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Abstract

Background:Agrobiodiversitys important foriodiversity conservatioandsustainable
agriculture Increasing agrobiodiversity may aisaprove dietary diversity andutritional

statusin low income countiesbutresearch is lacking in this ardafill this knowledge gap

this studyexploresrelationsips between agrbiodiversity, dietary diversity and nutritional
status in Tanzanid@he research investigates 1) the relationships betwagrobiodiversity,
dietary diversity and nutritional status in children in two villages in rural Tanzania and 2) the
relationships between land cover, dietary diversity and nutrition in under five yearoldsin a

nationally representative sample in Tanzani

Methods:A crosssectional survey wasaductedin 122 randomly selected households i
Minyenye villageSingida istrict and Mbwei village, Lushotagtrict. Female heads of
householdwere interviewedo collectquantitative and qualitativelata ondemographics,
livelihoods, complementary feeding ahduseholdood sourcesDietary diversity was
calculated from 24 hour dietary recalls which were collected for the respondent and their
oldest child under fiveAgrobiodiversity data were systematicattyllected using the point
intercept method. All plants, both intentional crops and other plants, growing on the
K2dzaSK2ft RQa FINya +d GKS GAYS 2F RIFGF 02ttt S
Indices were calculated. In addition to these indid¢bs,food sources section of the
guestionnaire was sed to calculate household crapd animal diversity scoresleights and
weightswere measuredn all family memberand MUAC was collected for all children under
15 years oldRelationships between thedactors were explored using regression analyses.
the national level relationships between land coMeom GlobCover 20Q@nddietary

diversity and nutritionfrom the 2010 Tanzanian Demographic and Health Survey (id8)

investigated using spatiahd regression analyses.

ResultsNo significant associations were seen between dietary diversity and ruraitstatus
in either village andi@tary diversity was negatively assae@with height for age-scoresn
the DHS analyseNosignificant assciations were seen between agrobiwdrsityand dietary
diversity. Agricultural, but not forestland covewas associated with dietary diversity.
Associatiorsbetweenboth agrobiodiversityand landcoverandchild nutritional statusre
complexIn Minyenye,agrabiodiversity wapositively associated with childr@nheight for age
while in Mbwei thesavere negatively associ&tR ¢ A ( K bauli hassRN&B)0INza
scoresMore ayriculturaland forestand cover was associated witigher weight foheight,

howevemore agricultural land cover was associated with lower hefighdge Positive
\
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associations were seen between eating and rearing animals and dietary diversity but negative
or no associations were seen with nutritional status. Selling cngsspositively associated
with dietary diversity but showed mixed associations with nutritional status at the local village

scale.

ConclusionSudyresultsprovide a word of caution for those attempting to increase

agrobiodiversity to improve diet and tnitional status. The effectiveness of agricultural

interventions aimed atimproving nutrition through improvements in agrobiodiversity can only

be evaluated in light of the multiple determinants of nutritional stattsk S OdzNNBy & & G dzRé Qa
resultsillustrate the complexity othe pathway from food production through consumption to

nutrient utilization inlow income coumntes.
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Chapter 1

Introduction

1.1 Chapter summary

This first chapter introduces the background to this research and#tienal and regional
contextinwhich ittook place. This chapter briefly summarises food security issues and
nutritional status irsub-Sahara African and the relevance and measurement of dietary
diversity as a marker fawtritional status. Idefines agrobiodiversity and introduces the
potential relevance to dietargliversity and nutritional status. Specifically, the reasons for
investigating the relaonships between agrobiodiversity, dietary diversity and nutritional
status and research into these intersecting areas are discussed. Information is included on
food security, nutritiorand foods eaten in Tanzania. This introductory chapter ends with a
outline of the thesis structure andsummary of the key academic contributioashieved in

each chapter

1.2Aim and objectives

This thesiseports a study that aimed timvestigate the relationship between
agrobiodiversity, dietary diversity and nutritionadtatus in TanzaniaBroadly, the research
investigates 1dhe relationships between agrobiodiversity, dietary diversity and nutritional
status inchildren intwo villages in ruralanzaniand 2)the relationshigbetween land cover
dietary diversity and nutrition innder five year olds ia nationally representative sample in
TanzaniaAs a means téll the knowledge gapn how agrobiodiversity relates to diet and
health in subsistence agricultuamdto improve understanding of 6od security ingb-Sahara

Africa.
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The specific objectives of this study are to:

1. Review, design and pilatconceptuaframework andsuite of appropriate measurement
tools to accurately measure agrobiodiversity, dietary diversity andtiort inan Eastern Sub

Sahara Africa context.

2. Systematically assess the diversity and abundance of both cultivated and wild plants
growing on household agricultural land in two villages in rural Tanzania and investigate how
this isrelated to dietary diversityn under five year old and nutritional status in children in

these villages.

3. Measurehouseholdcrop and animal diversity, dietary diversity of respondents and children
under five and nutritional status of children living in these villages, determirethdn

household produce is sold and investigate how these factors are related.

4. Investigatdasic sociademographidactors affecting dietarintakeof children under five

and nutrition outcomes$n childrenin these villages.

5. Investigate thesocicdemographic determinants of dietary divegsand nutritional status
andexplore the relationshigbetween land covedietary diversity and nutritional status

children under five yearat a national level, in Tanzania.

6. Integrate outcomes frortihis multi-scale investigation of the relationships between
agrobiodiversity, dietary diversity and nutritional status, to draw conclusions that inform

understandings of food security inls-Sahara Africa.

Objectives 2, 3 and 4 were met through the primdata collection presented in chapters 4, 5
and 6. Each of these chapters, as well as chapter 7, had specific objectives to ensure they met

the overall thesis objectives:
Chapter 4:

Objective 4A: To present descriptive data on the demographic, sociatady diversity
and nutritional status variables in this population to set the context fc

the analyses.

Objective 4B:  To investigate whether dietary diversity and food variety are associa

with nutritional status in under five year olds.

Objective 4C: To investigate whether complementary feeding and sanitation are

associated with nutritional status in these villages.



Chapter 5:

Objective 5A:  Present descriptive data on habitat, species present, farm characteri
crosssectional planagrobiodiversity and crop and vegetable diversity

scores in the two villages.

Objective 5B: Investigate whether plant agrobiodiversity and crop/vegetable divers
scores are associated with dietary diversity and nutritional status

children

Objective5C:  Investigate whether selling staple crops, vegetables, fruit and other
produce is associated with dietary diversity and nutritional status

children
Chapter 6:

Objective 6A: To assess animal diversity and present descriptive data on animal

productconsumption and animal rearing practices in the two villages

Objective 6B:  To examine whether eating animals and animal products and animal
diversity are associated with dietary diversity in respondentsiamder

five year oldgnd nutritional status ichildren

Objective 6C: To examine whether selling animals and animal products is associat
with dietary diversity in respondents anchder five year oldand

nutritional status irchildren
Chapter 7:

Objective 7A:  To investigate whether demographggcial, agricultural and dietary factor:
are associated with dietary diversity and nutritional statuander five year

oldsin Tanzania

Objective 7B:  To investigate whether dietary diversity is associated with nutritional sta

in under five year olds Tanzania

Objective 7C:  To investigate whether dietary diversity and nutritional statusnder five

year oldsvary spatiallyn Tanzania

Objective 7D:  To investigate whether land cover is related to dietary diversity and

nutritional statusn under five year olds in Tanzania



1.3Food security

Much of the research in the area of food security cite Bood and Agriculture Organisation
(FAQRSTAYAGA2Y F2NJF22R aSOdzNAGE Lzt AAaKSR AY wmpdc
all times have physical and economic access to sufficient, safe and nutritious food to meet

0KSANI RASGINE ySSRa YR F22R ENBS®PBP™MSY OSa F2NI Iy |
definition is of global significance where many low income countries are perhaps first aiming

to meettheir dietary needs. Food securig/often expresed in three levels: Avabdity, access

and uilization(FAO, 1996 Since Sen's essay on entitlement to food was publigh2€81

(Sern), food security researcim the social sciencédms shifted from food production to food

accesgWebb et al., 2006Coates et al., 2006 Workshops held byhe Food and Nutrition

Technical AssistancEANTAprojectin 2004 and 2005 agreed on the following domains of

food insecurity Anxiety/uncertainty about and actual depletion of the household food supply

Insufficient quality, whicincludes variety, preferences and social acce ptabitigufficient

food intake and its physical consequend@sping strategie® increase household resources

(FANTA, 2004

The International SclkG A FA O { @Y L2 aAdzYy a. A2RAGSNBAGE YR {dzadl
| dzy ASNE 2NHIYyA&aSR 68 C!'h YR .A20SNAAGE LYGSNY!I 4.
sustainable diets which encompass concepts of environmental sustainability and food security:

& { dedalilé diets are those diets with low environmental impacts which contribute to food

and nutrition security and to healthy life for present and future generations. Sustainable diets

are protective and respectful of biodiversity and ecosystems, culturedig@table, accessible,
economically fair and affordable; nutritionally adequate, safe and healthy; while optimizing

yIGdzNI £ | YR KRirtirigafe &hB BetioeNZOLF Eissshifin the view of food

security is essential to ensure food security into the future. Achieving both food security and

food systems sustainability simultaously requires a change perspective when considering

availability and acce$som agriculture and markets through to consumption and utilizatign

the individual(Prosperi etal., 2034

The global food system is under great pressure due to the increasing global population
combined with stronger competition for land, water and energy under the largely unknown
effects of clmate chang€Foresight, 201)1 Globally there are two billion people who are not
getting enough foodForesight, 201)1l These pressures are felt most strongly in low income
countries, which are defined asuntries withgross national income (GNI) per capita of $1,035
or lesqlower middle income, $1,03654,085; upper middle income, $4,08612,615; and

high income,$12,616 or moyéThe World Bank, 20)4Food securityeeds to be addressed at

4
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the same time as reducing the impact of food production on the environrfdaoMichael,

2005. The Millennium Development GodMDGK A I Kf A 3K 020K GKS&as I N
L2 SN & yR Kdzy3SNE YR aSyadzNB &ngighigddsy YSy (i
(United Nations, 2014Researchers are talking about the iorgance of reducing malnutrition

and environmental degradation simultaneou@cMichael, 200pand sustainable agriculture

has a large part to play in thisicreased nderstanding of theomplex relationships between

nutrition, agriculture and the environment is essential.

The relationshipbetween agriculture and nutritioare nomore relevant globally than irug-
{FKFENIY ! FNAOI 6KSNB Hce: 2F GKS $g2NI RQa dzyR!
million peoplf UNFAO, 201QbSelf employment ingriculture is the most important activity
for the rural labour force ing-Saharan AfricélThe World Bank, 2008In sib-Saharan Africa
agriculture and its asxiated industries are essential to growth and to reducing mass poverty
and food insecurityThe World Bank, 2008The landscape in Ea&fricais maly arid and
semiarid, with some sukhumid, desert and highland are@Barry et al., 2006 These land

types characteristically have low uravrainfall and infertile soils which have led to problems
in the food supply of these are@Barry etal., 2006The challenge of imprawg bah the

guality and amount of food produced is key for the improvement of quality of life for those
living inEassub-Saharan AfricdMuch research has been conductedianreasing food
production in sib-Saharan Africa on the assumption that increasingifpmduction will
increasdood securityLarson and Frisvold, 199G he relationship between foqarodudion

and consumption is complexd there is concern that an increase in food production will not

necessarily lead to an increase in food secyfgn, 198}

1.4 Nutritional status

Individuals are malnourished if their diet does not provide adequate calories, protein and

other essential nutrients for growth or they are unablaugethe food they eat due to illness.

They are also malnourished if their energy kea@xceeds their energy requirements resulting

in overweigh{UNICEF, 2006\ utritional status in this thesigefers toundernutrition, whichis
RSTAY SR 0 the dutedme & i@suffidentood intake and repeatiedectious

RA &SI &S 34 ébeinguiidervejgidérambsBai 2 NJ 2y SQa F3S> 6SAy3 i
height as well as deficiencies in vitamins and mindlaiidl CEF, 20pa\utritional status can be
measured in four main ways; through dietary intake, biochemical indices, anthropometry and

physical assessment.
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used to measure nutritional stus, their definition, pros and cons

Measure

Definition

Dietary intake

Nutrient adequacy

Meeting the requirements for energy and all essential nutri€Risel, 2008
Can be measured using a variety of dietary assessmentéogfood diaries,
24 hour recalbr food frequency questionnaires.

Pros:

Describes current nutritional status;

Cons:

Short term; Subject to bias; Does not take absorption or utilisation of
nutrients in the body into consideration.

Biochemical indice

Biochemical Laboratory assessment of nutrients or other markers of nutritional status

indices body fluids, most commonly blood and uriffg@imko etal., 1995

Pros: Objective.

Cons: Invasive; Requires specialised equipment and expertise inclrefingeration
and access to laboratories; Expensivajally specific to individual nutrients

Anthropometry

Heightforage z
scores (stuntingd)

Moderate to severe stunting is below mintwgo standard deviations (SD)
from the median height for age of the reference populat{tiNICEF, 2014
Reflects failure to reach linear growth potential due to suboptimal
health/nutritional conditiongde Onis etal., 1997

Weight forage z
scores
(underweighty

Moderate and severe underweightis below minus two SD from the medig
weight for age of the reference populatigodNICEF, 20)4Reflectdody
mass relative to age and is influenced by blaghight and weigh¢de Onis et
al., 1997.

Weight for height
z-scores (wasting)

Moderate and severe wasting is below minus two SD from the median w¢
for height of reference populatio(UNICEF, 20)4Typically indicates arecer|
and severe process of weight lqse Onis etal., 1997

BMI forage z
scores

Usedas a marker of thinness, especially for children and adolescents betj
5 and 19 years of ag€ole etal., 2007

Mid Upper Arm
Circumference

Provides estimates of arm soft tissue and wast{Sgmko et al., 1995

(MUACY
Pros: Easy to obtain; Objective; Systematic; Reliable; Repeatable.
Cons: Potential for measurement error.

Physical assessment

Physical Observation, inspection and measurement of an individ&inko et al.,
assessment 1995.

Pros: Provides detailed anldroad nutritional status information.

Cons: Requires medical expertise; Potentially invasive; Time consuming.

*Methods employed in this study to reflect nutritional status.
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Table 1.1 outlines these main categories used to define nutritional statuanatos and

cons associated with each method, with five more specifiesatbgories under
anthropometry. More detail is included for this technique as nutritional status in this thesis
refers to the anthropometric measurements of height for age, weighatye, BMI for age,
weight for height and MUAC.

The nutritional status of people sub-Saharan Africeemains poor. These countries have
considerably higher rates of stunting, wasting amdierweight{WHO, 2010pbOnis et al.,

2000 and shorter lifeexpectancies than people livinghigh income countrie@Mathers et al.,
200]). Rates of stuntingre highest in Eastern Africa (Percentage stunted: 50.0 (95% CI: 42.3
57.9) compared to theest of Africa, Asia and Latin Amer{Bdack et al., 2008 Combined
statistics from Ghana, Senegal, Guinea Bissau, the Philgppirtéa, Nepal, Bangladesh and
Pakistarshow that children who are severely stunted 8Standard DeviationsSSO) below
World Health Organisatio¥{HQ Child Growth Standards) have 4.1 (B.8) greater odds of
dying and 4.6 (2-8.1)greater odds of dyig from darrhoea compared to children with height
for age zscores abovel (Black etal., 2008 Malnourshed children are also more &k to
perform poorly academicalfAlderman et al., 20Q6/ictora etal., 2008 Adair et al., 2018and
have lower capacity for woriHaas et al., 1996compared to children who are not

malnourished.

There is evidence that many tkfent sociedemographic, economic and health factors
contribute tothe nutritional status of children under five years of agaese include

household incoméYang et al., 2032 parental employmertE-Ghannam, 2003pk NB y (i a4 Q
literacy(Fernandez et al., 2002nd maternal educatiofKabubeMariara et al., 2009Abuya
etal., 2012 VaccinationgDanceetal., 2008 sanitation(Fink et al.2011 Kikafundaetal.,

1999, distance to a source of drinking wat@ickering and Davis, 2012ndhaving crowded
living conditiongYang et al., 20)Zre also associated with child nutritionals status in low
income countries.The type of complementary foods introded into an infar® diet(Onyango

et al., 1998 Obatolu, 2003 contributesto child growth in young childrehe gender

dynamics within the household and community also have an important effect on child

nutritional statugKhatunetal.,2004¢ KSaS A YLI OG0 UGKNRdzZAK 62YSyQ:

(Smithetal., 2008 GKS f 2¢ @I f dzS { kowledggAwuintfila, 20084Rd 2 Y & 2

maternal education, income and access to resou(@slton et al.2007).

In addition, diarrhoedVictora et al., 1990and other infectionFernandez et al., 2002mpacts
on nutritional status but being malnourished puts childréimareased risk of getting an
infection; a dangerous cycle in low income count(igsaskaram, 2002Examples of these
cycles are seen with HIV, tuberculosis and malaria irSalaran Africa which, along with

7
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diarrhoeal diseases and respiratory infections are responsible fdritjtee st number ofleaths
frominfectious diseases in AfriGa/HO, 2004 Children with HIV are likely to be more
severely malnourishefPrazuck et al., 199&nd malnourished children with HIV are more
likely to die than those without HIfFergusson and TomkirZ)09. Malnutrition is more
common in children with tuberculos{Karyadi et al., 200@&nd malnourished children were
more likely to die from tuberculas(Zachariah et al., 2002nd malarigMuller et al., 2003

than those that are not malnourished.

A conceptual framework on the determinants of malnutrition developedUNCEFL990

(Figure 1.1putlines a stucture for understanding howheseand other political, economic and
socialfactors come together thhave an impact on malnutrition. The framework highlights that
inadequatedietaryintake is an important factor caused many otherfactors andllustrates

that this interacts withdiseaseo cause malnutritionAlthough notincluded in this frame

work, agrobiodiversity, acting through dietary diversity, is potentially another factor impacting
on access to food and dietary il A limitation of this framework is that it makes no
reference to environmental or agricultural factors and theirimpact on access to adequate

food, income and exposure to health risks.



Malnutrition
e e
Insufficient
Inadequate access Inadequate care health services
to food for mothers and and unhealthy Underlying causes
children environment
Inadequate
educ'atlon
Formal and non-formal Basic causes
institutions
|
Political and idelogical

superstructure
\ | /
Economic structure

) Y P

Political resources

Figure 1.1UNICEF conceptual framewodf the determinants of nalnutrition (UNICEF,
1990

Much research has been conductedaow income counties into potential ways of improving
food and nutrientintake in order to improve heath in these communities. Accurately
measuringood security anchutrient adequacyn a low incomesountry contextis an essential
step towardsmproving health outcome@iKeenan et al., 200-and the associated benefits on
educationabkttainment(Alderman et al., 20Q6/ictora g al., 2008 Adair et al., 2018and
productivity(Haas et al., 1996Without a relatively accurate idea of peogida@ccess to food

and nutrient intake itiglifficult to plan and implement interventions that could lead to
improvements in nutritional status and health. One of the ways that the quality of the dietis
often represented itow income counties is by estimating the diversity in an individuals diet
This ishased on the ideathat a more diverse diet will provide awider variety of nutrients to a

growing child.
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1.5Dietary diversity

5ASGFNE RAOSNEAGE KFa 658y RSFAYSR L& adKS ydzyo s
over a given referencelS N RuR!,£200R page 3912SDietary diversitys important as the

more different kinds of foods an individual consumes the niikely they are to get all the

nutrients they need for healthgrowth,development andunction(Gibson and Anderson,

2009. This is especially trie low incomecountries where dietary intake is based on starchy

staples and the consumption of different fogdoups such as vitamin A rifriuit and

vegetables, meat and eggs aypicallylow (Arimond, 200J.

Capturing masurements of dietary diversitgthe number of different food groups consumed,
or food variety- the total number of different foods consumeoyer a defined period of time
(often 24 hours), as proxies for food securityfrient adequacyand nutritional statudhave
become popular ilow incomecountries(Ruel, 200R Dietary diversity scordsas been shown
to be significantlypositively associated with food secur{§ukusuba et al., 20Q;7nutrient
adequacyArimond, 20040gle et al., 20Q1Moursi & al., 2008 Daniels et al., 200Hatloy et
al., 1998 Kennedy et al., 2007 orheim et al., 2004Ponce et al., 20QGandnutritional status
ina number of studieGArimond, 2004Corbett et al., 1992Steyn et al., 2006Garg and
Chadha, 2009Nti and Lartey, 2007/Savy et al., 20055avyet al., 2009.

1.6Agrobiodiersity,dietary diversity and nutritional status

Agrobiodiversity has been defined as the biological diversity on lands used for agricultural
purposegBrookfield and Stocking, 1999 his includes the diversity of plants, animals and
micro-organisms at species and ecosystem lef@smwell et al., 199%nd covers both
cultivated crops and wild plant$he term agrobiodiversity is used to mean plant
agrobiodiversity in somstudiegRemans et al., 201)and both plant and animal
agrobiodiversity in otherEkesa et al., 2008Valingo and Ekesa, 2013 he focus of this
thesisis primarily on plant agrobiodingty with secondary analysis on a simple measure of

animal agrobiodiversity.

