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Abstract
The potential impacts of climate change and enwramtal variability are already evident in most

parts of the world, which is witnessing increasiamperature rates and prolonged flood or drought
conditions that affect agriculture activities andture-dependent livelihoods. This study was
conducted in Mwanga District in the Kilimanjaro r@g of Tanzania to assess the nature and impacts
of climate change and environmental variability agriculture-dependent livelihoods and the
adaptation strategies adopted by small-scale famalers. To attain its objective, the study emptbye

a mixed methods approach in which both qualitadive quantitative techniques were used.

The study shows that farmers are highly aware eif local environment and are conscious of the
ways environmental changes affect their livelihooBarmers perceived that changes in climatic
variables such as rainfall and temperature hadromttin their area over the period of three decades
and associated these changes with climate chamgersironmental variability. Farmers’ perceptions
were confirmed by the evidence from rainfall anchperature data obtained from local and national
weather stations, which showed that temperatureraimfall in the study area had become more
variable over the past three decades. Farmers’ letip@ and perceptions of climate change vary
depending on the location, age and gender of thgorelents. The findings show that the farmers
have limited understanding of the causes of clicnatinditions and environmental variability, as

some respondents associated climate change andmmental variability with social, cultural and

religious factors.

This study suggests that, despite the changingatiintonditions and environmental variability,
farmers have developed and implemented a nhumbagridulture adaptation strategies that enable
them to reduce their vulnerability to the changsunditions. The findings show that agriculture
adaptation strategies employ both planned and aotons adaptation strategies. However, the study
shows that increasing drought conditions, rainfatiability, declining soil fertility and use of ehp
farming technology are among the challenges thmit leffective implementation of agriculture
adaptation strategies. This study recommends furéeearch on the varieties of drought-resilient
crops, the development of small-scale irrigatiorhesues to reduce dependence on rain-fed
agriculture, and the improvement of crop productiona given plot of land. In respect of the
development of adaptation strategies, the studymetends the involvement of the local farmers and
consideration of their knowledge and experiencéfarming activities as well as the conditions of
their local environment. Thus, the findings of tetsdy may be helpful at various levels of decision
making with regard to the development of climatargfe and environmental variability policies and

strategies towards reducing farmers’ vulnerabilitgurrent and expected future changes.
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Chapter 1

I ntroduction

1.1. Climate and climate change

The dynamic interaction between the atmospher@ns;eryosphere and the terrestrial and marine
biospheres determines the global climate at théhEasurface (Githeko et al., 2000; Chakraborty
et al.,, 2000). The increasing accumulation of gneeise gases in the global atmosphere and
increasing regional concentrations of aerosol paldies are now understood to have detectable
effects on the global climate system (Sivakumaal e2005). Scientists believe that changes in the
atmospheric composition due to increasing conceon® of greenhouse gases (mainly carbon
dioxide, methane and nitrous oxide), changes ird lanver and agricultural activities are
responsible for warming the earth surface, cauginpal increases in temperature (IPCC, 2007;
Collier et al., 2008; Yanda and Mubaya, 2011; Omardt al., 2010). Although there are still
debates among scholars with regard to whether w@inchange is induced by anthropogenic
activities or is as a result of natural climateiaitity, the balance of scientific opinion is that
changes in the composition of the atmosphere #ibuaed to human activities that lead to global
warming (IPCC, 2001; 2007; 2014). However, the IP@port (2014) argues that the total
anthropogenic GHG emissions have continued to &serdrom 1970 to 2010, with the highest
amount noted between 2000 and 2010. The repohiefuriotes that the release of @to the
atmosphere from the burning of fossil fuels andugidal activities contributed about 78% of the
total GHG emissions from 1970 to 2010, with a simihcrease from the period 2000 to 2010
(IPCC; 2001pp 640; 2007 pp 639). The rising tempeea heat the land mass and the surrounding
oceans, causing increases in surface temperatudeshanges in precipitation, which are important
drivers of global climate change (Collier et aD08; Challinor et al., 2007). Whilst the trends and
patterns of climate change projections are genecalhsistent, they are subject to varying degrees
of uncertainty due to limitations in measurememd knowledge of the interactivity between earth
systems (Challinor et al., 2007; Adger et al., 2003

According to the IPCC (2007), global temperaturearrihe earth surface increased by 0.74°C from
1906 to 2005 and are estimated to increase by a&hdf€ on average during the 21st century.
Recent evidence and predictions from computer nsodedlicate that climate changes are
accelerating and will lead to wide-ranging shifisclimate variables (IPCC, 2007; Chaudhary and
Aryal, 2009). The global climatic models (GCMs) je an increase in the global mean
temperature of between 1.5 and 5.8°C by the er2d@®, which is attributed to population growth,
energy use and land-cover changes. However, th€ IRR@ort (2014) argues that the previous
three decades, from 1983 to 2012, are most likelyetthe warmest periods of the last 1 400 years

in the Northern Hemisphere, whereas the globalgraye surface temperature data for the land
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and sea combined show a warming of 0.85 [0.658}5 €. over the period from 1880 to 2012. The
projected increase in temperature will affect estays and biological behaviour (Chaudhary and
Aryal, 2009; IPCC, 2014). Some of the effects thave widely been discussed include snow
melting and glacier retreat, drought and desedtifr, floods, frequent fire, sea level rise, spgeci
shifts and heightened diseases increase (IPCC; 200%; 2014). Specifically, researchers suggest
that, with the warming conditions, precipitatiorttpens are likely to change, with increases up to
20% projected in some parts of the world, althodgbught conditions will also be exacerbated,
particularly in Africa (Rosenzweig et al., 2001;|@w et al., 2008; Hulme et al., 2001). Changes in
temperature and precipitation also are projectedntioence extreme weather events (floods,
drought and storms); affect food production (avaliey) and prices; water availability and access;
nutrition and health status (FAO, 2008; IPCC, 20DmMambia et al., 2010). Therefore, the socio-
economic impacts are likely to be significant antl impact humans through a variety of direct
and indirect ways (Heltberg et al., 2009; IPCC, 20@enerally, the impacts of climate change
and climate variability are projected to have ermrmand devastating global consequences on the
global scale, but the most adverse impacts areigheeldto occur in developing countries due to
their fewer resources to cope with, and adapthe,dhanging conditions, which is due to their
geographic location (within vulnerable and fragéavironments) and their over-reliance on
agriculture, which is a climate-sensitive sectae(®, 2007; IPCC, 2007; Omambia et al., 2010).
The vulnerability to climate change, in turn, wilbse multiple threats to economic growth and
poverty reduction in Africa (IPCC, 2007; Stern, 2D1

1.2. Climate changein Africa

Africa is the largest tropical landmass, split altnequally by the equator into both hemispheres
(Sivakumar et al., 2005). Due to its extensive taasls, stretching from about 35°N to 35°S,
climate regimes vary from humid equatorial regimesd and semi-arid regimes to sub-tropical
Mediterranean-type climates with different degresfs temporal variability in rainfall and
temperature (Hulme et al., 2001; Collier et al.00Haile, 2005). Climate change is expected to
make some regions wetter (such as the eastern ghrdrica), while other regions like the
southern and northern parts of Africa will get drémd more adversely affected by the changes
(Collier et al., 2008; Hulme et al., 2001).

The climate of Africa is influenced and modified four major global drivers, which are the Inter-
Tropical Convergence Zone (ITCZ), the El Nifio-SauthOscillation (ENSO), circulation patterns
in the Indian Ocean, and the West African Monsadtinpf which determine the annual seasonality
and variability of rainfall and temperature acrdhe African continent (Collier et al., 2008;
Rosenzweig et al., 2001; Haile, 2005; Stringerlet2®09). In addition, the climate of Africa is
further significantly modified by the presence afge contrasts in topography and the existence of

water bodies such as lakes and rivers across titment (Semazzi and Sun, 1997, in Sivakumar et
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al., 2005). Increases in temperature will affea thatural interactions of these diverse drivers,
causing droughts, floods, heat waves, wind stornts ather extreme weather events within the
climates of Africa (Collier et al., 2008; Nordha@€)07). For instance, increased fluctuations and
variability in rainfall in many parts of Africa, aluding the Sahel region, eastern and southers part
of Africa, have been associated with the changamyperature conditions in ENSO (Haile, 2005;
Sivakumar et al., 2005; Plisnier et al., 2000), #redoccurrence of the recent drought conditions in
equatorial and sub-tropical Eastern Africa from 1#®80s to the 2000s is thought to be caused by
the increased sea surface temperatures in theveesittpart of the Indian Ocean (Funk et al.,
2005).

The overall temperature throughout the African @it has increased by approximately 0.7°C
during the 28 century, and some general circulation models pta@a increase in warming across
the continent, ranging from 0.2°C per decade (loenario) to more than 0.5°C per decade (high
scenario) (Hulme et al., 2001; Sivakumar et al®220PCC, 2007). The warming rate in theé"20
century was at the rate of ~0.05°C per decade (JPZDD7). While future changes in mean
seasonal rainfall in Africa are less well-defineggivekumar et al., 2005), researchers such as
Hulme et al. (2001) and Henson (2011) suggestl@ming conditions will result in rainfall
increases around the equatorial region of EastcAfrRainfall in the wet season may increase
between 5 to 20%, although drought conditions nmag be exacerbated by 5 to 10% in the dry
seasons. Henson (2011) points out that too muahataonce can cause disastrous floods, while too
little can make an area unproductive or even utdithble (Henson, 2011: 65). Although warming
trends on the African continent seem to be the salirmate change on a large continent like
Africa will not always be uniform; rather, differeareas will experience different climate change
impacts over time and space. For instance, sonas aril get wetter and others will become drier,
hence varied responses to the impacts betweeridodig, households, classes, businesses, states,
and ecosystems in different places on the contiflosenzweig et al., 2001; Thornton et al., 2010;
IPCC, 2007; Yanda and Mubaya, 2011).

However, there is general agreement on the propoghat most African countries are vulnerable
to the effect of climate change and climate valilgbidue to their dependence on rain-fed
agriculture and natural resources, which constitutarge part of local livelihoods (IPCC, 2001;
2007). According to the IPCC report, agriculturentributes about 70% of the GDP of some
African economies (IPCC, 2007). However, climatardie and climate variability are projected to
reduce yield from rain-fed agriculture by up to 58862020 for some of the countries in Africa.
More agricultural losses are expected to occuréassuch as the Sahel, East Africa and Southern
Africa, coupled with changes in the length of gnogviperiod, flooding and drought. Also,
projections suggest that between 75 and 250 mifiieople in Africa will experience increased

water problems by 2020 as a result of climate chandpich will lead to increased water demand
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and the exacerbation of water-related problems @P2007). Furthermore, limited resources
exacerbate the vulnerability of the less-developauhtries to the impacts of climate change and
variability. Poverty, which is linked to a higheegkendence on natural resources, also constrains
most of the community’s adaptive options in lesgedi@ped countries (Omambia et al., 2010).
Developing countries, especially in Africa, possessy coping and adaptation strategies in order
to manage a range of issues including climate mdse(e.g., drought and floods). However, under
possible increases of such stresses, most of tegegies are likely to be insufficient to adapt t
climate variability and change, given the problewfs endemic poverty, poor institutional
arrangement, poor access to information and growiegjth burdens (IPCC, 2007). This study
therefore seeks to understand rural farmers’ kndgdeof climate change and climate variability

and their adaptation strategies, as well as thiglilons encountered in the adaptation processes.

1.3. Theresearch problem

The anticipated changes in climatic conditions #mel associated significant impacts on many
agricultural systems suggest a broad and pressgied for adaptation. For farming households, the
nature of these responses will depend on theirgreton and perception that the climate is
changing, and their ability to adjust their behaviin response, perhaps through altering farm
management practices or diversifying into otherome-generating activities. In Tanzania,
agriculture studies commissioned by the governnimenvie identified climate change risks and
noted needs and opportunities for planned adap&{idRT, 2007; 2012). However, this does not
mean that local farmers’ perceptions and their neEecdapt to the changing environmental

conditions actually correspond with the governneptans.

While adaptation is often considered a governmefity response in agriculture, it also involves
decision making by agro-business and producershat farm level. Hence, adaptations in
agriculture vary with respect to the climatic stimo which adjustments are made (i.e. various
attributes of climate change, including variabiliynd extreme events) and according to the
different farm types and locations, and the ecowmpmolitical and institutional circumstances

under which the climatic stimuli are experienced aranagement decisions are made.

Many potential agricultural adaptation options hdeen suggested, representing measures or
practices that might be adopted to alleviate tkelyi adverse impacts. They encompass a wide
range of forms (technical, financial, manageriabales (global, regional, local) and participants
(governments, industries, farmers). Their apploai have been influenced by phenomena of
interest (biological, economic, social, etc.) ang time scale (instantaneous, month, years,
centuries) (Smit and Wandel, 2006). Most of thesategies represent only potential adaptation
measures, rather than ones actually adopted. @iotatnge impact analyses often assume certain

adaptations, although the adaptation process itsgifins unclear. There is a need to understand
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what types and forms of adaptation are possibksilkée and likely; who would be involved in
their implementation; and what is required to fitatié or encourage their development or adoption.
Hence, understanding farmers’ knowledge and pemepof the impacts of climate change may
stimulate adaptation initiatives and incorporaferimation and insights from the stakeholders who
make decisions in the agriculture sector, and frgmoducer organisations, farm groups and
government agencies. In order to understand theiljesadaptation measures capable of reducing
vulnerability to the impacts of climate change amgroving agriculture-dependent livelihoods,
more realistic adaptation strategies will helpeducing vulnerability to climate change. However,
vulnerability to climate change and the potentialdgricultural systems to adapt to climate change
in Mwanga District in the Kilimanjaro region is ahce both promising and poorly understood.
This study investigates the nature and impactsliofate change as perceived by poor rural
farmers, and assesses different adaptation steategid constraints facing their agriculture in
adapting to climate change.

1.3.1. Thepurposeof the study
The purpose of this study was to investigate fasmeerceptions of agriculture adaptation

strategies and the constraints on them in relat@imate change.

Specifically, the study sought to:
* Assess the nature, impacts and risks of climategdn relation to agriculture, based on
the knowledge and perceptions of the rural farntdréhe physical impacts of climate
change. The key question here relates to the kmigeland perceptions of the households

of the impacts of climate change and climate vaiiglon agriculture activities.

« Assess different types of local indigenous farnkngwledge and practices in agriculture,

and their success, under current environmentalggsan

e Assess potential adaptation options for the ininga®silience of the agriculture sector in
the light of current and projected future impactsianate change. The study sought to
understand the role of various interest groupstr{dis ward and village authorities) in
decision making as key to climate change adaptagiod the extent to which the decisions
influence the on-going efforts towards reducing ttmemmunities’ vulnerability to the

impacts of climate change, and hence attainingsadtle development.

« Examine the perceived barriers and challenges daagriculture adaptation to climate
change. Agricultural adaptation to climate charnge icomplex phenomenon that faces

challenges from complex natural (fragile) and dasyatems.

The key research questions therefore were:



« How do farmers perceive climate change?
« What is the role of local farming knowledge in ddite change and adaptation?
« What are the adaptation strategies to climate afang

« What are the limitations faced by agriculture imptihg to climate change?

1.4. Theresearch approach: vulnerability framework

This study used a vulnerability framework approtchxamine the knowledge and perspectives of
farmers on the concept of climate change and igaats on agriculture. According to Willows et
al. (2003), vulnerability refers to the magnitudk harm that would result from a particular
hazardous event. The concept recognises, for exari@t different sub-types of a receptor may
differ in their sensitivity to a particular levef bazard. Therefore climate vulnerability definke t
extent to which a system is susceptible to, or lenéab cope with, adverse effects of climate
change, including climate variability and extremigsdepends not only on a system’s sensitivity
but also on its adaptive capacity. Hence arctimalflora or the elderly may be more vulnerable to

climate change than other components of our floqgopulation.

This study used the vulnerability framework as di@yed by Turner et al. (2003). The framework
assesses the vulnerability of marginalised locahroanities to the effect of external shocks and
stresses. The vulnerability framework systems, iling to Turner et al. (2003), are divided into
three major components (Figure 1.1). The first congmt is exposure, which assesses the extent to
which individuals, households, classes, businestates, flora/fauna and ecosystems are affected
by the occurrence of hazards. This element corsidemponents such as frequency, magnitude
and duration of the exposure to the hazards. Thartla include shocks, such as unexpected
occurrence of floods and drought, and stress orsyseem due to soil degradation, changes and
differences in rainfall patterns, etc. The secolanent is the sensitivity of the system, which
considers two major components, which are humanesmvitonmental conditions. This element
deals with the characteristics of both componenthaw they contribute to the system’s responses
when exposed to hazards. The last element isameséi of a system, which considers the future
actions that can improve the ability of the syst@ncope with outside hazards. This considers
coping and adaptation measures implemented in daleeduce farmers’ vulnerability to the
hazards. These include government policies andnautous decisions made by individuals
farmers or communities. This study therefore fosus@ the impacts of climate change as
perceived by local farmers, and the adaptive gji@ge ranging from individual households to the
government policies and programmes implementedrderoto improve agriculture-dependent

livelihoods by increasing farmer’s resilience tareat and projected future climate change.

This study used the vulnerability framework to assthe extent to which agriculture-dependent

farmers are vulnerable to the exposure of the miffeimpacts of climate change and variability in



environmental conditions, such as floods, drougimid rainfall variability. It further assessed the
effectiveness of different programmes and poliégilaplemented by the central government in

increasing farmers’ resilience to climate changpdats.

=0

Vulnerability

Exposure Sensitivity

Components
e.g.
individuals,

ids,
classes, firms,
states,
flora/fauna,

ecosystems )
< ) — g
Environmental Conditions

natural capital / biophysical
endowments

(e.g., loss of life,
economic production,
soil, ecosystem
services)

Coping/
response
(e.g., extant
programs,
policy,
autonomous
options)

Human Conditions
social /human capital & endowments
(e.g., population, entitlements,
instituti economic str )

o (e.g., soils, water, climate,
Characteristics minerals, ecosystem structure
e.g., & function)
frequency,
magnitude,
duration

Adjustment &

adaptation/response.
(e.g., new programs, policy,
& autonomous options)

Figure 1.1 Turner et al.’s vulnerability framework
Source: Adopted from Turner et al. (2003)

15. Organisation of thisthesis

This thesis is organised into eight chapters. Ghaphe has shown the basis on which the rest of
the thesis was developed. Chapter Two discussesotimeptual framework underpinning climate
change and impacts on agriculture. It does thibryging together the literature surrounding the
discussion of climate change and climate variabifitpacts on agriculture-dependent livelihoods.
The first part examines the impacts of climate geaand climate variability on agriculture in
Africa. The second part of the chapter discussesctimcept of agricultural adaptation strategies,
with a focus on different adaptation strategies enby different people in various parts of the
world. Part three of the chapter deals with thes rol indigenous farming knowledge and the
debates surrounding the concept of local knowléddarming activities.

The third chapter of this thesis sets out the ndmhogical underpinning of this research. It
discusses the study area and selection of the sttelgnd choice of the methodology employed for
data collection and the analysis of the researmtirfgs. The last section of the chapter discusses
the limitations of the methods and problems enceredt during data collection, and how they were
handled without affecting the quality of the datélexcted.



Chapters Four, Five, Six and Seven present thénfiscdof the study. Chapter Four deals with the
knowledge and perceptions of the small-scale faraters of the concept of climate change and its
impacts on agriculture-dependent livelihoods. ChapFive examines different local and
indigenous farming methods in respect of their Gbations to farming activities and how they are
influenced and modified under the conditions of imnmental change. Chapter Six examines
different adaptation strategies, with a focus oaoséhthat have been adapted by farmers in
managing farming activities under changing climat@nditions. Chapter Seven discusses the
barriers for agriculture in its adaptation to clima@and climate variability. Finally, Chapter Eight
presents the conclusions and recommendations dirawnthis study, and makes suggestions for

future work that can be done to further the debsteunding the problem under study.



Chapter 2

Literature Review

2.1.Impacts of climate change on agriculturein Africa

Climate change impacts afthe effects of climate change on natural and hursgstems.
Depending on the consideration of adaptation, amedistinguish between potential impacts (all
impacts that may occur given a projected changdiimate, without considering adaptation) and
residual impacts (the impacts of climate change wwald occur after adaptation” (IPCC, 2007:
876).

The expected changes in climatic conditions wilveadely affect farming activities and hence
result in reduced agricultural production, partiely food production, hence food insecurity,
increased incidence of both flooding and drough¢, spread of diseases and increased risk of
conflicts over scarce resources such as land amer africa Partnership Forum Support, 2007,
IPCC, 2014). However, while developed regions efwlorld are concerned more about abatement
strategies (mitigation), Africa is concentrating nmoon developing coping and adaptation
techniques geared towards the likely future climatinditions, and on mitigating the sources of
emission (Downing et al., 1997). This is the casease many of the developed regions of the
world expect the consequences of climate changector far into the future, while Africa is
already experiencing the adverse consequencesnadtel change in the present (Collier et al.,
2008).

The wet and dry conditions will have negative impamn the availability of water resources, food
and agriculture security, human health and biogitsedue to the fact that Africa is ill-equipped
with resources that could be used in managing ase@ precipitation during the wet season, as

well as increased drought conditions during theaaly dry seasons (IPCC 2007; 2014).

Climate change is likely to cause greater envirartadeand social stress in many parts of Africa
already having difficulties in coping with enviroemtal stress (Sivakumar et al., 2005). Overall
the continent is reported to have experienced deerkrainfall over the last 60 years, and models
suggest that changes in the frequency and intensigxtreme events such as floods may occur
when there is only a small change in climate (Siva&r et al., 2005). However, the IPCC (2007)
predicts a decline in precipitation in most of thtropical regions — some by as much as about
20%, with varied increases in the number of extremexipitation events. Changes caused by
increased frequencies of drought will pose a grisktto agriculture, because many crops will fail
to cope with the increasing temperatures and clsaingeprecipitation, posing greater risk to
agriculture in Africa, where rain patterns are meaeiable (Henson, 2011) and climatic conditions
are at a marginally productive stage (Sivakumaal e2005). Although records indicate that there

has been an increase in rainfall, particularly astEAfrica, over the last century (Hulme et al.,
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2001; Collier et al., 2008; Stringer et al., 20@@oper et al., 2008; IPCC, 2007), not all places
have necessarily experienced similar conditiongradicted by the models. For example, although
simulation models suggest that countries in theeBahd the Horn of Africa may receive more
rainfall during the wet seasons and increased dnditions during the already dry seasons, the
Sahel has experienced many multidecadal periodsooight with increases in temperature of up to
1.5°C since the last glaciation (Collier et al.020Rosenzweig et al., 2001; Haile, 2005), causing
widespread famine requiring humanitarian food &dile, 2005). Hulme et al. (2001) show that
the warming conditions are also expected to canse@ease in the mean sea level along the
coastline of Africa, where a rise in sea level bbat 25 cm is projected, which will affect the

coastal resources and the livelihoods of the degr@qubpulations.

Agriculture in most parts of the world depends dise on climate (Adger et al., 2003), and
especially so in Africa. Climate change and valigbare threatening agricultural systems, and
hence livelihoods, as well as the food securitypebple in Africa whose lives depend on
agriculture (Chandrappa et al.,, 2011). Agricultwenstitutes a large share of the African
economies through a mixture of subsistence and @wiat production (Sivakumar et al., 2005).
However, farmers all over the world, and not jusiirica, are facing challenges in meeting food
demands from the growing population under the carcbmatic conditions, while at the same time
promoting sustainable development (Bryan et all120Climate extremes and variability, evident
through increases in the frequency and intensitdroiughts, flooding, heat waves and storm
damage, will have severe impacts on agriculturetharkfore food production, because most food
crops are sensitive to the direct effects of higherperature, decreased precipitation and flooding,
as well as being indirectly affected through saihdtions, nutrient dynamics and pest attack
(Rosenzweig et al., 2001). However, the IPCC (20&pbrt suggests with higher confidence that
there now is a global temperature increase of ~at@ye the late 28 century level. Combined
with increasing food demand, this will result in mdood insecurity globally. Wheat, rice and
maize production in the tropical and temperateamgjiis projected to be negatively impacted by
local temperature increases of 2°C or more abaee2d'- century levels. According to the U.N.
Food and Agriculture Organization (FAO, 2004), thenber of African food crises per year has
tripled from the 1980s to the 2000s.

2.1.1 Effects on precipitation

According to the World Meteorological Organizatin Henson, 2011) estimated deaths of more
than a million people in African Sahel occurredlBi2-1975 and 1984-1985 due to a devastating
drought (rainfall was estimated to have declinechbgut 30% in 1984/1985). The current rainfall
data indicate a gradual increase in precipitatiothe Sahel region, especially in the years 1994,
1999 and 2003 which received more rainfall tharoteefl970, while other years have remained

dry, occasionally caused by strong El Nifilo cond#isuch as in 1997/1998 (Henson, 2011). The
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reduction of, and variability in, rainfall and imases in temperature will worsen food security in
the region, and consequently affect the livelihoofighe majority of subsistence farmers and
pastoralists whose lives depend critically on @iniHaile, 2005).

In general, an increase in temperature will aftaad modify rainfall intensity, evaporation rates,
run-off and soil moisture storage (Rosenzweig aiitelH1995), which will affect crop yields
negatively because many crops in Africa are grolwsaecto their thermal tolerance threshold limits
(Henson, 2011; Collier et al., 2008; Rosenzweig lditietl, 1995). Increased heat and drought will
stress crops by limiting transpiration resultingaimise in plant temperatures which will affect the
flowering, pollination and grain-filling of thoseaps which are most sensitive to water and heat
stress conditions. Such crops include wheat, gnoutsd soybean, maize and fruit trees (Collier et
al., 2008; Rosenzweig et al., 2001). Indeed, umckensified and prolonged drought conditions
some of the regions may become unsuitable for fagractivities. This will cause a reduction in
farming land and/or a reduced length of growingseeaas well stopping the production of some
food crops and prompting food shortages (Collieal 2008), and search for other alternative food
crops. According to Sivakumar et al. (2005), thpested decline in precipitation in Africa will
turn sub-humid dry lands into semi-arid, and serid-areas into arid. Similarly, Collier et al.
(2008) argue that an increase in drought conditinag perhaps make maize production in many
parts of southern Africa, groundnuts in Sahel arteat in northern Africa very difficult or
impossible. A study commissioned by the United oladi for the 2002 World Summit on
Sustainable Development (in Henson, 2011) evalustedelationship between winners and losers
in agriculture for a mid-range scenario of globalissions increase by 2080. The study revealed
that between 42 and 73 countries in the tropicsngmia Africa and Asia) could reduce their
potential to grow cereal crops to about 5%, and/éen one and three billion people living in these
countries would lose 10 to 20% of their cereal cidipica in particular could lose 2 to 9% cent of
its agricultural GDP (Henson, 2011).

2.1.2 Effect of increasein temperature

The globally projected temperature increase bytd 8.8°C over the period 1990 to 2100 (Griggs
and Noguer, 2002) will result in large changeshim frequency of extreme events which can have
severe impacts on agriculture in Africa (Rosenzweigal., 2001; Chakraborty et al., 2000).
Increases in surface temperatures will increasketswiperatures which will in turn affect plant
metabolism through the degradation of plant enzyimeging photosynthesis and affecting plant
growth and vyields (Sivakumar et al., 2005). Incesas soil temperature will increase potential
evapotranspiration which may cause damage espetiathose crops with surface root systems
which utilise mostly precipitation moisture. It majso increase leaf-surface temperatures hence
affecting crop metabolism and yields making cromgersensitive to moisture stress conditions. A

study conducted by Wijeratne (1996) on the impattslimate change on the tea industry of Sri
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Lanka suggested that tea yield is sensitive to ¢&gatpre, drought and heavy rainfall, hence an
increase in the frequency of droughts and extremidall events could result in a decline in tea
yield and could be greatest in the low latitudentdas. In addition, a study by Arndt et al. (2012)
on the impacts of climate change on crops produgtioranzania, showed that maize yields in the
northern part of Tanzania increased substantiallynd the wet season and decreased by similar
amounts in the hot and dry scenarios. Their stuatygassted further that maize yields were
favoured under cool and wet scenarios, hence th@ggied only a very small increase in yields in
those regions under hot and dry scenarios.

The projected increases in temperature, along intheased rainfall variability may affect crop
yields especially when fluctuations occur at thigedent stages of crop development (germination,
growing, flowering and ripening/harvesting stageghjle a combination of higher precipitation
with higher temperature may accelerate crop deRtis€nzweig et al., 2001). For example, as
argued by Rosenzweig et al. (2001) and Henson {20kifher temperatures during the
germination stage of above 35°C cause seedlinghdeasoybeans, while saturated soils with
temperatures of about 32°C increase the risk ddlsgepdiseases. Temperatures above 30°C for
more than eight hours can reverse vernalisationwireat. At the reproductive stage, air
temperatures ranging from 35°C to 36°C or highar cause maize pollen to lose its viability,
affecting post-blooming in soybean, result in gmauts producing less yield and rice pollen
becoming sterile after only an hour of 35°C. Seihperatures higher than 20°C depress potato
bulking while moisture deficit is very detrimental crop yields in this growth stage, especially for
maize. At the mature stage, soil saturation cal@mggterm problems related to rot and fungal
development and increased damage from diseasds, dviziconditions increase aflatoxin (fungi-
related) concentrations in maize (Rosenzweig et2@01). A study by Toukoua (1986, in Van
Duivenbooden et al., 2002) in Niger showed thapsrare sensitive to increased temperatures and
declines in precipitation where the average yieldgroundnuts decreased from 850 kg/ha in 1966-
1967 to /ha by 1981 mainly due to drought andtedlalisease. Similarly, a study conducted by
Kangalawe (2012) in the southern highlands of Tamezsuggested that a higher reliance on
weather for agricultural activities has occasignalbjected the country to food shortages and

insecurity especially more in years with low ralhfa

Clearly, at all stages of crop development, theuoence of extreme events (precipitation and
temperature), depending on the duration and stdgerap development, will increase plant
vulnerability, resulting in crop damage and redugiedds (Collier et al., 2008; Rosenzweig et al.,
2001). For example, precipitation is an importaatedminant factor of crop yields during the
growing period, but increased precipitation dutiihg grain-filling period may reduce yields due to

continuing plant growth with grain-filling procedRosenzweig et al., 2001).
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The spatial and temporal distribution, and prodifem, of agricultural pests, insects, weeds, fungi
and pathogens are influenced by temperature, ptaogm, humidity, dew, radiation, wind speed
and circulation patterns (Rosenzweig et al., 2@dljier et al., 2008; Githeko et al., 2000). The
pests destroy crops and pathogens, and causeddaases which are a significant constraint on
agricultural activities and hence food security Africa (Chakraborty et al., 2000). These
organisms do well in warm and humid conditions astimated increases in average temperatures
by 1.0 to 3.5°C by 2100 may favour their growthrvetal, development and spread to a wide
geographical range (Githeko et al., 2000). Enharsoéidmoisture in warm and humid conditions
encourages the growth and spread of spores amutdhferation of fungi and bacteria, as well as
the spread of nematodes and roundworms that inhalbér pore spaces in soils, while hot and dry
conditions favour diseases such as powdery mildswsgported by availability of dew formation at
night); potato leaf roll caused by aphid-borne lyiedlatoxin attacking maize; rice attack by blast,
blight, sheath and culm; wheat attacked by wheab;send spider mites that attack soybean
(Collier et al., 2008; Sivakumar et al., 2005; Qtadorty et al., 2000). A more widespread
distribution of diseases and pathogens will inceegasmany parts of the tropical regions of Africa

if the climate becomes warmer and wetter (Sivakuebait., 2005).

Similarly, prolonged drought conditions can charige physiology of host species which may
cause changes in the insects that feed on them,reshete populations of friendly insects
(predators or parasitoids) such as spiders, laogsyilady bugs, bees, butterflies and birds that
influence pollination and pest attack (Githeko kf 2000; Rosenzweig et al., 2001). Also, an
increase in drought conditions reduces the resistaha host-plant to diseases thus increasing the
rate of disease attack (Sivakumar et al., 2005) tH@nother hand, increases in temperature and
precipitation may impact on the effectiveness dftipedes used to control pest outbreaks through
chemical alteration and dilution of the pesticidaysing increased resistance to pests and diseases.
This may result in a greater use or applicatiomgricultural pesticides, hence increasing health
risks to farmers, as well as ecological and econausts, which the majority of the subsistence
farmers in Africa will not be able to afford (Cdlti et al., 2008; Rosenzweig et al., 2001,
Chakraborty et al., 2000). The increase and spofgoests, insects and diseases will increase
challenges in farming activities in Africa whichethmajority of subsistence farmers will find

difficult to meet.

Changes in climate will also encourage weed grdidhwill compete with crops for soil nutrients,

light, moisture and space. However, drought cood#tiincrease the competition for soil moisture,
humid conditions increase the proliferation of weednd warmer temperatures favour the
maximum increase of biomass of grass weed, regultiincreasing economic burden for small-
scale farmers due to increased costs associatdd waked control and other farming costs

(Rosenzweig et al., 2001).
13



2.1.3 Effect on livestock

Rising temperatures and declining rainfall will eaff livestock in Africa, where two-thirds of
domestic livestock are herded through nomadic systalthough significant numbers are also kept
under zero-grazing conditions, by reducing the lalbdity of fodder and drinking water, and
through increased heat stress. Also, in some aeagnificant share of fodder comes from crop
residues, hence the declining agriculture will a$ect livestock farming in many parts of Africa
(Sivakumar et al., 2005). Similarly, increased waowonditions will favour the increased
distribution, incidences and intensity of diseamash as rift-valley fever, rinderpest and tick-bmorn
diseases, which will attack livestock and also oedsuitable rangeland area for nomadic livestock
herding (FAO, 2008). According to the FAO (2008)e tthanging conditions will increase animal
diseases and/or newly emerging diseases, particuteAfrica, which is already undergoing an
enormous burden of animal disease. Thornton €2@06) argue that increasing drought conditions
in East Africa will reduce water availability, hentcrease the rate of infections due to increased
interactions between livestock and wildlife. Howevthe IPCC report argues that, due to the
effects of climate change, the*2dentury is projected to experience increased-tedlth in many
regions, and particularly in developing countrieghwiow incomes as compared to a baseline
without climate change (IPCC, 2014).

2.1.4 Effect on therise of carbon dioxide levels

The rising level of carbon dioxide in the atmosgher predicted to double the yields of carbon-
responsive crops through the carbon fertilisatidfect, which increases the photosynthesis
efficiency rate, reduces transpiration and improwaser-use efficiency in plants (Henson, 2011;
Challinor et al., 2007; Nordhaus, 2007). Such crioqmbude wheat, rice and soybean, but non-
carbon-responsive crops, such as maize, sugarcahsocaghum, are likely to experience reduced
yields (Nordhaus, 2007; Collier et al., 2008; Rasegig et al., 2001; Challinor et al., 2007;
Downing et al., 1997). The most significant effete expected to occur in parts of east and north-
east Africa, where rainfall is projected to incredy 10 to 20% and the carbon fertilisation effect
may well produce higher agricultural productiviterefits to farmers in the region, while in
regions like north Africa, reductions in wheat puotion by 18% are expected, in southern Africa a
reduction of 22% in maize production, and 50% ird&@uand Senegal (Collier et al., 2008).
However, to reap significant gains from the Oértilisation effect, subsistence farmers will be
required to shift from non-carbon-responsive toboarresponsive crops (Collier et al., 2008).
However, the positive fertilisation effect of @@n some crops may be jeopardised by other
climate change impacts, such as drought, floodstspgelant diseases and storms (IPCC, 2007).
Similarly, Stern (2007) argues that the benefit<C@t fertilisation effects are likely to be short-

lived, as conditions begin to exceed the tolerathzeshold for crops at higher temperatures,
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especially in many low latitude regions where wageslready scarce, which will limit the carbon
fertilisation effect and lead to substantial des$irin crop yields (Stern, 2007). Also, increased
concentrations of CQ aerosols and dust can lower the level of ozong {{©the atmosphere
(tropospheric ozone), and since ozone levels iraiver atmosphere are shaped by both emissions
and temperature, climate change will mostly inage@sone concentrations on the ground, which
may limit crop growth and offset any beneficiallgieffects that could be increased from the result
of elevated C@levels (Parry, 2007).

2.1.5 Effect on stream flow and water bodies

Rising temperatures and decreasing volumes of gitetton are expected to reduce the present and
future recharge of many rivers and streams in Afr{Collier et al.,, 2008) due to increased
evaporation, which will affect many irrigation sches. Many of the rivers in Africa are
ephemeral, flowing during and shortly after thenyaseason (Nyong et al., 2007). A decline in
precipitation with prolonged drought conditions Ivdécrease water levels in reservoirs, lakes and
ponds, increase groundwater depletion through exeapepiration, hence affecting water quality
(e.g. salt concentration, increased water tempeyatpH dissolved oxygen, turbidity) and
contributing to land subsidence. The decline inawatailability will affect irrigation activitiegjot
only due to increased demands for domestic water iamgation, but also from increased
competition between agriculture, urban demandstgulioelectric power production, as well as
industrial users (Rosenzweig and Hillel, 1995; IRQQ14). Currently, two-thirds of rural and a
quarter of urban dwellers in Africa lack acceshean and safe drinking water (Simms et al.,
2005), and climate change will exacerbate the prabFor instance, drought is expected to present
significant water problems in Egypt due to perioffictuations in Blue Nile flows, and new dam
renaissance in Ethiopia on the Blue Nile in 2014 vause water shortages in Egypt and affect
irrigation activities and power production at thewan High Dam (Adger et al., 2003). Similarly,
studies have shown both long-term change and flaithations in Lake Victoria’'s water levels in
East Africa and reduced flows of the Zambezi anchfdapo rivers in Southern Africa due to
rainfall variability, which presents challenges faigation activities and other water-dependent
projects (Collier et al., 2008; Adger, 2003). Irddin, the increasing temperatures and decline in
rainfall in the already dry season in Tanzania vatluce the annual flow of River Pangani by 6 to
9% and River Ruvu by 10% (URT, 2003). The declmavater caused by decreasing rainfall and
increase in temperature will cause economic impaath as water shortages, low agricultural

production and variable hydropower production (@rand Murray, 2005).
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2.1.6 Effect on economic zones

The projected increase in temperature may altedisteibution of agro-ecological zones, where
highland zones may become more suitable for anougbping as a result of increases in
temperature (Sivakumar et al., 2005). Downing (1983@sing his study on an index of potential
food production, suggests an expansion of agrilluitable land in the highlands of Kenya by
2% with warming of 2.5°C, and a decline in cropwgto in the lowlands due to the increase in
temperature where plant metabolism and growth wéailcat 40°C. Some areas could experience
temperature stress at certain growing periods, wtoeild necessitate a shift in planting dates so as
to reduce the risk. In its 2007 report, the IPCfessted that increased dependence on rain-fed
agriculture could reduce agricultural productiorsome African countries by up to 50% by 2020.
The 2014 IPCC report shares a similar view by ssijog that changes in climatic conditions will
result in a shift in the production areas of foed amon-food crops around the world, which will
result in slower economic growth, lower agriculturcomes and threats to food security, and are
likely to create new poverty traps and hence patkytincrease human migration in the affected

regions.

2.2.Impacts of climate change on the agricultural economy of Africa

The economy of Africa depends on agriculture asingle largest economic sector, employing

about 60% of the population and contributing towl&0% or more of the gross domestic product
(GDP) of most countries in Africa (Collier et aR008). Hence agriculture contributes to

development as an economic activity, as a livellhend as a provider of ecosystem services
(World Bank, 2008). Most importantly, the sectoraiso responsible for providing food security

from domestic production for both rural and urbampyiations (Tingem et al., 2009; Bryceson,

2000), where production is determined by rainfafid hence so is the economic and social well-
being of the community (Haile, 2005; Adger et 2003). Current and future projected changes in
climatic conditions are expected to cause profaeffects on the agricultural sector, thus affecting

the availability of low-cost, high quality food flwumans (Rosenzweig et al., 2001).

2.2.1 Effect on infrastructure

Extreme weather events will cause damage to imretsire, mostly roads and railway lines, and
hence transport costs for farmers will increaseiclwlis noted to be among the root causes of
poverty due to the failure to transport farm pragluo the market at a competitive price
(Kangalawe, 2009; Haile, 2005). Most of the roadtems in East Africa are currently
predominantly unpaved and seasonal, and therefareenable to flood erosion (Collier et al.,
2008). Floods will erode bridges, block accesgibdind communication within the country, limit
the flow of goods and services to those regionerapcing the most severe impacts of climate
change, and increase infrastructure constructieghna@intenance costs, which the majority of the

countries in Africa south of the Sahara cannotrdffdhe lack of storage facilities in remote areas
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also contributes to high post-harvest agricultlzases affecting the livelihoods of farmers (Halile,
2005).

2.2.2 Effect on disease and health

The increase in carbon dioxide in the atmosphergriggected to affect the breeding and
proliferation of pests, insects, pathogens andsthesrity of diseases in the presence of the host
plant and expansion in the geographical range e&adie-carrying insects from the plains
ecosystem to the highland, exposing people to risgades with no knowledge on how to manage
them (Henson, 2011; Kangalawe, 2009; Yanda e2@D6; Githeko et al., 2000; IPCC, 2014). This
will increase the economic cost to poor rural fansneith limited resources and knowledge on how
to treat, prevent and eliminate these diseasesgtimspests and pathogens. For instance, as argued
by Haile (2005), an increased incidence of malavid affect the health of the productive
agricultural labour force in the community, so edniting to food insecurity and increasing the
financial economic burden on the household in @leare of chronically sick patients, with a
concomitant increase in treatment costs (Hailep208owever, Collier et a2008) argue further
that not only will the increases in temperatureseaan increased spread of diseases and insects
spreading diseases, but also other factors suchoes drug-treatment implementation, drug
resistance, land-use change, poverty and otherglamloic factors play a greater role.

Another economic setback to subsistence farmerspngisent itself from the increased use of
chemicals to control pests, insects and diseasbighwmay the affect health of the farmers,
friendly insects (lacewings, earthworms, birds, sbe@d butterflies) and the quality of crops.
Chemicals may also affect air quality and polluteens through run-off, affecting freshwater
sources, destroying freshwater ecosystems andngadainger to the health of humans and other
species (Collier et al., 2008; Rosenzweig and Hille95). The impact on human health could be
severe in sub-Saharan Africa, where much of theemiafrastructure is poorly developed and
water for domestic use is drawn directly from tlaécbhment source or from an open channel and

used without treatment.

2.2.3 Effect on ecosystem

Higher temperatures affect soil functions, hencd goality and fertility, because warmer
conditions and moist soils accelerate the speexbibfprocesses and the natural decomposition of
organic matter, which may require the additionglligation of fertiliser to manage declining soil
fertility (Rosenzweig and Hillel, 1995). Drier cdtidns limit organic matter decomposition
processes and plant root development, which canseepsoils that in turn affect crop growth and
yields, hence increasing the economic burden osistigimce rural farmers in Africa.

Climate change and variability may cause an expansif agricultural production to regions

currently occupied by natural ecosystems, suchoessts, grasslands or other non-agricultural
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vegetation that provides ecosystem benefits in rthural environment (Bryan et al., 2011).
However, putting into cultivation new land that wast previously under cultivation can release
additional GHGs into the atmosphere, can affeatafland fauna in the area and can increase
economic costs by destroying water catchment amedghe role of forest in modifying the micro-

climate and carbon sink (Beniston, 2003; Bryan.e2@11).

A decline in and variability of precipitation witlause a decline in surface and underground water
flow in Africa, increasing demands for water fatigation, domestic and industrial uses. This will
cause increased costs for drilling and pumping wétem the ground, causing additional
investment in the dams, reservoirs, canals, wells)ps and pipes needed to maintain and develop
irrigation, which may be too expensive to afford Bfrican countries south of the Sahara

(Rosenzweig and Hillel, 1995).

Despite the impacts of climate change on agricellamd on the economy, more generally of the
agriculture-dependent countries in Africa and ersenw in the world, communities and households
have developed a long record of coping with anghtidg to climate change risks and variability
over generations, where household asset portfatiddivelihood choices are shaped by the need to
manage climatic risks, even though climate changmts continue to threaten their lives and
livelihoods (Heltberg et al., 2009). The next sattof the literature review discusses the ways in
which different communities in different parts dfet world, especially agriculture-dependent
communities, have developed coping and adaptatrategies in managing the impacts of climate

change and variability in their agriculture-depamtdivelihoods.

2.3.Adaptation and responses to combat the impacts of climate change

Most livelihoods in Africa depend on agriculturethe major source of food, income, authority,
stability and resilience (Challinor et al., 200However, most of the agricultural activities are
practised in small-scale subsistence farms andegntiepend on natural conditions, most notably
rainfall and temperature (FAO, 2008; Parry, 200dgér et al., 2003). The farming environment is
characterised by low production rates caused bghhareather conditions, such as high average
temperatures and low, variable rainfall, which haheays kept African crop yields low. This
exacerbates food insecurity (Di Falco et al., 20The projected anthropogenic climatic changes
will further pose additional threats to agriculiypeoduction and food insecurity, particularly teet
resource-poor African households whose current fegdirement options are limited (FAO, 2008;
Thornton et al., 2009; Cline, 2007; Perry et @0%). A small shift in local temperature (currently
projected to increase by 1 to 2°C by 2030) willeaffthe traditional equilibrium, such as that
between food crops vs. energy crops and cultivieteds vs. rangelands. This will likely result in
conflicts between sectors, as well as increasiigevability for agriculture-dependent subsistence
farmers (FAO, 2008; IPCC, 2007; Ziervogel and Cal@603). Hence, mitigation and adaptation
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measures in the agricultural sector are essentlaksen the impacts of climate change and to meet
the demand for food, whilst still protecting thedlihoods of subsistence farmers (Bryan et al.,
2011). However, the IPCC report of 2014 argues thatprojected increase in temperature that
causes changes in climate systems will requiredévelopment of new mitigation and adaptation
strategies beyond the existing ones. Projectedggsaim climatic conditions will mean that current
adaptation and mitigation measures are not suffidi® manage the projected changes in climatic

system, thus efforts are required to develop neatesiies beyond the existing ones.

Mitigation and adaptation are the two main strasdbr addressing, managing and tackling the
impacts caused by climate change (Solomon, 200ijors (2011) defines mitigation as actions
aimed at reducing GHG emissions or vulnerabilitythe effects of such emission. Twomlow
(2008) considers mitigation to be the strategy dirmeminimising future climate change through
reducing current emissions which is attained bykeamg the link between economic growth and
greenhouse gas emissions. Mitigation actions ircleidergy efficiency measures, use of cleaner
fuels, promoting car-pooling and use of public sgort, fitting catalytic converters to car exhausts
and scrubbers to power station chimneys, use afralaventilation to reduce the need for air
conditioners and planting trees (Simon, 2011). Aakign, on the other hand, refers to actions
targeting changes to lifestyles, livelihoods awedi environments in order to be better able to cope
with environmental changes (Simon, 2011). Adaptatacuses on the implementation of policies
and changes in management activities, institutisettings and infrastructure that enable effective
responses to climate change (Parry, 2007; Twomipal.e2008). In its 2007 report (p. 6), the
IPCC defines adaptation as “adjustment in naturahwoman systems in response to actual or
expected climatic stimuli or their effects, whichoderates harm or exploits beneficial
opportunities”. Adaptation, as defined here, fosuset only on financial adaptation measures, but
also on social, economic and institutional respenSmme of the adaptation response initiatives
include constructing flood defences, increasingctiygacity of drainage and storm water systems in
areas experiencing higher or more intense rainfalgcating dwellings, infrastructure and key
livelihood assets away from flood-prone areas @pes$, enhancing and diversifying water supplies
in areas experiencing reduced or more irregularfalhj and more multifunctional land-use zones
(Simon, 2011). Both adaptation and mitigation caduce the impacts of climate change on
agriculture and hence contribute significantly @ducing farmers’ vulnerability to climate change
and increasing the food security of householdsH@o et al., 2011). However, mitigation focuses
on broad issues of reducing or stabilising curgmgenhouse emissions and hence reduces the
possible future impacts of climate change, whilepdtion focuses on managing the current,
visible impacts of climate change caused by past emrent GHG emissions. Given the
differences, the focus of this study was on thérate-proofing” strategies that are adopted by

household farmers in protecting their farming atés against the impacts of climate change and
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hence increasing their resilience level and redutive risk of food insecurity (Di Falco et al.,
2011).

Adaptation can take different forms depending omdveor what adapts and adaptation to what?”
(Smit et al., 1999a: 200). Smit et al. (1999a) arthat, in unmanaged natural systems, adaptations
are autonomous and reactive, while in public agenadaptations are usually planned and may be
anticipatory. Hence adaptation can be classifidd lifferent types, such as being based on
purposefulness. A common division of adaptatiormiade between autonomous and planned
adaptation. Autonomous adaptation, also known astapeous adaptation, “does not constitute a
conscious response to climatic stimuli but is teiggl by ecological changes in natural systems and
by market or welfare changes in human systems” @t et al., 2001: 982), whilst planned
adaptation is “the result of a deliberate policgidi®n, based on an awareness that conditions have
changed or are about to change and that actioaqsired to return to, maintain, or achieve a
desired state” (McCarthy et al., 2001).

Based on timing, adaptation can be categoriseddntiipatory (also known as proactive) and
responsive responses (also known as reactive) @oep al., 2008; Smit et al., 1999a).

Anticipatory adaptation takes place before the ittgaof climate change are observed, while
reactive adaptation takes place after the impdctiimate change are observed (McCarthy et al.,
2001). The ability of a country to respond to thgacts of climate change using a variety of
strategies that require financial, social, economn institutional capacity is known as the
adaptation capacity (IPCC, 2007). The IPCC (20@fnds adaptation capacity as the ability of a
system to adjust to climate change, including demaariability, to moderate potential damages, to
take advantage of opportunities, or to cope witke ttonsequences. It requires the entire
capabilities, resources and institutions of a cguot region to implement effective adaptation

measures. Africa and other low-income countrieseHawited resources to cope with and adapt to
the impacts of climate change (IPCC, 2007; FAO,80Given this statement, a small change in
climate will result in severe and pronounced impam the livelihoods and ecosystems of low-

income countries.

However, despite limited adaptation capacity, marythe agriculture-dependent household
societies have long been developing adaptatiortegiess that have helped them to cope and
survive the impacts posed by changing weather tondi (FAO, 2008). On the basis of three
adaptation categories, Cooper et al. (2008) descrégsponse management options taken by
household farmers in making adjustments in theghnelogy, production and consumption
decisions. They suggest that, during anticipategponses, management options (such as choice of
risk-tolerant varieties, investment in water mamaget and diversification of both farming and

other associated livelihood enterprises) are tgk@r to the onset of the season. With in-season

20



responses, management options include the adjustofeorop and resource management in
response to specific climate shocks, and reactigpanses that minimise the livelihood impacts of
adverse climatic shocks (e.g. distress sale oftgskerrowing, and cutting expenditure on non-
essential items). Milton and Kristjanson (1988Cimoper et al.2008), provide an example of such
a matrix to describe coping strategies in the saitropics of West Africa, and also describe the
spatial scale at which the various strategies ¢opgisee Table 2.1). In addition, Cooper et al.
(2008: 28) argue further that “while this matrixopides a useful general regional picture, it is
recognised that there will be region-to-region,lagé-to-village and household-to-household
variations in coping strategies that have evolvé&dsimilar view is suggested in the FAO 2008

report on climate change adaptation.
Table 2.1: Coping strategies used by farmersin semi-arid West Africa

(Matlon and Kristjanson, 1988)

Scale Timeframe
Beforethe season During the season After the season
Plant Variety selection for  stressReplanting with earlier maturing
tolerance/resistance varieties
Plot Staggered planting date. LowChanging crops when re-plantingGrazing of failed plots for

density planting. Intercropping. Runincreasing or decreasing plant densignimal maintenance
off management. Delayed fertiliseat re-planting or by thinning
use

Farm Diversified cropping. Land typeShifting crops between land types  Late planting for forage
diversification. Plot fragmentation

Household, Cereal stocks. Livestock/assetddatching weeding labour input toAsset sales for cereal
village, Social and off-farm employmengexpectations of the season purchases. Food transfer.
region, networks Migration employment.

Adaptation can also be classified as private ardi@uPrivate adaptation is a response by an
individual household or a firm to an environmerdhhnge for one’s own benefit (Mendelsohn et
al., 2000). As argued by McCarthy et @001), private adaptation is initiated and impbened by
individuals, households or private companies, whilblic adaptation is initiated and implemented
by governments at all levels. Most rural farmersedigp short-term coping strategies that enable
them to manage short-term climate change impastepposed to long-term strategies in terms of
which they can make use of the benefits associaitidthe changing conditions (Twomlow et al.,
2008). Hence, this makes it necessary to diffesemtbetween the two strategies for managing the

impacts of climate change — short-term coping egias and longer term adaptation strategies.

Coping strategies refer to “the strategies thatehavolved over time through peoples’ long

experience in dealing with the known and understoatdiral variation that they expect in seasons
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combined with their specific responses to the seasoit unfolds”, whilst adaptation strategies
refer to long-term (beyond a single season) stiedetihat are needed for people to respond to a
new set of evolving conditions (biophysical, so@ald economic) that they have not previously
experienced. The extent to which communities ate &b successfully respond to a new set of
circumstances that they have not experienced befilledepend upon their adaptive capacity
(Twomlow et al., 2008: 782).

As argued by Scoones (1998), indigenous farmedryiHands have always been adjusting their
livelihood strategies to large variations in climaboth short and long term. Some innovative
households in the communities have improved onittoadl practices and developed various

coping strategies that enable them to survive uerlieeme climatic events.

Many sources suggest the existence of differeningogtrategies for farmers, as indicated in Table
2.2.

Table 2.2: Adaptation strategies most commonly cited in the literature to combat the

vagaries of climate

* Increase irrigation area to boost crop production

* Introduction of low water-use crops and adaptatibsustainable water resource management
policies (seasonal rainfall harvest; water qualdptrol)

* Increase capital investment in reservoirs and stifugture (construction of dam)

* Reduction of water loss through water conservicgnelogies

* Make water resource management an attractive canekfield of investment

» Institute policy mechanisms to control unsustaiedirest clearing and forest consumption
(plans for reforestation and afforestation projedts a primary concentration on Hashab trees)

* Promote techniques for tackling emergency foodtslger

* Adjust farming areas and reduce animal population

 Promote use of liquid petroleum gas for cooking a@othr cookers instead of inefficient
woodstoves and charcoal stoves

* Improve early warning systems

» Better agricultural practices

e Train agricultural labours and farming communityhwalternate lively hood skills

Source: Twomlow et al., 2008: 781

Historically, the majority of agriculture-dependesicieties have autonomously adjusted their
lifestyle to respond to changing natural conditidns developing both short- and long-term

adaptation strategies in farming systems from thst po the present (FAO, 2008; Adger et al.,
2003; Challinor et al., 2007). They have been &blachieve this through the dynamism of rural
societies that respond to changes in populatiosigeand land tenure, as well as planting new
crops and diversifying food production to meet ciag demands over time (Adger et al., 2003;
Challinor et al., 2007). Under extreme and prola@hdeought conditions, small-scale subsistence

farmers are forced to adopt other alternative ilnagld strategies to cope with the changing
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conditions to meet their immediate food requireradat their families. Such alternative livelihood
strategies include short-lived economic responseash as the exchange of valued assets in the
house for food (e.g. livestock with land, sellirigefvood and charcoal), making bricks, selling
local beer, consumption of reserve seeds, pullmiglten out of school, and looking for off-farm
employment in low-paying sectors such as house everland bar and guest house attendants.
Under extreme and prolonged conditions, househalayg be forced to abandon their farm and

migrate to other areas (Haile, 2005; Ziervogel @attler, 2003).

Despite all these challenges in farming activitlesysehold farmers are adapting to these changes,
although their changes are marginal rather thamstoamational in nature, with little uptake of
existing improved soil, water and land managemeattites (Kristjanson et al., 2012). With the
current climate trends, the ability of small-scalésistence farmers to cope with the current and
expected future climate changes and variabilityingted (Cooper et al., 2008; FAO, 2008).
Researchers (Bryan et al.,, 2011; Parry, 1990; IPZOD]1) argue that, with limited resources,
small-scale subsistence farmers can only cope tivdtextreme events (such as drought, floods or
wind storms to a certain level, especially when iimpact is short-lived and not abrupt) by
developing appropriate adaptation strategies that lelp reduce the impacts on crop yields.
However, beyond this, their livelihoods cannot bstained. For example, when prolonged drought
conditions occur in consecutive years, the housEhalpacity and assets to cope with the event
are eroded beyond the threshold level, and the enmld is forced to find other livelihood
opportunities in the absence of any effective logalnational level mechanism, such as the
replenishment of seed stocks (Challinor et al.,7200he current trends in climate change are
expected to be more severe and of a more prolongade, which will modify and affect the
available and known adaptation strategies of sawle household farmers. They may face new
conditions which they are not equipped to hand&(QF2008; Adger et al., 2003). This is shown
by the occurrence of the severe drought in the [Sallee 1970s and 1980s, and also more recently
in the Horn of Africa, where small-scale subsiseefarmers and communities in the area were not
able to cope with such extreme events without datsupport (Challinor et al., 2007). Due to these
reasons, the current and immediate focus on adaptstrategies in many low-income countries
should be on anticipated and planned adaptati@tegies, with a consideration of both varying
vulnerabilities of the local environment and amdrmauseholds, thus making adaptation options

highly local and place specific (FAO, 2008).

However, the decision of farmers to adopt someegii@s in response to long-term changes in
temperature and rainfall is influenced by the psmrni of information from both informal and

formal institutions, as well as access to credit artension services (Di Falco et al., 2011). The
majority of small-scale farmers do not have acdesthe necessary resources, information and

services (credit, weather information and extensiervices) that are crucial in decision making —
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decisions on changing crop types, investing inpiliehase of seeds and specific soil conservation
measures to suit the expected weather conditions-élzo et al., 2011). A lack of these basic
factors is considered by many researchers (Bryaah.,e2011; Di Falco et al., 2011; Haile, 2005;
Ziervogel and Calder, 2003) to be the most cruaistacles to adaptation decisions made by the
household farmers. Information on what weather itmmd are expected in the coming season can
help farmers make informed decisions on what adiaptastrategies they can opt for, changing
what to plant and when (time to acquire types efdseof crops suited to the expected conditions
and plant), deciding on which farming and soil @wmation measures to invest in for improved
crop productivity, which could lead to improved ption strategies to climate change and
variability and hence increased food productivije(vogel and Calder, 2003; Bryan et al., 2011).
A study by Di Falco et al. (2011) in Ethiopia shalhat farmers who had access to extension
services, credit and information about expected thegaconditions implemented adaptation
measures and had more produce from their farmshbaseholds that did not have access to such

resources and hence did not implement any adaptstiiategies on their farms.

Many studies (Krishna, 2011; Stringer et al., 20B8¢ckford and Barker, 2007; Challinor et al.,
2007; Thomas et al., 2007; Haile, 2005; Ziervoged &alder, 2003) show how farmers have
developed innovative responses to changing envieotsh conditions and adapted more
sustainable and resilient production systems, emethe relatively marginal environments that
characterise much of their farming landscapes. Eesrhave learnt to cope with the changing
conditions affecting their agricultural activitigsuch as warmer temperatures, reduced soll
moisture and changes in weather extremes) throagtingg and experimenting with new
agricultural practices over decades, reducing éverity of the impacts beyond those predicted by
some of the global climatic models (GCMs) (Coopeale 2008; Kristjanson et al., 2012; Adger,
2003), and hence providing them with benefits whidsponding to reduced emissions of

greenhouse gases (Bryan et al., 2011).

There is plenty of evidence from the literaturaigtrating the link between enhanced farming
practices and coping with and adapting to clima@nge and climate variability (Kristjanson et al.,
2012; Thornton, 2006a; Adejuwon and Odekunle, 2608timuth et al., 2007). These changes in
agricultural practices include improved crop, slkaihd, water and livestock management systems,
such as introducing crop cover, micro-catchmentiges, crop rotation and improved pastures,
planting trees and introducing new technologieshsas improved seeds, shorter cycle varieties
and drought-tolerant varieties (Kristjanson et 2012). Although adaptation strategies (farming
systems) are not the same and probably not ap@idakall areas, households have commonly
adapted and managed climate change impacts inetyaf ways. For example, a study conducted
in East Africa shows that small-scale subsistereendrs are widely adapting to the decline in

inter-annual rainfall, rainfall variability and irgases in temperature by introducing irrigation
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practices, using mulch and crop cover to reducknsoisture losses and applying improved soil,
water and land management practices such as theofuserracing, which increases water
infiltration rates in the soil and reduces surfao# erosion from run-off (Kristjanson et al., 2012

A study conducted in South Africa shows that thelrthouseholds of subsistence farmers in the
Limpopo and KwaZulu-Natal provinces adopt similaping strategies across the region (Thomas
et al., 2007). For example, during the period of Bnd late rainfall, farmers reduced investments
in agriculture, changed their farming practices fgnting quickly maturing crop varieties,
drought-tolerant maize varieties and other crogigigeand late-maturing fruit trees. Similarly, a
study conducted in the south of Jamaica by Beck&ord Barker (2007) showed that, through
continued farm-level experimentation, subsisteremérs were able to adapt to the declining soil
moisture and rainfall variability by applying mulog, where farm preparation is done under a
permanent cover of dried grass, which retains sailsture and slows down the rate of weed
germination, reducing soil erosion especially mpslg land, and increasing the rate of infiltration
during the rainy season. Also, households breedendus crop species and practise horticulture,
especially in vegetable farming, including carrdtsnatoes, lettuce, cauliflower and cucumber,
locally produced condiments (especially scallitnynte and sweet peppers), melons and legumes.
Farmers in this area also practise mixed crop-fagmiethods, where a combination of crops such
as cassava and pigeon peas (gungo peas) are ptantte farm, where cassava provides shade
and prevents direct solar radiation of the pead,mavides ground cover and nutrients to the soil
from the foliage decomposition, which improves deitility. Farmers also grow plants such as
yams for which plastic sheeting is used to conseoilemoisture (Beckford and Barker, 2007). The
same farming strategy was observed by Thomas €R@0D.7) in the Limpopo, North West and
KwaZulu-Natal provinces of South Africa, where, idgrthe diminishing rainfall towards the end
of the growing season, farmers planted potatoesimighted vegetables that compensated for
lower maize production. It was revealed that hoakkhthat practised horticulture and irrigation in
the area were able to reduce food insecurity aad/tinerability to unpredictable weather patterns
by reducing dependence on rain-fed agriculture.ddmacreased drought conditions, farmers stop
crop production and focus on livestock keeping, nehney rear cows, goats, sheep, pigs and

poultry, and spend money on feed for the lives{d@t¢iomas et al., 2007).

Farmers also adapt to changing rainfall pattermsramfall variability by changing the timing of
either farm plot preparation or planting dates whéey can plant earlier or later during the season
(Kristjanson et al., 2012; Stringer et al., 2008)Malawi, for example, maize, which previously
was grown in November, is now planted in Decemlmgl some households cultivate new hybrid
maize for food that takes a shorter time to grownsdurity (Stringer et al., 2009). Late planting is
argued to be a common adaptation strategy adopted majority of farmers in East Africa
(Kristjanson et al., 2012).
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Under early and intense rainfall events, smallesdatmers manage soil erosion (which washes
away fertile soil) by digging furrows to divert raff, planting aloes and grasses that bind soil
together, maintaining traditional strips, ploughitg farm across the slope rather than down the
slope, and managing gullies that reduce the sizéheffarm and limit ploughing by filling the
gullies with stones (Stringer et al., 2009). Intbeun Africa, farmers manage early and intense
rainfall by planting earlier, before the normal milag period commences, which is achieved
through sharing of information about expected weatdonditions, hence implementing proper and
appropriate weather-adaptation strategies tharaoswil erosion and increase infiltration rates in
the soil by building stone bunds (Thomas et alQ720Similar responses are adopted by small-
scale subsistence farmers in India (Krishna, 20d)ere, through terracing, farmers have
managed to control and prevent soil erosion andislades, and thus improve farm-water
management and increased rice production alongetinaces. In Nepal, farmers inhabiting the
mountainous regions control soil erosion by plonghthe sloping land in a sword-like fashion,
while Quezungal farmers in the Honduras plant tbeps under the trees, where tree roots anchor
the sail, preventing it from been washed away iy, r@nd thus reduce crop damage during natural

catastrophes (Krishna, 2011).

A study by Stringer et al. (2009) in Swaziland skdwhat farmers managed drought conditions by
staggering planting dates in different fields dfedent times to minimise risk to the whole crop,
and managed weed infestation by practising reguéeding, crop rotation and planting early so
that maize cobs grow before weeds flower. They meaaaoil fertility by practising crop rotation
and intercropping maize and cowpeas to increasaismigen levels. In Asia, the Mimbres people
manage drought conditions by inhabiting the moesley bottoms, which buffer them against
drought conditions, and during floods they movette higher and drier elevations, where they
have established satellite settlements and contivitte farming activities (Krishna, 2011). The
Benalui foragers and Kenyah Badeng farmers in Bomanage drought conditions by sharing
their resources among the group, i.e. when adwireatic conditions affect one group, the group
acquires resources from non-affected communitiesskida, 2011). In addition, the Kenyah
communities in Borneo change their lifestyle anddfthabits during prolonged drought conditions,
and plant new crops such as maize in the dryirgy theds and extract starch from wild sago palms

during drought and floods caused by El Nifio ev@ditshna, 2011).

