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ABSTRACT

Bananaamajorfood and income securityopin Ugandds severely threatened by tBanana
Xanthomonas Wilt (BXW}lisease. He ofdiseasdreeplanting material such as tissue culture

(TC) bananas a key intervention in control diie disease@lVhereas TC banana seedlings have

been promoted fanore than a decade, the uptake is low (at only 7%). This has been attributed

to economic factorsmainly the cost of seedlings but this does not take into account the socio
cultural issues around banana. Banana in Central Uganda andBaghedacultureis not

only a staple food, it also serves several cultural purpodéss studyinvestigated how the
biotechnology generated TC banana seed fitsdb-culturalcontext of theBagandaculture

in Central UgandaSpecifically, the study;(i) establishe the sociecultural fit of TC banana

seed inCentral Uganda; (ii) determined the influence of farmer perceptions on intentions to
use the TC banana plantletGantral Ugandand (iii) identifiedfactors that influence uptake

of TC banana seed among shnalder farmers irCentral UgandaA mixed methods research

design was usedmploying both qualitative and quantitative datathods Qualitative data

were obtained frontenkey informantandeightfocus group discussionand quantitative data
weregenerated by two surveys om&olving 174 andanother248 respondentsom Mukono

and Luweero districtResultsdifferentiate three major purposes of banandpad, cultural
artefactand medicineSpecific varieties are associated with each of thasetitns. However,

the range of varieties supplied through TC technology are largely the commercial ones and do
not meet the diverse soemltural functionsof bananaThe farmers therefore mix the TC
banana plantlets and the local suckers in the samermgéndreby facilitating crosafection

and defeating the intention of controlling BXWhebanana varieties supplied through TC are

not the most preferred for home consumption though they yield big bunches good for the
market. Farmers perceive TC banawabe genetically modified anthey are therefore
considered not fit for medicinal and cultural practidesrther TC banana are considered
unsustainable in the context of declining soil fertility and frequent droughts due to climate
change. Growind C barana requires new knowledge and management practices that farmers
are not accustomed to. Farmer intentionage TC planting materials dependent on social

i nfl uence (b asthelnajdrpredictcaa<d 0 .a0@ Imer i nnovativene
0.06) as a mediating factor The findings also reveal t hat
P<0.01), adaptability (b= 0.69; P<Qfarthd&r) and
competences and soes@gonomic factors positively influence farmer uptaebanana TC
seed.Uptake intensityis mainly influenced byTC seed acceptabi,Jity (
accessibility (b= 0.39; e of.the T¢ plamtretd is Btih r me r
contentious among farmers and therefore mass sensitization aatl istiaence through
community opinion leaders, faibased leaders and farmer groups is critical in influencing
farmer perceptions to adopt TC banana. Promoting TC banana requires that the technology is
accompanied with a package of information includamgong other things the soil fertility
requirements, agronomic practices and disease managenteaid uptake, the promoters of

TC banana will need a sound communication strategy that addresses the myths and perceptions
on TC and widen the range of vams supplied through TC to suit the diverse uses (beyond
food) of banana and preferences in Bagandaculture.

XVi



CHAPTER 1: GENERAL INTRODUCTION

1.0Introduction

Effective management of plant health to boost agricultural productivity is fundarfoeritadd

and income security amongst populations. Nonetheless, substantial amounts of crop produce
worldwide are lost annually due to plant health problenmecessuting for agricultural
technologies and innovations tlw@naid to curb the spread oplant pathogensSurprisingly

uptake ofsuchtechnological improvemenis form of agricultural innovationshat would
otherwise contribute to foodnd incomeinsecurity remain extremely low in St8aharan

Africa. While the current study providassights on the sociecultural environmentthat
influences uptake oftissue culture bananaeedin Uganda this chapter describes the
background of the study, statemenhthe problem, objectives, methodology and justification

of the study. It concludes with an overview of the structure of the dissertation.

1.1 Background to the study

Worldwide, researchers and governments are working hard to improve agricultural
productvity in developing countries through provision guiality seed(Coomeset al., 2015
McGuire and Sperling, 20)6In SubSaharan Africa [SSA], the per capita food output has
significantly declined contributing to food and income insecufitys regionhas the highest
proportion of undernourished people in the world, estimated to be 30% of the total population
or 239 million people for the period 20P012 (FAO, 2013 Reynoldset al., 2015; FAO,

IFAD, UNICEF, WFP and WHO, 20)9Under such circumstances s e is @ndmportant

entry pointfor the promotion ofcrop agricultural innovations/technologies for increased
productivity, nutrition as well as food and income securiiycGuire and Sperling, 2016).
Farmer seed sourcéave often been shown to capgsts and diseases tlwaertime lead to

seed degeneratippompromising the seed quality and crop yield (Berelegl.,2018)and yet

this remains the dominant source of seed especially for smallholder fafdngesizations

such astlie Alliance for a Geen Revolution in Africa (AGRAhave thusplacedconsiderable
emphasis on strengthening the seed sector and promoting the commercialization, distribution
anduptakeof improvedseedérop varieties (AGRA, 2013)mprovingfarmes 6 capabi | i t i
access to seed/crop varietiasAfrica, as well as supporting the informal seed sest@n

integral component of the Comprehensive Africa Agriculture Developmengrdémme



(CAADP). This demandgshat Gseedis seen as a conduit through which new vasgéind

guality seedeach farmers.

In Uganda, agriculture is the most important sector with regard to food and income security
(MAAIF, 2013). It supports thdivelihoods of 73% of householdgmploys 36%of the
population and 80% of the poorest populaffofBOS, 2017) The sector contributes 23% of
the countryods Gr oNodd Bang ra@l8)Adriculture indhe wauntry is
dominated by smallholder farmers (80%) who fara hectares and camiiute 70% of the
agricultural production. Most of the agricultural produce is consumed domestically. Despite its
importance and growth in the recent years, the agricultural sector only meets 40% of its
potential (WFP, 2017). Its productivity impended § a number of factors that inclugests

and diseases, climatih@angeimpacts limited accesby farmersto quality inputsf ar mer s 0
limited access to land and agricultural finance, decline in soil feréihity consequentow
technology adoptiofEkesaet al., 2015; Fiala and Apell, 2017).

Given the importance of agriculture in the country, a nunolbgolicies and strategic plans

such as Poverty Eradication Actiéhan (PEAP with its component programs &flan for
Modernisation of Agriculture (PMA), Prosperity for All (PFA), Rural Development Strategy
(RDS), National Development Plan (NDP), The National Agriculture Policy, The Agriculture
Sector Strategic Plan (ASSP), Uganda Green Growth Development $tfd@GDS) and

The Uganda Vision 2040 have been put in place by the government to guide the sector towards
improved production, food and nutrition security and economic growth. These are geared
towards uplifting the production of key production crops i@ tountry for which banana is

among.

1.2 Banana production and its importance

Banana fusa spp) is a staple and cash crop in the East African region with over 30 million

people depending on the crop for food and income (Dedtia., 2019). The crop isfchigh

nutrition content providing a good source of carbohydrates, vitamins(A3.BBs, and C),

minerals (potassium, iron, zinc, calcium, phosphorous, magnesium and selenium),
polyphenols, resistant starch, and antioxidarAtrdissoret al.,2001; Haknda et al.,2009).
Banana is a major staple for Mihan estinmied a he
production of 10.5 million tonnes per annum,

of cooking bananas [matooke] (Kabaheadd Kapiriri 2010).Theaverage per capita annual



consumption of bananas in the country is estimated at close to 1 kg per person per day, the
highest in the worldEdmeade®t al, 2015). The crop occupies the largest cultivated area
(about 30 % of the cropland) @ots of less than Ota (Ngambekiet al.,2003; Edmeadest

al., 2015).Banana cultivation in the country is dominated by the locally evolved clones known
as the East African Highland banan&wold et al, 2002) which include the harder green
cooking bananas | oMawmdkdisyhe leaaihg seaple fabdrvath am arnwealo .
production of over 6 million tonnes (Kilwinget al., 2019). The cropaso provides a wide

range of products (animal feeds, charcoal briskets, crafts, construction materials) which
significantly contribute to food and income security of the populace and consequently to

national development (Kikulwetal., 2018).

In spite of the importance of banana in the country, banana cultivaties critical challenges

that affect and even threaten its survival. Key among which is the Banana Xanthomonas Wilt
(BXW) disease caused by the bacterimnthomonas canegtrisn pv. musacearunT his

disease has been a main reason for poor yields since its emergence in 2001 (Tushesbereirwe
al., 2004). BXW has continued to threaten banana production and can wipe out entire crop
holdings where highly susceptible genotypesnthate the farming systems (Kubiribaal.,

2012). This therefore poses a serious threat to the country and to the livelihoods of the poor
smalkholder farmerswho depend on banandhis disease was first reported in Mukono
District, Central Uganda (Tusmereirweet al.,2004) and by 2005 it had rapidly spread to
South Western Uganda, the major banana producing areas. B&@E2005, the disease
caused a cumulative economic loss of 61.1 million dollars to the country, mainly incurred by
the East Afria n Hi ghl and Banana (-EAMB Bénomé)MVaad theo k e 6
6Kayinjad beer banana (& Bl.B200§)e The dsegse h@sTalss h e me
become of prominent importance in othsanana producing countries in tBemocratic
Republic of Congo (Nduget al, 2006), Burundi (Anon., 2006), Tanzania (Mgeatial.,

2006), Rwanda (Reedet al.,2007) and Kenya (Mbalket al.,2007). The risk associated with
Xanthomonas campestrisn pv. Musaceamrbanana cultivation has as well been analyzed

for countres in Eastern, Central and Southern parts of A{Bcaithet al.,2008. The pathogen

is gaining entry over long distances and acrossnat®nal boundaries.rddeand movement

of banana fruit, the use of banana leaves for packaging and suckers as planting material are
recognized as presenting a high risk of entry and spread of this diSeaise €t al., 2008;
Nakatoet al, 2013).



13 Tissueculture as aseed system technologyotcontrol Banana Xanthomonas Wilt

The government of Uganda through the Ministry of Agriculture Animal Industry and Fisheries
(MAAIF) developed a BXW control packagéhich comprised management practices, namely:
() the chemical destruction of diseased snasing herbicidegii) continuous cutting of re
sprouts (iii) uprooting or mechanical destruction of diseased n{atssingle diseased stem
removal (v) disposing of plant debrigvi) optimum fallow period and break crqp&ii)
improving soil fertilty, (viii) the use of clean garden toplsx) the debudding of the male
flowers, (x) use of varieties that escape inseetliated transmissioand (xi) the use of tissue
culture (TC) banana as clean seed (Dubba.,2013; Blommeet al,, 2014).

The use of clean planting matetiak part of the BXW control package is emphasized because

once a seed system is contaminated (by pests & diseases), the best way to recuperate it is by

introduction of 6newb6 (ThomdsSharmetaln 2056 Thaelseiom t o
TCseedi s a 6énewb6 phenomenon to small h9hbsder
compared to the informal seed sources (informal seed sydtesn they use. More than 90%

of farmers in the banana farming systems in East amir&leAfrica rely on suckers from
friends, neighbors, relatives or own fields to establish new gardens (8miéh 2008;
Kilwinger et al.,2019).This poses a high risk of transmitting pests and diseases across farms
since the banana planting materfedy use isaldom certifiably disease fr¢dogoet al., 2013).