Biodiversity has been highlighted as an important factor for sustainable agric(8uvastava
et al., 1998. It can have a positive effect on soil healthichin turn has a positive effect on
agricultural outpu{Chivian, 2002 There have been a number of papers encouraging the
agriculture and nutritior{Welch and Graham, 199Blawkes and Ruel, 200&nd nutrition and

biodiversity fieldgJohns and Sthapit, 2008rison et al., 20060 work closer together.

10
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Agriculture, biodiversity and nutrition are all interrelated and a number of publications have

investigated how these three areas intersect.

1.6.1 Agriculture anchutrition

Ly | I &1 S a(HawyeR andRas|f2@énceptual fameworkof the links between
agriculture and healthFigure 1.2agriculture is linked with health through labour,
environmental change, income generation and access to food, water, land and hdattédre

services leading to undeutrition as well as auimber of other health outcomes.

- ; Agricultural systems Agricultural outputs

= :ﬁ::’CLI.YILZ:::\':. eggﬁglrtsu;a | mlgg (types, practices, technologies, (distribution, quantity,

= location, ownership) quality, diversity, price)

& 1

=

= i ]

o - Access to food,

%f) INTERMEDIARY | 0 Environmental Ch_?nge Income water, land, and

=8l PROCESSES ; (water, alr, soll generation health-related services

Z ! ]

= “ ¥

2 ional W. Unde Chroni Foodb Livestock

> Occupationa ater- nder- ronic oodborne ;

= HEALTH  'health risks [+*| associated [+ nutrition [**| diseases [<>| illnesses [+ HIV/AIDS (> related

2 OUTCOMES vector-bome illnesses
diseases

# These health conditions are not mutually exclusive — livestock-related illnesses, for example, are also occupational health risks. The list of health outcomes is not necessarily inclusive.
Other health conditions are also likely to interact with agriculture, but these have not yet been identified as such in the published scientific literature.

Figure 1.2 Conceptual framework of the linkBetween agriculture and healtiiHawkes and
Ruel, 200%

Despite acknowledgaent that agriculture and nutritioare linkedLipton and Kadt, 188),

research in these two fields have run in parallel for many y@éasvkes and Ruel, 2006n

orderto improve foodsecurity(C2 2 R 4 SOdzNA & SEAadla oKSy | f¢
physical and economic access to sufficient, safe and nutritious food to meet their dietary

needs and food preferencesforan&ac@S | Yy R KFAD, 1999 duchiadriduifuéal

research has focused onincreasing yielttsrapting to fulfil theavailabilityaspect of food
security(Sen, 198)L While nutrition research has attempted to address thidizationaspect

of F22R aSOdaNAGed {AyOS {SyQa Saal dityfegearth2 2 R S
has turned to includ&JS 2 Latces@afood, addressing some of the complex issues that link

food production to consumptiofCoates et al., 2008Vebb et al., 2006 Research into the

effects of agreultural interventions on nutrition and health outcomes hasreased from the

Mdphn Qa (Beytig2DOBIRert et al(20049 reviewed 30 agriculturahterventions that

measured impact on nutritional status. They found that most agricultural interventions

11
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increased food production and two thirds of these improved nutrition outcomdsusehold

members

1.6.2 Agriculture and biodiversity

Except foresearch looking at conservation of genetic diversity for food productesgarch

into biodiversity has also remained relatively separate from agricultural research until recently
(Frison et al., 2001 Agricultural practices can have varying affects on the biodiversity of flora
& fauna. These range from concerns about the negativaichof large cash crop farming on
biodiversity(Srivastava et al., 1996reen et al., 20050 the positive effects agricultural
practices can have on biodiversity when sustainable practiceemployed Thrupp, 200D In

the past three decadethe concept of agrobiodiversity has beetroduced which provides an

opportunity for the agriculture and biodiversity research areas to work more closely together.

1.6.3 Biodiversity and nutrition

Very little datais availablen the relationship between biodiversity, nutrition and health i

low income counties(Frison et al., 20Q4-rison et al., 20)1 Discussions about the links
between biodiversity and nutrition are on the increg$eison et al., 20Q4ohns and
Eyzaguirre, 200MNakhauka, 200%nd the Food and Agriculture Organisation (FAO) recently
publishedan expert consultation onutrition indicators for biodiversittUNFAO, 2010a
Wahlqvist & Spech{l999 outline the many reasons why biodiversity is so important for

human health including a diverse food supply and increased resilience.

Frisoret al. (2017 highlights the importance of agricultural biodiversity in the sustainable
delivery of a more secure food supply. The discussion paper states that more diverse farming
systems and crops are more resilient to shocks and changes ahithate(Frison etal., 201
Additionally, biodiversity influences nutrition through ensuring the sustainable productivity of
soils(Chivian, 2002

1.6.4Agricdture, biodiversity and nutrition

Fewgood qualitypapers have linked agricultural biodiversity with diet and nutrition outcomes.
Akrofi(2010 found that the Shannon indeja measure of the number of different plant
species and the abundance of these spe{ida, 200%) of cultivated plants in home gardens
was not significantly related to the household dietary diversity score in Giiana.diversity

was positively associated with dietary diversity in one of the two populations assessed in

12
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Mexico(Dewey, 198\ Higher agrobiodiversity, as assessed by the number of crops grown by
the household, was found to be linked with higher dietary diversitylarge nationally
representatve sample inndia(Bhagowalia eal., 2013 and in two smaller crossectional
studies in Keny@Walingo and Ekesa, 201Bkesa et al., 2008although the significance of the

associations were not reported in eithefthe Kenyampapers.

Evidence of an association between agrobiodiveesily nutritional status is even more

limited. Shack et a(Shack et al., 199Gound no association between the number of food

crops grown in busehold gardens and anthropometric measures in children in a cross
sectional survey in Papua New Guinea. Crop diversity was significantly correlated with height
for age in childrenin one out of the two villages studied by DefReyvey, 1981but weight

for height was not associated with agrobiodiversity in either village.

A number of discussion papers have outlined how agriculture, biodiversity and nutrition are
related.Johns and Sthapifohns and Sthapit, 20pgropose the followingonceptual
framework (Figure 1)3o illustrate the complex linksetween biodiversity and healtfThis
framework takes into consideration income generation and satilbural traditions and
attempts to capture some of the complexity of the pathways between biodivessity

nutrition.

Nutrition, health status
(urban and rural consumers)

Self-sufficiency, / \ Increased

independence productivity

Knowledge, T Purchasing \
values, cuisine power
Income
Socio-cultural Diet quality i
traditions Enhanced generation
rationale (farmers,
(all stakeholders) processors,
marketers
Knowledge, Improved )
values management /
Resilience, Poverty
continuity \ _~ reduction

Biodiversity conservation
(small-scale rural and urban farmers)

Figure 1.3Conceptual frameworkinking biodiversity conservation and human rition in
low income countriegJohns and Sthapit, 2004

13



-14 -
A number okey authorgBélanger and Johns, 2Q0&ahlqvist, 2003Johns and Eyzaguirre,

2006 Frison etal., 20)1havediscussed th&vays in whiclagriculture, biodiversity and

nutrition are potentially related Wahlqvis(20034 G F 6 S& (GKI G aoKAfT S 0A2RADSNE
F2N) adzaadl Ayl ofS F22R RAOSNBAGES AQDOGRAI ®E y 2 G 3ITdzk NI
empirical evidence to proviae association between biodiversity and dietary diversity and

health. In much of the other literature in this area there isinderlyingassumptionthat

higher agrobiodiversity will lead to higher dietary divergiyison et al., 20Q%rison et al.,

2006 Johns, 2003Deckelbaum et al., 2006lillocks, 201 This assumption appears logical

but perhaps does not acknowledge the complexity of the pathway from food production to

consumption in Eastern sutsahara Africa and globally.

1.7 Food securityand nutritional statusin Tanzania

A high proportion of the Tanzamgopulation lack food security, especially those living rurally.
Approximately 236 of people were categorisedm®deraiely food secure and 48 as

severely food insecure in a study in rural Iringa in TanZ&maeppel etal., 20)0The study
identified insufficient food quality andhsufficient food intake as the twmain factors
contributing to thisood insecurity Approximately a quarter of surveyed households in
Tanzaniareported often or always having problems satisfying food needs in the pastyearin
the 2010 DHS surv€yanzanian NBS and ICF Macro, 2(Hilgh levels of malnutrition aman
children persistimanzania. Rent data show that 44% of children iTanzanidelow five

years of age are stunted and 16.7% anderweigh{Gollogly, 200Q There is clearly aneed

for research into factors that could improve food security and nignal status in Tanzania.

1.8Foods eaten inTanzania

Only approximately 50% of rurabuseholds in Tanzania consutheee or more meals per

day, compared to almost 80% in urban househ¢@ldszanian NBS and ICF Macro, 20lAe
frequency of meals varies depending on the season with less meals being consumed in the
rainy seasofiKinabo et al., 2006 Therehas been some initial evidence that Tanzaniais
moving into the nutrition transitiomn urban(Njelekela et al., 200Bovet et al., 200Rand

even rural areafKeding et al., 20)1However undernutrition still remains the mostimportant

component of malnutrition in Tanzan{Abrahams et al., 20)1

The typical meal eateim Tanzania iggali, a starchy staple made into a stiff porridge. Itis

mostly made from maize flour but it can also be made from other flours such as cassava
14



- 15 -
(Mazengo etal., 199'Kinabo et al., 2006 People consuminggalias their main energy
source rely on accompaniments for nutrients such as protein, vitamins and minerals. Itis
common for people to consumggaliwith a vegetable dish consisting of greeafie
vegetables, boiled or fried with onions and tomatd®¥ainiecMattila, 2000 and sometimes
beans, meat or fistKinabo etl., 200§. Meat and fish are not commonly consumed; 60% of
households in the 2010 DHS surferyTanzani@onsumed no meat in the past week and 50%
consumed no fisfiTanzanian NBS, 2Q1Traditional diets consumed in rural Tanzania are
often not nutritionally adequateyisufficient energy, protein and micronutrient intakes are

common(Ecker et al., 201Mazengo et al., 1997

Maize(Zea Maize Graminedés a very importat crop for those living ifanzanialThe area
cultivated with maizeccupies an area 4.25 times larger than cassava which has the second
largestplanted aregTanzanian NBS et &006. A local level study conducted Katumba

ward in Tanzanidemonstratedhat the local populatiompreferred maize meals and could

obtain almost 70% of their energy and over 80% of their required protein through maize meals

(Mboyaetal., 20111

In addition to maize, assavgManihot Aspera Crantz Euphorbiacghas become an
important crop for food securitin Tanzani&r a number of reasons. Cassavais a root crop
and can be leftin the ground untieeded for up to three yeai®omanoff and Lynam, 1992
This means that, with planning, it can &eailable when otkr crops fai(Prudencio and Al
Hassan, 1994 It can grow in poor conditions with limited input and is unusually tolerant to
drought compaed to other crops grown in suBaharan AfricéElSharkawy, 2004However,

it requires appropriate processing before consumption to remove cyanide and other anti

nutritional factors(Padmaja and Steinkraus, 1995

The use of wild foods &soimportant in many rural envonmentsacross ab-Sahara Africa
including Tanzaniadarris and Mohamme@003 found themajority of wild foodsusedin
Northern Nigeriato be leavesed for side dishes to theain starchy staple but they also
includedfoods not normally eaten except while waiting for harvest or in times of famine. In
Mali, Nordeide et 11996 report the consumption of wWd green leafy vegtables andvild
fruitin both rural and urban environmentk Tanzania, Johns ef{(@b9§ andVainio-Mattila
(2000 report that consumption of wild species are common amtrgBatimipeoplein
Ngorongoro district and theag®nbaa people in the dambara MountaindMlenda(Corchonus
Tritocularies Tillaceae is an example of awild food which is an important source of nutrients,
such as iron and calciufdinabo et al., 2006in some parts of sulsahaan Africa.These are
some specific examples which illustrate the importance of wild food sources throughout
Tanzania.
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1.90utline of thesis andgmmary of research contributions

Chapter 2 summarises the available literature relating dietary diversityaivariety to
nutritional statusas well asgrobiodiversity to dietary diversity/nutritional statiis low

income countriesThe literature reviewpresensstrong evidence that measures of dietary
diversity and food variety are positively associatethvautritional status in children in low
income countrieshowever the evidence from Eastern Africais less comprehergive

chapter also reveals a large gap in the literature relating agrobiodiversity to dietary diversity
and nutritional statusit shows thatthere is very little good quality research that addre sthes

aim of this thesis.

Chapter 3 of thehesis outlines the methods for the primary data collectitive design of the
methodology, the slection of the villages the study took place irdahe data collection
methods The results fromte primary data collectiomarereported inchapters 4, 5 and.6
Chapter Zexploresthe associatiosbetweendietary diversity and food variegnd nutritional
status in thewo villagesas well as howdditionalfactorssuch as complementary feeding and
sanitation impact on nutritional status in these communitigése chapter founthat neither
dietary diversity nor food variety was associated with any of the measures of nutritional status
in children in thee villages.ffese results contradict much of the literature outlined in the
literature review in chapter Bighlighting that a positive association between dietary diversity
and nutritional status cannot be assumed in all contexts. The chapter alsolmaetsi

additional knowledge about the importance of appropriate complementary feeding and

sanitation in improving nutritional status in low income countries.

Chapter Soresents the main results of the thesis; how plant agrobiodiversity is related to
dietary diversity and nutritional status in children. The results showitn#ie majorty of
cases agrobiodiversitg not associated with dietary diversity or nutritional status. It was,
however positivelyassociated with heighin Minyenyeand negatively associated with BMl in
Mbwei. The mixed results of this chapter suggest that simply increasing agrobiotfivessi
not be an effective strategy improve nutritional statusThis isonlythe secondpiece of
research that measures biodirgety in the household farms and relates these measures to
both dietary diversity and nutritional status in the household childreisthtereforean

important addition to the literature.

Chapter presents data on animdliversity, as measured by the mber of animals raised by
the household, and how this relates to dietary diversity and nutritional status in household
children. The results shativat the more different types of animals eaten and raised in the

households the poorer the nutritional stata$the household children were. Additionally,
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households selling animals and animal products had children with the same or worse
nutritional status than households not selling these produttss contributes to the literature
on how raising animals is k&ted to nutritional status and highlights the complexity of the

determinants of diet and health in low income countries.

Chapter 7 linkaationally representativelietary diversitydata to nutrition outcomes and

dietaryand nutrition data to national lad cover data in Tanzaniahis chapter founthat

dietary diversity was not significantly associated with nutritional status in childlere

agricultural land cover in the surrounding area was associated with higher dietary diversity and
weight for heiglibut lower height for age. More forest land cover was associated with higher
weight for height. There islittle research linking land covet antritional outcomes and

these results providanportant information orhow these are relatedChapter 8 discgses the

overall findings of the thesis, bringing together the primary data collection and national data,

YR &adzYYFINAasSa GKS GKSaAaaQa YFIAYy FAYRAyIaAaD
chapter 9.

Due to the constraints on land use and tlentinuing growth h population worldwide

(Godfray et al., 2000itis important, now more than ever, to establish and attempt to quantify
how a greatediversity in agrobiodiversitgffects nutrition and health outcomen a low

income country contexiThisstudy provides information that iseneficial to researchers
interested inhealth and foodsecurity and the overlaps ofia@cultural and health research
Research that makes linketween environment and agricultural practice, food intake and
health is rare. Looking at these factors simultaneouslyshasvnthe complexities itnow

these factors are relatednd suggests these relationships should not be assumeidifarent
contexts It provides evidence in support of broad, locally driven interventidhss thesis
therefore contributes new empirical insights from Tanzania to improve understanding of the
relationships between agrobiodiversity, dietary diversity and nutritional stetinich are

important for agricultural, food security, dietary and nutdtial research
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Chapter 2: Literature reviewof the associations between

agrobiodiversity, dietary diversity and nutritional status

2.1Chapter summary

Chapter 1 introduced theationale for investigating associations among agrobiodiversity,
dietary diversity and nutritional status;hilethis chapter summarises published literature on
these associations. Tlohapter presents twoarrative synthesieeviewswhich have used a
sysematic style approactihe firstsummarigsliterature linking dietary diversity with
nutritional statusin children(Part 1) whilethe second presentgsearch on the relationships
agrobiodiversityhas with detary diversity and nutritional staty$art2). The main finding
presened in part 1 of this chapter that dietary diversity and food variety are associated with
nutritional status in children in low income countri¢&art 2 showed that there is limited good
quality research on the associationstiveen agrobiodiversity and eithelietary diversity or
nutritional status. The reviewreveasgap in the literaturen the relationship between

agrobiodiversity anthoth dietary diversity andutritional statughat this thesis aims tofill.

2.2Introduction

Measures of dietary diversity have been used in low income countries to reflect diet quality
and nutritional status for a number of years. Itis generally accetht@more diverse dietsin
low income countrgontexisare more nutritionally adequat(Ruel, 2003Daniels et al., 2007
Hatloy et al., 1998 There isnuch literature showing that more diverse diets are also
associated with better growth outcomes but this is not always the case. Linking
agrobiodiversity to dietary diversity and nutritional status is a relatively area of enquiry

and there ardimited publications showing associations between these factors. Thasgative
synthesiseviews summarise all the available literature linking agrobiodiversity, dietary
diversity and nutritional status, as measured through anthropomeira low income counyr

context.
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2.3Part 1: Dietary diversity and nutritional status children

2.3.1 Methods

This review focuses on research presenting associations between dietary diversity and
nutritional status, as measured by anthropometry, in children in low inconuacaes.
Interventions investigating these associations, longitudinal, case carttbtrosssectional

studies arancludedin the review

2.3.1.1 Search strategy
In order to find the maximum number of papers using measures of dietary diversoin |
income countrieglifferent search techniques were used. Firstly the following electronic

databases were searched in February 2014:

1 Embase Classic and Embase 1947 to 2014 March 05
I Global Health 1910 to 2014 Week 08

1 Ovid Medline 1946 to February Week 4 2014

9 Psychinfo 1806 to March Week 1 2014

Thefollowing search termwere usedthe numbers on the right represent how many papers

were identified with each search terfrom all databases combined

1 diet$divers$.mp. 1655

2 diet$variet$.mp. 562

3 fooddivers$.mp. 352

4 foodvariet$.mp. 504

5 food group divers$.mp. 23

6 food group variet$.mp. 33

7 lor2or3or4or5or6 2797
8 nutritional stats.mp. 110250
9 growth.mp. 2956808
10  stunt$.mp. 15608
11 wast$.mp. 321553
12 underweight.mp. 20248
13 undernutrition.mp. 17619
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14  malnourish$.mp. 25669
15 malnutritim.mp. 126573
16 8or9or10o0r1lorl12or13or14or 15 3452136
17  africa$.mp. 711961
18 lowincome countr$.mp. 7773

19 developing countr$.mp. 823802
20 17 orl18or 19 1340313
21 7 ad 16 and 20 440

22 limit 21 to English language 401

23 limit 22 to humans [valid in Embase and Ovid Medline only] 394

24 limit 23 to yr="1986Current" 394

2.3.1.2Criteria for inclusion

Titles and abstracts were first screened to identify potentially relevant references. The full
journal articles of these potentially relevant references were obtained, where possible, and
these were then checked for final inclusion in the review. Papastiet the following

inclusion criteriawereincluded in the review:

English language

Human

Children under the age of 20 years

Study relates dietary diversity or food variety to nutritional status as measured by
anthropometry

1 Basedin aowincome county as defined by thénternational Monetary Fund{F)

= =4 =4 =

2.3.1.3 Included references

Three hundred and ninety foueferences were identified through the database searches
containing 341 unique references. Based on the titles and abstracts 83 papers wetiéeden
as potentially relevant. Thirtegmapers were unable to be locatethese have been excluded
from the review. An additional 25 were excluded because they did not meet the inclusion
criteriawhen full papers were examined. Thittiwe papers werenduded in the review from
this process. &evant review papers, booksd reports were used to obtain twadditional
relevant references, these are referred to in the inclusion flowchart (figure 2.1) as hand

searched references. A total of 37 referencesiatuded in the review.