Under prolonged and extreme drought conditionsméas can shift from dependence on
agriculture as a key source of income and livelthand engage in non-agricultural activities, such
as microenterprises like handicrafts in touristaaranaking and selling clothes; sale of livestock;
inter-household labour exchange; planting irrigateegetable gardens and selling excess
vegetables; selling products from communal lankyjmrg on income transfer and remittances from

relatives living outside their area; migrating towhs and other climate unaffected areas;
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developing formal village trading networks; andrshing for alternative food sources, e.g. maize
from the government and aid agencies (Stringek. €2@09; Thomas et al., 2007). These adaptation
options are also known as livelihood diversificatigtrategies, where households reduce
dependence on agriculture and focus on livelihomarces other than agriculture. Most studies
conducted in East Africa on climate change adaptashow that diversification of options at the

household level is critical for incomes and foodwsgy for the family (Thornton et al., 2006;

2011). Kristjanson et al. (2012) argue that houlslshitnat are more innovative and engage in more
cropping and non-agricultural activities tend toldedter off and more food secure than those that
are less innovative and engage in fewer croppingrem-agricultural activities (Kristjanson et al.,

2012). Similarly, farmers in Asia have diversifiteir crops and now plant sweet potatoes and

vegetables, which augment rice production (Krist2@4,1).

Climate change also threatens livestock farming hadseholds have developed strategies to
manage this sector under climate-change scendmi@otswana, for example, households practise
shifting grazing and borehole rotation, water tpamtation to dry areas in the dry season, herd
separation to avoid overgrazing on less good rangelpollarding to maintain the tree cover and
regularly between kraals (Stringer et al., 2008)E&st Africa, livestock change and management
strategies include selling livestock to create kesla manageable size with the focus on fodder
and water availability, changing herds’ compositlmnintroducing newly reared animal breeds,

improving animal feed by growing fodder crops addgting new feeding strategies like “cut and

carry” and stall-feeding systems, which are mogiutar in Tanzania and Uganda (Kristjanson et
al., 2012).

Governments are also concerned about the impacidirote change and assist subsistence
farmers in coping with, and adapting to, the impaut climate change. For example, in South
Africa, the government supports farmers in the Llopgm North West and KwaZulu-Natal
provinces through poultry and egg schemes and swalé horticulture projects, where farmers
grow tomatoes that supplement the staple cropsoojhsm and maize as general poverty-
alleviation projects (Thomas et al., 2007). Sinflafarmers in this area have established a maize
cooperative that addresses marketing risks andcesdcollective production and transport costs.
Also, according to Stringer et al. (2009), the goweent in Botswana assists farmers in managing
water shortages through planned strategies sudhtersbasin water transfers, improved water
recycling, water conservation measures and punchasgiater from neighbouring countries.
Through planned adaptation strategies, the govearhrassists farmers by introducing high
yielding, drought-resistant and disease-toleraptisgop varieties for maize, along with training
farmers and extending personnel to meet the goaiaite self-sufficiency, legume and sorghum
improvement and production campaigns. Similarlg ¢overnment has promoted non-food crop

production like cotton varieties that are pest- disgase-resistant and superior in yield and gualit
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and encourages high-quality domestic productiomaize and beans, strengthening of linkages
between sectors, identification and developmengffdctive production technologies, increasing
finance for fertilisers and hybrid seeds and eragimg farmers to increase agricultural

productivity per hectare (Stringer et al., 2009).

It is clear that resilience to risks associatechwiimate variability in Africa is influenced bydh
adaptation and coping strategies taken at locéknational and transnational levels. As pointed
out by Heltberg et al. (2009: 99), “an importangsiion is at what level households, communities,
local governments, national governments or intéonatly — to focus adaptation interventions. The
answer has important implications for who implemseriinances and benefits from adaptation
interventions”. This is because adaptive capaatyeg considerably among regions, countries and
socioeconomic groups, and the ability to cope wthd adapt to, changing climatic conditions is a
function of governance and national security spiate wealth and economic development,
technology, information, skill, infrastructure, titstions and equity (Challinor et al., 2007).
Similarly, Conway and Shipper (2011: 228) argud tipaactical adaptation measures require a
better understanding of how society interacts wiimate in the present, coupled with information
about the nature of future climate risks, which banset within the context of rapidly evolving

livelihood systems and priorities for human devetept”.

Despite the fact that there are variations in atapt capacity among regions, Challinor et al.
(2007) and Ziervogel and Calder (2003) argue thatkey ingredient farmers need is relevant
knowledge and information through education andtheraorecasting about climate variability, so
that they can make informed decisions based omxtpected weather changes by modifying their
production systems (Kristjanson et al., 2012; Dic&aet al., 2011). Similarly, some of the
adaptation strategies come from outside the logstem, such as new varieties of more drought-
tolerant crops and/or with shorter growing seasdhsse strategies are made available to farmers
through farmer field schools and other farmer-cahtapproaches to learning and communication
(Challinor et al., 2007).

However, a successful adaptation strategy requivesblending of local and scientific farming

techniques through participation in order to heprfers manage climate variability and change.
As argued by Collier et al. (2008), although snsalile farmers have gained considerable
experience in coping with temporary shocks, theiowledge has not yet been combined with a
sustained ability to adapt to changing conditiossoaiated with climate change. For example,
most farmers who have adopted fallowing througlofagestry are said to benefit from improved

soil moisture capacity due to increased infiltratimtes and reduced run-off, hence providing
greater soil erosion control (Challinor et al., 2ZRD0Furthermore, Collier et al. (2008) suggest that

farmers, through the help of the government, sheoediice their dependence on climate-sensitive
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resources. This is achieved through the governingesting in irrigation projects and in the non-
agricultural sector, like manufacturing and senseetors, which have the capacity to absorb the
shocks caused by climate change impacts on agnieulSimilarly, governments should increase
expenditure on long-term “climate-proof” infrasttue development and improvement, such as
roads, in order to facilitate the accessibility amolvement of goods and services from one location
to another at a reduced cost, without being aftebteextreme weather events from the changing
climate (Collier et al., 2008).

2.3.1 Limitationsin adapting to climate change

There is no doubt that Africa has a low and limitegbacity to adapt to climate variability and
change due to a lack of capital, skills and appabpradaptation technology (IPCC, 2001).
Adapting to climate change requires changes inifagnsystems and infrastructures, switching
crop types to more drought- and heat-tolerant ¢repsl those areas expected to experience
increases in precipitation and temperature wilunega shift to higher thermal-requirement crops
so as to make fuller use of the extended and nmbe@se growing season, and control of increased
populations of pests, insects, weed and pathogeost of which require extensive research that

most African countries lack (Parry, 1990).

In the process of adaptation, farmers face probienac®mpeting with imported food (cheap food,
e.g. rice) to cater for the food shortages in thentry. Imported food is sold at a cheaper prieath
locally produced food, limiting the ability of thedarmers who are already trying to cope and
adapt to climate change and climate variabilityntaintain their livelihoods. However, since
livelihoods at household level are affected by iénl) income and food security from farming,
many will opt for a diversification out of agricute (Krishna, 2011; Kristjanson et al., 2012). As
argued by Bryceson (2000), farmers who diversiiirtimeans of survival by moving completely
or partially out of agriculture are more capablenwiving out of poverty. It is evident that most
households will adapt to climate change by furtbegking to diversify into non-farm livelihood
activitiesin situ, or by moving or sending more family members toaur centres and depending on
urban-rural remittances, with agriculture remainasy a semi-subsistence activity while cash is
generated elsewhere (Challinor et al., 2007; Dadtzal., 2004). The same was observed by
Ziervogel and Calder (2003) in South Africa, wh&asotho males who worked in the mines

supported a large majority of the population witkit pay from mining works.

Adaptation to climate change and variability maguiee the growing of less-favoured crops by the
farmers, as changing conditions may not favourgttoeving of crops that farmers are accustomed
to. This is because the adaptation process doeseaitcomplacency with what is suitable to the
farmers, but what is favoured by the conditionsisTihay lead to significant disruptions of the

rural livelihoods, because the adaptation processever perfect (Parry, 1990; Rosenzweig and
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Hillel, 1995). For example, the growing of more wight- and famine-tolerant crops would not be
preferred by most rural farmers, because it doesmsure equal levels of either food production or

nutritional quality, nor does it guarantee equafigs for farmers.

However, the literature suggests that adaptatiatiineate change does not happen automatically,
but requires investment in agricultural researcth imfrastructure (Rosenzweig and Hillel, 1995),
in identifying possible current adaptation optigdhat can be taken by farmers in coping with
changes, their current and expected future hazerdeell as types of crops and their best farming
practices under climate change conditions. Thigeiyy expensive, and most African countries
cannot afford this due to limited resources, sushnatitution infrastructure, access to capital,
information and technology, and increased vulnditgbio climate change by the agricultural
sector, which is dependent on climate (IPCC, 208t et al., 1999b). However, the only
available options for most African farmers in capiwith and adapting to the impacts of climate
change are through their traditional agriculturatniing techniques, although timely response
actions may be limited due to their infrastructarel economic means (IPCC, 2001; Smit et al.,
1999b).

2.4 Traditional indigenous knowledge as a tool for coping with climate variability and
change
The changing climate affects the ability of ruranenunities to satisfy those needs that are
environmentally based (Krishna, 2011). Despite f that changes have being occurring over
generations, rural farmers have also been adagitigese changes throughout their life by the use
of local environmental knowledge (Beckford and Eark2007; Gyampoh et al., 2009). The
knowledge is cheap, readily available to rural farsrand a climatically smart tool for sustainable
development and the management of climate chandevanability (Odero, 2011). However,
environmental problems are local in nature (KrishrZ011) and vary greatly spatially
(geographically), temporarily and agronomicallyi§&r et al., 2005), but rural farmers, through
continued experimentation, trial and error andauost interactions with their local environment,
have developed a vast local knowledge about natuteeir locale that they use in coping with and
solving their problems, among which are climateded problems (Krishna, 2011; Beckford and
Barker, 2007).

Despite a variety of terminology used to refer @xal environmental knowledge, such as
indigenous knowledge, traditional local knowledgahoriginal knowledge, rural peoples’
knowledge, folk knowledge, traditional wisdom, fitemhal science, people’s science, etc.
(Krishna, 2011; Briggs, 2005; Thompson and Scoot894; Senanayake, 2006; Beckford and
Barker, 2007; Scoones, 1998; Ellen and Harris, 1@@fro, 2011), all the terminology has similar

meanings and is used interchangeably to refergdattal environmental or traditional knowledge
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and skills held by indigenous people, developedgidatthe formal scientific domain, embedded in
culture and steeped in tradition via the oral tiadi (Sen, 2005; Beckford and Barker, 2007;
Odero, 2011). In this study, all the terminologyl e used interchangeably.

However, there are many definitions of indigenoteditional environmental knowledge. For
example, Warren et al. (1995) and Krishna (201X)ndelocal environmental knowledge as a
knowledge that is unique and specific to a givehiucel or society, developed through careful
observation and experience of the natural ecosydtesontrasts with the international knowledge
system generated by universities, research instisitand private firms (Warren et al., 1995).
Stringer et al. (2005) refer to indigenous knowkedts an environmentally derived technology
concerned with farming needs towards operatiorsdueces for farm risk management decisions,
while Beckford and Barker (2007) define indigen&nswledge as dynamic and complex bodies of
knowhow, practices and skills that are developetisustained by people/communities with shared
histories and experiences. Furthermore, as argydgebkford and Barker (2007), the knowledge
developed provides a framework for decision makimga plethora of social, economic and
environmental situations and livelihoods among Irysaople. In many African countries,
knowledge plays a vital role in managing and imprgvagricultural performance where the
agricultural sector forms the backbone of the eopngHart, 2007; Lwoga et al., 2010b). For
example, in Tanzania the agricultural sector engltd% of the workforce, accounts for more than

25.7% of the gross domestic product and amour6.8% of the country’s exports (URT, 2009).

However, local environmental knowledge consistsimfjue and specific features that delineate it
from other forms of knowledge. For example, acaogdio Raseroka (2008) and Subba (2006),
local traditional environmental knowledge is spece#nd unique to a given geographical location,
as it is recorded and stored in people’s memomesaativities. As knowledge, it is expressed in
the form of folklore, songs, stories, dances, priosgerituals, local languages, myths, beliefs,
games, cultural values, community laws, agriculturmwledge of local flora and fauna and their
linkage to medical and culinary activities, locastbry of the earth, stars and water systems,
equipment, materials, etc., as well as throughfaote such as masks, pottery, carvings, etc.
Although Seloma (2007, in Raseroka, 2008) suggemts the artefacts may be utilitarian and
satisfy aesthetic aspects of culture, they may adflect a people’s philosophy of life, values and
experiences, innovations and productivity. Simylathe knowledge has the feature of intangible
cultural heritage embedded in archaeological kndgde (Segobye, 2006), dynamic and self-
regenerating to cope with and adapt to the changiivironmental conditions, as well as adapting

the external knowledge to suit local situationsggtaka, 2008).

However, the dissemination of local traditional konmental knowledge is dependent on memory,

shared local language and the oral tradition angkrpnretation of material culture. The
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dissemination of information and sharing within igehous traditional knowledge systems in
Africa is predominantly dependent on person-to-@ersommunication, or the use of a technology
that transmits voice over distances. Such techydlograditional African societies includes horns,
water and drums, which amplify voice across distagnad transmit information from community to
community over valleys or across expanses of watgech as lakes and large rivers (Raseroka,
2008).

Such traditional technological skills give locav@onmental knowledge unique characteristics that
are distinctive from other forms of technologic#ills in modern science and other forms of
knowing. The literature provides widespread andsyesive characteristics that distinguish local
environmental knowledge from other forms of knovgedAccording to Ellen and Harris (1996),
local environmental knowledge originates from a c#fjie group of people with specific
experiences developed within the area in which they Relocating this knowledge to another
locale has the consequence of dis-locating it. Krtwavledge is transferred through word of mouth,
imitation and/or demonstration, which means thating it down may lead to the loss of some of
its fundamental properties. However, writing it Wbmake it more portable and reduce the losses
and dislocation that the knowledge faces. Similathe knowledge is the result of everyday
activities and is continuously reinforced by expade and trial and error. The experiences are the
outcomes of intelligent reasoning over many geriat where its failure has direct effects on
people’s lives, while success is very often a gom@dsure of Darwinian fithess (Ellen and Hatrris,
1996) or, as Hunn (1993: 13) puts it: “tested i@ tiyorous laboratory of survival”. Although the
knowledge may be considered to be static due iar@ain reality it is constantly changing by
being produced as well as reproduced, discoveregedisas lost (Ellen and Harris, 1996). As
argued by Hunn (1993: 13), “tradition is a fluiddamansforming agent with no real end, when
applied to knowledge; negotiation is a central emtt Knowledge is considered to be widely
shared within the community from generation to getien, meaning it sometimes has been
referred to as “people’s science” due to its geimracontexts of everyday production (Ellen and
Harris., 1996; Lwoga et al., 2010a). However, itssemination is not linear or equally shared;
rather, it has segments within social groups (Lwetal., 2010a). The uneven dissemination of
knowledge within a community arises due to issudated to power relationships and cultural
differences, such as gender and age, as well aergegion through the distribution of the
memories of different individuals (Wall, 2006). $hmay also lead to a rise of groups of specialists
which may exist, not only by the virtue of expedenbut also by virtue of ritual or political
authority. Even though indigenous environmental vikedge is considered characteristically
situated within broader cultural traditions, difatiating the technical from the non-technical and

the rational from the non-rational is problemalibgmpson and Scoones, 1994: 18).
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Subba Rao (2006) argues that local environmentalladge is more than just technologies and
practices, and hence it can be grouped into diftecategories depending on the function that it
performs: (i) information (trees and plants thabvgrwell together; indicator plants — plants that
show soil salinity or are known to flower at theglmming of rains); (ii) practices and technologies
(seed treatment and storage methods; bone-settitigods; disease treatments); (iii) beliefs that
play a fundamental role in people’s livelihoods amdnaintaining their health and environment
(holy forests are protected for religious reasamd maintain a vital watershed; religious festivals
can be an important source of food for people wtherwise have little to eat); (v) materials (house
construction materials; materials for basketry aother hand or craft industries); (vi)
experimentation (farmer’s integration of new treed/ar plant species into existing farming
systems; healers’ tests of new plant medicinesi) ological resources (animal breeds, local
crop and tree species); (viii) human resourcesc{apsts such as healers and blacksmiths; local
organisations such as kinship groups, councildd#re or groups that share and exchange labour);
(ix) education (traditional instruction methodspegnticeship; learning through observation); and

(X) communication (stories and messages carvedlon lpaves; folk media).

Despite the varied types of local environmentahidgedge with their attached functions as used by
the community as a tool for survival, this knowledgas important values in meeting livelihood
needs and demands for food for the local commuhityugh traditional farming systems based on
local environmental knowledge (Dankelman, 2010; iGyah et al., 2009; Beckford and Barker,
2007). As argued by Lwoga et al. (2010a), Beckimmd Barker (2007), Flavier et al. (1995) and
Warren et al. (1995), indigenous traditional lokabwledge is valuable, adaptable and necessary
for coping with risks and uncertainties in the dajiag world because it forms the basis for local-
level decision making in rural communities withpest to agriculture, food security, human and
animal health care, education, natural resourceagement and a host of other activities in rural
communities. However, Beckford and Barker (2007)tiom against a misguided notion of
traditional knowledge being treated as a panaceaalfothe ills of local agriculture. Indeed,
indigenous traditional knowledge cannot be used agbstitute for modern scientific knowledge,
nor as a replacement, but both can be used condyrire solving environmental problems towards
attaining sustainable agricultural development. sThas argued by Lwago et al. (2010), for
sustainable agriculture the communities have tplaeed within a knowledge-creating setting that
continuously creates, distributes and shares krigelewithin and beyond the communities’

boundaries and integrates it with new agricultteahnologies, innovations and knowledge.

Traditional farmers can cope with the impact ofhappogenic climate change by employing
agricultural, indigenous traditional farming knodtgee as a means of adapting to climate change
and variability (Odero, 2011). This has been pdsditrough continued interaction with the local

environment, where farmers have gained extensiegvkatge about crops, including resistance to
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reduced soil moisture, increased heat and pestliardses varieties; water harvesting technologies
to cope with declining water; soil moisture consgion and retention techniques; soil conservation
through minimum tillage and other techniques; manaent of fragile soils; food storage and
preservation techniques such as fermentation,hasiey, herbal plants, sun drying and smoking to
ensure food security; indigenous seed selectiaMelerable to pests and diseases and tolerant of
higher temperatures and resistant to drought affectercropping and diversification of crops;
weather prediction systems through early warnirgjesys to determine short-, medium- and long-
term climate variability and changes and expecitaplacts such as floods, drought and storms;
change of diet preference; control and managenfesrbp pests and diseases; and management of
food shortages through the identification of emeogecrops/food like local and wild edible fruits
and vegetables to ensure survival during food aged (Odero, 2011; Senanayake, 2006; Stigter et
al., 2005; Gyampoh et al., 2009). Through livelyl active interactions with their environment,
households make informed decisions about theirrenmient and the possibilities that it can

provide for their living.

Through indigenous local environmental knowledgemiers have been able to identify changes
occurring in their environment and plan their sbead communal activities, such as planting,
harvesting and hunting, in response to changesemtiver and climate in different seasons of the
year, making informed environmental decisions fairt survival through exploiting their natural
resource base over generations, in spite of thati@rs occurring due to climate change (Stigter et
al., 2005; Krishna, 2011). However, current climanditions appear to be changing more rapidly
than in the past, limiting the application of loesvironmental knowledge as adaptation strategies
(Stigter et al., 2005; Krishna, 2011; Gyampoh gt24109).

The newly expanding changes associated with véitialm precipitation trends and increased

droughts and flood events affect the livelihoodsul farmers (Dankelman, 2010) by impacting
on food security, farmers’ skills and innovativagices in farming activities, and their traditibna

knowledge useful in meeting their survival needsqha, 2011). However, farmers all over the
world are adapting to the impact of changing clematd continue to develop their vast knowledge,
techniques and strategies for coping with the clmangonditions (Gyampoh et al., 2009). Most of
the coping strategies are developed under limisdurce availability, hence making some of them
not sustainable but aimed only at survival in adigonal period (Dankelman, 2010). For example,
farmers may decide to eat less or skip meals atiegeor use food with low calories, spend more
time in work or in obtaining their needs (e.g. undeater scarcity, rural inhabitants walk longer

distances to fetch water), search for non-farm jehsre they may work under unsafe and poor
conditions, borrow money (lent under high inteneges) for the purchase of food, or withdraw
young girls and boys from school to save money @moal fees and spend it on food. Under

prolonged conditions, they may be forced to migtata safer environment (Dankelman, 2010).
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Farmers have an extensive base of knowledge artigas that illustrate the use of their local
knowledge and skills in developing cost-effectivadasustainable survival strategies for
households’ poverty-reduction and income-generatingtegies, and for the general well-being of
the individual and the community at large. Localismnmental knowledge practices generally can
adapt in response to gradual changes in sociahatnuglal environments, since indigenous practices
are closely intermingled with people’s cultural ved and passed down from generation to
generation (Dankelman, 2010; Lwoga et al., 2010kenEand Harris., 1996). Some of the
traditional indigenous coping strategies that hpreved to be successful and sustainable include
the following: Local farmers are adapting to climahange by switching their farming practices to
traditional crop varieties that are flood or drougblerant and less vulnerable to pest attack and
diseases (Dankelman, 2010). They have developatliltdigenous generic crop varieties that can
grow under limited rainfall conditions that not priblerate increased drought conditions and heat
stress, but also improve soil quality and ferti(iBankelman, 2010). For example, in India, farmers
plant a locally adapted variety of pigeon p€ajanus cajajp which uniquely combines optional
nutritional profiles, high tolerance to environmanstresses, high biomass productivity and
moisture contribution to the soil (Altieri and Kaafkan, 2008). They also plant other drought-
resistant crops, such as sweet potatoes, cass#ied,amd sorghum (Altieri and Koohafkan, 2008).
In the Philippines, the Tagbanuas communities wuskgénous traditional farming knowledge
called swidden farming (adjusting planting and gGleaperiod) to cope with the impact of climate
change on agriculture, and to manage food shorthgeshanging their dietary preferences to

eating root crops such as kurut and burut (KrisB041).

In managing the impact of increasing (higher) terapge conditions and intense sunshine,
traditional farmers practise intercropping of hedérant plant and early-maturing crops (maize),
which enable them to manage their microclimateg(&ti et al., 2005; Dankelman, 2010). By
intercropping, farmers grow a combination of cr@pisties together on the same field in a single
growing season, but harvested at different timdggfhand Koohafkan, 2008; Stigter et al., 2005).
For example, maize and beans may be grown in the §ield, but beans are planted in the middle
of the growing season and harvested before the eméddtieri and Koohafkan, 2008).
Alternatively, traditional early-maturing maize istercropped with late wheat, something
commonly practised on the North China Plain (Stigteal., 2005). Traditionally, the practice of
mixing crop varieties is important to small-scadéenfiers, and especially so for subsistence food
production, as it can delay the beginning of dissaseduce the spread of disease-carrying spores
and create less favourable conditions for the spofacertain pathogens. The technique does not
require or depend on the application of chemicHtiligers, pesticides or other modern farming
technologies (Altieri and Koohafkan, 2008). Herfeemers are able to attain numerous production

and conservation goals concomitantly, and are edsaof greater yield stability with a lower
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productivity decline during drought conditions thands to be the case in monoculture (Altieri and
Koohafkan, 2008). This practice protects crops,seoves diversity and sustains vital economic,
environmental, human and natural resources, as agelhitigating the effects of local climate
variability in small-scale farming systems (htyiw.agroforestry.co.uk/agover.html; Altieri and
Koohafkan, 2008). Similarly, traditional farmers mage floods events, which may occur during or
in between growing periods and cause damage t® cbhypplanting crops that can grow within the

length of the remaining growing season after flogdseri and Koohafkan, 2008).

Through conservation farming techniques, such tesdropping and mixed cropping, farmers plant
crops to suit expected weather conditions predithedigh weather forecasts confidently in the
local environment, and also practise minimum ti#lag conserve and reduce soil moisture loss.
Practising conservation farming reduces the riskowfcrop yields by spreading out the impacts of
rainfall variability and temperature change achtev®y planting different types of crops with
different behaviour to cope with the predicted \meatcondition. This is possible through
flexibility in traditional indigenous weather forasts, which is firmly tied to the experience of the
local environment (Stigter et al., 2005). Howe&tigter et al. (2005) argue that the fitting ofEso

to the anticipated weather conditions under preslénaite change is now more doubtful and hence

requires to be undertaken along with scientific theaforecast.

Farmers have developed a vast knowledge of cropbications and mulching geared towards
controlling flood impacts and soil erosion (Beckf@and Barker, 2007). For example, using local
environmental knowledge, farmers plant trees amghxion the same piece of land where trees
provide shade, protect crops against temperatureregs and direct exposure to sun radiation,
reduce the effect of wind on plants, conserve sailisture, improve soil nutrients through
nitrogen-fixing plants, and intercept hail and rdmops from destroying crops, while other crops
provide ground cover (Olokesusi, 2004; Beckford &@atker, 2007). For example, a study in
Jamaica by Beckford and Barker (2007) shows thandes have developed sophisticated
agronomic cultivation methods on symbiotic croebn and combinations to be grown together,
where cassava and pigeon peas (gungo peas) atedotagether, while crops like sweet potatoes

are planted alone in the field.

On the other hand, farmers in Asia control floodwl aeduce run-off and soil erosion by
constructing drainage ditches and tunnels to manstgem water, practise agro-farming,
reforestation and bush fallowing in certain paristte field, apply mulching and leave plant
residues standing after crop harvest (Stigter .et2805). For example, the indigenous people of
Yunnan province, through the use of their tradaioterracing farming technique, have been able
to make farming activities possible in the Hanisanghere the steepest slopes reach 75° (Jiaq et al.

2012). In India, traditional farmers manage runioéfter through a traditional system known as
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zabo,which means “impounding runoff’, araheo-ozihisystems are commonly used in Nagaland,
where run-off water is led through various terrageg collected in pond-like structures and is used
for drinking water and irrigation during dry weathgrishna, 2011). In Tanzania, the Matengo
farmers in the Mbinga district of Ruvuma region astchnique known agoro, or Matengo pit
system, where they excavate pits with the deptbingrbetween 0.3 m and 1.0 m, and plant maize,
beans, wheat, sweet potatoes and tobacco on #notasis (Rutatora, 1997). The system has
helped the Matengo people to establish their limethe highlands, where altitudes range from
1 400 to above 2 000 m, but they produce adequai ¢rops in this mountain area and control
soil erosion (Pike, 1938; Stenhouse, 1944). Sitgilaerrace farming is also commonly practised
among the Mapan and Chingwan in the Wakkos distrid®ankshin in Plateau State in Nigeria
along a rugged high-altitude area, whilst in theeABoutchi Maggia area of the Niger Republic, a
traditional farming system of stone lines knowngasidari is used to preserve water, check soil
erosion and trap soil blown by the wind (Olokes@604).

Mulching is also popularly practised by Nigeriamnfi@rs in combating soil temperature extremes,
conserving soil moisture and soil erosion, as aglin suppressing harmful pests and weed growth.
They also plant creeping ground pumpkins that ctsmikerosion by covering the ground during
the intense rainy season, when run-off is high fiMyet al., 2007; Olokesusi, 2004). Also, farmers
adapt to drought conditions by planting droughetant crops, such abioscoreaspp. and
cocoyamwhich also create shade and increase compostiorgatter in the soil when used as
green manure through leaf foliage, which improvgscalture yields (Nyong et al., 2007). This
also reduces pressure on the forest, because lbdseixtract firewood from these crops (Nyong
et al., 2007). They also plant quick-maturing typésnillet that provide insurance against short
rainy seasons (Olokesusi, 2004).

Fulani farmers in south-west Niger cope with bdté long-term decline and variability in rainfall

through planting drought-resistant cereals, suaniist and sorghum, which are intercropped with
cowpeas, groundnuts and hibiscus. Low soil bio-pectidity is managed by applying organic

manure, although in only limited amounts, and fagmwely on short-fallow rotation on the farm to
regenerate nutrients naturally. They also rear Ismahinant animals. Cotton has not been
cultivated since the 1980s due to a decline in ahrainfall, and many farmers now have to rely on
off-farm incomes to supplement their household ¢kt (Osbahr and Allan, 2003).

Declining soil moisture, as a result of increasesemperature and rainfall variability, has made
traditional farmers reduce their dependence on-fenagriculture by establishing manually
watered homestead gardens located close to theseko(Gyampoh et al., 2009; Altieri and
Koohafkan, 2008). These gardens are rich in plpetiss diversity, benefiting the household with

highly nutritional food, medicinal herbs, sourcdditewood, spices, ornamentals and an income

37



source from the sale of some produce (Altieri andiafkan, 2008). These gardens are maintained
and managed at the homestead level, where soilentd#rare improved through the use of
household waste and irrigation by using water aftarsehold uses. They are also important sites
for experimentation with many varieties of plandtieri and Koohafkan, 2008) before they are
adapted to be grown in the fields under known werationditions. In Ghana, for example, farmers
manage rain deficit and water shortages through aterweuse strategy, where they have
established homestead garden and nurseries idiggtesing water first used in the household for
washing clothes and domestic utensils. They alsatige rotational water distribution to reduce
and control water used per person per day, and heweed rainwater harvesting from roofs,
which previously was abandoned when communitietaliesl wells and boreholes, which have
now dried due to drought. However, rainwater haiagss not enough for household use due to
the low and variable rainfall (Gyampoh et al., 20@ecause of increased sunshine and drought,
cocoa plants are more prone to wilt and so farmave shifted from cocoa cultivation to drought-
resistant crops, such as cassava and vegetabliet, ark cultivated close to the river plain where
plants can get more water. Soil erosion, riveatdh and deforestation, which reduce stream flow,
are managed through education offered by the lghority on the effect of tree-cutting, hence
encouraging households to plant more trees anceoamsvater resources and control forest fires
by promoting community-based forest management.y Thlso impose fines on those who
indiscriminately set fire to the forest or cut sesdong the water sources. Farmers also manage the
impact of increased sunshine by planting treesheir farms to create shade for their crops and
reduce increased loss of soil moisture and the étngfadirect sun radiation of the crops (Gyampoh
et al., 2009).

In Sri Lanka, farmers manage water scarcity usiagditional water harvesting during the rainy
season through the practice called ‘bethma’, coatbinith temporary land redistribution and field
rotation (Stigter et al., 2005). In West Africanuotries like Niger, Burkina Faso and Nigeria,
farmers use traditional planting pits as reservdins water collection, something which has
increased yields by reducing dependence on diagafatl (Stigter et al., 2005). Similarly, in some
parts of West Africa and Sudan, farmers use atiomdil method called “demi-lunes” for better
water harvesting, and this has proved to be vecgessful in managing water shortages in these
areas (Stigter et al., 2005). In Zimbabwe, traddio methods such as permaculture, water
harvesting and infiltration pits, together with dght-tolerant crops, are used to combat declining
soil moisture for agriculture, hence reducing dejesce on rain-fed farming (Altieri and
Koohafkan, 2008; Shumba, 2001). Farmers in the h&alahave established manually irrigated
homestead gardens and have shifted from keepirte dat more drought-resistant ruminant

animals like goats (Krishna, 2011). In Nepal andhddadesh, farmers have shifted from crop
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cultivation to rearing goats and poultry (Nepal)ddaducks (Bangladesh), which are easily

marketable products (Dankelman, 2010).

Under prolonged drought conditions, traditionalniars are forced to become migrant labours
and/or engage in food trading (Olokesusi, 2004)nigrate to safer places and establish temporary
shelter. For example, the Makushi people of Guyaigrate from their savannah homes during
drought conditions to the forest, and plant cassdwag the floodplains normally too wet for the
crops (Krishna, 2011). These traditional farmingtegns, sometimes referred to as “ethno-
engineering” (Jodha, 1990), have been developeddagted by local farmers over generations to
manage agricultural production through retainingewaon the farm by increasing the rate of
infiltration, providing efficient checks againstilserosion and loss of soil fertility, and preveryi
soil degradation towards enhanced and more relialde production, while coping with the
challenges posed by their natural environment (Reill988; Olokesusi, 2004). This shows how
local people notice the changes in their envirortmemd adapt their livelihoods and habitat

accordingly to the changing conditions.

As the IPCC (2007) reports clearly indicate, rdinfariability, floods, droughts and wind storms
are the key factors that influence agriculturalduction and hence food security in Africa. These
factors affect crops yields, which result in famared other food impacts. However, in coping with
food shortages, local farmers who depend on natasalurces have acquired knowledge on other
traditional non-farmed crops and vegetables that #at during times of food shortages as a means
of dietary change and adaptation to climate cha(@dero, 2011; Gyampoh et al., 2009;
Dankelman, 2010) As argued by Altieri and Koohafk@008), many farmers in developing
countries obtain a significant portion of their doequirements from wild plants gathered from the
forest, especially during drought and other envitental stress periods. They gather edible nuts,
edible flowers, leafy vegetables, berries, roatbets, mushrooms, honey, bush meat (snails, game
and insects), etc. from around crop fields, buskdzor forests surrounding their villages to ensure
household food supplies (Altieri and Koohafkan, 00kafor, 1991). As argued by Walter and
Hilton (1993), 25 000 forest plant species in Tanaare edible, and Okafor (1991) has suggested
that they are important and cheap sources of vitgmininerals, carbohydrates and fats. These
foods are considered to be starvation or famin@<reith a low calorie content or quality, and
sometimes are hard to find and traditionally nafemred (Krishna, 2011); such non-traditional

foods include water hyacinth (Dankelman, 2010).

Fleuret (1979) argues that peasant farmers in asern Tanzania gather wild vegetables
(michichg from the forest during food shortages. Theseiqddr vegetables are rich in carotene,
calcium, iron and protein, which provide rural helislds with a healthy diet during food

shortages. Gathering is also practised in Mexicoranthe Puerpecha Indians, who use more than
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224 species of wild native and naturalised vascplants for dietary, medicinal, household and

fuel needs. Similarly, Mexican Sierras depend dbledveed seedlings in the period before maize,
beans and cucurbits mature in the field, and tlaygeelites as an alternative food when crops are
destroyed by hail or drought (Altieri and Koohafk&008).

Through continued interactions with the local eoniment, farmers have developed complex
cultural models of weather conditions from whicleythare able to predict the onset of different
seasons and implement decisions about their farmitigities, such as when and what types of
crops to plant according to the expected weathaditions (Stigter et al., 2005; Nyong et al.,
2007). Through this, traditional farmers have mawaatp cope with changing and varying climatic
conditions over time. Traditionally, farmers prddiseasonal weather by using different
phenological markers and indicators, such as asficdl and vegetation (e.g. baobab, acacia)
indicators, seasonal patterns of migration or aygme® of certain birds, blooming of certain trees,
mating of certain animals and changing directidnsiod (Odero, 2011; Haile, 2005; Nyong et al.,
2007, Stigter et al. 2005; Krishna, 2011). Withstmformation, they anticipate the beginning of
the growing period and start farm preparation, wrdwt and stay alert for the occurrence of
extreme events like floods, storms or drought ehxitand Koohafkan, 2008). In the Philippines, for
example, the chirping of kiling birds indicates @& of the typhoon season, which coincides with
October in the Roman calendar, marking the beggoinsowing rice on the seedbeds. Through
the use of traditional indigenous knowledge, alaritly careful experimentation and observations
of weather and climate, small-scale farmers in @aj& India predict the coming of the rain
(monsoon rain) to determine the growing seasorobitihg at the flowering peak of blooming of
the Cassia fistulatree, as the monsoon begins 45 days after pealefilog (Anonymous, 2001;
Stigter et al., 2005). They also note the chandingction of the wind to determine the strength of
the monsoon; when the wind blows from the nortlvest, this suggests a good monsoon, whereas
if the wind blows from the east, this indicates bt (Anonymous, 2001;
www.economist.com/node/873712). Consequently, tifeeseers can predict to a greater or lesser
extent seasonal rainfall anomalies, and so prepparaselves for the expected event, e.g. flood or
drought, by determining the sea surface tempergt®&¥) of the Indian and Atlantic Oceans,
which influence the temperature of ENSO, leadingitber drought or floods (Haile, 2005). In
Indonesia, Punan farmers observe the phases ahttom to determine the commencement of

activities like farm preparation, planting of trem@ps and hunting (Krishna, 2011).

Nevertheless, under current climate change scenmaskieather predictions and the anticipation of
the commencement of the farming season througlyéndius traditional knowledge is becoming
less reliable because, in some instances, thesdgsen®y be occurring earlier than normal and
hence they do not coincide with the start of thewgng season, which may mislead the farmers

(Krishna, 2011; Gyampoh et al.,, 2009). Also, thgibeing of the rainy season is now less
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predictable; it may begin at the start of the ndrphanting season and be followed by a long break
before resuming again, subsequently affecting guth and yields (Gyampoh et al., 2009).
Hence the need to incorporate the useful elemeilfitdocal knowledge with scientific
meteorological knowledge in predicting weather, dmhce climate variability and change,

becomes important (Beckford and Barker, 2007).

Researchers have also documented a vast enviroainiantvledge and skills owned by traditional
farmers in determining soil fertility and nutrieritstheir locale for the purposes of maximising soi
use and increasing agricultural productivity at fhem level, and hence food security (Briggs,
2005; Beckford and Barker, 2007). As argued by @id2005), small-scale cultivators use
traditional knowledge for classifying and determipisoil characteristics and fertility by using
colour, presence of organic matter (flora and fawamal soil texture over space which is a useful
component in determining crop growth and yieldsckerd and Barker (2007) argue that, despite
the geological history and geomorphological sesiingvhich result in highly variable and
differentiated soil types in Jamaica, local farmesse a deep knowledge of the variations in soils
and their physical characteristics within theirdliged areas. For example, farmers in Rio Grande
Valley differentiated and classified soils on tlasis of crop yield, soil texture and colour, and us
characteristics like smell and the absence of eartins to indicate infertile and possibly acidic
soils, as well describing soils according to dif@rcategorises of soil textures such as sandy, cla
gravely and soft fine soil. They also have knowkeddout land degradation and can identify
possible and expected causes using key indicatmis & declining yields, the formation of rills
and cracks in the soil, and increased stonineiseafurface layer of the soil (Beckford and Barker,
2007).

In west Niger, farmers determine soil fertility bging soil colour. Red soils are considered to be
moderately fertile, sandy soils are considered datain little organic matter, black soils are
considered to be highly fertile and rich in orgamatter, while white soils are infertile with no
organic matter (Lamers and Feil, 1995). Traditidiaainers in south west Niger in the village of
Fandou Béri classify soils in their village areaca@ding to the location and potential for
production. They identify soil hames, texture amdbar, and relate each soil type to both soil
properties and amount of rainfall. In Swazilandpfars determine soil fertility through feel and
the availability of organic matter, where soilshrim earthworm casts are considered fertile with
low acidity conditions, while those without earttwwis are considered to be infertile and highly
acidic (Osunade, 1995). In Nigeria, farmers considi@lluvial soils in river floodplains to be very
fertile (Kundiri et al., 1997). Similarly, rural fimers in Tanzania through their local knowledge can
also identify and describe soil fertility by comghg it with soil colour and crop yields. They
considered fertile soils to have cool and modeteteperatures with good crop yields, low fertile

soils which carried low yields are considered tovierm, and those found in areas that are
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experiencing degradation are considered to bedilst\with poor yields (Ostberg, 1995). Through
this, farmers are able to choose and make decisiortbe types of crops that they can grow on

each soil, depending on nutrient availability, sodisture and temperature tolerance levels.

The literature shows many examples of indigenoaptation strategies that have been developed
by farmers all over the world through their congduinteractions with their environment and
experimentation of their farming systems in copivith, and reducing the severity of, the impacts
of climate variability and change (Altieri and Kadkan, 2008; Stigter et al., 2005; Nyong et al.,
2007; Gyampoh et al., 2009). Many of these strateiave been documented and added to the
UNESCO world heritage site system in 1992 while edrave been chosen by FAQ’s “Globally
Important Agricultural Heritage Systems (GIAHS)itiative to be used as pilot studies due to their
outstanding aesthetic beauty, maintenance of dlob@nificant agricultural inheritance, sustained
provision of multiple goods and services, food dwdlihood security, and quality of life for
millions of people in the world (Altieri and Koohain, 2008). These systems exhibit important
elements of sustainability, even in times of unmtadble climate variability, as they are well-
adapted to their local environment, depend on #uligis resources, are small-scale and
decentralised, tend to conserve the natural resdogse and exhibit resilience to environmental
changes (Altieri and Koohafkan, 2008). ExampleS&iafbally Important and Agricultural Heritage
Systems of relevance to climate change includeréiieed field agriculture in Mexico, Peru,
Bolivia, China and Thailand (see Erickson, 1988 Mountain agriculture in the Andes, the
Quezungal farming system in  Honduras (see Bergkamgt al., 2003;
http://www.adaptationlearning.net/using-traditictethniques-protect-watersheds) and Ifugao rice
terraces farming system in the Philippines. Thesmditional farming systems are the
representations of the heritage systems which hesidted over centuries in adapting to the local
environment by local farmers to meet their agrimat needs. However, they are proven adaptive
management systems that can be used for the pootexftthe endangered agricultural landscape
(Jiao et al., 2012).

Indigenous knowledge systems have a broad pergpeagftihe ecosystems and of sustainable ways
of using natural resources. Neglecting such knogdednd replacing it with modern ideas of
theoretical knowledge and academic ways of learningates a grave risk that much indigenous
knowledge disappears and, along with it, valuallewkedge about ways of living sustainably,
both ecologically and socially (Senanayake, 20@)e to this, there is current interest in
indigenous knowledge, driven by research into susde development practices in developing
countries and the scientific community’s concerrowbloss of bio-diversity of species and
ecosystems, and the future implications of thattierwhole planet (Sen, 2005). According to the
1998/1999 World Bank Development Report, knowledu#, capital, is the key to sustainable

social and economic development. Hence, buildinglagal knowledge, which is the core
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component of any country’s knowledge system, isfits¢ step to mobilise such capital. In this
case, for any development strategies and activdiesed at benefiting the local poor people
directly, and its success in attaining its goald abjectives, there is a need to consider local
people’s traditional knowledge in its set-up andplementation in all phases, as indigenous
knowledge provides the basis for grassroots detisiaking by offering traditional models for
development that are both ecologically and socgdynd (Senanayake, 2006). Failure to recognise
the role of local knowledge as a problem solvimgtsgy may hinder the success of the project due
to the fact that some of the local knowledge is edded in the cultural values of the community
and has become part of the everyday life of indigld in the community, to the extent that
separating such knowledge from the community mayeto be very difficult resulting in project
failure (World Bank Report, 1999). Similarly, agaed by Rappaport (1979) and Boyden (1987)
(in Jiao et al., 2012), a society’'s ability to adap the natural environment and the kind of
economic relationship it maintains are influencgdheir culture’s ethical values and beliefs. This
being the case, indigenous knowledge constitutesbtmsic part of the lives of the rural poor
because their lives and livelihoods depend almaostedy on specific skills and knowledge for
their survival. Hence, mainstreaming this knowledgel integrating it with modern scientific
knowledge could be most advantageous to small-deateers in different parts of the world,
particularly in Africa (Kiplang'at et al., 2008). dwever, validating environmental traditional
knowledge in any development strategies, in termst significance, relevance, reliability,
functionality, effectiveness and transferabilityosld involve the indigenous people themselves
(who are the users) at the original site of apfibicaof the indigenous knowledge. Although its
transferability and application may prove difficldecause of the tacit nature of most of the
indigenous knowledge in certain circumstancedratssferability and tacit nature can be managed
through direct practices, motivation, documentgtguitable award and apprenticeship (Lwoga et
al., 2010a; Eftekharzadeh, 2008; Sen, 2005).

Despite the successful and the widely recognizdd ob local environmental knowledge in

managing natural resources and agricultural pragiucunder climate change and climate
variability scenarios over generations in many ttmiag countries (Hart, 2007; Stigter et al.,

2005), the knowledge faces challenges as a partaceame climatic and other environmental
related problems (Stigter et al., 2005; Beckford Barker, 2007; Briggs, 2005). The knowledge is
blamed being vague and unsatisfactory by failingbtmwst food production and economic
transformation in Africa (Briggs and Moyo, 2012hi§ may result in the knowledge being pushed
to the margin of development practices in a verarneiture (Sillitoe and Marzano, 2009).

However to some extent rural farmers are respamsibimaking local environmental knowledge
unsuccessful (Briggs and Moyo, 2012). Briggs (208%jues that local knowledge lacks support

from development practitioners, and even househtildmselves may have little confidence in
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their own knowledge that might provide a solutiorthieir environmental problems, even though it
has done so for over generations. This makes loeakledge gradually disappear in most African

countries without any tangible efforts to recogrisenanage it (Lwoga et al., 2010b).

Local knowledge is preserved in the memories aémsldvhich means it gradually disappears due to
memory lapses and deaths due to the fact that ofidbe indigenous practices are handed down
orally or by demonstration from generation to gatien, and when those owning the knowledge
die, or refuse to pass it to another generatiom ktftowledge undergoes extinction (Lwoga et al.,
2010a). This is because most of the knowledge baveen captured, documented, recorded and
stored in a systematic way. This is reflected incdeh African proverb which says “when a
knowledgeable old person dies, a whole library mhsars” (Grenier and International
Development Research Centre, 1998: 1). Hampate7]1p8ints to an urgency to preserve
indigenous knowledge as foot prints that may prepdths to future analysis and appreciation of
the knowledge and wisdom that sustained local Africultures over time, but which are being
rapidly eroded by the impermanence of memory ardatteence of independent, codified records
of the orally transmitted past by traditional comnmty chroniclers, as opposed to formal
knowledge which is successful due to its open systeith formal structures and rules to which

members of organisations adhere (Mosia and NguRQRRS).

Similarly, the way the local knowledge is transeriit accessed and shared in the society is not
smooth but rather fragmented due to various facstmch as age, gender, status, wealth and
political influence, as well as attitude, percepsipnorms, values and belief systems inherited by
the communities(Lwoga et al., 2010b; Wall, 2006;ykte 2009). The knowledge is also threatened
by the processes of urbanisation and growth of somto cities, which attract more migrants from
African rural areas into cities and towns, henaogting constant refreshment, transmission and or
appropriate modification of indigenous knowledgeg&roka, 2008). As argued by Thomas (2012),
much traditional knowledge is no longer transmittecthe youth as the society becomes more
involved in the market economy replacing localledisrops and plants by cultivated or market-
based consumer goods. Also, most of the societiggng local knowledge in Africa were once
colonised (Mudiwa, 2002), hence the influence ofokialism and colonial economy, which
devalued all belief systems and local ways of kmgwthrough the attribution of such descriptors
as “pagan, savage and ungodly etc.”, and thusnaigation of various processes for “civilizing
the conquered natives”, contributed to the lossngfortant traditional values that cannot be
restored (Raseroka, 2008). As argued further byei®&a (2008), indigenous systems worldwide
and in Africa in particular have become a fieldimtierest due to the fact that communities are
generally under threat from the new economic systdhmt continue to undermine their

livelihoods, belief systems, value and interesisnil&rly, with the continued contact with western
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world and its food, resources will continue to ciimite to the reduction of local knowledge on

crops and plant crops and plants (Thomas, 2012dpl.2601).

Another limitation arises on how both indigenoud anientific knowledges are viewed, which can
increase the perceived inferiority of traditionahokvledge in relation to modern scientific
knowledge. Traditional knowledge is viewed to beseld, parochial, unintellectual, primitive and
emotional, part of a residual, traditional and heatd way of life, while contemporary knowledge
is considered to be open, systematic and objectiestred on rationality and intelligence and
centred within the developed world (Briggs, 2005pipson and Scoones, 1994). So whenever
the two branches of knowledge are operating wittie same environment, contemporary

knowledge tends to dominate local traditional krexge (Briggs, 2005).

Currently, it may be difficult to delineate whateaconsidered to be local traditional farming
methods per se because of current developmentaatiens which may have caused much
influence of the local farming practices with s¢ifin practices (Beckford and Barker, 2007;
Briggs, 2005). This is due to the fact that logab#-scale farmers have contact with the scientific
community (agricultural extension officers and NG@&o may have influenced much of their
knowledge system and practices, making it venyidliff to disentangle the two farming practices
due to their influences and similarities (Beckfand Barker, 2007). For example, as argued by
Briggs (2005), indigenous traditional knowledgeiaéntifying soil fertility frequently contains
both local and contemporary skills making it diffic to differentiate between the two, hence
devaluing the local traditional soil classificationethods and considering local environmental

knowledge as trial and error procedures with ljtiigification and controlled experimentation.

However, both indigenous and scientific knowledbase their limitations in providing informed
solutions to social environmental management prasti For example, in a study conducted in
Mexico on the monitoring of forest, it was realizéwat local knowledge lacked the ability to
monitor large areas of the forest in response todaautting pressure, while formal contemporary
science lacked the ability to deal with the so@or@mic consequences of woodcutting (Klooster,
2002). Nevertheless, both modern and indigenouslitivaal knowledge systems should
complement rather than compete with each othentyrporating respective economic, social and
political perspectives that are useful and berdfim the management of natural resources for the
survival of the community (Briggs, 2005; BeckfomtaBarker, 2007). The knowledge should be at
the centre in creating solutions for some enviramiaeproblems, for it has evolved from the local
community as opposed to scientific knowledge (Bsigg005). This is supported by Warren and
Cashman (n.d.) who argue that success in develdpimenore likely to be attained when local

people are involved in the planning and implemémtabf development projects; and project
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officials who are familiar with indigenous knowlezlgre better equipped to facilitate participation

by the local people.

When viewed in terms of values, traditional indiges knowledge has an advantage of being
directly linked to household daily activities, iieis concerned with the immediate and concrete
necessities of people’s daily livelihoods and ceovigle a short-term and immediate solution to “a
means of survival” in the community, making it meeyful. It may also be useful under transitory
conditions, as opposed to contemporary sciencelajge through research and principles for
solving global problems without a local origin Hork to social, cultural, political and physical
environment of a specific local area and removethfthe daily lives of the people (Briggs, 2005;
Agrawal, 1995). Many researchers have acknowledpeddynamism of local knowledge in
providing solutions and coping with new environnanand economic hardships in society
(Briggs, 2005; Beckford and Barker, 2007), withtther acknowledgement that some local farmers
in Jamaica were successfully in their farming systdoy combining local farming methods with

scientific knowledge (Beckford and Barker, 2007).

Scientific knowledge is developed through quamntifya relatively small number of variables, such
as temperature, with an assumption that knowledyge ke treated as something that can be
transferred from one place to another, while mamigenous ways of knowing are dynamic,
developed under many qualitative variables focusm@ractical experiences, hence differentiating
the traditional indigenous ways of knowing thingsagpposed to the scientific ways of acquiring
knowledge (Peloquin and Berkes, 2009). As argued.wgga et al. (2010a), amongst other
knowledge systems that exist in Africa, local knegde is used as an important resource for
agricultural development across generations. Famgke, according to Mushi (2008), the

traditional sector accounts for more than 90% efdkeds planted in Tanzania.

Modern technology can benefit small-scale farming groviding information on expected
environmental conditions with regards to their pbgls agricultural, social and economic systems.
This might include information such as expectedfgdi totals, rainfall variability and intensity,
commencement date, distribution as well as thedntie rains and prospect for dry spells and
their length (Stigter et al., 2005). Similarly, fa@rs can be alerted about expected catastrophic
events such as floods or droughts, and hencelibgtdan prepare themselves by planting crops
that can withstand the expected extreme condititmngs reducing loss of crops and property, as
well as life. Certainly, the availability of suchformation can be adapted by small-scale farmers
and incorporated into their traditional farming hads, thereby increasing their resilience to the
changing climate especially as local knowledge flagnihas developed in harmony with the local
environment for decades (Stigter et al., 2005; @j@005; Beckford and Barker, 2007).

46



Some of the local environmental farming technigues]itionally implemented by local farmers,
are also concerned with the increasing concentrati@carbon dioxide emissions in the atmosphere
from the anthropogenic activities. Such strategielide planting of trees to prevent soil erosion
that enhances the role of forests in carbon seuiest and storage. For example, local farmers in
the Sahel practising zero tillage during farm prapan which conserves and retains carbon
dioxide stored in the soil, reduces the loss df moisture, and uses organic manure as opposed to
chemical fertilisers and practice (Nyong et al020 Farm fallowing also allows natural regaining

of nutrients for crop growth in subsequent seasons.

A successful adaptation and mitigation to climatange can be attained through developmental
processes that consider people’s life, historytaedconditions for and of change (Escobar, 1995).
This is because by incorporating indigenous skillsie management of resources, or in obtaining
a solution to the local problem, this increases ¢befidence of the local people and level of
success to the project because it gives a senbel@figing and ownership, as well as voice in
development processes to the local community (Brig?g005). Hence indigenous knowledge
should be at the centre towards attaining solutionsome of the climate change impacts than just

the use of contemporary technology alone (Oderbd]1 R0

Although indigenous traditional knowledge and camgerary scientific knowledge are two
different knowledges that are competing with onetlaer, due to their original epistemological
foundations (Briggs, 2005), both can be used twigeosolutions in managing the impacts of
climate change and resource conflicts and chalefagng rural societies. Indigenous traditional
knowledge has much to offer about the specific nreatd the local people’s life style and history
and how they interact with their environment onaglydbasis towards earning their living (Briggs,
2005; Beckford and Barker, 2007).

However, there are problems that hinder the syasrgf indigenous traditional local knowledge
with contemporary science in the management ofuress, such as differences in power relations
between developed and developing countries, limiteggjration techniques which are exacerbated
by the lack of proper background in local knowledgek of realisation that indigenous traditional
knowledge has values attached to local contenthingcthe life of the local people and could
contribute to the development of sustainable clar@tange, mitigation and adaptation strategies
and lack of proper understanding on how local kealge could be used in dealing with
environmental issues hence solutions to develophgbblems (Briggs, 2005; Nyong et al.,
2007).

Despite the positive features of indigenous tradal knowledge, there are doubts that question the
legitimacy of the knowledge in managing agriculfurdnile many farmers still suffer from food

shortages and increased environmental degrad#tfoargued by Briggs (2005) and Beckford and

47



Barker (2007), just because traditional knowledgéste, this does not mean that it is
unproblematic. There are other factors that areegiadd in food production that farmers encounter
such as imported food, abrupt and prolonged ocooeref natural hazards such as floods, drought
and windstorms that most rural farmers are not &bleope with (Beckford and Barker, 2007;
IPCC, 2007), as well as the misguided notion thiahdigenous practices are unproblematic and
would be a panacea to all small-scale farming amaire related environmental problems just

because they are local in origin (Beckford and Bgrk007).

However, current development planning strategisgtban the contemporary and dominant role of
the expert, who may attempt actively to discreddigenous knowledge to maintain his or her
position, with the argument that indigenous farmingthods are responsible for environmental
degradation (Briggs, 2005). However, not all lo&albwledge practices cause environmental
degradation, although the justification that ldcabwledge is unscientific in exploiting the natural

resource base sustains the expert position in dgiexgphnd discrediting all indigenous methods and

hegemony of the contemporary science (Briggs, 2086mpson and Scoones, 1994).

2.5 The concept of hazard

Extreme weather events such as floods, droughtshaatiwaves associated with climate change
result in hazards that affect people and resoursesording to UNEP (2011) and Armah et al.
(2010), the reported occurrence of hazards hagased significantly in the last two decades,
affecting more people especially in developing ¢oes. As a result, Yonetani (2011) reported that
the number of disasters doubled from 200 to 40Gpeum in the past two decades, with over 90%
of their occurrence in 2010 being associated tmate related hazards (floods and storms).
Globally, agriculture is among the sectors whiaghraore affected by the occurance of hazards that

lead to loss of produce.

Hazard refers to a natural condition that acts hahmin a defined space and time, causing loss of
lives, property and destruction of the environm@itantara-Ayala, 2002; Smith, 2003: 6). They

are often associated with agents such as atmosphmsnirological, geological, biological and

technological conditions. Types of hazards incledethquakes, volcanoes, floods, landslides,
storms and droughts. Natural hazards cause ddatbsy, disease and stress to human beings,
damage to and loss of property, loss of flora aohd, pollution and a loss of amenity (Alcantara-
Ayala, 2002; White et al., 2001; Smith, 2003; Tamal Paki, 2011). It should also be noted that
hazards have greater economic losses beyond diwvgstimmage to structures, as they disrupt
industries, putting them out of operation and aagisbsses in productivity, with the result of ados

of wages for employees, who are left without a @laxcwork (Tano and Paki, 2011). However, it is

important to note that when a large number of peapé killed, injured or affected in some way,
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the event is termed as a disaster. Unlike hazardésaster is an actual happening, rather, than a
potential threat (Keith Smith 2003).

There are different views on the causes of haz&dsie believe that hazads are events of nature
and/or human acts on the environment while otheliwd hazards to be caused by a vengeful or
wrathful act of God against sinful man (White et 2001). But, more importantly, is the view that

there is no such thing as a truly “natural” hazarthe impacts of all hazards are mediated by
social, political, cultural and economic factorsiethlead some people and households to be
resilient and others to be vulnerable. Currenthgnyn authors agree that many hazards are
associated with human beings’ interaction withrh&ural environment (White et al., 2001; IPCC,

2011). The variations in understanding of the caudéazards may affect the implementation and

management measures to reduce societal vulneyabilitazardous events.

2.5.1 Management

People view hazards differently and the differemicpptions affect their management strategies.
Such differences exist among resource users, stentechnical personnel and professionals
(Burton and Kates, 2004). For instance, soil erosind droughts are viewed as key hazards by
highland farmers, while this might not be so amtireglowland farmers, who would view floods as
a key hazard. On the other hand, it is more likefysome events to be considered a hazard among
urban dwellers and not among rural dwellers, atsor® the rich and not the poor. For instance,
the poor are more vulnerable to floods becauseltheyn hazard prone areas; they lack sufficient
resources, and are highly dependent on nature iapam climatic sensitive sector (Carter et al.,
2007, Eriksen et al., 2007). The literature indisahat in the future developing countries willefac
more damaging disasters (especially flood-relateda result of multiple stress and low adaptive
capacity of most of the communities (Alam and Raihb2007, Douglas et al, 2008, Boko et al.,
2007, O'Brien et al., 2004b). Their vulnerabilitpcreases due to increased dependency on
agriculture and abject poverty which forces thenive in hazard prone areas such as floodplains
(Blaikie et al., 2014).

According to Burton and Kates (2004), the managérogdisaster is affected by the impact of the
calamities and the degree of awareness or perceplimvever, what is considered to be a natural
hazard varies over time and space, depending omculiere of a given society. To cope with
natural hazards, people and their societies adpustadapt (White et al.2001); the actions that are
variously termed as human responses, coping agtioniggating actions, adjustments, and
adaptations. Furthermore, some theories suggestigesets of adjustments that are applicable to

all hazards. It is, however, important to note it capacities of various societies to adopt and
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implement the adjustments to hazard vary as wékkrd is a need to localize the adjustments and
adoption strategies. Weichselgartner and Oberste2@®2 argue that many societies are making
efforts in managing the impacts of hazards. Howether efforts do neglect the political, social,
economic and cultural aspects. Thus, in order tee hmanagement strategies that may help in
mitigating hazards and reduce vulnerability, seegetn the world should consider the following
guideline suggested by Godschalk (1985) and La(2608): i) assessment of the hazards, this
provides information on the likelyhood and intepsif effects of natural phenomena and the
possibility of them occurring within a specific #mand location; ii) Vulnerability assessment, i.e.
estimation of the degree of loss or effects thauldaccur when a hazard strikes; iii) Risk
assessment, i.e. the information obtained for theyais of the hazard and its vulnerability is
integrated in an analysis of risk, thus estimatelitkelihood of expected loss from a given hazard

event.

2.5.2 Vulnerability

Vulnerability refers to a situation of being prooesusceptible to damage or injury from natural
hazards and the ability to predict, cope with,steand recover from the impact of the same (IPCC,
2001). However, some people are more vulnerable dhlaers and suffer more from the damage,
loss, suffering and fatalities under the occurreofceatural hazards or events. Although disasters
occur all over the world, studies show that theipacts are more devastating in the developing
world, where they occur more frequently becauseahefr geographical location in relation to
geological settings and the lack of capital and ithguisite technology to deal with disaster

prediction, preparedness and post disaster adjosikantara-Ayala, 2002).

Africa in particular has low coping capacity; hertbe majority of the populations are affected
more due to dependency on hazard sensitive seatdr &s agriculture. Similarly, Africa is
becoming increasingly vulnerable to floods and dhas as a result of poor planning, poverty and
socio-economic changes such as the spatial digotbwf population. Carter et al. (2007)
categorically state that vulnerability exacerbaties impacts of disasters and makes recovery
difficult, leading to increased poverty and deptiva. Vulnerability among groups is also
supported by Adger (1999) and Khandlhela and Ma&3062, who suggested that vulnerable
groups, such as women, elderly and the poor arenthst negatively affected by disasters as a
result of their limited access to resources anthieir dependence on the natural environment for

subsistence.
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2.6 Agriculturein Tanzania

Tanzania has a total land area of 945,000 sqg. kmhic¢h 44 million hectares are arable land for
agriculture, out of which only 10.8 million hectarequivalent to 24% of the arable land, is being
cultivated (Chachage, 2010). However, agricultune Tianzania accounts for about 95% of
country’s food demand and employs over 75% of tit@ tabour force (URT, 2012). About 85 %

of the country’s population living in the rural aseis employed in agriculture and the sector
contributes about 26.8% to the country’s GDP, amalii30% in foreign exchange earnings (URT,
2007, URT, 2013). The sector also contributes abd&t of the raw materials for domestic agro-
based industries (Tumbo et al.,, 2010). Food cramlyction accounts for about 65% of the
agricultural GDP and about 10% and 25% are from ¢hsh crop and livestock sectors,

respectively (Tumbo et al., 2011).

About 70% of the total cultivated land in the coyns dug using the hand hoe, 20% by ox plough
and 10% by tractor; and the average farm size gmfigen 0.9 — 3 hectares (URT, 2013, Tumbo et
al., 2010, Chachage, 2010). This means that thatgos huge agricultural potential remains
underutilised and production remains low. For ins& production of maize which is the main
staple food remains at an average of 1.2 to 1.6e®rmer hectare (Otunge et al., 2010). Major
staple food crops are maize, sorghum, millet, ndegat, beans cassava, potatoes and banana; and
the major cash crops for export include coffeetargtcashew nuts, tobacco, sisal, pyrethrum, tea,
cloves, horticultural crops, oil seeds, and flom@RT, 2013). Maize being the main staple food
crop accounts for more than 20% of the total GDRTU2012, Tumbo et al., 2011). However,
food and cash crop production account for about #®%he rural incomes (URT, 2012), making
the sector a prominent element in the efforts tluce and, ultimately, eradicate poverty in the
country. Thus, agriculture sector plays a unigue for the development and wellbeing of the

Tanzanian citizens.

Since the country’s independence in 1961, seyalaties have been enacted to boost agriculture -
National Food Strategy of 1982; the National Lieekt Policy (NLP) of 1983; the National
Agricultural Policy (NAP) of 1983; the National Bwamic Recovery Programme (ERP) of 1986 to
1990; the Agriculture Sector Development Strated)SHS); and the Agriculture Sector
Development Programme (ASDP) of 2006; the Natiddtahtegy for Growth and Reduction of
Poverty (NSGRP/MKUKUTA) and (ZSGRP/MKUZA). There sal have been slogans to
emphasise the importance and transformation ofcalgmre — these includ&iasa ni Kilimo
(Politics is Agriculture) of 1972Kilimo cha Umwagiliaji(Irrigated Agriculture) in 1974Kilimo
cha Kufa na KupondAgriculture for Life and Death) of 1974/1975; aNtvua za Kwanza ni za
kupandia (First Rains are for Planting) of 1981/82, anderdly in 2009 Kilimo Kwanza
(Agriculture First) (Ngaiza, 2012; Mlozi, n.d.).
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All these strategies aimed at transforming thecaditiral sector from subsistence to commercial
and enable the country attain modernised and inggk@griculture with higher productivity. All
policies, strategies and slogans that were intredun the socialism era empowered the public
sectors and local communities to participate algtireagricultural production and increasing food
security. The latter strategies recognise the oblprivate sector involvement in the development
and improvement of the agricultural sector in theurdry through improving agricultural
production, ensuring availability and distributiohagricultural inputs, crop marketing, and value
addition to improve agricultural products. Howevéiere is a very low level of agricultural
development that could lead to the attainment ofepy eradication since agriculture in the
country has remained predominantly small-holdegratterised by very limited use of modern
technology (mechanization), poor techniques of petidn and vulnerability to erratic weather
conditions (Tumbo et al., 2010).

Other challenges facing the agriculture sectowidellimited application of agricultural sustainable
land use and management and improper land husbgmdigtices which have led to land
degradation. Notably, soil erosion leading to adeaerhanges in soil characteristics and properties
(e.g. hydrological, chemical, biological and phgsiproperties) has resulted in the continued
depletion of soil nutrients causing low crop praiity (URT, 2013). With the increasing drought
conditions, more land becomes unsuitable for fagmivhich explains the recent conflicts in
Morogoro Region and southern parts of Tanzania éetwfarmers who clash with pastoralists

when they migrate to areas less affected (Benjamies al., 2009; Mbonile et al., 1997).

2.7 Institutional framework governing land administration in Tanzania

In Tanzania, the Ministry of Land, Housing and HunSettlements and Development (MLHHS) is
responsible for all land matters. The Ministry deps land policy and strategies for land
allocation and use for various purposes. Howevke kand acquisition process has some
irregularities despite the laws and policies thategn proper acquisition and use (Kweka, 2012;
LAWYERS, 2011; Broadhurst, 2011; Chachage, 2016}.iRstance, Chachage (2010) points out
that the acquisition of land for bio-fuel plantation Utunga, Kilwa District was clouded with
deceit where the government issued more land toABEKEnergy Tanzania than the villagers had

consented.