In support of this, several initiatives by the Government of Uganda, Research Institutes
(Makerere University Kawanda Agricultural Research InstituteXCGIAR centers
[International Instituteof Tropical Agriculture (IITA), Bioversity International (BI) and
private institutions Agro-Genetic Technologiesimited, Biocrops UgandaLimited) have
promoted the use of TC as clean seed through the multiplication and distribution of free and at
timessold TC planting material to farmeré threeyearproject(January, 2008 to December,
2011) under IITA employedlaboratorybased rapid multiplication techniques to produce
diseasdree plantlets that were hardened and multiplied icd@munitynurseries established

in Central Uganda. Additionally, a large number of farmers were trained on how to grow and
manage TC banarsged business and marketing and the establishment of farmer cooperatives

linked tothe TC community nurseries with the aimiofproving livelihoods of themallscale

! Banana planting materials are vegetatively propagated and alternately referred to as seed or suckers.
2 A formal system is regulated by the public sector, usually by an inspection process known as
6certificationé and controls variety release t
a low incidence of disease (Bentletyal, 2018).

3 An informal seed system is managed by the farmers, without the public sector (Thiele, 1999).
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banana farmer&onetheless, the use B€ banana plantleia the control of BXW is still low
in the two main banana production (the O6Kay
African highland banana AA/AHB genome) systems in Uganda (Jaj@l.,2013).

1.3.1 Seed systermand uptake ofagricultural technologies

Worldwide, farmers have shown to accept technologies that are consistent or compatible with
the central values of their soecultural systems (Roger4,995; Warreret al.,2016). Indeed

for any seed system technologieshi® acceptable aneffective, they mussatisfy farmer
economic benefittHabtewold,2018) as wellalign tothe social cultural context societies
wheretheyareintrodued OzierLafontaine and Lesuewlannoyer, 2014Palis 2017). This

social cultural context entaitocietaltraditions,norms,valuesandpractices thatare essential

in understandinfarmeracceptancer rejectionof agricultural innovations/technologies (&0

and Morris 2001).Farmer taditions connoteeveloped practices, symbols, ideas, and beliefs
that represent farmerso6é shared experiences a
norms relate to the societal accepted ways of doing thiigsh are directly linked to culture.

The societal cultufeas such n f | u e n ¢ pesceptiocas towardssnéroduced technologies

which may enable or impede farmer uptake of nageiculturaltechnologiesRalis, 2006)

While the above are essentiakteer effective use of seed system technologies, it is imperative
that seed security factofseed availability, accessibility, acceptability and adaptability to local
farming conditiongandfarmer characteristidg€ompetencesociceconomic and institional
factors)are given due considerati¢8perlinget al, 2013; Bentletyt al.,2018;Dessartt al.,

2019. Focus m seed security factors stimulates farmer confidence in the uptake of
technologies and is of utmost relevance in monitoring and correction of seed system
interventionsby; 1) identifying why such interventions fail (or may succeed) apdiding

more effetive design of future interventions (Sperliagal.,2013).Farmer competences are
critical for farmer inspiration prior to acceptance and eventual uptake ofbased
technologies (Dessaet al, 2019).Theserelake to knowledge and skillaboutthe application

of novel agriculturalinnovationsand their autcomes in terms of products, yield, potential
benefits, risks and costMeijer et al.,2015; Kuehneet al.,2017; Ugochukwu and Phillips,
2018. Additionally,i nst i t uti onal factors such as membe

credit and extension servicasd socieeconomic factors (e.g. sex, age, education level, farm

4 The culture of a society is the accepted way of doing things in that particular society, the way in which
people live, their customs and traditions (Nis?206).

5



size) have been found to plagsentiatolesinf a r me r sdécisionsof raviel agricutural

innovations Doss 2006; Kiyingiet al.,2016;Higginset al, 2017.

1.4 Research problem

Despite the promotioaf tissue culture banana plantlets as a source of skoin the control

of BXW, the uptake of these planting materials remains, lmwst especially irCentral
Uganda.Most farmers prefer testablish banana plantations using suckers that they obtain
from friends, neighbors, relatives or from own fiel8sthet al.,2008;Kilwinger et al.,2019
thatoftenserve as source of inoculuier BXW. Reports indicate that theptake of TCseed

is generally lowat less than 7% of the total banana planted in the country (Dettadis2013).
Reluctance by farmers to take the plantletshas tedate been explained using economic
factors such as high cost of seedlings, higher labour and input requireMagga, 2009;
Njau et al.,2011;Kabungaet al.,2012. Whereas these economic factors are important, they
disconnect banana productidrom the sociecultural contextin which it is anchored.
Moreover studies Akanle, 2012; Idang, 2018/arrenet al, 2016 indicatesocio-cultural
valuesto bedeeply engrained in societal norms, belief systémisaviorapatterns and way of

life and & such inadvertently influendee uptake of agricultural technologie€urrently,
limited attention has been directed towards situating the TC banana technology within the
sociacultural contextof banana production. In addition, limited empirical research exists to
explain theuptake of TC banarseedn terms of (i)cultural values on banana cultivation and
their influence on farmer use tife TC banana platgts (ii) farmer perceptions on Tkkanana
seedand their influence on intentions to use the TC planthatsl; (iii) the determinants of
uptake of TC banana planting materialmong smallholder farmerdhe present study
therefore holistically examimesociocultural antecedentnd how thg influence the uptake

of TC bananalantletsin Central UgandaThe focus on sociaultural aspects in the uptake of
the TCbanana seeprovides insights on how approaches that integrate sadialral values

can foster uptakef agricultural technologis.

1.5 Research objectives and questions

The overall objective of thistudy was testablisthow socic-culturalfactorsinfluence use of

TC bananaeedamong smallholddiarmers inCentral Uganda.

The specifioobjectives were to:

1. Establish the soctgoultural fit of TC banana seed Central Uganda



2. Determinetheinfluenceof farmer perceptiongnintentions to use th€C banana plantlets
in Central Uganda.

3. Identify factors that influence uptake of TC banana seed among sidaliiarmers in
Central Uganda

From the above objectives, the following research questions dezieed that guided the
different studies reported in chapters 2 to 4;

1 @). Whatcultural valuesind practiceselae to banana cultivatiom Central Uganda?

1b). How does TC banana seed fit in the cultural values and practices on banana cultivation in
Central Uganda?

2 a). What shapes farmer perceptions to use TC banana seed?

2b). How do perceptionsmfluencefarmerintentions to us&C banaa seedn Central Uganda?

3. To what extent do seed security factansl farmer characteristiasfluence uptake of TC

bananaeedin Central Uganda?

1.6 Research methodology

This section describes the overall research approach expounding on the study scope, the study
area, research design and data (sources, collection and analysis). Specifically, the study is
divided into empirical chapters, each detailing the research meihdd$ata analysis relevant

to it.

1.6.1 Scope

This study examined sociultural factors and their influence on uptake of TC bananagisnt

as a seed technology in the control of the BXW disea€emmral Uganda. It uses the case of
two villages thathosted communitpased TC banana nurseries on assumptionfainater
proximity to the see@nhances access to and hence uptakieediC bananaseed Data from

the two sites wagombinedfor analysisbecause; 1) Théwo study sites are located in
neighboimg districts with similar characteristic®.g. type of soils, rainfall patterncrops
grown); 2) the bananaTC nurseries in the studies were established using a similar
implementation stylemploying a demonsttian garden besides theamd 3) the means (for
sociceconomic variables such as age, formal education) of respondents in the two study
villages were compared (using an independent santpkt)tand found to be statistically ron
significant a confirmation that the two study stare homogenou3he unit of analysis for

this study is an individual farmer.



1.6.2 Study area

The study was conducted in ti@entral region of Uganda where banana production has
traditional roots. The crop has been grown for hundreds of years in this part of the country and
the region has for long been the main source of banana seed (Lwandiag®14; Kilwinger

et al.,2019) It is from theCentral region that banana production has extended to other parts
of the countryMajority of banana farmers in the region are smallholders and the crop is grown
on an estimated mean plot size of 0.30 ha, the highest amongst all regigg2010).Banana

is the main staple food crop @entral Ugandandit is highly valued for its contribution to
income from theeverincreasinglemand for banana as food in neighboring towns and the city,
Kampala Kitanishiet al.,2018.

Luweero and Mukono districts e Centralregion of Uganda were purposively selectsd
study sites. Two villagesNambi and Gonvén Luweero and Mukono districts respectively
pioneered hostg TC nurseriesFarmers in these village have been extensmeabpsed to TC
banana seedhich has been promotead these districtéor more than a decadadditionally,
the two districts still experience high prevalence of BXW (Ociraatl., 2015) despite the
intervention (Joget al.,2013).

1.6.3 Researcldesign

This study adopted pragmatism as a research paradigmswer the overarching research
guestion A pragmatic approactvas preferredor its suitability inembraing a plurality of
methodstranscending positivismand constrictivism philosophie¢Creswell and Clark 2011,
Kaushik and Walsh, 20)9Specificaly, empiricd chapter two applied a qudlitative reseach

approach whilst chapters three and four applied quantitative appesach

1.64 The researchprocess

The studywas carried out idour phases. Phase one of the stuehs adesktop review of

relevant literature, including documentstbe [ITA project [titledi Banana ti ssue ¢
community dissemination pathways for deliveryhigh-quality planting material to create

markets for Afri@n f ar me r s ooperaedlini Laweeronaads Mukono districts of
Uganda.The purpose of literature reviewas t o i denti fy the project
contact personss well adackground information on how project activities with TC nursery

operators and TC banana growing farmers were implemented.



The second phase wagexonnaissance study establishthe current status of thpr oj ect 0 s
intervention sitefrom whichstudy sieswere to be selected@he intervention sitesomprised

TC nurseries and T@boratoriesThe reconnaissancgudy entailed a exploratory visit to

seven banana TC nurseries that had been established in the villages; Kikoma, Mpumudde,
Nalwaana, Nambi antNamawojja in Luweero district and Gonve and Ntawo villages in
Mukono district. Additionally, visits were made to three Taboratories located i@entral

Uganda (Wakiso district) namely; Agro Genetic Technologies (Al@bgratories, Makerere
University TC laboratory and BIGCROPS Uganda Limitethboratory where TC nursery

operators and farmers obtain banana TC seed.

Phase three was largedyqualitative study aimed at-depth understanding of the cultural

values related to banana productiorCentral Ugainda and how these can explain ¢cherent

useof the TC seed evident i@entral Uganda. This led to the quantitative studies in phases
three and four of this study. Phase three sp
influence on intention® usethe TC bananaeed whilst phase four focused on TC seed uptake

at farmer levelnd explored selected factors influencing uptake

Data collection in phase thremsd fourwas implemented witlthe help of six (6) research
assistantaising semistructured interview toolsThe study instruments were piltastedin
Gonve village, Mukono district on a sample of 20 responddthis. was done to check for
consistency, sequence and flow of the questioesuls of the pilot testing were used to
modify the study instrumentseforeactual data collection.