Papers were summarised and details of how dietary divessityfood variety wereneasured

are included. fie associations between dary diversityand nutritional status are summarised

in Table 2.1 anébod variety and nutritionbstatus in Tabl@.2. In keeping with the language
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dzZaSR AYy (GKS LI LISNE NBOASHGSR (KAa NBOASH dza S
RAOSNEAGE &a02NB 655{0vQ (G2 YSIYy RAOSNEAGE Sa
or householdshave consumed over a particular reference period. The review usdgthes
WF22R GFNASGE 0C+0 YR WF22R GFNASGE a02NB
individuals or householddyave consumed over the reference periddhe FVS is largdrdn
the DDS when people consume more than one different food type within afood group. For
example, if both tcnatoes and onions are consumed dDB poinwill be added to the DDS

and twoFV points will be added to the FVS.
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Total number of references
retrieved from electronic
searches (n=394)

Duplicate references (n=53)

Unique references retrieved from
electronic searches

(n=341)

References identified as not
E— relevant to the review based on
titles and abstracts (n=258)

V

References initially identified as
Potentially Relevant based on
tittes and abstracts (n=83)

1 References identified as not
-_— relevant to the review based on
full papers (n=35)

References were unable to be
located (n=13)

v

Total number ofreferences
retrieved from hand searching
(n=2)

A

Included references (n=37)

Figure 2.1. Flowchart of inclusion for part 1: Dietary diversity and nutritional status
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2.3.2Results and discussion

Thirty-two studies reported associations between digt diversity anénthropometric
measures in children (Table 2.1). Twefitye of thesestudies were crossectional, five were
longitudinal studies and twavere interventons.The first, noarandomisedjntervention study
foundan improvement in dietaryidersity and weight gain in thatervention arm of the
study, infemale children onlyKilaru et al., 2006 The second interventiastudy, which had a
randomised cluster desigfgundthat the improveddietary diversityof the younger children
inthe interventiongroupwas not accompanied by an increaséangth for age scores (A
(Aboud etal., 2013

Out of the fivelongitudinal studiesonefound DDS to be higherin children whad better
growth(Nti and Lartey, @J7), one found DDS to be positively associated with weight but not
length gainAlvarado et al., 2005two found DD$o be positively associated witteight or
length for age sscores HAZ/LAY(Bork et al., 2012Ma et al.,2012 and onestudy found that
DDS wasot related to the development of kwashiork@rin et al., 200 Twentyof the cross
sectional studies show positive associations between dietary divensitgither LAZHAZ,
weight for age zscores (WAZ) or weight for lengti#ight zscores (WLANVHZ) andivefound

no associationgHillbruner and Egan, 200Blungo et al., 2012Sullivan et al., 200d essema et
al., 2013 Aboussaleh and Ahami, 2009

The results showing positive associations between dietary diversity and nutritional status are
often not entirelyconclusive. Some of these @@ss sectional studsalso bund no

association in particulayeographi@areagDewey, 1981Ekesa et al., 20).1in rural areas

(Hatloy et al., 2000 in girl§Eckhardt et al., 2005and in some age grougBenefice etal.,

2007, Garg and Chadha, 2008awadogo et al., 20D6Additionally, within these studies

dietary diversity was not always associated with both height and weight.

Seen crosssectional studiesone longitudinal study and omen RCinhtervention study

reported the association between food variety and nutritional status in children in low income
countries(Table 2.2) Gibson et a(2003, whose intervention focused on dietary
diversificationfoundthatfood varietywas notassociated with HAZ, WHZ, triceps skinfeld z
scores or arm fat areagcore after 12 months but MUAGszoresand arm muscle area z
scoreswere signifcantly higher irthe intervention group. Irthe longitudinabktudy,Bork et al
(2012 found food variety to be assaied with HAZ crossectionally but not with heighgain

over the sixmonths

Three of the crossectionabktudies found significant positive associations between food

variety and nutritional statugNovotny, 19870nyango et al., 199&teyn et al., 2006
23



- 24 -
Additionally, one found positive associations in urban but not rural afidagoy et al., 2000
another found that food variety was positively associated with HAZ in under 23 month olds
and WAZ in just91 montholds(Sawadogo et al., 20p@nd another found food variety to be
associated with the duel burden of malnutrition (overweight mother/underweight child)
(Saibul etal., 2009 There was only one crosectional study that found no association
between food varietynd nutritional statugLamontagne et al., 1998As with dietary

diversity, the evidence suggests that food variety is associated with nutritional status in

children in low income countries.

All four studies with samples sizes of over 10 000 children found significant associations
between DD&nd/or FV&nd HAZArimond, 2004, rates of stuntingLi et al., 201,1Marriott
etal., 2012Rah et al., 20)0and rates of underweighMarriott etal., 2012. These results

are supported by seven out of the eight studies with between 1000 and 10 000 participants
that were carried out in different countries irfica and Asia. All of the studies with over

10 000 participants and four other papéBisha et al., 201Zckhardt et al., 200%5teyn et al.,
2006 Zongrone etal., 20)2eported on nationally representative samples. All showed
significant associations between dietalyersity and anthropometric outcomes, although
Eckhardeet al (2005 found associations in boys onB§udies using largenationally
representative samples are lggmne to selection biathan smaller studieand these large
studies provideevidence of atrue assodian between dietary diversity and nutritional status.

However, these studies were all cressctional so cause and effect cannot be implied.

The statistical methods used in the majority of studies compared dietary diversity scores
between malnourished dldren and hose that were not malnourished and/presented the
correlation between the diversity indices or assessed dasion using regression analyses
Almost all of the papers reported the significance of the statistical tests that were carried out.
Regression analys@ves the amount of change expected in the dependent variable with each
unit change in the independent varial{ffontgomery et al., 2012 It is therefore the best
statistical method to show howietary diversity and nutritioal status areelated cross
sectionallyideally controlled for potential confounderfwentyfive of the 37studies used
multivariable regression to control for confounders. That such a high number of studies

employed these methods indicates the reported results areemeliable.

The type of dietary diversity score and the way it was collected did not alter the relationships

seen between dietary diversity and nutritional status. Fiueof the 32studies used

household dietary diversity, one of these showed no asgom but the other four, and the

one paper reporting household food variety, found significagaciations between the

diversityscoresand anthropometric measures. The majority of the papers reported collecting
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dietary diversity through a 24 hour rec@llo/32 dietary diversity studies and 7/9 food variety
studies), the other studies used food frequency questionnaires (Fe@grday diet recalls,
guestionnaires, interviews and observatidine size and direction of the results fratudies
usingtheseother methods werenot different from those using 24 hour recalThe results
from this literature review showthat the 24 hour recalls the most appropriate method to

measure dietary diversity in the current study.

The number of food groups in the dieyediversity scores varied from 6 to 23, the majority of
papers used between 7 and 12 food groups. For comparison between studies and across
countries itwould be useful for studies to use the same number of food groups fdlde
groups(Cereals; roots &ubers; vitamin A rich fruit & vegetables; other fruit; other vegetables;
legumes & nuts; meat, poultry 8sh; fats & oils; dairy; eggs) werecommended by the FAO
workshop in Rome, Italy in October 20 BAO/WHO/IFPRI, 200éowever only one study

included in this literature review used this groupi8ieyn et al., 2006

There was, however, some variation by gesgghic region. There wemenly 15studies
conducted in Africa, 1&f theseconducted in EastrnAfrica {(n Malawi, KenyaTanzania,
Ethiopia, Zambia, Burundirhe one dietary diversification intervention stu@yibson et al.,
2003, in Malawi, foundho association effect on height or weighseores. The one
longitudinal study{Lin et al., 2007 again in Malawi, foundiat dietary diversity was not
associated withlKwashiorkor. Of the nine crosectional studiesanducted in Eastern Africa,
sixfound positive associatiof®nyango et al., 199&€orbett et al., 1992Cordeiro et al., 2012
Dishaet al., 2012Valingo and Ekesa, 20Q1Bkesa et al., 20)Iandthree found no
assoacations(Nungo etal., 201Zressemacetal., 201%ullivan et al., 2006n Kenya, Ethiopia
and Malawi The evidence in this part of the world is not aswncing as théiterature as a
whole. This provides evidence towards the relationship between dietary diversity and
nutritional status being contextual and suggests that more research into this association in

Eastern Africawould be beneficial.

Assessinthe combined evidence of the crosgctional, longitudinal and intervention studies
shows that dietary diversity scores and food variety scores are positively associated with
growth in children in low income countrieBhis was the case for both dietarydrsity and

food variety, using the 24 hour recall to collect the data or other similar methods, using
individual or household diversity scores, with arange of food group categories. That results
were consistent over these different methods indicatesttifis is a strmg and repeatable
associationThe association was seen with growth measures in children in a number of

different countries and contexts, although the evidence was not as strong in Eastern Africa.
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Looking at all the evidencd s reasonale to hypothesise that dietary diversity and nutritional

status, as measured by anthropometry, will be associated in the current study.
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measures
Author and Country DDSmethod Number of food groupsFood groups Results
year Population Individual or usedin DDS
subgroup  household DDS
Intervention/study

design details

Interventions

(Aboud etal., Bangladesh 24 hrdietrecall 7: Grains; legumes; fish & meat; egg;  No signficant difference in DD or LA&tween the 2
2013 Children, 4 Individual DDS vegetables; fruit; milk. g;ciups. DD improved in ymger age group but LAZ dic
14 m(')t at ¢ Parenting
recruitment i tervention on
Interventio health, nutrition,
n N=226, communication and
control play.Randomised
N=237 stratified cluster
design with control
group.
15mofollow up
(Kilaruetal., India 24 hr dietrecall 7: Dairy; cereal; protein; fruit; Percentage feeding at least 5 different food groups v
2005 Infants 511 Individual DDS vegetables; oil & fat; sugar & savoury  significantly higherin the |ntervent|or_1 group (4_2%) th
mo snacks. the control group (19%), p=0.01. Weight velocity wa:s

Nutrition education

77g/mo greaterin the female children betweerl6
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Interventio
n N=69,
control
N=69

with increasing DD a:
1/5 focuses, with
control group(not an
RCT)

1 yearfollow up

mo of age in the intervention group compared to the
control group (Multivariable regression).

Longitudinal studies

(Borketal.,, Senegal List based FFQ, 24  7: Animal milk products; animdlased DDS significantly positively associated with HAZ12 6
20129* : hours. foods; cereals & tubers; pulses & nuts; mo, 1218 mo and 1218 mo. DDS not associated with

Children, 6 : NN _ . :

- fruit & vegetables; vitamin &ich foods; length/heightincrements (mixed models with
36 mo Individual DDS ) .
food with fat added. adjustments).

N=1060 2 visits, 6 mo agrt
(Ma et al., China 7 day dietrecall 8: Starchy staples; legumes & nuts; dai DDS at visit 1 was not significantly associated with L
2012 Children57 Individual DDS mhe_at, pgultr)i)&.llver/c.);ga_r: mea:tskilflsh, WAZ or WLZ at visit 3.

mo .- Shrmp & crabs, €ggs, ITUlts, getables.  pnpg at visit 3 was significantly associated with LAZ

3 visits every 6 mo isit 3 . fficient: 0.156. p=0.036
N=180 over 12 mo visit 3 (re.gressmn coefficient: 0.156, p=0. )
(Multivariable regression).

(Linetal., Malawi 2 mo FFQ 7: Starchy staples; legumes; dairy; mee DDS was not associated with the development of
2007 Children, & Individual DDS flsh & eggs;V|tam|r.1Ar|ch foogls; other Kwashlc_)rkoroverthe 10 weeks (Multivariable

3yrs fruits & vegetables; foodsrichinfats.  regression).

Followed for 10 wks (minimum portion size: 1 serving)

N=1651
(Nti and Ghana Monthly behavioural 10: Cereal & cereal products; roots, Positive deviant children (growth above the norm) he
Lartey, 200y . observation visit tubers & plantain; meat products; fish & significantly higher DDS (mean (SD): 6.3 (0.6)) than

Children, 6 . i . : . -

12 mo seafood; eggs; milk & milk products; negative deviant children (growth below the norm){

margarine; legumes, nuts & pulses; frui

28



-29-

soups & stews.

(1.1)) (p=0.001, independenteést).

(Alvarado et
al., 2003

N=100 Individual DDS
Over6 mo

Cdumbia  Week FFQ

Afro- Individual DDS

Columbian

Children 57 Followed for 18 mo

mo at

baseline

N=133

21: intake frequency of food/beverages
in previous week. Score represents bot
food frequency and food diversity.

DDS positively related to weight gaimion-breastfed
children (regression coefficient: 0.14kg/mo, p=0.03).
significant association with length gain. (multivariable
regression)

Cross sectional surveys and case control studies

(Tessema Ethiopia 24 hr dietrecall Not stated No significant difference in odds o#ing stunted
etal. : - between those with DDS<4 and those with DDS>4.
; hil I IDD . :
2013 Eol dren €23 ndividua S CrudeOdds Ratio@QR (95%Confidence Interval})):
0.90 (0.53, 1.3) (Multivariable regression).

N=575
(Walingo  Western Kenye 24 hr dietrecall 23 food items within 8 food groups: DDS was positively associated with stunting (r2=0.(
and Ekesa, Youngestpre  Individual DDS Cereals; roots&tubers; pulses & nuts; S|_gn|f|can_ce not reported) and significantly associate
2013 school child vegetables; fruits & vegetables; meat, with wasting (r2 =0.081).

’ fish & meat products; milk & milk
12-60 mo .
products; fats & oils.
N=164

Based on only the first 23 healthy foods
consumed over a period of 2 mo,
established usigfood checkilists.
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(Cordeiro Tanzania 24 hr dietrecall 12: Cereals; fish and seafood; roots ant Each additional food group consumed fa¢thousehold
etal., tubers; pulses, legumes, nuts; level decreased the odds of an adolescent being
Adol H hold DD ] ) .
2012 1(;j_c1)9e§$8ents ousehold DDS vegetables; milk and milk products; undernourished by 14% (OR = 0.86 (95%CI: 0.74, 0.
' fruits; oil, fats; meat, poultry, offal; suga P < 0.05) (multivariable regressiodndemutrition
N=670 honey; eggs; miscellaneous. defined as BMI <'5percentile.
(Dishaet Ethiopiaand 24 hrdietrecall 7. grains, roots, tubers; legumes & nuts DDS was associated with HAZ (OLS regression
al.,, 2012  Zambia Individual DDS dairy products; flesh foods; eggs; vitam coefficient: 0.23, p<0.001) and WAZ (0.17, p<0.001)
Children. 623 A-rich fruits & vegetables; other fruits & Ethiopia and with HAZ (0.12, p<0.01) in Zambia. DD!
mo ’ DHS vegetables. was notassociated with WHZ in either country.
(Multivariable regression)
N=4322
(Marriott 14 lowincome 24 hr dietrecall 6: Grains, roots, tubers; legumes & nute DDS was significantly associated with stunting (OR:
etal., countries Individual DDS dairy products; meat & eggs; vitamin A (0.72, 0.86), p<0.001) and underweight (Q031,
2012 : rich fruits & vegetables; otherfruits &  0.86), p<0.001) (Multivariable regression).
Children 624
DHS vegetables.
mo
Weighted
N=79 423
(Nungoet Kenya 24 hr dietrecall 12: Not stated There was no significance correlation between DDS
al., 2013 Children under Household DDS nutrition status.
5yrs
N=232
(Paudel et Nepal Not stated Not stated DD below the WHO standard was associated with
al., 2012 Children660  Not stated stunting. Unadjusted OR: 7.28 (4:09.94), adjusted

OR: 4.06 (1.70, 9.67) (Multivariable regression).
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mo

Cases N=118,
Control N=236

Case contrattudy

(Zongrone Bangladesh 24 hrdietrecall 6: Grainstoots & tubers; legumes & DDS was significantly associated with HAZ (0.08, p=
etal., Youngest Individual DDS nyts; Qairy _produ_cts; flesh foods & eggs 0.006) gnd WAZ (0.04, p= 0.045) (Multivariable
2012 . vitamin-Arich fruits & vegetables; other regression).
children DHS frui
ruits & vegetables.
N=2096
(Ekesaet Bururdi and 24 hr dietrecall 12: Cereals; rogtubers, bananas; pulse There were no significant relationskipetween DDS
al., 201} Democratic (validated by FFQ) & legumes; milk & milk products; eggs; and HAZ, WHZ or WAZ in DRC. DD wadisagrtly
Republic of meat & offal; fish & seafoods; oil & fats related to HAZ and WAZ in Burundi but the coefficie
Congo (DRC) sugar &honey; fruits; vegetables; spice of determination were very small (r2=0.051 and 0.0:
Household DDS & condiments. respectively).
(Lietal., China 3 consecutive days ¢ 13: Rice and products (0.5); wheat&  Children with normal weight and height had
201)) Children. 217 24 hr dietrecalls products (0.5); corn, coarse grains &  significantly higher DDS (Megténdard ErrorE):
VIS ' Individual DDS products (0.5); starchy roots & products 4.18(0.01)) than those who were stunted (3.77 (0.03)
(0.5); red meat & products (0.5); poultry and those who were stunted and overweight (3.75
N=13 770 China National & game (0.5); egg (0.5); fish & shellfish (0.14)) and significantly lower DDS than those who w
Nutrition and Health  (0.5); legumes & products (1.0); milk & overweight (4.53 (0.05)) (p<0.05 for all associations)
Survey dairy products {.0); darkcoloured (Multivariable regression).
vegetables (1.5); lightoloured
vegetables (1.0); fruit (1.5).
Weighting in brackets for a total of 10.
(25g minimum portion size)
(Niranjala Sri Lanka 24 hr dietrecall 18: Not stated 50.5% of those with DD <5 had BMI below tfie 5
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and Females 13to Individual DDS percentile for age compared to 36.4% of those with
Gunaward 16 yrs DD>5 (p=0.01).
ena, 201) N=525
(Rah et al.,, Bangladesh Interview 9: Rice; lentils; green leafy vegetables; After adjusting for all potential confounders high DD¢
2010 : - yellow/orange fruits; eggs; fish; chicken was associated with reduced odds of being stunted
hil I IDD ) . )
ﬁol dren €59 nd|IV|dua S_ meat other than chicken; milk. among children agedg@1 mo (OR (95% CI): 0.85 (@.7
Ne165 11 Elfgj!ngl Surveillance Number of days that each of these fooc 069(;16)‘(,01332)3 rl\n/lolgio\/]: (SI.G?).Y?) aindn2459 mo (0.69
groups were consumed in the previous ©. -73) (Multivariable regression).
week.
(Aboussale Morocco 7 day FFQ 12: Meat; poultry; fish; legumes; green Mean (SD) DDS was significantly highestunted
h and _ Schoolaged  Individual DDS othe_:rvegetables; frwt_s that are a sourc: (8.06+0.96 than in nonstunted (7.75+1.08 children
Ahami, children of vitamin C; other fruits; cereals & when fats, sweets and sweetened tea was excluded
2009 derivatives; dairy products; fats; sweets (p=0.03). This association disappeared when area of
N=263 & sweetened tea. residence or parent education were controlled for. N
significant relationship was seentWwiwasting (itest).
(Garg and India 24 hr dietrecall 6: Cereals, grainst®bers; pulses; milk; DD of infants 9.2 months had significant association:
Chadha, Infants, 612 individual DDS green leafy vegetables & vitamin Arich (p<0.01) with WAZ, LAZ and WITZ. No assouatl_on3|
2009 mo fruits; eggs; other. 6-8 month olds were seen (Multivariate regression).
N=151
(Zzhanget China 24 hr dietrecall 6: Cereals & tubers; beans; animal milk No association was seen between DDS and LAZ. DL
al., 2009 : o egg; meat & fish; other foods. was significantly positively associated with WAZ
Children611 Individual DDS o
mo. 1-3 FG: 1 point (p=0.026) and WLZ (p=0.017) (Multivariable regregs
N=501 4-6 FG: 2 points
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(Hilloruner Bangladesh

and Egan, :
2003 Children, 672

24 hr dietrecall
Individual DDS

9: Cereals; pulses; vegetables; fruit;
meat; fish; dairy; eggs; miscellaneous.

No significant association between DD and wasting (
1.2: 0.81.8) or not achieving expected growth (OR:
0.95: 0.651.39) (logistic fixegkffects modelling).

mo

N=555
(Benefice Bolivia
238‘%’ Children, €15

yrs

N=452

24 hr dietrecall and
guestionnaire on the
frequency of foods
consumed on a daily
and weeklhbasis.

Household DDS

7: Fish(4); cereals(3); tubers (1); planta
(1); fruits (2); meat & milk (4).

Weighted scores in brackets.

No difference in DDS in normal weight and overweig
groups of children.

DDS associated with HAZ i6 @rs only (regression
coefficients): €6 yr olds: (0.07, p=0.05); B yr olds:
(0.04, ns), >10 yr olds: (0.03, ns) (multivariable
regression).