According to Broadhurst (2011) and Sulle and Nel$2009), foreign investment in land in
Tanzania does not profit local people since theteyg laws deprive them the right to decision

making and right to land resource. They show thatlarge-scale plantations, for instance, give
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investors the right to own land while local farm@m®duce and sell their crops to the investor
under agreed contracts. The out-growers have dgosnpact on improving rural livelihood as it
has minimum effects on the environment and creapg®rtunities for local people to diversify
their livelihoods and income, while large scalenpdéion farming is reported to have adverse
effects on land rights, livelihoods of indigenowople, food security and environment as the mode

alienates large estates from locals (Smalley, 2Btdadhurst, 2011; Mwakaje, 2010).

The Tanzania Presidential Commission’s Report quiry on land matters known as the Issa
Shivji Land Report (1998), aimed at making a dethilesearch on land matters which could help
in solving land problems in the country. The Consigs found that the land tenure regime in
Tanzania was not fit for purpose. The last majoidlaeview had been the East African Royal
Commission in 1953-55 where all land was declariédblic land’ vested in the Governor.
Indigenous land users were largely governed by thestomary law so long as it was in the interest
of the state. Even after independence the same wentinued. The truth of the matter is the
control of land by the executives led to enormdussas, contrary to the interest of rural land users
and the interest of the nation. Major changes énstinucture of the government i.e. decentralisation
(1972) and later villagization (1972- 74) followéd reintroduction of local governments led to

total disruption of land administration.

The Commission came out with several concrete sigges that would have helped in
hamornising land ownership issues and disputesinstance, one of the recommendations was to
make Tanzanian land a constitutional issue. Iniqadar, it stipulated clearly the fundamental
principles of land tenure, as well as the respdasiibpganizations mandated with issues of land
tenure. This would forestall frequent manipulatiord amendments. It is disappointing to mention
that despite the efforts used in the developmettieibove recommendations, the government did

not adhere to them and the country continues teréqce land conflicts in different sectors.

The importance of land among small holders in thentry and in Africa in general is well known.
For example, in Tanzania and elsewhere, land ishnmiore than simply a factor in economic
production and one would not risk losing land ierin was no potential alternative means of
livelihood. In the rural areas, loss of land caramenarginalisation and possibly destitution. Thus,
lack of land through shortages, limited access mequal distribution affects socioeconomic
development activities among rural farmers whidrease the level of poverty in the community;
Seventy to eighty percent of the rural dwellersaobt large part of their income from agriculture
(ECA, 2004).
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In the view of the entire dynamic socio-economid gpolitical influences on land tenure,

ownership and land use among the poor in develagngtries; contributed by sectoral and macro
economic policies and the increasing changes imatic and environmental conditions associated
with increase in the occurance of hazards, it islent that poor people in Tanzania and other
developing countries will be more and more margneal. Accoding to Bruce (1989), the sectoral
and macroeconomic policies have had adverse eftectsgriculture. Furthermore, those adverse
effects are compounded by frequent policy shiftsl @hanges in institutional arrangements.
Poverty will increase as more areas become unugabégriculture while the fertile land becomes
expropriated by the private investors and the ghidlite class. As a result, this will increase

vunerability and susceptibility to hazards and egpuent disasters among the poor.

2.8 Conclusion

This chapter has explored various literatures enirtipacts of climate change among agricultural
dependent livelihoods, adapation strategies and rdhe of local indigenous environmental
knowledge in farming under changing conditionshds further explored the concept of hazards,
agriculture and institution governing land ownepshin Tanzania. As the literature has shown, it is
obvious that changing climatic conditions affectuna dependent livelihoods thus increasing
marginalization to the affected population. The pa@e much affected due to their limited access
to resources, location in a hazard prone enviromnag limited livelihood diversifications.
Similarly, the discussion has revealed that theeturchanges in the country’s political and
economic ideologies especially a change from putdigrivate sector ownership favours the
minority while the majority increasingly become p@md marginalized. In addition, literature has
shown that poor people depend more on land thus Wiey are not empowered and their right to
land is not protected, their poverty level increasend so is their vulnerability to hazards andthu

are exposed to disaster.
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Chapter 3
The Study Area and the Research M ethodology

3.1.Introduction

This chapter describes the study area as well asnththodological processes which were
employed in the collection, organisation, analyail presentation of the data. The scope and
limitations of this research are also presented.adloieve its objectives, the study employed a
mixed method approach in order to gain sufficiemdights into the phenomena under study
(Creswell, 2009; Rocheleau, 1995). The mixed methaskd in this study were both qualitative
and quantitative in nature. The chapter begins Wi description of Mwanga District and
proceeds to discuss the types of the data, reseaetiods of data collection, presentation and

methods of data analysis.
3.2. Description of the study area

3.2.1 Location

Mwanga District is one of the six districts of thgimanjaro Region in Northern Tanzania (Figure
3.1), located 30 km southeast of Mount Kilimanjafbe District was formed in 1979, after the
splitting of Pare District into Same and Mwangatbiss. The district is bordered to the northeast
by the Republic of Kenya at Lake Jipe, to the neetst by Moshi Rural District, to the southwest
by Manyara Region at Nyumba ya Mungu Dam, andécstiuth by Same district (Figure 3.2).

Figure 3.1: Location of Mwanga District in Kilimap region

Kilimanjaro Region

Mwanga District

m Dar es Salaam

Sour ce: National Bureau of Statisticsfor Tanzania, districts correct for the 2002 census
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Figure 3.2: Map of Mwanga District

KENYA

Manyara
District

Nyumba ya
4 Mungu Dam

Same District

Main road from Arusha
to Dar es Salaam

The total geographical area of the district, cosipg of land and water, is 2 641 krthe land and
water body areas are 2 558.6%amnd 82.4 krhrespectively. The estimated water body area of 82.
km?consists of 56 kfof water from the Nyumba ya Mungu Dam, while tamaining 26.4 kfis
water from Lake Jipe. However, the Pangani Rivesspa through the District, stretching up to 32
km long. The district is divided into two major aggcological zones. These are the highland zone
(Usangi, Ugweno, Kindoroko and part of Lembeni siimn) which covers an area of 810 %kmnd

the lowland zone which is divided into the EastiiP(dipendea division) and West Plain (Mwanga,
Lembeni division and Nyumba ya Mungu dam) coveringarea of 1,230 kKmand 600 krh
respectively (see Figure 3.3). The altitudes oftiglhland areas range from 800 to 3 000 m above
sea level while the lowland areas range in altisudem 500 to 750 m above sea level (Maghimbi,
2007; lkeno, 2007; Mndeme, 1992) (see Figure 3H@. district has six divisions, 16 wards and 72
villages (Table 3.1).
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Table 3.1: Mwanga District divisions, wards and villages

Divisions Wards Villages
JIPENDEA Jipe Jipe and Kambi ya Simba
Kwakoa Kwakoa and Ngulu/Mkogea
Toloha Gongoni, Kizungo, Karamba, Ndea and Simu
Kigonigoni | Kigonigoni, Ruru, Kwakihindi and Butu
Kivisini Kwanyange “A”, Kwanyange “B”, Kivisini “A”and Kivisini “B”
MWANGA Lang’ata Handeni, Kagongo, Lang'ata and Nyala
Kileo Kileo, Kituri, Kifaru and Kivulini
Mwanga Mwanga township ward (Mji mdogo)
LEMBENI Kirya Kirya, Kiti cha Mungu and Njia Panda
Lembeni Lembeni, Kisangara, Kiruru/Ibweijewa, Mbaraland Mangara
Mgagao Mgagao, Kiverenge and Pangaro
USANGI Kighare Kighare, Kilaweni, Ndanda and Kir@yg
Chomvu Chomvu, Ndorwe, Mbale and Mshewa
Kirongwe Vuagha, Lomwe, Kiriche and Mbore
UGWENO Msangeni Msangeni, Mamba, Mruma and Simbomu
Kifula Kisanjuni, Masumbeni, Raa, Rangaa
Mwaniko Mwaniko, Vuchama, Ngofi, Mangio, Mriti
KINDOROKO | Ngujini Ngujini, Chanjale and Songoa
Kilomeni Sofe and Kilomeni
Shighatini Shighatini, Mfinga, Vuchama/Ndanbwe, ltemand Mkuu

3.2.2 Climatic conditions

Mwanga District has a semi-arid climate. The lowlaones receive approximately 400 to 800 mm
of annual average rainfall and the highland areasive approximately 800-1400 mm per year.
The highlands are cool and consist of permanentsaagonal small rivers and streams hence
forming the major source of water used in the af@anerally, the area has a high potential
evaporation with a bimodal rainfall pattern: ralhtacurs from March to May, which is the longer
rainfall season locally callelasikg followed by a long dry spell that spans from Jtm©ctober.

A short rainfall season, locally call&tuli, occurs from mid-October to November and sometimes
into December, paving the way for another dry sfpeth January to March. The highland receives

both theVuli andMasikarains. Although the rainfall trends in this areargvgood in the 1960s,
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recent rainfall patterns across the district apored to be reduced and more divergent from the
seasonal expectations (Ikeno, 2007; Maghimbi, 200@deme, 1992). The distribution varies
across the district leading to decreased and \ariains compared to the past. These variations
affect the major economic activities which entirdgpend on rainfall to sustain livelihoods in the
district. A study by Mndeme (1992) suggested thatlluse changes associated with deforestation
have contributed to the decline in the amount wffadl received in the district. Low rainfall caise
major losses and reductions in agricultural prodactwhich compromise food security,
employment and income. Also it has reduced wateplgs from the mountain reservoir (the main
source of water) in the district (Ikeno, 2007). Tdexclining rainfall reduces the agro-economic
opportunities for the vulnerable populations in @rea, causing food insecurity and reduced
opportunities for poverty reduction. Similarly, aline in water availability affects large- and
small-scale irrigation schemes in the area whicpedds on the water from the highlands
(Mndeme, 1992). The average temperature in theidisanges from 12°C in the highland and
14°C in the lowland from June to July, and 28°C3®°C in the highlands and lowlands
respectively usually during the month of Januakerib, 2007). However, current changes in

climatic conditions temperatures have been repaaeide to 36°C in the hot seasons.

3.2.3 Population

According to the 2002 Tanzania National Censusptimilation of Mwanga District was 115,145
people, comprising 55,327 males and 59,818 femadles.total number of households stood at
24,326. The labour force was 57,807 people, cangistf 27,776 men and 30,031 women; those
unable to work, such as the aged and disabled|emt8,861, of whom 4,478 were men while
4,383 were women (http://www.tanzania.go.tz/cemmursus/districts/mwanga.htm; Mwanga
District Homepage for the 2002 Tanzania Nationah<Ds). However, population census data for
1988 and 2002 show that the district has a relgtiesv population growth rate. The data showed
an annual population growth rate of only 1.23%ate dlower than the average for Kilimanjaro
region (1.61%), and much lower than that for Tareamainland (currently 2.9%) and from 1978
to 1988 (4.7%) (URT, 2007; Ikeno, 2007). Althoudle highland areas have a population density
of approximately 200 people per kin 1988 (Mndeme, 1992; National Census, 19883, ¢hitire
zone has a lower population growth rate compardtl tiie lowland zone which lies along the
major road from Dar es Salaam to Arusha (the largésin northern Tanzania). The population
growth rate in the lowland zone is reported to ghér than the district average (lkeno, 2007,
URT, 2007). A number of reports (Maghimbi, 2007enk, 2007; URT, 2007; Muthoni, 2012)
have explained that Mwanga District experiences lpopulation growth due to population
pressure and adverse economic and environmentalitioms, such as poor performance of

agriculture, reductions in farm size, decline otefile farming areas, and poor cash crop yields
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(especially coffee). These unfavourable factorseheaused more of the youth to emigrate to the
urban areas, seeking higher education, employnmehbther job opportunities. Secondly, Mwanga
District serves mainly as a district administratientre and has only a few job opportunities;
commercial activities are also limited in the ragiteaving the youth with no other option but to
move out of the area in search of jobs elsewhdéend, 2007; Maghimbi, 2007). Lastly, the
implementation of economic policies, such as theicBiral Adjustment Programs (SAP), under
the supervision of International Monetary Fund (M&nhd World Bank introduced in 1986,
contributed to the decline of coffee productionthie district and other parts of the Kilimanjaro
region. This meant coffee growers in the highlaodes faced difficult living conditions, causing
some of them to leave the area (Maghimbi, 200hdk@007; Mhando, 2007). In order to support
themselves, those remaining in the highland arees nonstantly adapt to different economic and
agricultural activities which are mostly influencbkd globalisation (e.g. market relations), climate
(e.g. erratic rainfall) and institutional/power dgas (Maghimbi, 2007; lkeno, 2007; Meena and
O'Keefe, 2007).

3.2.4 Land cover and soil types

Much of the land is covered #caciatype shrubs in the lowland and short grass witergpersed
trees with thick forests exists in the highlandser® is also cultivated land, built surfaces, water
bodies and bare land (see Figure 3.5). The soilsdepending on the location: in the lowland, the
Western plains have very stony and moderately deég the Eastern lowland regions have sandy,
clay and loamy soils, while the highland areas hae# drained, deep yellowish or reddish clay
with moderate organic matter. According to the @gmal Survey of Tanzania (1960) and
FAO/UNESCO (1977), the highland areas are madeafuiites and granulitic rock types, hence
forming soils known as Nitosols. However, a surdeye in 1992 further suggested that highland
areas also have Cambisols and Fluvisols on themgeds of hill slopes and the river valleys.
According to Mhando (2007), Nitosols are naturédly to medium in soil fertility and have higher
erosion rates, requiring the application of fesdlis to increase production and the use of soll
conservation measures to prevent soil erosion. Gatsbare also naturally low in soil fertility but
respond well to fertiliser application and requine application of conservation measures because
they occur on slopes. Fluvisols are fertile, bobéling and water-logging are a major problem,
hence land use systems have to be adapted to flimoshslation and high ground water. However,
Nitosols and Cambisols have been used for farmitigiies in the area for more than 100 years,
so currently farming without the application of ram and fertiliser is not possible (Mhando,
2007). Hence the application of manure and incelstertilisers especially in the highland zone is

important for better crop yields.
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Figure 3.5: Map for the land cover in Mwanga Ditri
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3.2.5 Economic activities

Agriculture, livestock keeping and fishing are tm@ajor economic activities performed in the
district. Agriculture is predominantly small-scaabsistence farming practised for both cash and
food crops. The main crops cultivated include banamize, beans, yams, pumpkins, fruits, sweet
potato, cardamom and sugarcane as food and casé icrahe highland areas. In the past coffee
formed an important cash crop for the highland pebpt currently is no longer grown. However,
plans are underway in revamping the coffee economthe highlands. In the lowland plains,
farmers grow maize, peas, sorghum and millet asnthm crops. Also there is a private sisal
plantation owned by Mohammed Enterprises Tanzatda This plantation provides permanent
and seasonal employment for people in the areaevemy the majority of the permanent
employees are non-residents who were brought inatiea during colonial labour economy.
Livestock keeping is also practised in the studsaain the lowland plains, livestock herding is
conducted under free range grazing. The typesve$tiock raised in the area include cattle, sheep
and goats. Non-availability of fields for grazingaused by increasing drought conditions, has
forced many households to opt for zero grazingctviailso has led to the reduction of the number
of livestock in the lowland zones. On the contrémythe highland zones, agro-pastoralists practise
stall feeding (zero grazing), where livestock sashgoats, sheep, cattle, pigs, rabbits and poultry
are domesticated. Also, small-scale fishing is cwoteld at the Nyumba ya Mungu Dam and Lake

Jipe. Currently there are 694 fishermen with 688ifig canoes on the Mwanga District side only.
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Fishing at Lake Jipe has almost ceased, as thesbbthe lake have become encroached by water
reeds and other plants.
The overall land in the district has been allocateseveral uses: forests, game reserves, resitlenti

areas, cultivated land, and some grazing fields {sbles 3.2 and 3.3) (Ikeno, 2007).

Table 3.2: Distribution of land use pattern

Land usage Areal coverage ha. %
Grazing land 118,115 43
Agriculture 44,300 16
Game reserves 44,500 16
Residential 11,900 4
Forest 8,470 3
Water 8,240 3
Reserved forests 7,806 3
Other land uses 29,090 11
Total 272,421 100

Source: Mwanga District Profile
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Table 3.3: Distribution of the cultivated total land ar ea of 44,300 ha

Land cultivation type Areal coverage in ha. %
Area under crops cultivation 18,953.6 29
Area under food crop production 16,499.6 26
Area cultivated by hand hoes 14,215.2 22
Area cultivated by animal power/ploughs 3,790.7 6
Potential area for irrigation farming 5,490 9
Area under cash crops production 2,454 4
Area under irrigation farming 1,950 3
Area cultivated by tractors 947.7 1
Total 64,300 100

Source: Mwanga District Profile

3.3.Reasonsfor field site selection

Like other semi-arid areas, Mwanga District expeees land degradation, unreliable rainfall,
repeated water shortage, seasonal famine, ovengradiy land cultivation in the marginal areas
and heavy competition for the limited biomass betwEarmers and livestock (Mndeme, 1992). A
study conducted by the Tanzania Forestry Actiom RTBFAP) in 1992/93 to assess the socio-
economic situation in the Northern Pare MountaMBN!) in relation to the utilisation of the land
resources identified problems such as inadequaid fwoduction; low crop productivity; low
livestock productivity; shortage of fuel wood, poland raw materials for cottage industries; low
income and labour shortages (Mhando, 2007). Sontfeeofauses of these problems were noted to
be due to unreliable rainfall, population pressioe;, soil fertility, nutrient losses through erosio
and crop harvests, fodder shortages especiallngltine dry season, poor quality of fodder grasses
and youth migration to the cities (Ikeno, 2007; Mgk, 1992; Maghimbi, 2007). Similarly, the
district has suffered from chronic food shortagaased by droughts and floods. Compared with
the highland zones, the lowland plains have mostneonly suffered from serious crop failures.
However, records indicate that between 2001 and,2B6th short and long rains consistently
failed, leading to acute food shortages throughbaetdistrict (Kilimo, [AGR/C/GEN/VOL.VI]:
Doc. No. 147). This is a common situation for Mwanghich has historically experienced chronic
food shortages. For example, in 1984, 1992, anu 2603 to 2005/06, this district recorded the
receipt of food aid of maize, maize flour and kigrmeans every year except 1996 and 2002/03
(Maghimbi, 2007; lkeno, 2007). This necessitateddfcaid and support to the district by

organisations such as the Strategic Grain Resdrtleedl anzanian Government, the World Food

63



Program through Caritas, the Tanzanian Red CrodsfRescent and religious institutions such as

the Lutheran and Pentecostal churches.

In general, the lowland areas are more vulnerabbiraught than the highland areas. However, in
recent years crop failures have been experiencdubtim lowland and highland areas. Similarly,
many highland residents depended on coffee indisegs their main cash crop, but in recent years,
coffee production has declined either due to thirgagf the coffee plants (some of which may be
at least 100 years old), changes in highland teatper and/or due to economic liberalisation
policies which were introduced in 1986 affectindfee production in the area (Maghimbi, 2007,
Mhando, 2007). Most of the agricultural activitiesthe district are rain-fed with some irrigated
cultivation; any changes in rainfall will therefdnave greater impacts on agricultural productivity
and the agriculture-dependent livelihoods in theaaiThe district is highly vulnerable to climate
change impacts and, being a semi-arid area, ibeaargued that the livelihoods of the people in
the area have experienced significant climate lkditiain the past and are likely to face increased
climate changes and variability in the future (Atetaand Lema, 2010). Hence, this makes this
area suitable for undertaking this study in ordetedunderstand farmers’ knowledge and
perceptions on climate, climate change and clinsat&bility, and the role of local environmental
knowledge in farming activities. It also aims todenstand the changing conditions, to assess
agricultural coping and adaptation strategiesitoate change and climate variability, as perceived
and identified by participants in the study ardasally the study recommends possible adaptation
strategies that can be undertaken by rural farnmersnanaging their agriculture-dependent
livelihoods under climate change scenarios. Theeepeesented and discussed in detail in the

findings chapters.

To achieve its goal, the study area was dividenl ighland and lowland zones in order to capture
and compare the views and perceptions of farmersliomte, impacts of climate change and
climate variability, adaptation strategies andaksociated limitations in agricultural adaptation t

climate change. The study aimed for a broadly egeplesentation of participants from the
highland and lowland zones. Hence a total numb&3df participants (117 from each zone) were
identified and their opinions and perceptions altbet problem under study were captured and

compared.

3.4.Research M ethodology

The research applied a mixed methods approach &kksh and Teddlie, 2003; Johnson et al.,
2007), which is a procedure for collecting and gsiag data by mixing both qualitative and
gquantitative data at different stages of the reseprocess within a single study, to comprehend a
research problem more completely (Creswell, 200B& rationale for mixing both methods is that

neither qualitative nor quantitative methods arfficgent by themselves to capture the complex
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phenomena of climate change and climate variakititggriculture-dependent livelihoods. When
both methods are used in combination, they tencbtoplement each other and hence allow for
more complete analysis (Green et al., 1989; Tagrakdnd Teddlie, 1998) and provide a more
enhanced understanding of the issue at hand. 3839} argued that the combination of qualitative
and quantitative methods should be viewed as camgitary rather than as competing camps.
Similarly, scholars argued that to capture botlpbysical realities, as well as the socio-political
dimensions of the environment, it is important titise hybrid research methods in which a variety
of perspectives play a role in dealing with theeegsh problem (Batterbury et al., 1997). In
guantitative research, the researcher uses nurhdatza The investigator uses positivist claims for
developing knowledge, such as cause and effeckitign reduction to specific variables,
hypotheses and questions, use of measurement aeavabon, and the testing of theories. A
researcher isolates variables and causally reflages to determine the magnitude and frequency of
relationships. Similarly, the researcher determimésch variables to investigate and chooses
instruments, which will give reliable and valid (Creswell, 2009). In this study, household
types of questionnaires formed part of the quaié@aapproach which made it easier to capture

different statistical information used in this spud

Alternatively, qualitative research is “an inquipyocess of understanding” where the researcher
develops a “complex, holistic picture, analysesdsoireports detailed views of informants, and
conducts the study in a natural settings” (Creswl€lb8). In this approach, the researcher makes
knowledge claims based on constructivist perspestiMashakkori and Teddlie, 2003). Through
the use of qualitative research, information oradate obtained from those involved in the
everyday life of the setting in which the studyfremed. Data analysis is based on the values that
the participants perceive to represent the reahtitn. Hence, “it produces an understanding of the

problem based on multiple contextual factors” (BftiJl2000).

In a mixed methods approach, the researchers lb#d knowledge on pragmatic grounds
(Creswell, 2003) asserting truth is “what worksofike, 1988). They choose approaches, as well as
variables and units of analysis, which are most@mmate for finding an answer to their research
question (Tashakkori and Teddlie, 1998). A majoliebeis that qualitative and quantitative
methods are not at odds with one another; ratheyr #ine compatible and complementary. Thus,
both numerical and non-numerical data collectedusetiglly or concurrently can help better

understand the research problem.

The methods employed in this study included quesage surveys, semi structured interviews,
oral histories, guided transect walk observatiossuctured observation and focus group
discussions. Quantitative methods were used ménlgollecting data on exposure, vulnerability,

sensitivity and adaptation strategies, whereastgtiaé methods were used to obtain detailed and

65



contextually grounded data (Nightingale, 2003) anmfers’ perceptions and understanding on the
concept of climate change, local environmental Kedge and farming methods and practices,
coping and adaptation strategies, farmers’ peroegti priorities, preferences, attitudes and

opinions about climate change and its impacts oic@ture-dependent livelihoods.

3.5. Sour ces of data

Data for this thesis were mainly collected eithemf primary or secondary sources. Secondary
data were gathered from published scientific pggetsnal articles, books, reports, unpublished
manuscripts, workshop/conference and symposiumrpaReferences were also made to maps and
aerial photographs for Mwanga District in ordeptdain secondary data. Similarly, other data and
information from Non-Governmental Organisations (D&}, with regards to improvement of
livelihoods in the district and agricultural devefoent activities, were gathered. Primary data were
obtained from the field through questionnaire adstiation, face-to-face interviews, guided
transect observations, oral history and structwibservation which all aimed at providing an

assessment of the vulnerability of agriculture-cejeat livelihoods to climate change.

3.6.Sampling methods

Mwanga District has a total of 72 villages (37 lamtl and 35 highland), which formed the village
sampling frame (see Table 3.4). A simple randompdiagn method was used in selecting the
villages for the study. In total eight villages weselected of which four were from highland and
four from lowland areas. The selection of the gda was achieved through the use of table of
random numbers. Because the total number of velages less than 100, each village was assigned
with two digit numbers beginning from 01, 02, 03..35, 36, 37 for the lowland and 01, 02,
03,........ 33, 34, 35 for the highland. Random digiterf each table were selected to obtain eight
sample villages. From the highland areas Sofe, f@lanMsangeni and Lomwe villages were

identified and in the lowland Kisangara, Mbambuagfenge and Kwakoa villages were selected.

The basic unit of the study was the household,cuestionnaire surveys were directed to the head
of the households, mostly men, who are usuallyrihan decision makers at the household level. A
comprehensive list of the households in each dllags obtained from the village household's
register to make up the sampling frame. Hence altntifying the population of each village, a
sample of about 5% was identified and drawn froenghpulation through the use of a systematic
random sampling method. From a list of househatdsach village, every twelfth house on the
household register was selected for interview uh&lsample size had reached an amount equal to
about 5% of the total number of houses. Howevegttain an equal number of respondents for
both lowland and highland zones (117 each in tgaland and lowland respectively) some of the
villages provided more than 5% of the respondeafedding on the village population (see Table

3.4). Through the help of the Village Executive i€d#f, Ward or Agricultural Officer the selected
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households were introduced to the researcher ardititerviewed. A sample of 234 respondents

was obtained from the eight villages.

It is important to note that some households owfaeohs in both highland and lowland zones.
Clearly, responses from those owning farms in lzoties required careful consideration since part
of this research investigated major differencesvben the highland and lowland zones. Following
the questionnaire survey, it was apparent only rg senall minority of respondents interviewed
worked both zones, and their responses were eattdobm the main analysis to create a third
group of farmers who owned farms in both zones I@ &tb). However, this group was formed by
14 (about 6%) respondents and their influence énfitidings was not significant. This is because
the majority reported to have abandoned farminiyities in the lowland due to erratic rainfall and

repeatedly crop failure which makes them now cotraémmore on the highland farms.

Table 3.4: Population and sampled householdsin each village

Study Site Name of the villageTl otal number of householddNumber of sampled
households
Highland zone Sofe 1,240 71
Chanjale 180 10
Msangeni 345 20
Lomwe 271 16
Lowland zone| Kisangara 1,389 71
Mbambua 230 12
Kiverenge 441 23
Kwakoa 228 12
Total 4,324 234
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Table 3.5: Participantswho owned farmsin both zones

Study Site Name of the village Number of particigsainterviewed
Highland zone Sofe 4

Chanjale 5

Msangeni 0

Lomwe 5
Total 14

3.7.Questionnaire survey

A questionnaire survey formed an important sourfcquantitative data for this study. This was
administered to individual heads of the househwidke study area. The questions were both open
and closed in order to capture facts and opinidrieeohouseholds on issues related to the impacts
of climate change on agriculture (i.e. the respotsigerceptions, priorities, preferences, attitude
and opinions on the problem under study). The tecfenis favoured because it enables the
standardisation of the questions being asked am@niswers recorded. This standardisation helps
reduce errors that may arise from variations inghestions, thus providing greater accuracy and

ease when processing the respondents’ answers @§Bn\20608).

The household questionnaire was divided into fieetisns (Appendix 1). Section A covered the
socio-economic and personal household informatgpeeally with regard to age, sex, education,
occupation, size and structure of the householdhandehold sources of cash income. Section B of
the questionnaire was designed to capture datarom dwnership, size, number of plots owned,
main types of crops grown, number of people worlanghe farm, crops production trends, types
and number of livestock owned and problems facivgstock keeping. Section C of the
guestionnaire covered farmers’ knowledge and pé&aep on local environmental knowledge
experiences and practices in farming activitieghia category, the data collected concentrated on
local farming methods, practices and knowledge amall environmental weather forecasts and
predictions. Section D of the questionnaire wasgthesl to capture farmers’ general knowledge on
the concept of climate, climate change and enviental variability. Information on farmers’
knowledge on climate, impacts of climate changeagriculture-dependent livelihoods was
gathered. Section E of the questionnaire was divioleo five sub-sections which aimed at
gathering information on farmers’ perceptions oimate change, changes in farming practices,
adaptation strategies, limitations on adaptatich fastors affecting the use and existence of local

environmental knowledge experiences and practicéariming activities.

In assessing farmers’ perceptions on these ispagtcipants were presented with a pre-selected

list of statements in a random order and askeddizate how important each statement was. The
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importance of each statement was determined usifigegoint scale, with 5 corresponding to
‘strongly agree’, 4 ‘agree’, 3 ‘not sure’, 2 ‘dise@’ and 1 to ‘strongly disagree’ with statement.
The total score for a given statement was obtalmedumming up all the corresponding unit
scores, where the maximum score on any given fagers. With the total of 234 respondents, the
maximum possible overall score was 1170 points @34 multiplied by 5). Using the overall

scores, statements could then be ranked.

3.8.In-depth interviews

In-depth interviews formed the main qualitative huet of data collection in this study. This
technique uses predetermined questions and tdpitsallows new topics to be pursued as the
interview progresses since most aspects of theviates are informal and conversational, but
carefully controlled (Grenier and International Bepment Research Centre, 1998). In-depth
interviews were held with purposively selected kejormants in the community and with
government officials who held different positiomerh the district to the village level. The method
helped in the identification of different impactsatimate change on rural livelihoods, traditional
and planned coping and adaptation strategies andoaity involvement in the implementation of
the national adaptation strategies. It further jted an opportunity to identify possible challenges
that farmers encounter in coping with and adapiingiimate change and variability, as well as the
relevance of planned adaptation strategies. Thehodeprovided an opportunity to capture
information which would be difficult to observe obtain through the use of other techniques such
as a questionnaire survey. Information such asrofte of government in the management of
farming activities under changing conditions, farsh@eactions towards the implementation of
different adaptation strategies and farmers’ vidbity to climate change were obtained from the

district officials. Hence 20 key informants wergeitviewed (Table 3.6).
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Table 3.6: Interviews conducted with key informants at government, Village and NGOs in
the study

Level Position of the Participant Number of ttetRipants

District District crops officer 1

District livestock officer 1

District Natural resources officer 1

District development and planning officer 1

District land use and planning officer 1

District forest official 1

Kisangara Sisal Estate Manager 1

Ward Ward  Agricultural  Extension  Officerd
(WAEO)

Ward Executive Officer (WEO) 4

Village Village Chair Persons 5

Total 20

Similarly a total of 90 household farmers (45 ire thighland and 45 the lowland zone) were
interviewed. The in-depth interviews focused omnuésssuch as farming methods, types of seeds
used, storage techniques, local methods on wedtligrators and predictors, local ways of
determining soil fertility, amount of food harvedtia different seasons, perceptions of respondents
on planned adaptation strategies. As noted eatfierprocedure for recruiting the participants for
the interviews was based on purposive samplingderoto capture the most reliable information,
given the limited time for the study. Statisticaepresentation of the in-depth interviews was not
considered important in the selection of the pgdicts for the interview, instead the study focused
on capturing as much as possible, the reliability depth of the information being provided by the
respondents. Hence, in recruiting participants ftbencommunities, contacts were first made with
the village leader, Ward or Agricultural Officerretugh whom the other respondents within the
respective communities were then recruited. Thekted were considered by the first contacts to
be knowledgeable and experienced in issues comgefarming activities, climatic conditions and
local knowledge, experiences and practices in ttea.aSome other participants were further
identified to be suitable for the study by othertiggpants who were already recruited. Finally,
others were encountered on-site during field vigitplaces such the farms, brick manufacturing
kilns and fodder collection sites. During some rivitews several members of the household (e.g.

wife and children) or group were present who alstemhed and commented during the interview.
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The interview process was divided into three stapes-interview, interview, and post-interview
stage. Identified respondents were notified priithte interview, a time and place was agreed
upon, informed consent was obtained prior to cotidgdhe interview, and the results of each

interview were transcribed immediately.

Interview durations varied from one respondentriotiaer. Typically interviews lasted between 45
to 60 minutes, but some lasted as long as two hdtunmmost of the interviews conducted on-site
(such as those on the farms or at the brick matwriag sites), participants were more relaxed and
enthusiastic in expressing themselves, citing exdde from real-life experiences at their
workplaces. Some of the interviews conducted ateherare interrupted by household activities,
visitors and participants’ tolerance level to cong with the interview. However, where these
interruptions occurred, repeat interview sessiorevewrescheduled in order to enable such
respondents to develop their views further. Theegewalso a few exceptional cases where some
participants were only willing to participate iretstudy if they could be paid or their village abul
benefit from food aid in exchange for the informatithey will provide. For example, participant
MB17 said:

“...I'am only willing to be interviewed if you will @y me or you promise that the study will lead to
the village receiving food aid... you interview medaafter finishing your studies you live better
life from the information which | contribute to yostudies while | remain here with my poverty.
This is the only time | can benefit from your segli So you give me money, | participate in the

interview; no money, | am not going to participanthe interview...”
Similarly, Village Leader 03 said that:

“...these days, people know that when they partteipa research, there are some payments, and
considering that agriculture is not performing wiey use these opportunities to at least get some
money for their daily needs... so when you call pedplr meetings like these they expect to be

paid...”

This situation was handled by providing detaileghlarations and evidence about the research
which showed that the aim of the study was onlyafmademic purposes. Thus the researcher stated
clearly that no one would receive any benefits iogent by participating to the study. After the

clarifications participants were willing to proceith the interview.

Only four interviews were audio-recorded. A majpof the participants did not want the interview
to be audio- recorded claiming that some peopleeérehers) do audio-recording and share their
responses with other people who later mock thereyHiso claimed that the information gathered

is used for making money in a different or the sgr@ect, especially among students studying
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abroad. Even when the researcher explained thahtbemation could only be used for research
purposes and would not be shared with anyone sigee participants still were reluctant. Some
agreed but their behaviour and freedom in respagntbinthe questions changed; they gave very
short answers which implied that they were not aotable to be audio-recorded. Hence, in such
situations, notes from the interviews were takeom& elders preferred their information to be
audio-recorded for they considered everything theegl to be relevant. They also valued face-to-
face conversation and whenever the researcher akaggtnotes the interviewee stopped talking
which affected the flow of the information and tirsygent for one interview. In such situations the

audio-recorder was used to capture the information.

Table 3.7: List of in-depth I nterviews conducted in the study

Study Site Name of the village Number of housediold | Number of participants
Highland zone| Sofe 1240 10
Chanjale 180 10
Msangeni 345 12
Lomwe 271 13
Lowland zone| Kisangara 1389 12
Mbambua 230 10
Kiverenge 441 12
Kwakoa 228 11
Total 4,324 90

3.9. Focus group discussions

This method was used to gather in-depth qualitatata from the farmers. The main advantage of
this method is that it facilitates in understandiogntentious issues that existed among the
respondents during individual interviews, hencefatilitated in meeting consensus. It is
recommended that the sample size for a group dismusshould not be too big so as to be
manageable and allow active participation of allmbers in the discussion; neither should the
sample be too smalbk(five participants is acceptable) (Grenier and rimiéonal Development
Research Centre, 1998).

On the above basis, this study thus organised flocus group discussions (two each in the
highland and lowland areas) with a maximum numbetwelve participants in each discussion
session. Participants were put into different disan groups basing on the years that they have
been involved in farming activities which enabletggpants to express themselves freely without

intimidation due to age/status. The research adophtés type of group formation with the

72



consideration that various sub-groups in the conityware likely to have different views on an
issue (Cadieux, 2008). This study did not formetiht groups of men and women as proposed by
Oduol (1996) that discussion groups should be smleon the basis of gender, age, education
status, and interests in order to increase thé té\garticipation from each individual. For thesea

of this study, the majority of farmers attainednmaiy education to a level of standard seven and
above, and so there was very little differencehm levels of education. Secondly, all participants
were farmers. Hence, both men and women formedane group discussion where they freely
expressed themselves and challenged each othesissvivhere necessary, without being
intimidated by the factor of gender. For examplajrey focus group discussions in the lowland, a
woman commented on the views suggested by a mateipant who had suggested that people

should grow drought resistant crop. The woman said:

“...Which are those drought resist crops that yousaiggesting? Go to the farms and you will see
cassava is drying, even those who planted sorghilinmet harvest this year due to low rainfall
received in this season. Let us suggest practaatisns that will benefit us and not just suggest
things for the sake of saying so that you can lea $eat you have also suggested. We need ideas

that will help us survive...”

This method was useful as it gave participants gpodunity to think critically on the practical
solutions towards managing farming activities undémate change conditions. It has been
suggested that the use of focus group discussomsiportant for understanding the world as
experienced and understood in the everyday livgeople “who live them out” (Crang and Cook,
2007). They allow groups of people to meet andudisctheir experiences and thoughts about
topics, not only with the researcher but with eattter. Focus group discussions also provided an
opportunity to develop a seasonal farming calenaldristorical timeline on experienced climatic
hazards such as drought, floods and famine, imafisatf local environmental weather forecasts
and predictions, rainfall trends and variability damproblems facing agriculture-dependent

livelihoods, as well as identification of opportties for action.

This gave the researcher the opportunity to expeeethe reality of life as expressed by
participants during focus group discussions. Ongmbers of the community aged 30 years and
above were involved in the study with the assunmptibat younger people would have less
experience of climate changes and farming actsjitiand also less relevant observational
knowledge on the issues under study (Gyampoh et2809). Through household surveys,
participants who were knowledgeable about farmictividies and environmental changes around
them were invited to participate in the focus graligrussions. They were issued with an official

letter of invitation from the Ward office explaimgjnthe purpose, place, date and time for the
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meeting while others were verbally invited by tksaarcher. Other participants were suggested by

the village Chairperson, Ward or Agricultural offic

3.10. Structured observations

This thesis also employed structured field obs@matbecause it is more appropriate for fieldwork
that occurs on a short timescale, as opposed tixipant observation. This method was used to
gather information which was not adequately exgdiduring focus group discussions, household
surveys and in oral histories. As argued by Kal®98), structured observation is useful where
interviews may not provide satisfactory resultsu&ured observation was undertaken through the
creation of a pre-determined checklist of physichhracteristics that require analysis. The
checklist was used to capture on-farm practicesssunes such as physical impacts of climate
related hazards, agricultural land uses and farmiagtices, farm sizes, soil fertility level, amlls
erosion. The study observed 50 farm plots (25 feawoh of the highlands and lowlands); 5 farm
plots from each village were selected and obserVed. criteria used in selecting the farm plots
were not similar. For example, in the highland ayeaost observations considered changes in the
altitude which determined types of crops grown igivgen farm plot and also the presence of the
farmer on the farm who explained different farmprgctices. In the lowland areas, however, the
case was different because most participants warenat on their farms. In addition to this, most
farms were under similar conditions with the sagpgetof crops grown on them. Observations
were therefore made on those farms which had bekivated by using a tractor and compared
with those which were cultivated by using a hand.Ho other areas where it was not possible to
locate farms which were cultivated by a tractorpfalots were then systematically selected in an
interval of every 20 metres. Most of the data otsdi from these observations were used in
developing connections to important environmengalditions and farm management practices that
farmers adopted on their farm plots. It also helpedbserve the level of vulnerabilities of rural
farmers to changing conditions. Frequencies of ii@gnpractices were developed and compared
between lowland and highland areas. It was thraiigh method that photographs of different
physical environmental features, agricultural pcad, crop types, land conservation methods and
crop conditions were captured. Information gathetleebugh this method reflected the actual
prevailing situation in the study areas; such imfation is not influenced by the behaviour,

intentions or attitudes of the respondents. Allestaations were recorded in detail in a field diary.

However, it was not possible to record the exachfsizes as most farmers did not know the true
size of their farms. In addition to this, since #tady was conducted in the rural areas, farmers

could not tell the monetary value of their farmdan
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3.11. Guided transect field walk observations

A transect walk is a tool used to obtain the desiom, location and distribution of resources,
features, landscape, and main land uses alongem gignsect (World Bank, n.d). It involves a
systematic walk along a defined path (transectysacthe community or area of interest together
with the local people to explore the environmerttahditions by observing, asking questions,
listening and looking at different features in thatural environment (INTERCOOPERATION,
2005: De Zeeuw and Wilbers, 2004). The method aldov discussion among the participants
during the walk which helps in clarifying issuesittfare not clear and familiar to the researcher.
The study organised ten systematic transect walks, in each village and two along the
Kindoroko and Kamwala Forest Reserves which helpethe verification of some of the data
obtained from oral histories, focus group discussi@and household interviews. Through this
method, the researcher had an opportunity to ex@od become familiar with the community and
its inhabitants, and also gained an understanduadgeaperience of the real situation under study
(De Zeeuw and Wilbers, 2004; World Bank, n.d). Asplained elsewhere (Grenier and
International Development Research Centre, 1988)transect walk method enables the outsider

to quickly learn about topography, soils, land dieegsts, watersheds and community assets.

In this study, the transect walk helped observarenmental impacts of climate change (dried
watercourses, dried wetlands, declining water velumthe streams and rivers, extent of drought
conditions revealed by crop failures), communityinemability to climate change, adaptation
strategies, livelihood practices, land-use and emagion practices, soil conditions and traditional
farming methods. Meanwhile, the method also praviale opportunity to identify the names of the
trees which are used to make weather forecastpradlittions, as well as to determine soil fertility

level of farm plots.

The transect walks across a given area were aldags with the assistance of either a village
leader, ward officer, or a farmer who helped initdentification of the route, with the company of
three experienced farmers (or elders) who wereli@mand knowledgeable about environmental
conditions and farming activities, and were willitgg accompany the researcher for the walk
during which they had an opportunity to emphasisg support their responses with evidence on
the existing environmental conditions. On some sicess, the researcher was accompanied by a
botanist who helped provide the scientific nametheftrees, grass and shrubs as they were being
identified and named by the participants in theitive language. In most situations, the district

natural resources and forest officer provided tbepertise on this.

During the transect walks, the researcher askedtigns and paid attention to the explanations
given by the participants, observed environmentaldiéions and made notes in the field note

book. The gathered information was used in compteimg the data from interviews, focus group
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discussions and oral histories. Furthermore, durireapsect walks, the researcher had an
opportunity to conduct interviews with the farmevBo were met during the walk and provided
their views on the problem under study as obseovethe spot. Most transect walks lasted for two
to three hours on average; however, due to theviaetes that were being conducted during the

walks, some transect walks lasted for up to six$wou

3.12. Oral histories

This method employed in-depth interviews in whichtggipants were asked to recall events from
the past and to reflect on them (Bryman, 2008). §thdy used open-ended questions, hence giving
participants a chance to explain their opinions ftievented any possibility of participants saying
what they thought the researcher wanted them toTay method provided detailed accounts on
how changes in natural environmental conditions famching activities have occurred over time
and how farmers have managed to cope with thesageba Through this method, in-depth
information on past and present climatic hazardshsas drought and famine incidences,
knowledge on local weather forecasts and predistitypes of traditional pesticides and farming
knowledge (e.g. types of soil and determinantsodffertility) were obtained and discussed during

the oral histories interview.

The temporal scale of the data collected on clienagnds focused on the last 20 to 30 years
(1980/1990-2010) although some participants wete @brecall some incidences that occurred
earlier than 1980. However, the use of 30 yeaned®mmended (Elliott and Campbell, 2002)

because it is the time scale generally considei#dnathe range of human memory. Participants
who were chosen to participate in this method welatively old people, who had ~30 years of

involvement in farming activities and could atteshoticeable changes in rainfall, temperature and
farming activities. The requirement for inclusiomsvthat during household surveys, elders who
were found to be knowledgeable about farming aatwiand environmental changes and who were
cooperative and enthusiastic about the study wamsen to participate in the oral histories

interview. Some others were identified by theitdel participants who considered them to be more

conversant in the problem understudy.

In qualitative research, a smaller sample sizeudsion is usually believed to provide in-depth
information than a larger sample size (Creswell &tatk, 2007). Therefore, six individual elders
from each zone were involved in the oral histogimiews. Data from the interviews were coded
and compared. The method was preferred as it dependthe ability of the participant to

remember events which occurred in the past andhatravailable in written documentation thus
provided a broader view on how farming has charmest time and also provide past climatic

hazards which occurred in the area.
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3.13. Dataanalyss

Data analysis started with organisation of the daten transcription of the audio-recorded
interviews, field work notes from transects wallkystured observations, oral histories, and focus
group discussions. The information was analysedudint coding which involved systematic
examination of the text in order to identify phmssentences and passages that represented
different conditions, phenomena and opinions asesged by different participants during the field
work. These descriptive passages and phrases ameused in making comparisons, trends and
differences that existed between highland and loesvlzones. Hence interpretation was done by
relating the information obtained with key themeshe study (Weiss, 1995). The reliability of the
qualitative data was checked by using triangulatisethods which uses various techniques to

check the authenticity of the same information.

Similarly, rainfall and temperature data from tliedy area were filtered, and outliers and breaks
were removed before obtaining total annual averé&melsoth rainfall and temperature. The annual
average totals were used to obtain the mean miniamammean maximum values which were used
in presenting rainfall and temperature trendslierdtudy area. The mean value reduces most of the

statistical errors that may have occurred in theuahaverage values for each year.

The household questionnaire with data on age, aizestructure of the households, educational
level, occupation, sources of income, land ownerstypes of crops grown, number of labourers

working on the farm, farmer’s knowledge on climateange and local environmental knowledge

were verified to ensure consistency in the findinData were analysed through the use of the
Statistical Package for the Social Sciences (SHZ8a entry was done by using EpiData software
which helped in the management of the data gathé&féer data cleaning, the data were analysed
and summarised into various categories, and rektips were assessed; the data were also
presented in frequency tables, charts and gramhvscdmparison purposes, percentage scores for
different variables were calculated and comparigoasle between lowland and highland zones.

Using the Likert scoring method, point scores fridme respondents were calculated for each
statement and ranked to determine the order of ritapoe of the statements between zones. The
overall rank score was obtained by adding up allstores from all participants and the total score
expressed as a percentage of the maximum possitie for all the factors. Based on the overall

scores, the statements were ranked in order afithportance as determined by the weights of the

responses. The formula (1) below was used to cdkstihe overall Likert scores for the statements:

where $ is the overall rank score for a given statements rthe number of responses for a
statement of weight i (where i = 1, 2, ..., 5), 5Nthe highest score assuming all respondents

strongly agreed with a given statement (where ),=aBd N is the sample size.
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3.14. Research and methods limitations

Although the methods used in this study providedmaprehensive overview of the problem under
study, however, there is no data collection tealmigyhich is error free as each technique has its
weakness (Jick, 1979; Thorlakson, 2011). The litiites arise from the nature of field research
and limited amount of time to conduct researchingle field visit and in one farming season may
sometimes not give a reality of farming conditi@ssweather changes over seasons and it may be
that the time when this study was conducted wasehson with bad weather conditions. However,

this was managed through consultation of literaturstudy conducted in the area.

A possible technical limitation from employing fecgroups/oral histories was the introduction of
biases rising from confident or outspoken individuaithin one group. Persons with particularly
strong beliefs and attitudes on a number of topm®etimes dominated the conversations and
limited the input from other quieter individualshi$ could potentially bias the results towards the
opinions of an individual rather than representimg larger population. When this situation arose,
it was noted and care was taken by limiting theetifor the participant, and also during data
interpretation the results of such individuals weoenpared to field observations and secondary
data. Similarly, participants may also have ovaggerated or understated responses with the
expectations of benefiting from the study expecthenefits by responding to the research
questions. To limit such bias all discussions begith the clarifications on that the study was
aimed which was for academic purposes and notwiberso no participant would receive any
benefits contingent by responding to a given sumyagstions. Similarly farmers’ perceptions on
climate change parameters, e.g. rainfall and teatpey, and increasing drought conditions were
corroborated with rainfall and temperature dataaioletd from meteorological agency and data

from observations.

The research encountered some logistical probleow) as transport. Highland areas are largely
accessible, mini buses commute from the highlaodbke lowland zone, mostly to Mwanga town
very early in the morning and back during the emgniThis was the same also to Kwakoa village
which is in the lowland, which meant the researchias undertaking research at times when a
proportion of the population has left the highlarmhes. The only available transport for the
researcher was by motorbike, commonly knowma@sa-bodan Swabhili. The researcher had to
hire a motorbike to and from the highland zones lénékoa village, which took a maximum of
five hours round trip. This was expensive in teiwhdoth time and money. However, setting of
appointments earlier in advance with the Villagel &Ward Executive Officers or Agricultural
Officers helped in organising before the arrivatled researcher. Negotiations and bargaining with
motorbike drivers also helped out transportatiost&oT he rest of the lowland villages are located

along the main road from Dar es Salaam to Arushaégansport was not a problem.
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The study allowed the use of both Swabhili and vewrs languages which gave participants
freedom to express themselves. Most of the eldezferped their mother tongue to Swabhili.
However, there were several instances when terogies, names of trees, plants and seasons were
difficult to comprehend and had to be translatedoiher languages particularly Swabhili and
English. Similarly, during interviews some of threspondents were more elaborative than others,
thus the interview process took a longer time whietluced the number of interviews due to
limited time period of data collection. This wasmaged by asking some of the interview questions

during focus group discussions.

Another limitation relates to the research datasgméed in this thesis since these may be
constrained due to limited availability and access,well as time constraints in the field. For
instance, some of the information about the studg & not published online which means it could
only be accessed while in the study area. Suchrm@Eton includes government and district
reports, academic and researchers’ work on clirmagsge impacts, agriculture and agricultural
climatic adaptation strategies and limitations,igetious farming knowledge and climate change
adaptation policies and mitigation strategies. Hgweit is important to note that this study aimed
at capturing farmers’ knowledge and perceptions aimate change impacts, agricultural
adaptation strategies, limitations and indigen@usiing knowledge; thus the researcher found it to
be of greater importance to spend more time witméas in the field in order to capture this
information as it cannot be obtained from the gowent and district reports. Similarly, some of
this information was not available even if the sesber could have spent more time in the field.
For instance, rainfall data and temperature welly awailable for the past 42 and 30 years,
respectively; changes in crop prices were only lakbd for the past three years, while crop
production trends were not available at all. Howeifethere were more time and data available
and accessible, this study would have benefiteth fidonger range of data and information for the

above mentioned areas.
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Chapter 4

K nowledge and per ceptions of small-scale farmerson climate change and climate variability

4.1.Introduction

This chapter presents the findings from and disonssf the knowledge and perceptions of the
small-scale subsistence farmers on climate chamgectimate variability and their effect on
agriculture-dependent livelihoods. The chapterartipular will analyse households’ perceptions of
climate change and climate variability, and idgntthe local indicators of the effects of
environmental changes and how these changes affeaseholds’ agriculture-dependent
livelihoods. Although climate change is a globakpbmenon causing serious impacts and threats
to development, agricultural systems and food sigc(fhornton et al., 2010), the impacts are
more seriously experienced at the household ldwehl( level) rather than at national or regional

levels. Discussing the adaptation strategies bylswale farmers is the task in Chapter Six.

This chapter begins by presenting the demogragtacacteristics of the respondents, followed by
the knowledge and perceptions of the farmers onctimeept of climate change, and perceived
courses of climate change. The last section willvjgled the observed physical impacts of climate

change on agriculture-dependent livelihoods.

4.2.Characteristics of the respondents

Important demographic characteristics of the hoolsishinterviewed in the study include age, sex,
education level of the head of household, occupatiod the size of the household. The study
involved households who had experience in farmictiyities of not less than fifteen years, hence
the minimum age in this study was 30 years. Theystassumed that a farmer who has been
involved in farming activities for the past 10 ygaould have gained sufficient knowledge and
experiences in farming activities and the environnaad thus could demonstrate possible changes
that have taken place in the area and in farminigites. Thus, heads of households whose age
was below 30 were considered to have less knowladdesxperiences in farming activities as well
as fewer relevant observations in environmentahgba (see also Gyampoh et al., 2009). About
64% of the households interviewed were male and 368te female (Table 4.1). Gender
characteristics was not considered to influencditftgngs of this study as in most cases during the
household interviews several members of the holdel{e.g. wife and children) were available,

hence both contributed their views to the questasied.

80



Table 4.1: Characteristics of therespondents

Variable Highland Zone Lowland Zone Total

Number of No. % No. % No. %
households 117 50 117 50 234 100
interviewed

Sex

Male 77 65.8 73 62.4 150 64.1
Female 40 34.2 44 37.6 84 35.9
Age Group

30-39 15 12.8 18 154 33 14.1
40-49 35 29.9 42 35.9 77 32.9
50-59 24 20.5 31 26.5 55 235
60+ 43 36.8 26 22.2 69 29.5
Occupations

Farmer 110 94.0 107 91.5 217 92.7
Business 1 0.9 7 6.0 8 3.4
Employee 6 5.1 3 2.6 8 3.4
Education level

Adult education 15 12.8 6 51 21 9.0
Primary 68 58.1 84 71.8 152 65.0
Secondary 25 214 21 17.9 46 19.7
College 6 51 4 34 10 4.3
University 3 2.6 2 1.7 5 2.1

Of the household heads, about 93% were farmersw8fé involved in small business activities

and about 3% were employees. About 65% of housdieddls had attained primary level (seven

years in schooling) of education. On average, al2®@3 of household heads had secondary

education, 9% had attained adult education, 4% dwlbge education and about 2% of the

household heads had attained University educalfiba.findings show that almost all participants

had attained some level of education which depfdsreal situation of education status in each

zone. The level of education shows that the mgjafithe participants were literate which is also

supported by the household population census o2,28dich showed that the Mwanga District

literacy rate was 86% for men and 83% for womeu, #ue net enrolment in school was 90% for

boys and 91% for girls. Of all the households witwed, the average family size was five persons
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in the highlands and six in the lowland zone, vatimaximum of six and nine persons in the two

zones respectively (Table 4.2).

Table 4.2: Mean family size by zone and sex

95% CI for Mean
Variable Zone M ean Min M ax
Lower Bound Upper Bound

Male Highland 2.6 2.3 2.8 0 6
Lowland 2.8 2.6 3.0 0 6
Female Highland 2.6 24 2.8 1 6
Lowland 3.0 2.7 3.3 1 7
Family size Highland 5.1 4.8 55 1 9
Lowland 5.8 55 6.2 1 9

Moreover, the findings show that at least everysebold interviewed had a person living away
from the village with an average of 4 persons i tiighlands and 3 persons in the lowland zones,

with a maximum of 7 and 9 persons respectively @ 4i8).

Table 4.3: Mean number of peopleliving away from the village by zone and sex

95% CI for Mean

Variable Zone Mean Min  Max
L ower Bound Upper Bound

Male Highland 2.2 1.9 2.5 0 7
Lowland 1.8 15 2.0 0 6

Female Highland 1.3 1.1 1.6 0 5
Lowland 1.2 1.0 14 0 5

Family size Highland 3.5 3.1 3.9 0 9
Lowland 3.0 2.5 3.4 0 9

4.2.1 Land ownership and distribution by zones

Land forms the most important resource for the Irliv@lihoods since life in the rural areas
depends on it for survival and its ownership déssithe wealth and status of the family. The
findings indicate that all heads of the househultls participated in the study owned land with the
average of 4.4 farm plots in the highland zones3fidn the lowland zones, with the maximum of

10 plots in both zones (Table 4.4).

82



Table 4.4: Mean number of farm plots owned by zones

95% CI for Mean
Variable Sub variable Mean Min M ax

Lower Bound Upper Bound

Highland 4.4 4.1 4.7 2 10
Zone

Lowland 3.7 3.3 4.0 1 10

However, the majority of the participants who owrfadm plots with a size less than 2 acres
(62%), between 2-3.9 were 29%, between 4-4.9 w&reBd greater than 6 acres were 4% (Table
4.5). The findings show further that most of therfeplots are less than 2 acres which may affect
household food production in the study area.

Table 4.5: Thesize of farm plots by zones

Land Sizein Acres

Variable

<2 2-3.9 4-49 >=6
Zone No. %age No. %age No. %age No. %age
Highland 77 65.8 31 26.5 5 4.3 4 3.4
Lowland 67 57.3 37 31.6 8 6.8 5 4.3
Total 144 61.6 68 29.0 13 5.6 9 3.8

4.2.2 Typesof food crops grown by farmers

During the interview, 12 crops were reported asdpeiultivated by farmers in the different zones
of the study area (Table 4.6). Maize was cultivdigdall participants in both zones, followed by
beans (72%). However, bananas (100%) and yams (8#&¥&) grown by highland farmers, while
cowpeas (38%) sorghum (32%) and green grams (228t¢ grown by significant numbers of
lowland farmers. Crops such as cassava, groundsweégt potatoes and sunflowers were reported
to be cultivated by less than 10% of the househsilidgeyed.
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Table 4.6: Types of cropsgrown by respondents by zone

Highland Lowland
Type of crop Overall %

No. % No. %
Maize 234 100.0 117 100.0 117 100.0
Beans 169 72.2 117 100.0 52 44.4
Banana 120 51.3 117 100.0 3 2.6
Cocoyam 87 37.2 87 74.4 0 0.0
Cowpeas 44 18.8 00 0.0 44 37.6
Sorghum 32 13.7 0 0.0 32 27.4
Green grams 27 115 1 0.9 26 22.2
Sugarcanes 24 10.3 16 13.7 6 51
Cassava 14 6.0 5 4.3 9 7.7
Groundnuts 16 6.8 2 1.7 14 12.0
Sweet potatoes 12 5.1 12 10.3 0 0.0
Sunflowers 11 4.7 5 4.3 6 51

4.2.3 Livestock

Keeping of livestock is one of the important livedod activities carried out by farmers in Mwanga
District. Livestock are mainly kept for farmyard mae (to apply in the homestead farms of
banana and coffee), to provide milk for househald and as a source of cash earning from the sale
of milk and the animals themselves. Major typegheflivestock kept by farmers in the study area
are cattle, goats, sheep, pigs and chicken. Gadtte kept by highest number of households (81%),
followed by chickens (71%), goats (53%), sheep (3804l pigs (6%). The percentage of cattle and
chicken was higher among the highland than thedod/iparticipants (Table 4.7).
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Table 4.7: Distribution of livestock kept by zone

Highland Lowland
Animal Overall %

No. % No. %
Cows 189 80.8 112 95.7 77 65.8
Goats 124 53.0 56 47.9 68 58.1
Sheep 89 38.0 43 36.8 46 39.3
Pigs 14 6.0 9 7.7 5 4.3
Chickens 167 71.4 109 93.2 58 49.6

Lowland farmers kept large herds of livestock whighzed freely in the rangelands while in the
highland areas farmers kept fewer livestock un@go-grazing system (Table 4.8). The overall
average number of cattle was 7, with 4 (2.7-4.5h& highland and 11 (8.2-13.5) in the lowland
areas; goats were 11.9 with 8 (5.3-7.9) and 12&818) per household, sheep was 8 with 6 (4.8-
7.2) and 11 (7.9-13.0) per household, pigs wastb @i(1.8-3.9) and 9 (2.3-21.1) per household
and chickens were 11 with 11 per household in lzothes respectively. Livestock keeping is

discussed in detail in the proceeding sections.

Table 4.8: Distribution of mean of livestock kept by zone

Animal Overall mean Highland Lowland
Cattle 6.6 3.6 (2.7-4.5) 10.9 (8.2-13.5)
Goats 11.9 8.4 (5.3-7.9) 12.8 (9.6-16)
Sheep 8.2 6.0 (4.8-7.2) 10.5 (7.9-13.0)
Pigs 5.2 2.9 (1.8-3.9) 9.4 (2.3-21.1)
Chickens 10.8 11.0 (9.7-12.3) 10.5 (8.7-12.2)

4.3.Knowledge and under standing of climate change

Changes in climatic conditions and environmentaiadlity are of particular concern because they
affect food production, water availability and emphent opportunities for the agriculture-

dependent communities, particularly in developiogrdries, where farming activities depend on
the natural environment (Henson, 2011; Collierlet2008; Rosenzweig and Hillel, 1995; IPCC
2001; 2007; Kangalawe, 2012). This section presdahis knowledge, perceptions and
understanding of the concept of climate change rogllsscale farmers in Mwanga District in

Kilimanjaro region. The findings reveal that despithanges occurring in the environment the
concepts of “climate” and “climate change” are ustleod but perceived differently by different

people at varied levels in the community. The migjoof the respondents interviewed in the

selected villages in the study area (both lowlamdi lsighland zones) demonstrated high degrees of
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knowledge, awareness and understanding of the pboéelimate, climate change and the likely
causes of climate change on their local environmertie majority of the participants understood
the concept of climate as rainfall (100%), tempeet(100%), wind (71.8%), drought (70.5%),
cold (54.7) and flood (33.8%). The results showt that of 234 respondents 181 respondents,
equivalent to 77.4%, were aware of the factors gmsible for climate change where they
associated the causes of the changing environmeotaitions with increases in environmental
degradations, deforestation, forest fires, expanaial intensification of agriculture activitiestire
highlands and air pollution. The results revealathir that the proportion of the respondents who
were aware of climate change was higher in thel&ighzone than in the lowland zone (Figure
4.1). However, about 22.6% of the surveyed housishdid not have a clear knowledge and
understanding about the causes of climate chang&ad they associated climate change with
social, religious and cultural factors. Similarlthe level of awareness was higher among
respondents within the aged group of 40-49 thelovi@d closely by the 50-59 age group (see
Figure 4.2). The higher level of understandinghaf knowledge of climate change with the varied
reasons responsible for the changes may be a#tdiiot increased levels of literacy among the
respondents in the study area, increasing numberduzation activists and NGOs advocating for
climate change where the majority of the youthiavelved in the education process on adaptation
strategies and the role of media (radio, newspapedstelevision), as almost every family has
access to a radio and increased levels of litesaogng the youth in the study area. However, the
declining level of understanding of the true causfeslimate change, especially among the elders
age 60 and above, may be attributed by higher destilliteracy and too much adherence and
attachment to the traditional and cultural valuéshe society. Some of these traditional and
cultural values can act as a barrier to the effeciinplementation of climate change adaptation
strategies and mitigation measures. For instameepelief that climate change hazards, such as
drought and floods, are associated with God (s&® \hite et al., 2001) may limit the effective
implementation of agricultural climatic adaptatistnategies. As for the study area when flood or
drought occur, some people implement the right tadimn strategy while others take it for granted
as a punishment from God. This affects its managémhee to lack of common understanding of

the causes of such disasters.
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Figure 4.1: Knowledgef the causes of climate change by zones
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4.3.1. Local perceptions and indicator s of climate change

The findings inTable« 4.9, 4.10 and 4.11 suggest that there grawinc understanding among
farmers that climatehang and climate variability are happeniagc are continuously affecting
their livelihoodswhich depend on agriculture. The study shows th@iseholds understood the
indicators of climatechange as increase in drought, increadedperature decline in rainfall,
decrease in wateincreas in pests and shorter planting and growsegsor which had the highest
responses from theajority of the respondents; weather variabilitygrease in wind conditions,
animal diseases atilde occurrence of floods had the lowest respoKifable 4.9).
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Table 4.9: Percentage responses on the local indicator s of climate change by zones

Local indicators of climate change Overall % Highland (n=117) Lowland (n=117)

Number % Number %
Increase in drought 100.0 117 100.0 117 100.0
Increase in temperature 100.0 117 100.0 117 100.0
Food shortage 77.4 91 77.8 90 76.9
Decreases in crop productivity 75.6 96 82.1 81 269.
Decline in rain fall amount 73.9 91 77.8 82 70.1
Decrease in water 69.7 72 61.5 91 77.8
Increase in pests 67.1 89 76.1 68 58.1
Short planting/growing season 62.8 87 74.4 60 51.3
Weather variability/unpredictability 33.8 53 45.3 62 22.2
Increase in wind conditions 325 28 23.9 48 41.0
Increase in animal diseases 19.7 11 9.4 35 29.9
Occurrence of flood 6.8 10 8.5 6 5.1
Others* 33.8 53 45.3 26 22.2

NB: Others*: Seasonal changes, disappearance ohingordew and mountain clouds, and

disappearance of bird species
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Table 4.10: Perceptions on climate change over the past 20 year s by highland farmers

. 5 4 3 2 Total  Score as %
Statement on perception Score  of the max
Drought period seems to be longer 550 28 O 0 0 578 98.8
Rainfall seems to be less 525 48 O 0 0 573 97.9
Average temperature seems to be higher 525 48 0 0 ®73 97.9
Rainfall seems to be more variable 540 24 9 0 0 357 979
Decrease and drying of water 480 84 O 0 0 564 96.4
Weather seems to be unpredictable 475 838 0 0 0 563 96.2
Loss of crops seem to be higher 460 100 O 0 0 560 5.7 9
Fodder seems to be less 480 76 O 4 0 560 95.7
Growing season seems to be shorter 440 96 15 O 01 55 942
Pests and crop diseases have increased 340 52 1008 O 500 85.5
Declining and loss of wetlands 90 272 93 O 0 455 877
Livestock diseases have increased 0 52 168 17 297 50.8
Soil erosion is a bigger problem now 0 12 12 174 23221 37.8
Death of livestock have increased 0 12 39 90 56 197 33.7
Rainfall seems to have increased 0 0 0 112 61 173 96 2
Floods seems to be more frequent 0 0 0O 82 76 158 .0 27

Note: Strongly agree = 5; Agree = 4; Not sure =[@isagree = 2; Strongly disagree = 1

N =117

Maximum score (117*5) = 585
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Table 4.11: Perceptions on climate change over the past 20 years by lowland farmers

. 5 4 3 2 Total Score as %
Statement on perception Score of the max
Drought period seems to be longer 585 0 0 0 0 585 00.01
Average temperature seems to be higher 585 0 0 0 0685 100.0
Rainfall seems to be less 585 0 0 0 0 585 100.0
Growing season seems to be shorter 585 0 0 0 0 585 100.0
Decrease and drying of water 575 8 0 0 0 583 99.7
Rainfall seems to be more variable 565 16 O 0 0 581 99.3
Loss of crops seem to be higher 535 40 O 0 0 575 .3 98
Declining and loss of wetlands 435 1200 0 0 555 94.9
Deaths of livestock have increased 435 120 0 0 555 94.9
Fodder seems to be less 230 2849 0 0 514 87.9
Weather is more unpredictable 280 148 44 O 478 81.7
Pests and crop diseases have increased 0 64 96 132 285 48.7
Livestock diseases have increased 0 0 13» 57 222 37.9
Soil erosion is a bigger problem now 0 4 0 24 94 621 27.7
Floods seems to be more frequent 0 4 0O 50 91 145 .8 24
Rainfall seems to have increased 0 0 0 0 117117 20.0

Note: Strongly agree = 5; Agree = 4; Not sure =[@isagree = 2; Strongly disagree = 1
N =117
Maximum score (117*5) = 585

4.3.2 Drought indicator

Virtually all the respondents identified the incsean drought conditions as one of the indicatdrs o
climate change and environmental variability (Ta#l8). Drought was also perceived to have
increased over the past 20 years and ranked highdsith zones (Table 4.10 and 4.11). Focus
group discussions and interviews revealed thahénpast drought incidences occurred, but they
were rare and their occurrence took a sequentisssever time to the extent that farmers were
able to predict when another incidence of drougbtilel occur. The drought incidences in the past
were reported to occur about every 10 to 15 yeseg (Table 4.12 where the drought name
represents the coping strategy opted for during paaticular drought). However, the study

revealed that, the majority of the participantscpaed that in recent years, drought conditions

have become more frequent and intense especialige sthe 1980s. Discussions with the
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participants suggested that drought conditionsaent years occur almost in every season, or in
consecutive years which result in increased criprés and food shortages at the household level.
The study also observed intense drought conditiesgecially in the lowland zones, as shown in
Plates 4.1 to 4.4.

