration d farmers’ views

In this particular research design both economitemvironmental consideration of mulching
materials is considered in the TOA model. Maizevastds considered by the farmers for its
economic benefit as animal fodder and this takasifyr. Grevillea leaves do not attract any

economic value and makes a cheaper alternativenfdching. This design provides an
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opportunity to test both materials subject to beduby the farmers. Using the model to
determine the best option with highest results imnflluence adoption rates (Stoorvogel et al
2004), for instance the knowledge on facts andréigwf benefits of using one and not the

other. The farmers can therefore choice a mulchiaterial from a point of knowledge.

Summary: The process of making TOA model, Technogghic analysis

Chapter 3 discussed climate change as a realityinmMhe micro spatial scale of the local
farmers. Chapter 4 analysed several adaptatiomegtes which involves crop and land
management. The two were combined in a crop dieaion and soil fertility program. This

is where three crops were identified; potatoes,zen@nd beans and operated under crop
rotation and mulching as a production technique arstrategy for adaptation to climate
change. This has a positive impact on crop perfoo@aand in soil fertility improvement.
Chapter 5 narrowed down to analyse how farmers thadscientists are interacting with
potatoes and sweet potatoes as material objectinwihe development of adaptation
technologies. This is because they are the maipscidentified as starting crops in soil

fertility programs and they are as well the maitadzet for the TOA model.

In comparison of the practices of the farmer aral dbientist, important points of synergy
were identified. The practices view the two cropseasential in soil improvement programs.
Potatoes are considered due to their mulching reqpaint as a production practice. For sweet
potatoes, it is due to their high biomass that {mgduce. Several potato mulching materials
were identified, from maize stover, grevillea t@@mbination of grasses, bananas and any
green vegetation. The use of maize stover is aligdié by its multiple uses especially as
animal fodder. This requires a detailed data cttlacfor Tradeoff Analysis model to give
specific recommendation. Its availability is aldwallenged by crop failure due to reduced
rainfall. Sweet potato production within the regida very low and this challenges its usage
as adaptation crop. These is associated with laggs rof infestation by sweet potato weevil,

lack of planting material and lack of modern tecju@s of its consumption and preservation.

The diverging points and logics were also identifie the comparison process. The farming
practice supported crop diversification and rotatio break the disease and pest cycle and to
spread soil fertility in the entire farm. The sdiBa practice embedded in the TOA data
requirement encouraged continuous potato produetitn mulching in the same space over
time. This practice did not fit in the farming ptige and could be the first challenge of
implementing decisions made using TOA model. Thishowever not to undermine the
important of determining the impact of technologichanges in environmental conditions

(Stoorvogel 2008) where data on soil fertility lodilp over space and time is needed.
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Figure 18: A photo showing scientific practice of [anting sweet potatoes on the ridge
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CHAPTER 6: DISCUSSION, CONCLUSION & RECOMMENDATION
This study aimed at contributing to adaptation rsoéeby exploring the adaptation activities

on the ground. The study analysed the modes ofratieg current farmers’ adaptation
initiatives to future scientific adaptation modedli This was viewed as an essential
component for the current and future adaptatiohrtelogy development and deployment of
the same. The first step used the lens of climaémge to analyse the farmers’ perceptions to
climate change and variability. This was followeg discussion on adaptation strategies or
actions that farmers are undertaking to overconae dallenge of local climate change.
Results of step one and step two addressed resemettion one that looked at the
perceptions of local farming communities to climageiability and change, and how this has
influenced their adaptation strategies. Potatoek saveet potatoes being the main data set
crops in the TOA development had special attentiotine thesis. The way the farmers and
the scientists interact with them through theiried practices was identify. These aspects
answered question two of the research which andlybe processes, synergies and
divergences in the process of making TOA model. el question focused on how the
individual farmer’s adaptation options and stragsgtould be integrated in the TOA model
for effective development and deployment of antitopy and public adaptation. The research
guestion three actually linked the other two rede@uestions and provided the basis for the
discussion chapter. It identified and suggestegdtiet of linkage or the meeting space of the
farmers and the scientists. It explored the conmedietween the exogenous and endogenous
decision variables in adaptation science and tdogalevelopment. Synergies and tradeoffs

between the types of adaptation were analysedreechanism of shaping technology.