1.65 Study population and sampling techniques

The study targetedanana farmerdambi and Gonveillages, respectiveljn Luweero and
Mukono districtsas study sites were purposively selediegasethe communitiesn these
two villagespioneered in hosting TC nurseriaad have been extensively exposed to TC

banana seed which has been promoted in these districts for more than a decade.

Further, solely banana farmers ithe selectedvillages were interviewedbecause the study
focused onTC seed uptake and as such banana farmers preseimed to possess the
information needed for the studyith the help ofLC I chairpersonsnames of all banana
farmers in the selectedllageswere compiled to gemate the sampling framiom which

respondents were systematically sampldte total size of the sampling frame was then used



to compute the sample size usidgchran (1977) anldrejcie andMorgan (1970) formulaas

detailed in chapter3 and4 respectivly of this dissertation.

1.66 Data collection methods and tools
a) Qualitative data collection

Focus Group Discussions (FGDs) &&y informantinterviews were uset collect
gualitative data used in this study, specifically for the first objective.

i) Focus Group Discussions

FocusGroup Discussions (FGB) guided by a checklist (Appendix Were conducted with
banana farmers in the study communitiese size of the FG®ranged from seven to nine
participants with an average of eight participaite FGDs were used to generttecultural
practices, beliefs and values about banana produdfendiscussions lasted betwezto 3
hours.Farmer® i mp r oadifferenzas between TC banana seed and banana suckers were
alsoenlisted Probing wagloneto clarify pertinent issueand to generateonsensus from the

farmers.

i) Key Informant Interviews

Based on interactions in the focus group discussions, key informantgiemstiied from the
participants in FGDsThe key informants were selectéadsedon their knowledge and
experience in banana farming in the study communities. They were majorly followed up for
clarification on cultural practices and rituals performed on specific banana varieties of cultural
importance.Faceto-face interviews we conducted with key informantssing a checklist
(Appendix 1) to aid probe and provide details fordepth dataThe qualitative data was
collectedbetween August, 2016 and February, 2017.

b) Quantitative data collection

A cross sectionadurvey wasused to collect quantitative data, specifically for objectives two
and three Semistructured questionnasevith both operended and closendedquestions
(Appendicesll and IIl) were developedprior to actual data collection. The survey targeted
bananadrmeran the study communitie©neon-one interviews were conducteath the help

of six trained research assistaritke interviews solicited data on farnssciceconomic and
demographic characteristiggerceptions on intentions to use TC sald detsion making for

uptake otthe TC plantletsThe quantitative data was collected between March, 2018 and May,
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2018.Table 1presents a summary of the primary data collection methods, tools used and type

of data collected using each method.

Table 1: Overview of data collection methods and tools

Method Tool Number Sampling Data collected
strategy
Focus FGD guide 8 FGDs (64 Purposive -Focused orxploring the
group (Appendix 1) banana farmers different banana varieties grown
discussion in total) in the study area and their uses
with -Diverse cultural practices,
Banana traditions, norms and values abo
farmers the banana varieties grown in the
study area
-Observedlifferences between
TC banana seed and banana
suckers
Key Interview 10 Key Purposive  -Traditions and practices carried
informants guide informants out on banana varieties that are
& in-depth (Appendix )  comprising culturalimportance
interviews banana farmers
knowledgeable
about cultural
uses of banana
varieties
Survey Semi 248 farmers Systematic  -Farmer perceptions about TC
structured (Second banana seed in terms of;

Questionnaire objective)

(Appendix I) Perceived quality of the TC
plantlets, Performance
expectancy, Social influence,
Farmer innovativeness & how
these influence farmer intentions
to use the TC banana plantlets

Semi 174 farmers Systematic  -Seed security factors e.g. Se

structured (Third availability, seed acceptability

Questionnaire objective) seed daptability and see

(Appendix ) accessibility
-Farmer competences such

knowledge about TC and skill t
grow and manage banana TC se
-Demographic and socieconomic
characteristics

-Farm characteristics
-Institutional factors such a
membership to groupsccess tc
information and extension servici
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1.6.7 Data analysis

Qualitative data collected using a digital recorder wieadslated fromthe local dialect
(Lugandg used during the interviesand transcribeah Englishfor analysisFollowing Braun

and Clarke (2006)ppen codesvere assigned to the individual narratives which were grouped
into categoriesand later constitutel themesthat guided theresentatiorand discussionsf

results

Quantitative datafor empirical chapter thresvere analyzed usind\nalysis of Moment
Structure (AMOS) version 21 prograta test aresearch model adapted from the Unified
Theory of Acceptance and Use of Technologies (UTAUT) (Venkatshal.,, 2003).
Bootstrapping analysisasfurtherused to assess mediation relationships of the research model
and to determine effect sizes of prediction relationships. STATA program (grsion 14

was usedto generate descriptive and inferential statistios results in chapter four
Frequencies, percentages and means wlsmegeneratedor characterization of the banana
farmers A double hurdle model wassal to determine the factors that influence adoption and
intensity ofuseof TC banana planting materials at farmer lef#tais of data analysis for
each objectivarepresented in the respective empirical chapieable2 presents a summary

of thetype of analysiperobjective.

Table 2: Summary of data analysis methods and tools

Objective Type of data Methods and tools Output

1. Establish the Qualitative data (Klls AThematiecontent A Emerging
sociccultural fit of & FGDs) analysisas describedby A Nar r at i ve
TC banana seed ir Braun and Clarke verbatim explanations

central Uganda (2006).

2.Determine the  Quantitative data AStructural Equation  APath ceefficients for

influence of farmer (Survey Modelling (SEM) relationshps involving

perceptions on UsingAnalysis of independent, mediating

intentions to use Moment Structure & dependent variables

TC banana (AMOS) ver. 21 |

plantlets program. Effectsizes &
evaluation of practida
relevance

3. ldentify factors Quantitative data Analyzed using STATA AFrequencies, means

that influence uptake (Survey) ver. 14for descriptive  ADoublehurdle model

of TC banana and inferential statistics results for factors

planting materials Principal component associated with use ant
analysis intensityof TC banana

Regressions analysis  seed
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1.7 Significance of the study

By exposition okocio-culturalfactorsinfluencing farmer use of TC banana planting materials
this study contributes @ number o&griculturalpolicies and strategic plan$§the government

of Uganda whiclguide theagriculturalsector towards improved production, food and nutrition
security and economic growtffhese policies and strategies entail Buyerty Eradication
Action (PEAP) with its component programs of PlanNtwdernisation of Agriculture (PMA),
Prosperity for All (PFA), Rural Development Strategy (RDS), National Development Plan
(NDP), The National Agriculture Policy, The Agriculture Sector Strategic Plan (ASSP)
Uganda Green Growth Development Strategy GI®) This studyfurthercontributego the
overall goal of the Uganda Food and Nutrition Policy (2003) of promoting the nutritional status
of the people of Uganda through midectoral and coordinated interventions that focus on

food security, improvedutrition and increased incomes.

Sincecurrent banana breeding effortsle country aresolely directed towards cooking banana
types(Sanyaet al.,2020) findings fromthis study will guide TC seed producers (such as TC
Laboratories and research imgtions) and supporting institutions that help in breeding and
propagating banana TC planting materials on other banana types o€slbgral importance

which is expected to result into increased uptake of the TC banana technology. Uptake of
agriculturaltechnologies for agricultural transformation leading to food security and economic
growth is in tandem wthetGompktigeasival Africa AgNcultare on 2
DevelopmentProgramme(CAADP) and Sustainable Development Goal (SDG) two of zero

hunger

1.8 Conceptualand theoretical framework

The study aimed axplaining the current state of uptake of TC banana in the-sattiaral
context ofCentral UgandaDue to diversity of perspectivethis study is anchored ihree
theories.Integrated theories were adopted to build the conceptual framework (Figure 1) used

to analyzesocio-cultural factoranfluencing theuptake of TC banana seedGentral Uganda

The Innovation Diffusion Theory (IDT) [Rogers, 1995], and the Schwartz ThdoBasic
Human Values (Schwartz, 2012), are used to explain the interactimmahal C seed as an
agriculturalinnovation anctultural values on banana cultivation amongBhgandaand how
these impact on the uptake of the banana seed. The study drawgethets from the IDT

namely: (1) relative advantage; (2) compatibility; (3) complexity and a fourth attridatgee
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of risk articulated by Whitet al., (2009). Tradition, security, hedonism, achievement and
stimulation as constructs averrowedfrom Schwartz Theory of Basic Human Values and used
to explain the cultural influences on uptake of TC banana seed in contéhé lohnana
production system among tBagandan Central Uganda.
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Figure 1: How the Sociecultural context influences uptakes of TCseed

Based on the seed security framew@HKB, 2016;Sperlinget al.,2013; Sperlinget al.,2008)

seed security factors such as seed availability, accessibility, acceptability and adaptability
important in explaining farmer use/nonuse of TC banard S'hese factors have been shown

to be relevant in guiding seed systems interventions for uptake of newly introduced agricultural
technologies(Bentley et al., 2018; AndradePiedraet al, 2016) and are incorporated as
variables in this studysimilarly, farmer competences as relates with farmer knowledge about
a newly introduced agricultural technologgdfarme skills to usenoveltechnologes have

been found to be key in explaining the use or-usa of technologies by intended users
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[Ugochukwu and Phillips (20)8 Baartman and De Bruijn, (20]1) Beyond farmer
competences and seed security factors, there aresmmomicfactors(sex, ageeducation
level, and experience in banana farnm)jnfigrm characteristics (farm sizkand allocated to
crops and bananas well as institutional characteristi(@embership to groupsccess to
agricultural information and access to extension servibas)nfluence farmer decisions for
uptake of banana TC se@€iyingi et al.,2016; Higginset al, 2017).These factors conjointly
were hypothesized to positivedyfect farmer intentions to use the TC plantlets as a source of

clean planting materiala the control of BXW

In analyzing the role of farmer perceptions on TC banana planting materials, the study drew
three constructs from the Unified Theory of Acceptance and Use of Technology [UTAUT]
(Venkatesket al.,2003).These constructs includeaal influence, facilitating conditions and
performance expectanciwo additional variables: perceived quality of the TC éedtirade
Piedraet al., 2016) and farmer innovativeness (Okunaisal., (2018) were included and
hypothesized to positively andysificantly influencefarmer intentions to use tieC banana
seed.Social influence represents the degree to which a farmer perceives that relevant people
believe that he or she should use a technolog¥@sfaret al, 2011), in this context the TC
banam plantets If social influence as a construct is supportive in farmer use of TC banana
planting materials, then a positive relationship between social influence and farmer intentions

to use the TC plantlets is expected.