Table 4.12: Famine incidences occurred in the study area

Year Name of the famine | Meaning of the name aspeesentation for the coping
strategy
1920 Nzota yaKigogo Indigenous people fed on bulb of plantains which|a

known askigogo(in vernacular)

1930 Nzota yaVikebe Food was so scarce especially maize grain andamem
meal which is the main staple food and the only @mp
that one would get was measure by a container krasyn
Mkebe(in vernacular) which is equivalent to 1 kg

1944-1949 | Nzota yaMbiru Famine incidence occurred in this time when peo@ee
paying tax according to the property owned by |the
household (wealth possessed), hence famine wasdname
after the local name for the tax knownnaliru

1960-1961 | Nzota yaKilombero | Drought forced many people to migrate to Kilombjero
district in Morogoro region to work in sugarcane
plantations for wage labour, while others had azde
land and cultivated maize which was sent to treaimifies
back home

1°2}

1974/75 Nzota yaYanga People received yellow corn meal as food aid from
America. The colour of the corn meal (yellow) iscarg
the colours of a popular football club in the caunt
(Young African Club) and hence this famine was néime
after the name of the club

1984 Nzota ya Bulgur|People received bulgur wheat and cooking oil called
(Alianza/alianca) alianzaandalianca as food aid from America hence the
famine was named after the names of the food aid
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Plate 4.3 Wilting maize after germination at KisaragVillage in Kisangara ward

Plate 4.4 Dried Sorghum at Mbambua Village in Kgana ward

The study revealed further that due to the freqoeotirrence of drought conditions, some of the
highland farmers have abandoned farming activites their lowland farms and now are
concentrating on highland farm plots only. Thisdfing is supported by the findings from other
studies, such as Collier et al. (2008) and Roseigzetal. (2001), which suggest that drought
conditions caused by climate change will make s@reas unsuitable for farming activities,
resulting in reductions in farming land and alsg/rf@ce out of production some food crops. Farm
plots’ observations in the lowland revealed thatigmged drought conditions have made many of
the perennial crops and non-staple crops suchssaea, sugarcane and banana difficult to grow,
leaving most farm plots bare and prone to windiernosSimilarly, during focus group discussions,
it was revealed that prolonged droughts make éaisier for termites to feed on those crops, and
also due to shortages of fodder force livestockléiex to graze their herds on the farms. Grazing
livestock on the farms increases soil compactioiicwtimits the infiltration of water during the
rainy season, while the thin fertile surface lagéthe soil is loosened by animal hooves and is
regularly eroded by wind action. In the highlangimlonged drought conditions were reported not
only to cause crop failure, but they also haveltedun the recurrence of fire events in the forest
reserves, causing a reduction in water flow anchekie disappearance of vegetation cover and an
overall decline in the forest thickness. This firglion the occurrence of drought conditions has
been suggested in other studies that climate chaslfeesult into increased drought conditions
particularly in Africa (Rosenzweig et al., 2001; I et al., 2008; Hulme et al., 2001), and the
impacts will be severe due to increased relianceaimnfed agriculture with only a limited capacity
to invest in coping and adaptation strategies (IROQ7; Stern, 2007). However, the IPCC (2007)
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reported that warming of global climate will resuita gradual increase in global temperatures

which will result in an increased frequency of ertie weather events, including drought.

4.3.3 Temperatureindicator

Increase in temperatures is another indicatoriofate change and climate variability as reported
by the majority of the respondents (100%) and edsied highest in both zones (Tables 4.10 and
4.11). Many respondents shared the views thatdenteyears they have noticed an increase in the
intensity of sunshine which influences the surfaemperature in their localities, in both the
lowland and highland zones. Daily temperaturespareeived to have increased which also leads
to an increase in the evening to midnight tempeeatlRespondent KS01 at Ibweijewa was quoted
saying that:

“...nowadays, days and nights are very hot thatehedo not bother to use a bed sheet or blanket

to cover myself during the night, probably earlyrmng hours is when | bother looking for it...”
Respondent KS02 in the same area said that:

“...nowadays the solar intensity has increased ¢oetktent that at 10 am the sun is strong and

‘stings’ like that of the afternoon and mid-day...”

Making references from the radio and televisiore ofi the participants during the focus group

discussions in the lowlands reported that:

“...it was broadcasted in the radio and televisicat the temperature in the district had escalated
from the normal 20°C and 28°C in March to 36°C...”

While Respondent CH14 reported that:

“...nowadays there is no difference between lowland &ighland temperatures, we now all

experience almost the same degrees of heat ankiiseins’

However, the majority of the respondents duringufogroup discussions and household interviews
in the highland zone perceived that temperatures mecreased almost three times than in the past.
Respondents’ perceptions on temperature seem tujyeorted by the meteorological data for
Kilimanjaro region (Figures 4.3 and 4.4) which shthvat both the annual mean minimum and
maximum temperatures have been increasing stealilge 1980 to 2012, however with
fluctuations. Similar observations have been madewhere in Tanzania and East Africa in
general (Kangalawe, 2012; Mary and Majule, 2009nidhi et al., 2010; Jury and Mpeta, 2005),
and also different climatic models suggest thatnate change will result in increases in
temperature in the African continent (Sivakumarmlkt 2005; Hulme et al., 2001; IPCC 2001).

Temperatures in African continent have increaseadpgproximately 0.7°C in the past™6entury
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(IntergovernmentalPane on Climate Change (IPCC), 2008ivakuma et al., 2005; Hulme et al.,
2001).
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Figure 4.3: Annuamear maximum temperatures for Kilimanjaregior from 1980 to 2012
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Figure 4.4: Annuamear minimum temperatures for Kilimanjaregior from 1980 to 2012

4.3.4 Rainfall indicator

The majority of theesponden (74%) (Table 4.9) mentioned a declingainfall as an indicator of
climate changesuggestin that currently they have noticedbigge! decline in rainfall and an
increase in rainfallvariability, duration and intensity. This waasc evident during in-depth
interviews, focusgrouf discussions and oral histories wheyarticipant agreed that currently
rainfall has becomenighly variable, low in volume and highean intensity. However, on
perceptions, thetatemer ranked second in the highlands, with 98,%nd third in the lowlands
with 100% in theoveral cumulative scores of the responses. Dufoays group discussions, the

study revealed thdtuctuations decline and variability in rainfaktartec gradually from 1980s,
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however, from the 1990s to present the conditiaebecome more marked. Participants were of
the view that since 1990, both lowland and highlamdas in all seasons have regularly not
received sufficient rainfall to support farming isities sufficiently. However, some seasons
receive light or heavy rains which are concentrat@flin a short duration of time which do not
adequately support the growth of crops from gertivnato maturity stage. Using the volume and
flow of water in the rivers and streams as the rddteant of the volume and intensity of the
rainfall, Respondent OHO3 said that:

“...currently the amounts of rainfall received do sobstantially change the volume of water in

the rivers and streams in either the highland witdod zones...”
While comparing the current situation with the passpondent further explained that:

“...in the past it used to rain heavily until rivesiad streams were overflowing and crossing the
river was not possible while in others crossingdmee difficult....sometimes you could even be
washed away if you dared to cross, it was not ptessd see the bridge and some of the big stones
along the river channels, all were covered withewatnd the rivers were roaring due to higher
water volumes and falls and channels widened. \Wetlaponds and irrigation dams were filled
with water and lowlands river channels were floodaedrecent years the rainfall amount received
is low and does not even cover half of the riveairatel nor stones, sand and mud along the river
channel...it rains at night or even during the day, there is not much run-off and also the water
level and volume in the rivers does not signifibachange, and where it does, the changes do not

last for more than three days to one week...”

An interview with District Official 01, confirmedht the average amount of rainfall received per
season in the district over the past 20 years babaen sufficient to support agricultural acted]
especially maize production. However, the officisdde a suggestion that some seasons received
sufficient rainfall which could support the prodioct of low moisture and higher heat tolerant
crops, such as sorghum and cassava as alternatidecfops which could help in adapting to
changing conditions. But local people have a spepifeference for maize and beans which form
their main staple food; hence they are reluctarutovate any other types of crops. This threatens
district food production and security which has malde district dependent on food aid for many
years. Similar findings on changes in the volumevafer and decline in rainfall patters have also
been reported in studies elsewhere in TanzanigEast Africa (Yanda et al., 2006; Olago et al.,
2007).

The respondents’ perceptions and observations abwmidiall trends in the study area are supported
by meteorological data collected from four rainfadllection stations within the district. Highland
rainfall station includes Lomwe High School and tbe/land rainfall stations include Mwanga

District Council Meteorological Station, Kisange®#sal Meteorological Station and Nyumba ya
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Mungu DamMeteorologice Station. Among the four stations, datallectec before 1986 were
only periodicallyavailable and were not consistent between sitesthaceforcignored. Hence only
data sets betwed®8¢ and 2011 were used in the analysis. Alsmus be noted that one of these
four ‘useful’ datastation: (Mwanga) had missing data for the ye&d05 and so the year was
deleted across tHaoarc for consistency (see Figure 4.5)consistenc in availability and missing
data records wasaic to be caused by the transfer or retiremeinthe staff responsible for
recording dailyrainfall data without immediate staff replacemeasl/o the misplacement of the
month or year rainfalfiata file. The study also collected rainfall dagaKilimanjaro region from
the Tanzanideteorologice Agency (TMA). Data gathered frofMA were only available for the
past 40 years (197 2012) (see Figure 4.6). The rainfall dagcord: from both district and
region show a declinen variability of annual rainfall as well asdecreas in the total annual
rainfall trend in theegior and the district under study (see Figudgsand 4.6). It is important to
note that the figuresnly show a change in variability between yeams not within seasons.
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4.3.5 Shorter rainfall season and growing season

Decline in rainfall and annual rainfall variabilityere also said to have resulted in a shorteratinf
season and growing season. About 63% of the regpisidinderstood and linked climate change
with shorter growing season. The majority of thetipgants also perceived that the growing
season has become shorter when compared to th@(ogetrs, where the statement ranked ninth
in the highland and fourth in the lowlands with 2%4. and 100% of the cumulative scores of the
responses respectively (Tables 4.10 and 4.11). ~gooup discussions and interviews in both
zones revealed that rainfall seasons have changdeae sometimes rainfall starts at the onset or in
the middle of the season and ends when crops #ratsthe growth stage or had just started
producing flowers. Citing examples from the farmoaendar during a focus group discussion in
the highland zones, one of the participants suggdesiat it was known from the Roman calendar
thatvuli (which is a short and hot rain season with two themwf rain) begins on #7September in
each season, at which point everyone started ptaaind within three to five days it would rain.
The rainfall in this season supported farming d@otis mostly in the highlands, while in the
lowlands the rains were sufficient only in suppagtthe growth and survival of livestock pasture.
Over the past 20 years, the season has been coimgndate in October or even mid-November,
with light or heavy downpours which can last footer three days, with no more rain for the rest
of the season. Focus group discussions in the tminxtanes revealed that the trends in rainfall have
changed, where now one season can receive suffieignfiall and the other receives poor rain or a
season can receive one year with good rain thémafed by three to four, or even five, years with
poor rains which are highly variable and do notyfldupport agriculture activities. One of the
participants reported that in the past the seasmridihave four years of good rain then followed
by one year of poor rain or drought. RespondentXsid that:

“...the situation in rainfall has changed a lot, bntw drought and crop failures have become part
of our life, and many years have passed now sireband sufficient harvest...we struggle working
to earn money for the purchase of seeds and payaitiors for farm preparations and as soon as it
rains we plant, and do weeding early enough bubuo surprise there is no further rain after
planting and weeding...crops survive under limitedstuwe conditions while others wilt and die

due to prolonged variations in rain days and irseaa drought...”
Respondent SF06 said that:

“...nowadays agriculture is no longer a certain \dtgtithat one can depend on for food and

livelihood as it was in the past years...”

Drawing an example from the masika season, theonelgmt said that, the normal long rainy
seasonrfiasikd that used to start in early March and last to May typically produces light to

moderate rainfall with increased variability, ramg in increased crop failure. The respondent said
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that themasikaseason in 2012 had only three days of rain (ve.days in March and one day in
late April). This argument was shared by the majodf the participants in the study area.
Similarly, from field observations it was evidehtt few crops survived under such dry and heat
stress conditions and as soon as it rained, thgy@duced flowers at a height of a metre or less,
resulting in a low or failed harvest (Plates 4.5 4nd 4.7). Similarly, it was ascertained by
Respondent CH12 (retired agricultural officer) thadisture stress and rainfall variability force
crops to grow to maturity before their real timeiethresults in poor and low crop yields. This
finding is supported by a study by Kangalawe (20@8nhducted in the southern part of Tanzania,
which suggested that changing climatic conditioasehresulted in delays and fluctuations in
rainfall onset. According to URT (2003), Tanzanas lbeing facing famine incidences caused by
either floods or drought since the mid-1990s whicidermine food security in the country.
However, FAO (2008) suggested a tripling of thedf@oisis per year in Africa between 1980s to
2000s due to the impacts of climate change. Chapdrat al (2011) made an argument that
climate change and variability threaten agricultlielihoods and food security of the people in
Africa whose lives depend on agriculture. Hencis, finding agrees with most of the literature that

changing climatic conditions, especially declineramfall and increases in variability, affect the

livelihoods of the agriculturally dependent farmers

Plate 4.5 Crops forced to grow to maturity duermudht conditions in Kisangara ward

99



Plate 4.7 Maize forced to grow to maturity due tougjht in Ngujini ward

The decline in rainfall and increase in annual fedinvariability have resulted in fewer planting
days. Focus group discussions in both highlandsl@mldnds revealed that planting days in both
seasonsvuli andmasikg have become very short due to declining rairtfatition associated with
prolonged rainfall variability and increases in parature. Most of the participants reported that
most rainy seasons no longer follow known trenasnfrthe past, hence affecting the normal
routine of the planting seasons, making crops lotlowland and highland zones survive under
limited soil moisture and heat stress conditioreglileg to poor harvests. Citing examples from
their farming calendar, the planting seasonvifi normally started on 27September and the

whole month of October was considered as a plamtiogth for maize, and legumes were planted
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in late October to mid-November. In late November garly December, most crops begin
flowering while those planted early are gettingdyefor early harvest. Also planting in some areas
in the highlands in Ngujini, Usangi and Kilomeninda started much earlier in August and also
along the wetlands (popularly known akambombk due to the presence of cool and moist
weather conditions, with the support of light hdmobket irrigation. Changing climatic conditions
associated with increases in temperature have tedsuh the drying of wetlands and the
disappearance of cool wet conditions making ealiyntphg andchambombdarming no longer
practicableMasikawhich is a longer rain season started in Marcklay and May ' marked the
end of the sowing date for beans while maize soweinded much earlier. However, the whole
season would have enough rainfall, with farmerse &bl stagger planting dates to avoid crop
failure, diseases and pest attack. These trendsrifall were reported to have changed over the
past 20 years, and there has been no consistetityagiard to the beginning of the rainy season.
Most rain commenced late and sometimes a month dftier the normal dates for the start of the
season, and the seasons received light rainfakkavy short-lived rainfall which could not support
crop growth to the full maturity stage. This fingdims supported by the other researchers. For
instance, Collier et al. (2008) suggest a similavwthat climate change will result in the reduced
length of the growing season. The increased vditialind unpredictability of rainfall within the
season was also seen to be responsible for criysefaind poor yields, because in most cases
increased variability in rain days stressed crbpsugh the prolonged duration of drought and heat.
However, those crops which survived under such Beass conditions flowered early before
growing to full maturity leading to low yields. Amsilar argument on the impacts of increased heat
and drought conditions on crops was made by Cadlieal. (2008) and Rosenzweig et al. (2001).
From the observations and discussions with faritevas evident that, despite the variability and
unpredictability of rainfall, farmers did not heg#é to plant, and indeed they kept on planting so
long as it had rained, even though through thegedarnce they knew that it would be a short

season, probably with not enough rain resultingdar harvests.

4.3.6 Weather variability and unpredictability

A few of the respondents (34%) mentioned weathanghs, variability and unpredictability as an
indicator of climate change and climate variabilitigh the argument that weather conditions were
no longer as predictable as they used to be ipdke20 years. Thus the past experience has ceased
to be a good guide for both present and future itond. The statement on weather
unpredictability was ranked sixth in the highlaraied eleventh in the lowlands with 96.2 and
81.7% of the cumulative responses respectivelyIETAd0 and 4.11). The study revealed further
that participants depend on both modern scientiBather forecast information received via radio
and television as well as on traditional weathedpmtions and indicators. However, most of the

participants reported that neither of the techmsqo® weather predictions was helpful. For
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instance, it was revealed that reliance on forecafsimedium to high rainfall led farmers to invest
in agriculture by cultivating larger areas, but ffsason ended by receiving below average rainfall,
causing wide-spread crop failures. The same sitnatvas experienced with the use of local
weather forecasts, using indicators such as tnemutipg, bird chirping and changes in animal and
insect behaviours. Discussions revealed that mbghenlocal environmental weather indicators
tended to occur at their normal time, but the mould not commence, or would commence with
heavy, normal to very little rain and disappearwdwer, those with such knowledge reported that
by seeing those indicators they would nonethelespape their farms despite the risks. Due to
weather unpredictability and uncertainties aboatdbmmencement and ending of rain in different
seasons, some farmers now avoid preparing themsfan advance, but wait and immediately it
rains they plant on uncultivated farm plots, thenteque popularly known astang’ang’a As
reported by Respondent KV38 that:

“...nowadays each season begins at a different timdgamers have to adapt. No one can predict,

or expect what happened in the previous years;d¢oran the following season...”

The changes in weather conditions limit the knogkednd ability of the farmers in understanding
their local environmental behaviour, and insteaattlepend on natural conditions to control their
farm management. For example, farmers now just ataywait until it rains and then they start

planting, while in the past they planted some fesstbefore the commencement of the rain.

It is a common view that weather variability andpredictability have resulted in changes in
normal seasonal characteristics. For example, laeacteristics of the cold season have changed
and the changes have been said to have a linkitmgtbonditions of thenasikaseason. One of the
participants during focus group discussions intigilands reported that when theasikaseason
had less rainfall that ended early, it was followsda very cold, dry season which commenced
earlier than normal. Participants in both zonesomeg the disappearance of short rains that
occurred in the cold season and now the seasorbdmmne dry without wet conditions, such
seasons’ conditions are referred tokds cha kiume(in the local language), literally meaning a
dry and cold season without rain. Making referetacthe 2010 to 2012 cold seasons, respondents
reported that the seasons were very cold and wssecited with dry weather conditions.
However, on some occasion, the season experiehoetddting conditions of cold days and hot
days, which is contrary to the past experience vtherseason used to be cold and wet. The cool
and wet conditions in the past supported the grattrops to maturity after the end of the rainy
season in mid-May and also ensured the continuaitbdility of fodder and water flow in the area.
The changes have resulted in increased food skesrteaused by crop failures of staple and non-
staple crops, as well as cash crops such as caffdecardamom. Similar cases of changes in
seasonal behaviour have been observed in othdestoohducted in the southern part of Tanzania

(see Kangalawe, 2009; Kangalawe, 2012).
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4.3.7 Changesin seasonal characteristics

Participants also reported noticing changes inctieracteristics of theuli and masikaseasons.
Normally, thevuli is characteristically hot with short rains asstadawith windy conditions
towards the end of the season in December,naaslkahas calm weather conditions with warm
and moderate temperatures associated with longes. relowever, over the past 20 years the
characteristics of these two seasons are no loagestable and consistent as they were. The
temperatures for both seasons are now believeddmny farmers to have increased to the extent
that they perceive that all seasons now experidmgeer and almost similar heat conditions
associated with the decrease in rainfall amountswvdver, in some seasonajli was said to
receive more rainfall thamasikawhich has made farming activities possible inltheland zone
during vuli, although only on a very small scale. In additieame farmers observed that both
seasons now have strong winds and sometimes ttaswaire associated with rainfall. Increased
wind intensity affect crops’ productivity, becausend blew away crop flowers and leaves,
increased the rate of transpiration and accelethtedate of soil moisture loses.

There is a further perception that there has beéachne in morning condensation (dew). Focus
group discussions suggested that in the past tbesditions were common, sometimes with
mountains covered by clouds for the whole day di d@ay from morning to afternoon, perhaps
disappearing during the afternoon hours and apgdeagain during the evening. The mountain
clouds and short rains that occurred in the highlzame during the cold season kept the highlands
cool, green and supported the growth of both anandl staple crops. Crops such as sugarcane,
banana, yams, sweet potatoes, Irish potatoes,veadseans, coffee and cardamom did well in
these cool weather conditions and provided highldwdllers with higher crop yields. However,
participants reported that over the past 20 yahese conditions have become increasingly rare
which has resulted in increased crop failures, foyieds and even water shortages, all making life
in the highlands increasingly difficult. The chanigethese conditions, along with increases in
temperatures, has created conducive conditionstifersurvival of mosquitoes in these cool
highland zones which were previously mosquito fiides finding agrees with several other studies
which suggest that climate change will expand theggaphical range of diseases carrying insects
from the plains ecosystem to the highland and otreas where these diseases were not
experienced exposing many people to new diseasis nei knowledge on how to treat them
(Henson, 2011; Kangalawe et al., 2011; Yanda £2@06; Githeko et al., 2000).

4.3.8 Flood incidence indicator

About 7% of the respondents associated the ocaerehfloods as an indicator of climate change
and climate variability and the majority were froine highlands (Table 4.9). However, perceptions
about the frequency of floods showed that the nitgjof the participants in both zones saw floods

to be less frequent in recent years. Hence thems&tt was ranked fifteenth in the lowlands and
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sixteenth in the highlands with 20% and 27% of dhmulative scores respectively. Although the
literature predicts an increase in the incidenceflomds, wind storms, heat waves and other
extreme weather events as the result of climategehaassociated with increase in temperature
(Collier et al., 2008; Nordhaus, 2007; IPCC, 20Qfg occurrence of heavy floods in the area is
now seen to be a rare event. Most of the partitfpeeported that for over 10 years now they have
not experienced serious flood events but the clomditare getting drier and warmer. However, the
study reveals that there have been a few casesasyhbut short-lived, rains which resulted in
landslides, rock and tree falls, some of which kdotroads and caused the destruction of houses,
bridges and crops. Landslides along the roads énhighlands were reported to occur more
regularly causing communication problems within thghland zones. In addition, some of the
lowland areas especially in Kwakoa division werel $a be flooded especially when there is heavy
rain in the highland zone in Kilomeni ward. RespamdKW24 reported that farmers benefit from
this flood because their area receives moderateviaainfall, hence run-off from the highlands
increased soil moisture and increased soil fertiibm the deposition of alluvial materials carried
by the storm water from the highlands. However, thase of storm water flowing from the
highlands was reported to have become rarer duketdow amount of rainfall received in the
highlands leading to limited or low run-off. Similg from the observations and responses from
the highland dwellers, it was evident that theres \imited occurrence of run-off due to the low
volume and intensity of rainfall received in recemiars. Also the use of soil erosion control
measure (contour and terrace farming and agro-faras reduced run-off especially in those

areas prone to soil erosion.

Nevertheless, occurrence of crop destruction fioenshort heavy rains was evident from the report
issued by the District Agricultural Office on foedndition and crop progress in the field orf"20
January 2012. The heavy and short raingutif season in October 2011 caused the destruction of
882.5 hectares of planted crops (527 hectares ofemdl hectares of sunflower, 10 hectares of
sorghum, 140 hectares of beans, seven hectaressdva, 14 hectares of yams, five hectares of
sugar cane, 126.5 hectares of banana and two éedfwvarieties of vegetables). The destruction
affected a total number of 642 households with pufation of 2,588 people. However, the report
showed further that after this heavy rain eventahea did not receive any further rainfall that
season, resulting in crop failures, especiallyhie bbwland zone. The report argued further that
similar weather conditions of insufficient rainfalhd drought were also happening in the highland
zones, but the situation in the highlands was isobad as in the lowland and hence highland

dwellers might gain some reduced harvest at theoétite season.
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4.3.9 Declinein water level and drying of surface streamsflow indicator

Climate change was also associated with the inededscline in the amount of water in the rivers
and streams. About 70% of the participants from ldvelands associated climate change with
decreases in water volume and the drying of rieexd streams. However, perceptions from most
of the participants suggested that the area hasriexged a steadily decline in the amount of water
in the local rivers and streams over the past 20syd hey attribute this to rises in temperatuigt an
declines in rainfall, and increased rainfall vailifh Some of the perennial rivers and streamsehav
become seasonal, and others have dried out algrgéththe lowlands, participants reported that
most of the rivers flowing from the highlands hdexome seasonal, as they now only flow during
and shortly after the rainy season. From obsemstimost rivers and streams in the highlands had
low volumes of water and some had dried, whilehe bbwland many river channels had dried
(Plate 4.8). The photo was taken in the month afilAphich is in between thenasikaandvuli

rainfall seasons.

Plate 4.8 Low water volume in Ngujini/Changalaveeri flowing from the highlands to the

lowlands

It was observed further that water in many of thwland river channels no longer flows on the
surface, but only underground, so as a solutiomater shortages dwellers excavated ditches along
the river channels to extract water for irrigatiregetables, feeding livestock and for brick making
(Plates 4.9 and 4.10). The depths of such ditchesedased as drought conditions became
prolonged, as well as in response to increasesimadd for water. Under prolonged drought
conditions, these ditches are abandoned and dwedkmrch for new locations. This finding is
supported by several studies which suggest thattd change will affect the future discharge and
flow of many rivers and streams in Africa leadiogunprecedented water shortages (Collier et al.,
2008; Orindi and Murray, 2005; Adger et al., 20QBiited Republic of Tanzania (URT), 2003),
many of which are ephemeral, flowing during andrédhafter rainy season (Nyong et al., 2007).
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Plate 4.10 Excavated water ditch along the rivanciel in Kisangara ward

However, the decline of the surface water flowas only associated with the increase in drought
conditions, but also with improved water distrilbbatito households through the use of hosepipes,
as opposed to open stream, rivers and channel waliection which allowed water to keep on

flowing along the river channel after collectiomdts group discussions revealed that the majority
of the highland dwellers now use tap water whicls wat the case even 10 years ago. However, in
the highlands the discussions suggested that eatar wollected in wells was not enough to satisfy
domestic uses. This has triggered village water roitiees to instigate a water distribution

schedule, where households get water only at spdwfirs of the day. During the night and for
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few hours in the day, water is collected in thelweimake sure that everyone gets enough during

the time of distribution.

4.3.10 Incidence of the occurrence of forest fires

The drying of streams and rivers was also assatiaith the increase in the incidence of fires in
the forest reserves within the district. Particigain the study area reported to have witnessed an
increased occurrence of fires in the forest reseimealmost every season for the past 20 years
(Table 4.12). The fire incidences were said to laresumed significant parts of the forest reserves
burning those areas which had never previously beemt since the forest grew. Field
observations captured some of the pictures of plathe areas which were destroyed by fires
(Plates 4.11 and 4.12). The decline in the thickrmafsthe forest reserves, caused by increased
drought and fire incidences have reduced the faseirface cover, hence exposing land and water
catchments to the direct sun rays which incredseséte of evaporation and evapotranspiration.
Furthermore, from oral history interviews with peigant OHHO4, it seems that water catchment
sources had dried because of the removal of thacgurcover and disturbances from human
activities. For instance, the participant reporthdt traditionally it is believed that catchment
points, which he referred to ayes of the wategre said to be “shy”, that is whenever the eye is
exposed to the direct sunlight or touched by hub&ings with the aim of improving it, the water
source disappears underground and surface flovese@us increasing temperature affects water
volume which makes water users to encroach watehizeents which sometimes leads to the

disappearance of the surface stream flow.
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Table 4.13: Fireincidences that occurred in different forest reserves within the district 1993-

2012
Year Forest reserve Area destroyed
September 1993 Kiverenge 1.5 ha
September 1993 Kindoroko 10.5 ha
February 1994 Kindoroko 4.0 ha
March 1995 Mramba 15 ha
November 1995 Mramba 18 ha
December 1995 Mramba 1 ha
October 1996 Kileo 4 ha
January 1997 Kamwala 170 ha
February - March 1997 Minja 200 ha
February- March 1997 Kindoroko 260 ha
September 1999 Kiverenge 1 ha
September 2001 Kindoroko 2.5ha
February 2003 Minja 3 ha
January 2008 Mramba 3.5ha
October 2008 Mramba 2 ha
October 2008 Minja 2.5 ha
February 2011 Mramba 2 ha
September 2011 Kamwala 6 ha
February 2012 Kamwala 1.4 ha
March 2012 Minja 6.5 ha

Source: Field data 2012, compiled from the Distitztural Resources Office reports on fire

incidences

108




Plate 4.12 Burnt area in Kindoroko forest reserve

4.3.11 Effect of eucalyptustrees

Participants also associated the substantial dedirsurface water flow and the drying of water
sources originating from the Kindoroko Forest ResgiKFR) with the expanding population of
the eucalyptus trees. This was reported during sfogtoup discussions, where one of the
participants mentioned that eucalyptus trees hagmased and are contributing to the declining
and drying up of water courses especially in tlghllaind zone. The study revealed that, after the
gazetting of KFR in the 1960s, eucalyptus treesickvtare an alien species in the area, were
planted to mark the border of the forest reservewéver, participants perceived that the

eucalyptus species are much more competitive mgef drawing water from the soil than the
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native species. Hence this is attributed to theetivg of the water table causing a decline in
surface water volumes as well as drying of somthefsprings, streams and rivers in the area. In
addition, it was ascertained that the species ienaderant to periodic fires that are experieniced
the reserve than the native species. The fire aoter nature of this species has led to their
proliferation resulting in the increase of tree plagion growth that suppresses native species
(Photo 4.13). Participants proposed the uprootinthe species and replacing it with the native
species which it is supposed would not only imprexager availability but also enhance forest
biodiversity. Farmers’ perceptions of the effecteaicalyptus trees on the forest ecosystem and
water is supported by studies conducted elsewR@reinstance, a study conducted in Ethiopia by
Jagger and Pender (2003) suggested that eucalypassare the fastest growing and most resilient
tree species which perform better than most ofgeious tree species. However, the government
in Ethiopia banned the growing of eucalyptus onmfand due to negative environment
externalities associated with the eucalyptus. Onth@ most common problems associated with
growing of the eucalyptus trees is soil nutrienpldgon. In contrast to other commonly used
agroforestry species, such lamucaenaandAcaciag eucalyptus tree are non-leguminous, thus they

do not fix nitrogen, an essential element for ke#lth nutrients and sustainability.

Plate 4.13 Part of Kindoroko Forest Reserve colthisy eucalyptus at Sofe Village in Kilomeni

ward

The declining water levels in the highland rivensl atreams have affected all irrigation activities,
both in the highland and lowland zones. The denfanevater for domestic use by both highland
and lowland dwellers and for the sisal decortigathant create increased demands and priorities

where food crop irrigation is considered to be désser priority. This has resulted in pressure on
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both traditional and modern irrigations systemghwiiose few still operating will be closed down
if drought conditions persist (Plate 4.14). Thediig on the decline in water availability is
supported by the literature in climate change. iBgidly Mwandosya, (2006) and Rosenzweig and
Hillel (1995) suggest that climate change is priedido reduce water availability which will in turn
affect irrigation activities due to increased dethamd competition between agriculture, urban

demands and hydroelectric power production as ageilhdustrial users.

Plate 4.14 Abandoned water reservoir at Kwalutuleaim Kisangara ward

4.3.12 Pests and crop diseasesindicators

About 67% of the participants associated climatenge with the increase of pests, crop diseases
and insects as an indicator of climate change €r4ld19). This indicator had a higher proportion of
responses from the highland than the lowland zddesever, in perceptions, the statement was
ranked tenth in the highlands and twelfth in th&lémds, but with 85.5% and 48.7% of the overall
cumulative scores. Highland focus group discussiewsaled that there has been an increase in the
population of pests, crop diseases and insectspa&@u to the past 20 years. They also associate
the increase with the declining amount of rainfali, higher rainfall was believed to cause more
deaths of the pest and insect populations, whilderaie rainfall and warm conditions encouraged
the survival and proliferation of insects. Alsoe tlimited availability of varieties of grasses for
insects to feed on confined them to agriculturabsronly. In addition, reliable rainfall speeds up
the growth of crops making them less vulnerablgpdset damage. One of the participants in the
focus group discussions in the highland zone repothat due to an increase in droughts and
continued crop failures in the lowlands, many pestd insects have migrated to the highland
zones, although there was no direct evidence tgpatpthis perception. Highland farm

observations and guided transect walks revealadibay of the crops in the highlands had been
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attacked by insects and diseases (Plates 4.15,a6d.8.17). However, a few farmers who were
met in the fields applying insecticides (Plate 4,Xaid that the majority of farmers did not apply
agrochemicals because they were expensive and stengslocated far away from the village
which required one to travel. The high price oftjpédes and travelling cost increases the cost of
apply agrochemical and hence was avoided by therityapf farmers who resorted to the use of
traditional pesticides which did not always proeebe very successful. In addition, participants
confirmed that weather conditions were not pretlietas the application of agrochemicals could
only be effective when applied under moderate &irdind moisture or the presence of dew
conditions. This finding agrees with other reseafidings such as Collier et al. (2008),
Rosenzweig et al. (2001), Boko et al. (2007) antthékio et al.(2000), which suggest that warm
and humid conditions associated with climate chandleprovide favourable conditions for the
survival and proliferation of agricultural pestsseécts, weed, fungi and pathogens which will cause
more damage to agricultural crops causing foodcunsy. However, weather conditions are dry
and hot with little hope of rain, incurring costs agrochemicals which were considered to be a
waste of money. From the focus group discussidnsmierged that in the past farmers applied
coffee pesticides to the crops, as these were gedviinder subsidised price conditions. But after
the failure of coffee economy in the area, causgdwith withdrawal of the subsidies and
dissolution of the farmers’ cooperative unions (Miagbi, 2007; Mhando, 2007), farmers no
longer received these pesticides reducing pestigsgeon crops. The study revealed further that
although farmers applied traditional pesticidesetticides and fungicides (see Plates 4.15 to
4.19), most of these pests, fungus and insects hawe become resistant to these traditional

chemicals and hence are now largely ineffective.
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Plate 4.15 Maize attacked by maize stock borergunjiNi ward
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Plate 4.17 Bean weevils (Nasheve) attack bean deand yellow and black beetles feed on bean

flowers in Kilomeni ward
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Plate 4.19 Maize applied with a traditional peslicin Ngujini ward

As a partial solution, farmers replant crop fillingp the gaps created by destroyed crops
immediately as soon as it rains again (Plate 4.B@wever, this was reported to have mixed
success due to the shorter growing season andagettaainfall variability. It was further argued
that the two seasonm@sikaandvuli) normally had differences in the population oftpediseases
and fungi;masikahas more pests, diseases and fungi thdin The common types of pests that
were seen in the farm plots include bean weelitgposema indica)known asNashevean the
local language, grasshoppers, blister bee@esdtis capensiandMylabris) (which feed on leaves
of the freshly germinating beans leaves and floyyevrkite flies and aphids which attack the leaves

of beans, greengram, cowpeas and lablab. MaiZe lstaér Buseola fuscajas also considered to
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be a problem in recent years and attacked maillesstaaves and corn. Farm plot observations
showed that maize stalk borer was a problem irhigklands, as most of the farm plots observed
showed maize attacked by stalk borer. In the loddaparticipants reported crop failure in many
seasons, and hence they could not determine whittber was an increase in the population of

pests, insects and diseases or not. However, époyted the presence of common insects, such as

grasshoppers, blister beetles, aphids, spider &ite flies.

Plate 4.20 Replanting of beans after damage bytsige Kilomeni ward

4.3.13 Disappear ance of bird species

Participants in the focus group discussions in bobhes reported the disappearance of an
important bird species known as theund hornbill (Mumbiin Swahili) which used to be very
common in the area (Plate 4.21). The respondeidstisat the last time the bird was seen in the
area was between 1980 and 1990, since when thishbs not been seen. Some participants said
that the bird had disappeared due to the increasading of bushes and logging which deprived
the bird of a favoured habitat for living and ampgleseding sites, while others linked its
disappearance with food shortages caused by theased application of chemicals on the farms
resulting in increased deaths of snakes and grapsh®which were the bird’s favourite meal.
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Source: (Darcey, 2006)
Plate 4.21 The Ground hornbill

4.4 Non-climatic factor s associated with climate change and environmental variability

About 22% of the respondents associated climatagehavith other non-climatic factors, such as
religious, social and cultural aspects. This grotiparticipants suggested that the current changes
were occurring due to non-adherence to the culwahs and customs of the society, as inherited
and passed down from generation to generationaff argued by some participants that many
people are perceived to have abandoned their alilvatys of worshipping and respecting their
forefathers. They argued that, if the changes wateral, then why now and not in the past when
people were religious and respected their cultaresvalues? They further argued that the similar
conditions of drought occurred in the past, buirtparents managed them through their unique
traditional ways which involved praying and offegisacrifices to the dead and other spirits.
Recently these values are no longer observed. RdsppbCH13 was quoted saying that:

“...today all these are happening because people dmoezded the values and limits of the normal
expectation of the societwé&ndu vacha mpaka vakatoveja ahothithe local languagevhich

literally means that people are doing unspeakdilohgs)..”

Participants further associated the changes with itroduction and acceptance of outside
religions (Christianity and Islam), which consideaditional ways of worship to be uncultured
(belonging to black ages) and forbad people froltoiong them. It was argued that in the past
each clan had a traditional forest calMdungiin the local language which was protected and used
as a worshiping place; a meeting place for eldeidigcuss matters pertaining to the safety of the
local community and their economy; for initiatioeremonies and the teaching of traditions and

folklore; research and inventions etc. These rolaseMbungi sacred and nobody would collect
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fire-wood from the forest or practise farming aitiés on them. BecausEbungi played such
unique cultural roles in the community, they wemgortant also in the protection of important
ecological species, resources and niches Minengi also modified the local climatic conditions of
the area around the forest, conserved water catdrsperces, attracted rainfall, played the role of
carbon sequestration and provided aesthetic valuethe surrounding environment. The
introduction of foreign religions treated traditadncultural beliefs as ungodly and disrespected
those areas that were used for worship by buildicigools, dispensaries and churches, while in
other areas they opened up institutional owneddauch as coffee and banana farms (Table 4.14).
It was argued that this marked the end of manyitioaal and so called “sacred” forests by
opening them up for logging and farming activitidsich exposed some of the water catchments in
some of the reserves to direct sun light and hudmstarbance. It also removed the role played by
trees as a local climatic modifier and carbon sarid endangered flora and fauna located in those
reserves and the surrounding ecosystem. The changdse use ofMbungi may have also
contributed to some of the environmental problemghe area such are decreases in surface water
flow, drying of some of the water catchments araéases of temperature, decline in the amount
of rainfall and hence accelerated changes in diomabnditions and weather variability. The
respondents added further that in the past eachvatashipped its own gods of different seasons
and events (gods of rain, gods of harvest, godtisefases etc.) and honoured the dead. They said
during the time of a bad event in the society, tpegyed and they were granted their wishes
accordingly. For example, incidences of human dmah diseases, drought and hunger were
managed through special worship and sacrificesaBat the introduction of new religions, people
from different clans and traditions gathering tbgetunder one roof and worshiping one universal
‘God’ and abandoning their own ‘gods’ and their estors, as well as the good values taught to
them on how to relate with their local environmehis has made their ancestors angry and now is
the time for punishment. Similar perceptions inoassing the causative of natural hazards with
non-human factors as observed in this study haeelsen discussed in the literature (White et al.,
2001; Smith, 2013).
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Table 4.14: Encroached traditional forest reserves

Name of the Owners of the Location New activity introduced

forest forest Mbungi) —

(Mbungi) Village Ward

Kitivoni Wasofe Chanjale | Ngujini Kitivoni Primargchool

Dindimo (Kwa| Wasofe Chanjale | Ngujini Coffee and banana farm

mathanga)

Mwetambaha | Wasofe Ngujini Ngujini Primary schoolspénsary and a
Church

Kwakitanga Wasofe Ngujini Ngujini Changalavo Prignaschool and
Kindoroko Secondary school

Kiindi Washana Kilomeni | Kilomeni| Kilomeni primaryand Secondary
school, Church and a dispensary

However, an interview with District Official 03 realed that lack of understanding of the role of
protected and conserved traditional foredtoyng) contributed to the clearing of traditional
forests, resulting in the disappearance of the napo ecological hot spots and other important
roles that these forests played. However, theiaffexplained further that there is now a growing
recognition of the traditional forest reserves lhy government and these forests are now under the
district forest protection by-law and the rightspobtection have been reserved to the clan elders t
whom the forest belongs. Due to this recognitiotraditional forest reserves, the district has now
an estimated area of about 207 ’koh traditional forest reserves. However, from tHmowe
discussion on farmers’ knowledge and perceptionsthaef causes of climate change and
environmental variability, respondents also mergtbsome of the experienced impacts of climate

change and environmental variability; that are wsed in the proceeding section.

4.5 Experienced impacts of climate change

Dwellers in the study area recognised the relatignthat exists between climate and agriculture
activities as they were able to mention some ofitigacts which they have experienced over time
and associated them with climate change and clinvargability. Table 4.15 presents the
experienced impacts of climatic change as percebyediifferent participants. The respondents
reported a number of impacts as such as an inciea®ught, food shortage, decreases in crop
productivity, buying food, decrease in water, i@s® in poverty, increase in crop failure and
unemployment. Drought, food shortages, decreaseoip productivity and buying food had high
responses from both lowland and highland zones. édewincrease in drought, food shortage,
decrease in crop productivity, decrease in water @ests were mentioned as both indicators of

climate change and impacts of climate change bypaiticipants in all zones. This is because
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livelihoods of rural farmers depend on agricultarel changes in any of these factors touches the

lives of everyone in the community.

4.5.1 Drought and food shortage effect

Drought and food shortage were mentioned by alratbgiarticipants (100%) in both zones. The
lowland area was mostly affected, however, as rmogps had dried out during the field-work
period. However, the study revealed that droughtitimns and rising temperatures have resulted
in highland farmers now experiencing food shortqgst, like their fellow farmers in the lowlands
due to crop failure and low crop productivity. FoeHortage implied by the majority of the
respondents meant a shortage of the main stapta their own farms and not necessarily
unavailability in the market. Decreases in cropdpiciivity were also mentioned by 96% of the
respondents with the majority of the response (9% the lowlands. During focus group
discussions in the highland zones, one of the quaaints reported that the amount of crops
harvested was low, making highland areas experiémoe shortages. Focus group discussions
revealed that the increase in drought conditioth@rhighlands did not only affect the productivity
of annual crops (maize and beans) but also wastealdve affected the productivity of other
staple crops such as banana, sugarcane, sweeatgsptpimpkins and yams, which are the major
food crops that supplement food shortages whee beax poor maize harvest. These crops are also
sold direct to the market to earn money for houkklbse. The productivity of these crops was
reported to be very low and mostly of poor quallijost interviews revealed that in the past, when
conditions did not favour the growth of maize, thghland zones still remained free from hunger
and food shortages, as households depended oesthereferred food crops (see also Kangalawe,
2012). However, current droughts and rainfall Maility were reported to affect even the
productivity of these less preferred food cropse Thajority of the participants, about 82%,
reported insufficient food harvests for the pastyHars (Figure 4.7). However, observations
revealed that not only drought conditions affectedp productivity in the area, but poor soil

fertility, use of poor seeds, limited applicatidnagrochemicals and the effect of vermin.
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Table 4.15: Percentage responses on the experienced impacts of climate change and climate

variability by zones

Impact of climate change Overall % Highland (n=117) Lowland (n =117)
Number % Number %
Increase in drought 234 100.0 117 100.( 117 100.0
Food shortage 234 100.0 117 100.( 117 100.0
Decrease in croproductivity 225 96.1 116 99.1 109 93.1
Buying food 201 85.8 89 76.4 112 95.7
Decrease in water 176 75.2 87 74.£ 89 76.1
Increase in poverty 167 71.4 90 76.¢ 77 65.8
Increased cropiilure 166 70.9 94 80.: 72 61.5
Unemployment 161 68.8 90 76.¢ 71 60.7
Deaths of théivestoct 131 56.0 20 17.1 107 91.5
Decrease in the number of
livestock 113 48.3 15 12.¢ 98 83.8
Increase iriemperatur 97 41.5 39 33.C 58 49.6
Increase in pests amlisease 88 37.6 88 75.2 00 00.0
Increase in humadisease 36 154 8 6.8 28 24.0
Increase in vermin 34 14.5 29 24 5 4.2
® Enough m Surplus m Deficit
154

2.6

82.1

Figure 4.7: Responses the perceived amount of crops harvestetseten years (2002 to 2012)

The majority of therespondent about 86%, reported that currenthyey make a living through
working to earrmone) for the purchase of food. However, thegimec that the prices of food in
the market keep amcreasiniin every season. Respondent KS08 $aad
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“...sometimes | spent money for the purchase of fimothe extent that it is beyond my means of

survival...”

This view was shared by the majority of the pgpcits in the study. However, the study searched
for the prices of main staples in the market anthwlie support of evidence from the district
agricultural office, it was evident that the pricglsmain staple food crops had increased when
compared with the previous years. As Table 4.1&atds, the price for maize and beans which are
the main staples increased four and twenty timgsaeaively within a period of nine years. This is

a burden to households as the majority of themaaaifiord such prices.

Table 4.16: Cropspricesin 2003, 2011 and 2012

Years 2003 2011 2012

Crop type
Unit of measure (kg) Price (Tsh)

Maize 1 kg 138 450 600
Rice 1 kg 400 1800 2 000
Maize flour 1 kg 150 500 1200
Beans 5 kg 70 1600 1600
Banana 15 kg (per bunch) 1000 8000 10 000
Sweet potatoes 1 kg 200 8 000 2000
Irish potatoes 1 kg 100 700 100
Cassava 1 kg 200 1000 2 000
Yam 1kg 200 2 000 2 000
Fish 1 kg 1 000 1800 2 500
Tomatoes 1 kg 150 800 1500
Vegetable 1 kg 200 500 600
Beef 1 kg 1200 1200 5 000

Source: District reports on for the food conditiamsMay 2003, November 2011 and January 2012

During the interview, District Official 03 also regied that “...it is now over 10 to 15 years that the
harvests in the district have been below the aeetagyet, making the district depend mostly on
food aid from the national food reserve and otlméernational organisation such as CARITAS,
UNDP, WFP and RED CROSS/RED CRESCENT...”

According to the official, the food received is ¢@t subsidised prices to ensure food access to
everyone and is also provided for free to thoseilf@snwith elderly persons and families with

persons who have prolonged sickness or chroni@skse In some instances, food is provided in
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the form of “food for work”, especially food aiddim WFP where healthy members of households
volunteer for public work, such as contributingdabin the road maintenance, building school or a

hospital, and after work they receive food (Plag2)

Plate 4.22 Villagers working on road constructiotink Ngujini and Kilomeni wards

4.5.2 Poverty and unemployment

Poverty and unemployment were also mentioned asriexmed impacts of climate change by 71%
and 69% of the respondents respectively who argbatl changing climatic conditions have
increased the level of poverty and unemploymernhéncommunity. This was due to the fact that
the majority depend on agriculture as their magmrese of livelihoods, and now due to changes in
climatic conditions many now have to depend on &akbour to earn money for the purchase of
food. One of the participants in the focus growgzdssions reported that the living standards in the
village were declining because much money is sparthe purchase of food rather than on other
activities such as education and building betteusks. The study revealed that participants
depended on the sale of labour to earn money tb agticulture and non-agriculture sectors;
however, the study showed that increasing droughditions causing failure in agriculture have
resulted in fewer agricultural labour opportunitiesnce making the majority depend on non-
agricultural labour which are also few and seasd®@spondent SF08 said that:

“...it is a shame to a father as a head of the familiive in a house without food reserve in the
granary and depend on working to earn money forpheehase of food and sometimes not
knowing whether you will get something to do tophelou earn money...in the past when
conditions were favourable one would harvest crspse them and use for almost three seasons
and was also able to sell the surplus and earn ynfamehe purchase of clothes, pay for medical
facilities, education and also change diet... tatk@ygranary is empty, the amount harvested is not
sufficient and does not last longer... no one todagy/food in the granary harvested in the previous

season, we all buy...”.

This view shows that changing climatic conditionaken agriculture-dependent farmers live a life
full of uncertainties. However, due to poor hargesiupled with limited income sources as well as

low purchasing power, poorer households have tptadod coping strategies such as skipping the
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number of meals consumed per day, reduce the anoddobd consumed per meal, eat unusual
and less preferred food types and sell livestoak lemusehold belongs in order to survive. Such

strategies are not sustainable and impoverishdheéhold financially and health wise.

Other non-agricultural activities include loggirfgr(timber, furniture and fire-wood for sale) and
stone quarrying. Some of these activities, e.ggilug cause deforestation, expose soil to erosion
and may accelerate the increase of greenhouse igages atmosphere which are contributing to
climate change. During focus group discussiongjgiaants reported that the forest reserves were
becoming very thin with open patches compared @@tyears ago. Sand and stone quarrying is
done along the river and stream channels whichltrésudeepening of river channels which
accelerate river bed erosion and contribute todkaels, as well as soil erosion along the river

banks which may lead to flooding.

4.5.3 Decline and drying of water sources

About 75% of the respondents mentioned a declinater as one among of the experienced
impacts of climate change and climate variabilkgcus group discussions revealed that some of
the lowland dwellers now walked for more than 10d&mmore to collect water while others bought
water from vendors. The situation in the highlamdss not good either, as the majority of
participants (74%) who mentioned a decline in wagported that many of the water sources have
dried up while other sources experienced a dedfinde volume. The participants reported that
although the majority are now using tap water, ahmunt is not enough which has resulted in

water use rescheduling where households receiver watspecific hours of the day.

4.5.4 Livestock deaths and diseases

About 56% of the respondents, the majority from lthelands, mentioned livestock deaths as an
experienced impact of climate change and climateab#ity. During focus group discussions it
was revealed that the frequent occurrence of drtocghditions in recent years has being causing
more livestock deaths in the lowlands than in tighlands, due to the insufficient and low quality
of fodder, making livestock highly vulnerable tseases which accelerate more livestock deaths.
Such conditions have resulted in the majority of thvestock keepers in the lowland zones
reducing their stocks to a manageable size, wiiilere have reallocated their herds to other areas
outside the district. However, keeping fewer lieest is considered to be uneconomical because
one could not earn sufficient money from the sdléath livestock and livestock products. The
majority of the farmers focused more on quantigntiguality. One of the participants in the focus
group discussions reported that by keeping lessstiock means increasing the price of the
livestock products as well as the selling priceéhef livestock, which the majority of the consumers
in the area cannot afford. Another participant adttet although some farmers have resorted to

zero grazing, it is expensive especially duringugid conditions where farmers have to purchase
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fodder or walk longer distances in searches fodéodSimilarly, during focus group discussions it
was reported that despite the occurrence of livkstieaths within the drought season, more cases
of deaths occurred at the beginning of the rairs@eavhich was said to be caused by sudden
changes from dry to fresh fodder. Although casda/e$tock deaths associated with droughts were
less reported to occur in the highland zones, time z2vas nonetheless reported to be experiencing
fodder shortages due to an increase in droughtittamsl Households, however, reported trying to
manage fodder shortages by growing pasture onfémens and also by collecting fodder from the
forest reserves. However, the study revealed tloatomly prolonged drought conditions and
rainfall variability caused fodder shortages in thighlands, but also increases in the number of
livestock, as livestock keeping has become a vaportant economic activity, thus intensifying
competition for fodder among highland farmers adl we lowland dwellers who also collect
fodder from the highlands. Fodder shortages hasertale farmers in the highlands avoid keeping
pure breeds of Friesian and Jersey types which wér@duced in the highlands in 1987/88 by
Same Catholic Dioceses under the HIFER project thighaim at improving livestock productivity.
Focus group discussions and interviews revealddptint@ dairy breeds are labour intensive due to
high demands for fodder, are fodder selective (@ajhg Jersey cattle) and prone to diseases and

ticks hence demanding higher care and treatment.

Livestock diseases were also mentioned as impaktslimate change. About 48% of the
participants, the majority from the lowlands, repdran increase of livestock diseases such as East
Coast Fevertfeileriosig, lung diseases and cattle miscarriage than ipdsé Although there was

no statistical evidence to prove such claims, ariew with Ward Officers suggested that such
cases have been reported to occur in the areahbrg tvas no direct link to climate change.
However, according to Ward Office 03, many of tivestock diseases are curable when the cases
are reported and treated in a timely fashion. Haremany of the agro-pastoralists cannot afford
veterinary services due to limited funds, and atsme of the cases were not reported early enough.
The officer added further that the cases of miszgerare due to many factors including the lack of
minerals in the fodder and limited use of supplenfieeds. This finding on the shortage of pasture
and reallocation of livestock as the result of et occurrence of drought conditions has also
been echoed in the literature on the impacts afatle change in Tanzania. For instance, research
by Mbonile et al. (1997) and Kangalawe et al. (908i7fowed that frequent drought conditions,
which cause shortages in pasture and water, ha® leohg distance migrations of pastoralists to

the southern highlands in search of pasture anerwat

4.6 Conclusion
The findings suggest that climate change is hapgeim Tanzania and is affecting agriculture

activities and the lives of the agriculture-depemid®mmunities. However, agriculture-dependent
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societies have been surviving within these changimgronmental conditions over generations and
have gained a considerable knowledge and undeistaod their local environment. The study
reveals that the level of understanding about ¢énchange varies from one geographical location
to another and is also influenced by other facéon®ng which are age and place of residence. As
evidenced from the study, both lowland and highldnetllers are aware of climate change. The
large portion of the participants interviewed w&mmwledgeable about climate change and were
able to link the perceived environmental changeth whe scientific understanding of climate
change. However, amongst those participants who ndid have clear understanding of the
knowledge of climate change they linked the cawdedimate change with social, cultural and
religious factors. Generally, respondents consttleaed perceived climate as an increase in
drought, increase in temperature, decline in réinfeater shortage, increase in pests, shortened
growing period, weather variability increase, wirenditions, and increase in animal diseases and
floods. Nevertheless, small-scale subsistence farrhave being adapting to these changes in
environmental conditions over generations, thuseasing their resilience to the changes through
coping and adapting. Understanding different lamaironmental knowledges and practices on
how helped farmers manage to cope with the impzictise changing environmental conditions is

the task for the next chapter.
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Chapter 5

L ocal environmental knowledge on farming

5.1.Introduction

This chapter examines the role of local environmleknhowledge, experiences and practices
(LEKEP) in the local community’s understanding bé tconcept of climate change. As noted in
Chapter Four, rural farmers are aware of the cdnoéglimate change and variability as they
observe and experience changes such as variati@essonal rainfall patterns, drought conditions,
sunshine intensity and air temperature. Invariatinges in these environmental factors influence
agricultural production, about which farmers areyveonscious. Despite the challenges of these
environmental changes, the farmers consistentlyenmetforts to cope and adapt to the changes
using their LEKEP. The concept of LEKEP, otherwis®wn as wisdom knowledge, has been
developed through the continuous observation amreence of weather patterns and farming
activities over time, and passed down generatignsdyd of mouth. Using this knowledge, small-
scale rural farmers have devised local solutiontfiéoproblems affecting farming activities among

which include unpredictable climate changes andrenmental variability.

Local knowledge and practices have proven to beessful to some extent because the farmers’
livelihoods depend directly on the natural enviremty and so they pay close attention to any
changes, in order to find appropriate coping anaptation strategies to such challenges. Even
though such strategies may be developed to targgtoemental changes, they are not able to
mitigate or manage all effects arising from thdsanges, especially when changes occur at a faster

rate than they can adapt to.

However, rural farmers have always been able taheie LEKEPS to plan their farming activities

with regard to their knowledge of the duration ahfall seasons, expected amount of rainfall, soil
fertility management practices, pest control, treait of crop diseases, and the prediction of the
occurrences of natural calamities such as drougthtflaods. Most of these environmental factors
have been successfully managed over the yearsgthtthe LEKEP concept, and so some of these
local strategies will likely be used by the praatiscommunities for years to come. This means
that wisdom knowledge has a role to play in contiiig to the development and implementation

of climate change adaptation strategies for tharéut

This chapter examines the usefulness of LEKEP rimifag activities and how the knowledge has
been successful in managing farming activities woncleanging environmental conditions. It
examines the extent to which LEKEP can contribube the understanding of changing
environmental conditions and hence guides the dpuant of management strategies for future
climatic and weather conditions. The chapter alsalyses the major bottlenecks that limit the

effectiveness of LEKEP in farming activities ansl @ontribution to climate change and adaptation
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strategies. The chapter is divided into four magatisns. The first section looks at farmers’
awareness and use of different LEKEPSs in farminiyities. The second part of the chapter looks
at the use of LEKEP in determining seasons andhgegtredictions. The third section assesses the
effectiveness and reliability of LEKEP. In the lastction, the chapter examines the major

limitations of LEKEP in farming activities as peioed by local farmers in the study area.

5.2. Awareness and use of LEKEP in farming activities

Small-scale farmers in Mwanga District use LEKEPpilanning and managing agriculturally

dependent livelihoods. The results (Table 5.1) shmat all participants, both in the lowland and
highland areas, are aware of LEKEP used in farnaictiyities. About 64% of the participants

admitted practising more local farming methods #rve majority (72%) were from the highland

areas (Table 5.2). Approximately 30% of the respoital (38% of whom were lowland farmers)

reported that other than the use of a hand hog, dle use modern farming techniques (e.g.
tractors and ox ploughs in land preparation, usenmgiroved seeds, application of industrial

fertilisers and pesticides) more now than in thet.pas explained by respondent CH13:

“...I cannot consider my farming techniques to beeptraditional because traditional farming
methods involved the use rudimentary farming tsolsh as the use of sticks and metal hoes made
by local iron smiths which are currently not in ushowever, | neither considered it to be modern
because | do not use tractors at the sometimew gndigenous crops, and in other occasions |

resort to improved seeds and apply both moderriamadl pesticides...”
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Table5.1: Local farming methods and practices known to farmersin the sudy area

Overall Highland Lowland

Method

Frequency % Frequency % Frequency %
Hand hoe 234 100 117 100 117 100
Mixed cropping 234 100 117 100 117 100
Random planting 222 94.8 115 98.3 107 91.5
Traditional seeds 219 93.6 105 89.7 114 97.4
Traditional pesticides 199 85.0 101 83.7 98 86.3
Zero tillage
(kitang’ang’a) 123 52.6 58 49.6 65 55.6
Farm fallowing 32 13.6 19 16.2 13 11.1
Crop rotation 25 10.7 13 111 12 10.2
Traditional crop storage 18 7.9 12 10.2 6 5.1
Use of animal manure 4 1.7 1 0.85 3 2.5

Table 5.2: Responsesto the use of local farming methods and practices

Overall Highland Lowland
Responses

Frequency % Frequency % Frequency %
Agree 150 64.1 84 72 66 56.4
Disagree 71 30.3 26 22 45 38.4
Not sure 13 5.5 7 6 6 51

5.2.1 Hand hoe

Among the traditional farming methods and practigssd by the small-scale rural farmers (Table
5.1), the hand hoe was the most popular beingipeakby all participants in their farm operations.
Supported with the evidence from observations,hidned hoe formed the predominant means of
farm operations (farm preparation (tillage), plagtand weeding). In the lowland areas, only about
20% of the respondents acknowledged using tradtofarm preparation; however, during focus
group discussions in the lowland zone one of thiégi@ants said that:

“...in recent years the use of tractors in farm prapans has declined due to increased hiring costs
which range between Tsh 30, 000 to 40,000 (~USDp20hectare...”

In addition, some farmers fear persistent droughtdiions and rainfall uncertainties, thinking that
they might end up in getting losses if the cropsdiad they do not recover the resources spent on

the use of tractors. The testimony by the Ward be8d justifies these views:
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“...I cultivate some of my farm plots by using adi@ and others with hand hoe so that in case of
poor rain | do not incur big loss. Currently | paepd two plots with a tractor, one for maize and

another for sorghum but drought conditions arengjvwne pressure...”
Similar testimony was made by respondent MB08 véid that:

“...Today, using a tractor during farm preparatiorike throwing money on the ground... you
cultivate by using a tractor and harvest veryditit nothing completely, crops fail due to drought.

most people now just use hand hoe to avoid losses...”

These views show that changing environmental cmmditand poverty limit the enhancement of
rural agriculture especially for the resource pddeather variability and uncertainties limit theeus
of tractors due to limited funds and this makesnfanrs nervous to invest in agriculture, and hence
maintains the hand hoe as the dominant meansmfdgerations, very much as a way to mitigate
climatic conditions uncertainties, even though tlee of tractor would increase the rate of

infiltration, improve soil aeration and easy plasdt penetration which could improve crop yields.

5.2.3 Mixed crop farming method

Another traditional farming practice is the usetleé mixed crop farming technique. This is a
popular farming method which was mentioned by 100R4he participants in the study and
practised by 98% of the highland farmers, compaoednly 80% of the lowland farmers (Table
5.3). Farmers are aware of the specific crop typeigh can be cultivated simultaneously on the
same farm plot to ensure that competition for suitrients, soil moisture and sunlight is
minimised. Some of these crops provide shade feruidergrowth, shield crops against wind
effects and rainfall damage, and improve soil eats/fertility (through compost mulches from
foliage and nitrogen fixation plants) (Snelder ket 2007; Smith, 2010). This is supported by the
explanation by Ward Officer 01.:

“...Crop mixing helps in the management of insecttp&®cause as insects target specific crops’
leaves and/or flowers, the presence of many ottogrscconfuses them, which make it difficult for
the insects to identify the preferred crop. Thiewas crop to grow to maturity with minimum

damage from insect pests...”

A study by Finch and Collier (2000) shows that agisesettle on plants only when various host
plant factors such as visual stimuli, taste andllsare satisfied, hence the chance of insects
encountering ‘bad’ stimuli is higher for polyculasr than in monocultures. Examples of
intercropping that effectively prevent pests areubke of clover undersowing to deter cabbage root
fly (Finch and Edmonds, 1994) amdedicago litoralisto deter carrot root fly (Ramert, 1993;
Ramerti and Ekbom, 1996).
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A similar view was expressed by District Officidl:0

“...the growing of maize and beans together [whichdmmon for the majority of the farmers in

the study area] helps to increase soil nutrients...”

This finding is similar to other studies which seggthat the growing of leguminous plants
together with maize helps to mitigate soil degraaa(Sileshi et al., 2011), as they add organic
matter and nitrogen to the soil (Akinnifesi et 2007; Beedy et al., 2010; Mafongoya et al., 2006;
Snapp et al., 1998).