Technography as a methodology in climate change api@ation research

Technographic analysis was used to analyse howrtietise of science and the practise of
farming is socially shaping adaptation technoldjye TOA model in adaptation science is a
decision tool to guide policy makers in assessitmnemic and environmental sustainability
of technologies and policies (CIP 2007). Differstakeholders are involved in the assessment
including farmers who are indirect and final beaigfies (CIP 2007). Involvements of
farmers in the assessment justified their selectiorinvestigating their perception and
contribution to the process. The technographic outogy analysed the materiality of the
potato and sweet potato in the farming practicee@bas in the scientific practice. It enabled
the organisation and description of data is sedgientiys that allowed easy comparisons of
social, cultural and technical processes. Thisesyatic process gave a break through into the
complexity of climate change and adaptation amdrwgfarming communities. It identified
new techniques among the farming community withigiveen time and space. The meeting

space of the two actors allowed comparisons ane wescussed as synergy and points of
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divergence between the different practices. Thehatktlogy considered different social
scales starting with the lowest level of a farniredjvidual farmer working with the scientists
and group of farmers or village level social scalee write up of this technography analysis
was useful in describing human systems and matebpdct interactive processes. These
processes were described together with the logftgshe actors in a detailed way.
Technography was however limited in capturing tthenegrapher insight and inferences. Its
use to describe techniques of similar material @bggnong many actors involves a lot of

repetition before attaining a point of linkage andonclusion.

The role of local, narrow spatial scale climate prction

The fourth assessment report of the IPCC (2007bgsderts that the “world wide climate is

changing” and will increase the vulnerability ofriskn agricultural production. This is due to

reduced growing seasons due to uncertain futurgathiscenarios and higher temperatures
(IPCC 2007a; Ngigi 2009). Climate change projectiane based on global scenarios which
are subject to great uncertain (Klein et al 200%)is was also acknowledged in Stockholm
Environment Institute report submitted in advatc€OP 15 (SEI 2009).

Climate change based on narrow spatial and sama#sis an area that has not received a lot
of attention among the scholars. Correlating glataulation models of climate projections
with the experiences and observations of the looaimunity can tackle the uncertainty and
challenge of climate variability and climate chan@Gémate change based on analysis of the
perception of farmers living at the slopes of MoKeinya and as a micro phenomenon is a
reality. This view is based on narrow spatial, temap and social scale dependent on
experiences, observations and interpretation otipedandscapes surrounding the local
communities (Roncoli et al 2002). The climate anlkesathey have observed are average
reduction in rainfall, changes of the wet foggy t@inseason to dry cold clear season and
increased temperatures. While global climate chasgassociated with global scenarios
reflected in economic development, population ghovaind consumption (Klein et al 2005),
local climate change is associated with negativearrhto the environment by local human
induced activities. These to a larger extent afleaenced by national and global agendas like
modernity and religion. They were identified astdedion of natural forests or shrines,
increased population pressure on agricultural lahd, over exploitation of the wetlands,

irrigation along the river banks and industrialiaat
In 1992 the UNFCCC in Rio de Janeiro establishew @ations; mitigation and adaptation to

deal with climate change (Schipper 2006). The cpha# adaptation as it continues to

develop within the UNFCCC emphasises adaptatidattoe climate change based on global
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circulation models. Adaptations by local farmersl @emmunities have been refereed to as
adapting to climate variability (Klein et al 2008)rlove (2005) noted the difficult involved in
distinguish the two especially at regional spedifimatic conditions due to earlier societies

negatively affecting their environment.

Analysis in chapter 3 and chapter 4 suggests ajggmashift that considers African farmers
are experienced challenges of micro climate chatgmomenon. This is however coupled
with other multiple stressors which have negatiwesequences on food security (Boyd et al
2008). This is confirmed by the general decreasagmcultural productivity with a specific
mention of bananas, coffee and tea in RunyenjedNsmabure division. They importance as
cash crops is going down resulting to overdeperel@mcmaize and beans both as food and
cash crops. Production of potatoes and sweet m@stace considered important food crops
that can ensure food sovereignty, improve envirorinmoil conditions and uplift the

economic states of the homesteads but their primsiuist hindered by pest and diseases.

The farmers’ adaptation occurs in the midst of otla-climatic stimuli that either influence

or hinder adaptation. Acquired skills and experé&nof the farmers, their culture, peak period
of farm labor, non farm entrepreneurs are all lwas®vard early planting and therefore
adaptation to capture the first rain. Other factirgler adaptation; mixed farming increases
competition for plant residue as livestock fodded anulching material, lack of seeds at
planting time causes delayed planting, spirituadibes not allow planting at specific days,

small pieces of land demand maize to be plantstiftitlowed by beans as an intercrop.