Performance expectancy on the other hand is contextualized as the extent to which a banana
farmer believes that the use of TC as banana planting material enhances the performance and
output from his or her banana plantation(s). As such, this variableagetitally predicted to

post a positive relationship with farmer intentions to use TC banana plantetsher,
facilitating conditions describe the degree to which a farmer believes that organizational and
technical infrastructure exist to supportbisier use of TC banana seed. It is therefore assumed
that facilitating conditions will influence uptake intentions for TC banana planting materials.
The sociecultural context pertinent to banana farminged security factors and farmer
characteristics saconceptually visualized in Figure are interrelated. Nonetheless, their

relationship in the context of this study is not measured.

1.9 Ethics statement
Farmer participation in this study was voluntand based on conseinterviews were carried

out inthe local language by trained enumerators, who were supervised by the researcher. Prior
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to starting each interview, thpurpose of the studyvas explained to the respondents.
Respondents were assurtb@t the data collected would be treated confidentiahalyzed
anonymously, and be used for research purposes only. Based on this, the interviewees were
asked for their verbal informed consent to participate.

1.10 Organization of the dissertation

The dissertation is organized in five chapt&bapter 1 iyes a general introduction to the

study highlighting the background of the study, statement of the problem, objectives, general
research design and strategy, theoretical and conceptual framework as well as the significance
of the study. Chapters£ preset the empirical findings for the study objectives and these are
structured using the manuscript form@pecifically, tGiapter 2 examines thigagandaculture

on banana cultivation and its influence on farmer use of TC banana planting materials in
Central Uganda. The chapter ughe Innovation Diffusion Theory and Schwartz Theory of
Basic Human Values to explain the interaction of TC banana seed as an agricultural innovation
and cultural values on banana cultivation amongBthgandaand how thesempact on the

uptake of the banana se&hapter3 provides an analysis édrmer perceptions and attitudes

on TC banana planting materials and how they predict farmer intentions to use the banana seed.
The chapter usethe Unified Theory of Acceptance ahise of Technologyo analyze the
process. Chapter 4 investigates the determinants of uptake lménana planting materials
among smallholder banana farmersGantral Uganda. Itanalyses thdactors influencing

farmer use and intensifgr uptake offC banana seedsing the Doublkhurdle model. Finally,
Chapter 5 summarizes the key empirical findings, conclusions and implications. It also presents

recommendations for practice and policy as well as areas for further research.
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CHAPTER 2: THE CULTURE O F BANANA CULTIVA TION AND ITS INFLUENCE
ON FARMER USE OF TISSUE CULTURE BANANA SEED IN CENTRAL
UGANDA?®

Abstract

Several initiatives by the Government of Uganda, Research Institutes and CGIAR centers have
promoted the use of banana tissue culture (TC) technology as a way of availing clean seed to
reduce the spread of BXW but its uptake is still low. This has beebu#td to economic
factors, mainly the cost of seedlings but this does not take into account thewdaaial issues

around banana. Banana in Central Uganda and Bagandaculture is not only a staple food,

it also serves several cultural purposéhis study investigated how the biotechnology
generated TC banana seed fits the soaitural context of thaagandaculture inCentral
Uganda. Data were collected using eight focus group discussions involving 64 banana farmers
and ten key informant intelews and subjected to themattontent analysis. Results
differentiate three major purposes of banana; as food, cultural artefact and medicine. Specific
varieties are associated with each of those functions. However, the range of varieties supplied
throudh TC technology are largely the commercial ones and do not meet the diverse socio
cultural functions of banana. The farmers therefore mix the TC banana plantlets and the local
suckers in the same garden thereby facilitating ergsstion and defeating éhintention of
controlling BXW. The banana varieties supplied through TC are not the most preferred for
home consumption though they yield big bunches good for the market. Farmers perceive TC
banana to be genetically modified and therefore does not fiitralfunctions and medicine.
Further TC banangplantletsare considered unsustainable in the context of declining soil
fertility and frequent droughts due to climate change. Growing TC banana requires new
knowledge and management practices that farmersat accustomed td?romoting TC
banana to control BXW requires mass sensitizatoaddress the myths and perceptions on

the seedand a good communication strategy. A comprehensive information package for the
TC banangplanting materialsncluding soilfertility requirementsagronomic practices and
disease managemaestlikely to enhance uptake tfe TC seedlings.

Key words: Tissue culturepanana cultivationgultural values; Banana Xanthomonas Wilt
(BXW).
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2.0  Introduction

Use of Tissue Culture (TC) planting materials is one of the recommended practices for
controlling Banana Xanthomonas Wilt (BXW) disease in Uganda. The disease can potentially
decimate the entire crop where susceptible genotypes are grown (Kaiebg2012) and

has already severely affected banana production especially in central Uganda where banana is
an important staple. It spreads mainly through vegetative propagation of infected suckers and
to some extent through insects. In East and Centraldifoi@nana is conventionally planted as
suckers obtained from own fields, or exchanged with other farmers (®mih, 2008;
Kilwinger et al.,2019). Exchange of planting materials is a traditional practice embedded in
cultural values and norms. This auttl practice however increases risk of spreading BXW.
The control of BXW including use of TC planting materials is therefore not only a technical
issue, it is also socioultural touching on deep cultural values, beliefs and practices (also see
Karamureet al., 2004).

Tissue culture generated seedlings are recommended for establishment of new banana
plantations because they are free of BXW (Dulatial.,2013). The production of TC seed
however has focused on varieties considered by researchers thighesfvalue in terms of
productivity. To the contrary, farmers particularly in central Uganda plant a wide range of
varieties in the same plantation for the diverse uses of banana as a food, source of income and
cultural artefact. Consequently, the uptakd C seedlings remains low, at less than 7% of the

total banana planted in the country (Dulwial.,2013) and in some cases, it is planted together

with other locally acquired planting materials which serve as source of inoculum for BXW.
The limited yptake of the TC seedlings hasdate been associated with economic factors such

as high cost of seedlings, higher labour and input requirements for its establishment (Kabunga
et al.,2012). However, this only partly explains the phenomenon. It doesmatdmple fully

explain why commercially oriented farmers who also have more resources do not completely
shift to TC seed. The cultural dimension of banana production in central Uganda has not been
subject for investigation in as far as it influences uptakTC seedlings. Values and cultural
attachments to banana varieties construct a contextual setting around the banana production
system that could further explain the cultural fit of TC banana seed. This study seeks to explain
how cultural values and mtices associated with different banana varieties may affect the

effectiveness and uptake of TC banana seed as a strategy for control of BXW.
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2.1  Theoretical Framework

The study is anchored in the Innovation Diffusion Theory (Rogers, 1995), and ther@chwa
Theory of Basic Human Values (Schwartz, 2012), to explain the interaction of innovations and
cultural values and how it impacts on adoption. Innovations refer to improved production
techniques, novel ideas, processes, tools, practices or technoliégds] banana seed] that

facilitate sustainable agriculturBgrrientosFuentes and Berg, 2013)

The Innovation Diffusion Theory (IDT) explains the conditions under which new innovations
are taken up and spread through a population (Rogers, 2010). ¢DJefoon the interaction
between the human and the innovation; and according to Béftlag, (2017), it enables
unlocking processes through which innovations spread and the reasons for farmer decisions to
take up an innovation or not. Rogers (1995), ine five tenets that guide decisions on
adoption of new innovations, namely: (1) relative advantage; (2) compatibility; (3) complexity;
(4) triability and (5) observability. This study is perched on the first three tenets and a fourth
attribute- degree orisk articulated by Whitet al.,(2009). But the farmer operates in a cultural
context which influences their decisions. Schwarz theory of basic human values, therefore

compliments IDT by examining the cultural values relevant to the innovation.

The teret of relative advantagérames the TC seedlings as an alternative to banana suckers

and guides exploration of how farmers compare the two with respect to control of BXW, and

the tradeoffs of shifting entirely to TC seedlings. Trad##s here transcend ecomic benefits

to encompass socitultural benefits users derive from taking up an innovation (Ssebaggala

al., 2017). Compatibilityh el ps to i nvestigate how TC seedl|I
experiences and critical needs. Innovations that ahdmg patterns of social interaction or

trigger conflict with acceptable norms and values may not be easily taken up (Rogers, 2003;
Warrenet al, 2016). Introduction of the TC seed could interfere with the social exchange and

cultural embodiment of banapaoduction among farmers.

Complexityhelps to inquire into the ease of integrating the TC banana technology within
existing knowledge, values, practices and culture. Innovations that are easy to understand and
use are assumed to be taken up faster tiesetthat require new skills and knowledge (Blythe

et al.,2017). The complexity of innovations is also associated withi rible perceived risks

of using TC seed for controlling BXW. Far mer

when introducing ew technologies (Whitet al.,2009; Warreret al.,2016).
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The IDT provides a framework to explain uptake of agricultural innovations but it is weak on
unravelling cultural values embedded in farn
into values that influence the use of innovations among divergent cultures; pointing out:
tradition, security, hedonism, achievement, stimulation, power, conformitydisettion,
benevolence and universalism as key requisites for coordinated social interactiva) and

welfare. This study applies the first five of these elements (i.e. tradition, security, hedonism,
achievement and stimulation) to explain the cultural influences on uptake of TC banana seed
in the context of th®agandaculture and traditionsfdanana production. There are cultural
practices, symbols, ideas, and beliefs associated with different banana varieties. Beyond
controlling BXW, the planting seed supplied through TC have to be compatible with the
traditions. @curityis derived from povision of basic individual and societal needs (Maslow,
1965; Schwartz, 2012), in this case focus is on food and income as necessities for societal
welfare. Food also represents culture and can be used in different ways to foster harmony and
stability of ©cieties (Noack and Pouw, 2015). Cultural norms also define what foods are

culturally acceptable (Ruek al, 1998) or consumed during specific events.

Achievemenis endorsed by social approval and it varies across cultures for example meeting
setgoalasnd standards customarily defined (Schw,
family and/or society {rumbull and Rothstenfrisch, 2011)Hedonismis used to explain the
satisfactiorfarmers derive from growing TC propagated banaea.(2011) argues it food

in the cultural context is a kind of treatment with power that can bring joy and happih&ss,

evokes a sense of gratificatioB&imulation as a valuespirals from the societal need for

diversity. A range of options is what thrills and creates excitement, promoting and fostering a

positive and motivated attitude (Schwartz, 2012).

22  Methodology

2.2.1 Study area

The study was conducted in Luweero andkbho districts ircentral Uganda where TC banana
seedhas been promoted for more than a decade. The two districts still experience high
prevalence of BXW (Ocimatet al.,2015) despite the intervention. To ease access, farmers
were linked to TC laboratosehat supplied the materials through farmer managed community
based TC nurseries. The study targeted villages that hosted these nurseries on assumption that

proximity enhances access to and hence uptateediC banana plantletd'wo villages were
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studied namely; Nambi village (Zirobwe Sub County) and
County) Luwero and Mukono district respectively (FigRye
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Figure 2: Location of study viIIagés
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2.2.2 Research Design and data collection

A qualitative miniethnographic case study desigtu(mphreys and Watsp2009 wasused.
The miniethnographydesign was mostuitableto understand theultural values,traditions,
beliefs andpractices(Fuschet al, 2017) associated with banana cultivation in the study
communitiestaking the two villages as cases. Qualitative interviews were conductealaill
saturation as FuscfR013) encourages that the mathnographic method enhances reaching

saturation sooner.