(Sawadogo Burkina Faso

24hr dietrecalls

8: Cereals; roots & tubers; nuts & pulse

DDS was significantly positively associated with HAZ

etal., : - fruits & vegetables; meat & fish; eggs; 6-11 (p=0.002) and 123 (p=0.0003) mo oldshis
Child 635 Individual DDS . i " S .
2006* mol ren. ndividua milk & dairy products; fats. association was not significant in-38 mo olds. DDS
was not significantly associated with WAZ at any age
N=2466 (Multivariable regression).
(Steynet  South Africa 24 hr dietrecall 9: Cereals; roots & tubers; vitamin A ricl DDS was significant correlated with HAZ r=0.19,
al., 2006* Children, 18 individual DDS fruit & vegetables; other fruit; other (p<0.0001), WAZ r=0.21, (p<0.0001) and WHZ r=0.1
s _ vegetables; legumes & nuts; meat, (p<0.000].
y National Food poultry & fish; fats & oils; dairy; eggs
N=2200 Consumption Study (tea, sugar & sweets notincluded)
(Sullivan et Malawi FFQ 7: Starchy staples; legumes; dairy; mee DDS was not significantifferent in children with
al., 2009 : - fish & eggs; vitaminAich foods; other  Kwashiorkor (Mean (SD)): (5.02 (1.10)) compared tc
Children, Individual DDS fruits & vegetables; foodsrichinfats.  children with Marasmus (5.06 (0.99)), which acted as
under5 yrs
Case control study - i e 1 ina/d control group.
Cae N=145, (minimum portion size: 1 serving/day)
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control N=46
(Eckhardt  Philippines Usual intake 8: Fish; animal source foods; staple DDS significantly associated with heightin boys
etal., Children guestionnaire cereals; other starches; vegetables; (regression coefficients (SEB3 (0.06), p<0.05) but no
2005 repeated Individual DDS fruits; beans & nuts; dairy. girls €0.01 (0.05), NS) (Multivariable regression).

SmSaiTrgsfg 5 Cebu Longitudinal

&' 1,8 5 T Health and Nutrition

= YIS Study

N=2029
(Arimond, 11 across 7 day dietrecall 7: Starchy staples; legumes; dairy; mee Significant association between DDS and HAZ was f
20049 Africa, SISE Individual DDS poultry, fish & eggs, vitamin Arich fruit. in 9/11 countries. This association was seenin 7/11

Asiaand Latin vegetables; other fruit & vegetables;  countries when SES was controlled for (multivariable

America/Carib DHS foods made with oil, fat or butter. regression).

bean Included in DDS if consumed on 3 or

Children, 623 more ofthe past 7 days

mo

N=22 065
(Hatloy et  Mali 24 hr FFQ 10: Staples; vegetables; oil & sugar; fru Compared to those with the highest DDS, children fr
al., 2000* . nuts & pulses; Meat, milkish; leaves & households with the lowest DDS had increased risk 1

%I:)ndren, €9  Household DDS gathered foods; eggs. being underweight (OR (95% CI): 2.4-A.& or

stunted (2.2 (1.1, 4.2) in urban but not rural areas. DI
N=2315 was rot related to the prevalence of wasting in either
urban or rural areas (multivariable regression).

(Corbettet Kenya Questionnaire on 7. I:|AZ was significantly greaterjn thosg who reportevd '
al., 1992 Children, 524 consumption over Standard diet = any combination of O2 y adzy LIi A2/ 2RI NW@ yF2 2R
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yrs the past 7 days maize, pulse, vegetables & milk. previous week. No significant association was seen\

Non standard diet = additional element: WHZ and skinfold thickness (ANOVA).

such as animal proteifexcluding milk)

N=362 Individual DDS :
rice or bread.
(Dewey, Mexico 2 24 hrdietrecalls  Number of food groups not stated: DDS DD significantly correlated with WHZ (r=0.36, p<0.05
198]) Children, 24 individual DDS was calculated using an ada_ptatlpn of_a but not HAZ_ in one V|Ilage. No significant associatior
yrs commonly used indeaf species diversity were seen in the other village.

(Shannonndex) using calories
N=149 contributed by food category/total
calories consumed.

*used both food groups and food items and is reported intable 2.1 and 2.2.

Mo: Months; Hrs: Hours; Yrs: years; Wk: Weeks; DD: Dietary Diversity; DDS: Dietary Diversity Score; LAZ: Lengtéoegdg@zz Height for ageseore; WAZ: Weight for age
z-score WHZ: Weight for heightzcore; BMI: Body mass index; FFQ: Food frequency questionnaire; SD: Standard deviation; SE; Standard error; Cl: Canfige2R:i®dds
ratio; S/ISE; South/South East; DRC: Democratic RepafilCongo; WHO; World Healthrganisation.
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Table 2.2.Studies investigating the association betweenddvariety based on number of food items and nutritional status based on anthropometric measures

Author Country Food varietymethod Number of individual food Results

and year Population Individual orhousehold items (Mean (SD))

subgroup  food variety score

Intervention/study
design details

Intervention studies

(Gibson  Malawi 2 validated interactive Mean (£, 3° quartile) FVS No significant difference between 2 groups after 12 monthsin
gggl . Sunted 24 hr dietrecall Intervention: HAZ; WHZ; triceps skinfoléeores; arm fat areagcore.

3 children, Individual FVS 6 (5,7) MUAC zscore and arm muscle areazore were significantly
30-90 mo Community based Control higherin intervention group (p<0.001). (Multivariable regressiol
Interventio dietary diversification '
nN=200, /modification 5(4,7)
control intervention. Quasi
N=81 experimental design

with a non equivalent
control group(not RCT).

Longitudinal studies

(Borket Senegal List based FFQ, 24 hrs. The FVS included 20individue FVS was significantly positively associated with HAZ2t60, 12

al., Childrens  Individual EVS fo_ods or food groups (fresh_ _18 mo and 1218 mo. _FVS not assqcéatwith length/height
2012* 36 Mo milk, powered milk, sour milk, increments (Multivariable regression).
2 visits, 6 mo apart fresh fish, dried or smoked fisf
N=1060 eggs, meat, organ meats,

chicken, groundnuts, other

36



-37-

legumes, vegetables, leaves,
fruit, vitamin Accontaining
food, tubers, roots, millet gruel
milk-based millet gruel, millet
couscous, millet porridge, rice,
fat-containing foods, bread,
oAalOdzatav s a2

Cross sectional surveys

Duel burden of malnutrition (overweight mother/underweigh
child) was significantly associated (Adjusted odds ratio and ¢
CHwithOK A  RWSS0y7D(6.50.95) (Multivariable
regression)

FVS was significantly positively associated with HAZ1in 6
(p=0.000) and 1223 (p=0.000) mo olds, this association we
not significantin 2485 mo olds. FV was significantly negative
associated with WAZ inBL (p=0.0) mo olds but was not
significantly associated with WAZ at age2BRand 2435 month
olds(multivariable regression).

(Saibul et Malaysia 3 24hr dietrecalls Children: 6.9(1.9)
al., 2009 chilgren, 2 Individual FV

9yrs

N=284
(Sawadog Burkina 24 hr dietrecalls Total: 16 items
Dol Faso Individual FVS

9 Children, 6

35 mo

N=2466
(Steynet South 24hr dietrecall 5.5(2.5)
gldba* Affica | ndividual FVS

ghlldren, 1 National Food

yrs Consumption Study
N=2200

Significant correlation between FVS and HAZ (r=0.21, p<0.0
WAZ (r=0.23, p<0.0001) and WHZ (r=0.1, p<0.0001).
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(Hatloy et Mali 24hr FFQ Urban: Compared to those with the highest FVS, children from
al. . households with the lowest FVS had increased risk for being
’ hil H hold FV 19. A ) :
2000* gg |n(]j(;en, 6 Household FVS 96(6.1) underweight (OR (95% Cl): 2.3 ¢4.8) or stunted (1.7 (1.0, 3.1
Rural: in urban but notrural areas. FVS was not related to the
N=2315 14.3 (5.2) prevalence of washg in either urban or rural areas
(Multivariable regression).
(Lamonta Nicaragua Observationandrecall Notreported No significant correlations between FVS and HAZ, WKkZ,
?gg etal.,, Children, C(f)m?lrlled to give 24hrs were found.
9 1218 mo ~ Of!htake
N=80 Individual FVS
(Onyango Kenya 3 24 hr dietrecall Mean (SE): 6.0 (0.2) FVS was significantly and positively associated with WAZ
etal., (regression coefficient: 0.19, p=0.001), HAZ (0.17, p=0.008),

Children, Individual FVS

1998 WHZ (0.12, p=0.01), triceps skinfolds (0.24, p=0.05J&™

1236 mo (0.17, p=0.006) (Multivariable regression).
N=154
(Novotny, Ecuador 24 hr dietrecall 7(3) FVS significanthssociated with HAZ (regression coefficient).
1987 Children 12 Individual EVS Range 216 0.159, p<0.05) and WAZ (0.232, p<0.05) (Multivariable
mo-5yrs regression).
N=146

*used both food groups and food items and is reported in table 2.1 and 2.2.

SD: Standard deviation; SE; Standard error; Cl: Confidenceain@R: Odds ratio; Mo: Months; Hrs: Hours; Yrs: years; FFQ: Food frequency questionnaire; FV:
Food variety; FVS: Food variety score; HAZ: Height forsgee; WAZ: Weight for ageseore; WHZ: Weight for heightszore; MUAC: Mid upper arm
circumferene.
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2.4Part 2: Agrobiodiversity and dietary diversity/nutritional status

2.4.1 Methods

This second review focuses on research presenting associations between plant or plant and
animal agrobiodiversitgnd either dietary diversitgr nutritional status, as measured by
anthropometry, in low income countries. Due to the limited amount of research available in
this area research imoth children and adults iscluded. Interventions investigating these

associations, longitudinal, case control amdsssectional studies arecluded.

2.4.1.1 Search strategy
The same methodology was followed for part 2 of this chapter. The following electronic

databasesvere arched in February 2014

1 Embase Classicand Embase 1947 to 2014 February 14
1 Global Health 1973 to 2014 Week 06

1 Ovid medline 1946 to February week 12014

1 Psychinfo 1806 to February Week 2 2014

The following search termsere used. fie numbers on the rigt represent how many papers

were identified with each search terfrom all databases combined

1 diet$divers$.mp. 1635
2 diet$variet$.mp. 557

3 fooddivers$.mp. 350

4  food variet$.mp. 500

5 fa@d group divers$.mp. 23

6 food group variet$.mp. 33

7 lor2or3or4d4or50r6 2769
8 nutritional status.mp. 107066
9  growth.mp. 2884272
10 stunt$.mp. 14925
11  wast$.mp. 313836
12 underweight$.mp. 19545
13 undernutrition.mp. 16079
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14  malnourish$.mp. 24195
15 malnutrition.mp. 116572
16 8or9or10o0r1lorl12or13or14or 15 3360729
17 7or16 3362592
18 agrobiodiversity.mp. 93

19 biodiversity.mp. 48164
20 18 o0r19 48194
21 17 and 20 7031

22 africa$.mp. 651952
23 lowincome countr$.mp. 7651

24  developing countr$.mp. 705500
25 22o0r23o0r24 1209473
26 21 and?25 568

27  limit 26 to English language 546

28 limit 27 to humans [valid in Embase and Ovid Medline only] 317

2.4.1.2Criteria for inclusion

Titles and abstracts were first screened to identify potentially relevant references. Where
possible, the full journal articles of these potentially relevant references were obtained and
these were checked for final inclusion in the review. Papers thathgefiollowing inclusion

criteriawere included in the review:

English language

Human

Measures plant agrobiodiversity or number of crops grown

Study relates agrobiodiversity to dietary diversity or measure of nutritional status
Based in dow income county as defined by the IMF

= =4 =4 4 4

2.4.1.3 Included references

Database searches identified 317 references of which 295 were unique (figure 2.2) dBase
the titles and abstracts 3@apers were idenfied as potentially relevant. Fopapers were
unable to be found and have been excluded from the review (authors were emailed where
contact details could be found). On review of the full joairarticles 25vere excluded as they
did na meet the inclusion criteria. Thregapers were inclded in the review from those found
through ddabase searches. An additional fdwand-searched refeences were identified
through ®ogle scholar and the reference lists of included papers, relevant review papers,
books and reports. A total of seveafererces are included in the review.
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Papers were summarised and research relating agrobiodiversity to dietary diversity or food
variety are presented in Table 2.3, those relating agrobiodiversity to nutritional status are
presented in Table 2.4. Agrobiodiveyss used to reflect the diversity of plants, the diversity
or crops grown or the diversity of both crops grown and animals raised depending on the

different definitions used by the researchers. These different definitions are outlined in the

tables.

Total number of references
retrieved from electronic
searches (n=317)

Duplicate references (n=22)

Unique references retrieved from
electronic searches

(n=295)

References identified as not
relevant to the review based on
titles and abstracts (n=263)

References initially identified as
Potentially Relevant based on
tittes and abstracts (n=32)

] References identified as not
relevant to the review based on
full papers (n=25)

References were unable to be
located (n=4)

v

Total number of references
retrieved from hand searching
(n=4)

Included references (n=7)

Figure 2.2. Flowehart of inclusion for part 2: grobiodiversity and dietary
diversity/nutritional status
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2.4.2 Results and discussion

All six references presented in table 2.3 were crssstional surveys assessing associations
between agrobiodiversity and dietary diversity at one time pokttur studies defined
agrobiodiversity as the diversity of plants or crops and two based théimitiens of
agrobiodiversity on both plant foods and animals. Four of the six ststiesed some positive
association between agrobiodiversity and dietary diver@¥alingo and Ekesa, 2013ewey,
1981, Bhagowaliaetal., 201Ekesa et al., 20080f thesestudiesWalingo and Ekeg2013

were the only ones to use adaliversity index of plants and animals and showed that
agrobiodiversity was positively associated with child dietary diversity (coefficient of
determination: 0.496) Despite using a biodiversity index, the methods on how the
agrobiodiversity data was celtted and what this index reflects was not reported. Additionally,
the quality of this study was lowered by the statistical methods used and the omission of
information on statistical significance. Ideally regression analysis adjusting for potential

confounders would have been used, with associatedgbues or confidence intervals reported.

Ekesa et g2008 also used a count of both food crops grown and animals reared in their
definition of agrobiodiversity. A positive correlation between agrobiodiversitydietary
diversity was reported but no indication of whether this was significant was diiessa et al.,
2009. Dewey(198]) found the farm crop diversity (details not gented) to be significantly
correlated with child dietary diversity in one out of two areas studikgiin details of how
crop diversity was measured were not reported making it difficult to understand the

associations reported.

The final papeshowing a psitive association between agrobiodiversity and dietary diversity
use a count of crops grown as reported by a household member to represent agrobiodiversity.
A count of crops grown over a reference period may be a useful tool in determining food
availabilty butitis not agrobiodiversity which is definedthe biological diversity on lands
used for agricultural purposes includes the diversity of plants, animals and mior@anisms

at species and ecosystem levels and covers both cultivated cropsiahplants(Brookfield

and Stocking, 199€romwell et al., 1999Never the less, a large, nationally representative
survey in Indiafound the reported number of crops grown to be significastigciated with

the number of food groups the household had consumed in the previous 3qBaggowalia

et al., 2012 Regression alysis was used but no potential confounders were adjusted for so
the associations seen could biected by the socieeconomic status of the household, the
education of the household members or a number of other factors. As this was a large,
nationallyrepresentativesample using mainly appropriate statistical methods this paper

provides important evidence on the association between the number of crops the household

42



- 43 -
grows and dietary diversits a result of weak methodologyd statistical methodshie
overallevidence of an association between agrobiodiversity and dietary diversity provided by

these fourreferencesis poor.

Two papers found no association between agrobiodiversity and dietary div@Rgityans et
al., 2011a Akrofi et al., 201 Akrofi et al(2010 found no significantarelation between
home garden Bannonbiodiversity indices and household dietary divéysThe details
reported on the methodsised to assess agrobiodiversity were limited and agrobiodiversity
was not measured in the household farms. Remans @l19 found no significant
correlation between nutritional functional diversity of the falie diversity of nutrients
provided by the farmand household dietary diversity. Althduthe methodology of this
paperwas high quality and well reported, tstsidy measured something slightly different
from agrobiodiversity. It provides evidence that suggests there is no association between
agrobiodiversity and dietary diversity but doestmddress the question directly. The six

studies linking agrobiodiversity to dietary diversity are collectively inconclusive.

Two studies employed a cross sectional design to link plant agrobiodiversity with nutritional
status (Table 2.4jDewey, 1981Shack etal., 1990The first founcho association between

the number of food crops grown in household gardens and chil@neatritional status using
multivariable regressiofShaclet al., 1990. The study did, however, find a significant
association between agrobiodiversity and the mothers BMI. Agrobiodiversity was recorded
directly by a researcher butitappearsthat it is a count of food crops grown in the household
gardens, rather than a metd capturing the diversity of plants grown in the garden. The
second found a significant correlation between crop diversity and height for age in childrenin
one of the two villages studied. Interestingly it was not the village that had a significant

correlation between agrobiodiversity and dietary divergiDewey, 198)L

In addition to the cross sectional studies presented in table 2.3 andidukder et a{2010

reported on a Helen Keller International intervention to improve vegetable gardens in
Bangladesh, Cambodia, Nepal and the Philippines. It compared the frequency of consumption
of vegetables in households witligarden, traditional (seasonal with a few traditional fruits

and vegetables), improved (produce more varieties of fruits and vegetables) and developed
(produce a wide variety of fruits and vegetables that are available year round) vegetable
gardensafterthe intervention Children from households with developed gardens consumed
vegetables 5/week compared to 4/week in households with improved gardens and 3/week in
those with traditional or no vegetable gardefsgnificance not statedYhere was no

significant difference in anaemia prevalence between the program and the control
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communitiesSimilar results were seen in the pilot study of this project published in Talukder
et al(2000.

Land cover has previously been used as a proxy for biodivésgilymore et al., 2003Valker
etal., 1992 Tucker and Sellers, 198@letails of this are presented section 7.2dapter 7.

Two papers weredentifiedwhich looked atand coveland dietary diversity anutritional
status.Johnson et a(2013 presented the Vegetation Continuous Fields (VCF) and the
Normalized Difference Vegetation Index (NDidasured using satellités Malawi. They
found thatcommunitiesexperiencing loss in forest cover over the previous ten ydzsed on
these twoindiceswere 19%ess likely to have a diverse d{gdR: 0.813, p=0.0%)ut were no
more likely to be stunte OR: 1.113, p=0.64han children living in areas with nbange in
forest cover The odds of having poor dietary diversity and of being stunted did not vary
depending on the current percentage forest covEnee cover and NDVI were measured in the
EastUsambara mountains in Tanzania using Landsat e TM+ satellteedy Powell et al.
(201)). This data was nalirectly related to dietary diversity in mothers and their ygast

child between the ages of two and fiyears. They did, however, report that households with
greater nearby tree cover were more likely to consume forest foods and individuals using

forest foods had higher dietary diversity.

Overall there is very littlpublisheddata on the association between agrobiodiversity and
dietary diversity or nutritional status. The datathatis available is inconclusive and the quality
of the literature is relatvely poor. The methodological limitations in how agrobiodiversity was
assessed and the statistical methods used to assess these associations make it difficult to
compare the results of the studies and to assthesreliability of the resultand conclusios of

the studies There is some evidence from alarge intervention study that improvements in
agrobiodiversity lead to improvements in vegetable consumption but unfortunately this was
not linked to measures of dietary diversity. There is also limited sladaving associations
between more biodiverse land cover and dietary diversity but not child groWits review
identified fourpotentially relevant papers that could not be located. In addition to thiése

likely that there itherrelevantwork on mproving nutrition through agrobiodiversity that

has not been published in peerreviewed journals. This review, therefore, may rextalbthe
research in this are&’he conclusions are based on the small number of papers obtained and it
is possible that this additional research would alter the conclusions of the reigéditional
limitationsof both this review and the dietary diversigynd nutritional statusevieware those
commonly associated with narrative synthesis reviews. These reviews included no formal

guality assessment. There is a greater likelihood of bias than in a systematic review following

44



- 45 -
strict protocols. These reviews do, however, have transpameathods which would allow
replicaion of these results

To the students knowledgéhere has been no published literature using begtstematic
observations of the biodiversity of household fararsl reliable statistical methods to assess
the associatiometween agrobidiversity and dietary diversity awtritional statusto date. It
appears that none of the published studies have assessed the biodiversity of both the crops
grown and wild plants presentin the gardens or on the farms. Additionally, thioske s

directly observing crops grown focused on vegetable gardens rather than household farms.
Due to the limited number of relevant studies and the quality of these stythediterature to
date is inconclusive. This literature review has revealetatantial gap in the literaturen

how agrobiodiversity is related to dietary diversity and nutritional status that the current
projectaimsto addressThe gaps in the literature found by this literature review consolidated
the decision to measure agratmiversity of household farms systematically rather than relying

on counts of foods grown.
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Table 2.3.Studies investigating the associations between agrobiodiversity and dietary diversity

Author Country Agrobiodiversity measurement Dietary diversity score details Results
and year Population subgroup
(Walingo Western Kenya Agrobiodiversity was measured by Qualitative 24 hr dietrecall. Agrobiodiversity was positly
E?(d Individual DDS assessmg the_ varllety of fg%d plants The score was based on only the first 23 as_sogfl_ated with DDSt(rZ - r(t).A(fj%).
201esa, (Youngest child, 180 Erownﬁnldanlma srearedby healthy foods consumed over a period of 2 (significance was not reported).
3 mo) ousenolds. months, established using food checklists.
N=164 f[A Shf?mlon Inc_je)Sg_was _(t:alculated 8 : Cereals; roots & tubers; pulses & nuts;
O refliect species diversity. vegetables; fruits & vegetables; meat &
meat products (included fish); milk & milk
products; fats &oils.
(Bhagow India Number of crops grown by the Number of food groups consumed awee  Number of crops grown by the
aliaetal., : household, information collected  past 30 days. household is significantly associatec
India Human o ; . .
2012 Development Survey through the survey. with dietary diversity (regression
coefficient: 0.32 (p<0.01). Associatic
Household DDS remain significant when farms are
N=19 000 brokgn down into their different sizes
ranging from <0.5 heares to >5
hectares.
(Remans Malawi, Kenyaand  All crop, plantand tree specieson 24 hr diet ecall. Correlations etween nutritional
etal., Uganda the farms and vegetable gardens ) e : functional diversity and household
. 15: Is; Arich I . : ) L
20119 cultivated by the household were 5: Cereals; vitamin Arich vegetables & dietary diversity were not significant.