Table 5.3: Responses on the use of mixed crop farming method

Overall Highland Lowland
Responses

Frequency Percentage Frequency Percent FrequenagenPe
Agree 208 88.9 115 98.3 93 79.5
Disagree 26 111 2 1.7 24 20.5

Farmers also practise this method to ensure theyheavest some crops when others fail and
because they do not have sufficient area of lanpréctise monoculture, as reported by District
Official 03. Through farm observations, it was entl that all farm plots in the study area were
planted with two or more crops depending on théepeace of the farmer and location of the farm.
However, lowland areas had fewer crop options coetpavith the highland areas, because other
than maize (the main crop), most of the crops growthe lowland areas are drought tolerant. For
instance, in the highland areas, besides maizeysbaad bananas which were the major crops
grown in all farm plots, farmers also grew togetb#irer crops such as sugarcane, cocoyam, sweet
potatoes, pumpkins, groundnuts and sunflower. Sigil in most of the plots observed, farmers
planted exotic trees and also retained selectadraiatypes of trees, such &evillea robusta
Cordia africang Acrocarpus fraxinifoliusficus species andibizia gummiferaFrom the interview
with Ward Officer 01, it was apparent that somehef trees also improve soil nutrients from their
foliage and nitrogen fixation from root nodulesrars also planted fruit trees such as avocado
(Persea americana jackfruit (Artocarpus genys mango Magifera indicg, pawpaw Carica
papaya and guavaRsidium guajava Studies conducted in South Africa on agrofogestiow
that organic matter added to the soil by treesemees the structural stability of the solil, resista

to rainfall impact, infiltration rate, and faunahda microbial activities (Beedy et al., 2010)
(Mafongoya et al., 2006; Sileshi and Mafongoya,80&imilarly, according to a study by Ulsrud

et al. (2008), growing trees on the farm has theetieof reducing risk of losses during extreme
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weather events such as floods, landslides and dtdugcause trees are more resilient to such

weather events than other plants (Ulsrud et aD820

In the lowland areas, farmers grew together majgeengram, cowpeas, groundnuts, cassava,
lablab and sunflowers in varying proportions. Beagarcane and plantain were grown on plots
found in moist areas besides river channels angngaacommonly known dsitivo in the local
language. There were fewer trees grown on lowlanehg, many of which grew naturally and are
left on the farm because they do not affect crapvijn and development. Such trees include mango
(Mangifera indicg, baobab Adansonia digitata and Ficus species (mostly along the water
channels). Mixed cropping is considered to be heiaéfas it is seen to balance the input and
output of soil nutrients, reduce weed growth arskats, resist climate extremes and suppress crop
diseases. The findings in the study match withfitm#ings from other studies that suggest mixed
cropping contributes positively to surrounding egatal processes due to its functional diversity
which promotes sustainable agriculture (e.g. Ailti@099; Ramert et al., 2002). Similarly, as
argued by Olukosi (1976) and Belshaw (1979, in §8jgl985), intercropping (which was long
discouraged and considered as wasteful and insfticihas been shown to be the most
economically and ecologically efficient method ofilttvation under certain environmental
conditions, both reducing risk and aiding the nenance of soil fertility. Also, cultivating tree
crops together with food crops is practised elseahie the world, such as Indonesia, where
farmers have introduced tree crops, such as rubiierthe Swiddens farming system (Gouyon et
al., 1993). In West Africa, farmers maintain vallgatvees which resist periodic fires in and around
their crop fields, giving a park-like landscape ffap 1999; Aruleba and Ajayi, 2012); while
planters of tree crops such as cocoa, coffee angrtwvzide shade trees to reduce pest and disease
pressure and nutrient requirements of their croyspotect them from climatic extremes (Beer et
al., 1998). This shows the value and usefulnessonfe of the local traditional farming methods
among the rural farmers in managing their farmiotivties. Although in the study area farmers
enjoy these benefits and use them in mitigatingetfiect of climate changes, however, limiting
access to sufficient farmland may have also comteith on the use of mixed cropping. On the other
hand, changes in climatic conditions threaten tveefits accrued from agroforestry because more

trees are now cut and sold to earn money for living

Field observations showed that the rate of intgngirg is higher in the highland areas than in the
lowland areas as a result of increasing droughditions with limited drought-resilient crop
options, as increasing drought conditions favowreiecrops than in the highland areas, as well as
increasing involvement of lowland dwellers in nagriaultural activities. This is supported by the

remarks made by the Ward Leader 04:
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“...despite the increasing drought conditions, th&lémd areas are becoming more urbanised due
to the increase in business activities and intemaetith other near and distant urban centres withi
the district and outside. The growing urbanisatiend pushes the majority of the dwellers to
engage in small-business and service activitiesentban agriculture which is affected by
increasing drought conditions. Hence, a few who emgaged in agriculture focus more on
increasing production per unit area with a grefdeus on increasing production with minimum

losses...”

5.2.4 Random crop planting method

Another popular traditional farming method practisethe use of a random planting technique
which is known to 95% of the respondents. This alas evident from farm observations where all
50 farm plots observed had crops planted randonitlyowt a defined pattern or spacing between
neighbouring crops. However, the study revealed dlu@ to continued involvement in farming
activities, farmers have gained knowledge and skilhere they grow different types of crops
haphazardly and maintain a reasonable distance &mencrop to another which enables crops to
grow to maturity without affecting each other ansbaallow other farm operations e.g. weeding
and application of pesticides. During interviewspendents had different views with regard to the
method. For instance,

Respondent SFO7 said that: “...planting by lines esmshuch space because distances between

crops and lines are too wide that too much spabetween remained unutilised...”
Respondent SF04: “...1 determine the space from nmdmi”
Respondent CH15: “...1 use the handle of my hoe hatldistance has always been accurate...”

Respondent CH64: “...the plot is small and if | plamps on lines, | will have very few planted

because growing crops in lines require bigger aréas

Respondent MB21: “...I plant randomly and make shie t do not skip those areas which have

more fertile soils than others...”

Respondent ML37: “... the presence of permanent c(efgs sugarcane and banana), stones and

trees in the farm limit the use of lines...”

Respondent KW14: “...the problem is not random plaptbut insufficient rainfall; 1 grow my
crops randomly but maintain sufficient distancewsetn them and | have always been doing this

and harvested enough when there was sufficienteiable rainfall...”

From the observations, interviews and focus grdapudsions, it is clear that some of the farmers

who practised random planting were more interesfi¢ldl quantity of the crops on the farm rather
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than their quality, while others practised the tsfgg as business as usual. The majority of the
participants did not consider random planting taljgoblem despite the fact that they are able to
determine proper spacing without affecting the poiidity of the crops in the farm. This
technique, although considered useful, may cor&ilio poor harvests as many of the crops
observed were weak and experienced stunted gravethadthe limited availability of soil nutrients

and lack of sufficient sunlight.

5.2.5 L ocal and indigenous seeds

About 94% of the respondents mentioned the usendifyénous traditional seeds and locally
prepared seeds (maize and beans) as a populdiomatfarming practice. However, about 38% of
the participants, the majority from the highlandae, used locally prepared seeds. The use of local
seeds was explained by farmers during focus graagqusisions and interviews.

Respondent SF05 said: “...in the past, indigenoualleeeds formed the basis for the farming
activities... farmers grew local maize varietiesnomonly known asMwasuin the local language.
The species was sweet, tasty and resistant to ofidsie storage pests, but it required a longer
growing season (four to six months) with sufficieatnfall. Hence planting was done early in
August which was favoured by cool weather condgiaith the support of traditional irrigation
methods (use of open water canals and bucketsjodtiee availability of water along the rivers,
streams and in wetlands [popularly known cmmpomben the local language] where maize
survived until the rain began in early or mid — @r and in the lowland, planting was done in

late February to mid-March...”
Similarly, Respondent CH13 said:

“...in the local languagemwasu wangu ethekinitaghmeans ‘whenever | planted local maize
species | always harvested'. Currently the varsefidd! due to increasing drought conditions which
makes me rely on improved seeds which take a sharte to grow top maturity, tolerate drought

conditions and may lead to high yield when compavigd mwasu..”
However, respondent said CH13 said:

“...currently farmers grow improved seeds which takehorter time to grow to maturity, tolerate

drought conditions when compared wittwasu...”

Participant HOHO3 suggested that because indigelocasmaize varieties require longer growing
seasons with sufficient rainfall, they are currgmibt preferred. A few farmers who still grow local
maize varieties do not grow it independently, buk i with improved varieties. Early planting
which was once possible in the highlands, espgoiibmpombdarming, is no longer practised

because most of the rivers, streams and wetlandighwotherwise could suppodhampombe
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farming, have dried, while the remaining few canmoipport this type of farming due to
insufficient water and increase in sun intensityatldition, Participant HOHO3 explained thati
andmasikarainfalls have become erratic, which can makeyessmivn maize fail due to increases in
drought conditions, temperature, sunshine intemsity erratic rainfall. These views were shared by
the majority of participants who also agreed thase changes have resulted in the disappearance
of most of the indigenous local maize varietieswideer, participants throughout the study
admitted the use of improved seeds but explaingtduthat these changes also contribute to crop
failure among both local and improved maize vaetiThe participants’ views suggest that
farmers realise that changes in weather conditieggecially rainfall and changes to the normal
growing season, do not favour the growing of looalze varieties. Their views also suggest that
changing environmental conditions affect some eflttal farming methods and crop species. The
increasing erratic nature of environmental condgionay potentially influence some farmers to

gradually abandon some of these local farming mes&and some of the valued indigenous crops.

Despite the increased use of hybrid seeds, farstdtsuse their local knowledge, skills and
practices in the preparation of seeds. Farmetsarstudy area, especially women, have learnt how
to identify and preserve the best seed grains fanting in subsequent seasons. According to
Respondent CH11, the sorting of maize grains i ddter the maize has been harvested, hence
the selected maize cobs are placed or hung inittieek or in the loft to dry by smoking them (see
Plates 5.1 and 5.2). The smoke from the burningdMooms a coat of soot on the grains which
makes the grain taste bitter, which protects inftoeing attacked by grain borers and rats during
storage and after being planted. When the graine Heed and gained a sufficient coat of soot,
they can either be removed from the cob and stioreddry air-tight container, or left hanging in
the kitchen until the day of planting. The most plap container in the preservation and storage of
seeds is the gourd. This technique of seed staaiges the seeds to be stored longer without
being spoiled. A similar traditional maize seed pamation and storage technique was also

observed among the Shona farmers in Zimbabwe (sg&id, 2009).
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Plate 5.1 Traditional maize seed storage in Ngujiard

Plate 5.2 Traditional sorghum seed storage in Mg\Wfard

The locally prepared and preserved seeds are miikbdimproved seeds during planting which
reduces the risk and rate of pest, insect and veattack before and during seed germination.
Respondent CHO9 explained that:

“...Improved seeds, although treated, are also vabierto pest attack especially small ants and
destructive lizards locally known agg’ola andvervet which feed on maize seed grains before or

during germination...”

The participants explained further that the ratattdick increased when seeds were planted early
with the expectation of the onset of rainfall, fteafirst rain followed by long period of no rain

occurring before the crops have fully germinated.
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Mixing the locally prepared seeds with factory seads perceived to reduce the rate of pest and
vermin attacks on the seeds because locally prépaeds tasted bitter thus were not favoured by
pests and vermin. Similarly, participants reportieat by mixing seeds, they reduced the risk of
crop failure under poor conditions which did notdar the particular type of maize variety. These
views on the use of the seed-mixing technique wsdrared by both lowland and highland

participants during focus group discussions.

In some cases, the planting of locally prepareds&eas necessitated by delays in the delivery of

seeds from the District Agricultural Office, as &iped by Respondent CH11 that:

“...Locally prepared seeds help especially when #ezls provided through vouchers are delivered
after the first rain. As it rains, | begin plantitige locally prepared seeds on a few plots while
waiting for the improved seeds. This is becausegistered for receiving improved seeds so |

cannot spend money buying other seeds for | will @m paying twice for seeds...”

Respondent MB10 claimed that most of the factorgenaeeds have more yield when recycled
compared with the first time harvest. This viewoajsstified why most farmers in the study area

preferred to recycle seeds despite the non-avkijabf improved seeds

5.2.6 Use of local pesticides and herbs

Another local farming method which is practisedhe study area is the manufacture and use of
local pesticides. Farmers, through the use of thEKEP, identify certain materials from the
natural environment, including plant and animalpogducts, and use them in the preparation of
local pesticides. The locally made pesticides Haaen effective in the treatment and control of the
damaging effects of the crop diseases and inseata@farmers for generations. Knowledge of the
use of local pesticides as a local farming methad mentioned by 85% of the respondents, with
very little difference between highland and lowlgadmers (Table 5.1). However, out of the 234
farmers sampled, only 57% confirmed the actualiegfibn of the local pesticides on their farms
(27% who only used local pesticides and 30% whal us#h pesticides), of whom the majority
were from the highland areas; 31% reported notgusical pesticides and only 12% reported using
neither of the two pesticides on their farms (Tahk). However, farm observations revealed that
most of the crops in the highland farms were agdpléh local pesticides due to the higher rate of

pests and crop diseases compared to the lowlaad anel costs involved in the use of pesticides.
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Table 5.4: Responsesto the application of pesticides

Overall Highland Highland
Responses
Freg. Freg. Per cent Freg. Per cent
Apply only local pesticides 62 26.5 35 29.9 27 23.0
Apply only industrial pesticides 73 31.2 35 29.9 38 325
Apply both pesticides 71 30.3 39 33.3 32 27.4
Apply both none of the pesticides 28 12.0 8 6.8 20 171

This knowledge and skill on the use of traditiopatticides has been developed over generations
through trial and error, and continuous observatibthe relationship between plants and insects’
behaviour. For instance, participant HOHO04 explaihew farmers discovered different types of
local herbs and pesticides in the past. The irggrvievealed that farmers were able to identify
types of trees and plants with medicinal valuergling and chewing the plant. If the plant tasted
bitter or had a strong odour, they used it in tleufacture of pesticides. They also observed the
relationship between insects and plants, in whiehan plants were not preferred or eaten by
insects; these insect-resistant plants were caresid® have some medicinal value, and so were
used in the manufacture of pesticides. Some p&etpoisonous, others have a strong odour, while
others taste bitter; such plant features eitheglleg or killed insect pests, and so were iderdias
suitable materials for the production of pesticid8ach plants used includeephrosia vogelji

Lippia javanica Lobelia hypoleucandCapsium frutescens

Observations and experiments were done in thetitvadl clan forestMbungi Elders observed
these relationships and when they discovered samgetiney said ‘the gods have shown us’. This
is the reason why no one was allowed to enter ih&se forests. People were banned from
collecting fire wood, fruits and poles for housensiouction from thévibungi because they could
disturb the ecosystem and affect the observatioegss. Even entering into the forest without
notifying specific elders was prohibited. It wasliéeed further that a person who entered the
Mbungi without permission and collected fruits, fire woaal used the forest as a place of
convenience, could be transformed from one sexitdh&r.Mbungi were considered to be sacred
and private places for prayers and meeting pladgtssgeds and spirits as discussed in the previous
Chapter. The use dflbungireveals a complex relationship which existed betw#he indigenous
people and their natural environment, and howeéhabled them to develop special knowledge and
skills which they utilised in managing and solviagyicultural related problems, such as pests and

crop diseases, without affecting their ecosystencuB group discussions and interviews revealed
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that most of the farmers have abandoned the udesé local herbs as most of them do not prove

to be effective.

According to District Official 01, some of the tiidnal pesticides do not kill the insect pests but
others do. Some trees/plants varieties just proddoer which is not preferred by insects. Hence,
when applied to the crops, they expel the insectsaase them to lose appetite for the crop, thus
allowing those crops to survive to maturity, freenfi pest attacks. Although farmers still use
locally prepared pesticides, some have lost confidén them, probably because they do not know
that they are supposed to use local pesticideshmtsistently rather than occasionally; otherwise
the very first pesticide application loses its pote within which period pests invade the crops
again and cause more damage. This makes farmercdodidence in their local knowledge and

practices.

These explanations justify the effectiveness oéll@gesticides by suggesting that if local pestigide
are administered properly, they can prove to bectffe. However, the study suggests that the
ineffectiveness of the local pesticides may notydmé caused by limited knowledge in their
applications, but also may be caused by insectsnhiag immune to some of the locally prepared
pesticides and herbs due to continuous applicatidhgreover, changes in environmental
conditions, such as increases in temperature andydt conditions, may contribute to the changes
in insects’ behaviour and make them feed on crdpisiwthey previously did not prefer, some of
which are used in the manufacturing of local pedg (in this case, those plants which produced

unpleasant odours or tasted bitter).

Plants such asephrosia vogelispecies Jtupain Swabhili),Lobelia hypoleucapeciegNgonyein

the local language)Capsium frutescenilipili kali in Swabhili), Lippia javanica(Mvuti in the
local language)Carica papayaor pawpaw and\zadirachta indicaree (Mwarobainiin Swahili)

are commonly used in the manufacturing of localipetes. The green leaves of these plants are
used in the manufacturing of pesticides, exceptCapsium frutescenwhere its fruits are used
instead. The preparation involves the picking & tiieen leaves of these trees (the fruits in the
case of @psium frutescefsand pounding them to form a soft substance wigctither mixed
with water and sieved to get the fluid from theviesy or dried to form a powder which is applied to
the affected crops and vegetables. However, frarfdbus group discussions, it was revealed that
farmers prefer to use the pesticides in liquid fdonthat in the powder form. These pesticides are
used in the management of both insect pests amddiseases, such as aphids, mosaic, bruchids
(beans weevil), armyworms, maize stock borer, witigs, locust and mole rats. Similarly, farmers
use the leaves dfobelia hypoleucaand Lippie javanicain the storage of crops. The leaves of
Lobelia hypoleucdPlate 5.3) are picked and put in the loft of Kitehen, and crops (especially

maize) are put on top and left to dry which pratebe crops from storage pest attack. Wigpia
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javanica the leaves are picked, pounded and dried to fomeveder which is then mixed with
crops and stored in a dry air-tight containgppia javanicamanages pests by suffocating them
due to its strong smell. Farmers also Esphorbia tirucali(Mnyaain Swabhili) in the management
of mole rats which feed on potato, cassava, sugaraad banana corm. TEeiphorbia tirucaliis
planted in the farm with other crops or insertedhi@ barrows of mole rats. This attracts mole rats
to feed on it, thus poisoning them. Farm obsermatizitnessed th&uphorbia tirucali planted
with banana plants in the management of mole sats Plate 5.4).

Plate 5.3 Lobelia hypoleuca species
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Plate 5.4 Banana planted together with Euphorhiaali in Kilomeni Ward

Households also collect wood ash from the kitched sieve it to form a fine powder which is

applied to the affected crops and vegetables. # rgaealed during focus group discussions that
some households mix ash with a few drops of par&fimount not specified) or factory pesticides
to increase the efficiency and amount of the pesticEven though respondents did not specify
suitable trees or plants for the manufacturing estigides from ash, according to District Official

01 and Ward Officer 03, the most effective ashesadtained from maize cobs and wheat husks,
due to their high concentrations of silicate whinglim the insect when its body comes into contact
with the ashes. The use of wood ash is the mostmmantype of traditional pesticide used in most

of the highland farms.

In addition, the focus group discussions revealest some farmers used lime and sodium
bicarbonate as pesticides. These are bought frenméirket, pounded and sieved to form a fine
powder which is applied to the affected crops aedetables. Similarly, both ashes and lime are
used in the management of the storage pests. é&itps have been harvested and dried, they are
mixed with ashes or lime (amount not specified) gatked in dried air-tight containers.
According to District Official 01, the use of linend ashes in crop storage protects crops from
being attacked by pests, because lime and ashes thavfollowing effects on the insects:
suffocation, dehydration, drying the air they bheatirritation effects leading to blisters on their

bodies ultimately resulting in their death.
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Farmers also prepare local pesticides from cowrbghcts such as urine and dung. This method is
popular among the farmers who use biogas as threesofi fuel in their homes. As explained by
Respondent LM30:

“...the method involves the collection and mixing @dw urine and dung; the mixture is then
allowed to decompose for 7 to 14 days. After thesiqu, the mixture is sieved and diluted with

clean water hence applied to crops or vegetables...”

While respondent SF 03 mentioned similar prepamngtimcedure but added the use of soapy water

rather than the use of clean water.

This type of pesticide is mostly used in the treattmand control of aphids and white flies that
cause damage to the vegetables and it is also insedating banana root/corm rot disease as
reported by Ward Officer 01. The effectiveness ok ttype of pesticide was explained by

Respondent LM 30:

“...I find the pesticides to be effective and haveabent results in controlling vegetable pests,
hence | do not have to spend money any more ipuhghase of factory pesticides... since | started

using this type of pesticide | have been free ftheneffects of factory made chemicals...”

The respondent who used soapy water as a diluerd et explain why it was necessary to
include soap in the mixture. However, Cranshaw 6)98xplains that the use of soap and
detergents disrupts the cell membranes of the teisend may also remove the protective waxes
that cover the insect, causing death through ekee$sss of water. The study suggested further
that soap can be used to control a wide rangeaoit glests such as aphids, mealy bugs, psyllids

and spider mites.

5.2.7 Manual insect killing

Another traditional method practised in the managi@nof insect pests, as observed in the field
and explained by participants during interview émcus group discussions, involved the manual
killing of insect pests. Respondents SF07, CH14 @01 had similar views on the use of this
method and similar explanations were given durimgu$ group discussions both in the highland
and lowland areas. It was argued that farmergHellinsects by cutting off their heads and crushing
their bodies by using stones. The crushed inset¢sse a smell which, when sensed by other
insects, makes them sense the danger of deathe ey flee for safety. This exercise of killing
insects is done early in the morning before theatssbecome active, at which point it would be
more difficult to seize them. Farmers explained thihen the insects are killed early before mid-
day, the smell becomes stronger at mid-day (wherstim is strong) and spreads to a larger area

making insects fly away to a safer place. This wetis popularly used in managing insect pests
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which feed on crop flowers, especially legumes. Thmmon insect pests managed through this
method include black blister beetles and yellow dtack-coloured beetlesMlabris) called
mbariti in the local language (see Plates 5.5, 5.6 anjdB.addition, farmers bury the insects deep
in the ground making sure that there is no possililf the insect coming out from the ground.
This physical killing of the insects reduces theleation of chemicals on the crops especially
when the crops are at their flowering stage whiobla affect the quality of crops due to the
application of chemicals.
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Plate 5.5 Black blister beetles feeding on Sodawde

Plate 5.6 Black and yellow-coloured beetle feedindeans flowers in Ngujini ward
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Plate 5.7 Black and yellow-coloured beetle feedinglant flowers in the lowland

5.2.8 Use of scarecrows, paper and plastic bags

During farm observations, the use of scarecrowsvaod off vermin, especially blue monkey
(Cercopithecus mitjs vervet monkeyChlorocebus pygerythriiasnd baboonsP@pio anubi¥ and
antelope, especially dik-dik, were observed (se&eBI5.8). Respondent SFO3 explained:

“...vermin are scared of the scarecrows becausedbegider them to be human beings and also
because they are dressed in human clothes. Whevethen sees and senses the smell they get
scared, hence do not come to the farm. The pres&nite images also deceives the vermin that

the farmer is already on the farm...”

However, although some farmers still use scarecrtovdeter and scare vermin, currently the
method is reported to be ineffective due to chargeslimatic conditions, especially droughts
which have resulted in food shortages especiallgt fiuiits and grass, thus encouraging vermin to
feed on crops without been scared of scarecrowis. Wés reported by Respondents KS05, MB16
and OHO6, as well as in focus group discussions.

Plate 5.8 Scarecrow in Kilomeni Ward
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Farmers also scare birds from feeding on crop graanch as sorghum and sunflowers, by using

flying clothes and papers or by covering the graisiag plastic bags to prevent birds from feeding
on the grain (Plates 5.9 and 5.10).

Plate 5.10 Sunflower grains covered with plastigshia the lowland area (Lembeni ward)

The use of scarecrows, papers and plastic bagsamaging vermin (black monkey, vervet and
baboon) and birds, although may be thought to lodogically friendly, is said to be limited and

ineffective by the majority of the respondentshie study area. Limited availability of wild fruits,
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caused by increasing drought conditions, makegdebtmique rudimentary and ineffective because
black monkeys, vervet monkeys, baboons and birdshat scared of these tricks. For instance,
birds were reported to tear-up the plastic bageriog the grains and feed on the grains. The
vervet monkey and black monkey tease the scareardil they recognise that it is not a true

human being, hence they start feeding on the cR@spondent SFO3 explained that:

“...baboon and vervet monkey are sometimes not saarédman beings, especially women and
children, their presence in the farm does not pretleem from feeding on crops. The only thing
which can keep them away from the farm is the dsgua fire or shooting to kill some of them
which scares them so they go into hiding in thehlies a short while allowing crops to grow to

maturity without being damaged...”

However, the use of gun is considered to be expermcause farmers have to pay for the bullets.
Similarly, the method is not ecologically friendigcause it affects the population of these animals

and increased killing may threaten their existence.

5.2.9 Use of trench method

Another traditional method for the management amie is through the excavation of a narrow
channel known asnkuvaor mtaro in the local language. The study observed thahdas in
Ngujini ward have excavated a deep trench alongdhest reserve border which deters vermin
such as wild pigs (which feed on sugarcane, yamagzanpumpkins and banana stem), impala and
dik-dik (which feed on bean leaves) and porcupiwdsich feed on yams) to cross from the forest
reserve to the farms (Plate 5.11). The trench isehanetre wide and one and half metre deep,
however, the depth in some areas was reportedvtihereased due rainwater erosion.

According to the Village Leader 02:

“...before getting this idea of excavating a deepdhealong the fringe of the forest reserve most
of the maize, banana, yams, beans, pumpkins aratcarge were destroyed by wild pigs, impala,
dik-dik and porcupines. But since we finished thaisk, these animals no longer come to our farms,

enabling our food crops to stay safe. The chanaslexcavated from 1987 to 1988...”

The trench is cleaned and maintained once in a pgathe community through a collective
participation technique known assaragambowhere one member from every household in the
village participates in the cleaning and maintemaoicthe trench. The study considers this method
to be ecologically friendly as it does not causmage to the existence of the wild life, but keeps
them at a distance from the farms and naturallyntaais their existence in the forest. According to
the oral histories and focus group discussionsldgein the past excavated deep pits (~3 metres
deep) in the forest, put long pieces of wood actiessr and then covered them with grass. A bait

of banana and/or sugarcane was placed on top ¢ tt@vered pits to attract the vermin, which,
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when in an attempt to feed on bait, fell into tlite fhe trapped vermin was usually killed and taken
out from the pit later by the farmers. Howeversthiethod was not very effective as few vermin
were trapped. Snares were then subsequently usdidblbmethod was also found to be ineffective.
The third mechanism was the use of poisoned baithnyiroved to be successful, but posed certain
threats to the community: most domestic dogs diftdr deeding on the carcasses. It was
considered to be dangerous because some of thenpmsild be washed into running water in the
rivers and streams and contaminate drinking watansequently affecting people’s health, while
others said it could affect their animals as thellected fodder from the forest to feed their
livestock during the time of fodder shortages. Hgritbhe use of ditch has proven to be successful
and effective in the control of vermin especiallyowpigs, porcupines and impala and dik-dik.

Plate 5.11 Trench for preventing vermin crossimgnfthe forest reserve to farms

5.2.10 Zero-tillage method

Another traditional farming method practised is thee of zero tillage, popularly known as
kitang’ang’ain the local language a practice of sowing seedarouncleared farm plot. The zero-
tillage technique was mentioned by 53% of the pgdints (Table 5.4). From farm observations, it
was evident that the technique was practised hyees in both zones. Farmers grow crops on
uncleared farm plots immediately after the firsahrand weeding begins early before the seeds
have fully germinated. The technique is said toucedthe costs of weed, vermin and pest
management because farm clearing is done during gwemamination which keeps the farm clean
while germination takes place on a clean farm pltis was explained by Respondent CH12 in
Ngujini ward:

“...By practisingkitang’ang’a | only have to weed my plot twice and there asIweeds during

crop harvest with fewer rats attacking my crops...”
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The technique is also effective in reducing the aitsurface soil erosion from run-off because soil
particles remain undisturbed during heavy rain, liedpresence of grass on the top soil provides a
shield against surface run-off. However, duringu®group discussions, both in the lowland and
highland areas, participants gave reasons why samers practisellitang’ang’a It was evident
that in the past farmers practiskiiang’ang’a because they had many farm plots to cultivate
before planting and they could not clear all ofnthen time before the growing season started.
However, in recent years farmers have been foroegractisekitang’ang’a due to the erratic
nature of rainfall; that is, sometimes it raineddoe farmers had finished or even started, pregarin
their farms for planting. In some seasons, rairdaihe late or signs indicated a low rainfall, laut t
their surprise it rained a lot, hence they werecddrto practisekitang’ang’a It was further
explained that some farmers had spent money on fagparation using a tractor in the previous
season, but, due to drought conditions, cropsdadlied farms remained bare, so they planted
immediately as it began raining in the followingasen. Some considered the technique to be
economical due to the shortage of labour at thesétonld level and the limited funds available for
hiring labourers for farm preparation, planting ameleding. In spite of the benefits accrued from
the use of th&itang’ang’amethod, current changes in climatic conditionstlithé applicability of
this method.

According to Respondent CHO9

“...in the pastkitang’ang’awas successful because of reliable, sufficient@dinuous rainfall.
However, current changing environmental conditionapled with low, variable and insufficient
rainfall, concentrated within a few days the teqgamei has become unsuccessful, hence less
practical and is highly opposed by the majoritytbé households and agricultural extension

officers...”
Similarly, Respondent LM24 said:

“...currently if you do not want to harvest complgtepractisekitang’ang’a... in the past, we
practiseckitang’ang’a because it could begin raining even before wefimghed removing crops
in the farm. But today, there is not sufficientnfall, so | do prepare fewer farm plots which |

make sure that they are prepared early beforeoeaiims...”

District Official 01 and Ward Officer 01 had similgiews that farmers practis&itang’ang’adue

to poverty and lack of funds to pay for the codtdamm preparations. However, under current
changes, the method may not be preferred becausdutes the rate of water infiltration which
results in increased surface run-off. This is cdusgethe fact that compact soils inhibit the rate o
infiltration during heavy rains, and also prolongkdught conditions keep surface soils bare which

accelerates the rate of surface run-off duringgaeof heavy rainfall. In addition, according to
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Respondent ML24, when weeding is not done or failsin time, most of the fresh germinating
crops compete for sunlight, soil nutrients and sodisture with growing weeds, and also are
exposed to insect pests, diseases and vermin aBawkarly, compact soil deters the growth of the
roots of crops to deeper soil layers which makes gbrminating crops vulnerable to sunshine
intensity. More importantly, the technique is dtiitied to poor crop yields. Evidence from farm
observations showed that most of the crops whicte ywéanted on uncultivated farm plots in the
lowland areas withered quickly after a long peraddain break and intensive sunshine than those
which were grown on a cultivated farm using a vacthese crops tolerated a prolonged period of
sunshine and survived until it rained again, betytlended producing flowers due to prolonged

period of heat stress.

Crop rotation was mentioned by 11% of the participavho practised this method. Respondent
MS20 said:

“...these farms have been cultivated for over 80 yaad most of them are tired because farming
is done without any additional manure or fertilss@rhich affects crop productivity. | try to grow
crops interchangeably, that is when | grow maizeoor farm, | grow beans on the other and
alternate these crops in the following season. fklps to improve my production although not

much, still there is a need to apply manure...”
Respondent CH13 said:

“...I used to grow maize iwuli and beans imasikaseasons, but in recent years, due to crop
failure caused by increase in droughts and ingafitarainfall, | grow all crops in all seasons ity t

my luck; i.e. if maize fails then | will harvestdongs, so that | will not have laboured in vain...”

These sentiments suggest that uncertainties in heeatonditions also limit crop rotation
techniques which could help in the improvement mipcproductivity by limiting the number of
crops grown on a given plot. Fewer crops could cedtompetition for the limited soil nutrients on
the farms and crop rotation could improve soililigythence increase crop productivity. However,
maize forms the main staple crop cultivated ingtuely area, hence most farms are cultivated with
maize throughout the year without practising cropation. This may be contributing to the

depletion of soil nutrients in many farms in thedst area.

5.2.11 Farm fallowing

Farm fallowing is another traditional farming methmentioned by 14% of the respondents.
However, during oral histories and focus group uks@ns, participants reported that traditionally
Farmers did not apply manure to their farms (egpigcon distant farms), but cultivated the land

and when they realised that the soil nutrients teedlined (by using local indicators which are
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discussed in the next section) they abandonedahme &nd opened a new one in another area.
Nevertheless, they returned to the abandoned fikt they observed that the farm had naturally
regained sufficient soil nutrients. Currently, abhall of the appropriate and fertile agricultural
areas have been cultivated which limits the creatib new farms. Thus, most of the farms are
continually cultivated without fallowing, and everhere fallowing is practised it is only done so
for a short duration. Cultivating farms without &auhal nutrients has resulted in increasingly poor
soils, especially in the highland areas. Duringu®ogroup discussions in the highlands, one of the
participants commented that currently farm fallogviis not primarily aimed at regaining soll
nutrients, but is driven by an increase in drougbnditions and a shortage of labour at the
household level which force farmers to cultivatevde plots. However, farmers return to the

previous fallowed farm within a very short pericefdre the farm regains sufficient nutrients.

5.2.12 Farm-fertility indicators

Farmers use their LEKEP to determine the level @f sutrients in a given farm plot. This
knowledge helps to recognise the nutrient levethef soil in a given farm plot which enables
farmers to take appropriate measures to eitheacepdieclining soil nutrients by adding manure,
fertilisers, or adopting fallowing to allow natursil nutrient regeneration and/or change types of

crops grown in the farm. As mentioned by Respontsit 7:

“...when yields decline, | know that soil nutrienta the farm have declined, so | grow beans

repeatedly in few seasons or stop cultivating #mmfplot for a short while...”

The knowledge and skills gained by the above redgot) is also supported by other studies which
suggest that the growing of legumes on the farmebsses the amount of organic matter and
nitrogen to the soil (Snapp et al., 1998; Mafongeyal., 2006; Beedy et al., 2010; Akinnifesi et
al., 2007).

Among the indicators mentioned, crop health (10G#6)l crop yields (100%) were the most
common indicators (Table 5.5). Participants assedigood crop health and high crop yields with
fertile soil, and poor crop health and yields wiitfertile soils. This knowledge by the farmers is
supported by Schroth and Sinclair (2003), who padott that fertile soils facilitate root
development, supply water, air and nutrients tatglaand are free from pests and diseases which
can result in catastrophic impacts on cultivateth{d. Similarly, Smaling et al. (1997) and Ajayi et
al. (2007) explain that soil nutrients are consdeby many tropical farmers to be the major
biophysical constraint to increasing agriculturabguction. About 89% of the participant the
majority from the highland (95%), said they detared the level of soil fertility in a given farm
plot by associating it with types of grass and bergrowing in a given area. Participants explained
that by looking at the presence of grass and shrubsgiven farm plot they can tell whether the

soil is fertile or infertile. As mentioned by Respent SFO1:
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“...When you see grass such as black ja8kdé¢ns pilosh Macdonald's eye[Galinsoga
parviflora] andwandering JeWyCommelina benghalengigrowing on a given plot is an indication
that the plot has fertile soil but the presencéeafis Pteris tremuldin a plot means the area has

poor soil...”

According to Respondent CH13, the presence of gsash as black jackBidens pilosh
Macdonald’s eydGalinsoga parviflord, itughutuin the local languagfvernonia subligerhand
wandering JeWyCommelina benghalengisand trees such asbizia andFicus congestaare used

to determine the choice of an area to be usedarsnéand.

Table 5.5: Indicators used to determine soil fertility in thefarm

Overall Highland Lowland
Soil fertility indicator

Percent
Crop health 100 100 100
Crop vyield 100 100 100
Grass and shrubs 88.5 94.9 82.1
Soil colour 67.5 86.3 48.7
Soil texture/particles 66.2 91.5 41.0
Presence of organisms 39.3 47.9 30.8
Type of trees 38.9 58.1 19.7

Approximately 68% of the participants mentionedtise of soil colour in determining soil nutrient
levels in a given farm plot. Respondents associatadk and brown soils to be fertile and red
coloured soils to be infertile. About 66% of thespendents associated soil fertility with a soil
texture and particles. They considered fine soith wmall percentage of sand to be fertile and
white sandy soils, stony/rocky soils and poorlyimed soils to be infertile, while 39% considered
soils with the presence of soil organisms, suckaaworms and dung beetles, to be highly fertile,
and 39% mentioned the presence of specific treeiepgrowing in a given area to be associated
with fertile or infertile soils. Trees such adbizia speciesFicus specigesAlbizia maranguensis,
Cordia affricana, Rauvolfia caffrand Bridelia micranthaare considered to grow on fertile soils
(Table 5.6 and Table 5.8)shile Cactus specieBrachylaena Senna siamed)odonaea viscose
Columnar cactus pachycerewsstor plant an®albergia melanoxylomre considered to grow on
infertile soils or normally where they grow soiltnants are low or wastelands. It is important to
note that castor oil plant was reported to growameas with moderate soil fertility and on
wastelands in the highlands but lowland farmerssiar it to grow on the fertile soils especially in
alluvial deposits (Table 5.7 and Table 5.9).

According to Ward Official 04:
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“...some trees use all the soil nutrients and daatiotv undergrowth which makes soils very poor,
while others allow undergrowth and attract orgasiswhich increase soil nutrients through
decomposition... the presence of a given type oktoea indicate the level of soil nutrient of the

plot...”

Indeed, some farmers mention&dabirachta indicaand Eucalyptus(which are exotic species) as
draining all soil nutrients, limiting undergrowtimé hardening soils in the places where they have
been planted. As explained by Schroth and Sin¢BM03), most trees take up some of their
nutrients from the subsoil and deposit them inghdace soil through leaf litter and root decay,
and thus can act as nutrient pump. Farmers’ knayeléd determining soil fertility, using different
soil characteristics, is supported by the studyMacEwan (2007), which suggests similar soil
characteristics in determining soil fertility. Thetudy suggests that soil colour indicates the
composition of the soil and gives clues to the domds that the soil is subjected to, hence
providing a valuable insight into the soil envirozmh which is very important in soil assessment
and classification. However, soil colour is infleed by the amount of proteins present in the soil,
where yellow or red soil indicates the presencaamumulation of iron oxides. Black and dark
brown colours represent soils with higher level®@anic matter content, and white indicates the
predominance of silica (quartz) or the presenceats. Wet soils, or soils with a higher water
content, have less air, especially oxygen. SinyijaHe study suggests further that the presence of
specific minerals in the soil also affects soilaol For example, the presence of manganese oxide

causes a black colour soil, glauconite makes theseen and calcite can make soil appear white.

Evidence from this study shows that both lowland aighland farmers use similar indicators to
determine soil fertility levels on a given farm pighich is of paramount importance in agricultural
productivity. The best known and widespread saililfy determinants are crop health and crop
yield which were mentioned by 100% of the partiaigga both in the lowland and highland areas.
Farmers also mentioned the use of grass, shrubseeglgrowing in a given area to determine the
fertility level of the soil. For instance, grasscBuas black jackBidens pilo¥, wandering Jew
(Commelina benghalen$jsBermuda grasCynodon dactylon coach grassElymus repensand

fig tree Ficus specigsare used both in the lowland and highland areagpresent fertile soils
(Table 5.6 and 5.8). However, other grass, shradstrees are different because their growth and
survival is influenced by different climatic condits (rainfall, temperature and wind) and
topography which are different in both zones. Sni, both lowland and highland farmers use
similar soil colours and texture to determine taeel of soil fertility. Farmers relate soil colour
particularly to the presence of organic matter witack and brown colours, while reddish and
whitish (sandy) soils are considered to contain townoderate organic matter and thought to be
infertile. Also, farmers in both lowland and highthareas consider soils with large particles to be

low in organic matter and hence infertile.
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Table 5.6: Indicators of fertile soil in the Highland zone

Indicator L ocal /Swahili name Common /English Scientific/botanical name
name
Grass and shrubs  Vimbara* Black jack Bidens pilosa
Ikwengwe* Wandering Jew Commelina benghalensis
Kivughai* Macdonald’'s  eye/Galinsoga parviflora
gallant soldier
Ibangi* Mexican marigold Tagetes minula
ltunguja* Ground cherry/ Physalis peruviana
Chinese lantern
Sangari** (soil with Coach grass Elymus repens
lime)
Ukoka** Bermuda grass Cynodon dactylon
Mnafu/mnavu* Black nightshade  Solanum nigrum

Mifundo fundo**

Tick-trefoil/tick

Desmodium species

clover
Ndago** Nut grass Cyperus rotundus
Vetiva-Vetiver grass Zizanoides
ltughutu* Vernonia subligera
Mvuti** Lippia javanica
Trees Nyasutu* Albizia species
Mvuno* Ficus species
Ihuu* Albizia maranguensis
Mringaringa** Cordia affricana
Mberebere (Msesewe)* Rauvolfia caffra
Mkuu* Fig tree Ficus congesta
Mwira* Bridelia micrantha
Mbono* Castor oil plant Ricinus communis
Soil colour and » Black soils
particles » Brown soils with small percentage of sandy particle
Note

*local name and **Swabhili name
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Table5.7: Indicators of infertile soil in the Highland zone

Indicator L ocal/Swahili name Common/English  Scientific/botanical name
name
Grass and shrubs Mathiu* Ferns Pteris tremulaender brake
NB: short and . .
weak grass Kifutafuta
Kinguji*
Trees Njitwe* Dodonaea viscosa
Kitakua*
Iririko*
Soil colour and * Red soil
particles e Soils found in soft rocks
* Poorly drained soils (callégughein Pare language)
* Stony soils
Note
*local name

**Swahili name
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Table5.8: Indicators of fertile soil in the Lowland zone

I ndicator

L ocal/Swahili name

Common/English
name

Scientific /botanical name

Grass and shrubs Ndago** Nut grass Cyperus rotundus
Vimbara* Black jack Bidens pilosa
Ikwengwe* Wandering Jew Commelina benghalensis
Sangari** Coach grass Elymus repens
Ukoka** Bermuda grass Cynodon dactylon
Mdudu* Tuber root sp.
Idungusi* Cactus opuntia
Imondo* Bidens ferulifolia

Trees Mwerera* Acacia xanthophloea
Mgunga* Acacia tortilis

Mkoro maji**

Natal mahogany

Trichilia emetica

Mbuyu** Baobab Adansonia digitata

Mkababu** Faidherbia albida

Mkuu Fig tree Ficus spp. (e.g. Ficus
Sycomorous)

Mthameli* Scented thorn Acacia nilotica

Sosongo* Euphorbiaspecies

Mgunga maji**

Mbono

Castor oil plant

Thorn apple

Acacia xanthophloea
Ricinus communis

Datura stramonium
Ficusspp.(Ficus sycomorou)

Soil colour and e Black soil with compact particles
particles e Dump sandy soil
e Brown soil

Note
*local name
**Swabhili name
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Table5.9: Indicators of infertile soil in the Lowland zone

Indicator Local/Swabhili name Common/EnglisBcientific/botanical name
name
Grass and shrubs  Mgiriti* African ebony Diospyros mespiliformis
Mdangu (ndulele)* Sodom apple  Solanum incanum
Kithapa* Aloe
Trees Irumere* Cactus Columnar cactus pachycereus
Kikwata* Brachylaena
Mjohoro** Cassod tree Senna siamea
Mpingo** African black Dalbergia melanoxylon
wood

Soil colour and ¢ Red soil with loose or dust particles
particles e White sandy soils
e Stony soils

Note
*local name
**Swahili name

5.2.13 Crop storage methods

Another traditional method mentioned by farmerates to crop storage which is very important in
the management of food in the community. Duringuogroup discussions, the study established
that in the highland areas, after maize has bepres$i@d, it is stored in the loft of the kitcherdan
left to dry by heat and smoke from the kitchen. Ideer, the maize is not removed from the husk,
as this protects the grain from contacting sootctwvhiould make it taste bitter, and the grain
survives longer whilst protected. Thus, any kitchead as a storage facility has a well maintained
loft. However, discussions revealed that most efltital maize had hard kernels, hence it was not
easily attacked by storage pests, especially thizemveeevil, popularly nicknamed akaniby the
local farmers. But improved seeds are reportecethiphly vulnerable to storage pests hence crops
are not stored longer than two months in the leftause they are attacked quickly. One participant
in the discussions said that:

“...if you put the current maize in the loft for neothan two months you will be left with flour and

cobs...”

In the lowland areas, farmers harvest maize, rentofrem the husk and dry it in the direct sun.
After the grains have dried is removed from thezmaiob and stored in air-tight containers or in
jute sacks. However, both lowland and highland &asrshared similar views that current climate

changes have caused low maize harvests thus theeeyi little for storage; all that is harvested is
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dried in the sun and consumed (Plate 5.12). Asrtegpdoy one of the participants that in the

highland zone:

“...in recent years there is nothing to keep in tife because the harvest is very little. Whatever is

harvested is dried in the direct sun and consureéard buying from the market...”

Plate 5.12 Drying of the maize in the lowland zone

However, the study revealed that the drying of srbp direct heat from the sun, which was not
traditionally applicable in the highlands, has nbeen adopted there in response to increases in
temperature and decline in precipitation.

According to Village Leader 01:

“...the drying of the crops (maize) through direch suas rare or not popular in the highland areas
in the past due to wet and moist weather condittms®ciated with occasional and unexpected rain
showers during the day or heavy early morning désickvcould spoil the crop. But in recent years
people dry their crops on the roof tops and le&eant over night without the fear that if it rains

crops could be spoiled...”

The use of this method in the highland areas pesvievidence that changing climatic conditions
associated with increase in temperature and degliprecipitation allow some of the practices
which were previously not applicable in the higlidaareas now to be effectively adopted due to

climate change (Plate 5.13).
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Plate 5.13 Drying of maize on roof tops in the kagid zone

5.2.14 Early crop growing with the anticipation of onset rainfall

Another local farming technique which was mentiortgding oral histories and focus group
discussions is early planting with the anticipatiohthe onset of rainfall. This technique is
popularly known agkutupia(in the local language), and is favoured by thdyeanset of rainfall.
Through the use of local knowledge and experiemcevéather forecasting, farmers predict
imminent rainfall and plant their crops earlier, $@t as soon as it starts raining, crops can
immediately germinate. This method assures farnoéran early harvest which helps in the
management of food security in the household. Atiogrto the highland participants, the normal
early planting invuli season was done by the majority of the farmetisariast week of September,
with the anticipation of the onset of rain in ea@¢tober. Similarly, in the lowland areas, early
planting was done in the last week of Februanhefirst week in March, with the anticipation of
the onset of rainfall in early to mid-March. Sonaenfiers planted during farm preparation by using
a tractor where seeds were scattered and covertied spil tilled by the tractor. Participants added
further that early planting was successful becaasty rain was an indication that the season had
started and heavy rain could follow thereafter. ¢éemmost of the early planted crops grew and
survived with the support of wet conditions broughbut by the early rain. However, changes in
climatic conditions, coupled with less rainfall aimtreases in temperatures, have made this
strategy less practical as most of the early s@®ds dry due to the effect of heat.

The study also observed that the burning of grads@es remains as a farm practice during farm
preparation. This was mostly observed in the highlareas and is rare in the lowland areas.
According to Respondent SF04:

“...I burn the grass in the farm so as to increaseattea for growing crops, eradicate the hiding
places for rats which can hide and feed on thescespthey start germinating. Burning also makes

planting and weeding easier...”

Respondent SFO1 said that: “...burning ensures theigg of crops on a clean farm....”
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However, during focus group discussions, partidganentioned that burning is mostly practised
on newly opened farm plots or on farms which werevipusly fallowed. According to District
Official 01:

“...burning is preferred because scientifically itgsein the eradication of pests and crop diseases,
especially on the newly opened farm plots. It afsweases soil nutrients from ashes gained after

burnt grasses because ashes contain potassiunalangrcminerals good for crop growth...”

Although burning is considered by some farmersedeéneficial, the amount of nutrient released
after burning is very little and much of it leachesy quickly during rain or is blown by wind
leading to soil nutrient depletion. Similarly, bimg kills soil organisms and bacteria which are
important for soil development. When residualslafieon the farm to decompose, they can release

beneficial nutrients which last longer than nuttsgoroduced through burning.

Through the use of these traditional farming meshaad practices, farmers in the study area have
managed and sustained their agriculture-dependesiihbods over generations. However, their
knowledge goes beyond farm operations, as manyefarare also able to determine the beginning
of the growing season, predicting the onset ancee®d amount of rainfall in the season. The
predictions are made through the use of local enwiental and space indicators, as well as insect
and animal behaviours. This knowledge and thedks skiide rural farmers in making appropriate
farm decisions in relation to the expected weattmrditions, and in understanding these local

environmental weather indicators and insect behmsio

5.3. Theuse of local environmental knowledge to deter mine seasons and weather predictions
Local environmental weather predictions involve thee of observations of the natural
environmental and space indicators, supported pgréence of the past to foretell the start of the
rainfall in the following season in order to plaarrhing activities in advance (Mapara, 2009). A
successful weather prediction can lead to increésed production because farmers are able to
implement informed decisions on when, where andtwiglant, and hence ensure quality food
production. Wrong predictions, on the other handy mesult in an inappropriate implementation of
agronomic practices and adaptation strategies @#arz005) which may lead to poor quality of
agricultural produce. Current observed climate geanand variability pose challenges in the
provision of accurate and reliable weather preditiand forecast information. However, effective
coping and adaptation strategies for the managemgrihe impacts of climate change and
variability can be attained through accurate weated climate predictions which will help
farmers in making informed decisions on their fargniactivities leading to increased food
productivity (Kijazi et al., 2012). Hence, accuraveather forecast information can be achieved

through incorporating scientific forecast with lbkaowledge forecast systems.
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Small-scale rural farmers in Mwanga District useombination of local environmental weather
indicators and predictions (LEWIPs), such as plaatsmals, insects, birds, astronomical objects
and meteorological information (issued by Tanzaméeorological Agency — TMA) to predict the
start of the growing season. The literature shdwas tural farmers in different parts of the world
have developed a vast body of knowledge, basedhain local environment, which they use in
making seasonal weather predictions to determieectimmencement of rainfall (Ajibade and
Shokemi, 2003; Makwara, 2013; Mhita, 2006; Chandyatari et al., 2008; Anandaraja et al.,
2008; Svotwa et al., 2007; Haile, 2005; Krishnal D0 The results from the study show that out of
234 respondents, only 130 (51 lowland zone andi@®ldnd), which is equivalent to 56%, were
aware of LEWIPs below (Figure 5.1 and Table 5.10).

B lowland HM Highland

51,39.2%

79. 60.8%

Figure 5.1: Awareness on LEWIPs by zones

Table5.10: Local environmental weather indicators by zones

Overall Highland (n=117) Lowland (n=117)

Indicator
Per cent Freq. Percent  Freq. Per cent

Tree flowering 44.4 60 51.3 44 37.6
Tree leaves sprout 43.2 67 57.3 34 29.1
Bird chirping 32.1 45 38.5 30 25.6
Astronomical bodies 20.1 30 25.6 17 145
Clouds and weather conditions 21.8 31 26.5 20 17.1
Insects and animal behaviour 19.6 28 24.0 18 15.4
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The study alsoeveal: that the level of awareness on LEWIPs \kighel among the age group
ranging from 60 yearand above, followed by age group 40-49, #rete was a very low level of

awareness on LEWIRsBNnong the age group ranging from 30(Bfyure 5.2 and Table 5.11).

m30-39 m40-49 m50-59 ®G60+

2.3

46.2

Figure 5.2: LEWIP$y age groups

Table5.11: Local environmental weather indicators by age groups

Indicator Overall Age group

Per cent 30-39 40-49 50-59 60+
Tree flowering 44.4 2.9 21.2 23.1 52.9
Tree leaves sprout 43.2 3.0 18.8 23.8 54.5
Bird chirping 32.1 2.7 20.0 25.3 52.0
Astronomical bodies 20.1 0.0 14.9 12.8 56.7
Clouds and weathe&ondition: 21.8 2.0 27.5 23.5 47.7
Insects and animélehaviou 19.6 0.0 8.7 26.1 65.2

The findings indicatehal among the weather forecasts andicators tree flowering (44%) and
tree leaves sproyd3%, are the best known weather forecisticator: for the majority of the

respondents, followeby bird chirping (32%), astronomical obje¢2)%) clouds (22%) and insect
and animal behaviou(20%). As shown in Table 5.10, thwajority of the respondents who
mentioned tree leavesprou as the sign for local weather predictiere from the highland zone.
The results alsshow: further that the majority of respondersgec 60 years and above who
mentioned tredlowering, tree leaves sprout and astronomy asltical weather indicators was

higher than any of thether age groups (Table 5.11). During dnegtories interviews and focus
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group discussions, the majority of the participantboth zones shared the view that most of the
trees which are used in the predictions for the imemt rainfall, and especially in the lowland
areas, have been cut for making charcoal, burniioggdy firewood and building poles. Such trees
include Acacia xanthophloeand Acacia tortilis In addition, it was noted further that increasing
drought conditions affected birds’ and insects’itab and populations, also made them migrate to
other areas in search of food and suitable habsta¢k breeding sites. For instance, participants
mentioned that the disappearance of Afacan ground hornbill birdswhich had predicted
imminent rainfall through chirpingAlso, it was noted during oral histories and fo@rsup
discussions that some of these environmental smagsappear as usual, indicating the imminence
of rainfall, but it does not rain. These may be agithe factors which contribute to the decline of
awareness of local environmental weather indicaas predictions among the participants in the
study area hence leaving this precious knowledgengnthe elders and a few youths who take a
personal initiative to learn it. Similarly, an ie@se in drought conditions, which affect agricatur
activities, results in less involvement of peomepecially youth) in farming activities which isth
only way of passing over the knowledge through olisg and sharing of the past experiences on
the farm. Also, increasing levels of literacy areldnogeneity in the community make people less
dependent depend on their local knowledge. Theovdtlg section discusses each weather

prediction indicators as used in weather predistion

5.3.1. Predictionsfrom plant phenology

The study revealed that the flowering of plantetesuch as coffee, peach aBdobotrya
japonica (mstafeliin the local language), and leaves sproutinglbfzia gummiferalknown with
many names in the local languagenggasutu, msanga, mriribwar mfuruanj@ are among of the
trees used to predict the commencemenrubfseason in the highland areas. The participarttsein
focus group discussions and oral histories comndetitat leaves sprouting from thbizia
gummiferatrees are an indication that the growing seasaenstarted, and when the leaves reach
the level of hiding a bird of the size barn swallow(mbayuwayun Swabhili) this indicates that
rainfall could begin at any moment. Many of #ilbizia gummiferarees are grown in the coffee
farms to provide shade for the coffee plants. Gndther hand, the flowering @éfcacia tortilis
acacia xanthophloeémgungamaji in Swabhili ormughaain the local language), leaves sprouting
and flowering ofBrachlaena(Kikwata in the local language), fig tre€igus sycomoroysand
baobab treesAdansonia digitatpindicate the beginning eshasikaseason and imminent rainfall in
the lowland zone. The release of seeds from thiéssifehe fruit ofColumnar cacti pachycerepa
cactus species (callédrangareor Irumerein the local language) is considered to be a fgthe
starting ofmasikaseason. By seeing these signs, farmers beganrimgpheir farms and seeds
ready for planting. On the other hand, the flowgrof Bidens ferulifoliaand Ipomoea species

(popularly known asmondoin the local language) mark the endneésikarainfall season in the
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lowlands, and the flowering @@ordia Africanatree mringaringain the local language) mark the

end ofmasikarainfall season in the highland zones.

Farmers determine a season with good or poor tayf@bserving the flowering rates of domestic
and wild fruit trees. Higher rates of flowering agiklding of fruit trees, such alSriobotrya
japonica (mstafeliin the local language avocado Persea americana peach Prunus persica
Syzygium guineengmlamain the local language), a wild fruit tree, coffieethe highland areas;
mango Mangifera indica and Ximenia speciesntfundutwain the local language) in the lowland
areas, indicate that the season will have low adlimfhich may lead to poor crop yields resulting in
famine. The evidence of high fruit yields was givuring focus group discussion in the lowlands
where one of the participants reported that duthng drought of 1996/1997 many people ate
mango fruits as their main food which made someplee@xperience stomach problems and
generally a higher level of acidity in the stomalthaddition, the participant explained that many
of the flowers or fruits may, or may not, grow tatority, depending on how severe drought
conditions will be which may cause many of thetfuo fall before they mature. During interviews
with District Official 01 and Ward Officer 01, itas ascertained that high coffee yield are favoured
by warm temperatures associated with low to moderanfall. However, there is only a limited
understanding among participants on what they nhéter or consider to be normal and above
normal rates of flowering of the fruit trees to @gain that a season will experience normal or low
amounts of rainfall leading to good or poor harseS&imilar studies conducted elsewhere in the
world show that rural farmers determine the expket®@ount of rainfall for the coming season by
observing the flowering behaviour of fruit treeddabundance of fruits (Makwara, 2013; Muguti
and Maposa, 2012; Chagonda et al., 2013; Svotwh,2007). For instance, according to Stigter
et al. (2005), farmers in Gujarat in India predla beginning of the monsoon rain by looking at

the flowering peak of the cassia fistula tree.

5.3.2. Predictionsfrom insects, birds and animals

Farmers also use insects, birds and animal behatopredict the beginning of rainfall and
growing season. Participant HOHO4 suggested tleanfipearance of many red ants (tropical fire
ants) and termites on the earth’s surface fronr thiding holes in the ground is an indication that

the growing season has begun and rainfall is immirkhe interviewee said that:

“...ants come out of their holes because after tHd season the ground becomes very hot, a
condition which makes them uncomfortable to stagilemground, hence they come to the surface
for cool temperatures, which indicates that thewgng season has started and rainfall is

imminent...”
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Respondent MS16 said that:

“...when ants appear on the surface looking for fabds an indication that the food which they
had stored and used during the cold season i©iéidjsand because the cold season has ended, they
come to the surface to look for food. They als@uléneir nest which is revealed by heaps of soll

which are collected at the entrance to their nest...”

Respondents CHO8, MS07 and KW13 shared similarwigaat when large numbers of ants come
to the house (especially to the kitchen), thisnisnalication of the beginning of the growing season

and the imminent onset of rainfall.

Similar observations of ants’ behaviour were shdrgdoth lowland and highland participants.
However, lowland participants also observe the Wielia and activities of termites. As noted by
LOHO1: “...when farmers observed large numbers ohiks (callednikokein the local language)
gathering grasses and tree leaves, this is anaitioiicof imminent rainfall and it will rain within
three days”. The observation of insects’ behaviespecially ants) has long been considered as a
potent signal for the imminent onset of rainfallarg the people of Australia, Zimbabwe and
Tanzania (Chagonda et al., 2013; Makwara, 2013tv&vet al., 2007). Farmers also observe the
behaviour of frogs, as was stated by HOHO5 thatrmfinegs move from the water courses and
ponds to the dry land, and/or enter into the hqusés an indication that rainfall is imminent and
the season is most likely to experience heavy aflimfhich may result in floods. Hence, the frogs
are scared of being washed away by heavy stornrwalss they observe the behaviour of honey
bees that when they remain in the hive signifield @eeather and when they are found outside the

hive roaming about signified warm weather condiion

Farmers also determine the imminence of rainfall aammencement of the growing season by
observing the behaviour of small spitting bugsexhliriribwi or viririgwi in the local language. It
was explained by LOHO02, and also shared duringdagnoup discussions, that wheiniribwi
move from the ground to the tree branches, gatigmther in groups and release droplets of water
from the secreted white foam of spittle which cothegir bodies and drops little by little like rain
drops, this is regarded as a sign that the gros@agon has started and rainfall is imminent. These
insects are said to prefer specific trees such raso€ macrostachyugMfurifuri in the local

language)Albizia gummiferaspecies anGravellier robusta

Equally, the appearance of large stocks of Trunmgétenbill birds Bycanistes bucinatdr called
Hondo honddn Swahili, in the highland areas is regarded a®tent indicator of the start of the

growing season and onset of imminent rainfall. Wds explained by Respondent HOHO6 that:
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“...in the past the trumpeter hornbill birds usedrtigrate from the highlands to other areas during
the cold season and their reappearance again lighkands was an indication that the cold season

is over and growing season has started...”

The appearance of these birds is used as a conmdimatior to predict the commencementof
season in the highland areas. However, it was drthet the rate of migration of these birds has
declined in recent years and the majority of badsnow seen in the area throughout the year, and
if they migrate it is only a few that leave. Theluetion of bird migration may be caused by food
shortages or the lack of habitat at the places evtiery used to migrate to, or it may be due to the
increase in temperature which makes the highlaméisawarmer, hence providing favourable
conditions for their survival in all seasons. Sanitrends in the migration and appearance of birds
such as the Woodland Kingfisher, the swallow, whitd black stock and swallow tailed bee eater
have also been observed as an indicator for theoapiping summer season and imminent of
rainfall onset (Chang’'a, Svotwa et al., 2007; Makay2013; Risiro et al., 2012).

The chirping of the African ground hornbilingmbiin Swabhili andMdidi in the local language)
and White-browed coucaD@dumiziin Swahili andishundiin the local language) is used as an
indicator of imminent rainfall. The chirping of the birds is said to be the most accurate indicator,
because when their calling sounds are heard it maist within twenty four hours. However,
participants both in the highland and lowland ar@a@gied that currently African ground hornbill
birds have disappeared in the district. Howevas, Was explained in detail by Respondent HOH
04:

“...in the past when you heard African ground hoinbitds singing between 11 am and 2 pm it
was an indication that rainfall is imminent. Thdsels were singing from the highland areas and
those which were in the lowland areas respondeHt, lzandl they did it interchangeably forming a
rhythm. They followed behind farmers during farmeparation and weeding, eating lizards,
grasshoppers, earthworms, snakes and termites.Wéreynot scared of farmers, and because they
are not edible, farmers enjoyed their presence.aBuif them have disappeared in the district; we

neither see them nor hear their singing...”

Local farmers also observe the breeding behaviduaromals and birds in predicting the
commencement of the growing season and imminenfathi They observe the mating behaviour
of goats which was explained by Respondent LOH®@8 When a large number of goats enter in
heat, which is signified by the snorting and hoasends produced by billy goats, and when birds
such as quelea quelea start building their nestarger quantities ready for breeding, this is an
indicator that the growing season has started. iShaspopular indicator used in the lowland areas,
but less popular in the highland areas. This magiugeto the fact that the majority of the lowland

dwellers keep large herds of goats compared taititdand dwellers, hence they have a chance to
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observe their behaviour, thus linking it with tterfiing seasons. A similar study by Svotwa et al.
(2007) shows that breeding patterns of game anjrikés impala, kudu, birds and bushbuck, is
frequently used in seasonal forecasts and dispidictions, and when game animals give birth in
large numbers, this signifies a normal to abovevabrseason. A study by Risiro et al. (2012),
showed that when guinea fowls start building nastd laying eggs, this is an indication of the

onset of the summer season.

An outbreak of fall armywormsSpodoptera exemgt&nown asngweghuin the local language
immediately after the first rain is considered ®astrong indicator of a good rainy season, which
will result in a good harvest. Although the armymsr cause considerable damage to crops,
especially to early grown maize, it was explairteat farmers required the application of pesticides
in managing armyworms invasions so as to reapcseiffi harvests. However, a good harvest is a
function of many factors, of which rainfall and gbweather conditions are just one among many.
Farmers’ observations and experiences on the aomer of armyworms is corroborated by
scientific evidence which suggests that severecAfriarmyworm outbreaks have historically been
reported to occur when rainstorms follow drouglitsi{ et al., 2000) The timing and distribution
of rainstorms is considered to be of fundamentgartance in governing armyworm population
processes, and hence where rain has not fallemisthef an armyworms outbreak is low (Tucker
et al., 1999).

5.3.3 Predictions from the observation of the celestial objects

Farmers look at the movement and position of astrocal objects in relation to land features.
This was revealed during oral history discussiondlgullu ward where participant LOHO5 said
that when the sun reached the centre of the saddleo hills calledMbenge ya Pangaruhis
marked the imminent onset of rainfall and it cotdth at any time afterwards. This shows how
farmers have long since discovered the mysteri@sitofre to determine seasons. Farmers also look
at the appearance and position of specific statisarsky to predict the expected amount of rainfall
and the likelihood of good crop yields in the fawming season. There is a shared understanding
of the use of this indicator, as it was mentiongdrost of the participants during oral histories,
interviews and focus group discussions. It wasarpHd that when a big and shining star called
ngalakeriin the local language appears in the east, icatds that the season will have sufficient
amount of rainfall and crop yields will be good.cBuan appearance results in the season being
referred to aKiluva chamvonoin the local language, which means a season ofdamnoe or
plenty of harvest. However, when the star appeaathé west, this indicates that the season will
have low amount of rainfall which may result in p@oop yields, and the season is referred to as
kiluva cha nzotan the local language which means a season ofifaniioth lowland and highland
participants shared similar explanations aboutrthme, appearance, position and the meaning

attached to the star as it appears in the sky. Memvgersonal discussions with an astronomical
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expert Mr Noorali T. Jiwaji working for the Open Warsity of Tanzania, revealed that the star
referred to is the planet Venus. Rural farmers als® the appearance and size of the moon to
determine the expected amount of rainfall in th@sea. This was revealed during oral histories,
with Respondent HOHO5 and also during focus grdapudsions. It was ascertained that in every
season when the new moon appears it is associdtedamnfall and it could either rain during or
before the moon appears or is visible in the skizeWthe appearance of the new moon coincides
with rainfall, it is an indication that the seaseill have sufficient rainfall, but when the new nmo
emerges in the sky without rain it implies that geason will have poor rainfall. During focus
group discussions in the highland areas, it wasaeggd by one of the participants that when the
moon appears in full size, this marks the endulifrainfall or indicates that there will be no more
heavy rainfall in that season. The moon is saidgpear at about half size between October and
November, and in full size in December. A studyKijazi et al. (2012) shows that the appearance
of a dark moon in July, accompanied by cold, icd anow-fall, signifies a good rainy season,
while the disposition of the new moon (slanted pos) indicates more diseases and erratic
rainfall. According to King (2005), changes in th@on’'s movement can trigger changes in
weather. This is explained in terms of the foueifdcing tides caused by lunar gravitation. If the
moon has an influence on the sea tides, then illdlemntrol the distribution of water. The effect

spreads into the atmosphere and weather througtigtrdution of clouds (Svotwa et al., 2007).

5.3.4 Predictions from the observation of clouds, wind and temperature

Farmers observe the types of clouds appearingdnskly and the direction of their movement
(shaped by the wind direction) to determine the iinemt onset of rainfall. Participants, during oral
histories and focus group discussions, mentionedaffipearance of dark, heavy clouds in the sky
and thunderstorms to be an indicator of the imnteeof rainfall, while white scattered clouds
were associated with the absence of rainfall. HaneRespondent LM27 explained that: “...when
rainfall is associated with lighting and thundéris is a sign of low rainfall...”. Participants’ ways
of interpreting clouds is the same as the integpiet made by the current meteorological science.
For example, according to Barry and Chorley (199&)mulonimbus cloud (storm cloud) is
associated with a heavy rain accompanied with tigigt and thunder. Similarly, during focus
group discussions in the lowlands and highlands, @inthe participants explained that after the
growing season has begun and patches of scattiev@ddbouds appeared in the sky moving from
northwest to southeast direction, they normallyitaa the formation of rainfall. Formation of low
clouds with drizzle or light rain and moderatelyrmaconditions during the cold season between
June and August in the highland areas is considesexgood sign that the cold season will not be
dry. Such conditions usually promote a sufficierstev supply, growth to maturity of late-grown

crops (e.g. maize and beans), and ensure suffiaiailability of animal fodder. Extremely cold,
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dry and windy weather conditions on the other haadatively affect the growth of late-grown
crops, increase the occurrence of aphids, affecerndischarge, and cause scarcity of animal
fodder.