Farmers’ experiences on seasonal climate forecasgin

This review was used to discuss how climate andatk information is viewed among the
farming communities. The analysis of farmers’ pptimn on use of scientific and local
knowledge forecast identified challenges experidnedien forecasts are used as aid in
decision making process and in adapting to clinchiEnge. The farming community in the
study area has access to both types of forecast. pfactical challenges experienced in
utilizing the scientific climate-related forecagtemed a framework to theoretically explain
the consequences of viewing climate change on arvéicale than on narrow local scale as a
micro climate change phenomenon. The discrepanivyele® how farmers perceive seasonal
climate forecast generated by scientist was notedRdncoli (2006). Kenneth and Praff
(2002) discussed their limitations as hindrancethteir potential benefits due to lack of
appropriate spatial resolution for regions of iagtr The FGDs in the study area identified
onset of rainfall seasons and duration as the aspect of weather that is most important and

discussed local means of predicting it. The sdientorecast information although highly
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accessible through media receives low reliabilitg aonfidence from the farmers. This could
be associated with its inability to predict reliathe duration and distribution of seasonal
rainfall (Roncoli et al 2002). Integration of sdific forecasting with farmers local

knowledge has been advocated to allow inferencead®ti 2006) and as a way of reducing

misinterpretation (Kenneth et al 2002).

Analysis of farmers’ experience of the 1997-98Niio and followed by the 2009 EIl Nifio
projections revealed that there are other key factbat hinder the maximum benefit of
scientific forecast other than misinterpretatioheTatter is ruled out as the main hindrance as
weather information is translated and transmittedthe local language. The challenge
proposed for further evaluation could be due tcegalivation and large spatial scale at which
scientific weather forecast are based. Secondli Iafc repackaging and delivering the
information in appropriate form to the target andie (Kenneth et al 2002). This is evidenced
by the reported reality of the 2009 projected HidNwhich varied in various regions. At the
Kenyan coastal and southeastern region a bumpezenwbp was expected due to the
enhanced rains (IRIN 2010). In the study area fesmeported that the rains prolonged till
January, however magnitude wise it was not the agrpeEl Nifio. They equally confirmed
high maize yields. Other parts of the country eigrered flooding where people were killed
and damage caused (IRIN 2010).

In September before the onset of rainy season farmsng local knowledge observed the
moon which was “U” shaped and interpreted the oladiem as an indicator of high rainfall in
their region and the entire country and therefoqgeeted good yield. This observation to a
larger extent was right as the region experienégld tiuration of rainfall, enough for maize
and banana production which requires a lot of tairgrow. This interpretation of local
experiences and observable natural phenomenon aldegthe scientific weather forecasts
can improve local farming decision making and sdition of climate opportunity and
avoiding the risks. In reference to adaptationrsme local experiences and observation needs
to inform the wider debates and analysis of futtlimate preparedness and adaptation. The
increased climate uncertainty and vulnerabilitytedf farming community demands reduction

of risk through appropriate and well delivered mfiation and technologies.

Adaptation strategies on the ground

Chapter 4 and 5 described and analysed how thdnigraommunity in Embu district and

CIP/KARI scientific community are responding tonadite change and variability. The goal
was to identify and compare adaptation strategiiBirwthe institutional modality of the

farming communities as well as within the sodatifythe scientists. The strategies of the
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farming communities are treated as adaptation wdiemate change is centred within the
local micro observations and farmers’ cognitive exignce on climate phenomenon. This
includes decisions and actions they within the dem@and dynamic process embedded in
livelihood practices. These actions by the locainfers have been referred by scholars as
reactive, autonomous and private adaptation (Adgal 2005; FAO 2007; Orlove 2005). The
scientists’ adaptation strategies are based on teng future climate assessments with
conscious and deliberate policy actions. This Hsaen referred to as anticipatory, planned &
public adaptation strategies (Adger et al 2005; FXID7; Orlove 2005). This thesis agrees
and contributes to the work of Adger and Arnelld2pon “successful adaptation to climate
change across scales”, which views farmers’ stiegegnd actions as both reactive triggered
by past or current events, as well as anticipabayed on assessment of future conditions.
Further more, the analysis reveals that their ctirmetions are equally based on micro climate
change phenomenon they are observing and expergen&iconsideration of this fact within
the adaptation policy can yield substantial beseéfitsupporting and developing anticipatory,