Household DDS

documented. Only plants that were

tubers; white tubers, roots & plantains;
green leafy vegetables; other vegetables;
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N=170 edible and consumed in the village vitamin A rich fruits; other fruits; legumes &
were considered for this study. nuts; oils & fat; meat; fish; eggs; milk;

Speciesrichness was defined by th sweets; spices & tea.

number of identifed edible species
per farm. Nutritional functional
diversity summarises the diversity «
nutrients provided by the farm. It
was calculated based on farm
species composition and species
nutritional composition using 17
nutrients from 77 crops.

(Akrofiet Ghana An inventory of the cultivated plant Household DDS as food groups based on: There was no significant correlation
al., 2010 . species was compiled for home hr qualitative diet reall. between the home garden Sl and the
HIV HIV L
neggt(i)vsétlr\]/c?uasgcrl\olds gardens. The number of individual household DDS (r= 0.7= 0.14).
plants of each species recorded.
Household DDS Shannonindex (Sl) was calculated
N=80 based on these cultivated species.

14: Cereals; vitamin-Ach vegetables &
tubers; white tubers & roots; dark green
leafy vegetables; other vegetables; vitamir
A-rich fruits; other fruits; organ meat (iron
Plant species were categorised as rich); flesh meats; eggs; fish; legumes, nut
human food, medicine and animal seeds; milk & milk productsils, fats & red
feed. Livestock reared in the garde palm products.

was also recorded.

(Ekesaet Eastern Kenya Variety of food crops grown, animal 7 day food variety score. The number of animals kept and
al., 2003 individual DDS reared for food and wild food items Qlants grown was correlated with
collected through gathering, huntin OKAf RNByQa 55{ ¢
(Pre school children) and trapping. Total number of food

7: Breads & cereals; roots & tubers;pes &
nuts; vegetables & fruits; meat & meat
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N=144 types, plantand animal combined, products (included fish); milk & milk was not reported).
were used. products; fats & oils.
(Dewey, Mexico Crop diversity in family plots 2 24 hr dietrecalls Socios: Households with >=5crops i
198D* Socios: amrea of grg:r;rt;esre%ftzgeues). Further detail: DDS was calculated using an adaptation o the family plot had highebDS. R=0.2!

organised farming commonly used index of species diversity
(SI) using calories contributed by food

Nearby village: )
y g category/total calories consumed.

Tecominoacan

Individual DDS
(Children, 24 yrs)

N=149

*presented associations with both dietary diversity and nutritional status and is reported in table 2.3and 2.4.

DDS: Dietary diversity score; SI: Shannon indekddrr; Yrs: Years.
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Table 2.4.Studies investigating the associations between agrobiodiversity and nutritional status as measured by anthropometry

Author Country Agrobiodiversity Nutritional status Results

and year Population subgroup measurement measurement

(Shack et Papuanew Guinea Number of food crops Weight, height, arm The number of different types of crops planted in the garc
al., 1990 Mothers and their grownin the household  circumference, and triceps was notrelated to nutritional status the children.

gardens as observed by a and subscapular skinfolds

youngest norbreastfed : rcher in mothers and children The number of different types of crops planted was

child 26 yrs esearcher. othersand ¢ en. positively associated with the mothers BMI (Regression

N=56 coefficient 0.002, p<0.05) (Multivariable regression).
(Dewey, Mexico Crop diversity in family Height for age and weight Socios: no significant correlation between crop diversity ¢
198D* Socios: an area of plots (number of species). for heightin childrerwere HAZ or WHZ.

organised farming. Eggﬁ:gtalls not reported. Tecominoacan: Crop diversity was significantly correlate:

Nearby village: HAZ in children: r=0.29 (p<0.05) but not WHZ.
Tecominoacan.
Children, 24 yrs

N=149

*presented associations with both dietary diversity andritional status and is reported in table 2.3and 2.4.

HAZ: Height for agescores; WHZ; Weight for heighszores; Yrs: Years; BMI: Body mass index.
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2.4Conclusion

Currentresearch indicates that dietary diversity and food variety are associated with
nutritional status as measured using anthropometry in children in low income countries. There
were a number of papers using methods that varied in the way the dataoeli@sted and
presented which found dietary diversity and food variety to be related to these

anthropometric measured he results seen from studies carried out in Eastern Africado not
show such a clear cut association and further research in this arelleweneficiallThe
associations between agrobiodiversity dmath dietary diversity andutritional status are less
clear. There is limited researchin this area and, due to methodological limitations, the results
seen to date are inconclusive. Thistature review has revealedsaibstantiabap in current
knowledge about the relationshgbetween agrobiodiversity and dietarywrsity and

nutritional statusn low income countries.

50



-51 -

Chapter 3
Pilot, village selectionand methods for theLINE 2SO0 Q&  LJIN

data collection

3.1Chapter summary

This chaptedescribes theoverarchingnethodological approach and outlines the research
design employed to investigate the relationships between agrobiodiversity,gidtaersity
and nutritional status in Tanzania. This chapter describes the design and application of the
methodological tools used during the primary data collection phase of the prdjaetproject
described is a crossectional survey in two villagedweh collected data through household
interviews, anthropometry and a systematic agrobiodiversity survagoltant aspects of the
research process, including sampld®&sign, piloting methods, ethical procedures, training of
research assistants, randomt&am and participant recruitment are described. Information on
the two villages where this project collected data is presented. Methodological specifics,
particularly the analyticapproach, associatbwith each empirical chaptertfepters 4, 5 and
6) are covered subsequently in these chapters. The methods used to investigate the
relationships between land cover, dietary diversity and nutrition,Ei¢S and land cover

analysis phase of thagject, aredescribed inlbapter 7.

3.2Research design

This research was conductedaur phases of work (Figure 3.Phase 1 involved literature
review, design of methodological toasd piloting othesetools to meet djective 1. Phase 2
involved selection of study site villages, primaryedzollection and analysis of datato
investigate the relationships between agrobiodiversity, dietary diversity and nutritionalstat
inrural Tanzaniato fulfillgectives 2, 3 and 4. Phase 3 involved analysis of Demographic and
Health Survey (DHS) datad land cover data to investigate the relationships between land
cover, dietary diversity anautritional status and fulfil bjective 5. Phase 4 involved the
integration of outcomes from the empirical and analytisa&irk conducted in phases 2and 3 to
gererate discussion and conclusionfiépters 8 and 9) that inform understanding of food

security irsub-Saharan Africand thus fulfil objective 6.
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The conceptual framework was designed using other relevant conceptual frameworks
presented in section 1.4, 5.1 and 6(UNICEF, 199@ltieri, 1999Leroy and Frongillo, 207

and attempts to graphically display a simple representation of how agrobiodiversity would be
expected to be associated withdividualdietary diversity and childhood nutritional status.

The main three pathways illustrated are its potential relationshimtbvidualdietary

diversity, tohouseholdncome and tgroduction, through improvements to ecosystem

functioning (Figure 3&).

The mpact agrobiodiversity potentially has on dietary diversity and household income through
improvements in ecosystem functioning leading to increased production is beyond the scope
of this study. The relationships between agrobiodiversity and dietary diygmstritional

status and between dietary diversity and nutritional status are addressed through both the
literature reviews presented in chapter 2 and the primary data collection. These relationships
are also explored at a national level relating averggrip dietary diversity and nutritional

status and land cover surrounding these geographically clustered groups.

Figure 3.2 billustrates the elements of the framework that the empirical study addresses. The
main focus 6the primary data collection arne relationships between agrodmliversity,

dietary diversity and nutritional status. Data was also collected on specificdeaiographic
characterisicsand whether households produce was sold in order to see if houséhadine

from these practicesinfluenced child dietaryidersity and nutritional status. As these factors

are notthe primary focus of the thesis, these are displayed less prominently in the framework
(figure 3.2 h).
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Increased production

Improvements in ecosystem

— i —

N

Sold Consumed

ekl [eaie _ \../ — Individual Dietary
Diversity

[ Political/social/economic/care/ ]

health factors

Figure 3.23). Conceptuaframework for therelationships between agrobiodiversity, dietary diversity and nutritional status
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el (e Social/ economic/ care/
> health factors

Figure 3.2 b)Section of the onceptual framework for the relationships between agrobiodiversity, dietary diversity and nutritional statusich forms the
focus of this thesis
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3.3 Villageselecton for primary data collection

Twovillages were selected in rural Tanzania for collection of primary éagas where the
population were, on average, likely to be malnourished were selected, as explained below, to
allow for factors associated with malnutrition to be more easily iderdifiereas with different
biophysical (eg. soil, vegetation type and topography and thus land cover) and climate
characteristics are likely to have different levels of agrobiodivefsigigu et al., 2009

Differing contexts allow for contrasting relationships between agrobiodiversityadjet

diversity and nutritional status to be investigat€dne site in aarea of high biodiversity with

two rainfall seasons and one site in an area of low biodiversity with one rainfall season were
selectedThe following sections outline the critetizat were used forselectingenumeration
Areas EA), areas defined by the censwgth high proportions of malnourished childrémhigh

and lowbiodiversity areas.

Areas of poor nutritional status were determined using data from the 2010 Demographic and
Heath Survey (DHS) obtained free from the DHS prodidre DHS Program, 2034Bge, sex,
height and weight of children under the agefivfe years were used to calculate their
individualheight and weightscoresThese scores were added to Arc@l Biece of softwar
based on geographicinformation systems (GIS) for working with mapped data and analysing
geographicinformation. Scores averaged by EA were added usitabal Positioning
SystemGP $co-ordinates that were collected at the centre point of each BEAtr. ArcGIS
wasthenused to select those EA clusters that had batlerageneight and weight-scores

below negative 2. These cut offs were used to identify EAlhdta high prevalence of

malnutrition.

Of474 EAncluded in the 2010 DHS survey, 61 hadrage weight-scoreselow negative

and 36 had average heighszoredelow negative 2. Twentyad both height and weightz
scoredelow negative 2Due to the agricultural focus of this projeatyal environments were

the most gpropriate areaso collect dataEA that were classed as urban in the DHS survey
werethereforeexcludedeaving 18 classed asral andmalnourishedThe land cover data

used, GlobCover2009, was obtairfeaim the European Space AganESAjlobCover Portal
(European Space Agency, 2pfdr free. This datawas added too®IS, the 18 EA classified as
malnourished were then addezhd a map generated (Figure B.Bivekmbuffersaround each

of thesel8EAwere createdand land cover classifications within these boundaries assessed to

determine areas of high and low biodigdy.
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GlobCover2009 land cover categories

\:l 11 - Irrigated croplands

\:l 14 - Rainfed croplands

\:l 20 - Mosaic Croplands/Vegetation

\:l 30 - Mosaic Vegetation/Croplands

- 40 - Closed to open broadleaved evergreen or semi-deciduous forest

- 50 - Closed broadleaved deciduous forest

\:l 60 - Open broadleaved deciduous forest

- 70 - Closed needleleaved evergreen forest

- 90 - Open needleleaved deciduous or evergreen forest

- 100 - Closed to open mixed broadleaved and needleleaved forest

- 110 - Mosaic Forest-Shrubland/Grassland

- 120 - Mosaic Grassland/Forest-Shrubland

- 130 - Closed to open shrubland

\:l 140 - Closed to open grassland

\:l 150 - Sparse vegetation

- 160 - Closed to open broadleaved forest regularly flooded (fresh-brackish water)
- 170 - Closed broadleaved forest permanently flooded (saline-brackish water)
- 180 - Closed to open vegetation regularly flooded

- 190 - Artificial areas
\:l 200 - Bare areas
- 210 - Water bodies

\:l 220 - Permanent snow and ice

I 230 - No data

Figure 33. Amap ofthe 18 potential enumeration geas determined as malnourished in
relation to land cover classification (GlobCover2009) in Tanzania. The key outlines 22
differentland cover categories determined in the GlobCover2009 data
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The GlobCover2009 project was able to differentiate between different types of land cover

with 67.5% accuradBontemps etal., 20)1Land cover classification characteristics were
used as a proxy for biodiversiBrevious research has shown thatallite imagery can
identify biodverse forested area$Skidmore et al., 2003Valker et al., 1992Tucker and
Sellers, 198qAustin etal., 1996Homer et al., 1993Miller and Conroy, 1990Due to the

focus onagrobiodiversityin this project, ges of highbiodiversity were defined as areas

AyOf dzRAYy 3 0620GK W/ NP LI dsyfruadihgthe/FR BHGBANL a i aQ Ay

Box 3.1 Land use types used to classify high biodiversity sites

Croplands
¢tKS F2ft26Ay3 fIFyR O20SN) GelLlSa 6SNB Ay
assessment. These correspond to tteand Cover Classification Syst&@CHof WBultivated

terrestrial areas and managed lar®@s

1) Postflooding or irrigated cro@nds

2) Rainfed croplands

3) Mosaic Cropland (500%) / Vegetation (grassland, shrubland, forest}$2%)

4) Mosaic Vegetation (grassland, shrubland, forest){6%) / Cropland (260%)

Forests

CKS F2fft26Ay3 I yR O20SNJGeLISa 6SNB Ay
assessment. These match the LCCBatural and semnatural terrestrial vegetatioqg
Woody-¢ NB S dl&fthe gfaRse2 T Wy I (i dzNihtdral aqyaic ven&ati i Q @

1) Closed to open (>15%) broadleaved evergreen and/orstiduous forest (>5m)
2) Closed (>40%) broadleaved deciduous forest (>5m)

3) Open (1540%) broadleaved deciduous forest (>5m)

4) Closed (>40%) needleleaved evergreen forest (>5m)

5) Open (5-40%) needleleaved deciduous or evergreen forest (>5m)

6) Closed to open (>15%) mixed broadleaved and needleleaved forest (:@d)

7) Mosaic Forest/Shrubland (500%) / Grassland (280%)

8) Mosaic Grassland (5M0%) / Forest/Shrubland (Za0%)
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9) Closed (>40%) broadleaved forest regularly floodadsh water

Sites of low biodiversity were defined as areas with land cover types that were not associated

GAOK KAIK O0A2RAQGSNEAGE YR RAR y2i AyOf dzRS

summarses the land use types used to classify low biodiversity sites.

Box 3.2 Land use types used to classify low biodiversity sites

Low diversity

CKS F2ftf26Ay3 YR O208SNJGeLlSa 6SNB AyODfdzRS

assessment. The€e2 NNB & LJ2 Yy R Naguraliarfd Semndtura{ terr@stial Wegetation
AKNHZ FyR KSNBIAODE 2 dradaNIFHyoOrS aua NIyARF Ao | NB

1) Closed to open (>15%) shrubland (<5m)

2)Closed to open (>15%) grassland

3) Sparse (>15%) vegetation (woogvegetatiorshrubs, grassland)
4) Artificial surfaces and associated areas (urban areas >50%)
5)Bare areas

6) Permanent snow and ice

Two villages, representing areas of low nutrition with 1) high and 2) low biodiversity were
chosen from maps that werproduced for each of the 18 potential Bhese decisions were
made by examiimg the maps to find the most diverse land coveddne least diverse land
covers by comparing the proportion of land that fell igroplan@W¥orestand‘£ow
diversityzaegoriesNo strict cutoffs were used in the distance from the centre point of the

EA as EA vary in size depending on populationBieefollowing criteriaobtained thraugh the

2010 Tanzanian DHS andd@le mapswere also considered to determine suitable sites: agro

ecological zondjow close the nearest villagaad main roadsvere, how close protected
areas werewhich districtghey fell in,elevation, percentage of population with agricultural
land, average &ctares of agricultural land, accessibility by public transpangther they were

in a protected area andiealth index.

For each site lreeareas,rankedasfirst, second and thirdhoices, were choserbased on
theirland cover and thigdditionalinformation. The location of the six potential sites are

shown in Figure 3.4The land cover surrounding the six potential EA whichusas to help
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decide on the final tw sites are shown in figures 3.5 to 3.Ithefigures orthe left (Figure
3.5 3.7 and ) are the high diversity sites and thigures on the right (Figure 3.6, 3.8 and

3.10 are the low diversity sites.

Figure3.4. Location of top 6 potential sitedjrst, second and thirachoices for the high and
low diversity sites.

f |

Figure3.5. Land cover around EA 62, in Figure3.6. Land cover around EA 232, in
Tanga, Northern Tanzania, one of the Singida, Central Tanzania, one of the
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three potential high diversity EA three potential low diversity EA

[

Figure3.7. Land cover around EA 37 Figure3.8. Land cover around EA 34, in
Manyara, Northern Tanzania, one of Arusha, Northern Tanzania, one of
the three potential high diversity EA the three potential low diversity EA

Figue 3.9.Land cover around EA 160, in Figure3.10. Land cover around EA 149, in
Mtwara, Southern Tanzania, one of Lindi, Southern Tanzania, one of the
the three potential high diversity EA three potential low diversity EA

The borders of the sipotential EA vere obtained from the Director of AfricaScope
(Africascope, 204TheseEA borderandtheir identifyingnumbers were taken tthe Bureau

of Statistics in Dar es Salaam, Tanzanie GIS expertwho worked on the DHS 2010 linked
this information with the original paper copies of the census which defined these borders and

the villages wilin the borders were identified. Based on the information obtained from the
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Bureau of Statistics and information obtained from pre data collection visits to the two

villages, the first choice areas were confirmed as the data collection sites.

The low divesity EA in Singida covered one suilbage of a village called Minyenye which was
made up of five different sulvillages. Five different EAs covered these fivedlibges. Each

EA did not correspond to a subllage and the edge of the EA would be didtt to locate on

the ground. As the rest of the village was unlikely to significantly differ in nutritional status it
was decided to collect data in the whole of Minyenye. Similarly for the high diversity EAin

Lushoto, five EA made up Mbwei village lhmias decided that data collection would take
place in all of the seven suillages.

Nairobi
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Figure 3.11Map of Tanzaniavith Minyenye, Singidaand Mbwei, Lushoto
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3.4 Study site description

The low biodiversity village was Minyenye in Singida disBiogida region, located in the
centrd plains of Tanzania (Figure 3 1The village identified as a high biodiversity areawas

Mbwei in Lushoto district, Tanga region, situated in the West Usambara mountains close to

the coast of Tanzania.