Similarly, farmers predict the onset of rainfall eshwarm and calm winds (non-destructive wind)
blow during the middle of the day after the grows®ason has started. Farmers call this calm wind
the “rain whistle”. Participants during oral hises said this kind of wind normally precedes the
occurrence of rainfall. Farmers also determineléngth of the growing season by looking at the
season’s temperature. This was explained by paamtiHOHO4, and also shared by participants
during focus group discussions in both lowland aighland areas, that when the cold season
extends into October this is an indication tkali season will be short and when the growing
season has low temperatures is a sign that thersesl probably have insufficient rainfall.
Equally, an increase in day and night temperatisesonsidered as a good indicator for the
beginning of the growing season and imminent rdliofaset. Participants both from the highland
and lowland areas shared the views that an increfaday and night temperatures is a good sign
which indicates that the season has started artd curditions normally result in night and early
morning rains. Participants explained that whendi&son has started and the days become very

hot (where they sathe sun is very hot and stingsis a good sign that such rainfall is imminent.

Highland farmers also determine the amount andiloigion of rainfall in the season by looking at
the origin and the beginning/occurrence of rainfa#f explained by Respondent HOHO6, and also
shared in the focus group discussions in the highlzones, when rainfall originates from the
lowland areas and moves gradually to cover theldighareas, it normally results in sufficient
rainfall. When rainfall behaves in this manneiindicates that the season will have sufficient and
well-distributed rainfall, both in the lowland arghland areas. This was said to be the most
reliable determinant for sufficient rainfall imasika season. This view was also shared by

Respondents ML40 and CH12, who owned farms in lmatkand and highland areas.

Interestingly, some of the participants claimed thay did not use any of the weather prediction
methods but followed their local farming calendadetermine the beginning of the season which

is marked by the activity of the time. This was lakped by Respondent SM29:

“...after one activity is finished it is followed @nother activity which | have been doing routinely

and repeatedly throughout the year in all of mg.lif’

Respondent CH13 said that: “...people think that theyintelligent and can predict when it will
rain, but they keep on cheating us. Their predistioever succeed and they are not true. Only God

knows when it will rain...”

167



Respondent KS07 said that: “...we do not know whdit eippen tomorrow but only God knows
so when they broadcast that it will rain tomorrdwust listen and laugh. | do not follow their

predictions, | just wait until when it rains thegd to plant...”

Respondents gave an example of how they plannedraméged their activities by following a
farming calendar that, after finishing working imetmaize and bean farms (March to May), is
followed by weeding and removing suckers in thdemfbanana and sugarcane farms. They also
harvest and store crops between June and July.igiidlowed by the preparation of farms for
growing crops invuli season (August to September) which is then followgdplanting and
weeding from October to December. January to Fefprigacrop harvesting and farm preparation

for masikaseason.

However, with regard to the dependence on locakrenmental weather indicators and predictions
(LEWIPS) against conventional weather forecastrmfition (CWFI) in planning and managing
agricultural activities, the results show that oti234 participants (Table 5.12), only about 21%
admitted to using LEWIPs and about 69% of the redpots acknowledged using CWFI
broadcasts, via television and radio stations,lémming agricultural activities, while 3.4% of the

participants admitted not using either of the mdshiout followed their own farming calendar.

Table 5.12: Dependence on weather forecast information (LEWIPs and CWFI) in planning

farming activities

Overall Highland Lowland
Response
Frequency Percent Frequency Percent Frequency Percent
LEWIPs 48 20.5 30 25.6 18 154
CWEFI 161 68.8 71 60.7 90 76.9
Use both 17 7.3 8 6.8 9 7.7
None 8 3.4 8 6.8 0 0.0

Although the literature suggests that rural farnrmely much on the use of local environmental
knowledge in making predictions of weather condgidGyampoh et al., 2009; Svotwa et al.,
2007; Nyota and Mapara, 2008; Chang'a, 2010; Kigzial., 2012; Chagonda et al., 2013;
Makwara, 2013), the results of this study suggdest there is an increasing move from the use of
LEWIPs to a greater reliance on CWFI. Participathising focus group discussions and oral
histories explained that most of the LEWIPs poinimdards the imminent onset of rainfall. This
provided the majority of the farmers to preparartfeEms and even to plant their crops with the
anticipation of onset of rainfall. But late rairifa¢sults in early planted crops failing. Thussthi
makes it difficult for farmers to plan their farngiractivities in advance by using LEWIPs. This

finding is similar to a study by Krishna (2011) aBgampohet al. (2009), which suggested that
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indigenous traditional weather prediction knowledgéiecoming less reliable because, in some
instances, these events may occur earlier thanatpamd thus do not coincide with the start of the
growing season which may mislead the farmers. &ilyil the increasing heterogeneity in the
community, supported by the use of modern techryoloadios and televisions), cutting of trees
(which are used in indicating the imminence of emderainfall) for firewood, manufacturing of

charcoal and as building materials, has made mosi farmers depend more on CWFI than
LEWIPs. On the other hand, participants mentiorted CWFI was also not reliable because it
could be broad-casted that the season will haveeratel to higher rainfall but the season may

receive low rainfall that does not support cropvgioto maturity.

Farmers’ views on the unreliability of weather foasting and predictions are supported by various
studies which suggest that in least developing tmsmodern weather prediction is a problem
due to the shortage of weather data caused by feeather stations on the ground and upper air
stations (Risiro et al., 2012). The problem is magdese by poor telecommunications and the high
cost of equipment for weather forecasting (Buckli®96). In addition, there is a limited
understanding of atmospheric processes such asupeesnd wind which are essential elements in
weather predictions. As argued by Aguado and B:010Q), the modern weather forecast may be
imperfect due to lack of information about the casigon of the atmosphere, unstable
atmospheric composition and movement of air indtreosphere. However, discussion with most
of the participants who were aware of the LEWIPgggsted that rural farmers, through the use of
local knowledge in weather predictions, are capablaredicting the commencement of rainfall up
to three weeks in advance and can foretell the @&deamount of rainfall for the whole season.
They are also capable of predicting seasons ofrfaror of good harvest. A study by Mapara
(2009) also showed that indigenous farmers in Zilmlea can predict the commencement of
rainfall up to three days in advance. Thus thengeags to be a need to incorporate successful
elements of local indigenous knowledge with scfantineteorological knowledge in predicting

weather, and hence climate change and variabBiégkford and Barker, 2007).

5.4 Theuseof LEWIPs

As it has been pointed out, rural farmers used lbamthl environmental weather indicators and
predictors (LEWIPs) and meteorological weather rimfation from the Tanzania Meteorological
Agency in predicting the commencement of the grgwéeason, and the onset and expected
amount of rainfall in the seasons. Both methodgestkay elements used in making weather
predictions, that is, while local environmental wea forecasting makes use of local
environmental and ecological wisdom gained throegperience and observation being passed
through generations, the conventional weather &mtecses numerical and dynamic methods
(Ziervogel et al., 2010). However, both methodsehaeakness in producing accurate information

about expected weather conditions. For examplajiegusuggest that conventional weather
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predictions have about a 75% accuracy, hencssitlli:iot sufficient to provide precise information
about expected weather conditions due to the $patid temporal variability of the nature of
rainfall (Ogallo, 1989; Nyenzi, 1999; Zorita andy®i, 2002' Chang'a, 2010). Evidence from oral
histories and focus group discussions revealedsitvat of the LEWIPs in the study area pointed
towards low rainfall for the seasons 2010/2011 aAd1/2012. Participants explained that the
ngalakeristar had been appearing in the west from 201®1&;2also flowering of trees, such as
Syzygium guineensgriobotrya japonica,Mangifera indicaand Ximenia species, indicated that
the season would have low rainfall. Similarly, wegtly delayed rainfall indicated that the
growing season was going to be short. The predistiby LEWIPs are corroborated with
meteorological data from TMA which indicated thatinfall for the seasons 2010/2011 and
2011/2012 was low. Thus local environmental knog&edf combined with scientific information,
can provide effective weather predictions helpirgynfers make informed decisions and

implementing appropriate agronomical strategies.

5.5 Limitations on the use of local farming methods and practices

The study is interested in investigating the petioep of small-scale farmers about those factors
affecting the existence and application of locaimiag knowledge in providing solutions to the
problems facing farming activities. As shown in Tealb.13, the majority of the participants
(96.6%) strongly agreed to with statement that ek of government support threatens the
existence and application of local farming methadd practices. This statement ranked highest in
the overall cumulative scores (Table 5.13) and asiked first for both lowland and highland
areas (Table 5.17). Participants explained thagtwernment does not seem to have faith in local
knowledge because most of the local farming teateschave not been scientifically proven to be
reliable and are not consistent with internationaicognised modern techniques. According to
District Official 05

“...there are no deliberate efforts made by the gowent to encourage the use of local farming
methods and practices. The government only focosdabe use of scientific methods which have
been proven to yield optimum output and drive higeeonomic growth compared to the local
techniques. For example, the use of tractors dui@amgn preparation, factory pesticides in the
management of pests and treatment of crop diseaskd$actory fertilisers have proven to give

better yields compared to the use of hand hoel $mads and local pesticides...”

These views therefore suggest that there is a foeegbvernment to take deliberate actions to do
research and identify the strengths and weaknedgbe local farming methods and practices, so
that prudent steps can be taken to develop hybcldmodern scientific farming methods (see also

Briggs, 2005). Lack of government support margsesithe role of local farming methods and
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practices even where they could provide solutianthe management of farming activities. For

example, according to the view of Respondent CHO9:

“...it appears that the government no longer engrgahe use of organic manure but rather
insists on the use of fertilisers which are expsnsind have long term hazardous effects on

farmlands following prolong usage...”

A similar argument was raised during focus groupcu$sions in the highland areas where
participants argued that although fertilisers wamevided at a subsidised price, farmers generally
avoided their usage because the amount providechetasufficient and they were not assured of a
continuous supply. One of the participants arguathér that in the event of the discontinued
usage of fertiliser, this requires more organic unarto be applied to replenish natural nutrients
lost in the soil, caused by the discontinued usddertilisers. It is also shown in the literatutet

the increased usage of inorganic fertilisers imeeasoil acidity which consequently stagnates crop
growth, hence affecting yields (Munthali, 2007)m@&arly, encouraging the use of the factory
pesticides over local pesticides may affect thdthed the farmer, and affect non-targeted species
which may be beneficial to the environment. In &ddj if large quantities are washed into the
rivers, that can affect aquatic ecosystems. Exeesapplication and exposure to industrial
pesticides can affect the health of the operatsafi€ handling procedures are not followed such as
the use of protective gear (clothing, gloves, mask|ingtons and knapsack). They can also affect
the health of the consumer through the consumpmfopesticide contaminated farm produce or
bio-magnification along the food chain leading tmd-term health effects. A study by Miller
(2004) argued that the use of factory manufacturbdmicals can pose severe health and
environmental problems as over 98% of the appheddticides and 95% of herbicides can reach a
species other than the target one. This shows g¢liat) though the uses of scientific methods and
technology have proven to yield better output, tbay have long-term effects on the ecosystem.
Limited resources expose rural farmers to heakhksriand dangers associated with the use of
factory manufactured pesticides. However, projeet@dming conditions associated with climate
change will encourage the survival and multiplicatdf insect pests and crop diseases which will
necessitate the increased use of chemicals leadatgntially to more environmental and
ecosystem hazards (IPCC, 2007; Collier et al., 2&a3enzweig et al., 2001; Chakraborty et al.,
2000). Local pesticides, on the other hand, arepuisonous and do not affect the ecosystem.
Hence, their usage could be of benefit in such gingnconditions, as well as being cheaper,
affordable and simple to prepare when compareddiofy pesticides. Materials for preparation are
readily available in the local environment, anddeeare acquired at a low cost, making it easy for

both rich and poor farmers to access and expleintbnlike factory pesticides.
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Table 5.13: Factors affecting the use of local environmental knowledge in farming

Statement Scores
Strongly Agree Not sure Disagree  Strongly
agree disagree

Lack of support from the226 (96.6%) 8 (3.4%) 0 (0.0%) 0(0.0%) 0 (0.0%)
government

It is gender sensitive 217 (92.794)2 (5.1%) 5(2.1%) 0(0.0%) 0 (0.0%)
Known by few 172 (73.5%)62 (26.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
It is marginalised 164 (70.1%%3 (18.4%) 16 (6.8%) 11 (4.7%) 0 (0.0%)

It is not reliable 174 (76.5%)14 (6.0%) 15 (6.4%)9 (3.8%) 17 (7.3%)

Threaten by changing conditions 152 (65.0%8 (15.4%) 0 (0.0%) 18 (7.7%) 28 (12.0%)

Specific to a given area, noil8 (50.4%) 56 (23.9%) 16 (6.8%) 27 (11.5%) 17 (7.3%)
applicable everywhere

Threatened by increase in the usé8 (50.4%) 67 (28.6%) 0 (0.0%) 4 (1.7%) 45 (19.2%)
of modern technology

Not written 134 (57.3%)40 (17.1%) 0 (0.0%) 18 (7.7%) 42 (17.9%)

Connected with local beliefs and31 (56.0%) 33 (14.1%) 0 (0.0%) 19 (8.1%) 51 (21.8%)
taboos

Cannot be justified and proved 22 (9.4%) 33 (14.100)0.0%) 67 (28.6%)112 (47.9%)
Difficult to use/apply 12 (5.1%) 34 (14.5%) (0.0%) 55 (23.5%)133 (56.8%)

N =234 and

Maximum score = 1170
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Table5.14: Cumulative score

STATEMENT Cumulative score of the responses
(%)
Lack of support from the government 99.3
It is gender sensitive 98.1
Known by few 94.7
It is marginalised 90.8
It is not reliable 88.1
Threatened by changing conditions 82.7
Specific to a given area, not applicable everywhere 79.7
Threatened by increase in the use of modern teacgyol 77.9
Not written 77.6
Connected with local beliefs and taboos 74.9
Cannot be justified and proven 41.7
Difficult to use/apply 375
N =234

Maximum score =1 170
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Table 5.15: Highland zone

Cumulative score

STATEMENT of the responses

(%)
Lack of support from the government 99.0
It is gender sensitive 98.1
Known by few 97.3
It is marginalised 89.1
It is not reliable 88.7
Threatened by changing conditions 88.2
Threatened by increase in the use of modern tecgyol 86.3
Not written 79.8
Specific to a given area, not applicable everywhere 79.7
Connected with local beliefs and taboos 69.4
Cannot be justified and proven 45.0
Difficult to use/apply 38.3

N=117

Maximum score = 585
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Table5.16: Lowland zone

Cumulative score of

STATEMENT the responses
(%)
Lack of support from the government 99.7
It is gender sensitive 98.1
It is marginalised 925
Known by few 92.1
It is not reliable 87.5
Connected with local beliefs and taboos 80.3
Specific to a given area, not applicable everywhere 79.8
Threatened by changing conditions 77.3
Not written 75.4
Threatened by increase in the use of modern tecgyol 69.4
Cannot be justified and proven 385
Difficult to use/apply 36.8

N=117
Maximum score = 585
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Table 5.17: Ranking of the scores

STATEMENT Ranking

Highland Lowland

Lack of support from the government* 1 1
It is gender sensitive* 2 2
Known by few 3 4

It is marginalised 4 3

It is not reliable* 5 5
Threatened by changing conditions 6 8
Threatened by increase in the use of modern teabyol 7 10
Not written 8 9
Specific to a given area, not applicable everywhere 9 7
Connected with local beliefs and taboos 10 6
Cannot be justified and proven 11 11
Difficult to use/apply* 12 12

*statements with the same ranking order in botlugsoof respondent

5.5.1 Lack of government support

About 93% of the participants strongly agreed with statement that some of the local farming
methods and practices were based on a genderotivd§iabour which in a way threatens their use
and existence. This statement ranked second in lbettand and highland areas (Table 5.17).

Participants during focus group discussions argbatisome local farming methods and practices
assigned specific roles to specific gender grouptheé community. Hence some of the activities
are done by men or women only, and if a man or wowmas involved in certain tasks which are

socially constructed to be masculine or feminime task could not yield desirable results. For
instance, the task of ‘calling rain’, making farmitools from iron, wood carving and setting snares
for trapping wild animals (e.g. vermin) are done ken only, while crop storage, seed

management, cow milking, grain pounding, and th@agament of backyard farming are done
mainly by women. This gender division of labourclaimed to have negatively affected the use
and existence of some of the local practices becaose people gained a lot of skills not shared
with everyone in the community. This affects thevatal of such skills because when they are not
shared, and when the expert dies, that threatemsexistence of such skills. But when the

knowledge is widely shared in the community, itdmees a common practice, and in this way it
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can be improved by the user without any contraledéerence to the original source. It can as well

be abandoned in favour of a new technology whidoissidered to be better (see Makwara, 2013).

5.5.2 Limited knowledge sharing

The majority of the participants (74%) strongly espl with the statement that local knowledge and
practices are known by few members within the comitguvhich threatens their application and
existence (Table 5.13). This statement ranked thirdhe overall cumulative scores (Table 5.14)
and in the highland zone (Table 5.15), but rankedrth in the lowland zone (Table 5.16).
According to respondent CHO5:

“...most of the local farming methods and practices @anly known by indigenous farmers of a
specific area and a majority of whom are the eldard are passed over to selected trusted

members of the clan...”

During focus group discussions, it was revealettti@knowledge, skills and practices for specific
tasks were known by certain clans only and wereshated with everyone in the clan, nor in the
wider society, but remained with specific and tedstmembers in the clan. Hence, it is the
responsibility of the trusted members of the clarchoose and groom someone to take over the
responsibility on behalf of the clan and commuaityarge. For instance, tliutuclan is expert in
the design and construction of traditional wateergoirs and irrigation channels calledivaand
thathi in the local language; th8hanaclan is expert in blacksmith work; théungi clan is
responsible for ‘calling rain’, while th®linja, Sofeand Suyaclans are designated as the rulers.
Such specialisations limit the spread of knowledge skills to the entire community, thus limiting

widespread, application and existence of a giveallknowledge.

5.5.3 Knowledge mar ginalisation

Participants agreed with the statement that mostthef local methods and practices are
marginalised which contributes to their limited Bggtion and existence. This statement ranked
fourth in the overall cumulative scores (Table %.hd in the highland areas (Table 5.15), and
third in the lowland areas (Table 5.16). Those wtrongly agreed with this statement explained
that most of their children have trained in schowslgere they learn more of scientific farming
methods, hence they are more acquainted with #atentethods than local farming methods.
According to District Official 05:

“...the marginalisation of the local farming methadsmostly caused by the government. The
central government does not encourage farmers toing®vative in improving or at least
expanding their local farming methods and practisesas to benefit the larger population. It
appears there is some lack of understanding omahteof politicians and planners on how local
expertise can contribute to national developmenis my belief that government does not have

faith in local expertise because they are consitieréag behind the modern technologies....”
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This emphasises that for local farming methods pratctices to be accepted, they require
recognition by the central government to suppaeirtbxistence by conducting research which can

show and appreciate the role of local farming mesh&imilarly, according to Respondent CHO9

“...the local farming methods are marginalised ndydy the government but also by those who
have at least applied the modern technology brieflyhave witnessed it operation. Usually, they
become dissatisfied with the local farming methodsr time, and keep yearning for this new
technology without necessarily thinking about htweit own methods can be modified to suit their

local needs...”

However, it may be possible for some local farmeradopt some aspects of the modern methods
and apply them on their fields without necessadgpting completely new methods which may be
expensive and/or may have devastating effects vepgtied to the environment. According to
Ward Officer 01

“...local techniques and practices are marginalisgzeeially by the majority of individuals who
have received formal education. Formal educatiqgposes them to the more competitive modern

farming techniques, thus making them lose faitlerdime, in the local techniques...”
According to Respondent KV36:

“...we feel that local farming methods are margireisbut in reality some of these methods are

outdated and not valued by the majority of the faism.”

Marginalisation of the local farming methods in@es because various government sectors do not
offer initiatives to develop local methods due beit main focus on the application of modern
methods, ignoring the potential contribution traddl knowledge could make to the development

of agriculture.

5.5.4 Unréiability of local knowledge

About 77% of the participants strongly agreed with statement that some of the local farming
methods were not reliable which made them infeidoscientific farming methods (Table 5.13).
This statement ranked fifth in the overall accurtiudaresponses (Table 5.14) and in both highland
and lowland areas (Table 5.17). The participante agreed with this statement argued that most
of the local methods do not yield immediate resultsike scientific methods. A majority of the
farmers, although using local farming methods, rdtl consider them to be reliable. This may be
due to the fact that the use of the methods oven@ period of time has not yielded consistent
results. Since local knowledge is mostly not docuee, as opposed to the highly competitive
publishing culture in the scientific community, tleis very little knowledge sharing among

interest groups. According to Respondent KW23:
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“...farmers use local methods and practices becalupewerty but it is not that they really value
them... like using hand hoe, carrying crops or waterusing my head? No one likes that, but
because we are poor then we have no option... bigese these methods and when you look at

them you think they are happy. They are not, litsdsause of poverty...”

Participants who disagreed with this statementradi that, although local knowledge, skills and
practices are usually termed unscientific and uadwmnted, farmers can still use them in some
instances to predict future events so that they aaré not met unprepared by unexpected
environmental changes (such as floods and droudhts is supported by the explanations made
by Respondent MT18:

“...In terms of reliability, some of the local teclquies are reliable depending on the locality, type

of farming activity and the specific functions tmethods are used for...”

This is true because the knowledge of local farmerdased on facts, experimentation and
observation geared towards problem-solving whickeHzeen developed over time within a given
locale and proved to be useful hence used in gplspecific farming problems within the given
locale. For instance, farmers use their knowledgepriedicting expected weather conditions,
determining availability of soil nutrients and mgimay pests and crop diseases. In addition,
participants throughout the study explained thatesof the LEWIPs and information from TMA
were not accurate in providing reliable information the expected amount of rainfall in the
season. Participants said both methods could similas signs and evidence that the season will
have sufficient rainfall, but the season endedivetg low to moderate amount of rainfall. As

argued by Respondent MB09:

“...currently days and nights can have higher tentpeea from the hot sun which is reliable
indication of the imminence of the onset of raihfalt it does not rain. Also it can be broadcast
that the season will have sufficient rainfall fromedium to high and farmers should take
precautions and appropriate measures against fldmdsthe season ends by receiving rainfall
below average. For example, in this year’'s farnsagsonhasika2012], we only had two days

with rainfall, one in March and another one in Apnihile the forecast predicted moderate to high

rainfall...”

This shows how both local and scientific methodanca provide reliable information hence
making it difficult for farmers to depend on them inaking informed decisions on effective

farming activities.
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5.5.5 Effect of changing climatic systems

About 65% of the participants agreed that locainfag methods are threatened by the current
changing conditions (Table 5.13). This statemenkeéd number six in the overall cumulative
scores (Table 5.14) and in the highland zonesdnked eighth in the lowland zone (Table 5.17).
Those participants who agreed argued that manlyeofoical farming methods and practices which
evolved through the process of trial and error Waveured by the environmental conditions of the
time. The current changing conditions do not favithe application of some of these methods,
hence most of them have become less applicablehwthieatens their existence. This has forced
the majority of the farmers to adopt the use of emadarming methods, such as improved seeds,
and the use of tractors, fertilisers and factorstipeles which can cope with the current changing
conditions. However, those who disagreed with théement explained that not all local farming
methods were vulnerable to changing environmemtaditions, some have the ability to adapt and
cope with changes. It is only that they are notigdl Hence there is a need to conduct research to
identify which farming methods can be used in marmgaéarming activities under current changing
conditions. In addition, the findings reveal thattblocal and scientific methods are vulnerable to
changing environmental conditions because they wmth developed under environmental
conditions which are different from the present.eXplained by Respondent KS02:

“...even improved seeds do not tolerate drought ¢mmdi, especially when situations are severe,

they also fail. Also increasing rainfall variabjliaffects their productivity...”
Similarly, Respondent CH17 said:

“...even those seeds which are claimed to survivelerate drought conditions also fail. They just
cheat us. The world of today is not like in thetpalsen we used to harvest until some of the maize
was left to rot in the farm...today you cannot obsesuch a thing ... the world has changed a

lot...”

5.5.6 Specificity of thelocal knowledge

About 50% of the participants strongly agreed tbeal knowledge and practices are specific to a
given area, hence contributing to the limitatiohsheir uses. This statement ranked seventh in the
overall cumulative scores (Table 5.14) and in twdldnd areas (Table 5.17), while it ranked ninth

in the highland zone (Table 5.17). For the know&edg be applicable and receive massive

acceptance, it requires to be applicable anywhedeygeld positive outcomes. However, due to the

fact that some of the knowledge is owned by onigva people in a given area, it cannot easily be

applied elsewhere. Those participants who agreed this statement argued that some of the
farming practices were favoured by the specificimmmental conditions of the area, and this

reduces their applicability elsewhere. They clairtieat the types of crops grown also determined
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the methods used in their cultivation which madanttdifferent and not applicable elsewhere. As
argued by respond Respondent MT19:

“...some of the farming methods are different fronhest hence they cannot be applicable
everywhere... the application of a method also dep@mdthe habits of the people. For example,
some farmers use terrace farming while others dosomne burn crop remains while others leave

them on the farm...”

This suggests that local knowledge depends on psopliture. Hence there is a need to appreciate
the differences in the culture which shapes thdi@djpns of some local methods. This is due to
the fact that local knowledge has been developed fiive purpose depending on the needs of the
society in question which makes it unique from otpkces. The literature also considers local
knowledge to be unique to a given culture or sgc{@arren and Rajasekaran, 1993). Altieri
(1995:114) asserts that local knowledge systemsfarms of knowledge that have originated
locally and naturally. Similarly, Hammer (2009) temds that local knowledge systems are linked

to the communities that produce them.

5.5.7 Effect of modern knowledge

About 50% of the participants strongly agreed tbaal methods and practices are threatened by
the increase in the use of modern technology (T&HI&). This statement ranked eighth in the
overall cumulative scores (Table 5.14), seventthenhighland area (Table 5.15) and tenth in the
lowland zones (Table 5.16). According to Distridfi€ial 01:

“...generally speaking, scientific methods do notnsée borrow from the local knowledge and
improve on their weaknesses. The reason for thuldme due to the region-specific nature of local
knowledge. Therefore, scientific knowledge rathdraduces a new technique based on universal

scientific principles with total disregard for lddaowledge...”

This view suggests that although scientific methbdse been developed through the use of
research and have been tested and shown to bessfutcéheir universal application cannot be
guaranteed due to differences in preferences ofetiieuser and the environment. However,

according to District Official 04:

“...the importation of so much produce for advancaiahing techniques threatens investments of
various organisations and government in our locatipce which are often considered inferior to
these imported materials. What is currently happems that modern technologies are gradually
being introduced into the country, but unfortungtele, the under-privileged farmers, are unable
to access these. Hence, our local expertise isughgdbeing side-lined and we fear they may fall

out of use or importance as time goes on...”
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It is therefore important for modern methods tadbsigned appropriately for the locality in which
they are required; only then can local knowledgeséen to be making a contribution to modern
technological advances. However, local knowledgaesys have values not only for the culture in
which they evolved, but also for scientists anchpxs who are striving to improve conditions in
rural localities (Makwara, 2013). For instance, aagued by Robinson and Herbert (2001),
incorporating local knowledge into weather foreragstand climate change policies can lead to the

development of effective adaptation strategiesdnatost-effective, participatory and sustainable.

5.5.8 Lack of documentation of local knowledge

About 57% of the participants strongly agreed tbeal farming methods are becoming extinct due
to the fact that they are not documented (Tabl8)5.This statement ranked ninth in the overall
cumulative score (Table 5.14), and in the lowlareha (5.15), and eighth in the highland zones
(Table 5.16). Participants acknowledged that mbéshase who were knowledgeable with given
skills did not ensure their existence by documentirem, hence when the knowledgeable person
dies knowledge and skills may be lost. However, 1@#%he participants strongly disagreed and
did not consider the non-written nature of localnfeng methods to be of much importance.
Participants explained that writing down knowledgay be of limited use as such documentation
depends on the literacy level of the communitya ajority of the rural farmers are skilled but
uneducated, passing their skills on to future gam@rs through documentation will be limited.
According to Kijazi et al. (2012) local knowledge under threat of disappearing due to a lack of

systemic documentation and lack of coordinatedarebeto investigate its accuracy and reliability.

5.5.9 Theinfluence of local taboos

Some 56% of the respondents, the majority fromloldand, strongly agreed that some of the
local farming methods are connected with local teshohence limiting their existence and
applications (Table 5.13). This statement rankathten the cumulative scores (Table 5.14) and in
the highland areas (Table 5.15), but ranked sixtthe lowland areas (Table 5.16). Participants
argued that some of methods and practices are cmtheith spiritual beliefs which cannot be
scientifically proven, and also the performancdoafil rituals and taboos are not consistent with
religious adherence (Christianity and Islam arertigions practised by the majority in the study
area). For example, the act of “calling rain” byfeoing a sacrifice, managing the outbreak of
armyworms by prohibiting farmers from going to ttaem, and praying to the forefathers is not
encouraged. It was argued further during focus grdiscussions and oral histories that even
though some of the local practices are linked viitbal taboos and beliefs, which are now
considered superstitious, they carried a usefulsagss but only that it was not explained to the
users. However, participants who strongly disagmeld the statement argued that there was no
problem with the use of taboos and beliefs as$ahay delivered positive results which benefited

everyone in the community. Respondent CH10 believes
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“...that everything happening today is caused bypp#Es non-adherence to the local culture and

taboos, so the forefathers are angry and are gagiie world...”
According to Respondent MS22:

“...Taboos were successful in the past because tleey performed by clan elders. Rituals stopped
yielding positive results because they were peréatrby defiled people and today if you dare
perform them, you may end up making spirits of floeefathers angry, generating more

punishments...”

5.5.10 Lack of justification of some of thelocal beliefs

Nonetheless, only 48% of the participants stromtipagreed with the statement that local farming
methods and practices cannot be justified. Theersiatt ranked number eleven in cumulative
scores (Table 5.14) as well as in both lowland lsigtland zones (Table 5.17). Hence, it was not
considered to be the most significant factor thmaitéd the existence and use of local methods and
practices. Participants who disagreed argued thet though some of the local farming methods
and practices cannot be justified or proven, ttesirable outcomes could provide an indication of
their effectiveness. For example, the act of ‘ogllrain’ is thought to be effective in situations
where the incidence of rainfall coincides with fferformance of rituals (such as the sacrifice of a
goat or sheep) which ‘causes rainfall’. An inciderd an outbreak of armyworms was seen to be
controlled by the performance of rituals during @¥hperiod farmers were prohibited from going to
their farms for three days after the performancehef ritual and all the armyworms died. The
performance of this ritual is known d&ubigha mendan the local language. Similarly, the
application of local pesticides showed effectiveneben applied and pests died. Thus, this shows
that local farming methods and practices might basidered to be useful in the respective

communities although the act cannot scientificalyproved.

5.5.11 Limited application of local knowledge

About 57% of the participants strongly disagreeat thcal knowledge was difficult to apply, while
only 5% of the participants strongly agreed (Tahl&3). This statement ranked twelfth in both
lowland and highland areas (Table 5.17), henceag mot considered to be significantly a limiting
factor. Participants who strongly disagreed with statement argued that, there was no consensus
on the application of some of the local methods prattices. For instance, the use of local
pesticides lacks application guidelines as everyapglies a different measure, as opposed to
factory pesticides which have a general applicatioanual. Also some of the local storage
pesticides make food taste bitter and inedible @netimes result in long-term effects if not
handled with care. In addition, the use of ritutdboos, clan and gender sensitivity of some of the
local farming methods and practices make theiriegipbn difficult, and hence they are avoided by

farmers which contribute to their extinction.
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5.6 Conclusion

The findings suggest that rural farmers are knoggdedble and use LEKEPs in their farming
activities. However, the understanding of LEKEPEeaby age group, gender and the location of
the participants. Local environmental indicatorscts as plant phenology, animal and insect
behaviours and the appearance of celestial bodiesysed to predict the commencement of the
growing season and the onset of rainfall. Similafdymers use types of grass, shrubs, trees, soil
colour and soil particles to determine levels ofl soitrients. Farmers have also developed a
knowledge of local plants which are used as pelgicin managing and treating crops and animal
disease.

It has been found that, although rural farmersUEH€EPS in managing farming activities, they do
not necessarily appreciate the successful rolestinett knowledge has contributed to agriculture-
dependent livelihoods under conditions of climatange and climate variability. Some farmers
feel that the poor performance of agricultural\asés is due to the use of traditional farming
methods and practices, whereas others attribudetdhhe use of scientific methods and changing
environmental conditions. They also feel that tmevidedge is limited in meeting the current

challenges facing farming activities.

Even though local farming methods have been shovetenvironmentally friendly compared to

scientific methods, both methods have their stfengind weaknesses in providing solutions for
farming activities, especially under the currerarging environmental conditions. The findings of
this chapter therefore suggest that the local arehsfic methods of farming are complementary
rather than competitive. Hence effective and emvitentally sound coping and adaptation
strategies in relation to the impacts of climatarge and climate variability can be attained
through a combination of both local and scienfifioming methods and practices. This will enable
agriculture-dependent communities to make informhecisions on their farming activities in order

to minimise losses associated with extremes oftvegatnd climate variability.
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Chapter 6

Adaptation and coping strategies for theimpacts of climate change and variability

6.1.Introduction

Farmers in Mwanga District, like many other smakde farmers in the world, have been adapting
to the changing environmental conditions over gati@ns by changing and improving their
farming practices to cope with those changes. Taee developed strategies to lessen the impacts
arising from the changing environmental conditiansl weather variability in different seasons of

the year.

This chapter will demonstrate how subsistence fesrireAfrica have taken initiatives in adapting
to changing environmental conditions. The chaptfirexamine the extent to which the adaptation
strategies opted for by farmers offer a pathwaymproved living conditions by ensuring food
security to the households while contributing tovimmmental conservation. In doing this, the
chapter analyses both autonomous adaptation sgatagplemented at the household level and
planned strategies implemented by the governmenbliaboration with other non-governmental
institutions. The chapter is divided into three msgctions. The first section analyses the changes
in farming practices. The second section deals thithmplementations of adaptation strategies by
small-scale farmers and the last section preséetsdies played by the local government in the
implementations of agricultural adaptation stragegn reducing rural community vulnerability to

the impacts of climate change.

6.2.Changesin farming practices

Traditionally, rural communities believe that thé&ao home without food, thus sufficient food in
the household is considered to be a sign of matedalth and prosperity (see also Madulu, 1998).
Despite the natural environmental changes farmave been able to cope with these changes and
meet their livelihood needs. However, current ctenehange forces farmers to change some of
their farming practices in order to cope with themging conditions, and some of the farming
practices adopted by farmers in the study areaping with climate change are shown in Table
6.1. The majority of the highland farmers agreedt tthey have changed their planting dates
compared to two decades ago. The statement ranigpesh in both zones with the overall
cumulative scores of 99%, 93% and 93% respecti@ples 6.1, 6.2 and 6.3).
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Table 6.1: Changesin farming practicesin the Highland zone over the last 20 years

Score as %

Statement 5 4 3 2 1 Score oo o
You have changed planting dates now 97 6 O 0 509 99
\_(ou practise more conservation farming (zerQ8 15 0 0 0 500 97
tillage) now

You practise more terrace farming now 72 25 @ 2 470 91
You use more manure now 15 28 @1 39 268 52
You retain more crop residuals and grass on tti“i 14 0 32 45 9275 a4
farm now

You have more weed control now 0 0 ®9 34 172 33
You practise more burning of the crop reS|duaI8 12 0 28 63 167 32
and grass now

You use more factory fertilisers now 0 0 ®1 42 164 32
You use tractors more now 0 0 00 103 103 20

Note: Strongly agree = 5; Agree = 4; Not sure =[@isagree = 2; Strongly disagree = 1

N =103

Maximum score (103*5) =515
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Table 6.2: Changesin farming practices among farmerswho owned farmsin both zones over
thelast 20 years

s Score as

Statement 5 4 3 2 1 °% oofthe
max
You have changed planting dates now 9 5 0 0 65 93
You use more factory fertilizers now 8 6 00 0 64 91
You use more manure now 5 3 04 2 47 67
You practise more terrace farming now 0 6 @ 5 35 50

You practise more conservation farming (zer%

. 3 0 8 3 31 44
tillage) now

You practise more burning of the crop residuala

0O 0 3 11 17 24
and grass now

You retain more crop residuals and grass on trbe 0 0 0 14 14 20

farm now
You use more tractors now 0 0 00 14 14 20
You have more weed control now 0 0 00 14 14 20

Note: Strongly agree = 5; Agree = 4; Not sure =[3isagree = 2; Strongly disagree = 1
N=14

Maximum score (14*5) = 70
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Table 6.3: Changesin farming practicesin the Lowland zones over the last 20 years

Score as

Statement 5 4 3 2 1 Score % of the
max

You have changed planting dates now 81 33 @ 0 543 93
You retain crop residuals and grass on the
farm now 18 60 0 12 27 381 65
You practise more conservation farming
(zero tillage) now 26 6 0 38 47 277 47
You use more tractors now 15 15 052 35 274 47
You use more factory fertilisers now 0 15 064 38 226 39
You use more manure now 0 11 064 42 214 37
You have more weed control now 0 0 078 39 195 33
You practise burning of crop residuals and
grass now 0 0 0 42 75 156 27
You practise more terrace farming now 0 0 00 117 117 20

Note: Strongly agree = 5; Agree = 4; Not sure =[@isagree = 2; Strongly disagree = 1
N =117
Maximum score (117*5) = 585

6.2.1 Changesin planting dates

About 94% of the responses in the highlands, 69%énlowlands and 64% of the farmers who
owned farms in both zones strongly agreed that ktaelchanged their planting dates. One of the
participants during focus group discussions inhighlands reported that for a successful harvest,
planting should now be done with the immediate brdethe rain. In addition, the participant
explained further that with variable rainfall contated within a short period of time, planting
early when the soil is still wet helps crops tovste and to tolerate drought conditions until finth
rains arrive. However, this was reported to be sssitl only if drought tolerant hybrid seeds are
planted.

Another participant reported that, traditionallyetfirst rain was an alert for the commencement of
the season and the majority of the growing farmersld start field preparation ready for planting
at that time, while a few would sow their seedexploit early rains and benefit from the earlier
harvest. Nowadays, farmers have abandoned sudtidnadl practices, and instead the first rains

are now used for crop sowing rather than farm pegjza.
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Similarly, changes in weather conditions have tedarmers abandoning early planting strategies
when they used to scattered seeds on the grour@hthrearlier before the beginning of the rain.
This was done in August in the highland areas angbime cases was supported by cool weather
conditions and traditional irrigation programmes daneas with water, while in other places
households used hand-held buckets to irrigate ttreips until the rainy season begun. In the
lowlands, seed planting was done during the timéaoh preparations and some would begin
germinating just with the presence of morning dewl aurvived until the first rain began. The
early timing in planting before the commencementaaifall is calleckutupiain local the language

and early planting along wetlands, rivers and stess popularly known ashampombéarming.

Participants reported that early planting is nogemfeasible due to irregular and unpredictable
rainfall, as early planted maize dries and witltkrs to drought, while others are eaten by termites.
Another participant in the focus group discussiomgorted that the shortened growing season
limits the staggering of planting dates and alss feeiced farmers to abandon their plots in the
lowland zones. The participant explained that ie past, one would sow seeds on the lowland
farms, followed by highland farms, but the shortanfall season now makes farmers concentrate
on their highland farms. Staggered planting dagdsice the impacts of crop damage from extreme
weather events, the outbreak of crop diseasesraedti pests. This minimises the chances of no
harvest within the season because crops are plattdiferent times and in separate plots (see
Whitmore, 2000). A shortened growing season anddunstaggering dates increases the risks of
crop failure and damage from insect pests, diseaisésextreme weather events, leading to food

insecurity in the household.

Despite early planting as a measure for coping With shortened growing season and rainfall
variability, farmers reported that they were nosumed of a good harvest because sometimes
rainfall commenced early, but was highly variabtgjuiring early planted crops to survive under
heat stress conditions. Progressive changes iodiimenencement of rainfall were reported to have

contributed to the loss of the most valued indigenimaditional maize and bean species.

6.2.2 Theuse of zerotillage

Participants also reported to practising more #dege now than two decades ago. This statement
ranked second in the highland zones, fifth amomméas who owned farms in both zones, and

third in the lowland zones (Tables 6.1, 6.2 and.6Uhder this technique seeds are sown on
uncleared farms immediately after the first raiheTechnique is popularly known lagang’ang’a

in the local language. The majority of the partgifs (85%) in the highlands strongly agreed to be
practising this method. There are a number of rE=aso explain why farmers used this method.

Participants during focus group discussions regangngkitang’ang’a more now than in the past

due to increased rainfall variability, changes lm tonset rainfall and the failure to observe
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traditional seed sowing times due to rainfall udigbility. Sometimes, farmers are caught by the
rain before they start preparing farm plots, oofiner occasions it rains so heavily that it becomes
impossible to use tractors to plough the land. U$e of hand hoes takes longer time than tractors
and farmers do not want to risk missing the fihy thus they feel compelled to resorted to
practisingkitang’ang’a Lowland group discussions revealed that the tgclenwas seen to be
more economical, as it saves money by not hiringcalgural labour for farm preparations.
Another participant reported that some farmers dpeoney on using a tractor, but, due to
drought, conditions crops failed and farm plots asrad bare. The method also reduces the cost
and number of weeding because farm clearing is doneg weed germination thus germination
takes place on a clean farm plot. The participaotsfirmed that currently, by practising zero
tillage, the number of weeding events has beencestito one per season.

There exist a number of benefits of practising Zélamge methods. A study by Govaert et al.
(2005) suggested that the method improves prodtycawd sustainability in cropping systems in
subtropical highlands. Through zero-tillage techei farmers reduced the rate of surface soil
erosion as soil particles remain compact and wntdtieti during heavy rain and the presence of
crops remains. Grass also provides a shield forajisoils against surface water run-off and wind
erosion, and hence increases the rate of watdtratitn and water use efficiency (see also
Govaerts et al., 2005). The method increases #alibdical activities due to an increase in the
numbers and varieties of living organisms in thi¢ @@e Baeumer and Bakermans, 1974; Carter
and Rennie, 1982; Nyborg and Malhi, 1989; Govaetrt., 2005; Strudley et al., 2008; Kassam et
al., 2009). However, the study recommends a desmagrstanding of the ecological conditions of
the study area in order to maximise resource udet@mprotect the environment. Doranl (1987)
argues that the shift to conservation tillage systdas been stimulated by the need to decrease

fuel and labour costs, and to maintain productioriragile land (steep, dry, sandy, etc.).

Despite the reasons which compelled farmers tatipeekitang’ang’a, and benefits obtained from
the method, farm observations showed that on piekere crops were planted through
kitang’ang’a most of them withered quickly due to prolongedutdyitt and those which survived
were weaker than crops found on cleared farm hefere seed sowing. Current changes in
climate and weather variability, coupled with lowagriable and insufficient rainfall, has led to
challenges of the technique by some farmers arehsixin officers. About 40% of the participants
from the lowlands strongly argued that the techaiguas more appropriate in the past due to more
reliable and sufficient rainfall at that time. Reigants reported that the method inhibits rainwate
percolation to the deeper soil layer because soiighes are compact, and it accelerates the rate
surface run-off as most plots remain bare due twodonged period of droughts from June to
October. Similarly, those highland participants wbpposed this method argued that when

weeding was delayed, or not finished in time, tig@isulted in germinating crops competing for
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light, soil nutrients and moisture with other fgsbwing weeds. The method also exposes crops to
pest and diseases, thus making them vulnerabhetdamaging effects of pests and diseases. More
importantly, the technique contributes to poor cyadds, as reported by District Official 01. The
Official added that compact soil retains water ba surface for longer which causes seeds and
crop roots to rot. This finding agrees with the Yo literature on zero tillage, which suggestd tha
the method inhibits crop root penetration and haaller soil temperature amplitude associated
with a low depth of microbial biomass because cepains are retained at the soil surface, thus
resulting on reductions in crop yields (Baeumer Ba#termans, 1974; Nyborg and Malhi, 1989).
A study by Unger et al. (1991) suggested that fellage helps to control water erosion especially
when precipitation rates exceed infiltration ratesl excess water is temporarily stored on the

surface.

6.2.3 Use of tractors, oxen plough and power tiller

This study assessed the use of tractors, oxen Ipland power tiller during farm preparations in
the lowlands and terrace farming in the highlafide use of tractors ranked fourth in the lowland
zone with 47% of the overall cumulative scores (&#03). About 13% of the respondents strongly
agreed to the use of tractors during farm preparatiore now than two decades ago, while 30%
strongly disagreed. Although hand hoes form thegipal tool for farm operation (tillage, planting
and weeding) in the study area, studies suggesitshase limits soil aeration, root penetration an
soil mixing to allow more water to infiltrate todtsoil, while the use of tractor, oxen and power
tiller to till the land increases the rate of raater infiltration and soil water-retention capagity
reduces the rate of surface water run-off and hiplsreaking down heavy soil particles (see
Madundo and Galema, 2000; Starkey and Mutagubyg2;1®Bu Plessis, 2003). The use of oxen is
mostly practised in Ngullu, Kwakoa and Kigonigoniangs. However, during focus group
discussions and farm observations, it was revdahkedfarmers used both hand hoes and tractors in
farm preparation. The strategy is seen to redugkehilosses due to bad weather. Lowland farm
plot observations revealed that plots which wespared by using tractors had crops which better
survived drought conditions and grew to the flowgrstage although they could not necessarily
yield crops due to increased drought conditions raintfall variability, whereas most of the crops
withered at early stages of growth on the farmslaitich were cultivated by using the hand hoe.
According to District Official 03, farmers, espdbyain the lowland areas, are encouraged to use
tractors, power tillers or oxen during farm preparain order to increase water infiltration and
reduce surface run-off. These views are suppornyethd statement made by FAO (2008a) in the

framework for action on conservation agriculturésitier et al. (2009, 24):

“...The plough has become the symbol of agricultund anany, including farmers, extension
agents, researchers, university professors andigmntis have difficulty in accepting that

agriculture is possible without tillage...”
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Although the use of tractors in tilling the farmntiadicts the views of conservation agriculturalist
who support zero tillage, the method would appednd the best farming practice under current

climate changes.

An interview with District Official 03 indicated gt Mwanga District has 27 tractors and 10 small-
sized power tillers, which are hired by farmers farm preparation. Twenty-one out of the 27
tractors were in good condition, six needed majat minor repairs, while all power tillers were in

a good condition and working (see Plate 6.1). Wdemvnership of the big tractors was in private
hands, the power tillers were under both priva® @mmunal ownership (three privately owned,

six owned by SACCOS, and one owned by the villaghaity of Kirya).

Plate 6.1 Tractor and power tiller at the Distpgogmises

On the other hand, the use of tractors, oxen amgepdillers in the highlands is impaired by
topography, and so all primary and secondary faperations are done by using a hand hoe.
Nevertheless, farmers in the highland areas peactistour and terrace farming to stabilise slopes
and retain rainwater in the soil, hence reducirgyrdite of surface run-off and soil erosion (see
Plates 6.2 to 6.4).
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Plate 6.3 Stone bench terraces in Kilomeni Ward
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Plate 6.4 Traditional terraces in Ngujini Ward

6.2.4 Use of terrace farming method

Through terrace farming, farmers are able to cbswd erosion which affects crop yields through
the removal of soil nutrients, reduced plant rogptaone, reduced soil organic matter, reduced soil
water holding capacity, and changes in soil stmec(Gebremedhin et al., 1999). The use of terrace
farming ranked third in the highlands, fourth amdagners who owned farms in both zones and
ninth in the lowland zones (see Tables 6.1, 6.26a81 Farm observations revealed that farmers in
the study area incorporate both traditional and enoderrace farming methods where the study
observed built stone bench terraces and traditiomadour terraces callddnya juu chini.During
focus group discussions one of the participant®rted that the construction of stone bench
terraces is highly labour intensive and requiredimime to construct. Also the terrace requires an
increased use of manure because the top fertileve@aih developed over generations is removed
and replaced with inner soil which is less fertilée fanya juu chinitechnique is highly favoured
by the majority of the households when comparetthé¢ostone bench terrace method because it is
easy to prepare, less labour intensive and retaimedertile top soil layer more effectively (see
also Gebremedhin et al., 1999; Branca et al., 20dyever, farm observations revealed that there
was increasing decline in the maintenance and eaiigins of new terraces among many farmers
in the highlands, although the study observed tizeeased cultivation of animal fodder across
plots which is another method that farmers now aglyin controlling surface water run-off, hence
reducing soil erosion and strengthening the edg¢hefterraces. The types of fodder planted
include elephant gras®énnisetum purpureinGuatemala grasSiipsacum laxumand setaria
(Seteria splendida

Land management practices, such as contour aratéefarming, help in reducing soil erosion,
hence increasing soil fertility. However, prolongedltivation without additional soil nutrients
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affects crop productivity. As discussed in Chaptise, this study assessed the use of manure and
factory fertilisers as one of the strategies inptidg to environmental changes. During focus group
discussions in both zones, the study revealed tifaalitionally, farmers in the study area practised
farm fallowing, which allowed the farm plots to netlly regenerated soil fertility. The system
worked because of low population densities andaveilability of sufficient land suitable for
agriculture. However, population growth, especiaillyhe highlands has reduced the availability of
arable land and has resulted in more farm plotsirgpminder continuous cultivation, which
reduces the chances of fallowing. Continuous cafiiin in the same plot accelerates decline in soil
fertility which in turn affects crop productivitynd food insecurity (see also Tinker et al., 1996).
Farmers in the study area recognise the declimigestility on their farms and now they apply
either animal manure, industrial fertilizers oraiatcrop residuals after crop harvests as well as
grass on the farm plots during farm preparatiohpfaivhich helps in improving soil fertility. A
study by Dick (1992) suggested that soil amendmgmtsugh additional organic matter helps in
the improvement of soil fertility, increases sait apace, increases crop productivity, aids soil

development and soil water retention.

6.2.5 Application of animal manure

The study also observed the application of manuark fartilisers in improving soil fertility and
boosting crop productivity. Data obtained from thisdy (Tables 6.1, 6.2 and 6.3) suggest that the
majority of the highland farmers applied manuretlogir farms more now than in the past when
compared with the lowland farmers. The use of manarthe highlands was also evident during

farm and transects walk observations (Plates G1%526).

Plate 6.5 Application of animal manure in Ngujirand
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Plate 6.6 Application of animal manure in UsangiriVa

Although highland farmers reported applying morenora on their farms, farm observations
revealed that the application of animal manuregdricted mainly to those farm plots surrounding
the homestead (banana farms), and those whichearby) while distant farm plots, where maize
and beans are grown, did not have manure applibe. dvidences from observations were
supported by the views made by one of the parttgpauring focus group discussions in the
highlands that:

“...manure is not enough to apply in all farm plotsedto shortage of fodder which makes

households keep few livestock ..."

Respondent SF10 commented that carrying manureetéatms was difficult because farm plots
are far from the homestead and the supply of masuret enough to apply on all farm plots.

On the other hand, the study did not find any ewi@eof manure applications on the lowland
farms. This may have been caused by severe drawgiditions which were observed in the
lowlands. However, participants in the lowlands dimt consider their soils to be unfertile. The
statement ranked sixth with 37% in the overall clative score. The limited application was
confirmed by one of the participants in the groigrdssions that: “...the soil is still fertile anceth
major problem in farming is drought which affecte productivity...”
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Respondent KW25 reported that during heavy raimganms were flooded by rainwater from the
highlands, thus they benefited from the fertildsseroded from the highlands which makes their

soil fertile.

Farm observations showed heaps of decomposed asll &imal manure collected outside the

animal kraal and not applied in the farm (see Fgatg

Plate 6.7 Animal manure dumped outside the animadlkn Kisangara ward

These findings on the limited application of anim@&nure in general and increased applications of
manure on homestead farms are similar to findingserved by other researchers. A study by
Zingore et al. (2007) showed that soil fertility tive smallholder farms declined with the increase
in distance from the homestead. The study found liigher transport costs, lack of efficient

labour, limited availability of animal manure, aridk associated with erratic weather conditions
limited the application of animal manure and festits on the farm (Zingore et al., 2007).

However, Kaliba et al. (2000b) consider the limitgaplication of animal manure to be caused by
the increased demand for land for crop productiomipled with population growth which pushes

livestock keeping far from the village arable latiodthe village peripheries and marginal areas.
This makes transportation of manure from livestadas to the farms to be very expensive and is
thus avoided by the majority of the farmers. Howewmder current changes farmers must use

manure to increase soil fertility to boost cropdurctivity.

6.2.6 Retention of crop residuals on thefarm

Farmers also retain crop residuals and grass orfatine after crop harvests and during farm
clearing aimed at increasing soil nutrients geaoddhproved crop productivity (see Plates 6.8 and
6.9). Studies conducted elsewhere show that tleatieh of crop residuals on the farm helps to
improve the farm’s soil fertility, reduces the raié evapotranspiration and soil erosion from
surface run-off during heavy rains. This increasater use efficiency, regulates surface layer soil
temperatures and increases aggregate soil stafsiéty Govaerts et al., 2005; Karlen et al., 1994;
Bruce et al., 1990; Giller et al., 2009; Nyong ket 2007). In addition, a study by Erenstein (2002)
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suggested that when an average of 30% of soil wasred by crop residuals this can reduce soll
erosion by up to 80% or more, while Hudson (195ididated that the retention of grass on the
farm as mulch on clay loam soils can reduce ansmidlosses by up to 5 t/h when compared with
bare soils without residue application. Mulchingaiso considered to be effective in reducing the
risk of crop failure in semi-arid regions due te thetter capture and use of rainfall (see Giller et
al., 2009). The method is also considered to bengntioee conservation agricultural management
options that can enhance soil organic carbon gabdn (see Chivenge et al., 2007).

Plate 6.9 Retained grass remains on the farm ihigidand

However, the retention of crop residuals and giasshallenged by an increased demand for

livestock fodder, as most of the crops remains gmagds are now collected and stored for feeding
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livestock as a means to manage fodder scarcity Péates 6.10 to 6.12). About 55% of the
participants reported not retaining crop residuald grass on the farm but rather collected the
remains as livestock fodder. Focus group discussiothe highlands also showed that some of the
households retained crop residuals on the farmgaluests of transporting the residuals from the
farm to the homestead. However, the remains wdtected by the lowland agro-pastoralists and
farmers who lived on nearby their farms. In thelbowd zones, the retention of crop residues is also
jeopardised by the presence of termites which dyifded on crop remains after crop harvests,
leaving the farm bare. Similar findings on the efffef termites on crop residuals was observed in
Malawi (see Giller et al., 2009). However, variatsdies (Chivenge et al., 2007; Mann et al.,
2002; Giller et al., 2009) show that the limitedergion of organic residues on the farm may
accelerate soil erosion leading to the declingnenfarm soil fertility. This study considers theeus

of mulching from crop residuals and grass remamé important component in agricultural

adaption strategy to the current changing climeieditions and weather variability.

7
=5

Plate 6.10 Storage of maize stalk as livestockdoddthe Lowland zone

Plate 6.11 Storage of maize stalk as livestockdoduthe Highland zone
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Plate 6.12 Storage of beans remains as livestatdefan the Highland zone

A further reason for the limited retention of cngmains on the farm is due to crop failures caused
by erratic rainfall and increase in droughts inhbabnes. However, shortages of fodder in the
lowlands is due to increases in drought conditisheh have made agro-pastoralist turn from farm

plots to grazingn situimmediately after crop harvest or crop failureg(f#ates 6.13 and 6.14).

Plate 6.13 Grazing livestock in the farm after chapvest in the lowland zone
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Plate 6.14 Using farm plot as a grazing in siterafrop failure in the lowland zone in Kisangara
Ward

6.2.7 Use of industrial fertilisers

The study assessed the use of inorganic fertilisarang farmers in the study area as one of the
farm change strategies in adapting to changingitiond. The statement ranked eighth among the
highland farmers, second among farmers who owngdsfan the both zones, and fifth in the
lowland zone with overall cumulative scores of 384% and 39% respectively (Tables 6.1, 6.2
and 6.3). This study did not observe any evidemcthe use of inorganic fertilisers, despite the fac
that factory fertilisers were among of the inputsvided to farmers under subsidised prices. Focus
group discussions in both zones revealed thatdbefiindustrial fertilisers was limited by extreme
droughts, insufficient rainfall and limited purchag power among households. The participants
who reported using factory fertilisers applied thenty to their vegetable gardens. The views that
the application of fertilisers was limited by dréuigconditions is supported by the findings of
Kaliba et al. (2000b) which suggested that the ssgiwe application of inorganic fertilisers
depends on a sufficient availability of moistureneOof the participants during focus group
discussions in the highland zone said that houdstaloided the use of inorganic fertilizers for the
reason that once used it can lead to soil exhaustitess it is applied continuously.

District Official 03 reported that the limited application of manure dadtory fertilisers has
resulted in average maize production per plot ia dhistrict remaining low compared to the
estimated potential yields of 4-5 metric tonnes pectare. A study by Kaliba et al. (1998)
suggested average maize yields in Tanzania havéneldcto less than 1.5 t/h. The limited
application of manure and fertilisers, aggravatgdnureasing droughts, is to blame, threatening
Tanzania's green revolution ambitions propagatedhieygovernment through the political slogan
of Kilimo Kwanzain Swahili, which literary means Agriculture Firs¢. agriculture to be given

first priority.

The burning of grass, trees and crop remains aréomger used as farming practices by the

majority of farmers. The remains are now eitheairetd on the farm to improve soil fertility, to
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reduce soil moisture losses through evapotrangpiratind to reduce soil erosion from run-off

during heavy rains or to be collected as animaldéod(see previous discussion). Despite this
change in the use of burning as farm clearing nikttiee study found that the burning tradition of
the residuals and bushes on the farm plot is gtdktised by a few households as a way of
eradicating crop diseases, vermin and insect pasta/ell as a measure to protect their plots from
wild animal encroachment (see Plate 6.15). It washér explained that burning is mostly

practised on the newly created farm plots and osetplots which had been fallowed for a long

period of time.

Plate 6.15 Evidence of burnt grass residuals offettme at Sofe village in Kilomeni Ward

Finding on the burning of crop residuals is supgabity a body of literature which suggests some
benefits from burning residuals on the farm. Kannee(2004) suggested that burning can enhance
soil fertility in the short run by increasing theadability of minerals such as potassium (K),
magnesium (Mg), Calcium (Ca), nitrate and sulphae, by helping in weed and pest management
and the control of the vermin population. Burnisgcionsidered to be a fast way of clearing
agricultural fields (Giller et al., 2009; Juo andaMu, 1996). However, Giller et al. (2009) found
that the burning of crop residuals among farmersomthern Malawi, parts of Zambia and Central
Mozambique was practised by households who owneerfdivestock and used hand hoe for
tilling the land.

However, according to District Official 06 and Wagdficer 02, the burning of grass on the farm is
discouraged and considered to be dangerous beoétises which sometimes get out of control
and burn crops on others farm in the neighbourhddttiough there are no accurate statistics on
the number of forest fires caused by burning redgjuseveral incidences of forest fires were
reported to have been caused by the burning ofiuaks. Participants during focus group
discussions reported that the most recent incideatirred in March 1997 in Mbambua village.
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The fire went out of control and encroached intad¢rroko forest where several hectares of the
reserve were burnt down. There are side effedbmnfing residues on the farms, such as increased
concentration of carbon dioxide in the atmosphehéchvimpacts upon global climates and also
affect the earthworm population density (Kotto-Saghal., 1997; Tinker et al., 1996). A study by
Kanmegne (2004) estimated that burning can resuwlpito a 95% loss in earthworm density. Thus
avoiding burning could increase soil microbial basa and community functional diversity (Zhong
and Cai, 2007) which are important in soil develepmand the decomposition of soil organic

matter.

6.2.8 Weed management

Another change in farming practice has been in famaed management. This ranked sixth in the
highland zones, ninth among farmers who owned famimoth zones and seventh in the lowland
zones with 33%, 20% and 33% of overall cumulatigeras respectively. The majority of the
participants in all groups strongly disagreed wilte statement that an increase in droughts has
reduced weeding demands to only once, as opposte fpast when weeding was done thrice in
the highlands and twice in the lowlands. The fivgteding began immediately after seed
germination, followed by the second weeding sewae®ks later, normally before or during crop
flowering, and the last was done after crops flomgerOne of the participants reported that in the

past weeds flourished quickly as they were favolmetigher.

6.3.Implementation of agricultural adaptation strategies

6.3.1 Mixed cropping

Mixed cropping is a key of the adaptation strategyployed by the majority of the farmers in the
study area. The method ranked highest in the hightane, fifth among farmers who owned farm
plots in both zones and fourth in the lowland zomgth 89%, 90% and 64% of the overall
cumulative scores (Tables 6.4, 6.5 and 6.6). Faargeow simultaneously selected varieties of
crops on the same farm plot at different times,ceemaximising production from the single farm
plots. They ensure that the crops planted togedbenot compete with each other for physical
space, nutrients, soil moisture and sunlight, botvgtogether for mutual benefit. For instance,
some crops provide shade, shield crops against effiedts and rainfall damage, and improve soll
nutrients/fertility (compost mulches form foliagadanitrogen fixation plants), hence increasing
crop productivity through the maximising of scarpesources. As opposed to monoculture
cropping, mixed cropping benefits rural farmers/amious ways such as balancing soil nutrients’
input and output, lowering the rate of weed growtimimising the damaging effect of insect pests
and crop diseases and resisting climate extrenteseVidence gathered through farm observations

and focus group discussions, revealed that mixegping techniques were influenced by a
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household’s preference for crops as well as lopatthich made crop mixing vary from one farm
plot to another. In all observed farm plots, eaall ht least two or more crops grown together. For
instance, in the highland zone, besides maize,sbaad bananas which were the major crops
grown on farm plots, farmers also grew cassavaarsages, yams, sweet potatoes, pumpkins,
groundnuts and sunflowers. Together with cropsnéas also planted selected types of trees that
shielded crops form sunshine, wind and rainfallactp. Such trees includégrevillea robusta,
Cordia Africana, Acrocarpus fraxinifolius, Ficus.s@nd Albizia gummiferalhey also planted
fruit trees such as avocadd®efsea americana)jackfruit (Artocarpus genys mango tree
(Magifera indicg, pawpaw(Carica papaya and guava(Psidium guajava The jackfruit was
popularly grown and thrives well at Ugweno and Wgamards. According to Ward Office 01,
some of the tree species, suchGevillea robusta, Cordia africana, Acrocarpus fiaiolius,
Ficus speciesand Albizia gummifera,improve soil nutrients from their foliage and ogen
fixation from roots nodules. The observations fritv@se findings are consistent with the literature
in agroforestry studies. For instance, Charles let(2013) suggest that trees help to buffer
subsistence farmers against environmental extrdimenodifying temperatures, providing shade
and shelter and acting as alternative sourceseof fiar livestock during periods of drought. (Singh
and Pandey, 2011) suggested that trees do nohelpyin fixing nitrogen, but also can enhance the
physical, chemical and biological properties of sodls by adding substantial amounts of organic
matter, reducing soil erosion and providing longrteregetation cover.