Focus Group Discussions (FGDs) and key f o r mtarmidws Were used to collect data
between August, 2016 and February, 2017. For community entry, village leaders
(Chairpersons) assisted to identify farmers who had accessed TC lsmeah®o obtain

geneal understanding of the issues under investigation, FGDs were conducted with farmers
purposively selecteavith the help of the village leadetsasing on their knowledge and
experience in banana production at the time. In each village, four FGDs weretednadiib

two FGDs separately constituting male farmers and female farmers @)dblethe reason

that sex can determine the degree of involvement and freedom of expression (Braga, 2001)
Each FGD comprised eight farmers, making a total of 32 particiffamseach village. The
intention was to generate diverse cultural practiseefsand values from the perspectives of
male and female farmers. Farmers were also questioned whether they observed any differences

between TC seed and banana suckers.

Table 3: Proportion of focus group participants by location and sex

Location Number of FGDs by Participants Number
sex

Village: Nambi Male Female 32
Luwero district 5 5 Male (16) and female

(16) farmers
Village: Gonve 2 2 Male (16) and female 32
Mukonodistrict (16) farmers
Total 4 4 64

Based on the interactions in the FGDs, ten key inform@ntsales and 6 femalpwere also
purposively selected and followed up for clarification on some cultural practices and rituals

performed on vital banana varietigxaltural importanceThe interviews were recorded using
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a digital recorder for accurate capture of the narratives. Photographs illustrating cultural

practices were taken for visualization.

2.2.3 Data analysis

The loal dialect Lugandg used during the interview was translated into English and
transcribed for analysi3hematiccontent analysis described by Braun and Clarke (2006) was
used.The stages that were followed included (1) conducting the interviews and transcribing
the data (2) familiarizing oneself with the data (3) generating initial coddey4)opmenand
reviewingof themesand (5) defining and namirthe themesThematic nevork illustrations

were produced to describe the relationships between and interrelatedness of the themes being
developed (Figure 3).

23  Results and discussion

Three intefrelated thematic strands on the uses of banana emeagadly: Banana as food;
Banana aa cultural artefact; and Banana as medicine (Fi§ur&ach of the uses is associated
with specific banana varietieBocumentation by Karamuet al.,(2012) and Hamiltoret al.,
(2016)was usedo aidcategorizatior(by clone sets, genomes and genome ggpof banana

varieties found in the study communities.
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Traditional
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Figure 3: Thematic map of uses of bananas iBagandaculture

27



2.3.1 Banana varieties and their uses in the study area

Forty-five banana varieties were found to be grown by farmers in the two villages studied
(Table4). The diversity of varieties indicates the wide range of uses and preferences associated
with specific banana varieties within a single farm. With regangsé varieties are generally
categorized as; cooking banana commonly knowmatooke dessert bananiaeaten when

ripe; brewing banana for making local beer knowtoasoand roasting banana. Most of them
belong to the East African Highland Genome Gr(AA -EA), which according to Karamura

et al.,(2012) are grouped into five major clone sets namely; Musakala, Nakitembe, Mbidde,
Nfuuka, and Nakabululu; each one with unique characteristic features. There is more diversity
among the cooking type than theetwing or desert types. Varieties for brewing have high
tannin content and astringent nature of fruits (Hamikdral., 2016). In addition to the
economic use (food, or brewing) the varieties have multiple cultural uses that compel a single
farmer to growseveral varieties the same plantation. Tablekso indicates the varieties that
were available through T€eed representing a very small proportion of the range of varieties
that a single farmer would normally have. Thrsderscorestimulationas a value antheans

that other varieties have to be obtained through exchange of sugkeis,are likely to be
infected with BXW.
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Table 4. Banana varieties grown in Gonve and Nambi communities in central Uganda

Bananavarieties

Clone set

Genome

Genome Group Major Use

Kisansa+

Mpologoma+
Mpologoma omukadde
Musakala+

Muvubd

Namunwe

Mayovu*

Mbwazirume
Nakamali
Nakitembet
Nalugolimo
Nandigobe
NasalugiriSoola mwana
Wakirigga

Nabununike

Kibuzi+ n

Mukubyakonde*
Nakabululu
Nakyetengu*

Atwalirannyina )
Katwalo

Lusumba

Muziranyama

Nabusa

Nakabinyi

Nakawere*

Nakinyika

Nambi*

Namwezi*
Ndibwabalangira
Nfuuka+

Siira*

Kyesusa

Embidde enganda
(Kabula & Nsowe)*

Improved Ndiizi
Bogoya

FHIAT 17+
FHIAT 01+
FHIA 25+
KM5(Kabana 5y
Gonja (Nakatansese
Manjaya)+
Kayinja

Kisubi

Kivuuvu

Sukali Ndiizi

L Musakala

Nakitembe

— Nakabululu

— Nfuuka

} Mbidde

¢

East African Highland

East African Highland

East African Highland

East African Highland

East African Highland

Gros Michel

Tetraploid hybrids
Tetraploid hybrids
Tetraploid hybrids

Plantain

Pisang Awak
Ney Poovan
Bluggoe
Kamaramasenge

AAA-EA

AAA-EA

AAA-EA

AAA-EA

AAA-EA

AAAA
AAAA
AAAA

AAB

ABB
AB
ABB
AAB

Cooking

Cooking

Cooking

Cooking

Juice/Brewing

Dessert

Dessert

Cooking & Dessert
Cooking
Juice/brewing
Dessert

Roasting

Brewing
Brewing
Dessert
Dessert

+ Varieties introduced under T¢ Nearly extinct and still desired banana varieties
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2.3.2 Banana varieties as food

As food, bananas are consumed though in different formmaasoke roasted (plantain),
desseriandjuice/traditional beer. Among the cooking varieties, farmers may prefer specific
ones for their own consumption while others are grown for the market (also see Bagamba
al., 2006;Kitanishiet al.,2018. Those for family consumptions may not be higklding but

are preferred for their taste, colour (yellowish) and texture ($edtd in the cultural context
wields power to bring joy and happinetsthe consumer (Le€011) hence aligning to
hedonismOn the contrary, theatookevarieties introduced under TC (Mpologoma, FFDA

and FHIA17) were reported to have an undesirable colour (whitish) when cooked, with no

aroma and a o6fl atodé taste.

For some cul tural events | i ke kwanmléi, t iscpreacli f m:
varieties Nakitembg i s used to prepare a special meal
as gift to the bridebs family. The same var.i

and leaves are medicinal for treating menstrual paingsaasido a herb for baby skin diseases
(ekyogerd. Out of the seven varieties that constituteNlag&itembeclone set for example only

one variety was supplied through TC. This constrains the diversity of varieties within a
particular cloneset that is uskfor several cultural functions. Without giving due attention to

the cultural importance, most of the varieties supplied through TC are the high yielding and of
commer ci al val ue. The available TC planti n¢
consumpidn preferences and cultural uses of banana and hence fall short of stimulation as a

cultural value. For example, one of the farmers in a FGD in Luweero District stated:

iNot all cooking tmyutpokeSome variedids are ettermaadkdareney o o d
who has a choice, | would prefer matooke from specific varieties Ne&itembe,
Mukubyakonde, Muziranyamand Nakawereeven though these may not be the best
commerci al varietieso (October, 2016) .

Other cooking varieties have special cultural attaeht. For example, thddibwabalangira
literally by its name implies, it is best for the Royalseaning it has attributes that are only
deserving to the royals. Another variellakawereby its name implies it is best for mothers

that have just given lilr, probably due to its nutritional valugtwalirannyinaimplies that the

variety is the best gift one can give to their mother because of its taste, large finger and bunch
size. Banana varieties are symbolic of status in society and therefore focusingy dhe

commercial value (without cultural considerations) in selecting varieties promoted through TC
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will only encourage growing of the local varieties infected with BXW alongside the TC

varieties, which consequently defeats the control of BXW.

Traditional beer gmwenge omugandéonto, akaliga, kwete, omusetidadengul) is central

and used at all cultural and social functions whether it is a celebration or funeral or other
cultural ceremonies. Brewing banana varieties are also used to produdernjuiési) None

of the traditional varieties for brewing were supplied through TC, instead new hybrid varieties
(FHIA-25 and KM5) which farmers are not accustomed to were provided. The scientific
explanation was that the local brewing varieties were highsgeptible to BXW (Adikinet

al., 2013 Tripathi and Tripathi, 20Q%ut at the same time farmers claim the new varieties
have low sugacontent and do nanake good quality beer. It is not possible for farmers to
abandon such an important cultural vea&und will always plant their local varieties even though
this practice favours crossfection and spread of BXW.

Though in varying proportions, all farmers grow a wide range of varieties in the samadi@han

to meet both their economic and socigdtural interests (Karamuret al.,2012) Diversity is

also desirable for food security and sustainability of the food sys@pid(et al, 2002;
Bioversity International, 2017Nonetheless tiis difficult to maintain this diversity with TC

due to high cosbf propagation and yet some varieties may not be highly demanded te break
even in the TC business. In comparison of performance betweeset@msl suckers, farmers

had perceptions that tended to disadvantage the use @et@ssoutlined irfigure 4.
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Longevity of plantations
- Longevity of plantations gevity of p i _
-Last (20+ years)

-Commonly last 3-8 years

Drought tolerance

Variet e Variet e
y typ y typ 2 -More tolerant

-Not certain - Certain

Drought tolerance 2
-Less tolerant

_____ 3 Seed cost
-Free of charge from
own farms, Cost UGX 500
4 -UGX 1,500 from other
farms

5
e Time to maturity

10-12 months

Seed cost
-UGX 2,500
3,000 per plantlet

Time to maturity

8-9 months
7 7

Soils <7 ) [ & 200 Te===--
-Particular varieties
thrive in specific

6

-Low (relatively small] ~ Sils

Incidence of BXW

; - -Varieties grow in ;
_BXW free if not mixed SOl yPes -High when managed sized bunches a1l soil typeg Incidence of BXW
with  other planting 8 as recommended -BXW is common
materials 8
Management
Management

-More intense especially in the

early stages of establishment -Less intense

Figure4:Far mer s 6 c opepgoanmance a HC bhnana seed and suckers

From their own experience, farmers observed that some of thear@ties supplied through
TCrequired intensive management including the use of fertilizers/manure, mulching and water
availability. If managed theame way as the local varieties, they may yield even less than the
local varieties. This increases the cost of management in addition to the high cost of seedlings.
In this perspective, T@lantets are considered to b&no relative advantagepmplex togrow,

and requiring change of practices which have to be accompanied by new information regarding
the management. Some farmers who planted &€& Emented about not being able to
precisely identify thelifferent seed varietieat time of plantingsometing that can hardly
happen with suckers. It is possible that seedlings are mixed up in the nunsesiabeledand
bananas being a perennial crop, there is a-teng negative impact on the farméhe/she

plants a not intended variet@omplexity is ot only at the farm but it is also mainstreamed in

the entire seed system posing greater risk in case the farmer took the unintended variety.