3.4.1Minyenye village, Singida dstrict, Singidaregion

Figure 3.12 A typical house and surrounding area Minyenye \llage,Singidaistrict (photo
taken during data collectionJune 2012 dry seasoi

Minyenye is situated in the relatively flat region of SingidaeintralTanzanigFigure 3.13)

The region of Singida lies 1200m to 1500m above sealevel, isssieland experiences low

rainfall, short rainy seasons and commonly drou@l@inzanian NBS and Singida Regional
Commissioner's Office, 2088 { A Y 3A Rl Q& | @S NI JTanzahlaANBSdand f A &
Singida Regional Commissioner's Office, 808 the average maximum temperature imu

is 26.5 degrees Celsi(l¢ational Bureau of Statistics, 201The long dry seasaypicallylasts

from April to November followed by the short rainy season from December to March

(Tanzaian NBS and Singida Regional Commissioner's Officg, R@®& was collected in

Minyenye in June of 2012; the dry seagbigure 3.12)
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Singida has a high average land area per capita (4.5 hecf@es)aian NBS and Singida
Regional Commissioner's Office, 20@griculture is the main economic activity in the region
producing 60% of the areas goods and servf¢aszanian NBS and Singida Regional
Commissoner's Office, 2006Ninety percenbf the people of Singida region redp

agriculture as their main livelihod@anzanian NBS and Singida Regional Commissioner's
Office, 200%. The main foodrops aremaize, sorghum, Hirush millet, sweet potatoes and
beans and the main cash crops are sunflowgesundnut, simsim, pigeon peas, onion and
cotton (Tanzanian NBS and Singida Regional Commissioner's Offige P2Z8§)3e here rely on
sorghum and maize as their main staples withtush millet and sweet potatoes also used as

starchy food¢Tanzanian NBS and Singida Regional Commissioner's Offige, 2005

The averagbousehold size iBingida regioR002 was 5.0 peopl@anzanian NBS and Singida
Regional Commissioner's Office, 200hirty three percenof the households in thisegion

were in thelowest quintile for walth indexof the countryand only 6% were in the highest
quintile (Tanzanian NBS and ICF Macro, PdhlSingida region mproximatelyl4%of the

female headof household$iad no educatiomnd the nedian years of education was 6.3
(Tanzanian NBS and ICF Macro, POREegionally75%of womenwere literate, 93% were
currently employed and 83%orked in agriculturd Tanzanian NBS and ICF Macro, 2ONine
percentof male heads of households had no education and the median years of education for
men was 6.4Tanzanian NBS and ICF Macro, ROEiIghtytwo percentof the male headof
households were literate, 99% were currently employed and 92% were employed in

agriculture(Tanzanian NBS and ICF Macro, 2011
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Figure 3.13Google Erth image ofthe area surroundingMinyenyevillage (August 2004, dry
season)llustrating flat, largely unvegetatedorange land and seas@frivers/streams
The DHS centre point is marked by the A flag, the red outline is the boodid¢ine
enumeration area fromthe DHS (2010
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3.4.2Mbwei village, Lushoto dstrict, Tanga egion

Figure 3.14.The hilly landscapefa 0 ¢ Ssulsvidlages on the opposite hill$ with the
fertile valley in view(Photo taken during data collection, July 201@ry season

Mbwei is in théNest Usambara mountains and is situated in Lushoto districtin Tanga region
(Figure 3.15)The Usambara mountains rise to a maximum altitude of 2300 meters above sea
level(National Bureau of Statistics, 2011In the mountainous zone, where Mbwiss,
temperaturerangeshetween 21 and 28 degrees and the rainfall ranges between 800 and
HANNYY® Ly O2y iGN}y ald G2 arayeSyeS @gaftftlasSqQa aiay3afts
Mbwei.In the North and Costal regions of Tanzarha, $tort rains typically fall in November

to April and the long rains in March to Méjanzanian NBS and ICF Ma@@l). Data was
collected in Mbwei in July of 2012; the dry seagBigure 3.14) In 2010 40.9% of the

agricultural landn Tangaegionwas planted in the short rainy seas@ational Bureau of
Statistics, 2011 Mbwei village therefore had one additional plantiregson each year

compared to Minyenye. The main crops growth@mountainous zone ofangareginare

coffee, tea, cardamom, maize, round potatobanana, beans, spices, fruits and vegetables

(Tanzanian NBS andniga Regional Commissioner's Office, 2008

The average household size for Tangaregion in 2002 was 4.6 g&aplmnian NBS and Tanga
Regional Commissioner's Office, 20@nly 16% of households in thegion were in the
lowest quintile of wealth inderationallyand 25% were in the highest wealth ind@ananian

NBS and ICF Macro, 20Kluggesting Mbwei residents would be less poor than Minyenye
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residentsln Tangaregion, 196 of female heads of hoabkolds and 5.5% of male heads of
households had neducation(Tanzanian NBS and ICF Macro, P0Ilhe median years of
completed education for this region wéglt for both woman and me(iTanzanian NBS and ICF
Macro, 201}, similarto Singida regioBeventy percerf the women were literate, 71% were
currently empoyed and 48% worked in agricultuzempared tB3%literacy in men82%
currently employed and 59%mployed in agriculturéTanzanian NBS and ICF Macro, 2011
MbweiQ & NifadlaNofvef rate of employménverall and in agricultureompared to
MinyenyeQ.a

b
>
4

© HD MN 62

Googleearth
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Figue 3.15.Google Erth image ofarea surroundingvbwei village April 2007, Rainy
Season. lllustrating mountainous terrain and largely green vegetated land$ie DHS
centre point is marked by the A flag, the red outline is the bord#rthe enumeration
area from theDHS(2010

3.5Mixed method approach

During phase 2, an interview based, mixeethodology approach was used to collect primary
data. Four key methods were applied; household questionnaire, 24 hour dietary recall,

anthropometric measures and adrmdiversity surveylable 3. butlines whatdata collection
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methodswereusedtomeeté OK 2 F (G KS aidzRe Qa 20 &80
involved in these methods.
Table3.151 G O2ftt SOlA2y YSiK2R&a YR
objectives
Objectives Data collection Participants involved

methods employed

1 | Review, design and pilot a conceptual

Literature reviews

None

framework and suite of appropriate
measurement tools to accurately

Quadrat sampling and
point intercept method

None

measure agrobiodiversity, dietary
diversity and nutrition in an Eastern
SubSaharan Africa context.

Pilot household
guestionnaire

Female respondent
(pilot study)

24 hour recall

Female respondent
(pilot study)

Oldest child under five
(pilot study)

2 | Systematically assess the diversity an|
abundance of both cultivated and wild
plants growing on household
agricultural land in two villages in rural
Tanzania and investigate how this is
related to dietary diversity in under five
year old and nutritional status in
children in these villages.

Poirt intercept method

None

3 | Measure household crop and animal
diversity, dietary diversity of

Household
guestionnaire

Female respondent

respondents and children under five
and nutritional status of children living

24 hour recall

Female respondent

Oldest child under five

in these villages, determine whether
household produce is sold and
investigate howthese factors are
related.

Anthropometric
measurements of
nutritional status

All children

Female respondent

Respondents husband

4 | Investigate basic socitemographic Household Female respondent
factors affecting dietary intake of guestionnaire
children under five and nutrition Observation None
outcomes in children in these villages.

5 | Investigate the socidemographic Statisical analyses on | None

determinants of dietary diversity and
nutritional status and explore the
relationships between land cover,
dietary diversity and nutritional status
in children under five years at a nation
level, in Tanzania.

secondary data

6 | Integrate outcomes from this muiti
scale investigation of the relationships
between agrobiodiversity, dietary
diversity and nutritional status, to draw
conclusions that inform understanding
of food security in su$aharan Africa.

Synthesis and
discussion of thesis's
findings

Based on data collecte|
for objective 4 and
secondary data for
objective 5

68

LI NI A OA LI yia



- 69 -
3.6Household questionnaire

Much of the data for this research was collected using a questionnaire which consisted of a
mixture of closed and opeended questions generating both quantitative and qualitative data.
The majority of questions collected quantitative dafualitative data was coded into
categories to be used in the data analy3isequestionnaire was made up of three main
section:Denogrgohic and livéihood information; Detary questions; Food sourcesdetailed
description ofthe dietary recallnutritional status and agrobiodiversity methods follow.

Protocols for thee methodsare included in Appendix C

3.6.1Dietary recall methods

The dietary diversity data was captured through eethpass 24 hour dietary recéslee
Appendix Gor the protocol followed)Thedietaryrecall was designed to capture thevérsity

of what the respondentand her oldest child under the agefofe years, ate the previous day

It asked about all foods, drinks and snacks the respondent has eaten for the 24 hour period
from when they got up the day before the interviegawhen they got ughe day of the
interview.This was then repeated foriteraensumed by her oldest child under the age of
five.As the dietrecall was designed to capture diversity of the diets indidollect the

amount of foodconsumed The 2 hour recall was conducted in thrpassegJohnson et al.,
1996):

1. Alistofall foods, drinks and snacks consumed

2. Details of all the foods, drinks and snacks consumeddingcooking
methods, ingredients in recipes and additions.

3. Areview of all the foods, drinks and snacks consuaretifinal check the

recall is complete.

Foods were subsequently broken down into nine food groups (1. Cereals, roots and tubers, 2.
Vitamin A rich vegetables, tubers and fruit, 3. Other vegetables, 4. Other fruits, 5. Flesh meats,
organ meats, fish andigects, 6. Eggs, 7. Legumes, nuts and seeds, 8. Milk and milk products, 9.
Oils, fats and sweets), as recommended by the FAO dietary diversity workshop that was held
in Rome, Italy in October 200#FAO/WHO/IFPRI, 200Fhe dietary diversity score for each
individual was therefore calculated out of nirlthe number of differentindividual food items

were also tallied to give afood variety score.

Dietary diversity is a quick and simple measure thatis commonly uséowiacome cournty

setting. Dietary diversity has been shown to be significantly aasatwith both measures of
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food securityBukusubaetal., 201Qeroy et al., 2008ThorneLyman et al., 203Gand

nutrient adequacyArimond, 20040gle et al., 20Q1Moursi et al., 2008 TheFood and

Nutrition Technical Assistance project (FANTA) has indicated household dietary diversity to be
an indicator of food securitfSwindale and Bilinsky, 2006hich links food security and

nutrition together and should help provide a comprehensive view of food access and iAtake.
24 hour recall was chosen to collect this data as it is the most common method used to collect
dietary diversity datain low income countries, as shown in chapter 2. Additionfilyga
frequency style questionnaire for previous day consumption oftime food groups was

tested during the pilot phase of the study amehs notas well understood by the participants

as the 24 hourrecall

3.6.2Anthropometric measurements of atritional status

Anthropometry was used to measure nutritional status of pagants and their families.

Heights and weights of all children in the family unit (defined as the respondent, her husband
or partner and their children) were measured to calculate their height for age, weight for age
and BMI for age-scoreausing the2006 WHO Child Growth Standart#JAC (Mid Upper Arm
Circumference) was measured in all children under the age of 15 as an additional measure of
nutritional status.Height, weight and BMIgcores and MUAC atesed to reflect nutritional

status of the childen. Stunting and underweight were definedresght for age and weight for

age zscoredelow minus two standard deviatns from theWHO international reference

median value¢de Onis etal., 1997

Specific protocol6Appendix were followed to measure the height drweight of the

respondent and her husband and all children in the family unit who lived in the household. For
infants undethe age of twoyears length was measured instead of heigle Onis et al.,

1997. A considerable effort was made to get anthropometric measuwethbse individua

who werein the village at school or workhut were not present at the interview. Researchers
returned to the household at a more convenienttime, family members came to other
participating households to be measd and the researchswisited twdocal schools in

Minyenye to getas complete anthropometric records as possible.

SECA Digital weighing scales (SECA GMBH & Co Germany, Model 881, Max Weight 150 kg,
Precision 100g) were used to measure weiiitieight was measured without ske otheavy
jackets bubtherwise participants remained clothed.portable wooden infant/child/adult

length board (Shorr Productions, Perspective Enterprises, Portage, Missouri) was used to

measure heightand lengtMUAC was measured using netretchMUAC measuring tapes
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provided by WICEFThelead esearche(PhD studentand the translator worked togetheot
take these measures.

The pros and consof the different methodsthat canbe used to measure nutriti onal status
(Table 1.1) were considered andnthropometry wasidentified asthe mostappropriate
approacdh to measuringnutritional statusin thissetting. MUAC is a simple, cheap, acceptable
method for detecting malnutritioiMyatt et al., 200%. Height for age, weight for age and BMI
for age zscores are standard amiopometric measures which taketo consideration the
child® age and gender and are widely recognized as theibdsiators of nutritional status in
children(de Onis etal., 1997All these methods are simple, ndmvasive measures thare
commonly used in nutrition researchliow income counties. They will beasily understood

and provide aimple and objective measui@ undemnutrition.

3.6.3Agrobiodiversity

Agrobiodiversitysdefined as the biological diversity plants, aninals and micreorganisms
on lands used for agricultural purpos@sookfield and Stocking, 199@romwell et al., 1999
The primary focus of this thesis is on plant agrobiodiversity. Animal agrobiodiversity is
addressed as a secondary analysis and mocganism agrobiodiversity is not assessgdhis

project.

3.6.31 Systematic measurement of plant agrobiodiversity

The research team aimed to collect agrobiodiversity data on as many of the household farms
as possible. In Mbwei, where the households had many parcels of land, some of them very far
away from the house, it was not possible to collect data on every fanmldad esearcher
collected details omll household farmBom the respondent and then selected representative
farms for thebiodiversityresearch assistant to visithisinformationincluded estimates of

farm sizes, whether they were far from the household (defined as more than 30 minutes walk),
gardenlocations and crop types growif more than one farm had the same characteristics the
closer farm was selected. The sa&etfarms were then agreed with the household member

who volunteered to show the research assistant the farms.

CtKS RAGSNEAGE 2F Fif LXIyltar 020K AyiSylaAiazy
farms at the time of data collection were measdrusing the pointintercept method).S.

Department of Agriculture, 1999The method used in this project was based on the method

2dz0f AYSR AYIUBSIPGE YARY FGOGNXNOdzGSAQ Ay G SNF 3!
USBureau of Land Managemeftd.S. Department of Agriculture, 1999
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The method was designed to measure all plants growing on &mmé including crops, wild

plants grasses and tree§irstly, a string baseline was laid along the top of the farm. String
transectlines were laid down the farm every 20 metres along the baselinetéy inag metal

pin was inserted into the ground every 10 meters down the transect, starting at a random
starting point at either 1, 2, 3, 4 or 5 meters in from the baseline. Family, genus and species of
all plants present at these intercepts were recorded! number of individuals tallied. The
agrobiodiversity protocalk includedn Appendix C (See AppendioEthe data collection

sheet).

Afterthe first day of data collection the relative abundance of each species and the total
number of species obserddérom data collected every 20 metres down the transect was
compared to data collected every 5 metres. It was found that the abundance of individual
species was very similar between these two different intervals. Data collected every 5 meters
identified agoroximately twice the number of species compared to data collected every 20
meters. The missed species, however, were only 2% or less of the overall species encountered.
Based on this information it was decided that collecting species data every 10 metelcs

provide sufficient detail.

In Mbwei, additional data were collected on transects laid every 10 metres along the baseline,
due to the smaller size of the farmSollecting data on transects laid every 20 metresin

Minyenye captured enough data to represent the biodiversity of the farm, due to their large

size. Butin Mbwei the farms were much smaller and laying transect lines every 20 metres may
not have capture@nough data to reflect the biodiversity of their farn&odiversity in

vegetable gardens was measured in Mbwei only. Because the vegetable gardens were so much
smaller than the farms transects were laid every 5 metres with species data collected every 1

metre.

Thesedata wereused to calculate Shanndativersityindices for the household farm$he
Shannonindex is a species diversity ingkofi, 2010 and provides an indication of
agrobiodiversity at the household levéhe Shannon diversity index takes into account the
number of different plant species and the abundance of these spéleias200t Shannon
indices were calculated using the number of different species found and the frequency they
were encountered in the household farnisis a commonly usd measure in biodiversity
research and has previously been used to compare agrobiodiversity to dietary di(&ksiyi,

201Q Dewey, 1981 These calculations are described in detail in chapter 5.

There is no one recognised way to measure agrobiodiversity but many different techniques
were reviewed and considered for this project. The pointintercept method was chosen

because iprovidessysematic, precise and rgeatable data on plant agrobiodiversity suitable
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for household farms in rural Tanzani@he pointintercept methodecordsindividualplant
species, total cover and species composition by cale &, De partment of Agriculture, 1999
The method is particularly well suited for vegetation less than 1.5 meters in hgighit
Department of Agriculture, 1999This method is moneepeatable angbroduces more precise
measurements than cover estimates acquired through quadrat samflif8) Department of
Agriculture, 1998 The method is also more efficient than line intercept methods. The point
intercept method is a good method for determining cover of domirsp#cies butis not as

well suited to picking up the minor species pres@ntS. Department of Agriculture, 1999

Farm size was calculated in ArcGIS ftbenGPS coordinates collected at farm borders. Farm

size is only available for farms that were visited by the biodiversity research assistants when

they were collecting the agrobiodiversity measures. Notes were made by the biodiversity

research assistaston the condition of the farm, how well the farms were maintained,

whether some crops had already been harvested that year and markers of land degradation.

al N} SNE 2F flyR RSINIRIFIGA2Y gSNBY WLINBaSyoS
WEa@saAt FTSNIAEAGEQT WFSNIAES a2At SNRRSR o0& |
YEAYGFEAYSRkLR2NI O2yRAGAZ2Y QT WNRO1 & FyRKk2NI &l

coded into categories to be used in the analysis.

3.6.32 Plant andanimal diversity scores
In addition to the systematic measurement of plant agrobiedsity outlined above,
information on the plant and animal foods consumed throughout the previous year (January to

December) were collected through the food sources sattif the household questionnaire.

This section collected information @t foods consumed by the household antiere these
foods had come from; growar rearedby the household, bought by the household, fownd
huntedin the wild or gifted to the houdeold. For plant foods that were grown, information on
when the crops were available for consumption by the household and whether the household
sold any of the crops was recorddtbr animal foods, tvether the household sold animals or
animal products waslso captured. The data collected through the food sources seatiows
analysis ofdods consumed year rourahd provides the animal agrobiodiversity data for the
project. The results from this section are presengsdropdiversity, vegetable diversignd
animal diversity scoreas order to differentiate this information from thplant

agrobiodiversity datarhese scores represent the number of different types of
plants/vegetables/animals intentionally grown or reared for household consumption in the

previous calendar year.
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3.7Sampling strategy

A target of 60 households in each village was setin order to measure 100 children under the
age of five years old. This wowgive enough power to detect a difference of 0.5in mean
weight for age zscores or height for agescaes among the communities in atwdlage

design (power=0.85, alpha=0.05, between village variance =Wit4n village variance = 1.0).

These calcations werebased on the 2010 Tanzania DHS data.

Households were selected randomly using the following procedure in each village. In
Minyenye, Singidadusehold lists were collated for this project by the Village Exee@fficer
(VEO) and the five stNillage leaders who have a good knowledge of the people living in each
sub village. The lists included the name of the-sillage, the name of the head of household
and the number of children undéive years living in the household. Only households with a
least one child unddive were included in the lisThe average number of children under five
per household was 1.570 meet the target of 100 children under fjé& households would
need to be interviewed. A 10% refusal/drop out rate was allowed#hdouseholds were
randomised using the random number generator function in Microsoft excel

(FRANDBETWEHN¥{tom,top).

In Mbwei, Lushoto, busehold lists were collated by the Ward Executive Officer (WEO) who
was acting as the VEO for Mbwei, the Chairmaaithe Assistant Bairman forthe village The
list consisted of the seven sulillages and the names of all the head of household in these
sub-villagesWhether the household had under five year olds was notincluded in the Mbwei
list. More household wereandomised in order to reach the target 100 children under five
years of agelnitially 70households were randomised but when this number was not
sufficienta subsequent additional 2ibuseholds wereandomised. The percentage of the

total number of hoseholdsn each villagéhat were inteviewed is presented in Table 3.2
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Table 32. Total number of households and total number of households interviewed by-sub

village
Total number Number of Percentage of
Total number of households households total
of households with >=1 under . . households
five yearold interviewed interviewed*
Minyenye - 206 64 311
Bwali - 41 16 39.0
Mwangozo - 29 5 17.2
Amani - 19 5 26.3
Jamida - 38 16 42.1
Kujitegemea - 79 22 27.8
Mbwei 880 - 58 6.6
Nekrasi 117 - 7 6.0
Kwemeaganga 96 - 6 6.3
Mntindii 113 - 6 5.3
Zagati 109 - 10 9.2
Vugiri 156 - 10 6.4
Pongwe 138 - 8 5.8
Mbunguni 151 - 11 7.3

*For Minyenyethis is the percentage of households with at least1 under five year old, fordikhis a
percentage of alhouseholds

3.8Inclusion criteria

Households were included in the survey if they had a woman with a child under the age of five
years living in the house. As the preferred option the female head of household would be
interviewed. The female head of housald wasdefined aghe female in the household who

was responsible for the preparation of food fitbat household. If this female did not have a

child under five, waunavd@able to be interviewed or didot want to be interviewed then an
otherfemale wiolives in the household that hachildunder five yearsvasasked. If no

eligible females werwilling to beinterviewed then the research team moved onto the next
household. If an eligible woman lived in the household but was not home or unavailable wh
we called we visited three additional times before excluding them from the study. This

happened in one households in Mbwagid none in Minyenye

Women were chosen as participants as the project focused on both diet and agriculture.
Women are primarily responsible for food preparation and farniigder et al., 2006 n rural
sub-Sahara Africa and would therefore be the most appropriate household member to

answer the projectguestions. Respondents were asked quessiabout the family unit. The
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family unit was defined as the respondent, her husband or partrederred to as her husband
for simplicity,and their children. This definition included stehildren or grandchildren that

the respondent was raising.

Childrerunder five years of age were the main focus of this study as these first five years are
when children are most at risk of malnutrition and not reaching their grquatential. Victora

et al(2010 showed rapid growth faltering in height for age in children from 54 different low
and middle income countries until 24 months of age. Decline<iigkt for age zscores were
seen throughout the first five years of lifmadequate growth in the first 1000 days after
conception impacts on the physical, cognitive and saimtional wellbeing of people

throughout all lifecycles into adulthood and @dge(Hoddinott et al., 2018

Nutritional status was measured in all children in the household rather than justin under five

year olds for two main reasons. Firstly itis possible that the environment these children have

grown up in are stable overtime and malnutrition seeithie older childrercould bea result

of factors captured in this studgecondly, weight and B¥tir age is &ected by recent health

and dietand it is expected that measuring these outcomes in older children will provide

additional information on the nutritional status #fiose living in these communities.