planned and public adaptation technologies in Kenya

Despite the micro climate change experienced dtwieu remains the main source of

livelihood among the farmers in Embu district. Tlaeg developing techniques to adapt to the
unpredictable rainfall patterns and the increasedhperatures. These techniques were
identified during the FGDs and formal househol@iviews. They were categorized into two
based on purpose and mode of implementation (Aetgat 2005; Smit et al 2000) and were
observed in crop diversification and land managem@&he most important adaptation

strategy identified in this study among the farmeosnmunity involves diversification of

three crops; potatoes, maize and beans, and tiogirrotation in response to the fragile soll
conditions. Potatoes in the rotation program ame pheferred starting crop as they are
mulched with plant residues which act as organitliteer for the maize and beans. Sweet
potatoes are also considered as a soil improveaneptdue to their generated biomass. They
are planted in plots delayed infertile and aftervlst, beans are planted with no artificial

fertilizer added.

The TOA model field experiments were initiated 02 and forms the part of the field work
that collects data to feed into the developmenthef TOA model. The data source is from
potato and sweet potato on farm experiments. Thmitant observation identified is the
methodology used to build soil fertility and moistuevel for purposes of analyzing the
impact to the environment with changes in technpld§toorvogel 2008). This is the
continuous replanting of potatoes and mulching witiize stover within a defined space and

time. In the third experiment where higher levefsfarmers integration was observed, a
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different set up was realized where maize stovewels as grevillea leaves were used as
mulching materials. In the sweet potato experim#raseffects of different planting strategies

to soil nutrient and moisture levels were tested.

Synergy in the process of making Tradeoff AnalysiéTOA) Model

The farmers approach adaptation to climate change holistic dimension. They consider
crop diversification and land management as on¢ fonia sustainable adaptation. They
mulch potatoes with plant residues like maize st@vel grevillea leaves then they do a crop
rotation with maize and beans. This in their opinimproves the soil fertility and breaks the
disease and pest cycle. Sweet potatoes are of#tedl on plots considered infertile as the
biomass generated is perceived to be inbuilt figrtiMajority of the farmers use “on the
ridge” planting strategy. The potato mulching amvdest potato biomass are techniques
existing within the farming community and have bagegrated within the materiality of the
scientific research program. These formed the gynpoint between the practise of farming
and the practise of science. Potatoes and sweatopst are both considered as base or

foundation crops for soil fertility improvement aadil moisture conservation.

The importance of specific crop models can not lwleumined (Ngigi 2009). The
guantitative data collected and validated in thelef® can give specific outcome to lay solid
foundations for policy formulation and strategiamhing (Crane 2010; Ngigi 2009). Crane
(2010 P. 15) questions the process of incorporaijety into models, or “when and how to
incorporate models into society”. In Adger and Alag2005) successful adaptation is
categorized based on spatial, temporal and socaés where sustainability is evaluated
against different criteria. The adaptation modgllican only be useful if societies
controversies are articulated and adjusted (Meatkal 2009). Meinke and Howden (2009)
advocated for adaptation science to stand at thadaosy space between society and science.
High levels of integrations is needed if adaptattmience (Meinke et al 2009) is to be
relevant in the rain-fed agricultural systems imi@ In the analysis of the different field
actors involved in TOA development the integratioh farmers’ within the task group
expressed the highest partnership, participatiomglvement and commitment of the farmers.
This scientific experimental approach opened dtmrsiore actions that met the local reality
and needs of the farmers. The use of two plantluesi as mulching materials acknowledged
the diversification within the farming practises evb maize stover has multiple functions.
The integration creates new insights and wider datkection for adaption modelling that

meets local reality.
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Tradeoffs within the process of making Technology

Adaptation is local specific and should aim at rimgetlocal needs and realities. The
adaptation science should aim at creating synefdiesnke et al 2009) of competing goals
and activities of the locals. This should reduegl¢offs among the diversity of the farming

communities.