Additionally, farmers indicated TC seed established plantations lastlong.| n one f ar me |

words:

i We fiteen (15) free TC plantlets and a bag of manure each to establish a demo TC

plantation. We were also encouraged to plant 10 local banana varieties alongside the TC plants

for comparison. However, due to prolonged dry spells that we have experienicedénent

past, currently, all the TC plants wilted and dri
Mukono district, November, 2016).
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This may be attributable to challenges in tissue culturenicro propagation process reddt
to somaclonal vastions (Damascet al.,1996), poor physiology (George, 1996) and the lack
of soil micro biotaAs established by Nowak (1998hetsefactorscan render the performance
of TC seed to bpoor, especidly under environmental stresk.is also argued thahesurvival

of TC seed at establishment may be hampered by climatic distresses since @entleisid
of food reservesKavoo-Mwangi et al., 2014). Besides the performance of commercial
varieties [@argebunch and fingesize) as isthe case with nely introduced TC seetkquires
good soil fertility to sustain their productiodeverthelesghe soils in the central region have
for various reasons considerably deteriorated in fertility (Zka.,2000; Nyombi, 20135
fact that can contribute to €horter survival period of TC established plantatidnssuch
aspectsthere is lack oflemonstratedelativeadvantage that TC seed has over sudoenseet
farmes Geed in terms of food and income securityhich compromisessecurity and

achievemenas cultural values

2.3.3 Banana varieties as a cultural artefact

Different banana varieties were used in performance of some cultural practices. The banana in
this case is not just a crop but also a cultural artefact. Propagation of TC planting materials
would therefore have toonsiderthe cultural use of the bananable5 presents the cultural

uses of banana rentral Uganda.
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Table 5: Banana varieties and their cultural practices in central Uganda

Variety Cultural importance

Nakitembe Disposal of placentas forewly borne babwgirls

Treating menstrual pains especially &mlolescents

Herbal baths for baby girls

Celebrations of birth of twins

Burial of deceased females (Mid rib biiakitembepseudo stems crushed a
used to dwashd t he de paifyspait 6f he dead

Marriage ceremonies

-Leaves used inmatooke preparation for in laws during introductic
(Kwanjula) ceremonies.

-Leaves important for herbal baths of brides before marriage.
-Food used by brides after honey moon to prefiestemeals for husbands.

Embidde  Disposal of placentas of newly born baby boys.

enganda ‘g gl of deceased males
f\IKabuIa & Mid rib of pseudo stems crushed
sowe) face.

He r b a |IE kly a tgfte madedabies.
Marriage ceremonies
-Leaves used for herbal baths of bride grooms.

Kayinja Prevention of rains
-A stick is pierced t hr ougkkyad tfo 6n
Last funeral rites and burial ceremonies
-Dry leaves) e s s spreadanid bare ground whereon the casket is place
the grieved sit.
-Dry leaves used to make huts during last funeral rites where hous
membersleep

Gonja Cleansing ceremonies

-The plant is lightly split from the pseudo stem and a househattberemade
to go through it naked. S/he thereafter gets a herbal bath, marking the t
of curses from Gdreplamnthdi vi dual to

Most of these cultural practices are performed at household level, thereby compelling every
household to posespecific varieties of cultural importance. Some of these varieties are
considered of less importance by scientists and are not propagated through TC. A farmer in
Nambi village emphasized:
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Ailt is al most mandatory t hatation will havevarieties suah ddskigemioel d, eac
Embidde engandand everGonja ¢ ( Oct ober, 2016) .

There are several cultural practices related to dfifith ceremonies, marriage ceremonies,
funerals and funeral rite€ven with the current modernization, it is common for women to
give birth at home or within community. Traditionally, when a mother gives birth at home, the
placentas are not thrown away as they are symbolic to thdoaewchild. For example, if a
baby grl is borne, the placenta is wrapped in cloth by family and/or clan members and placed
in a mat ofNakitembevariety (Plate 1). A different variet{,mbiddeengandaor Kayinja is

used if it is a babyoy. It is then covered with herbs preferadpmbad[ Mormodica foetida
Schum. anddweza&[Aerva lanata (L.) Juss. ex Schlulivhich areperceived to bémportart

for peace and blessings upon the newborn.

Plate 1. A placenta wrapped in cloth and placed in shallowhole et ween t wo GO0 Nakit emb
stems.

The Gonja variety is used in cleansing ceremonies and celebrating peace and harmonious
relationships in families or reuniting individuals and families. Literally translaBsahja,

means s o finiplgimgéhat when pgae shargsonjain a peacanaking ceremony, the parties
involved become tolerant to each other. For example, in case of disagreements between
husband and wife, it is believed that when the wife serves her husband with (®asjadh

the evening, such disagreements are resolved. The leaves of some varietiesKeymgdy;

Ndiizi and Bogoyaare preferred for wrapping saudawombg or matookebefore they are
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steamed, a special way of cooking thstinguished guests such aslaws (Plate 2 and 3).
Such ways of food preparati@me common for events that bring together people of various

calibre such as marriage ceremonies and Vvisits.

Plate 2. A-Smoked banana leaves) e mp o mith @rdund nut sauce: B- Ground nut sauce
wrappedin6 e mp o amd tedwith a banana fibre, traditionally referredto asé | u w ureddy 6
to be steamed.

n
Plate3: A-Pe el ed c oo kmantgo gikeedda baaana leéavesB- Matookewrapped in banana

leaves and tied with banana fibre,C-Matooke covered with banana leaves in a saucepan ready to
steamed.

2.3.3.1Beliefs associated with bananas

Societal beliefs associated with banana varieties (Télble gui de f ar mer s uUS ¢
connections with the varieties that they grdWese relate to taboos and norms that are strongly

beheld and adhered to, inevitably governing the banana cropgingsym as wel | as t
way of life. For example, in one of the FGDs in Mukono district the TC nursery operator
specified;

iSome time ago | had the Gonja variety among the TC

low. A community merber advised that my sales were very low because of the bad luck associated with the Gonja
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variety and he cautioned that | get rid of them. When | did as advised, my sales went higher the neat season.
(November, 2016).

This finding implies that some vanes$ such a&onjaare associated with bad luck and are not
commonly grown in the region or where grown, caution is takeninstancejt is believed

that farmers have higher chances of experiencing lightning if they @lamga around their
homestead#s such, in homesteads where it is grown (most especially for use in performance
of particular rituals), only a few mats are planted and precisely on the peripheries of plantations.
Additionally, even buyers are keen not to caaggnjaamong other bananasd to minimize

on this effect, a finger donjais placed under the vehicle wheel so that it is crushed prior to
transportation. Unless going for burial, caution is taken by farmers not to co&umygeor

have anything to do with this variety as it mlibved any anticipated success for the day will
ultimately turn to failure. Such beliefs though scientifically not proven, inadvertently hinder

the uptake and utilization of such varieties.

Similarly, some banana v ar ithertvarietiss when speciie | i e v ¢
norms are evadgdable 6) For exampleNambiis believed to change téakitembevhen its

banana leaves are used for cooking food. However, this is indicative of such varieties belonging

to the Nfuuka clone set ¢haracterizedby high susceptibility to morphological change)
(Karamuraet al., 2012) and not necessarily because particular norms have been evaded.
Banana cultivars are known to present superficial expressions of morphological traits which

are often not stable and somdtivars as well show different phenotypic expressions under
different ecological conditions (also see Karamura and Karamura, 1994; Karamura, 1999). It

is also believed by farmers in the study communities that the TC planting materials are

60 hybr i thgtbat smah a variety has been modified from its original form; implyiag
suchvarieties are not suitable to perform cu#tl functionsandritual§ hi s poi nts t o f
perceived incompatibility of TC banana planting materials with their sndioral identity,

which actsasa significant barrier to use of the technology in the study communities since
tradition as a cultural value is compromiselb the contrary, TC established varieties are
genetically similar with the original (local) iatiesfrom whence they are clonedr@ahsel and

Thangjam, 2013)The hesitation to take on TC planting materials is therefore partly attributed

to inadequate information and understanding of processes of TC propagation on the part of the

farmers.
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Table 6: Banana varieties and their associated beliefs in central Uganda

Variety Associated beliefs

Nakabinyi Banana bunches not fit to be given as gifts #awms since shap
of male bud elongates in the semblance of a male ht
reproductive organ.

Mbwazirume Bel i eved tNakitémbdlasingghe éeddistocolour ¢
the mid ribs of its banana leaves) if its leaves are used in
preparation.

Siira Transforms toNfuuka variety if leaves are used in foc
preparation.

Enbidde enganda Believed to be the Ohusban

(Kabula & Nsowe) planted in the middle of a plantation.

Embidde (Kabula & Consi der ed Omal ed variet.i

Nsowe)& Kayinja

Nfuuka Changes to another variety if knife used to &wimal meat i<
used to cut the leaves.

Nakitembe Bestow blessings to infants when used for herbal baths.

Embidde

enganda/Kayinja

Tissue culture
banana varieties

Hybrids which have been modified from their original form

2.3.4 Banana as medicine
Some banana varieties are also used as medicine Batfendaculture. Table7 illustrates

how some varieties are used to treat various ailments. For instance, epilepsy in infants is treated
through a ritual where the infant is bathed frarlbidde mat. Whereas neither fire nor hot
shoul d

water are usedhe leaves of thébiddev ar i et y appeegitval 6bur nt

-a sign t hatdemhbsegdne and If ie goeésinat, thé child is not healed and the
procedurecanbe repeated. On the contrary, piles in males is treated by placing a patient up on
the Mbiddevariety pseudo stem (for femaledNakitembepseudo stem is used) that has not

S/ he t he

It is believed that by the time the banana plant flowers, s/he will have healed.

fl ower ed. faces in sunos ddvening.ct i on
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Table 7: Medicinal uses of banana varieties in central Uganda

Variety

Disease/ailment

Embidde engand:
(Kabula & Nsowe)

Diarrhea
-Sapfrom suckers mixed with herbs and drank

Treatment of umbilical cords in infants
- Sap from suckers placed on the umbilical cords of infants

Fractures in both humans and animals
- Sap from suckers used to set and massage fractured bones

Snake bites
- Sap from sucker mixed with tree herbs and drank.

Abscesses
- Sap from sucker mixed with herbs, ant hille k i f soil and
concoction smeared on boils.

Gonja

Healing of umbilical cords in infants
-A finger is burnt, resultant ash gently rubbedwnbilical cords of
infants.

Child birth
- Mother in labour chews roots to hasten the child delivery proce:

Colic in infants
- A mother of twins Nalongg weaves a small rope from banana fil
that is tied around the waist of the infant

Diarrheain infants
- Fibre tied around waist of sick infant till the condition stops.

Mumps
-Banana fibre tied around the

Kibuzi

Wounds and skin infections
- Rachis cut into pieces, boiled and resultant liquid bathed or ap
on wounds.