Demographic data were collected on the respondents husband to give social and financial

O2yGSEG G2 GKS OKAtRNByQa fA@Sa FyR KSAIKGA FYyR

parental weightin the data analyses.

3.9Research process

3.9.1 Rloting of methods

The questionnaireand agrobiodiversity methods weplotedduring Phase 1 of the research
processn Shebomezaillage Muhezalistrict, Tangaggion in northern Tarania. The pilot
study took place betwerthe9", 10" and 11" of April 2011 Household questionnaires were
conducted with & participants (two women and four mewhorepresented different wealth
groups as defined by a field assistant from the vill@&erent agrobiodiversity survey
approaches (including point intercept methods and quadrat sampling) were trialled in the
farms of the household#\n additional two farms were visited and only agrobiodiversity
measures were taken. For these households one male and one female household member

were questioned on the utility of crops as part of the agrobiodiversity measurements.
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The pilotng of methodhighlighted a number of issues with tbeiginal design oflata
collection methods includingepetition, concepts not translating well, missinggresting
information due tathe structure ofquestions and specifically, that the agrobiodiversity data
collected was unsystematic and therefore unrepresentafieepilot activities alsgrovided
ideas for hovthe methodscould be improvedQuestionnaire giestions were modified to
improve participant undestanding andhe dietary diversitgcore sheet changed to a basic 24
hour dietary recalés detailed above isection 3.5.2Aquestionnaire designed to measure
food security wasemovedandmore direct questions about the househ@dhbility to feed
itselfwere includedThe food sources section was expandeddpture more detail about
where specific foodthat individuals within households were eatiogme from.
Agrobiodiversity methods werchanged from quadrat samplifigarin et al., 19920 the pont

intercept method. These were betteuited to the farms in rural Tanzania.

3.9.2 Ethical approval and permissions

Ethical approval wasbtained from the University of Leeds through the Faculty of Medicine

and Health (Reference number: HSLTLM/11/0BhE application for this approval incled

the following provisions. Informecdevbal consent waslatained from the respondent anithe

OKAf RNBYQad FNBS | yR @2 f dzy.dHeBearthi@ssiStghiwasi 2 LI NJ
trained in how to measure height, weight and MUAC to ensure measures taken on children
GSNBE R2yS O2NNBOGfe& FYR Ay (KS LINBaSybS 27 ;
data was anonymised and stored securely.

National level grmissiorto conduct the research waxbtained from theCommission for

Science and Technolof@OSTECH) Tanzanid etters of grmissionverealso obtainedit

theregional, district, ward and village le¥ellowing meetings with the approgate

individuak. The nextlevel of permissions needed was advised at each level and varied

between the twosites. A summary of the permissions granted andpy of the COSTECH

pemitisincluded in Appendix A

3.9.3Research ssistans and tanslation

Atotal of three researchssistants were employed duritigis research; A translator and two
differentbiodiversity researchssistans, onein Minyenye, Singida and one in Mbwei, Lushoto.
In addition, alocal contact who knew the potential participants amere they lived was hired

in each subvillage.
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Both the Minyenyeand theMbweibiodiversityresearch asistants were experts in the

measurement of biodiversity and had experience using similar methods to the pointintercept
method. They were hiredthrodg G KS LINRP 2S00 Qa O2y il Ota 6AGK {2124
They were assisted by the local contact and sometimes the farmer. A student volunteer from

the UK helped collect this data in Mbwei.

The questionnaire used for data collection was writte English and translated to Swalgthie
national language which was widely spoken in the research abgdhg projecf translator
before data collection begaithis was then back tratated into Englishy the Minyenye
biodiversityresearch asistant and théeadresearchediscussed any loss of meaning that
occurred in translation with the translator. Modifications to the Swabhili version of the
guestionnaire were made as hecesshefore it was administeredhe same process was used

for theinformation sheet and consent form.

The translator was traineanhow to conduct a 24 hour recall, how to carry out the
anthropometric measurements and how to use the research questionbgiteelead

researcherin the days leading up to data collection

3.9.4 Recruitment of participants and consent process

Thelocal contacin each subvillageescorted the research team up to the households, briefly
introduced the team and project to the head of the household ancdskthe team could
speak with the mther of the under five year olds. The translator would then briefly introduce
the research team anthe project before reading out the detailed information sheéhe
information sheet was then offered to the participants for them to keep. Once the ppaints
had had the opportunity to ask questions the translator asked for consent for the various

aspects of the research:
1 Opportunity to ask questions?
1 Do you agree to take part in this research?
1 Can we record some of the interview using this tape recorder?
1 Can we measure your heightand weight?

1 Can we measure the height, weight and mid upper eintumference of your
children?

1 Can we measure the location of your house and farm using this global positioning
sysem?
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1 Can we take pictures of your health records?

Verbal consent was obtained from the moth#re primary research participantThe aspects
of the research the participant gave consent for was recorded on a tick list thatetzeed
by the researchefAn English version of the Swahiliinformation sheet and consent formis

included inAppendix B.

3.10Data checking and entry

Questionnaires were checked by the PhD student at the time of data collection in order for
clarification and additions to be made while the participants were still available.
Agrobiodiversity data was checked and data was clarified witlbtbéiversityresearch

assistant at the end of the day whepgsible or soon after. Bothiodiversity research

assistants were available after data collection for clarification and corrections of species data
when necessary. The majority of the data was entered by thesRid2nt with some being
entered by Masters students and a nutrition research vioéer under close supervision tife

PhD student.

3.11Data analysis

3.11.1 Basic descriptive statistics

Forchapters4, 5 and 6basic descriptive stistics wergperformed in Stataersion 12Means

with 95% Confidence Intervals and percentages are presented at the beginning of the results
chapters. In order to detect differences between the villages and betweegsulps of

interest (eg. gender) MankVhitneytests, for differences in continuous variablesmndCht

squared tests, for differences in proportions in categorical variables were (Bedditative

data were coded into categoriesonder to be used in the analyse

3.112Linear egression

Linear regesson was used to estimatelationshigs amongariables of interest. The
terminologythdependent variabl@vas used to indicate the effectiroy exposurevariable and
the termWependentvariabl® ¢ | & dza SR fieetedondRcon@Vaiiable. BoK S |
example dietary diversity would be the independeariable and height for agescores would

be the dependentvariable.
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Regression results are presented for both villages combined, controlling for vill sige Study

of the relationship between dietamjiversity complementary feeding and sanitatiand
nutritional status ¢hapter 4. This is because the larger sample size is beneficaktéatting
relationships between dietary diversity and nutritional status. As the landscape and farming
practices vaed substantially between the two villages resufglant and animal
agrobiodiversitychapters 5 and are presented for the two villages separately. This was so
factors specific to the two villages could be investigatéthout their effects being Istin
combined modeldncluding the village in the multiple regression as a covariate in chapter 4
addressed the effect of clustering at the village ledelalysing the data by village in chapter 5

and 6 eliminating this potential issue for these anaks

Both unadjusted models, with just the independent and the dependent variable in the model,
and adjusted models are presented. The adjusted models include other variables that could be
confounding the relationship between the independent variable areldependent variable.

For each model a list of potential confoundersre determined using a Directed Acyclic Graph
(DAG)These potential confounders were identified through reviewing the literature and local
knowledgeDAGsnapcausal associations betwee&ariablesvhich allows easy identification

of variables that may be related to both the independent and the dependant variable. This
helps to ensure that appropriate confounders amdected fomultivariable regression

(Glymour, P06). The DAG used for the regression between agrobiodiversity and dietary

diversity and agrobiodiversity and nutritional g is presented in Figurelg

Once potential confounders had been identifieaich confounder was added to the
unadjusted model one by one to assess if they affected the regression coefficients for the
independent variable of interest. If the potential confounder modified the regression
coefficient substantiallydfiteria varied fom approximately >0.02 to >0.05 depending on the

size of the regression coefficiefthen they were included in the adjusted model.
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Related to all three: Breastfeeding: 4 Safiifa h
Village Parents employment A eC:ge”gg Eﬁiiiffig o Source of water
Parents age Parents marital status g PP g Water made safe
Markers of wealth And how
Type of toilet
\_
Complimentary feeding: ’
Age introduced liquids
Age introduced solids [ Supplementation ]
rents farms
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FarrEs Time to get water
. . Number Parents nutritional status
Soil fertility Average area

Figure3.16 Directed Acyclic Graph (DAG) used in determining potential confounders in the regression models
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In order to determine if the regression models met the assumptions of linear regression a
number of tests were undertakef CLA: Statistical Consulting Group, 20T4 testif the
residualsvere normallydistributed Kernel density estimate plots were compared with normal
distribution curves. For the assumption of linearity in the unadjusted models scatterplots of
the continuous independent and dependant variables were checked to make ®ne\trere a
randomscatter of points. For the multivariable regression standardised residuals were plotted
against each of the continuous predictor variables in the regression model. Again, these were
checked that they were a random scatter of points. Tetthe assumptions of

homoscedasticity the residuals were plotted against the fitted values and the scatter plot was
checked forandomness. Additionallfhe null hypothesis that the residuase homogenous

was tested using the Whites test and the Brau&agariest. Multi-collinearity was tested by
checking thevariance inflation factors were in the acceptable ranfjee regression models
presented in chapters 4to 6 m#te regression assumptions for linearibgrmality of

residuals, homoscedasticitpdmulti-collinearity.

3.11.3 Multiple imputation by chained equations (MICE)

For the adjusted regression multiple imputations by chained equatieere used within Stata

to estimate missing data in covates Leaving out individuals with missing data from analyses
can lead to bias and the resulting decrease in sample size leads to loss of(Btsvee et al.,
2009. Multiple imputation has ber devised to try taeal with missing datdt aims to

account for the uncertainty in the missing data by creatiiféerent possible data sets based

on the available data and combines the results from each of these daté&tetsie etal.,

2009. The command creates mulii@copies of the data set and replaces missing values with
imputed values. Variability in the imputed variables is created to allow for uncertainty in
predicting the missing values. The model is then fitted to each of the imputed datasets. The

estimated asociations will differ because of the variation in the imputed variables, these are

I SN 3SR (G2 3IAGS 'y 2 @SN {(RubiS®8yidugddtioSR | a2 OA |

calculate standard errors, this takes into account this varial{tgrne et al., 2009For allthe
MICE regression analyses missing variables were assumed to be missing at(fstAd®)m
Values were missingainlybecauseparticipants and their husbands were unable to
remember their date of births and because the husbands were unavailable to be measured.
Ten imputed datasets were used and 100 iterations were carriedlitwgvariables used in the

imputation models are repded in the data analysis sections in chafsté¢and 6

Forallresults chapters any regression results discuss#uEmesults section but not

presented in atable will include the regression coefficients and their 95% Confidence intervals
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within the text When results are discussed and no regression results are included they will be
presented in the subsequent table. Also, significant regression coefficients, in both the text

and the tables, are presented in bold.

The next chapteris the first of the forgsults chapters of this thesis and focuses on the main
results of the primary data collection described in this chapter; the relationship between

dietary diversity and nutritional status in Minyenye, Singida and Mbwei, Lushoto.
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Chapter 4
Investigaing the associatios between detary diversity and

nutritional status in Minyenye and Mbweirural Tanzania.

4.1Chapter summary

This chapter is thérst of four results chaptershe first three are base on the primary data
collectedin rural TanzaniaThis chapteexploresthe relationship between dietary diversity

and nutritional statusn two Tanzanian villagestinyenye in SingiddistrictandMbwei in

Lushoto district. This chapter fulfils part of objective B asure household crop and animal
diversity, dietary diversity of respondents and children under five and nutritional status of
children living in these villages, determine whether household produce is sold and investigat
how these factors are relatgdnd 4 (Investigate basic soglemogaphic factors affecting
dietary intake of children under five and nutrition outcomes in children in these vil)afégs

thesis.Thechapterobjectivesare:

Objective 4A: To present descriptive data on the demographic, social, dietary divel
and nutitional status variables in this population to set the context fo

the analyses.

Objective 4B:  To investigate whether dietary diversity and food variety are associa

with nutritional status in under five year olds.

Objective 4C: To investigate whetharomplementary feeding and sanitation are

associated with nutritional status in these villages.

The major findings of this chapter include thagthry diversityand food varietyscores arenot
significantly associated with any of the nutritional statasigblesNo significant differences

were seen between the two villages in dietary diversity but thioddbwei had lower food

variety and height and weight for ageszores than those in Minyeny€hildren who had

liquids, specifically multiple floyporridge with additions and millet juice or solids introduced

to their diets had poorer nutritional status as did children from households not boiling drinking

water and households with open pitlatrines.
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This chapter adds to the literature on the relatginp between dietary diversity and

nutritional status, providing additional evidence on representative samples from two different
villages in Tanzania which conflicts with the majority of evidence in this area so far. It also
provides additional data on sgific complementary feeding and sanitation facttivat are
associated with nutritional status in these commities which adds to the body &ferature on

the determinants of nutritional status ilow income countes.

4.2 Introduction

Thoselivingisub{ I KI N} y ! FNA Ol KIFI @S KAIK NIaGSa 27
undernourished peoplelive in the regigdNFAO, 2010bin Tanzaniapecifically44.4% of
children under the age of fivare stunted and 16.7% are underweig@ollogly, 2009

Childhood malnurition has been linked with a range of negatis@nsequences. Malnourished
children tend to achieve lower academic attainméhtderman et al., 20Q6/ictoraet al.,

2008 Adairetal., 2013 grow into smaller adultéRiveraetal., 199&Iderman et al., 2006
Victora et al., 2008Adair et al., 2018 may be at increased risk for chronic disease laterin life
(Adair et al., 2018and have a lower capacity for woftHaas et al., 1996han their welt
nourished counterparts. In addition, severe malnutrition in childhood has been linked with

overall increased rates of mortality due to infecti@hen et al., 1980

Many researcherand development organisatiotsyve attempted to improve nutritional
status inlow income counties through various dietary interventiofBhutta et al., 2018such
as food supplementatiofRivera et al., 199%uper et al., 1990 agricultural interventions
(Berti,2009 and context specific, tailored nutrition programm@erti et al., 201J) Despite
success in many of these research projects these lessons have not been translated into
population widedecreasesn stuntingand underweightates.This is partly because
malnutrition is caused by a multitude of interacting fact(@Bfiutta et al., 200Bmaking it a

difficultissue to ackle.

Dietary diversification has been proposed as a holistic and sustainable nutrition intervention
that may have multiple health benefitsliow income counties(Gibson etal., 2003The term
dietary diversity refers to the number of different food groups or individual foods consumed
over a defined reference peridéRuel, 2008 A summary score diietary diversity has been
proposed as a marker for diet quality as it is relatively easy to cqeichond, 2004 Versions

of this summary score haven shown to bsignificantly associated with both measures of
food securityBukusuba et al., 201Qeroy et al., 2008ThorneLyman et al., 203Gand
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nutrient adequacyArimond, 2004Ogle et al., 20Q1Moursi et al., 2008Daniels et al., 2007
Hatloy et al., 1998Kennedy et al., 2007Torheim et al., 20Q4Ponce et al., 2006

Research has also demonstrated links between increased dietary diversity and improved
nutritional status in childreifArimond, 2004Corbett et al., 1992Steyn et al., 2006Garg and
Chadha, 2009Nti and Lartey, 2008and adultgSavy et al., 20055avy et al., 2006Cther

studies howeverhave shown mixed resul{gEckhardt et al., 200%5awadogo et al., 20Dp&r

no associatioigHillbruner and Egan, 2008in et al., 200 The evidence for this association is
not as strong in Eastern Africa with five of the eleven studies identified in chapter 2 showing
no association between dietary diversity and nutritional stafihss study will add to the
existing literatureprovidingadditional evidence on these associations in Eastern Afoga,
presenting the relationship between dietary diversity and nutritional status in these two

villages in rural Tanzania.

4.3Methods

This sectiowovershow dietary diversity and heiglfior age, weightfor ageand BMifor agez-
scores were calculated and the statistical aneysethods used in this chapter. Additional
methodological details anpresented in hapter 3. A description of the questionnaire and how
the anthropometricdatawas ollected is also included in that chapt&esuls are presented

for thefamilyunit which s defined as the respondefiter husband or partner and her

children.

4.3.1Data sources

4.3.1.1Dietary diversityand food variety

Dietary diversityscoregthe number of different food groups consumeder the previous 24
hours) and food varietgcoregthe total number of dfferent foods consumed within that
timeframe)were calculated for both the respondent ahdr oldest child under fivel'he oldest
childunder five was chosen as the project was specifically interested in under five year olds
but younger children were more likely to be breastfed, limiting the other foods they
consumed. The dietary diversity scomesre derived through the questionnaire frotwo 24

hour recalls provided by the respondent; one for herself and one fochiéd. The diet recall
asked the respondent about all foods and drinks consumed for a 24 hour period from waking

the day before to waking on the day of the interview (seeion 3.6.1 page61 and appendix
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O.The design of the recall prompted for details of cooking methods, foods added during
cooking, snacks and drinks consumed between meals and food consumed outside the home.
These prompts attempted to ensure that all théfdrent foods eaten were captured in the

recalls.

Foods were subsequenttpded by the researcher and categorised into nine food groups

OW/ SNBFf axz NiatinArichwar (0 dad SNEQ T diBde®BBSIA S ¥V B f T BI2X
W2 (i K S NJeShMilafs,ibrga Meat, FishandinsgacR T WS 334 QT Wi S3AdzySax
WYAf 1 | YR Y isffdts ahdsieB®z0 iecofiiendé@by the FAZDOS dietary

diversity workshofFAO/MWHO/IFPRI, 200& his gaveach individual a dietary diversity score

out of ninefor the 24 hour period The number of different individual food items were also
calculated to give aoibd variety scor¢Hatloy et al., 1998 This isa tally of all foods consumed

inthe 24 hour period. For example, if the individual consumngali(a very common, usually

maize based, staple served as a stiff porridge) with spinach, tomatoes and onions as their main

meal this would contribute four points towards their food variety score.

4.3.1.2Food sources

In order to further investigate howouseholds obtain their food and the effect this has on

their diet and nutritional statushte questionnairelsoincludedquestions about the sources of

0KS K2dzaSK2f RQa T2 2 Rythehdu$Shoidzbdad Sotainesl Bavidhy I NP
wild and gifed, as defined by the respondent. This data collection technique was designed by

the author and aimed to capture a level of detail about household food sources not usually

seenin nutrition research. It was an-depth and time consuming method which wasluced

afterthe firstten interviews in order to capture the necessary information in the shortest

possible time.

Which months during the last calendar year each individual food type had been available from
each of these sources was ascertained. Thpoadent was asked for a list of all the food

consumed by the household and then questioned about the source of each individual food

type and the months it was available. This information was used to calculate a dietary diversity
score out of six for each amth of the year in order to illustrate the annual variation in dietary
RADOSNARAUGUED® ¢KS a02NB ¢la olaSR 2y (UKS ¥F2ff 2
YigminArichv@ SGF 6t SAT ( dbeSNESKHY B BRIA (| @F (htitsS NJ T NIz
' YR &S SiRidsandgie®® ¢ KAad RATFSNARA FTNRY (GKS yAyS
Ay Of dzZRS G KS | y A Ydéstimeats, GrgarRmedls, fislSaBRinedeSTa WSHHFI A Q |
WYAf 1 YR Yhorte}to leihi@ fhdziné @ fdr this section manthly availability

information was not collected on animal source foogbagticipants were unable to say which
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months meat and animal products were available for consumpiite. scorevas calculated

separately for grown foodnlyand againfor grown, wild and gifted food.

Data on how long children were breastfed, when complementary liquids and foods were
introduced and what kind of liquids and foods were firstintroduced intokhg F Idigtsin@st

captured through the questionnaifer all children in the family unit under the age of five.

4.3.1.4Nutritional status

Heights and weights were collected for all individuals in the family unitthat lived in the
household and were present at the time of interview. If eligible individwage not present at

the time of the interview the researchers attempted to meet thesdividuals at a later time

or day in order to take these measurements. This information, combined with the age and sex
of the children collected through the questionmajwas used to calculatgya adjusted z

scores for height, weight and BMI using an exceltadWWHO, 2010a These zscores have

been developed by WHO and are based on a pooled sample of breastfed infants from Brazil,
Ghana, India, Norway, Oman and the USA. It is considered an international standard suitable
for use in all countrie@VHO, 2010p Photographs of the health records of all family unit
children were taken if the family agreed and were able to provide them. These health records
provided the date of birth of the children and this was used insteadpbrted date of births

when they wereavailable.