In the process of developing adaptation technolmgythe scientists an important point of
divergence between the practice of farming andtjpeof science in potato production was
identified. The scientific community adding valwethe mulching technique by investigating
its impact to the environment requires potato toplamted on the same plot over time and
space. The farming practice furthermore advocatecfop diversification and rotation to
spread the fertility and break the disease and pgde. The scientists look at specific
technical details of the environment that can beapolated into the future; the farmers are
holistic and practical to their daily livelihoodguticalities. This creates a technological gap
between the practises of the two actors. It is alear if these three crop diversification
(potatoes, maize and beans) and rotation techraquang the practice of farming is local
knowledge but it is already embedded within thellhood of the farmers. It is one area that
farming practices can advance scientific practioethe TOA model. At the farm level the
total number of different crops is the simplestezia for measuring crop diversity and acts to
reduce vulnerability to climate change and varigbthat can result in crop failure (Ngigi
2009). A narrow focus of particular elements in@dton technologies for example a crop or
the environment can result to specific details Hratimportance in modelling adaptation. It
can however undermine the opportunities availedhddistic approaches, diversification and

local practicalities of adaptation and local climahange phenomenon.

Analysing the materiality of the sweet potato pretchn and especially the planting strategies
“in the furrows, on the ridge and on a flat grournigése are not conflicting issues. The mode
at which the different actors interact with the stvpotato creates a diverging point between
the practise of farming and scientific practiceeTddaptation modelling collects data based
on planting strategies and the impact on soillfigrtimoisture level and yield. The production
of sweet potato among the farming community is gaiown due to increased challenge of
sweet potato weevil. This is associated with dedygdl soils and farmers opt to plant in areas
with higher water table. The production is incragsbeen limited to farmers with access of
these natural resources. Identifying the best pigratrategy alone will not yield the expected
usage of sweet potato as an adaptation crop. Aentigisfocus in adaptation technologies
need to reflect on soil fertility, moisture levetdapest and diseases. There is need to first

tackle existing challenges before venturing intaife challenges of agricultural production.
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CONCLUSION

This thesis is set to contribute to adaptation remeby technographically exploring the
adaptation activities on the ground and analysiregrhodes of integrating current farmers’
responses to scientific long term projections. Higptically this will facilitate adequate
development and deployment of adaptation technetogihich are designed to address the
impacts of climate change. In chapter 3, | argledréality of micro climate change based on
local experiences and observation of specific leapaes by the farmers. This observation
contributes to the current scientific debate reg@rdvhether climate change is occurring or
not. It confirms that it is already happening based the perception of the farming
community. This community is adapting to climatitaoces by developing new techniques
and ways of doing farming as discussed in chaptdihi is often at individual homestead
level to ensure agriculture remains a source elitiood. Contributing to the work of Adger
and Arnell (2005), the actions taken by the farnsesviewed as both reactive triggered by
past or current events as well as anticipatory dase assessment of future conditions.
Additionally the actions are based on micro climetbl@nge phenomenon they are observing
and experiencing. The development of adaptationeflind and technologies discussed in

chapter 5 represents initial steps towards antigigapublic and planned adaptation.

The finding of this research and its contributienaidaptation science is to emphasise the
value and the need of getting specific localisedwdrdge, practicalities and realities of
farming diversification especially in the contextsmall holder farmers when responding to
climate change. These are under the custody ofottad communities and their integration
into scientific long term projections is essentkdr instance farming communities perceive
climate changes and associate it with local hunaéimities or human induced climate change.
This although coupled with other multi-stressorgioes beyond climate variability as it is
increasing their vulnerabilities and reducing tteaptive capacity. Identifying synergies and
tradeoffs within the practices of both actors iatls that integration and participatory
research has the capacity to socially shape adaptiEchnology that neither of them can

achieve individual.

The relation between crop and soil models beintpdeby the scientific community is a
critical step in developing anticipatory, planned gpublic adaptation. While this is so the
reality of crop diversification and land managemamong the farming community has been
filtered out in the development process. Crop dilfieation is not only an adaptation strategy
but an important aspect of the farmers’ livelihoddiaptation modelling other than de-
contextualising the farmers’ reality should be operholistic view of systems upon which

anticipatory, planned and public adaptation shdaddbased on. Farmers already exist and
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operate within particular defined contextual fraroeg. This exclusion observed within
TOA development process could be attributed to line level of involvement and

participation of the farming community. Kamau (2D@&ason for this could also be due to
lack of “a deliberate effort to find out what datad criteria the farmers look for in a technical
innovation”. Crane (2010) recommends incorporatimg farmers into adaptation modelling

to expand the scope of data required to develggparopriate anticipatory adaptation.