Nakamali

Impotence in men
- Geotropic roots crushed, mixed with hot water and drank

Nakitembe,
Embidde engand:
& Kayinja

Skin diseases and epilepsy

Across the world, cultural systemscognizehealth and welbeing of individuals as being

complex, combining spiritual and physical dimensions (Bodeker, 1989; Willet, 1993; Fisher,

2011). Itis believed that both dimensions have to be harmoniously developed for the total well

being of an individualNevertheless, as earlier mentioned, farmers have an attitude that TC

materials have been genetically modified (or hybrids) and would not be trusted for potency of

their medicinal properties. For this reason, farmers will continue to plant their locaiatsat
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even alongside the TCesd and thereby sustaining the risk of BXW through cross

contamination.

24  Conclusion and implications

This chapter has illustrated how culture and traditions have influenced the limited uptake and
effectiveness of TC banana planting materials as a strategy for controlling BXW in central
Uganda and in the context Bagandaculture. Technologies such as Ti€ed to be developed

with multi-dimensional considerations including the cultural perspective, but results also paint
the picture of how complex it is for the TC technology to meet the vaukdral needs and

uses of banana. In the attempt to maintaiwide range of banana varieties for cultural
practices, even the TC planting materials are eirtfested and therefore not effective in
controlling BXW. It is as such imperative that a wide range of varieties through TC seed are
provided which fit the sootcultural context and satisfy the multiple functions of banana to
foster uptake. Even so, TC seed producers (e.g. TC laboratories and TC nursery operators)
ought to take caution whilst increasing seed supplies to {eneak in their businesses. Only a

few plantlets (one or two for a farmer) suffice for cultural purposes and as such not all varieties
may be highly demanded.

Farmersd belief that TC seed is genetically
creation in the study communities about #imtire process and procedures for tissue culture

micro propagation. Additionally, requisite practices and procedures related to TC seed
establishment and management amongst which are factors such as soil fertility should be
provided tofarmersalongsideTC materials These are vital to sustain the high productive
varieties mainly promoted through TC seed. This chapter provides clear insights that help to
broaden explanations of soeawaltural factors that constrain use of newly introduced
agriculturaltebno | ogi es. The results not only provi
importance of farmer engagement in the development and promotion of any agricelatea

innovation. Future efforts to control BXW would be beneficial if a location &perid holistic

approach encompassing aspects of clean seed (but with cultural dimensions embedded therein)
is taken into accoun systematic and scientific investigation concerning the medicinal values

of some of the banana varieties to verify someth& claims made by the farmers is

recommended.
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CHAPTER 3: THE INFLUENCE OF PERCEPTIONS ON FARMER
INTENTIONS TO USE TISSUE CULTURE BANANA SEED IN CENTRAL
UGANDAS

Abstract

Effective management of plant health is fundamental for food and income security to meet the
growing demands of | ocal and gl obal markets.
to qualityseedvoid of pathogensThischapter anchored in the UnifeeTheory of Acceptance

and Use of Technologies, unravpkrceptions hat i nf |l uence f digsurer so6 i
culturebananaglantletsin the control of Banana Xanthomonas Wilt. Data were collected from

248 systematicallysampled banana farmers ngia structured questionnaire and analyzed

using structural equation modeling to examine hypothesized paths in the uptake of banana
tissue culture planting materials. Results showfiwamher perceptions on TC banana seed are
shaped by a range of factonst include performance expectancy of the seed, social influence,
facilitating conditions and seed quality. Findings also revealféhater intentions to uséC

banana seeare dependent on two constructs; social influ¢nce0.432; P< 0.01and farmer
innovativenesy| = 0.095; P< 0.05)However scial influence is the main predictor of
intentions to use tissue cultusananglanting materialsin particularfarmer innovativeness

mediates facilitating conditions and social influence in predictingniites to use tissue

culture planting material§ hus, this study reveals two factors that influence farmer intentions

to use tissue culture planting materials; social influence and farmer innovativeness. The
findings imply that social influence and farmanovativeness are critical in disseminating

novel agricultural technologies in Uganda and elsewhere.

Key words: Banana tissue culture, banana Xanthomonas wilt, central Uganda, use of
agriculturaltechnology

6 Manuscript published byAfrican Journal of Science Technology and Innovation
Development
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3.0 Introduction

Good plant healths fundamental to ensure food and income security among smallholder
farmers, so as to meet the demands of local and global markets (Danielsen et al. 2011).
Likewise, effective plant healthcare is essential for producing healthy crops for both human
and anmal consumption (Karubanga, Matsiko, and Danielsen 2017), as well as févatbn
purposes (Danielsen et al. 2012). However, substantial amounts of crop produce are lost every

year due to plant health problems (Karubanga, Matsiko, and Danielsen 2017).

In subSaharan Africa, most of these losses are mainly due to pests and diseases associated
with seed saved from previous harvests, that smallholder farmers rely on for planting material
(McGuire and Sperling 2016)n rural farming communities the informagexd systerhis

usually preferred to the formal seed systeBven when seed is available from the market,
farmers often prefer using their own seed to save money and avert risks associated with the
crops they grow (e.g. changes in weather, pests andcematket prices). For example, in
informal systems mostly in developing countries, the seed from vegetatively propagated crops
such as banana is mainly produced locally. More than 90% of farmers in the banana farming
systems in East and Central Africayrein suckers sourced from friends, neighbors, relatives
and/or their own fields to establish new banana gardens (Smith et al. 2008; Lwandasa et al.
2014). However, the banana planting material they use is seldom certifiably disease free, which
poses a highisk of transmitting pests and diseases across farms (Jogo et al. 2013)o8exed

pests and diseaseontinue to be a serious threat to banana production, more so in areas where

the planting material is of poor quality and/or scarce.

Banana Xanthomonas Wilt (BXW) caused by the bactec{anthomonas campestrisn pv.
musacearums a major threat to food and income security among smallholder farmers in
Uganda, especially in the areas where banana is an important staple and cash crop. If
uncontrolled, BXW can eventually cause an estimated production loss of the banana crop of
about 53% over a 1gear period (Tripathi et al. 2009), equivalent to a reduction from 5.6 to
10.5 million metric tonnes per year (FAOSTAT, 2013). The disease cartiptyetecimate

" An informal seed system is managed by the farmers without the public sector invdi{&hiele, 1999).
8Aformalsees y st em i s regul ated by the public sector, usual
and controls variety release to ensure that available seed is of a recognized variety with a low incidence of disease
(RTB 2018.

9 Nematodes, weevils, bacterial and fungal wilts (incl. BXW) and viral diseases.
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the entire crop where highly susceptible cultivars are grown (Kubiriba et al. 2012). Between
20022005, it is estimated that the disease caagethlloss equivalent to 61.1 million dollars

to Uganda mainly associated with the East Akim@ Hi ghl and Banana ( EAF
(A AA-EAHB genome group) and t he 0Kayinjab b
(Tushemereirwe et al. 2009). To avert the situation, use of tissue culture (TC) bdnana (

spp) planting materials is one of the strategies liaatbeen promoted for controlling the BXW

disease. Using TC banaseeds an effective method of providing pest and disés=e plants

(Dubois et al. 2013), guaranteed by high standards in the production process. It is therefore
argued that as a contnwleasure in the spread of BXW, TC banana planting materials can be

of high quality (Wambugu et al. 2000) and consequently of utmost relevance for boosting
banana productivity since they aid in the establishment of clean banana plantatidrsf

BXW.

Campaign against BXW Isaince focused on encouraging farmers to adopt TC seedlings as a
technology. However, the uptake of TC seedlings remains low (Jogo et al. 2013), at less than
7% of the total banana coverage in the country (Dubois et al. ZBaB&rhauthors (Sall edl.
2000;Mcrobert and Rickards 20104eijer et al. 2015kite the importancef perceptionsn
influencing adoption and scalingy decisiongor farmeruptakeof agricultural technologies.
Studies(Ali et al. 2016; Okumus et al. 2018¢monstrag higher innovativeness in individuals

to be associated with positive beliefs and perceptions towards technology uptake. Similarly,
farmer perceptions of the quality of proposed planting matewas showedto be of
significance fofarme accepaince and eventual use of proposed technologies (Anéiadea

et al. 2016)Previous research assessing adoption of TC banana planting materials has mainly
focused on economic factors such as high cost of seedlings, higher labor and input requirements
(Muyanga 2009; Njau et al. 2011; Kabunga, Dubois, and Qaim 2012). Little attention has been
paid t o st ud ypercegtiondowvavds iT G bamaeseedafiects their intentions to

use theplantlets in theontrolof BXW. Specifically, two objectives are addressed in this study:
first, to identifywhat shapes farmer perceptions to use TC bananaasekdecond, to explore

theextent to which farmer perceptions influence their intentions to use the TC banana seed.

3.1 Theoretical framework

This studyuses the Unified Theory of Acceptance and Use of Technology (UTAUT) to
examine the effect gferception®n farmer intentions to usEC banana planting materials in

Central Uganda. Recent applications of UTAUT for assessitadkeof a new technology such
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as TC banana include: Wu, Tao, and Yang (2007); Maldonado et al. (2009); Islam and
Gronlund (2011); and Taiwo and Downe, (2013). Specifically, UTAUT has been applied to
examiner ur al far mer sd ado p ton teannology seeviges (W 2012);u r a |
farmersdé uptake of solar water pump technol

2017))and f armersé acceptance of pressurized ir

UTAUT is one of the new models in therdain of technology acceptance and compared to
other widelyused theories such as tfiechnology Acceptance Model (TAM), Innovation
Diffusion Theory (IDT) and Theory of Planned Behavior (TPB), it utdizenore integrative
approach, combining variablef existing theories as predictors of technology acceptance
and usagéNejadrezaei et al. 2018)he Unified Theory of Acceptance and Use of Technology
integrates constructs across eight models that include: the Technology Acceptance Model
(TAM) (Davis 198), the Theory of Reasoned Action (TRA) (Fishbein and Ajzen 1975), the
theory of Planned Behavior (TPB) (Ajzen 1991), the Combined TAM and TPB (Taylor and
Todd 1995), the Innovation Diffusion Theory (IDT) (Rogers 2003), the Social Cognitive
Theory (SCT) (Bndura 1989), the Motivational Model (MM) (Davis, Bagozzi, and Warshaw
1992), and the Model of PC Utilization (MPCU) (Thompson, Higgins, and Howell 1991).
Consequently, it has a better predictive value than any one individual theory (San Martin and
Herrerq 2012; Okumus et al. 2018).