In the lowlands farmers also practised mixed cnoppand grew together maize, greengram,
cowpeas, groundnuts and sunflowers. However, iinortant to note that not all farmers here
practised mixed cropping, as farm observations gldosnly about 68% of farms were under mixed
farming and cropping, and 32% were grown with mailne. Discussions with Ward Officer 03
revealed that to some extent monoculture was dayisainfall variability, as maize is sown first
before other crops and after its germination otineps (beans, groundnuts, cowpeas) are sown. A
prolonged rain break after the first rains discgedhfarms from growing other crops after maize. It
is also important to note that, apart from in tiverchannels and swamps, locally knowrk@iso,
beans, sugarcane and bananas were grown at adliseide as they are badly affected by droughts.
Most of the farm plots in the lowlands were planteds with perennial crops, and more with
annual crops (maize and legumes). However, there wdew and scattered trees such as mango
trees Mangifera indicd, coconut treesQocos nuciferg baobab Adansonia digitatpand Ficus
species (along the water channels). Some of thiess aire planted while others grew naturally.
Plates 6.16 to 6.19 illustrate some mixed crop@ystems practised in different locations of the

study area.
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Table 6.4: Adaptation strategies by highland farmers

Score
)
Statement 5 4 2 1 Scone:fsth/g
max
You practise mixed cropping more than pasl'77 15 4 7 460 89
decades
You grow more improved maize varietles56 39 4 4 448 a7
now than past decades
You cultivate fewer plots now than in peast37 55 8 3 424 82
decades
You grow more drought-resilient crops n PWoy ¢ 56 9 17 364 71
than in past decades
You depend more on remittances now t1ag7 24 18] 24 341 66
in past decades
You cultivate more crops other than malize42 17 161 28 338 66
and beans now than in past decades
You depend more on non-farm activites39 14 171 33 318 62
now than in past decades
You keep more livestock now than in panst8 33 a2l 18 278 54
decades
You use more industrial insects alnd5 14 30| 45 213 41
pesticides now than in past decades
You depend more on traditional weat er 17 3| 51 191 37
predictions now than in past decades
You practise more irrigation now than in tlhe3 8 11| s1 150 29
past decades

Note: Strongly agree = 5; Agree = 4; Not sure =[@isagree = 2; Strongly disagree = 1

N =103
Maximum score (103*5) = 515
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Table 6.5: Adaptation strategies among farmerswho owned farmsin both zones

Score as

Statement 5 4 3 2 1 Scole% of the

max
You grow more improved maize varieties 12 5 0 0 0 68 97
now than in past decades
You depend more on non-farm activities 12 5 0 0 0 68 97
now than in past decades
You cultivate fewer plots now than in past 11 | 33| o 0 0 67 9
decades
You cultivate more crops other than maize 11 3 0 0 0 67 96
and beans now than in past decades
You practise mixed cropping more now thfan 9 4 0 1 0 63 90
past decades
You grow more drought-resilient crops noy 5 4 0 5 0 51 73
than in past decades
You practise more irrigation now than in 5 1 0 3 5 40 57
past decades
You'u'se more mdust'rlal insects and 0 5 0 5 4 34 49
pesticides now than in past decades
You depend more on remittances now thgn 2 0 0 4 8 26 37
in past decades
You keep more livestock now than in past 0 0 0 9 5 23 33
decades
You plepend more on.tradltlonal weather 0 0 0 4 10 18 26
predictions now than in past decades

Note: Strongly agree = 5; Agree = 4; Not sure =[3isagree = 2; Strongly disagree = 1
N=14

Maximum score (14*5) = 70
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Table 6.6: Perceptions on adaptation strategies by the lowland farmers

Score as

Statement 5 4 3 2 1 Scote % of the

max.
You depend more on non-farm activitles
than in past decades 94 23 0 0 0 562 96
You grow more improved maize varieties g7 P5 0 5 0545 93
You cultivate fewer plots now than in past
decades 75 201 O 5 17 482 82
You practise mixed cropping more than gas
Yo b %6 | 43| o 26| 22| 376 64
You use more industrial insects gn
pesticides than in past decades d14 3 24 7 2 349 60
You grow more drought-resilient crops tha
In the past e | 18| o 36| 37 311 53
You depend more on remittances more tha
In past decades s | 23| o s5| 41| 293 50
You cultivate more crops other than mgiz
and beans than in past decades 12 18 0 26( 61 245 42
You keep more livestock than in the ppst
decades 0 27 0| 43| 47 241 41
You depend more on traditional weather
predictions more than in past decades 0 16 0 33] 68 198 34
You practise more irrigation than in past
decades 0 8 0 16| 93 157 27

Note: Strongly agree = 5; Agree = 4; Not sure =[@isagree = 2; Strongly disagree = 1
N =117

Maximum score = 585
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Plate 6.17 Maize grown together with banana antithees in Nguijini ward
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Plate 6.18 Banana grown together with cocoyamerhighlands

Plate 6.19 Mixed cropping of maize cassava, surdtaand ground nuts in Kilomeni ward

Focus group discussions in both the lowland antllaigl zones revealed that intercropping was
seen to be beneficial to farmers because of uncges in weather conditions and lack of
knowledge on specific types of crop which couldfpen better in a given season. In addition,
practising monoculture was seen to be a risk ie cdidad weather or outbreak of diseases which
could lead to crop damage or failure (Charles et 2013). According to Respondent MS21,
intercropping provides the best method of landsatilon due to land shortages, while Respondent
MS26 reported that the technique was aimed at éeersification thus avoiding dependence on

one common food type in the household.
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6.3.2 Growing of improved maize varieties

Farmers manage the changes in environmental consljtisuch as decline in rainfall, rainfall
variability, shortened growing season and increasésmperature associated with occasional and
severe drought conditions, by cultivating improwed short maturing maize varieties and slowly
abandoning some of their indigenous maize speEBigislence from focus group discussions and
farm observations suggested that farmers in thdysitvea are slowly abandoning the tradition of
growing indigenous maize species, popularly knosimmaasuwhich was common and successful
in the past due to reliable rainfall patterns. gheck maturing, drought resistant hybrid seeds, and
other exotic and composite varieties of maize agiliines, are replacing the indigenous species.
The growing of improved maize varieties ranked adcim both highland and lowland zones and
ranked first among those households who owned farboth zones with the overall cumulative
scores of 87%, 93% and 97% respectively (Tables @2l and 6.6). Household interviews and
focus group discussions reported some of the hydmnid other exotic maize species which are
currently grown in the study area (Table 6.7). Thest common types of hybrid seeds, with
codenames DK 8053 and DK 9089, were grown by thpnihaof the farmers in the highland
zones, while SEED-CO 625 (also known @isapa Zebrain Swabhili) and SEED-C0O604 (also
known asChapa Nyaniin Swabhili) were grown by the majority in the l@asld zones. It is
important to note that about 21% and 14% of theigipants from highland and lowland zones
respectively reported growing only hybrid seedsohtthey referred to either as improved seeds or
factory seedsnibegu za kisasar mbegu ya dukanin Swabhili) but they did not report their
codenames. Some of these seeds were reported toought from the market and other
unauthorised dealers. About 36% of the participamte owned farms in both zones (Table 6.8),
and 35% of the participants from the highlands &¥dof the participants from the lowland zones
(Table 6.7) reported growing recycled seeds obthirem the previous season’s harvest. However,
recycled seeds among farmers who owned farms im bates were grown in the highland farm
plots only. Focus group discussions in both zoepsnted that farmers recycled improved seeds,
and also obtained seeds from unauthorised dealess,to droughts, delayed availability of
improved seeds in the authorised dealers’ shoph, fiice of seeds, high transport costs and lack

of information on the benefits of growing improveekds.
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Table 6.7: Types of hybrid seedsgrown in the study area

Highland Lowland
Maize codename Freq. r?sgfo:]hsees Maize codename Freq. r((;/g%fotr?ses
HDK 8053 56 54 Seed-Co0625 78 67
HDK 9089 43 42 SEED-C0O604 67 57
Hybrid 22 21 SEED-CO 513 42 36
Pannar 690 18 17 SEED-CO 407 36 31
Pannar 614 16 16 Hybrid 16 14
Pannar 628 12 12 TMV2 15 13
SEED-C0625 3 3 Pannar 627 14 12
TMV1 8 8 Stuka 9 3
Recycled seeds 36 35 Recycled seeds 4 8

Table 6.8: Types of seeds grown by farmerswho owned farmsin both zones

Highland Farms Lowland farms
Maize codename Freq. r?sSLLZZs Maize codename Freq. r(?s;o)g:lhsis
HDK 8053 9 64 SEED-CO604 1 7
HDK 9089 7 50 TMV2 1 7
Pannar 614 7 50 SEED-CO 407 1 7
SEED-CO 407 6 43 Stuka 1 7
Pannar 690 6 43 SEED-CO 513 0 0
Hybrid 5 36 Hybrid 0 0
TMV1 4 29 Pannar 627 0 0
Pannar 628 4 29 SEED-CO 625 0 0
SEED-C0625 4 29 Recycled seeds 0 0
Recycled seeds 5 36 0 0

According to District Official 01, the hybrid andher exotic maize seed varieties are produced by
agricultural research centres such as the Natiblaate Research Program (NMRP), or Water
Efficient Maize for Africa (WEMA) in collaboratiorwith the Ministry for Agriculture, Food
Security and Cooperative (MAFSC) through the depent of Research Development (DRD). The
official reported further that experts from Watdfigent Maize for Africa (WEMA) recommend
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that types of hybrids with codenames WE 2109, WE224nd WE 2113 should be grown in the
lowland (0900 masl) and mid-altitude zones (ec@ld§00-1 500 masl). The official added that
in terms of strength, hybrid varieties are belietedave higher yields, perform well under low
rainfall conditions, tolerate drought and resisihomon maize diseases and pests thus making them
ideal to be grown in the study area. The cultivataf different hybrid seed varieties is also
recommend by other researchers as appropriate dptiad to current changes in climate and
weather variability (Kaliba et al., 2000b; IPCC0Z0).

However, District Official 03 said that for farmets accept and grow a given type of maize
variety, the type must meet and satisfy their etqiems, including yields as well as taste
(flavour). The majority of farmers judged the penfiance of the maize seed varieties on the basis
of their past experiences. These views match tfrase a study by Kaliba et al. (2000b) which
suggested that farmers preferred improved maizéssbat are stable in yields at different levels of
moisture availability, and they avoid those which highly variable in terms of yield as they pose
food insecurity issues to the household. The saldg mentioned other factors such as price of
input, taste and preference of individual househadd input distribution and availability to
enhance or limit the adoption of the technologystddy by Nkonya et al. (1997) reported that the
adoption of a technology varies over space and bewmause of natural resources, and cultural,

political and socioeconomic differences.

However, some of the respondent appreciated theiiggoof some improved maize seeds, such as
Respondent CHO3:

“...despite seeds been received in the planting seasd after the first rain, if a farmer grew
improved seeds and the season experienced prolgagiedis of rain break, one will be surprised
to see that improved seeds survived dry spell ¢cimmdi and ended up with some good yields when

compared with local seeds and those bought frormén&et...”

The participant added further that if everyone wogifow improved maize varieties, this would

reduce food shortages in the village which coustd aéduce the price of maize in the market.

Respondent SF14 reported a preference for growingaie seed variety calleStuka and
explained that the type has higher yields, takesharter time to maturity and is suitable for
roasting as it tastes sweet. The participant meaticanother type of maize variety called Malawi,
confirming that although the type had good yieldgler good weather conditions and had bigger

maize corn when compared wiBituka,it was not suitable for roasting.

During focus group discussions participants regbtaving stopped growing some of the maize

varieties such aKatumanj Staha Kito, Cargill andKilima because they were prone to maize
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diseases (MSB) and did not resist MSV. A study lajitka et al. (2000b) showed that these maize
varieties were produced in 1994 by the NMRP anceveensidered to be high yielding and to be
resistant to MSV and MSB. According to Ward Offigkt, the maize types mentioned required
extensive applications of fertilisers which is motmmon in the study area, were prone to maize
diseases and were affected by the soil type (3cidind in the area. The abandonment of these
maize varieties may be because that increasinggbtotonditions favour the survival of MSB
which would have a damaging effect on the maize ¢kaliba et al., 1998).

6.3.3 Use of pesticides

Although improved maize varieties are believed dsist maize diseases, projected increases in
temperature will favour the survival and prolifépat of insects, pests and diseases which will
require farmers to apply approved agrochemicalmamaging the effect of diseases, pests and
insects. Participants in the study area reportedhaee changed from the use of traditional
herbicides to the use of industrial agrochemicals more than in the past decades. The statement
ranked fifth in the lowland, ninth in the highlaadd eighth among farmers who owned farms in
both zones. During farm plot and transect walk olaéns, the study observed farmers in the
fields applying agrochemicals and reported thatyrairnthe insect pests, fungi and diseases have
become resistant to some of the traditional heatbgithus they were obliged to resort to industrial

agrochemicals for their effective pest and diseasragement (see Plate 6.20).

Plate 6.20 Application of pesticide in Kilomeni wlar

However, evidence of the applications of agrochafsigvas observed in the highland zones with
none in the lowland zones despite the majority r@pg using more pesticides now than in the
past. Farm observations, interviews and focus gdisqussions revealed that the district has been
experiencing prolonged drought conditions whichenfrequently led to crop failures which limit
the application of agrochemicals. Even though tee of agrochemicals is considered to be
beneficial and effective in the management of itssquests and diseases, rainfall uncertainties and
increases in drought conditions limit the effectisge of agrochemicals. The lack of protective gear

was also reported by one of the participants dufirogis group discussions in the highlands as a
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hindrance to the application of agrochemicals andas’ feared health effects associated with the
application of agrochemicals. Even though themoigvidence linking the use of agrochemicals to
certain human diseases, exposure to agrochemi@iscause health effects thus the applications
of agrochemicals may require the use of safetygqutans during applications. However, the

reported ineffectiveness of some of the local amdigenous herbicides may be caused by their

continuous applications in every season.

In adapting to changing climatic conditions, farmir the study area are managing the increase in
maize diseases through growing improved maize tiesieAccording to District Official 01 and
the Ward Officers, as well as evidence from thaiogroup discussions, it was clear that planting
hybrid and other improved maize varieties has redube rate of maize diseases in the study area.
The improved seeds are reported to resist modgteotommon maize diseases in the study area,
such as leaf rust, purple leaf sheath and ear hathwaffected both yields and the quality of the
grain. However, diseases were reported to vary amlocation to another, and also depended on
the type of seeds planted and the weather conditadrthe season. For example, during focus
group discussions in the highlands, one of theigyaaints reported thahasikaseason has more
crop diseases and insect-pests thalnseason. The respondent expounded further thatteeegh
improved seeds were resistant to diseases, they mere vulnerable to storage pests, whereas
large stocks were destroyed even before they war®ved from the fields. The most common
pest that destroys maize grain, as reported bpdhécipants, was the maize weevil, nicknamed as

scaniaand othercorn beetles.

The planting of hybrid and other exotic maize segciwhich thrive under moisture stress
conditions, was reported to have increased mairneebts compared with harvests from local and
indigenous maize varieties under harsh weatherigons. During focus group discussions both in
the highland and lowland areas, it was revealetighartened growing periods caused by a short
rain season resulted in most of the indigenous enaazieties failing. Thus by growing hybrid and
other improved exotic maize species farmers areredsof a bigger harvest. One of the
participants in the focus group discussions inhighland areas reported that hybrid maize ears
were filled with grain and there were no gaps betwthe kernels although the size of maize ear
was small. Respondent MB15 said that if it happethed the season had sufficient rainfall and
farmers planted improved seeds, referred tondggu za kisasan Swabhili, especially SEED-
CO604, the chances of harvesting sufficient cropsevhigher than farmers who recycled maize

seeds. The participant commented further that sufrttee hybrid seeds tolerate drought well.
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6.3.4 Reduced farm size

Farmers are also adapting to the changing clintaticlitions by reducing the size and number of
plots cultivated in a given season. The statemanthe number of plots cultivated ranked third
among all groups with 82%, 96% and 82% of the divenamulative scores respectively (see
Tables 6.4, 6.5 and 6.6). The study revealed tahdrs now cultivate smaller farm plots, but
maximise plot use by planting different types ajps in the same farm plot simultaneously which
increases the chances of reaping more on a snfalier plot. Thus by reducing the size and
number of plots cultivated, the household effedyivevests resources and energy on a small area,
ensuring effective land use that would otherwiseb®outilised under monoculture system. During
focus group discussions in the highlands, one@pdrticipants said that:

“...people cultivate fewer farm plots and of smalzes because the moment one finishes
weeding on one farm plot, the soil is already difgnce working on another farm plot increased

soil moisture loss which affected crop growth leadwilting and drying up...”

The majority of the participants in the focus gradiscussions reported reducing the size and
number of plots due to droughts and rainfall uraeties which affected crop growth and yields.
The group discussions confirmed that some farmgked and cultivated larger farm areas with the
expectations that if the conditions became favderabey could reap enough for the family use
and for the market. During farm and transect walkevvations, it was rare to find a farm plot
which was fully cultivated, and on those which wetdtivated, farmers did not finish or never
turned up for weeding mainly because of drought lasd of interest in farming due to rainfall
variability (Plate 6.21). Respondent SF04 repothed some households allowed a portion of their
farm plot to remain fallow for the purpose of cotiag livestock fodder. However, farmers not
only reduced the size of their plots due to drougirditions, but also because of shortage of
labour at the household level and farm exhaustarse by declining soil fertility, as reported by
Respondent CH15.
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Plate 6.21 Unweeded farm due to increasing drocgditions in Kisangara ward

Increases in temperature and decline in rainfatehrmade most of the lowland zone unfavourable
for intensive agriculture activities. However, irethighlands, changes are attributed to the creatio
of more favourable and conducive conditions for th&ensive cultivation of maize, beans
sugarcane and bananas which were previously affésgtecold conditions. For instance, the study
shows that maize, which was only grown in the kighk duringvuli season, is now grown in
masikaseason as well. This trend has motivated farneeopén up new farm plots in the highland
areas as well as undertaking intensive farminpéndual seasonm@sikaandvuli). During a focus
group discussion, one of the participants repoiited current changes in temperature now favour
the growing of maize and beans in the previouseeofairms which was not the case in the past
decade.

Another participant reported that maize was prestiponly grown in the lowlands duringasika

but changes in rainfall patterns, coupled with éasing temperature, has been taken as a positive
step forward as the majority of farmers now conadat more on highland farm plots in both
seasons. Changes in weather conditions now fameugriowing of maize in the highlands which
has led to the abandonment of many lowland farmteeiOremarks made during focus group
discussions and oral history interviews suggedtatirhaize planting in the highlands, particularly
in Ngujini ward, started in 1975 and gradually écame successful and by the 1980s it was
adopted by many villagers as a common practice eihatess, participants noted that although the
highland zones are not as dry as the lowland zonegases in temperature and increased rainfall
variability has exposed the highlands to harvegiatians over the past two decades. The
participants used the worklishashain the local language which literally means ‘glieanh to
express how little and uncertain the harvest has lie recent times when compared to previous

decades.
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6.3.5 Use of traditional weather forecast

As noted in the previous chapter, traditionallyePtarmers depended on the use of local methods
of predicting weather conditions, particularly tbemmencement of the growing season and the
onset of rainfall. The methods were more succesgfithe past when weather conditions were
predictable and reliable, which enabled farmersuocessfully manage farming activities. The
statement on dependence on traditional weatherghi@ts and indicators was ranked tenth in both
highlands and lowlands and eleventh among farméus ewned farms in both zones with 37%,
34% and 26% of the overall cumulative scores rdsmdyg. During focus group discussions,
households’ interviews and oral histories, it waglent that the current climatic changes and
weather variability have made most of the tradalomveather predictions unreliable, hence
reducing farmers’ reliance on them and making thesne dependent on modern weather forecasts
made by Tanzania Meteorological Agency (TMA) vidios, television broadcast and newspapers.
One of the participants in the focus group disarssin the highlands said:

“...Currently even if | see heavy rain clouds | neydant unless it has rained, the signs are
currently misleading because they show good signsain but it does not rain. In the past heavy
rain cloud was a reliable sign for the beginningraih season and people would begin sowing

seeds...”

Another participant was of the views that curremiiyther traditional nor modern weather forecasts
were reliable. “...currently local environmental iodiors and signs would indicate the
commencing of the rainfall but it did not rain. ©could be broadcasted that the season will have
moderate to higher rainfall but the season end®bgiving low rainfall which is not sufficient for

crop growth...”

6.3.6 Useof irrigation

The use of irrigation is a very important farmingagegy in adapting to current changes in
environmental conditions. However, irrigation attiés in the study area ranked eleventh in both
zones and seventh among farmers who owned farm iplditoth zones with 29%, 27% and 57% of
the overall cumulative scores. From the observatianost of the irrigation activities were
undertaken along the rivers, streams and in fewllaod modern constructed water reservoirs.
Households irrigated small plots of maize but ned&irts were concentrated on vegetable gardens
(see Plates 6.22 and 6.23).
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Plate 6.23 Horticulture at Kwalutu hamlet in KisargWard

An interview with District Official 01 revealed thahe district has an area of 5 605 hectares
suitable for irrigation, but only 2 911 hectare® awurrently utilised (Table 6.9). However,
irrigation activities have become seasonal, masiityng the streams and are typically carried out
towards the end of the rain season. District Cifidd5 pointed out that irrigation schemes in
Mwanga District have received greater attentiormfra number of funding organisations in
collaboration with the District Agricultural Devedment Plans (DADPS) to improve and maintain
irrigation activities. Some of the organisationslige the Traditional Irrigation Programme (TIP),
funded by the government of Netherlands, and theeiFarming Project (MIFIPRO), supported
by the government of Belgium and other non-govemtaleorganisations such as the Participatory

Agricultural Development and Empowerment Proje&DEP). These organisations engaged with
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the local communities to rehabilitate, utilise andnage traditional irrigation infrastructures. For
example, TIP constructed the largest irrigationevagservoir locally known asdiva at Kwalutu
hamlet in Kisangara Ward, but the project becanmkiogot and could not accomplish its intended
outcomes before PADEP took over and completedribjeqt (Plate 6.24). PADEP is also involved
in rehabilitating traditional water banks and opeater distribution channels to ensure the
availability and effective use of irrigation watdmwough the constructed reservoir. The reservoir
was aimed at enabling farmers in Kisangara villagérigate their crops as a strategy towards
managing increasing drought conditions. Accordiodrespondent KS06, villagers irrigate their
plots during the day on Monday, Wednesday, Friday Saturday, while water is directed to the
neighbouring sisal estate during the nights of @iags Thursday and Sunday. However, further
discussions with the farmers, and evidence fronudogroup discussions, revealed that current
water shortages caused by extreme drought conglitibave challenged the project. Now,
households who own farms close to the reservoiceanate only on vegetables rather than
perennial crops in order to allow more water altmrato the sisal estate. Shortage of water from

the highlands has resulted in the reservoir nbetng in full operation since its completion.

Table 6.9: Potential and currently irrigated areasin Mwanga District

Name of the scheme Potential area for irrigati@) ( Area under irrigation (ha)
Kirya 890 120
Kivulini 900 410
Kileo 600 380
Kituri 600 250
Butu 900 250
Kigonigoni 1,600 200
Total 5,490 1,610

Source: Mwanga District Profile 2012
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Plate 6.24 Irrigation reservoindiva) at Kwalutu area in Kisangara Ward

Focus group discussions and the interview withrigtsOfficial 05, show that despite the existence
of potential area for irrigation in the districtgble 6.9), increasing drought conditions leading to
insufficient water, lack of proper-developed irtiga infrastructures, such as water reservoir and
irrigation channels, as well as lack of efficiendaorganised irrigation management teams hinder
the development and improvement of irrigation atiég in the district. However, irrigation
activities are aimed at improving and stabilisimgieultural production, improving food security,
increasing farmers’ productivity and incomes, adl ae producing higher value crops (see The
United Republic of Tanzania National website hitpayw.tanzania.go.tz/agriculturef.htmi

accessed on 04/07/2013Vith the current increase in drought conditiomds unlikely that the

benefits of the irrigation will be achieved in thieidy area.

Participants have involved themselves in other agmeultural activities as a means of increasing
their resilience to climate change and weatherbdiy. The statement on household involvement
with non-agricultural activities is ranked first the lowland zones, second among farmers who
owned farms in both zones and seventh in the hglslawith 96%, 97% and 62% of the

cumulative scores respectively. The findings shbat due to an increase in drought conditions,

the majority of the lowland farmers are involvedrmaith non-agricultural activities.

6.4 Theroleof District Council in promoting agricultural adaptation strategies

Mwanga District Council (MDC) is very concerned abahe effect of droughts undermining
agricultural production, particularly maize prodootas the main staple food for the population in
the district. The district has now started campsaignpromote the cultivation of drought-resilient
crops to be undertaken by small-scale farmers asbatitute for maize which is affected by
recurrent drought conditions. Such crops includegtsam, roots and tubes to be grown in the
lowlands and emphasis on the cultivation of modee®ds of avocados, bananas and Irish potatoes
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in the highland zone. These crops flourish under $oil moisture conditions with moderate soil
fertility and require only a minimum use of extdrfeem inputs. The campaign is not only aimed
at reducing dependence on maize, which is veryepiidde to adverse weather conditions, but also
at improving the livelihoods of small-scale farmarsd revitalising the districts ailing economy

District Official 07 was quoted as saying that:

“...the erratic natural of and changes in the rdiipfattern in the past two decades has made maize
production a risky business. As a result the disttepends on relief food all the time. Planting of
drought tolerant crops will help to improve theelifhoods of the dwellers as well as the overall

economy of the district...”

6.4.1 Promotion of sorghum production

According to District Official 07, the promotion ebrghum cultivation in the district is done under
the programme of Development of a Robust Commdyctalstainable Sorghum for Multiple Uses
(SMU) value chain in Tanzania and Kenya. The pnogne is coordinated by the district under the
department of Research and Development (DRD), llalwaration with the Moshi-based Dunia
Trust and the International Crops Research Institat Semi-Arid Tropics (ICRISAT) based in
Nairobi. The project is funded by the InternatioRahd for Agricultural Development (IFAD).

The aim of the programme is to transform smalleéatmers into commercial farmers. The Moshi
based Dunia-Trust, in collaboration with INCRISALArpovided about 1.5 tonnes of sorghum seeds
to the district, which were then distributed amahgse small-scale farmers who demonstrated a
willingness to grow sorghum. Eight villages, namé&ipambua, Kisangara, Lembeni, Kwakoa,
Kigonigoni Kiverenge, Kivisini and Kwanyange, tolget with Kiruru Prisons, benefited from the
programme. Sorghum growers are assured of a readgetravailable in the brewing industries for
the production of beer brewed from sorghum. Howesecording to the agreement between the
farmers and the buyers, the Moshi Dunia-Trust palichase sorghum grain from smallholders and
sell it to a local brewing company, Serengeti BneegeLimited (SBL), and others depending on
the nature of demand and supply. In a bid to erhdmusehold incomes through sorghum
production, the programme links farmers to othenmercial buyers such as World Food Program
(WFP), East African Breweries Limited (EABL), Easfrican Malting Limited (EAML), Millers

and various animal feed manufacturers.

Despite the plans aimed at introducing sorghunhéndistrict as a realistic substitute for maize in
those dry areas which are no longer suitable fozenproduction (Wiseman et al., 2010), the
campaign did not prove to be successful in 2012alse of several challenges as reported by

District officials and farmers.

Firstly, drought was cited as key problem in th@lementation of the strategy. District Official 07

reported that thenasikaseason of 2012 received low and variable raitifeit resulted in most of
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the sorghum planted both early and late failing doeextreme conditions (see Plate 6.25).
Secondly, the study revealed that the project ditl ensure the timely delivery of seeds.
Observations and further discussions with thosendas who were willing to grow sorghum
revealed that due to the delayed delivery of seedse did not dare to plant as the seeds were
delivered after the first rain. However, some oé tharly planted sorghum in Mbambua and
Kigonigoni villages dried and although some surdivié did not yield well due to shortages in
rainfall and a prolonged period of drought. Eveouth the literature suggests that sorghum thrives
and give yields under harsh environmental conditieith minimum input management (Gerik et
al., 2003), in reality its growth, development ayidld are indeed affected by environmental
stresses (water stress, rainfall variability angese droughts) and poor management (Wiseman et
al., 2010). Sorghum like any other crops respomdsptimum growing conditions and proper

timing of input management for maximum yield.

Plate 6.25 Wilting sorghum in Kisangara Ward

Thirdly, for the focus group discussions it wasdevit that some farmers were not willing to
change theistatus quaand accept new farming strategies as most of thera reluctant to accept
new ideas. The study revealed that there is theep@on that sorghum grain is inferior and useful
only during famines, hence is not on the local peepusual “food menu”. Participants reported
that they are not accustomed to eating sorghuntansidered the crop to be eaten by poor people
with limited food options together with low purclag power. Although sorghum offers the
potential to contribute to the economic uplift dfet district, due to its multipurpose uses
(consumption and industrial), the farmers did nmsider it as a main food crop to be grown in
their farms. The main problem for sorghum is thatijke maize which is consumed at different
stages of its growth, which helps in the managerm&fdod security in the household, participants

felt that growing sorghum could be a barrier ind@@curity as it cannot be consumed in that way.
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A comment made during focus group discussions bg oh the participants thatmtama
wethishotwa(in the local language) meaning ‘sorghum cannotgbided’ (as you do to green
maize). The participants view were also ascertafinech personal communication with District
Officer 01 who said that households in the studsaanave developed specific food preferences
(maize and beans) and are not willing to stop gngwhaize, although the crop is not drought-
resistant, for crops which are drought resistamén&hough maize was not performing well due to
periodic droughts and rainfall fluctuations, housldh still did not stop growing it. It has been
observed elsewhere that different groups and iddais in the community have different
preferences about adaptation measures, dependitiieiorworldviews, values and beliefs, hence
their difference, in understanding can be a chglefor adaptive actions (Adger et al., 2007). A
study by Grothmann and Patt (2005) showed the rdiffee that exist between the perceived
abilities to adapt and observable capabilitiesdapa The study suggested that the lack of farmers
not taking action was not due to the lack of means due to the lack of adaptation intention and
limited confidence that their own action would keébpm from harm. Thus the divergence between

perceived and actual adaptive capacity is a raabdo adaptive action (Adger et al., 2007).

Fourthly, participants reported that the idea adwgng sorghum for commercial purposes was
good, but was limited by shortages of land andssafdarm plots caused by the subdivision of the
farms into uneconomically small units. Many plotsres also reported to be scattered in different
locations which makes them economically unviablefeaamers cannot reap substantial benefits

from growing sorghum on such small plots.
Respondent MB19 said that:

“...the government has to reduce the area under sidtivation and allocate more land for
farming. It has always been the case that we r#ise every time with our parliament
representative but it has never been considered. pltts are not even sufficient for growing
maize, then they are suggesting that we use themréaving sorghum for commercial purpose.
This is impossible...”

Fifthly, sorghum is vulnerable to vermin attackpesally birds which challenges the growing of
sorghum. For instance, households in Mbambua ¢llagperienced significant bird damage to
their sorghum. This was also observed during faisitsvwhere most of the sorghum had been
damaged by birds. Respondent MB17 reported thaygeeof the sorghum proposed by the project
was highly preferred by birds and the damage wagisifgtant because unfortunately farmers did
not have effective skills in dealing with the birdssasion on such a large scale. Their tactics of
covering sorghum with plastic bags, paper, raghel®tand scare-crows, as a means to deter birds
from causing damage to sorghum grains had onlyra ménimal effect and did not prove to be

successful as much of the sorghum grains weredstittaged by birds (Plate 6.26). Participants in
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the focus group discussions reported that the grrdjad promised to provide repellent sprays to
repel the birds by making the grain unpleasant itdsbthus allowing the sorghum to ripen.
Nevertheless, the promise was not actualised, and than 80% of the sorghum was damaged by
birds. Another proposition made was that of extaating migratory birds; however this was seen
to be contradictory to the principles of wild lilsanagement and conservation. Clearly, there was
lack of research done to identify the most appedprvariety of sorghum which could be accepted

by the farmers, thrive well in the given environf@rconditions and also meet various market

needs.

Plate 6.26 Damaged sorghum grains by birds and sowered with plastic bags and rags against

birds’ damage in Kisangara Ward

Farm fragmentation was also reported to be a inntaeagement of birds. Many participants
reported owning from two to six plots in differdatations. However, only a few plots were grown

with sorghum, hence birds had limited farm plotiaps to feed. One participant reported:

“...if all of the plots could be planted with sorghuit could be easy for the management of birds.
However, just a few farm plots are grown and aedteoed in different locations which makes it
very difficult for managing the influx of birds...”

The participant reported owning five plots whicle, $uggested, if all of them were to be planted
with sorghum, it would require five people to chasels which is not possible, and if he did not
turn up all sorghum could be damaged by birds.

A similar issue of vermin in the adoption of a agtiural adaptation strategy was reported in the
highlands. Participants reported that they werasadivto grow cassava and potatoes but they were
not told how they could manage vermin which weready a problem.

This argument was put by Respondent SFO7 who said:
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“...they tell us that we have to grow cassava anatpes but they do not tell us how to manage

vermin such as wild pigs, baboons and mole ratghvaie already a problem in our area...”
Another participant during focus group discussisaisl:

“...I asked the ward agricultural officer how | caontrol mole rats, but he said we do not have to
kill them because they help in mixing up the sdilieth helps in improving soil conditions and
development...”

Sixth, participants reported being discourageddrglsum prices that had been set by Moshi-based
Dunia Trust, buyers of sorghum from the farmersupply to SBL and other brewery plants.
During the focus group discussions, it was argued the market price for one kilogramme of
sorghum grain was Tsh 1500/= (~£0.60) which wasentloan three times the price that had been
proposed by the Moshi-based Dunia Trust of Tsh=%06£0.18), per kg. Low prices discouraged
small-scale farmers and they claimed that they egpdoited by poor prices offered compared to
that in the market. Farmers in Kwakoa and few irafigara wards consequently refused to take
the sorghum project seeds for planting. Farmersjelier, were willing to purchase their own

seeds, so that they could sell produce at the pireyanarket price.
According to the Ward Official KW 03:

“...the idea of growing sorghum is good but the ctinds that have been provided to the farmers
discourage them from growing the crop... althouggytare assured of the market, the price set

which is half that of the free market discouradesn... and this is exploitation of the farmer...”

Finally, there was lack of education about growiingught-resilient crops, as the study witnessed
much debate in various parts of the study arearadltsolders continued to be reluctant to grow
sorghum, arguing that the amount of rain (soil nuwe that sorghum requires to flourish is more
or less the same as for maize production. Theeerised to increase awareness and advocacy in
helping farmers to understand what they need ttivat# to enhance productivity and food
security, rather than cling to maize cultivationiethis adversely affected by periodic droughts,

making the households experience food insecuritlyiacreasing their dependence on food aid.

6.4.2 Promotion of root and tuber crops

The MDC is also promoting the production of rootsl dubers crops which form an important
source of food and cash for many small-scale hslolefanzania (see Legg et al., 2011; Mkamillo
and Jeremiah, 2005). The most popular ones includk potatoes and cassava. In Mwanga
District, Irish potatoes flourish in the highlandsyt production is still low and done only for
subsistence. In promoting the production of Irigitapoes among the small-scale farmers in the

highland areas, the district introduced and distedd improved varieties from Uyole Agricultural

225



Research Institute (UARI) in Mbeya region. In Novmm 2011, selected small-scale farmers in
Ngujini, Chanjale, Songoa, Kilomeni, Sofe, Manditwaniko, Mriti, Ndorwe, Mshewa, Vuagha
and Kironganya received potato seeds on conditiat évery recipient after the first harvest
should give back the same amount received in diateevery household to benefits from the
improved seeds.

Cassava is another root crop that MDC is promadiinige grown both in the highland and lowland
zones. The advantage of promoting cassava produatidMwanga District is that the crop is
drought-tolerant, flourishes under low soil fetyiland in marginal lands and reduces soil and wind
erosion. Furthermore the crop can ensure food gcmd income when sold as a cash crop.
Cassava is cultivated in the lowland plains, esglgcin Lembeni and Kigonigoni wards, and also
in the highland areas, but only on a small scaieirg focus group discussions, particularly in the
highlands, it was revealed that cassava is idealdgetables because fresh root consumption is not
advisable for human use due to toxins associatédthwe plant. The consumption of cassava was
reported during focus group discussions to haveezhgeveral deaths in the past (in the highlands)
which resulted in its cultivation being stoppedlikenin the lowlands where the roots and leaves
are consumed without fear of causing deaths. Disons revealed that fresh roots of cassava,
especially those cultivated in the highland zonesntained a higher content of linamarin
(cyanogenic glucosides) which can cause death df riiots are consumed without effective
detoxification (see also FAO, 1990; Chiwona-Karletral., 2002; Gleadow et al., 2009). Cassava
production is geared towards improving the foodetsity situation amplified by inadequate
rainfall affecting maize production in the distridthe fact that cassava is a high temperature-
tolerant plant with low soil moisture requiremerds, well as being resistant to pest and diseases
due to its higher contents of linamarin, makesntideal crop for Mwanga District, with its

increasingly drier conditions.

The cassava production campaign is championedé#partment of Research and Development
(DRD) under the Ministry of Agriculture, Food Seityr and Cooperatives (MAFC), in
collaboration with the Root and Tuber Crops Rede&rogram (RTCRP) centres based in Tengeru
in Arusha region and Naliendele in Mtwara regioheTdual agriculture research centres identify
high yielding improved varieties, resistant to dises, early maturing and suitable for growing in
both highland and lowland areas. It is worth memtig that cassava is also susceptible to diseases
and pests, such as the cassava mosaic diseased tgushe East African Cassava Mosaic Virus
(EACMV) (spread by whiteflies calleBemisia tabaciGenn (sweet potato whitefly)), and cassava
mealy bug (CMB), cassava green mite (CGM), casdmaerial blight (CBB) and nematodes
(Fauquet and Fargette, 1990; Maruthi et al., 2Q@%g et al., 2011; Ntawuruhunga and Legg,
2007; Ogwok et al., 2010; Legg and Thresh, 2000amiko and Jeremiah, 2005). According to

District Official 07, the research centres alsonitfg suitable disease and pest control measures
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and develop best practice for cassava productiocsiuding post-harvest processing and

detoxification so as to create safe food product.

However, some primary measures to start the camgwge begun with the identification of the
local sweet cassava variety known Kiandameno The type has been adopted because it is
preferred by local farmers, perceived to be higklding and tasty. The cassava cuts for
Kibandamenaeedlings are raised in a nursery farm in Kigomigeard where the cutting is done

for subsequent distribution to the cassava growers.

6.4.3 Avocado farming

In the course of improving the household incomies,MDC is also promoting a fruit culture based
on avocado, particularly in the highlands, whereirarestor from Arusha-Building Africa has
agreed to support avocadeefsea americangproduction in the district. The avocado groweils w
be provided with early maturing avocado seedlimgsfTengeru Horticultural Research Institute
in Arusha which take three years from planting &oviesting of fruits. Accordingly to District
Official 07, the investor will be one of the majauyers of avocados produced by farmers for input
to meet cosmetics production. The growing of avocades will promote a green economy by
preventing soil erosion, enhancing water infilwati shielding crops against wind and heavy
rainfall effect, improving the micro-climate, andrefiting dwellers from the trees’ aesthetic value
and carbon sequestration and storage (EldridgeGardne, 1994). Growing avocado trees also
reduces the risk of losses during drought, flooas landslides, as trees are reported to be more
resilient to such weather conditions than othepsr@harles et al., 2013; Ulsrud et al., 2008). The
Ward Officer 01 reported to be expecting 2,000 adocseedlings to arrive in October, 2012. The
beneficiaries had already been identified and ipiakry preparations like the excavation of holes
and adding of manure ready for planting had statedvever, each beneficiary who had registered
for the seedlings was required to pay Tsh 500/ per seedling upon receiving the seedlings
as administration fees. This discouraged poorandes even though they were willing to grow
more avocados. Clearly, poverty affects farmergisiens in adapting and coping with a given

strategy towards adapting to changing environmeatadlitions.

6.5 Conclusion

The chapter makes a contribution to current debateshe knowledge surrounding effective
agricultural adaptation strategies in coping witkather variability and climate change. The
chapter suggests that, over generations, smak-gcahl farmers have been adapting to natural
climatic changes which proved to be successful udfinotheir traditional farming practices.
However, with the current climate changes and Wdiiy, rural farmers are obliged to change and
improve their farming strategies in order to copghwhe new emerging conditions. The major

changes made by farmers which are discussed ichhjster include changes in planting dates, use
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of hybrid and other improved varieties as opposdddal types, practising irrigation and adopting
mixed cropping strategies. The study has also shhatnfarmers adapt to the changing conditions
through increasing dependence of indigenous craph as yams, sweet potatoes and bananas.
Through agricultural diversification strategiesyalufarmers have been able to cope with the

changing conditions and hence reduce their vulil@yato the changes.

However, the important question, as far as thigaeh is concerned, is whether or not the
adaptation strategies being implemented in theystwela are effective in helping small-scale rural
farmers to cope with, and adapt to climate changg #® attain sustainable livelihood. The
effectiveness of the adaptation strategies andrttigtions encountered are the issues discussed in

the next chapter.
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Chapter 7
Challenges Facing Small-scale Farmersin Adapting to Climate Change

7.1.Introduction

This chapter presents the major challenges encaghtyy small-scale farmers in Tanzania in the
processes of managing farming activities under gimgn climatic conditions and variability.
(Adger et al., 2007) define limits to adaptationtlas conditions or factors that render adaptation
ineffective as a response to climate change. Aaegrtb Adger et al. (2007) these limits are
dependent upon the values of diverse groups andlasely linked to the rate and magnitude of
climate change as well as associated key vulndérabjl and they categorise these factors into
physical and ecological limits, technological limifinancial barriers, information and cognitive
barriers, as well as social and cultural barri@enerally, limitations and barriers to climate of@an
are grouped here into two major categories; thelsged to physical and environmental factors and

those related to institutional arrangements (T&tlg.

The frequencies and percentages of each factor @etermined through the Likert scale score

from strongly agree, agree, not sure, disagreestnatigly disagree. Table 7.2 displays the total
scores and percentages of the cumulative scorbeofesponses obtained from each of the 12
statements. The score of the perception was cédcutay summing all the scores for each factor,
where the maximum score on any given factor isngl; fsom the 234 respondents the maximum
possible score is 1170 points (234 multiplied By the top factor summed to 1131 points,

accounting for 96.7% of the maximum score (TabR).7The same procedure was used to obtain
the scores for the highland (Table 7.3) and lowlaodes (Table 7.4), and the overall scores from

each factor were ranked from the highest scoreddawest (Table 7.5).
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Table 7.1: Limiting factorsto climate change adaptation in Mwanga District

Factor Perceived and observed condition Remarks

A. Physical and Environmental

factors
*  Climate variability Drought, increase in temperature, errafitajor
rainfall, wilting of crops problem
e Soil fertility Crops failure, erosion, stunted croplajor
growth, change in crop colour, Low croproblem
yields
* Pests and diseases locusts, beetles, whiteflies, aphids, Major
problem
e  Destructive animals and birds Baboon, black monkey, wild pig, birdsMedium
mole rate problem

B. Institutional arrangements

* Insufficiency and untimely delivery of Delayed supply of Improved seeds amdajor

agricultural inputs Fertilisers problem
* Low financial capacity at different ~ Limited use of improved seeds Major
levels Limited use of industrial pesticides problem

Limited maintenance and development of
irrigation schemes

*  Top-down strategy Lack of participation of local communityMedium
at the designing and planning stage problem
e Unreliable weather forecast Unreliable information on the expecteMajor
information amount of rainfall and starting time problem
e Poor agronomic practices Zero tillage, hand hoe, unimproved seeddajor
limited use of fertilisers and organiproblem
manure
e Lack of education on climate Lack of training on adaption farmindviajor
adaptation mechanisms methods problem

*  Emphasis of modern farming method¢.ack of incorporating traditional farmingviajor
at the expense of traditional practicespractices with modern technology problem
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Table 7.2: Cumulative scorefor each perception

Cumulative score

Factor Score of the responses
(%)
Climate variability (drought, increase in temperatand erratic
rainfall) 11310 96.7
Insufficiency and untimely delivery of agricultunaputs 1061.0 90.7
Low financial capacity at different levels 1038.0 88.7
Top-down strategies 1030.0 88.0
Pests, crop diseases and vermin 1 009.0 86.2
Unreliable weather forecast information 1007.0 86.1
Soll fertility 1003.0 85.7
Poor agronomic practises 984.0 84.1
Lack of education on climate change adaptation ingisims 934.1 79.8
Increasing cases of human diseases (Malaria andAHDNG) 924.0 79.0
Emphasis on modern farming methods at the experise o
traditional practices 657.2 56.2
Migration of the youth to other areas 473.4 40.5

Note: Total number of respondents (N) = 234

Maximum score for any one factor = 1170

231



Table 7.3: Cumulative scorefor each perception in the Highlands

Cumulative score

Factor Score  of the responses
(%)
Climate variability (drought, increase in temperat@and erratic
rainfall) 562.0 96.1
Insufficiency and untimely delivery of agricultunaputs 557.0 95.2
Low financial capacity at different levels 557.0 95.2
Top-down strategies 547.0 935
Pests, crop diseases and vermin 516.0 88.5
Unreliable weather forecast information 510.0 87.2
Soil fertility 493.0 84.3
Poor agronomic practises 482.0 824
Lack of education on climate change adaptation ingisims 456.0 78.0
Increasing cases of human diseases (Malaria andAHDNG) 424.1 72.5
Emphasis on modern farming methods at the expéirtsaditional
practices 326.2 55.8
Migration of the youth to other areas 261.4 447

Note: Total number of respondents (N) = 117

Maximum score = 585
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Table 7.4: Cumulative scorefor each perception in the L owlands

Cumulative score

Factor Score of the responses
(%)
Climate variability (drought, increase in temperat@and erratic
rainfall) 569.0 97.3
Insufficiency and untimely delivery of agricultunaputs 525.0 89.7
Low financial capacity at different levels 522.0 89.2
Top-down strategies 520.0 88.9
Pests, crop diseases and vermin 514.0 87.9
Unreliable weather forecast information 510.0 87.2
Soll fertility 491.1 83.9
Poor agronomic practises 468.0 80.0
Lack of education on climate change adaptation ingisims 452.1 77.3
Increasing cases of human diseases (Malaria andAHDNG) 446.0 76.2
Emphasis on modern farming methods at the expéirtsaditional
practices 3312 56.6
Migration of the youth to other areas 212.4 36.3

Note: Total number of respondents (N) = 117

Maximum score = 585
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Table 7.5: Ranking from the Cumulative scor e of the responses

Factor Ranks

Overall Highland Lowland

Climate variability (drought, increase in temperatuand

erratic rainfall) 1 1 1
Insufficiency and untimely delivery of agriculturiaputs 2 4 5
Low financial capacity at different levels 3 5 3
Top-down strategies 4 6 4
Pests, crop diseases and vermin 5 3 9
Unreliable weather forecast information 6 8 2
Soil fertility 7 2 10
Poor agronomic practises 8 7 7
9 10
Lack of education on climate change adaptation @@sims 6
10 9
Increasing cases of human diseases (Malaria andAHDNG) 8
Emphasis on modern farming methods at the expefise o
traditional practices 11 11 11
Migration of the youth to other areas 12 12 12

7.2.Physical environmental factors

7.2.1 Climatic variability

The study shows that farmers are aware of thediamid barriers that affect their adaptive capacity
to deal with the current changing climatic condiso The majority of the participants perceived
that climate variability was the major physical fir in farming activities and for the
implementation of adaptation strategies. This faetas ranked first both in the lowland and
highland zones (see Table 7.5), with 97% in theralyeumulative score of the responses (see
Table 7.2), and about 96% in the highlands (Tak$® &nd 97% in the lowland zone (Table 7.4).
About 83% of the responses (195 participants) giyoagreed with this statement. However, in
determining farmers’ perceptions on climate valigbias a barrier to agricultural adaptation,
variables such as drought, increase in temperandeerratic rainfall were used. Both lowland and
highland zone farmers were of the view that drougtditions have increased and were now the
major barrier to many of the agricultural adaptaistrategies that are currently being implemented.
Studies conducted in other parts of Africa on famhegerceptions contend that drought is
perceived to be the major factor limiting most adtipn strategies (Juana et al., 2013).

Respondent KS01 commented:
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“...even though farmers grow improved seeds and otfreught and heat tolerant crops,

nonetheless prolonged periods of sunshine, insefficainfall and rainfall variability has resulted

in most of the drought and heat tolerant and rsistrops withering and drying out. Even crops
like sorghum, which is drought resist and toletantrought and high temperature, failed in this
year due to poor rainfall and prolonged drought dithons...“Drought limits everything”

concluded the respondent.
A similar sentiment was made by respondent MB15:

“...every crop requires a certain amount of rainéald to soil moisture to survive and grow to
maturity, but due to low rainfall with prolongedrfmels of sunshine, it is surprising to see thaheve
sorghum, which is said to resist drought, could resist drought conditions in this season.

Something must be done...”

Meanwhile, during focus group discussions in Kisaagvard, one of the participants reported that
due to increased drought conditions, it has beceaser for the termites to feed on cassava,
leaving most of the lowland farms bare. Cassavasamghum are among the drought resistant
crops which are been introduced in the study aveeope with changes in climatic conditions.

However, increasing drought conditions are thraatgtheir success.

Both highland and lowland farmers perceived thateasing drought conditions are associated
with rising in temperatures in both the cold and keasons. During focus group discussions,
lowland participants reported that temperature sundintensity have substantially increased over
the past twenty years. In explaining this situatione participant commenteiia limekuwa kali

sana na linachoma mno kama limesogea chini kidagganing that “the sun has become so hot

and is burning so muds if it has moved a little bit closer to the earth

Participants shared common views that days are vetyto the extent that they influence night

temperatures, as explained by Respondent KS05:

“...during the day temperatures are high which atsixes night temperatures remain higher until

mid-night...”
Respondent KS04 said:

“...drought has increased such that from July untiidDer, all crops and grasses are dry and trees

shed their leaves with the exception of the evemgkéwarubaini[Azadirachta indich..”

Even thoughAzadirachta indicéarees tolerate drought and can keep the area gineamghout the
year, as dry seasons are reported to become ewerewand dustier, only a few are planted around

the houses, with even fewer on the farms and thénfor marking plot demarcation. Focus group
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discussions suggested that the tree species use ohabe soil nutrients making the soil

unproductive and so limiting crops growth.

Drought was so intense at the time the field wbekt tnost of the crops, especially in the lowland
areas, withered before they had reached their fiogestage, while in the highland areas, crops
were in a better condition but were still also aféel by limited rainfall and increasing drought
conditions. More than two-thirds of the observedrnfglots showed wilting conditions; however,

this figure was closer to 100% in the lowland zokese Table 7.6). Soil cracks were mostly

evident along the dried wetlands, while crop faluras clearly evident in both zones.

Table 7.6 Evidence of drought conditions from farm observations

Overall n =50 Highland (n=25) Lowland (n =25)

Evidence
Freg. % Freqg. % Freg. %

Wilting of crops 33 66 8 32 25 100
Soil cracks 25 50 10 40 15 60
Crop failure 48 96 23 92 25 100
Poor crop yields 50 100 25 100 25 100
Stunted crops growth 50 100 25 100 25 100
Extent of weed on the farm 50 100 25 100 25 100
Dried springs and streams 31 62 22 88 9 36
Surface sheet erosion 20 40 18 72 2 8
Dried wetlands and ponds 19 38 11 44 8 32
Sedimentations 2 4 1 4 1 4

7.2.21rrigation activities

During focus group discussions, one of the pamicip mentioned that increasing drought
conditions and erratic rainfall have affected mafsthe traditional and modern irrigation activities
that had been developed in the study area as gutatida strategy. According to lkeno (2011),
historically traditional irrigation activities irhe study area (North Pare) date back to the 188ds a
depend on sufficient rainfall being received intbadinfall seasons{asika and vu)i Irrigation

was practised during those seasons when rainfallbetow average and during the dry seasons
(June to September and December to February). Biwr sources of water for irrigation are from
small rivers and streams originating in the higbdkarirhe research witnessed failed and abandoned
modern and traditional irrigation schemes, boththia lowland and highland areas due to an

insufficient water supply (see Plates 7.1, 7.2 &3J.
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Plate: 7.2 Abandoned irrigation reservoir at Kwalobamlet in Kisangara ward
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Plate 7.4 Traditional irrigation channel in Ngujimard

As discussed in Chapter Four, participants durimgu$ group discussions in the lowland zone
argued that due to more frequent drought conditioreny springs and streams flowing from the
highlands have dried up, while others have beconte seasonal flows during and immediately
after rain, but no longer flow continuously. Thisshmade many rivers flowing from the highlands
to the lowland zone to have insufficient waterifagation activities (see Plate 7.5).

Respondent KSO05 reported:

“...rivers used to have flowing water all the yeanmd and the volume declined only towards the

end of the dry season in August to October andniateeased again aslli rain starts in October.
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But since the 1990s, most rivers have startedyadd now there are just a few flows during the

rain seasons, depending on the amount of rairdedlived...”

Observation found a large number of dried riverd esufficient water flow from the rivers and
streams originating from the highland zones. This veflected in the observations where-by all 22
streams and springs recorded showed low water fiom the highlands to the lowland zones
which was just within the middle (April) of the niks rainfall season (see Plates 7.5 and 7.6,
which were taken on 11 April 2012 at Kwalutu anchd@imo hamlets respectively) while most of
the rivers in the lowland zone had dried completigreasing drought conditions had led to the
drying of the wetlands where 19 cases of driedamelt were observed (see Plate 7.7, which was
taken in June 2012).

Plate 7.5 Low volume of water in Ngujini river
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Plate 7.7 Shrinking wetland at Kisanjuni in Ugweweard

Some dwellers in the lowlands excavate ditchesgalitie river channels to access water for
livestock, brick work and irrigation of vegetabldsowever, this was reported to last only for a
short while, and ditches were abandoned as droegyiditions increased, due to a decline in the

ground water table. Respondent KS04 said that:

“...before drought conditions had increased in regeatrs, irrigation was done by rotation where

farmers would irrigate crops twice in a week. Wakers sufficient to do this and soil remained
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damp for longer. But due to the increase in drougimditions and prolonged hours of sunshine,
two days per week seems to leave too long peridgdmn irrigation because water evaporates
quickly leaving the soil dry. Irrigation in the mming can be dry by afternoon and there are still
three days to pass before irrigating the cropsnadai the meantime, the crops are stressed by
prolonged hours of sunshine, forcing them to predfiowers at a very young stage of growth

resulting in poor yields...”

An interview with respondent KS06, who practisetdhation farming, confirmed that increasing
drought conditions affected the quality and qugrit the crop yield as crops are forced to ripe
prematurely which reduces the amount for both Hoolsefood and for sale. Hence, due to
increasing drought conditions farmers are forcethdosest crops, especially beans, early before
they become too dry (see Plate 7.8) and the guaditpmes poor and unsuitable for consumption
and for sale. Early harvesting was also reportdettpractised by highland dwellers as a means of
avoiding the effect of drought on crops. Howevaer)yeharvesting is also practised by many of the
small-scale farmers as a strategy for coping watbdfshortages in the household as well as the
source for earning cash income. As explained byargent KS11:

“...I harvest some of the crops early before theytdryneet food shortages because nowadays the
harvest from the previous season does not ladtthetnext harvest. But currently | harvest much

of the beans now before it dries, because if lefit it dries, the quality becomes poor...”

Plate 7.8 Extraction of beans from the bean potts®elrying

However, participants reported that the increasdranight conditions has led to the abandonment
of many of the traditional irrigation activities the highland areas. Ironically, heavy rainfall mtge

have also caused damage to much of the traditioigation infrastructure. Heavy rainfall erodes
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traditional water reservoirmdiva) and irrigation furrows, and filled the reservoasd furrows
with sediment. The study observed abandoned weasarvoirs (see Plates 7.1, 7.2 and 7.3) and
also others some of the reservoirs which weredfildth sediment by heavy rainfall. Some of the
reservoirs had now been planted with crops suglaass, sugarcane and banana plants while some
of the irrigation furrows were now covered withIsand grasses, and others had been turned to

pedestrian paths.

However, the reduction of the indigenous traditlandgation activities in the study area is not
only caused by changing environmental conditionsdiso by other factors. Evidence suggests
other possible factors such as the increasing vevoént of young people in non-agricultural
activities, which has deprived traditional irrigatifarming of a labour force for the construction
and maintenance of traditional irrigation infrastures. Many young people get involved in more
profitable activities such as quarrying, collectioh sand and the manufacturing of bricks.
Moreover, the knowledge and skills for building améintaining traditional irrigation structures
(ndiva and irrigation furrows) is now retained by onlyfeswv members of the Pare clan called
Waruty the majority of whom are elderly and no longertipgoate in farming activities. The
limited involvement of elders in farming activitie®d involvement of youth in non-agricultural

activities threatens the performance of indigertcagitional irrigation activities in the study area
According to respondent CH16 in Chanjale village:

“...hand hoe farming was effective in the past wham was sufficient, land was fertile and
irrigation was possible in seasons with poor ralm#, at current hand hoe farming Kills... you
cultivate by using all of your energy but end uphwiothing or harvesting very little. The harvest

does not worth the energy spent in cultivatingltimel...”

This argument also justifies why the majority o€ tyouth are losing interest in farming activities

under current changing climatic conditions whichdéo poor performance in agriculture.

Traditional irrigation activity is also threatenky the increased concentration of farming actisitie
close to the river banks and in the wetlands. Thdysobserved farming activities and vegetable
gardening concentrated close to the river banksadmg the wetlands in many of the highland
areas (see Plates 7.9 and 7.10). Cultivating albaegwvater courses and wetlands exposes water
sources to direct sun light which may result inré@ased evaporation and also drying of the water
courses. A similar case of over-cultivation arotimel water sources has been observed in Lushoto

district by Kaswamila and Tenge (1997).
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Plate 7.10 Crops (bean, maize and cocoyam) growheidried wetland

Increasing rates of deforestation from logging dorkst fires is another threat to traditional
irrigation activities. Participants in the highlaaceas suggested that increasing cases of logging
and forest fires have reduced the density of thed&ioko Forest Reserve, hence exposing the
water catchment to direct sunlight leading to iasexl evaporation. This has caused a decline in
the volume of running water in many of the sprimgel streams that originate from this forest.
Although the government of Tanzania recognisegdtion farming as one of the strategies for
agriculture development and a move towards reduEggendence on rain-fed farming (URT,
2001), and the World Summit identifies the impoc&nf promoting agriculture through integrated
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water resource management (Jonch-Clause, 2004¢asing drought conditions places these plans

in jeopardy.

7.2.3 Effect of wind

Participants throughout the study area perceivetherease in wind conditions and reported its
effect on crop growth and productivity. They alsmsidered it to be a barrier to climate change
adaptation. Participants both in the lowlands aigtilands reported that in recent years they have
noticed that both rainy seasonslll andmasikg are associated with strong winds which affected
crop productivity. It was reported that winds blewmp flowers (especially beans), caused damage
to crops, such as maize and banana plants, andsodsl@ry quickly by reducing soil moisture. A
specific effect of wind was raised in the highlartiging a focus group discussion where one
participant commented that, due to current charigethe beginning of the rainfall season
especially invuli season, crop flowering (especially for beans) womcides with the occurrence
of winds in mid-December. This is reported to dffeean productivity because many of the
flowers are blown away by wind; also the conditiaaselerate a reduction in soil moisture leaving
behind dry soils. Another participant reported thatmany occasions rainfall has been associated
with strong winds which cause damage to bananag&smany of them are weak after surviving
in a prolonged period of drought from June to Oetobience, they cannot withstand strong winds.
Bananas are among the major crops grown in thddmgh and support livelihoods as a source of

both food and cash income.

7.2.4 Effect of insect pests, vermin and crop diseases

Another physical environmental challenge for theplementation of agricultural adaptation
strategies is that of insect pests, vermin and digspases. This factor was ranked fifththe
overall score (Table 7.5) with 86% of the cumulatscore of the responses (Table 7.2), and ranked
third in the highlands with 95% of the cumulativeie of the responses (Table 7.3), and ninth in
the lowlands (Table 7.5) with 77% of the cumulatbeere of the responses (Table 7.4). About 154
(66%) responses strongly agreed with this factéwe &ssessment of insect pests, diseases and
vermin was based on farmers’ perceptions and obgens on the presence of insects on the farm
plots, as well as their damaging effects on crdf increase in the number of insect pests and
vermin was most commonly reported in the highlandezand was also evident during transect
walks and farm plot observations. This was moredevi in the highlands, where drought
conditions were less severe than in the lowlanaggpand crops were in better condition generally
than in the lowlands. Participants reported thay thave experienced an increase in the population
of insect pests which cause damage especiallyet@anly planted crops. Table 7.7 represents the
most common insect pests and crop diseases iriutig area. Beans weevilsgprosema indicp

also known asNasheve(in the local language) and maize stock boiusgola fuscawere
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observed on all farms, with almost 100% cases oeguin the highland zones, followed by
grasshopper, blister beetldsp{canite nyasseagisalso known asnbariti (in the local language),
aphids and white flies (Table 7.7). More cases afzm spider were observed to occur in the

lowland zones.

Table 7.7: Observed insects and crop diseasesin the study area

Overall Highland Lowland
Name
Freg. % Freq. % Freqg. %
Bean weevils 43 86 25 100 18 72
Grasshoppers 40 80 24 96 16 64
Maize bore 32 64 25 100 7 28
Blister beetles 30 60 25 100 5 20
Aphids 20 40 16 64 4 16
White flies 19 38 8 32 11 44
Maize spider 12 24 5 20 7 28

Farmers applied local pesticides, but they didpmote to be very effective. This was evident from
farm observations where pests and insects stillimozd to cause damage to the crops even after
the application of pesticides. Interestingly, dgrifocus group discussions it was revealed that
some of the households mixed industrial agrochdmiweath locally prepared pesticides. The
common practise is that of mixing wood ash withuisttlial pesticides, or mixing wood ash with
paraffin oil (kerosene), while others applied owiyod ash to the affected crops. The reasons given
as to why farmers mixed wood ash with industrigdtpénclude the lack of proper equipment for
the application of pesticides; hence by mixing jped#s with ash ensures effective applications of
the pesticides and reduced wastage. The techniepiéced the possibility of applying excess
amounts of pesticides to the crops which could dgnmhem, and, lastly, it is possible to use small
amount of pesticides on many farm plots as posdil@eause through mixing, the amount

increased.

Limited application of pesticides and increased ofk@efficient pesticides raises an interesting
suggestion that not only the warming conditionsrfriine changing weather and climate contribute
to the growth of insect pests and crop diseasesptmer factors, such as the non-use or only
limited application of agrochemicals, inappropridataing in their application and incorrect

measurements may also contribute to the prolifamaith the population size of insect pests and
crop diseases. The repeated growing of the sangedfyprops on the same plot of land in every

season (for instance, maize and beans) may haveatdributed to insect pests and crop diseases
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to developing resistance to the applied agrochdmid¢éowever, many researchers suggest that
changes in climatic variables (especially increases/erage temperature, changes in precipitation
patterns, increase in drought conditions and wsttertages) are expected to favour the increase
and proliferation of the population size of pestsects, crop diseases and weeds, and also to aid
the expansion of their geographical range or danmigjees (Parmesan, 2006; McDonald et al.,
2009; Prospero et al., 2009). Evidence from thezdiire suggests that the increase and spread of
needle blight in British Columbia was caused by ith@ease of local summer rainfall which is
associated with changes in climatic conditions (dfoet al., 2005). Similarly, a study by Mitchell

et al. (2003) suggested that an increase in fupgtilogen load in grassland communities was a
response to climate changes events, such as tmswets of CQ declining plant diversity and
increased nitrogen deposition. These evidencesdea/clue of the types of responses that might
occur from insect pests as the result of changeslimatic variables, especially increases in
temperature. Thus increases in insects and cr@as@s may affect farmers’ ability to adapt to
climate change due to abject poverty and limitgalieation of industrial agrochemicals, as well as
the ineffectiveness of the locally derived pestisidind herbicides. The expected expansion in the
geographical range of insect pests and crop disewiidoe an issue for adaptation because farmers
may have only a limited knowledge of the manageméiite alien species. Additionally, farmers’
vulnerability will increase due to the absence ofal environmental predators which could

naturally control the population of the alien sgsci

However, due to the limited application of pestsdand the increasing damaging effect of insect
pests, planting of replacement crops for those dachdy pests is done immediately on the arrival
of the next rain. However, this is now seen to beblematic due to less rainfall with greater
variability within the growing season. Replantirmgalso considered to be expensive because the
majority of the farmers have only limited purchasipower and cannot afford to buy improved
seeds more than once in a season. It is impoxamte that the early grown seed varieties are the
best and the only seeds available for growing at #eason. Hence farmers plant unimproved or

less expensive seed varieties as the replacemécts atfects crop productivity.

Participants also reported the increasing damagifert of vermin as an important barrier in
adapting to changing climatic conditions. Althoutjiere was no direct evidence to support the
increase in the population of vermin, there is sawvielence from the household interviews and
perceptions of the participants to support thisuargnt. Focus group discussions and household
interviews suggested that increasing drought cummdit have affected the productivity of wild
fruits, making vermin experience food shortagesictviin turn has resulted in them searching for
food on the farm plots. Although participants reépdrthat it was not new for the vermin to feed on
the crops, they asserted that the rate has inctdaseecent years compared to the past. One

participant mentioned that some of the vermin, sashwild pigs, baboons and birds, feed on
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planted seeds even before they have properly gatednHe explained further that most of these
vermin are now living close to farms. From the dision, it was clear that due to increased
drought conditions, many farm plots now remaindiallor are not cultivated in full, and such
fallow plots surrounding the cultivated farms paw/ihiding places for vermin, further encouraging
vermin to live much closer to the few cultivatednfiaareas. The vermin that are common in the
study area, and whose populations were said to maveased and caused more destruction to
crops, include vervet monkey, black monkey, babddaals (red-billed quelea), mole rat, squirrels
and wild pigs (Table 7.8).

Table 7.8: Types of vermin observed in the study area

Overall Highland Lowland
Name
Freg. % Freq % Freq %
Mole rat 18 72 15 60 3 12
Black monkey 11 44 11 44 0 0
Vervet monkey 10 40 4 16 6 24
Birds 8 32 0 0 8 32
Baboon 8 32 3 12 5 20

The mole rat has the highest cases (60%) and mostiyrring in the highlands (see Table 7.8 and
Plate 7.11). Mole rats cause damage mainly to tamer root crops, potentially potatoes and
cassava, which are among the most drought resistaps proposed by the District Agricultural
and Livestock department. However, mole rats are reported to be feeding also on shoots of
banana plants and sugarcane. The growing populafiomole rats is hence threatening highland
livelihoods which depend mostly on these cropsfémd scarcity and cash income. One of the
participants explained that the population of mmés was naturally controlled by heavy and
prolonged rainfall seasons, when many mole ratd fil@an drowning because their burrows filled
with water and most of them failed to escape to ghdace in time. Also, through traditional
irrigation farming, farmers controlled the popubatiof mole rats by filling their burrows with
water during irrigation, but in current years thethod is less effective due to short and moderate
rainfall which has also resulted in the reductidntraditional irrigation farming. However, the
Ward Officer KW03 and District Official 01 reportdlat there are chemical tablets which can be
used to manage mole rats, called phostoxin, bytdhe expensive and dangerous especially when
they are not handled well or if they contaminatenho food. Their application needs professional

and trained operators. Hence they have not yeidotred these chemicals to rural farmers because
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of their concerns on the health and safety isshiemsect walk and farm observations suggest that
the application of chemicals in the managementaemats is difficult and may be very dangerous
to farmers because the same farm plot growing apkamts is mixed with potatoes, cocoyam and
sugarcane. The damaging effect of birds was obdemare in the lowland zones, especially in
those plots where farmers had grown sorghum. Orotiver hand, farmers in the study area have
limited financial capacity and lack proper knowledand information on how to manage insect
pests, crop diseases and vermin, hence the camdrexpected increase in the population of insect
pests and crop diseases may limit farmers’ aliititgdapt to the changing conditions.