Adaptation science and modeling should not onlypégsed on future climate projections but
be built on experiences and challenges observddrgey, today and tomorrow. Farmers are
experiencing crop failures, increased pest andadese and weather anomalies that increase
their vulnerability and reduce their adaptive cayad hey are taking actions and trying to
adapt to these changes experienced. Adaptaticeega within rain fed agricultural systems
are expected to increase in a future uncertairialascenario (Figure 9 & 10). A strong link

is needed between ongoing actions to climate Jdtialand development of future
technologies for adaptation climate change. Thaikhbe clear within the adaptation policy
of UNFCCC. This combination will meet the curreniinerability, open new opportunities
for future adaptation and will be a prerequisite $accessfully reduction of vulnerability of

small holder and semi-subsistence agriculture inyide

RECOMMENDATION

Research is needed to identify current adaptatiategjies, assess their viability and build on
them for future adaptation. The adaptive local ciapdoecomes the foundation for designing
future technologies. A multi-disciplinary researdor instance, investigating crop
diversification where a cereal crop, legume anda or tuber crop are integrated. Secondly
how rotation mechanism crops could sustainabilityetnthe current and future climatic

challenges and considering the ecological, ecoralraied social political dimensions.

Potatoes and sweet potatoes are acknowledgediempartant crop both as food security and
within the soil fertility improvement program. Hower, a detailed study investigating the
social cultural aspects and marketing of these <tbat hinder their production could be

important step towards improving their value in tbgion.

An approach toward higher levels of integration amgblvement of farming communities
and scientific communities needs to be encouragetiaptation science. This is essential in
unveiling the complexity of the agricultural systerwithin the smallholder and semi-
subsistence farmers. This is from dialogues, figlphlementation and research, policy

formulation and implementation.
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APPENDICES
Appendix 1: Discussion guide during Focused Group iBcussion

Focus group discussion, observation, informal anfbrmal discussions)
TOOL 1: History and Current CC information
a. How does the current middle level farmer understdimiate change?
b. What are the specific things that guide the farmmrsnaking agronomic
decisions? l.e. local knowledge, rainmaker, culhekefs etc?
Do farmer use weather forecast information?
With the knowledge on climate variability what ddabe farmer do to ensure

agriculture remains a source of livelihood?

TOOL 2: Adaptation Practices and decision making pocess
e. What is the farmer doing to fight the climate vhiidy and expect
harvesting?

f.  What has changed in the farming systems

TOOL 3: Technology application
g. Does the farmer have any other relation with agobology seed developed
by research organisations? E.g. hybrid maize qtgon

h. What is the role of potatoes and sweet potatodratiaptation process?

TOOL 4: Potato and sweet potato technologies

i. What kind of knowledge and information does themiar know about new
sweet potato variety developed by research orgémmiSa

j-  How does the farmer use new potatoes and sweatopeérieties in the

efforts of reducing his vulnerability to climateasige?
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Appendix 2: FORMAL HOUSEHOLD INTERVIEW: SHEET NO. ... ..

Coordinates ..........coveiii e, Altitude.......oooooiiii

Introductory statement

This research survey is conducted as a requireafi¢ghe MSc requirement from Wageningen
University. It is in collaboration with the Interti@nal Potato Centre which is currently
conducting climate change adaptation researcheiratba. The aim of the interview is to do
an in-depth study of the role of technology in litaing farmers adapt to challenges of

climate change

Village.......ocoovviiiiiinis sub-location....................... Division..................
Education level (a) primary, (b) secondary, (c) ctdge (d), University
A. GENERAL INFORMATION
What are the main sources of livelihood in the fanty?
1. How big is your farm?
- I <lacre, b......... <3acres, C............... <5acres, d............ ¥E8.C
2. Agriculture
a. Sale of agricultural products from own farm, 1. EaR. Beans, 3. Potatoes,
4. Sweet potatoes or others specify................o..ee.
b. Sale of livestock products:
1. Manure,
2. Milk,
3. Raise bulls for Slaughter,
4.0thers ........ccvneen.
C. Sale of Crop residues..........covvveiieiii i e which one?
d. Sale of fodder crops like Napier grass
3. Enterprises related to agriculture not producethfoavn farm, buys and sells
What and from where? ... ..o
4. Enterprises from sale of forest and forest produttes which one (Exotic or
indigenous) name..............c.ccceeeeennes and as what? Logs, timbgewood or
charcoal
5. Other sources of income: - causal labourer, saidnyp, small entrepreneurship. Give

[0 [<1 = 11

B. PLANTING DATA FOR THE SHORT RAIN PERIOD (OCT- DE C)
1. During this season what crops did the farmer pldntMaize 2. Beans 3. Sweet

potatoes 4. Potatoes others specify.................
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2. What period (in the planting season) was each ptapted? 1. 1 week before the

rains, 2. 1 week after the rain 3. Over 3 weeksrdfte rains. Give reasons to the

farmers decisions regarding the decision on thetipig time. Dates if possible.