In explaining intentions to use technologies, UTAUT uses the concepts of social influence,
facilitating conditions, effort expectancy and performance expectancy. The promotion of TC
banana seesimongst smallholder farmers fmdoption mirrors this structural set of the UTAUT
model in the sense that t hseedis@atechsologysUTAUT f ar m
explains that people accept new ideas, such as using banana TC planting materials, following
a series of complemental processes in which intentions precede behavior (Venkatesh et al.
2003; Islam and Gronlund, 2011). However, the concept of effort expectancy which recounts
the extent to which a farmer believes that usings€€dis free of effort was dropped in the
analytical framework because it is a notion farmers in the current study communities are
ardently aware of, having interfaced with this technology for over a decade now. Subsequently,
farmer innovativeness and perceived quality of the techndogyintegatedas additional
determinants of farmer acceptance and use of the TC banana technology. Previous studies have
shown higher innovativeness in individuals to be associated with positive beliefs and

perceptions towards technology uptake (Ali et al. 201&us et al. 2018). Similarly, farmer
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perceptions of the quality of proposed planting materials has also been shown to be of
significance for their acceptance and eventual use of proposed technologies (Atiddxde

et al. 2016). Thus, farmer innovativaeseand perceived quality of the planting materials may

be essenti al determinants of farmersd accept

Previous research (Venkatesh, Thong, and Xu 2012; Ali et al. 2016; Okumus et al. 2018)
showed that intentions to use a technolisgie most significant predictor for uptake behavior

and actual usage. Consequentl vy, Ajzen (1991
motivational aspects that affect their beha
develop an actiorA common construct that explains intentions is social influence. For this

study, ®cial influencds defined ashe degree to which a farmer perceives that relevant people
believe that he or she should use a techno{dgylor and Todd, 1995). Ebayar, Moran, and
Hawkes (2011) argue that soci al i nfluence t
new technologies and various scholars (Abushanab and Pearson, 2007; Eckhardt, Laumer, and
Weitzel 2009; Ali et al. 2016; Okumus et al. 2018) attest it Bince banana cultivatiaa

embedded in the cultural values of exchange of planting materials and traditional grétice
pressures created by social interactions and norms may motivate famrtite¥uptake oTC

as banana planting materialthecontrol of BXW. In the context of this study, social influence

is operationalized dseing persuaded (informed) by faith based organizations, members of the
community and farmer groups to use TC planting materials in growing banacas thus be
assumedhat social influence on use of TC banana planting materials will influence farmer

uptake intentions.

Facilitating conditionsas a construct describése degree to which a farmer believes that
organizational and technical infrastructure exist to supgust or her use of TC as banana

planting material A number of studies attest and confirm the effect of facilitating conditions

on acceptance and usage of technologies (Venkatesh, Thong, and Xu 2012; Ali et al. 2016;
Okumus et al. 2018). Increasing levefdacilitating conditions are expected to reduce levels

of uncertainty or ambiguity with the TC banana technologyGAhtani, Hubona, and Wang

2007). For instance, Alawadhi and Morris (2008) tested and confirmed the significant effect of
facilitatingcord i t i ons on s-gouvechment serdicesu la anotloef study, Lakhal,
Khechine, and Pascot (2013) verified facilitating conditions as a significant determinant of
studentsé intentions to use desktoplnthe deo ¢

cont ext of this study, 6f aci ITC numseriemhgving ond i t
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demonstration gardens and the TC nursery operators being willing to provide information to
intending users on how to plant and manage the TC planting miatdti@an therefore be
assumed that facilitating conditions will influence uptake intentions for TC banana planting
materialsPerceivedseed qualityon the other hand is describedlas degree to which a farmer
believes that TC planting materials aredrof pests and diseaqesirticularly BXW)and are

of high genetic purityRoot Tuber and Banana (RTE01q9. Studies (AbayWatersBayer,

and Bjgrnsta@008; Kraft,de Jesus LunRuiz, and Gept2010; AndradePiedra et al. 2016)

attest and confirm the iportance of seed quality in farmer acceptance and use of technologies.
High perception levels of the quality of TC planting materials are expected to motivate farmers
in their use of TC banana planting materials since their uncertainty/risk as a pateatial of
spreading BXW in farmerso6 banana farms is re
quality is operationalized aC planting materials being perceived as pest and BXW free and
void of mutantsitisas sucla s sumed t hat dfgaalityrod TCsbénana elanting i v e

materials will influence their intentions to use this technology.

Performance expectancycontextualized in this study g extent to which a banana farmer

believes that the use of TC as banana planting material entdinegerformance and output

from his or her banana plantation(¢Compeau and Higgins, 1995). Previous studies have

shown that intention to use a technology or system is significantly predicted by performance
expectancy (Slade et al. 2015; Ali et al. 200&kumus et al. 2018). Biemans et al. (2005)
reveal ed that performance expectancy is a hi
use medical teleconferencing applications. Similarly Fang, Li, and Liu (2008) showed that
performance expectancy sigf i cant |l y predicts managerso int
sharing using web2.0. We therefore presume that performance expectancy has a direct effect

on TC technology uptake intentions. InHhigof this study, performance expectancy was
operationalied asTC planting materials yielding marketable large sized banana bunches and

many suckets Thus, we further postulate that farm
TC banana planting materials will positively influence uptake intentions of the T&haan

technology.

Farmer innovativeness the perspective of this study ke degree to which a farmer is
receptive to new agricultural related ideas and makes innovative decisions independently of
the communicated experience of oth@sdgley and Dowlirg, 1978). Previous studies have

di scussed the influence of i nnovativeness o0n
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in determining usersd acceptance of technol o
al. 2006; TuranTunc, and Zehi2015). For instance, Okumus et al. 2018 showed individual

i nnovativeness to be a significant predict
smartphone diet apps while ordering food. Additionally, Liu, Li, and Carlsson (2010) revealed

that innovatve ess was a significant predictor of CI
learning. Inthe fieldofse6 er vi ce technol ogies, Chen (2008]
innovativeness directly influenced intentions to purchase and use these tgmdtor this

study, farmer innovativeness was operationalizddraser willingness to creatively integrate

the use of TC planting materials with their local knowledge and other available materials in

the control and management of BXW We e x p e inrtovativenessnte inffluénce TC

planting materials uptake intentions. Moreover, highly innovative farmers may have better
perceptions of TC planting materials in terms of facilitating conditions, influencing their uptake
intentions compared to less innavatfarmers (Okumus et al. 2018). Likewise, San Martin

and Herrero (2012) argued that individuals with higher innovativeness are less influenced by

ot herso6 opinions about technol ogi cal Il nnovat
weaker social ifluence on adoption and uptake of the TC technology. Consequently, for highly
innovative users, facilitating conditions and social influence may be less influential when

adopting a technology.

Based on the descriptions abosarimarized in figur&), ninehypotheses were formulated:

Hi: Social influence has a positive and significant influence on farmer intentions TtCuse
bananaseed

H>: Social influence has a positive and significant influence on farmer innovativeness in the
use ofTC banana seed.

Has: Facilitating conditions have a positive and significant influence on farmer intentions to use
TC banana seed.

Hs: Facilitating conditions have a positive and significant influence on farmer innovativeness
to useTC banana seed.

Hs: Far mer s dalitpcf hasaea TC elahting materials has a positive and significant
influence on their intentions to u$€ banana seed.

He: Performance expectancy has a positive and significant influence on farmer intentions to
useTC banana seed.

H7: Farmer innovatieness has a positive and significant influence on farmer intentions to use
TC banana seed.
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Hs: Social influence is mediated by farmer innovativeness in predicting farmer intentions to
useTC banana seed.

Ho: Facilitating conditions is mediated by farnm@movativeness in predicting farmer intentions
to useTC banana seed.

Social
Influence

Farmer
Innovativeness

Hs

Intentions to
Use TCseed

Perceived
Quality

He
Performance

Expectancy

Figure 5. Summary of hypothesized relationships of farmer perceptions and their
influence on intentions to use TC banana seed

3.2  Methodology

3.2.1 Research Design and sample collection

A crosssectional survey was conducteetween March, 2018 and May, 20¥8total of 248
banana farmers wergystematicallysampled from two farming communitie&gnve and
Nambi) that hosted communilyased banana TC nurseries in Luweero and Mukono tistric
respectivelyin central UgandaBanana farmers were purposively targeted because the study
focused onTC banana seednd these were the farmers that were presumed to possess the
information needed for the study. Therefore, with the helih@ivillage local Chairpersons
(LCs) names of all banana farmers in the selectedmunitiesvere compiled to generate the
sampling frame with a total of@§0banana farmergrable8). The total size of the sampling
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frame was then used to compute the sample size using Cochran (1977) formula indicated
below;
7' pq

i, =

£

Where: N, is the sample size,s the selected critical value of desired confidence Igislthe

estimated proportion of an attribute that is present in the populatien, J ande is the

desired level of precision.

SinceN, /N> 0.05, the correction factor is applied;

Mo

1+(no'l)

n= (N is the population size

Based on the formula, the computed sample size was 256 faiweisg the actual data
collection, 248 banana farmers were successfully interviewed representing a response rate of
97% of the targeted b

Table 8: Number of farmers selected for the study

Location Total number of farmers Number of farmers
selected

Village: Nambi 500 122

Luwero district

Village: Gonve 560 126

Mukono district

Total 1060 248

3.2.2 Data and data sources

To measure the construatsthis study, 21 statements were used. Social influence (SI) was
measur ed wi t iIla# informednabout(T€ segd. by difalihsed leader in my
church/mosque, then | can use it as banana dead)itating conditions (FC) was measured

with 3i t e ms The &C ryirseryioperator provides information on how to plant TO,seed

and perceived qualiTg ¢eQid hgashrBpyedby®BBO (e. ¢
(2016) . The performance expdCseadyieldbuncheE) v ar
with large bananafinge)s as wel |l as far mer i nlmpgplyawood venes
ash around TC banana mats that have exhibited BXW symptoms to prevent further nfection
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Finally, the dependent variable intention for uptake of T@rteogy (IU) had 4 items (e.g.
Given chance, | intend to use TC seed when expanding my banana plaastadapted from
Okumuset al.(2018). Each item was measured on a-peet rating scale with 1leastand 5

= highest

3.2.3 Data analysis
Data were cleaned and transferred to the $SRB®S version 23 for Structural Equation
Modelling (SEM). Means, standard deviation and percentages for describing the sample

characteristics were computed and descriptive statistics were generated for tmssucts.

Distinct from other methods of data analysis (e.g. Ordinary Least Squares (OLS), SEM is
highly recommended for studying human behavior entailing complex-riglionships
between factors and behavior [MacCallum and Austin (20@d¥ alsocredited for its ability

to simultaneously estimate multiple cails#ect interrelationships among independent,
mediating and dependent variables (Mittal and Dhar 201®SEM procesdollowed a three

step procedureentailing: (i) Exploratory Factor Amgsis (EFA) for data reduction(ii)
Evaluation of the measurement modedtl (iii) Confirmatory Factor Analysis (CFA) for model

fit and testing relationshipsSpecifically, EFA reduced the number of items for each construct
to only those that exhibiteithe best fitwhile evaluation of theneasurement modaksessed

the contribution of each item to the construct vaafmeasuredising factor loadings and

Average Variance Extracted (AVE)

3.2.3.1Assessment of assumptions for SEM analysis

Preceding pd&t analysis, four assumptions of SEM were assessed namely: Normality,
measurement validity, convergent validity, discriminant validity amdticollinearity. First,

the normality of the data was examined. Skewness and kurtosis stretched.g86rto 1.25

and -0.57 to 5.04 respectively (Tab®g . Foll owing Klinebés (2005)
skewness and kurtosis indices should be withiand 10 respectively, the data in this study

are regarded as normal.
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