Plate 7.11 Mole mounds at Msangeni village in Ugovesard

7.2.5 Soil fertility

Soil fertility is another physical environmentahiting factor in farming activities and a barrier i
the implementation of agricultural adaptation sgéts. This factor was ranked seventh in the
overall score, second in the highlands and tenthenlowlands (see Table 7.5), with 86% of the
cumulative responses (Table 7.2). The majority (aE9%, equivalent to 141 participants, the
majority in the highlands) strongly agreed withstlféictor. From the focus group discussions and
interviews, it was evident that smallholder farmagrdghe study area understood factors that are
responsible for the declining trends in soil féstiland the associated impacts on yields and food
security, as they were able to report the majorofacthat have contributed to the declining soil
fertility on their farms (see also Mowo et al., B0One of the participants reported that most of
the plots have been cultivated for generations awuitlsufficient addition of manure or fertilisers
but depended on natural soil nutrient regeneraspecifically from plot fallowing and decaying
crop remains and grass left on the farm during falearing. However, increases in population
have reduced land availability for farming, henaerf plots are increasingly cultivated without

fallowing. This has resulted in the rapid loss oil sutrients, declining crop yields and increased
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environmental degradation in the highlands. Theosahof crop remains and grass from the farm
as livestock folder has also contributed to theletegn of soil nutrients. This was explained by
Respondent CH12:

“...farmers in the highlands practise mixed farmidggught has reduced the availability of animal
fodder, hence crop remains and grass which weredlby left on the farm, are now collected as

fodder which result to most of the farms to rentzane and with no additional of soil nutrients...”
According to Respondent ML38:

“...in the past, some households burned grass antsmostly on fallow farms during farm
clearing but in recent years there is nothing aw \ittle to burn on the fallowed farms because

most of the grass is collected as fodder...”

However, farm observations witnessed only a limiedning of grass on the farms. As shown in
Table 7.9, only 7 cases equivalent to 28%, wereeriesl and most of these were from the

highlands, especially in Kilomeni ward.
According to District Official 03:

“...the declining soil fertility especially on thedtiland farms is exacerbated by steep slopes where
most of the top fertile soil is eroded by rain,Vieg behind poorer soils with low levels of soll
nutrients. The rate of erosion increases as farroeltivate on the steep slopes without well
maintained terraces. Also, the majority of the farsndo not have the culture of using manure nor

fertilisers which has resulted to higher reductibsoil nutrients...”

The decline of sail fertility, especially in theghiland farms, was also evident through transect
walks and farm observations where crops showeds signmineral deficiency due to insufficient
soil nutrients. The evidence through the obsermatiocrop leaves, colour, growth, flowering and
yield rates indicated that crops in some areasretpmd stunted growth, poor yields and which
had leaves turned yellowish, purplish and reddsstms of deficiency in or low availability of
minerals nutrients in the soil. Such nutrients udel nitrate ions (N€), phosphate ions (RY
potassium (K) and magnesium ions (Mg (see Plates 7.12, 7.13 and 7.14). However, pay c
development and yields may also be caused by isiciggadrought conditions, limited use of

improved seeds and increased rainfall variability.
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Plate 7.12 Changes of crop leaves colour due toslmwnutrients at Chanjale village in Ngujini

ward

Plate 7.13 Stunted and wilting crops at Chanjdlage in Ngujini ward
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Plate 7.14 Poor crop yields at Chanjale villagBlgujini ward

Observations also showed that there was only adimuse of terrace farming as a means of
reducing soil erosion and of retaining rainwatethia soil, as well as only a limited application of

organic manure to increase soil nutrients. Paditip during focus group discussions and
household interviews reported that the use of moderrace techniques was highly labour-

intensive and is mostly men’s work. With fewer ygan men engaging in farming, this is now a

problem because older farmers are less likely tpptdoil conservation practices because of their
shorter planning horizons (see also Maddison, 2007)

Respondent ML39 reported that:

“...the majority avoid building stone terraces beeatise method involves the removal of the
fertile top soil layer which has developed overeagations leaving behind a less fertile soil which

demands intensive application of organic manureferitiser...”

There are also appeared to be a limited use ofnargaanure and fertilisers to improve soil

fertility. As discussed in the previous chaptett tyaplication of organic manure was only applied
on farm plots near to their homes, while more distalots are not applied with manure due to
difficulties involved in transporting manure to #eedistant plots. The major limiting factors were
insufficiency of the manure and long distance fitbin home to the farm. Interestingly, participants
in the focus group discussions reported that duedeeasing drought conditions, application of
fertilisers would damage their crops due to low smisture. One of the participants said: “...how
can one apply industrial fertilisers on such dmyrfa? Will not this just waste money but also time
and end up burning the crops...” Another participeepiorted that farmers believed that once

industrial fertilisers were applied to the farmilsevould become barren and hence would require
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continuous use in every season. This is believeshdist of the highland farmers when responding

to the question whether they were using more ttestrial fertilisers now than in the past.

On the other hand, the lowland farmers did not ictamstheir soil to be unfertile, although they
admitted that the use of manure and industriallisats was important. However, they did report
that drought was the major natural limiting facfor the farming activities. Other authors also
consider the declining soil fertility and loss opsoil through erosion to be a threat to agriceltur
production and sustainability, especially in Sulx8an countries (Mowo et al., 2006; Sanchez,
2002). Changing climatic conditions, coupled witlaéc rainfall concentrated in few days or
months in the seasons, would require higher applitg of soil moisture conservation
management, especially in the highland areas,dardo reduce loss of soil nutrients through soil
erosion. However, the limited use of soil moista@nservation measures results in a loss of
volumes of rainwater through run-off and soil evapion which affect crop yields. A study
conducted by Mwalley and Rockstrom (2003) showed ghcombination of land mismanagement
and the intensity of tropical rainfall, an averag& 0 to 85% of rainfall drains off the land witttou

contributing to crop growth.

7.3.Institutional arrangements

Institutions also play important role in the implemtation of the agricultural adaptation strategies
and hence they may as well be a barrier in theamphtation of different adaptation strategies.
This subsection attempts to understand househpktseptions on the role of institutions in the

implementation of adaptation strategies, and. séa&ors were considered.

7.3.1 Insufficiency and unavailability of farming inputs

Insufficiency and untimely delivery of agriculturéputs is one of the institutional factors
considered in this study. This factor was rankexbsé in the overall score (Table 7.5) with 91% of
the cumulative score of the responses (Table ag9, about 65% (151 participants) of the
responses strongly agreeing to this factor; it vaasked fourth in the highlands and fifth in the
lowlands (see Table 7.5). Participants during inésvs and focus group discussions reported to be
receiving farming inputs especially, seeds andliats, from the government through the district
agricultural office and from NGOs such as the Reds€/red crescent and religious organisations
(e.g. Pentecost Church and CARITAS). However, pigdnts claimed that they were delivered

late and were not sufficient to cater for their dewhfor seeds. According to MS21:

“...if farming inputs, especially improved seeds, Idobe delivered early enough before the rain
season started, it would help in adapting to th@nging conditions which require crops to be

planted with the first rain...”
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Participants both in the lowlands and highlandsomegm during focus group discussions that
delayed delivery and insufficiency of seeds madeshholds use seeds bought from the market and
other unauthorised dealers, while others recyckstls for the previous harvested. They also
explained that some of the seeds had low germimatite, and such views were also supported by
District Official 01:

“...due to the delayed delivery of seeds farmers &g plant any type of seeds available in the
shops or market which in a way contributes to arpgop harvest. Some of these seeds have
already expired. However, the district authoritywsrking very closely with the Ministry of
Agriculture, Food Security and Cooperatives to matkes that farming inputs are delivered in time

to ensure that they are distributed to the farraarker...”

However, Respondent CH14 said that because ofelihpurchasing power, she cannot afford to
buy enough of the improved seeds in every seasoishe carefully sorts the best maize after
harvest and preserves them for planting in the@fdhg season. She added that sometimes she has
to borrow maize from a neighbour who had plantedroved seed and had had good harvest. As
the planting season approached, the farmer boudetvakilogrammes of improved seeds, and
mixed these with locally prepared maize seeds whitdured enough seeds for planting in all of

her farm plots (see Plates 7.15 and 7.16).

The growing of traditionally selected seed varietilom previous maize harvests has also been
reported among the small-scale farmers in placeb sis Zimbabwe (the Shona) (see Mapara,
2009: 150) and in Honduras (Hintze et al., 2003: However, evidence from the literature shows
that a poor availability of quality seeds and theigher price is indeed an impediment to the
growing of new maize varieties (Maddison, 2007; @fen et al., 2002) and use of inorganic
fertiliser for maize production (Kaliba et al., ZI). This sets a barrier in adapting to climate

change as farmers cannot implement the right giyatecoping with the changing conditions.
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Plate 7.15 Traditional maize seed preservation

Plate 7.16 Local maize seeds preparation

The interview with District Official 01 and evidemdrom the report on the amount of inputs
received in the district from the Department of iglture and Livestock Development office
(DALDO) confirmed that the number of vouchers regedi under the country’s agricultural
development strateg¥ilimo kwanzain Swabhili (Agriculture First), were not sufficierand even
more disappointing is that the number has beenedsitrg. From the report, the district received
4,812 vouchers for the 2011/2012 farming seasori¢chwivas 48.2% less than the amount of
vouchers received in the previous year 2010/20littwivas 9,288. The district has a total number
of 22,683 household farmers which means for the usmin@f vouchers received only 4,812

households benefited, leaving 17,871 householdowitlccess to improved seeds and fertilisers.
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This suggests that limited resources at the ndtiewal contributes to poor harvests, and hence
food insecurity, because the majority of small-sdafmers have only a low purchasing power and
cannot afford to pay for the farming inputs and lienpents such as improved seeds, pesticides,
fertilisers and tractors. Studies show that theegoment has a great role in the implementation,
promotion, encouragement, and facilitation of tldapation process (Ishaya and Abaje, 2008).
Hence where certain governmental institutional Uezd are not coordinated properly, then

government can also be an impediment to adaptatipacity (Maddison, 2007). ICRISAT (2006)

found that despite the availability of improved ieies and massive investments in seed
multiplication and distribution, formal seed supplystems have failed to ensure that farmers have

access to sufficient high quality seed.

7.3.2 Limited purchasing power

Low financial capacity at different levels, couplaith inadequate finances for the purchase of
farming inputs is another barrier in adapting tomake change which was ranked third in the
overall scores (Table 7.2), and fifth in the higlda and third in the lowlands (see Table 7.5). The
majority of the participants, about 65% (151 p#aats) strongly agreed with this factor. During
focus group discussions in the lowlands at Kisamgane of the participants said that they had no
access to bank loans because they lacked collaténel respondent reported further that some
farmers had made attempts to apply for bank loamsyuheir farm plots and houses as collateral,
but they were told that because the location af th@uses and land was in the rural area and had
low value, it could not be used as collateral @usigy in acquiring a bank loan. In addition, itsva
explained further that the only few householdsnliviwithin Mwanga town were allowed to use
their houses and farm plots as collateral in adegdsank loans, as they are located within the
commercial area in Mwanga town. On the other hane, of the participants during focus group
discussions said he would not dare take a loanviest in agriculture due to the fear of losing the
collateral (house and or land) due to weather taicgies, but would consider taking a loan to
invest in other non-agricultural activities (busiag He explained further that: “...if | were to take
a loan from a bank and buy a tractor, expecting plkeaple would hire it during farm preparation,
this would be a very risky business because of glouisks and very few households using a
tractor during farm preparations...”

Similarly, the lack of funds for constructing anaintaining irrigation infrastructure was evident in
the lowlands, especially in Kisangara Despite thestruction of irrigation reservoirs, as observed
in area (e.g. Kwalutu hamlet), many farmers weileusting open traditional irrigation channels in
directing water to the farm which leads to ine#fiai water use, as much of the water is wasted
along the way before it reaches the farms. Thisduedined irrigation activities just within the

reservoir vicinity and distant farms are not irtegh

According to District Official 03:
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“...there are not enough funds allocated for maimairthe existing irrigation infrastructure as

well as constructing new ones. Most of the exisiimigiation schemes in the district have been
constructed under donor-funded projects. But ctigrethey are underutilised because after the
project finishes, it is the responsibility of theneficiaries to manage theme, but the majority are
poor and cannot afford to maintain the facilitiddso increasing drought conditions discourage all

of their efforts...”
Further remarks also were made by District Offiiéi

“...the major reason for poor agricultural performans the lack of farming implements, inputs
and limited benefits accrued from small-scale agpical farming. Financial institutions lack
confidence in agriculture because the agricultueetised is not for commercial purposes to tell
the truth; it is for subsistence based on busiressusual Kilimo cha mazoéaand largely
dependent on rainfall. This makes financial infititus hesitate and hence they are reluctant to give
loans to farmers due to the fear that in the chpear rains farmers will not harvest sufficientty
meet their food demands and for business, which malge them fail to recover the loan. The
solution is to change agriculture from not contivquto depend on the hand hoe. This could even
boost the confidence of financial institutionsémdling money to farmers for they could be assured

of the loans’ recovery...”

Although irrigation activities reduced dependency min-fed farming, they require large
investment capital which the majority of the smaltters and subsistence farmers cannot afford.
However, inefficiency of irrigation activities ilmé area is not only caused by the lack of funds, bu
also is influenced by the lack of effective leatiggsand policies on the utilisation of the avaitabl
irrigation facilities in the area. One of the peigants reported that there was no effective
leadership in overseeing the operation and maintanaf the reservoirs, and suggested that there
exist conflicts between farmers in the highlandd lEnvlands and also with the neighbouring sisal
estate on the use of water from the Ngujini Rildre conflict is reported to have increased due to
the declining water volume in the river which satsarrier in effective irrigation activities. Aseth
water volume in the river declines, farmers are altdwed to use water for irrigation as it is

needed in the sisal factory.

An interview with the Sisal Estate Official and Bist Official 05 confirmed the existing

conflicting interests on the use of water in theaar
According to the Sisal Estate Official:
“...Water along the Ngujini River is protected by tlaev which restricts its use to the sisal estate

only, and hence irrigation is allowed only when evat sufficient. As levels of running water in
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the river decline, farmers are strictly speaking allowed to use any water from the river for
irrigation. The Chanjale/Mringeni River is tappeddadistributed for domestic uses for both
highland and lowland dwellers, but due to increggirought conditions the remaining water in the

river after tapping for domestic use is not suéfitifor irrigation...”

Hence under current climate changing conditionstettare calls for the need to amend water use

policy in the area, with a high priority being put effective irrigation strategies.

Some of the literature on agriculture adaptationclionate change shows that limited and
inadequate access to inputs is exacerbated byetingitcess to credit, as well as the expensive
nature of adaptation measures, such as the cotistruand maintenance of irrigation
infrastructure, purchase of improved seed varigtiss of fertilisers, insecticides, herbicides and
fungicides (Juana et al., 2013; Acquah, 2011; Nivkaa and Hassan, 2007). Deressa et al.
(2008) show that there is a positive relationstdpeen the level of adaptation and the availability
of credit. Farmers who have access to credit hagleeh adaptive capacity than those with only

limited or no access to credits (Pattanayak e2@bD3).

7.3.4 Top-down planning strategy

Most of the adaptation strategies in the study adepted a top-down planning strategy. The lack
of involvement of farmers in decision making esphgiin the design of agricultural coping and
adaptation strategies is further a barrier in mamgadarming activities under changing climatic
conditions in the study area. This statement wakea 4" in the overall cumulative score of the
responses (Table 7.2), but sixth in the highlamdkfaurth in the lowlands (Table 7.5). Participants
during focus group discussions and household iies/in both zones argued that many of the
agricultural adaptation strategies were top-dowd did not consider the local community’s
demands, perceptions or preferences. For exampiiygdfocus group discussions in the lowland
area, one of the participants said:

“...they tell us that we have to grow sorghum whishai bird and chicken food...we are not
birds...”

Another participant in the highland area said:

“...some of the seeds grow to be very tall but endmitp limited yields. We need experts to do
research first and know which types of seeds cafompe well, given the type of soil and
environmental conditions. Some of the seeds thaw gvell in the lowlands might not fit in the

highland zone...”
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The respondent suggested that less was known dbeitsoils and environmental conditions
hence some of the strategies sounded good, butitmgiementation was not unsuccessful due to

an incompatibility with the local conditions.
Respondent MB20 said:

“...we are only told that experts (visitors) from thestrict crops and livestock department are
coming to the area to educate farmers on how tcagefarming activities under current changing
conditions, so we gather and listen to them. Buinduthe meeting they just report to us the
already agreed strategies. They normally do notectinseek ideas but they come to implement the
already decided strategy. We fail to know if thesfiom the government or is someone else’s

project to help him or her to earn money by usingrame...”

From the discussions, it was evident that neglgdiie beneficiaries (local farmers) in designing
the adaptation strategies resulted in the rejeadiohimited support for the implementation of a
given adaptation strategy by the beneficiariess Mms evident in places such as Kisangara and
Ngullu wards where the majority of the farmers didt agree to grow sorghum which is a
suggested crop as an alternative to maize. Farrairsed to grow sorghum on their farm plots,
despite the area being earmarked by the distrittoaity for the cultivation of sorghum as a
drought-resistant crop. Even though sorghum seexte sued freely, aiming at attracting many
households to grow the crop, still the majority diat perceive the growing of sorghum to be the
best strategy for them. The apparent unwillingrddarmers to change and adapt to new farming
strategies set another barrier in adapting to dhgnglimatic conditions. Although the non-
involvement of the households in decision makingtha design of the appropriate adaptation
strategies was important, other factors may has@ @bntributed to the limited level of acceptance.
For instance the growing of sorghum as discussethipter Six offers the best example of top-

down strategies.

Such top-down rural development approach have batcized for adopting a centralist view of
development and assuming that the developmentitéetivof rural people respond only to
externally-initiated change (see Briggs, 1985). Ahernative approaches, that takes into
consideration and makes effective use of knowledgd experiences of the local people in
identifying their priorities and motivations, andrite incorporates local inhabitants in the planning
as well as in the implementation stages of devedoprprojects has been proposed. The approach
is termed as development from below as it suggisis development should procewdth the
people to be affected rather thfan them (Briggs, 1985: 170).
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7.3.4 Lack of reliable weather information

A lack of reliable weather forecast information @splly on the amount of rainfall expected in the
season is another challenge affecting adaptatiategies in the study area. This factor was ranked
sixth in the overall scores, eighth in the highlarehd second in the lowlands (Table 7.5).
Information guides the types of crops to grow dmldmount of investment to be made in farming.
The majority of the respondents suggested that W disappointed by information broadcast
via radio and television. The information givertae general covering the whole region, whereas,
farmers needed a more place specific informatidre Tack of information on climatic change
characteristics is a common barrier to agricultaddptation to climate change throughout Africa
(Deressa et al., 2008; Ziervogel and Calder, 2d88yogel et al., 2010; Mukheibir and Ziervogel,
2007). Studies by Ziervogel and Calder (2003) amchér et al. (2007), conducted in southern
Africa, pointed out the weakness of the weatheedast information that it did not specifically
target vulnerable groups and was often not tailéoesuit them in content and delivery. According
to Ziervogel and Calder (2003), most of the foreédasormation is probabilistic and not a
definitive prediction of what the season would ilke,land therefore should be used as a guide only
(Gandure et al., 2013).

7.3.5 Use of cheap agronomic methods

Use of cheap and poor agronomic methods and peacti@s also considered to be a problem.
Although participants claimed to have adopted miorproved farming methods and practices,
transect walk and farm observations showed thaé tvas only a limited use of improved farming
methods. For example, there was limited use ofrdcgananure, limited soil tillage, an increased
use of inappropriate pesticides in managing inpests and treating crop diseases and the use of

mixed cropping without proper crop spacing anddida (see Table 7.9).
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Table 7.9: Observed agronomic farming practicesin Mwanga District by zone

Overall (n=50) Highland (n=25) Lowland (n = 25)

Type of practice

Freg. % Freq. % Freg. %

Random planting 49 98 25 100.0 24 94.0
Hand hoe 47 94 25 100.0 22 88.0
Mixed cropping 48 96 25 100.0 23 92.0
Inefficient pesticides 23 46 23 92.0 0 00.0
Zero tillage 27 54 12 48.0 15 60.0
Use of unimproved seeds 16 32 10 40.0 6 24.0
Traditional irrigation 16 32 4 16.0 12 48.0
Limited crops rotation 19 38 11 44.0 8 32.0
Burning 7 14 7 28.0 0 0.0

As Table 7.9 shows, the use of cheap agronomidipeawas more dominant in the highlands than
the lowland zone. Physical landscape may contriboitéhe use of certain method such as the
increased use of random planting, or mixed croppiag be favoured more in the highlands, while
the use of tractor and irrigation facilities arerméavoured in the lowlands. Highland farmers have
limited access to the market which reduces thaiertive to utilise modern technologies. Three
major factors contribute to this: higher prices tteg agricultural inputs; poor transport facilities
accessing the market; and limited access to extersgrvices. Small-scale highland farmers have
limited incomes, thus they cannot afford to pay iigher prices for improved seed varieties and
pesticides. Thus they resort to the use of chelapieless efficient local inputs. Highland farmers
have limited access to the market partly due tfigient transport facilities and poor infrastruggu
which leads to higher transport costs. A study adison (2007) hypothesises that, as distances
to output and input markets increase, adaptatiatinttate change decreases. Thus, closeness to the
market is thought to be an important determinaradzptation, most probably because the market
serves as the means of exchanging information etftar farmers (Deressa et al., 2008). Lastly, the
limited access to agricultural extension servicedich was reported during focus group
discussions, is also contributing to the increasimgcentration of poor agronomic practices in both
zones. Extension services are critical in the @miow of information that could change farming
activities from subsistence farming to modern armmmercial farming, thus improving
households’ food security, increasing income awmidicang poverty. As hypothesised by Gbetibouo
(2009: 21) “...access to extension services is pasjtirelated to adoption of new technologies by

exposing farmers to new information and technikdlss..”.
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7.3.6 Limited adaptation knowledge and skills

Lack of education about climate change adaptati@chanisms is another barrier to climate
change adaptation. Respondents KS02 and KW24 skamdldr sentiments that there was limited
contact with the ward extension officer due to @asing drought conditions which discouraged
extension officers from visiting the farmers on tiaems themselves. Focus group discussions
showed that farmers were only told that improveeldseand fertilisers (vouchers) at subsidised
prices are available at the shop of selected dgertollection, but there were no instructions on
where certain type of seeds could be grown or atlwstage of maize growth it was convenient to
apply fertilisers. Participants explained that segobwn in the lowlands are the as those grow in
the highlands. Another participant reported thatehwas no guidance from the extension services
but everyone did what s/he thought was correcthldigd farmers felt that less is known about the
types of maize that can perform better on them&because there was no research that had been
conducted to identify such types. One participaplaned that due to a lack of proper information
on soil types and weather conditions, some of #etls grown have not been performing well
despite them been referred to as improved seedspditicipant explained that some of the maize
seeds planted keep on elongating upward and dgivetsubstantial yields, while others produce
flowers at a height of a metre or less resultingpim yields. Lack of training and limited access to
agricultural extension services for the dissemaratif knowledge, technologies and agricultural
information reduced the ability of farmers to keggce with adaptations to changing climatic
conditions. This raises an important policy issoacerning the role of agricultural services to
current changing climatic conditions. Accordingeressa et al. (2008), education is considered to
improve the ability of farmers to adapt to climateange as it increases the level of access to

information, new technologies and improved productnethods.

7.3.7 Abandonment of traditional farming knowledge and practices

Traditional farming knowledge and practicese not intergrated into the modern farming
technology. This may be a limiting factor in theplementation of agricultural climatic adaptation
strategies. Some people argued that through thefusedern farming technology, most of the
valued traditional environmental farming practicegjich were useful and helped small-scale
farmers to survive through difficult weather coiatis, have been abandoned. Participants gave
some of the examples, such as neglecting traditlonal beliefs which prohibit farming activities
along the water catchment areas or in some of dheed traditional forest reserves call@bungi

(in the local language), by naming them to be shemed resting places of their gods and hence
used for worship and other traditional rituals gectices. This belief was reported to help in
conserving forest biodiversity, hence in protectwgter catchment sources. The introduction of
modern religions (particularly Christianity andasi) has challenged such traditional beliefs and

taboos making them been ignored and regarded wuperstition and as practices belonging to
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black ages (see also Gyampoh et al., 2009). Thisrgorted to have led to the clearingrdfungi
resulting to the loss of forest biodiversity, angindg of catchments which originated from the
mbungi This argument was supported by the sentiment ropdRespondent CH13 that:

“...clouds used to gather on top of thdungiwhich increased rainfall intensity, but today aeu
have nowhere to stand because all of the trees e chopped down and these areas are now
open and used for farming activities, and othergehaeen built with churches, schools and

dispensaries ...."

The lack of incorporating local farming methodshwitodern technology is said to have resulted in
the disappearance of some of the most valued toai@e and bean species, commonly referred to
as mwasu(in the local language). Farmers have been repgateld to stop growing traditional
maize species and to grow improved varieties. Tikisreported to have resulted in the
abandonment, and hence disappearance, of some ofdst valued local maize and bean species.
Some of themwasumaize and bean varieties had better yields, evere than some of the
improved varieties, especially when weather coodgiwere favourable. In addition, participants
explained that the local varieties resisted mosthef common storage pests which most of the
improved seeds are not capable of. Another paaintipointed out that improved maize varieties
are seen to lack taste, flavour and smell whemesgegali (Swahili name for the food madem
maize flour), and another commented that nowadagshas to add spices such as lemon, salt and
chilli powder to the roasted maize, for the maiadaste better. Without these spices, the maize

tastes flat in the mouth.

The idea that some of the valued local species tesappeared due to the use of modern farming

methods and practices, was supported by Distriici@lf 05:

“...the fact that modern methods have proved to loeessful and superior to local traditional and
environmental knowledge and practices, has maded faosiers abandon even those farming
practices which could prove to be successful uaderent conditions... most of the good practices
are now lost because they were not used, thisdesluhe use of traditional crop species. In
addition, local methods are not considered in tbeetbpment of adaptation strategies because

there is no research that has shown their effigi@mcl success in farming activities...”

A study conducted by Gyampoh et al. (2009) sugdesiat local traditional knowledge could
provide the basis for development of more effectigdaptation strategies. Another study, by Bellon
(1995), which was conducted among the Chiapas nfarmeers in Mexico, showed that small-
scale farmers were willing to combine both tradiiband modern technology in their farming
activities. Thus there is a view that the tradigibknowledge can be used to complement modern
farming technology rather than be seen as a cotopébeWalt, 1994; Briggs, 2005). In other

instances the combination of traditional and modeohnology has been challenged by Critchley
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et al. (1994: 297) who made self-evident (but nénedess useful) point that, ‘if IK and ISWC

[indigenous soil and water conservation] were trefigctive, there would not be the problems of
food shortages and land degradation that are evideay”. However, the authors hypothesised
two underpinning potential considerations of th&/IS that much can be learned from ISWC:
systems, and that ISWC can often act as the mdstbk starting point for the development of

appropriate and suitable technologies and prograanme

Despite traditional farming methods being practig@dughout the study area, participants during
focus group discussions and household intervieysrted that most of these methods are no
longer relevant and now farming should use modarmihg practices. One participant during

focus group discussions said:

“...we now farm by using modern technology more thiaing traditional, traditional farming was

done in the past by our forefathers how had natived formal education...”
While comparing past farming tools with the predents, the participant said that:

“...traditional farming involved the use of crude rfang tools and technologies which are not

applicable in the modern days farming...”
Respondent KW25 said that:

“...Whoever practises traditional farming today does want to harvest and is wasting his or her
time... in current farming you must prepare your plogéfore planting and you must make sure that
you plant improved seeds and where necessary apahure or fertilisers otherwise you will

harvest very little or nothing completely...”
Another participant ascertained that:

“...the current changes in weather conditions assediwith low rainfall and changes in living
conditions where now people live modern life do fasour true traditional farming methods and
practices. Therefore, there is an increase in #eai modern farming methods than the use of

local methods and practises...”

Inaddition, there could be also a lack of confideamong farmers on the use of their own local
farming knowledge, even if they are still usingnittheir farming activities. A study conducted by
Briggs (2005, 99) in Coastal Region in Tanzaniatedica local farmer saying: “if indigenous
knowledge is so good, why is my farm so poor?” Témener also considered adopting modern
farming methods if he could afford them. Similadystudy by Briggs and Moyo (2012) in Malawi
suggested that even though indigenous knowledgéd®s used for decades as a means of raising

production, for the majority of rural people in &, it can only be described as disappointing at
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best. This is so because the knowledge has notdageble of rising to the challenge of increased
food production, and ultimately the economic transfation of rural livelihoods in Africa.

Production has continued to remain low despitectiiginued use of the local farming knowledge.

7.4.Conclusion

The findings of the study set out some very imgarfactors which have clear implications for

rural farming in adapting to changing climatic ciimhs. Despite the increased investments on
irrigation projects and provision of improved makeed varieties which survive under low soil

moisture conditions and tolerate high temperatarggogressive decline in rainfall, increasing
drought and windy conditions set a barrier in acegsful implementation of agricultural adaptation
strategies under current climatic changes. Theirfgedreveal further that declining rates of sail

fertility due to limited replacement of soil nutnis, increase in the population of vermin, insect
pests and crops diseases also set a barrier innfaractivities as well as adaptation strategies.
However, some of these factor although acceletayathprecedented changing climatic conditions
they are also influenced by human activities suehuse of crude and poor agronomic farming
practices such as use of improper pesticides irtrdi@gment of diseases and limited use of soil

conservation measures.

Similarly the findings also revealed that non-eommental factors have a stake in limiting
implementation of appropriate agricultural adaptastrategies. Such factors include lack of funds,
limited agricultural extension services, delayedivdey and insufficiency as well as limited
accessibility to farming implements and inputs, &adn fragmentation are among of the non-
environmental factors which limited farming actieg under changing weather and climatic
conditions. The results revealed further that algtomigration depraved farming activities with
usefully labour force for the implementation of ption strategies, but participants did not
consider it as a major problem rather as a use@llfor supporting life in the affected area thrbug
remittance as well as a means for securing employogportunities which are not available in the

study area.

The results however, revealed a limited involven@ntural farmers in deciding the appropriate
strategies which could reflect local need by comsidy beneficiaries perceptions and priorities in
farming activities. The strategies and plans wesp-down and involved farmers only at

implementation stage. This may be contributing tionéted acceptance on the implementation of a
given agricultural adaptation strategy by househald they felt that the strategy did not reflect
their needs and perceptions hence it did not belonghem. The study suggests that for a
successful implementation of adaptation strategies|l-scale rural farmers should be involved in

the identification of the strategies which may madtkeasier for its implementation rather than
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imposing strategies to them. Also the findings halé® shown that farmers have limited access to
the require information on weather conditions (etpd amount of rainfall and the starting dates
for rainfall). Information on weather conditionsimsportant as it could guide farmers on the type
of crops to grow and how much they have to invasagriculture depending on the expected
weather conditions. Education could help in acogssidaptation technologies thus improve their
adaptive capacity and increase their resiliencelitnate change through implementing proper

adaptation strategies that could lead to highedytvity.
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Chapter 8

Conclusions
The findings from this study show that the chanigeslimate and environmental conditions are
happening in the study area and are affecting atmi@l livelihoods. Participants showed an
extensive knowledge and understanding of theid lecgironmental conditions, and they were able
to attest to the environmental changes that thegepeed to have occurred over the past two
decades, and associated them with climate charge.nTajority of the participants about 77%
associated the causes of the changing climatic itonsl with an increase in environmental
degradation, deforestation, forest fires, and tkpaesion and intensification of agriculture
activities; only about 23% of the participants géved environmental changes as being due to
socio-cultural and religious factors. These findirayp farmers’ perceptions on climate change are
also evident in the literature (IPCC, 2007; 2014)

Most participants understood and associated theadtapof climate change with increases in
drought conditions, rise in temperatures, declmgrainfall, occurrence of floods, increased rainfal
variability, greater weather unpredictability, ieases in pests and deaths of livestock caused by
diseases and shortages of fodder. Participanteigectthe local impacts of climate change as
shortened growing seasons, changes in the durahdncommencement of the rainfall season,
increased crop failures, food shortages and inesemsthe occurrence of extreme weather events,
such as drought and floods. Most participants g study area perceived that temperature has
increased and rainfall has decreased over thetywastiecades. They observed an increase in day
temperatures, reflected by an increase in the sitienf sunshine and higher night temperatures,
decline in rainfall and increased rainfall variéhjl accompanied by changes in the seasons.
Participants’ views and perceptions of the changingironmental conditions were confirmed by
evidence from rainfall and temperature data obthinem local weather stations in the study area
and regional rainfall and temperature data obtaifnech the Tanzania Meteorological Agency
(TMA), which all indicated that the area has beapegiencing increased fluctuations of both
rainfall and temperature in the past 30 years. I8ityj the findings on the perceptions of the
farmers on the changes in rainfall and temperatand,the associated physical impacts of climate
change, are similar to the other findings in climahange literature (Parry, 2007; Rosenzweig et
al., 2001; Collier et al., 2008; Hulme et al., 20D&ressa et al., 2009). The IPCC 2007 reported an
increase of 0.74°C of the global temperature nlearsurface of the earth from 1906 to 2005 and
also estimated the likely increase of about 6.4ACueerage during the 2tentury. However, the
IPCC (2014) report shows that the global averagd &nd sea surface temperature data combined
has increased by 0.85°C making the previous thesadks the warmest period in the last 1,400
years. The warming effects are projected to affgciculture activities, ecosystems and biological

behaviours (Chaudhary and Aryal, 2009). Some ofeffiects include droughts, desertification,
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floods, frequent fires and the increase of diséasiglence leading to serious consequences for
human wellbeing (IPCC, 2007; Chaudhary and Ary@Q9. Similarly, the study area falls within
the region of sub-Saharan Africa where climatic eiedoroject that climate change will have
major impacts on the livelihoods of the people andsystem goods and services on which they
depend (Thornton et al., 2006).

The study concludes that participants’ knowledgd anderstanding of the concept of climate
change and its impacts on agricultural product®mwell developed because of their everyday
involvement in agricultural activities from whichdy earn their livelihoods. Undoubtedly, as they
survive on these activities, they are observantdisckerning about subtle changes in climate. The
majority of these farmers are educated and literatane have access to radio, television and
newspapers, which facilitate access to currentrimédion about climate change. A number of
sensitisation programmes organised by the governmgencies and NGOs in the study area,
which sometimes have climate change componentseim,thave also contributed to the raising of
awareness on issues of climate change and clinsaigbility. However, this study suggests that
there is still only a limited understanding amoragniers of the underlying causes of climate
change, as some respondents still related clintfsages to socio-cultural and religious factors.
The study suggests that this limited understandiag create a barrier in the implementation of
climatic adaptation strategies aimed at curbingctlmeent and expected future impacts of climate
change. Thus, this study suggests the need foragmwental education, which will enable farmers
to grasp the causes of climate change, and henotcprtheir environment from further

degradation, and to implement realistic adaptativategies that will reduce further changes in

climatic conditions.

The findings from this study show that farmers rmgking efforts to adapt their farming practices
to changing climatic and environmental conditiofidie adaptation practices employ both
autonomous strategies (involving farmers’ effordsdx on their local knowledge, experiences and
practices) and planned adaptation strategies mgdineb central government through different
policies and strategies, such lgimo kwanza(agriculture first) and the National Strategy for
Growth and Reduction of Poverty (NSGRP), known a8lMUTA in Swahili, which focuses on
alleviating poverty in the country, as well as NGQ@gich have climate change adaptation
strategies/components in their programmes. Howeés, study concludes that some of these
strategies do not sufficiently meet the needs ef fdrmers in adapting better to the changing
conditions. For instance, the study observed thastrof the farming inputs do not reach the
farmers in time (before the growing season starts)the amount provided under subsidised prices
(e.g. fertilisers and improved seeds) was not elmdogcater for farmers’ needs. Because some
farmers cannot afford such inputs due to limitectpasing power, they resort to the use of cheaper

strategies that do not yield substantial resultss tincreasing their vulnerability to the changing
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conditions. It is on this basis that the study sstg that the government should revisit the
adaptation policy to ensure that it considers #&laracteristics of the farmers in the rural

community, as well as the timely delivery and aadaility of farming inputs.

Another important conclusion drawn from this stusglythat virtually all farming activities in the
study area depend entirely on rainwater. Thus,ethgronly limited use of irrigation in the
management of farming activities, despite a nunifestudies suggesting irrigation to be an
effective method of reducing climate-related prdaturcrisks in the agricultural sector (see IPCC
2007; Branca et al., 2011; Parrott and Marsden22B@etty et al., 2006). However, changes in
climate and environmental variability affect watend rainwater availability for agricultural
activities in the study area, in the country and\frica in general. In the study area, many rivers
and streams are reported to overflow in seasoris mdvy and long rain, and are dry in the
seasons with low rainfall. Nonetheless, the stuglseoved no concrete structures near rivers built
to collect and store rainwater (from run-off) andter in the rivers for irrigation during seasons
with low and variable rainfall. Although the estahment of irrigation schemes requires large
physical infrastructure and capital investmentined and experienced irrigation personnel and
engineers, experienced farmers in irrigated aguoeland the use of modern technology so as to
reap large benefits from the scheme (Biswas, 19B8) study suggests the development of small-
scale irrigation schemes (SSIS), which by theiureatio not require large capital and investments
(see also Biswas, 1986; Burney and Naylor, 201&)SSare suitable in the study area, and
elsewhere in the country and in Africa at largesause most rural farmers in developing countries
have low investment capacity when compared withcthst of the establishment of large irrigation
schemes. Thus, SSIS can be developed at a rejatwel cost and can be cost-effective and
suitable for the irrigation of most of the crop ieties, including the basic staples (maize and
beans). SSIS could effectively make use of traddioirrigation skills that are cheaper, more
affordable and readily available to rural farmérkis is supported by Burney and Naylor (2012),
who suggest that farmers normally start with lowtdechnologies and then move up to the ladder
and invest in higher quality irrigation systems.I$$ cheaper, as it makes use of the easily
obtainable rainwater (e.g. run-off water and ndtwater flow) captured and stored for use during
the dry season. Also, SSIS does not require thaagiement of inhabitants, which is one of the
major drawbacks of the establishment of large atran schemes. Similarly, environmental and
health problems, such as waterlogging and soilniggli and waterborne diseases such as
schistosomiasis and malaria, which are associattd iigation activities, are low and can be
manageable due to the nature of SSIS (Biswas, 198@) study suggests that the construction of
concrete water storage structures, shallow wellsimigation channels can be done through public
private partnerships (PPP). For instance, in tise chthe study area, Kisangara Sisal Estate is one

of the potential private organisations that cowddé&sponsible for the water scheme’s constructions
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and management to ensure that smallholder farmenefib from water storage facilities. The
development of irrigation schemes should go harthind with the identification of potential areas
for irrigation. Similarly, the study suggests tlehabilitation of the existing irrigation schemes to
ensure their effective utilisation. As the studpdings show, most of the existing irrigation
structures (traditional and modern) are old, ddapd and underutilised, which affects farmers’
adaptive capacity. The use of partnerships betwedtic and local private actors can help rural
farmers benefit from improved irrigation facilitiehich will enable them to cope with climate

change, hence improving their adaptive capacity.

The study has also shown that farmers are adafginige changing climatic conditions through
crop-diversification strategies that involve thewing of other drought-resilient food crops, hence
reducing dependence on the single food crop of enfltze main staple food crop grown in the
area). Such diversification of crops also variepetheling on the location. However, the study
suggests that there are only a limited number @b diversifications in the study area. This study
thus recommends further research on crop diveasific of both food and cash crops so as to
increase farmers’ income and food production, heedacing dependence on monoculture with its

associated high risk of yield and income loss dpedverse weather conditions.

Another important conclusion draw from this studythat farmers still make use of their local
environmental knowledge and practices in managamgnihg activities, including adapting to
changing climatic conditions and environmental aditity. However, the findings suggest that
there is less recognition of the role of local eawimental knowledge and practices in farming
activities, and more emphasis is put on the usiehtific farming technology. This side-lining of
local knowledge and practices is not only donehsy development practitioners, but also by the
farmers themselves, as the knowledge is perceivddiltto yield sufficient output under current
changing environmental conditions, resulting imfars losing confidence in their own knowledge
(see also Briggs, 2005; Briggs and Moyo, 2012)hédigh the knowledge and practices are
becoming less effective, hence starting to be wobgdeby the farmers themselves, they are still
nonetheless used by the majority of the farmeithes play a dominant role as a decision making
tool in farming activities and rural livelihoodsu& knowledge is cheaper and readily available in
the local environment when compared to scientifiowledge and practices. The use of local
environmental knowledge and practices has keptdessloped countries’ emission rates of GHG
low when compared to the industrialised countri¢snce local knowledge and practices remain
the most green technology based on the low carbonogny with a low carbon footprint (Parry et
al., 2007). Less recognition of local knowledge agmdctices by the government has made the
implementation of some of the adaptation stratediicult and even impossible. However, many

development practitioners and researchers ackngeldt role indigenous knowledge plays in the
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development of society as well as challenges affficuties involved in the use of local
indigenous environmental knowledge (Moyo and Ma3@13; Briggs et al., 2007; Briggs, 2013;
Orr et al., 2000). This study has shown furthet tha knowledge is neglected which might lead to
its extinction as there are no deliberate measuarg@dace to investigate its contribution to the
current adaptation strategies to the changing tiondi It is from this that this study suggestd tha
the design and implementation of the adaptatioatesjres and policies should depart from the
exclusionary strategy and pay greater attentiothéolocal knowledge and practices of the local-
level actors. This can be achieved through synergfethe local knowledge and practices with
modern science, leading to the development of aidhylechnology that can benefit both local
farmers and the ecosystem. This could improve dpadty of farmers in adapting to the impacts
of climate change by identifying the areas for a@agion, hence providing solutions to the
constraints that cannot be solved through the tisa® type of technology. This is of importance
because modern science and technology alone camifictently provide solutions to the problems
facing the majority of the people in LDCs (see dsmgs et al., 1998). Also, as argued by Brown
(2003: 90):

“...a form of ‘fusion knowledge’, neither strictly ¢al or traditional, nor external or scientific,

may be most useful in developing locally approgriéh terms of culture and resource) and
adaptive systems of managing diverse...resourcesoften at the interface between different
ways of knowing and different forms of knowledgattimnovations in resource management

and practice can be made...”

Therefore, this study concludes that policy malgleuld not neglect the role of local knowledge
and expertise that have already being gained bylabal people, as some of their practices
provided a basis for managing climate change irptst and they were able to survive such events

(see also Gyampoh et al., 2009).

Another important conclusion drawn from this studlates to the limited involvement of the local
farmers, who are the victims of the changing emimental conditions, in the design of the
agricultural adaptation strategies. The findingavelthat most of the strategies implemented in the
study area follow a top-down approach or else dbimeolve a large proportion of the local
population during their design, but only involveetih at the implementation stage. This limits
support amongst farmers during the implementatibnthe@ proposed strategies. The study
concludes that, although changes in environmemadlitons are projected to occur all over the
world due to climate change, the changes will \@argr both spatial and temporal scales and also
will depend on the local conditions of a given ar€herefore, even if a strategy is successful
elsewhere, it may not be applicable in the givevirenment but may require some flexibility or

adjustment in order to be of value. It is importémt the development of adaptation strategies
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involves a sufficient number of local people andsiders their knowledge of and experience and
expertise in best practice that they already pasddany studies recommend the involvement of
stakeholders in the design of community-based dewe¢nt plans (Reed, 2008; Chess et al.,
2000). A study by Thabrew et al. (2009) considées involvement of stakeholders in decision

making as a critical aspect that enables staketsltu# only to interpret and make decisions based
on expert judgements, but also to appropriatelpliver the relevant parties in the research and
decision-making process. The study suggest futiher scientific analyses in multi-stakeholder

contexts have to be more transparent, participatodystakeholder-based in order to provide useful
information to assist in decision making. Throupgl involvement of the beneficiaries, adaptation
strategies can make use of the existing indigelkaoosvledge and skills of the local people, their

environmental conditions and resources, rather thgoosing new and expensive practices that
farmers are not familiar with and that create aibaduring their implementation process (see also
Simms and Murphy, 2005).

Since agriculture forms the mainstay of the econamy livelihood of the people in the study area,
and in Tanzania as a country (URT, 2001b), the neexfrengthen extension services cannot be
ignored. The findings show that farmers in the gtacea lack proper information with regard to
farming activities, which is important in adapting changing environmental conditions.
Information can improve farmers’ adaptive capaaityl increase their resilience to the impacts of
climate change and environmental variability iniagture by accessing up-to-date information on
the expected weather conditions (e.g. expected anwfuainfall and likely commencement time),
use of improved seeds, and advice on the use tdrfamade pesticides and fertilisers (when to
use, how to use and what amount to use). Suchniation could empower farmers and enable
them to make informed farming decisions. It therefie recommended that extension services are
improved, which can also go hand in hand with ttevigion of education on the efficient use and
protection of natural resources such as forestternand soil so as to increase productivity in a

sustainable way.

Furthermore, this study draws an important conolushat farmers have limited access to reliable
weather predictions and forecasts. Although theoritgj of the participants reported receiving
information from the Tanzania Meteorological Agen@yWA) via radio and television, they
claimed that the information was too general amddifficult to comprehend. For instance, TMA
produces information covering a very broad spatiale within the country, with no specific focus
on regions or districts. Moreover, the languageduse difficult to understand by the target
population and is too general. This limits the o$dhe available information for planning and
decision making in agriculture, thus making farmdepend on traditional weather forecast and
experiences based on their own farming calendaighnib not sufficiently reliable due to current

environmental changes. This study therefore suggastmprovement in the collection, processing
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and dissemination of the weather information to sigder a more specific area rather than
generalisation based on the zones. This can beoseppby the government through the
meteorological weather agency to ensure the aviitjabf up-to-date weather stations for data
collection and processing and for the disseminatioime information to the farmers to ensure that
they access and make use of the information innphgnand decision making to manage

agriculture-dependent livelihoods.

The highlands are the major sources of food anémeed in the lowland zones and elsewhere in
the country. Water originates from the catchmemedb reserves of Kindoroko, Kamwala and
Kirongwe. However, the study observed increasingrenmental degradation, especially in the
forests, and declining soil fertility, which affelabth food production and water availability in the
district. This study recommends deliberate meastordse taken by the government and private
sectors to focus on soil and water conservatiagherhighlands. The efforts should concurrent with
the employment of experts at the ward level to @®he necessary technical support in the
conservation process. Similarly, there is a neeninfmrove rural roads and transport facilities to
allow rural farmers to access district towns, mgkineasier to transport crops from the villages to
the market at lower costs. The literature alsosdite improvement of infrastructure such as roads

to be an important component in rural developméatr(bo et al., 2010).

The findings of this study agree with the genetatature on climate change, which suggests that
changes in climatic conditions are affecting adtime-dependent livelihoods. According to the
IPCC (2001), the global climate is expected to geanoth now and in the future, affecting more
agriculture-dependent communities. More severe atgpavill be experienced in developing
countries due to their increased dependence orfediagriculture and low population adaptation
capacity, coupled with fragile environments. Henagricultural adaptation strategies to climate
change are important in promoting agricultural picitbn during periods of extreme weather and
climatic events. The findings of this study provumlgsite information that shows that the Mwanga
District has been experiencing changes in rairdall temperature over the past three decades,

which is an indication of climate change and envinental variability.

The findings of this study also show that both aotoous and planned strategies have a stake in
adapting to climate change. However, some of tilséisgegies do not sustainably grant farmers’

livelihood needs, while at the same time sustaitimgglife support systems of the earth (Turner et

al., 2003), as they either limit the effective implentation of agricultural adaptation strategies or
contribute to environmental degradation throughngea to and removal of land/vegetation cover.

The results of this study therefore may inform @plinakers in the design and implementation of

different agricultural adaptation strategies anticps in the attempt to reduce the vulnerability o

agriculture and the environment to the currentfare projected impacts of climate change.
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The findings also may contribute to the design ofarresilient agricultural adaptation strategies
that could be cost-effective, sustainable and dapab facilitating increased food security as
climate change impacts continue to bite. Accordioghe UNDP (2008), “humanity is living

beyond its environmental means and running up gamdb debts that future generations will be
unable to repay as a result of global climate chanbhus, the results of this study may lead to the
assessment of current adaptation strategies aniérmaptation plans to find out whether or not

they need to be changed completely or improved updenefit the target groups and ecosystems.

The contribution of local environmental knowledge the development of Tanzania has been
widely underestimated. Meanwhile, a number of Afiased studies have suggested that a proper
understanding of local knowledge and practices dadrve as a valuable tool for any African
country that seeks to develop itself (Magubane918¥wami, 2001). Hence the development of
adaptation strategies will require an understandind consideration of the indigenous farming
knowledge and practices of the local community.sTihiesis provides the foundation for further
research, and could stimulate further debates enssue of climate change in a typical African

country.

This thesis not only explored the impacts of clienahange on agriculture and the respective
adaptation strategies in the face of economic ehgéls, it also showed the role played by local
environmental knowledge in the sustenance of rwgticultural livelihoods. Providing a
background to the complexity of the major factdrsupal livelihoods, and the adaptation strategies
in response to environmental changes, this thessommends the integration of local
environmental knowledge and conventional scientifiethods in the development of appropriate
and widely acceptable adaptation strategies fonatk change. This would require a broadened
interdisciplinary research approach in developiagntries to holistically address the role of local
environmental knowledge and how it can enhancdigesilivelihood strategies and adaptive

capacity for rural farmers to respond to climatarde.

This study intended to investigate the knowledge farimers about climate change, their
perceptions on changing environmental conditiond @8 impacts on agricultural dependent
livelihoods. The study has also examined the péicep of farmers on agricultural adaptation
strategies and the role of indigenous environmek@wledge in farming. The findings have
shown that farmers are aware of their weather tiomdi and how the changes affect their
livelihoods. They are also aware of both autonomaus planned adaptation strategies, and they
are making use of both. The only disappointmenea&d by this research is that the so called
smart climatic adaptation strategies as revealddediterature (Cooper et al. 2013; Beckford and
Barker, 2007; Thomas et al, 2007; Kristjanson g2@12; Olokesusi, 2004; Nyong et al, 2007 and
Giller et al, 2009) can not be universally applied are place specific. The applicability is lindite

273



due to social, cultural, economic, political andrieznmental conditions of a given geographical

location.

This study also observed that there is a problenmthin approach used in the design and
implementation of adaptation strategies. The toprdapproach used in the implementation of the
strategies leads to failure even if the strategyhinpromise positive results. Furthermore, some of
these adaptation strategies need high purchasingrge.g. buying improved seeds, application of
pests and insecticides and use of tractors duand preparations) which the majority of the

farmers cannot afford due to abject poverty. Thimé&s thus opt for alternative off-farm activities

by involving themselves in illegal livelihood adties for their survival such as logging and sand
quarrying which results in negative impacts onghgironment and directly increases the farmer's

vulnerability to environmental hazards.

Although the information presented in this theses Hocused on the agricultural adaptation
strategies implemented by the government and iddali farmers, it is important to note that

private sector organisations, such as NGOs, reigji@rganisations and other local and
international institutions, are also concerned wille development and implementation of
agricultural adaptation and mitigation measureghia agricultural sector. However, given the
limited resources, this study did not focus on tlée played by the third sector. This is

unfortunate, as it would seem that NGOs have bedompertant contributors in some places. For
example, Friendship in Development Trust (FIDE)ais NGO which is helping destitute rural

farmers to improve their livelihoods in the studga while reducing the impacts of changing
environmental conditions. The NGO is supportingmfars to revamp coffee economy and has
introduced new coffee species with higher yieldoagacity, short time to maturity (three years)
and resistant to common pest and diseases; anteiaed in improving productivity for cows,

chicken and goats. In achieving this, the NGO haglly distributed 78 dairy cows, fifty seven of

which were high quality bulls intended for crosdatieg; has introduced new goat breed from
Isiolo Kenya and forty improved roosters (cockérdty crossbreeding to improve indigenous
chicken breed for better yields. FIDE is also coterhiin improving banana farming geared on
improving banana production in the highlands. Ugl @011, more than 40 farmers had received
training on improved banana cultivation methods)ceecontributing to the improvement of the
livelihoods of vulnerable rural poor householdscken by poor agricultural performance resulting
from changes in climatic conditions. Another NGOiebhis involved in supporting farmers in

managing the impacts of changing climatic condgias the Same and Mwanga Environmental
Consavation Advisory Organisation. The NGO works3ame and Mwanga districts to sensitise
communities on climate change and food securityjrenmental conseravation and renewable

energy, human rights, gender, entrepreneurshigsskihd HIV- AIDS awareness. Through
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education and support provided by the organisatienple in the study area (Ngujini and Kwakoa
wards in particular) have learnt how to use an ctiffe fuel-saving stove known gko

banifu/mkombozin Swabhili. The use oMkombozistove reduces the rate of tree logging for
firewood which is the sole source of domestic epdog cooking. The reduced rate of logging for
domestic use will increase the rate of carbon grarevent soil erosion, modify micro-climate

and benefit the villagers through the aesthetioevalf the forests.

Beacause agriculture is vulnerable to changing atietnconditions, it is important to note that
farmers have developed alternative, non-agricultdirgersification strategies that enable them to
mitigate their rural nature-dependent livelihoodsler changing and variable climatic conditions.
This study, however, did not focus on these; tiniss is an area worthy of further exploration to
develop a more holistic understanding of the adxical adaptation strategies and limitations

facing agriculture in rural areas.
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Appendix
Household Questionnair e Survey

Questionnaire number ....................

Name of the village: .................... Ward............... , Division .................
SECTION A

Demographic information

1. Gender of the respondent ....................

3. OCCUPALtIONS ....vvve e e
4. Education level: a) Adult education, b) PrimarySecondary, d) College, e) University

6. Number of family living away from the village

a) Males b) Females c) Total

SECTION B

Land ownership for agriculture

1. Do you own any farm land? Yes, No

2. If yes, how many plots...................... ?

3. What is the size of farm plotin acres.............. ?

a) Lessthan 2

b) Between 2- 3.9
c) Between 4-5.9
d) 6 or more

4. a) Main crop grown

A) e b) oo (o) VPRI d) oo
4. b) Other types of crops
A) e b) oo C) verirriennn d) .o

5. Number of people working in the farm.

a) Males b) Females c) Total

276



6. Amount of crops harvest in the last season?

a) Main cops b) Areagrown in acre ¢) Amount Harvested (No of Tins)

1.

2.

3.

4.

b) Other crops

1.

2
3
4

7. Describe the amount of crops harvested in the Jayears (2002-2012).

a) Enough
b) Surplus
c) Deficit

Livestock Keeping

1. Number of livestock kept by the household.

a) Typesof livestock

b) Number.

2. Major challenges facing livestock keeping

3. Household sour ce of cash income

a) Source of income

b) Yes (1) No (2)

SECTION C

Knowledge on local farming methods and practices

aOrwNE

Name local farming methods and practices knowrota y

Which one among those mentioned do you practise?

How do you determine soil fertility of a farm plot?

Mention traditional environmental weather predinidknown to you.

What are your views on indigenous knowledge andtimes in farming activities
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Perceptions of the factors affecting effective agtion of indigenous environmental knowledge

and practices

Statement

Strongly
agree

Agree

Not
sure

Disagree

Strongly
disagree

Lack of support from the government

It is gender sensitive

Known by few

It is marginalised

It is not reliable

Threaten by changing conditions

Specific to a given area, not applica
everywhere

ble

Threatened by increase in the use of mo
technology

dern

Not written

Connected with local beliefs and taboos

Cannot be justified and proved

Difficult to use/apply

Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagr= 2; Strongly disagree = 1

SECTION D

Information on climate change and environmental variability

1. What do you understand by the term climate andatknchange?
2. What do you think are the causes of climate change?
3. How are you affected by the current changing caomst?
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SECTION D

Per ceptions of climate change and environmental variability

a) Perceptionsof climate change

Statement

Strongly
agree

Agree

Not
sure

Disagree

Strongly
disagree

Drought period seems to be longer

Rainfall seems to be less

Average temperature seems to be higher

Rainfall seems to be more variable

Decrease and drying of water

Weather seems to be unpredictable

Loss of crops seem to be higher

Fodder seems to be less

Growing season seems to be shorter

Pests and crop diseases have increased

Declining and loss of wetlands

Livestock diseases have increased

Soil erosion is a bigger problem now

Death of livestock have increased

Rainfall seems to have increased

Floods seems to be more frequent

Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagr= 2; Strongly disagree =1
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b) Changesin farming practices

Statement Strongly | Agree | Not | Disagree | strongly
agree sure disagree
You have changed planting dates now
You practise more conservation farming (zero
tillage) now
You practise more terrace farming now
You use more manure now
You retain more crop residuals and grass on the
farm now
You have more weed control now
You practise more burning of the crop residyals
and grass now
You use more factory fertilisers now
You use tractors more now
Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagr= 2; Strongly disagree = 1
c) Adaptation strategies
Statement Strongly | Agree | Not | Disagree | Strongly
agree sure disagree

You practise mixed cropping more than g
decades

ast

You grow more improved maize varieties n
than past decades

You cultivate fewer plots now than in past decades

in past decades

You grow more drought-resilient crops now than

You depend more on remittances now than in
decades

past

You cultivate more crops other than maize
beans now than in past decades

and

You depend more on non-farm activities now t
in past decades

nan

You keep more livestock now than in past decades

You use more industrial insects and pestic
now than in past decades

des
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You depend more on traditional weat

predictions now than in past decades

ner

decades

You practise more irrigation now than in the past

Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagr= 2; Strongly disagree =1

d) Limitationson adaptation

temperature and erratic rainfall)

Statement Strongly | Agree | Not | Disagree | Strongly
agree sure disagree
Climate variability (drought, increase [in

inputs

Insufficiency and untimely delivery of agricultural

Low financial capacity at different levels

Top-down strategies

Pests, crop diseases and vermin

Unreliable weather forecast information

Soil fertility

Poor agronomic practises

mechanisms

Lack of education on climate change adaptation

HIV/AIDS)

Increasing cases of human diseases (Malarig

and

Emphasis on modern farming methods at
expense of traditional practices

the

Migration of the youth to other areas
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Appendix 2
Survey of on-farm practices

No. of farm plot.......................

1. Nameofthevillage................coooiiiiints Ward.........oooieiee,
DIVISION......ciii i

2. MaIN CrOPS GIOWN ... e ettt et et e et e ettt e e e e e e e e aaas
G J @ )1 1= o] 0] o 1= P

4. Observed environmental conditions (soil erosiothenfarm): Tick as appropriate

Evidence Observed Not observed  Major Minor

Gully erosion

Rill erosion

Surface erosion (sheet)

Turbid water

Others

5. Rainfall distribution for adequate crops growthckias appropriate

Good Bad Very bad
Distribution
6. Evidence of drought:
Evidence Observed Not observed Major

Wilting of crops

Soil cracks

Crop failure

Poor yield

Stunted crop growth

Extent of weeds on the farm

Dried springs and streams

Surface sheet erosion

Dried wetlands and ponds

Sedimentation
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7. List types of traditional farming practices obsetvE&ick as appropriate

Type of strategy Scale of operation

Large Small

8. Observed agronomic farming practices: Tick as gmate

Evidence of agricultural practices Observed Not | Scale of operation

observed
Large | Small

9. Soil fertility: Tick as appropriate

Good Bad Very bad

10. Presence of pests, diseases and vermin: Tick as@pgie

Scale
Types of pests and crops diseases Obseryed  Natelds
Large Small
Grasshoppers
Maize bore

Bean weevils

White flies

Aphids

Blister beetles

Vermin
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Appendix 3
Characteristics of the Respondents

Key informant

District level
Interviewee Code
District crop officer District official 01
District livestock officer District official 02
District natural resources officer District officia3
District development and planning officer Distrifficial 04
District land use and planning officer Districtiofal 05
District forest official District official 06
District Sorghum coordinator District official 07
Kisangara Sisal Estate Manager Sisal estate informe

Ward Agricultural Extension officers (WAEO)

Ward Code

Ward agricultural extension officers Ward officer. 91
Ward agricultural extension officers Ward officer. 02
Ward agricultural extension officers Ward officer. 03
Ward agricultural extension officers Ward officer. 104

Ward Executive Officer (WEO) = ward leader

Ward Code

Ward executive officer 1 Ward leader 01
Ward executive officer 2 Ward leader 02
Ward executive officer 3 Ward leader 03
Ward executive officer 4 Ward leader 04
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Village chairpersons = Village leader

Village Chairperson

Code

Village chairperson 1

Village leader 01

Village chairperson 2

Village leader 02

Village chairperson 3

Village leader 03

Village chairperson 4

Village leader 04

Village chairperson 5

Village leader 05

Focus group discussions

Location Number of interviews Code

Highland 02 HFG

Lowland 02 LFG
Oral history

Location Number of interviewees Code

Highland 06 HOHO1

Lowland 06 LOHO1
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IN-DEPTH INTERVIEW

Highland — 45 interviewees

Division Wards Village |code/ | Gender| Age | Farm Lowland Primary
name no. ownership | farming location
in lowland| status
zones
Kilomeni sf0l | M 91 | No N/A Highland
sf02 | M 80 | Yes Abandoned Highland
sf03 | M 42 | No N/A Highland
sf0o4 | M 63 | No N/A Highland
sf05 | M 87 | Yes Abandoned Highland
Sofe
sf06 | M 76 | Yes Abandoned Highland
sf07 | F 72 | Yes Abandoned Highland
sf08 | M 67 | No N/A Highland
sf09 | M 37 | No N/A Highland
sf10 | M 42 | No N/A Highland
Ngujini chll | F 45 | Yes Not Highland
cultivating
Kindoroko chl2z | M 68 | yes The lasHighland
time I
cultivated
was 1992
chl3 | M 85 | No N/A Highland
Chanjale chl4 | F 46 | Yes Cultivating  Highland
chl5 | M 57 | Yes Abandoned Highland
chle | M 64 | Yes Not Highland
cultivating
chl7 | F 56 | No N/A Highland
chl8 | F 43 | No N/A Highland
chl9 | M 44 | No N/A Highland
ch20 | M 52 | No N/A Highland
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Highland — Interviewees

Division | Wards Village |code/ | Gender| Age | Farm Lowland Primary
name no. ownership in Farming location
lowland status
zones
ms21 | M 64 | No N/A Highland
ms22 | M 77 | No N/A Highland
ms23 | F 46 | No N/A Highland
ms24 | M 63 | No N/A Highland
ms25 | M 74 | No N/A Highland
ms26 | F 43 | No N/A Highland
Ugweno | Msangen| Msangeni
ms27 | M 45 | No N/A Highland
ms28 | M 79 | No N/A Highland
ms29 | F 61 | No N/A Highland
ms30 | M 47 | No N/A Highland
ms31 | F 43 | No N/A Highland
ms32 | F 50 | No N/A Highland
mi33 | F 48 | Yes Not Highland
cultivating
mi34 | M 56 | Yes Not Highland
cultivating
mi35 | F 62 | Yes Not Highland
cultivating
mi36 | M 70 | Yes Not Highland
cultivating
. . mi37 | F 42 | No N/A Highland
Usangi Kirongwe| Lomwe
mi38 | M 64 | No N/A Highland
mi39 | M 46 | No N/A Highland
mi40 | M 48 | Yes AbandonedHighland
mi41l | M 38 | No N/A Highland
ml42 | F 52 | No N/A Highland
mi43 | F 44 | No N/A Highland
ml44 | M 52 | No N/A Highland
ml45 | F 67 | No N/A Highland
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Lowland Interviewees

Wards Village |code/ | Gender|Age | Farm Farming | Primary
name no. ownership | status location
Division in the
highland
zones

Lembeni | Kisangard ksO01| M 65/ No N/A Lowlang
ksO02 | M 48 | No N/A Lowland

ks03 | M 54 | No N/A Lowland

ksO4 | M 66 | No N/A Lowland

ksO5 | M 61 | No N/A Lowland

ksO6 | M 47 | No N/A Lowland

ksO7 | M 70 | No N/A Lowland

ksO8 | M 48 | No N/A Lowland

ks09 | M 55 | No N/A Lowland

ks1l0 | M 40 | No N/A Lowland

ksll | F 42 | No N/A Lowland

Lembeni

ks12 | M 66 | No N/A Lowland

Mbambua| mbl3| F 40| No N/A Lowland

mbl4 | M 42 | No N/A Lowland

mbl5 | M 48 | No N/A Lowland

mbl6 | M 45 | No N/A Lowland

mbl7 | M 68 | No N/A Lowland

mb18 | M 63 | No N/A Lowland

mb19 | M 62 | No N/A Lowland

mb20 | M 52 | No N/A Lowland

mb21 | M 41 | No N/A Lowland

mb22 | M 57 | No N/A Lowland
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Lowland — Interviewees

Wards Village |code/ | Gender| Age | Farm Farming | Primary
name no. _ownership status location
Division Ir?ighlan dthe
zones
Jipendea| Kwakoa Kwakoa| kw2 M 53 No N/A Lowlan
kw24 | F 50 | No N/A Lowland
kw25 | M 52 | No N/A Lowland
kw26 | M 46 | No N/A Lowland
kw27 | M 52 | No N/A Lowland
kw28 | M 50 | No N/A Lowland
kw29 | F 46 | No N/A Lowland
Kw30 | F 38 | No N/A Lowland
Kw31l | M 48 | No N/A Lowland
Kw32 | M 47 | No N/A Lowland
kw33 | M 42 | No N/A Lowland
kw34 | M 45 | No N/A Lowland
Mgagao | Mgagao| Kiverengekv35 | M 42 | No N/A Lowland
kv36 | M 62 | No N/A Lowland
kv37 | F 40 | No N/A Lowland
kv38 | M 67 | No N/A Lowland
kv39 | F 66 | No N/A Lowland
kvd0 | F 38 | No N/A Lowland
Kv4l | M 52 | No N/A Lowland
kv42 | M 48 | No N/A Lowland
kv43 | M 56 | No N/A Lowland
kv44 | M 56 | No N/A Lowland
kv4d5 | M 77 | No N/A Lowland
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