® 2 0 T

SWEEL POLALOCS ... ... ettt et e e
OtNrS . e

3. What long term cash crops are in the farm, whap@on of the farm do they
occupy? 1. Less than ¥, 2. Less than %2, 3. Up4orsane

a.

b
c.
d

4. What proportion of land is under food crop cultigator acres...................... ?

1. Less than ¥4, 2. <%, 3. Up to % 4. None

5. What percentage or proportion of the specific ciop®lation to the farm size? What

is the reason behind the decision?

® 2 0 T

Crop Proportion Reason

Others ...l

6. How was labour organised? How many people were irs@thnting each crop and

what was the wage paid per day and in total?

® 2 0o T 9

Crop How many people Wage/person Total
Maize

Beans =

Potatoes .o

Sweet potatoes.......cocvvvvviiiiiiiis i
Others
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7. Who decided what to plant and where to plant iatieh to the four crops?
a. Maize
b. Beans
c. Potatoes
d

Sweet potatoes

8. Is there a particular ownership of these crop pldtb any individual person in the

homestead? Give details in terms of

Activity maize beans potatoes S. Potatoes

Who planted

Crop Mgment.

Sales

determination

9. Did you use any local weather prediction to detem@xactly when to plant,
1. Yes 2. No
10. Which one and give reason and details of how it wi#ts dates if possible.

a. Dragon flies. ...

b

c

D, MUVULEEIEE. .. e e e e
e

11. How reliable was it? Did it work as predicted? Gdetails

12. Did you hear on radio weather focus any informatiarprobability that this year will
be ElI-Nifio season? 1. Yes 2. No

13. How where you prepared during planting in relationveather prediction of EI-Nifio,
emphases on the four crops in terms of

a. Date of planting
b. Seeds variety used,

c. Fertiliser application and
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d. Time of purchase of farm inputs, before the raiatdthe onset and

e. Where purchased.

14. How was it (potatoes and sweet potatoes) plantstribe the process and the reason

to each process?

Potato:- land preparation

a. Location of land, reason for choice

b. Tools used

c. Method of ploughing

d. Time of land preparation

Potato Planting:

a. Seed source

b. Planting processes,

c. Planting rates;

d. Type of fertiliser or manure used, rates used,

e. Mulching or not, material used and reasons for@hof the material

Potato:- Disease & pest management while the crop in the field

Sweet Potato:- Land preparation;

a. Location of land where SP was planted, Reason,

b. Tools used,

c. Method of ploughing,

d. Time of land preparation
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Sweet potato: - Planting

a.

b.

C.

d.

Source of planting material

Planting processes; ridges, furrows or flat area,

Type of fertiliser or manure used, rates applied,

Mulching or not, material used & reason for theich@f the material

Sweet Potato:- Disease & pest management while thp is in the field

C. HARVESTING SEASON DATA FOR THE SAME PERIOD (OCT- DEC)

15.

16.

17.

18.

19.

20.

What trigged harvesting of the two crops? Matumgonomic or social reason.

a. Potato

b. Sweet potato

How where they harvested: describe the procesagores behind the process?

a. Potato
b. Sweet potato

Are there any special or unique events in relatiioharvesting of sweet potatoes and

potatoes? E.g. Rituals, gifts, security, economigogial need.

How do farmers in general compare the crop yielthis season with yield during the

March 2009 long rain season? This is based on faimays of measuring?

How do farmers relate the yield in this season wiperienced rainfall?

What do farmers plan to do with the harvested, tpegaand sweet potatoes? For
subsistence, Sale as seeds, to who? Sale to thetrhaw?

a. Potatoes
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b. Sweet potatoes

21. Where do farmers store their potato and sweet @tds there any treatment

22.

involved?

a. Potatoes

b. Sweet potatoes
How is it consumed or cooked? And how often, thtoaogt, or harvesting season or
months after harvest.

a. Potatoes

b. Sweet potatoes

D. SWEET POTATO & POTATO AS ADAPTATION TECHNOLOGIES

23.

24.

25.

26.

27.

What kind of good agronomic practices known to fdmener goes along with sweet

potato and potato production? e.g. soil type, imaplanting time, mulching etc

How does the farmer relate maize production totpadad sweet potato production,
social economic, cultural, land & farming plans atler issues

a. Potatoes

b. Sweet potatoes
How is Sweet potato & potato ranked in relatiorotber crops grown in the area?

Rank the crops based on importance criteria ofairaer.

What external input must be available for the pabidun of both potatoes and sweet
potatoes? A must have for production to go on.

a. Potatoes

b. Sweet potatoes

What was the yield performance of the 4 crops fpe@od of 5 seasons?
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year Long rains Short rains

crops Maize | beans| potatoes S. potatoes maize beans| potatoes | S. potatoes

2009

2008

2007

2006

2005

28. Is there any particular yield trend noticed by fdmeners? details
29. What could be a general possible reason of yialihbility across the seasons and

years? If increase or decrease.

30. What is the likelihood of success if improved swaeatiato & potato varieties are used
as an adaptation strategy to climatic change sscteduced rainfall to reduce the
vulnerability of communities in Embu?

a. Potato 1. Very successful 2. So so/half half 3shNeccess

b. Sweet Potato 1. Very successful 2. So so/halfdlfo success

31. At household levels, what do farmers think about

a. Climate change,

b. Climate variability,

c. its causality and

d. Predictability?

How do farmers in Embu access their own vulnergtiidi climate change? Use of decision
tree, if rainfall goes on decreasing and we exfoetr than average rainfall scenario.
What kind of adaptation decision will farmer havertake?
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Appendix 3: Contacts

Teresiah W. Ng'ang’a, MSc
Wageningen University

P.0O. Box 6123-01000, Thika, Kenya
Phone: +254-720-832072

Email: treazahwnganga@yahoo.com

Todd A. Crane, PhD

Wageningen University

Technology and Agrarian Development

Hollandseweg 1, 6706 KN Wageningen, The Netherlands
Phone: +31 317 48 2873

Fax: +31 317 48 5616

Email: todd.crane@waur.nhttp://www.tad.wur.nl/uk

Lievens Classens, PhD

Soil Scientist, Production Systems and the EnviemnProgram
International Potato Center (CIP)

P.0O. Box 25171, Nairobi, Kenya

Phone: +254-20-4223612

Fax: +254-20-4223001

Email: L.classens@cgiar.org

Carla Roncoli, PhD

Associate Research Scientist

Southeast Climate Consortium

The University of Georgia

Griffin, Georgia 30223-1797, USA

Phone: 1-770-228-7216

Fax: 770-228-7218

Email: croncoli@uga.edearlaroncoli@yahoo.comvww.agroclimate.org

Barrack Okoba, PhD

NPC CASARD project Leader

Kenya Agricultural Research Institute (KARI) at Kb
PO Box 14733-00800, Waiyaki Way, Nairobi-Kenya
Phone: + (254) -2- 4440935

Cell: + (254)-721- 775086

Email: okoba2000@yahoo.com

Jabavu Nkomo, PhD

Senior Program Specialist

Climate Change Adaptation in Africa

International Development Research Center (IDRC)
P.O. Box 62084, State House Rd, Nairobi, Kenya
Phone: 254-20- 713160

Email: jnkomo@idrc.or.ke azcaa@idrc.ca
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Appendix 4: Participants profile

Composition of participants in Nembure division, b&ed on aged & education level

Composition of Participants in Nembure Division

20

0O G. Women group 1
O G. Men group 2
OR. Women group 3
| Youth group 4

® R. Women group 5
®| G. Women group 6

No. of Participants

G. Women group 6
R. Women group 5
Youth group 4
R. Women group 3
G. Men group 2

G. Women group 1

Groups

Informal Higher

Categories (Total no., Yrs age range, Education levels)

Composition of participants in Runyenjes divisionpased on aged & education level

Composition of Participants in Runyenjes Division

oK. Mengroup 1

O K. Women group 2
0O KK Men group 3

| KK Women group 4
® K men group 5

® Youth group 6

No. of Participants

Youth group 6
K men group 5
KK Women group 4
KK Men group 3

K. Women group 2

K. Men group 1

Groups

Informal

Categories (Total no., Yrs age range, Education levels)

Age The age of the participants during the FGD rangechf22 to 90 years, with the highest
representation being age group 30-40 (27%) antbtihest age group 50-60 with 7%.
Education 50% of the participants had basic primary educati®0% of the participants
with informal education were aged over 60 year$y 8rparticipants had higher education.
Gender: Women dominated the FGD (68%), household intervigé®% female & 44% male
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