Means of height, weight and BMIgcores were calculated and presented for all children.
Individuak with zscores below negative five or above fivere excluded from the analysis.
Theproportion of children who were stuntednd underweightvere calculated. Stuntingnd
underweightweredefined as below minus two standard deviations from median height for

ageand weight for ag®f the reference populatiofUNICEF, 2014

4.3.2Data analysis

4.3.2.1 Descriptive statistics

Basic descriptive statistio$ crude associationsere performed in Stataersion 13 chapter
objective 4A. Means (95% Confidence Intervad§ontinuous variablesnd percentages
within groups for categorical variablage presengd for the descriptive result8lann-
Whitneytestswere usel to test differences in meaandChisquared ests were used to

detect differencesn proportionsbetween the subgroups of interest,@village and gender.
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4.3.2.2 Linear regression analysis

Linear regressio(®5% Confidence Intervaigps used to estimate the relaship between

dietary diversityscoresand food variety scoreandthe nutritional statis variables (chapter

objective 4B. Both unadjusted anédjusted models are presented. Adjustaddelsinclude

potential confounders which were identified using a directed acydiply(DAGasdeseibed

in chapter 3page 73(Figure 3.1h

The following variables were controlled for in the adjusted model investigating the relationship
between dietary diversity/food variety and nutritional status: village; pa@ageparents

highest level of educatiohJ; NBhgightweight or BMIparental ethnicitywhether the
household has a mobile phoneguseholdakes action to make water safe andhether the

parents hadan alternative source of income.

Linear regression was useddeterminewhether complementary feeding and sanitatiorere
associated with nutritional status under fiveyear oldgchapterobjective 4¢. Both

unadjusted and adjusted regression models are presefuethe relationship between
complementary feedig and nutritional status. Thesaultivariableregression models were
adjusted for: village; pare@ age parents ethnicityhighest level of educatiohd: NB y i Q &
height weight or BMj whether the household has a mobile phagf®usehold takes action to

make water safe whether theparents have an alternative source of income.

Unadjusted and adjusted models are presented for the relationships between sanitation and
nutritional status. These odels were adjusted for villaged: NBagegKQ@iZa 6 IfretBeRcy

of employmentNo potential confounders were identified for the relationships between
parental ethnicity, height and weight and the nutritional status variables in the children.

Unadjusted models only are therefore presented for these associsti

4.3.2.3 Missing data

Multiple imputations using chained equatiofidl CEvere used to estimatparameters under

the assumption that any missing data were MA&e secton 3.11.3, page J4MICE weraised

in the adjusted model investigating associations between dietary diversity/food variety and
nutritional status.The missing values were imputed based on the complete variables in the
model:village NB & LJ2 yiMRi§hywih&ttder the household has a nile phoneNB & LJ2 Y RSy { ¢
highest level of educatignvhether the respondent earns extrainconmguseholdakes

action to make water safémputations were based on under five year olds only.
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MICE wereaisedin the adjusted model investigating associatibaesween complementary
feeding and nutritional statusmputations werdased on under five year olds onfjhe
missing values were imputed based on the complete variables in the matiade

NB & LJ2 ywri§hywin&ker the household has amobile phoriéB a LJ2 yhiQigest @v@la
of education whether the respondent earns extra inconmeuseholdakes action to make
water safe This analysis was repeated excluding children who were still being breastfed in

case this influenced the results.

MICEwere agan used for the multivariableegression analyses sanitation and nutritional

status Imputations were done separately for those under fiveldor all childrenThe missing

values were imputed based on the complete variables in the model and other ctanple
employment variablesiillage whether the household has a mobile phoiéB 4 L2 Y RSy (1 Q&
highest level of educatignvhether the respondent works in agriculture; whether the

respondent has an additional small business; whether the respondent earns ectrae

4 4Results

No households in Minyenye and two households in Mbwei declined to take part in the project.
One household in Mbwei was excluded as the potential respondent was absent on all three
occasions that the researchers visit&ixtyfour households were interviewed in Minyenye.
Heights and weights were measured®b chldren(of whom106were under the age of fiye

64 women and 43 mer\dditionally 252 children under the age of 15 had their mid upper arm
circumference (MUAC) measurddfty-eighthouseholds were interviewed in Mbwei70

children of whomlO4were under the age of five, 58 women and 35 men were measured. 180
MUACwas measured in 180 children under 15 years ©tee proportion of under five year

olds that were male and feale, under three years and under onegy®Id is presented in

table 4.1

Table 4.1 Number of households, children and under five year olds measured in each village

Minyenye Mbwei
Number of households 64 58
Number of children 295 170
Number ofunder fives 106 104
Percentage of under five years Male 47.2 41.4
Female 52.8 58.7
Under three years 58.5 56.7
Under one year 17.0 22.1
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4.4.1 Wider social and farming context

Detailed information about the climate, agriculture and socio demographics about the two
regions are included in section 3.4.1 and 3.4.2. Based on observations made in Minyenye
during data collection, the village appeared similar to the surrounding distribe lands
characteristics, the farming context and socially. The area was flat and dry, appeared relatively
poor and the main economic activity in the village was agriculture. Mbwei appeared to differ
from the surrounding districtin a number of kegpcts. The majority of the land was

relatively dry with small shrubs and sparse trees with farms that struggled to grow the planted
crops, with the exception of cassava. There was a band of land within the village which
followed the river that reflectedte crop growth typical of Lushoto district. The way land was
farmed could potentially impact on the health and wellbeing of those living in Mbwei. Small
pockets of land large distances apart meant more work and energy expenditure for the
amount of food havested. Further information on the land characteristics, habitat and farm
types of the two areas and how this relates to agrobiodiversity and farming in the two areas is
presentedinsection5.4.1,5.4.2.1 and 5.4.3.1

4.4.2Demographic and household @nacteristics of sample

The two villages were similar in many degnaphic and household factofSable 4.2

Howevethusbands were significantly olddyy approximately eightearsjn Mbwei compared

to Minyenye and children were significantly youngerspendents in Mbwei were more likely

G2 0S YINNASR® ¢KS YI22NARGE o220 2F LI NI A O,
school. 70% of participants overten were satfiployed with approximately 25% defining

themselves as unemployed and 3% runningdditional small business.
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Table 4.2 Demographic information for the family unfor included households in Minyenye and Mbwei and both villages combined

All

Minyenye

Mbwei

P-value for difference*

Total number of individuals (N)
Age (mean(95% CI))

773

420

353

Respondents 31.5 (29.4, 33.5) 30.2 (28.0, 32.4) 34.4 (29.9, 39.0) 0.058
Husband 40.6 (37.3,43.9) 37.3 (33.5,41.1) 456 (40.1,51.1) 0.011
Children 7.6(7.1,8.1) 8.0 (7.4, 8.7) 7.0 (6.2,7.8) 0.052
Mean number ofchildren/household 4.1 4.5 3.6

wSaALRYRSyiQa SGKYyAOAdD <0.001
Nyantulu 50 95.3 0

Pare 33.6 0 70.7

Sambaa 9.8 0 20.7

Other 4.9 3.1 6.9

Missing 1.6 1.6 1.7

Married/engaged (%)™ 62.1 57.7 67.4 0.011
Attended school (%)" 85 86.1 83.7 0.43
Highest schooling (%)™ 0.449
Primary 96.9 95.8 98.3

Middle/secondary 3.1 4.2 1.7

Employment(%)™ 0.633
Unemployed 244 26.6 21.9

Employed 3.7 3.2 4.4

Self employed 69.1 68 70.5

Self employed farming and small business 25 2.3 2.7

Doesn't know 0.3 0 0.6

* Mann-Whitney tests used for difference in means, chi squared used for difference in proportions between the two villages

Total number of respondents is 122 (64 in Minyenye, 58 in Mbwei). Age of respondents is basaddivigdials (38 in Minyenye, 16 in Mbwei). Age of husbands is based on 33
individuals (20 in Minyenye, 13 in Mbwei). Age of childrenis based on 499 individuals (288 in Minyenye, 211 in Mbwei).

"only those over 5 years (N=554, 309 and 245 for all, MinyamgeMbwei)

Monly those over 10 years(N=405/406, 222 and 184/183 for all, Minyenye and Mbwei)

MMonly those who are no longer attending school (N=261, 144 and 117 for all, Minyenye and Mbwei)
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Approximately half of the households had ai@dnd half had a mobile phone, while no
households had eldcity or alandline (Table 430n averaget took 18 minutedongerto
getwaterin Mbwei than Minyeny€58 vs40 minutes; P = 0.003The majority of Mbwei
households got theidrinkingwater from a river (90%(Figure 4.2)while 56% and 33% of
those in Minyenye got their water from a borehole/dug well and through a piped water pump
respectively(Figure 4.1)However, gople in Mbwei were significantly more likely to take
action to makewvater safe with 66% of households boiling their drinking water compared to

31% in Minyenygpossibly due to these differences in water sources
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Table 4.3 haracteristicoof households iltMinyenye and Mbweiand in both villages combined
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. . P-value for
All Minyenye Mbwei difference*

N 122 64 58

Radio in household (%) 50.0 45.3 55.2 0.277
Mobile phone in household (%) 55.7 57.8 53.5 0.628
Raised animals 77.9 85.9 69.0 0.024
Owned animals 27.9 4.7 53.5 <0.001
Time to get water minute@nean95% ClI)) 48.7 (42.5, 54.9) 39.9 (31.9, 47.8) 58.4 (49.2, 67.6) 0.003
Water sourcg(%) <0.001
piped water 17.2 32.8 0.0

spring 4.9 0.0 10.3

river 48.4 10.9 89.7

borehole or dug well 29.5 56.3 0.0

Take action to make water safe (%) 0.001
Boil 47.5 31.3 65.5

Other eg. Strain, let settle 49 7.8 1.7

Nothing 47.5 60.9 32.8

Type of toilet (%) 0.056
closed pitlatrine 18.0 9.4 27.6

open pitlatrine 80.3 89.1 70.7

other 16 16 1.7

* Mann-Whitneytests used fodifference inmeanrs, chi squared used fdlifference in proportions between the tweillages
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Figure 41. Water sources in Minyenygwater pump,a borehole, holes dug ian almost dry
area of a riverbedandariver. The riversre used as water sources for both animals
and people
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Figure 4.2. Water source in Mbwgthe river andawater spring.The spring water is diverted
into channels for water collection and irrigation

4.4.3Dietary diversity and foodvariety

On averagegpeople consumed approximately five out of the nfieed groupgTable 4.3 No
significant differences in dietary diversity scores were seen betweenitlages, by gender or
between motherand child.Respondents and their oldest ahiinder five consumed on

average 7.5 food items in the previous 24 hours. Those in Mbwei consumed significantly more
food items (8.5) compared to those in Minyenye (6.5). This was seen in respondents and their
oldest child under five. When the children veaiinalysed separately by gender the difference
between the two villages was only significant for the male childreboth villages combined,

no significant differences in food item variety were seen betweattmer and children or

between female and malehildren.These reslis did not diffewhen respondents and children

whoreportedthe past24 hoursa Wy 2 (e LA Ol t Q 6SNB SEOf dZRSR®
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Table 4.4 Meandietary diversity and food variety scosfor respondents and their oldest child under five Minyenye, Mbwei and both villages combined

All Minyenye Mbwei P-value for
N Mean (95% CI) N Mean (95% CI) N Mean (95% ClI) difference*
Dietary diversity scores
All 244 4.8 (4.6, 5.0) 128 4.8 (4.65.0) 116 4.8 (4.6, 5.1) 0.652
Respondent 122 4.9 (4.7,5.1) 64 4.9 (4.6,5.2) 58 4.9 (4.6, 5.3) 0.859
Oldest child<5yrs” 122 4.7 (4.5,5.0) 64 4.7 (4.3,5.0) 58 4.8 (4.4,5.1) 0.665
Female children 67 4.8 (4.5,5.1) 34 4.9 (2.0, 7.0) 33 4.7(1.0, 7.0) 0.461
Male children 55 4.6 (4.1,5.0) 30 4.4 (0.0, 7.0) 25 4.8 (1.0, 7.0) 0.255
Food variety scores
All 244 7.5(7.1,7.8) 128 6.5 (6.1, 7.0) 116 8.5 (8.0,9.1) <0.001
Respondent 122 7.6 (7.1,8.1) 64 6.6 (59, 7.2) 58 8.7(8.0,9.4) <0.001
Oldest child<5yrs 122 7.4 (6.8,7.9) 64 6.5 (5.8, 7.2) 58 8.3(7.6,9.1) <0.001
Female children 67 7.4 (6.7, 8.1) 34 6.8 (2.0, 16.0) 33 8.0 (2.0, 13.0) 0.061
Male children 55 7.4 (6.5, 8.2) 30 6.1 (1.0, 12.0) 25 8.8(2.0, 14.0) 0.001

* Mann-Whitneytestsused for diference irmears between the twovillages
19 children had breast milk (included in food variety score but not in dietary diversity score)
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Table 4.4hows that overall, dietary diversity scores were very similar between the two

villages. Figure 4.3 shows how the villages compare in their intakes of the food groups that

make up the dietary diversity scofglbweirespondents and their oldest childrender five

@8SINE 6SNB aAIdyAFAOLyGEt e Y2NB fA{1Ste (2
& 0ST2NB
YWY EKYBAASE YR 6

WYAf]l FYR RFANE LINRBRdzOG&Q (KS
AAAYATAOLIylGte Y2NB tA|1SteSd ©

those in Mbwei.

QX

%

™o

O2yadzy§S
GKS Ay

There were a number of differences in the specific foods eaten between the two villages. For

example, data from the respondents on the foods eaten over the last calendar year shows that

cassava root was ceamed by househokimore frequently in Mbwei (98%) than in Minyenye

(59%). Mlenda, awild green leafy vegetableas consumed in all Mimnye households but
only in 186 of households in Mbwei. Milk was ma@mmonly consumed in Mbwei (83%)

compared within Minyenye (5%).

Percentage

E Minyenye

& Mbwei

CerealsOther Oils & VitA Beans, Other Meat & Milk & Eggs
veg sweets rich nuts & fruits fish dairy

differencebetween

veg seeds Minyenye and Mbwei:
Food groups **:8;2603001

Figure 43. Percentageof participants(respondents and children combined) Minyenye and
Mbwei consuming the nindood groupsthat make up the dietary diversity scoren
the day before the interview
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Figure 4.4 shows the number of different kinds of plant grown by the household, for each

month, over the previous year, as reported by the respondent. Figure 4.5 shows plant food

grown by the household, gifted to the household or found wHdr both of tte graphs the

diversity of food available peaks around June and July with the lowest variety of food available

between November and February. When considering only grown food Mbwei has a

significantly higher diversity of food available in May and June mpaced to Minyenye.

When wild and gifted food is added in this significant difference disappears and Minyenye then

has significantly more variety of food available to them in January, February, April and

November compared to Mbwei.

3.50

Household dietary diversity scoreout of 6

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Months of previous year

E Minyenye
E Mbwei

difference
between
Minyenye
and Mbwei:
*p<0.05
**p<0.01

Figure 4.4Mean household dietary diversity scoréor the previous calendar yean
Minyenye and Mbwei. Score is out of six and based on groplant foodsonly”

ADietary diversiy scoreincludes the following stategories‘€ereal Q¥ifimin A rich vegetables or

fruitQWther vegetableQWther fruitQWeans, nuts and see@@nd Wils and sweet®
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4.00

3.50

3.00

Househod dietary diversity score out of 6
N
o
o

i Minyenye
1.50 - H Mbwei
1.00 -
0.50 -
difference
between
0.00 - Minyenye
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec and Mbwei:
_ *p<0.05
Months of previous year *Ep<0.01

Figure 4.5Meanhousehold dietary diversity score for the previous calendar year in
Minyenye and Mbwei. Score is out of six and based on growiid or gifted plant
foods only”

ADietary diversiy scoreincludes the following siategories‘€ereal QWU ig@min A rich vegetables or
fruitQWther vegetableQWther fruitQ¥eans, nuts and see@@BndWils and sweet®

4.4.4ANutritional status of children

On average, height was 2.05eores and weight was 1.57%segores below the reference
population median (WHO Child Growth Standards) in childreder the age of five (Table 4.5
MeanBMI for age wscokes for these children was 0.14 below the populatioedian. MUAC
was approximately 15cm in children under fixears of ageMbwei had significantly lower
height and weight for age-gcores with a corresponding higher rate of stuntamgl
underweightin children under five compared to Minyenye. There waoesignificant

differences between the two villages in BMseores or MUAC for children under five.

A similartrend was seen in all childravith Mbwei children having a significantly lower

average height-score and a lower (nesignificant) average wgit zscore. Mbweihad a
significantly higher average BMbezore than Minyenye in all children. MUAC was on average
16cm in all children under the age of 15 years with Mbwei children having a significantly lower
MUAC than children in Minyenye. There waeesignificant differences between females and

males in average-gcores or MUAC.
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Table 4.5Nutritional status ofall children and specifically children under the age of fiveMinyenye, Mbwei and both villages combined

, : P-value for
All Minyenye Mbwei difference*
Childrenunder5 years 204 103 101
Height zscores fnean(95% Cl)) -2.05 €2.23,-1.88) -1.76 €1.99,-1.54) -2.36 €2.61,-2.10) 0.001
Weight zscores (nean(95% Cl)) -1.57 €1.72,-1.42) -1.38 ¢1.58,-1.18) -1.76 €1.98,-1.54) 0.012
BMI zscores (hean(95% Cl)) -0.14 ¢0.28,-0.01) -0.23 €0.42,-0.04) -0.06 €0.24, 0.13) 0.200
Stunted (%) 53.0 40.6 66.0 0.002
Underweight (%) 31.5 23.0 40.0 0.034
MUAC(cm)"rhean(95% ClI)) 14.9 (14.7, 15.0) 15.0 (14.8, 15.2) 14.7(14.5, 15.0) 0.166
All children 432 255 180
Height zscores fnean(95% Cl)) -1.85 €1.96,-1.74) -1.61 €1.73,-1.49) -2.22 €2.40,-2.03) <0.001
Weight zscores (nean(95% Cl)) -1.74 ¢1.84,-1.64) -1.67 €1.79,-1.55) -1.84 ¢2.02,-1.67) 0.086
BMI z-scores (nean(95% Cl)) -0.66 €0.75,-0.56) -0.83 €0.96,-0.71) -0.39 €0.54,-0.24) <0.001
Stunted (%) 43.0 30.7 62.0 <0.001
Underweight (%) 38.3 34.7 43.7 0.105
MUAC(cm)"rhean(95% ClI)) 16.0 (15.8, 16.2) 16.2 (15.9, 16.4) 15.8 (15.5, 16.0) 0.039

*T tests used for difference for normally distributatears, MannWhitney tests used for nenormally distributedmears, chi squared used for difference in proportions between
the two villages
AMUAC only collected in children up to 15 ysaf age
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4.4.5Breastfeeding and complementary feeding of children
Almost 100% of children under the age of five years had been bregStéddle 4.5 These
children were breastfed until approximately 23 months in Menye and, significantly longer
(27 morths) in Mbwei. Despite children being breastfed longer, liquids were introduced
significantly earlierin Mbwei; at an average of 4.5 months compared to 5.3 monthsin
Minyenye. The opposite trend was seen for solids; they were introdiat&0.5 monthsin

Mbwei and 8.3nonths in Minyenye.

Children in Minyenye were more likely to have been weaned onto a porridge made from
multiple grains with or without additions such as oil, beans or fish while children in Mbwei
were more likely to have been weaned ontalagie flour porridge without additions. Millet

juice was used as a weaning liquid in Minyenye dugjaliwas more likely to be introduced in
Minyenye and other staples such as cassava and potato were more likely to be introduced in
Mbwei. Vitamin A richegetables and other vegetables and fruit were used more frequently as

weaning foods in Minyenye compared to in Mbwei.
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Table 4.6 Breastfeeding and complemeary feeding ofchildren under fivein Minyenye, Mbwei and both villages combined

. : P-value for

All Minyenye Mbwei difference*
Breastfeeding (N) 208 106 102
Breastfed(%) 99.5 100.0 99.0 0.307
Age breastfd until (nonths,mean(95% Cl)) 25.1 (24.1, 26.1) 23.3 (22.3, 24.2) 27.2 (25.529.0) <0.001
Complementary feeding: Liquids (N) 201 104 97
Age introduced liquids (onths,mean(95% Cl)) 49 (4.6,5.2) 5.3 (5.0, 5.6) 45 (4.0,5.1) 0.002
Introduced as first liquids(%):
Single flour porridge(incl. with sugar/salt) 49.8 27.9 73.2 <0.001
Multiple flour porridge eg. Maize, millet (incl. with
sugar/salt) 6.5 12.5 0.0 <0.001
Single flour porridge with additions eg. Beans, oil. 13.9 8.7 19.6 0.025
Multiple flour porridge with additions eg. Beans, oil. 21.9 40.4 2.1 <0.001
Cow@milk 14.9 11.5 18.6 0.163
Millet juice 11.9 23.1 0.0 <0.001
Other liquids 14.4 19.2 11.3 0.122
Complementary feeding: Solids (N) 181 96 85
Age introduced Solids (@mths,mean(95% ClI)) 9.3 (8.7, 10.0) 8.3(7.7,8.9) 10.5 (9.2, 11.7) 0.001
Introducedas first solids(%):
Ugali 91.2 97.9 83.5 0.001
Other staples eqg. rice, potatoes, cassava, yams 25.4 11.5 41.2 <0.001
Vitamin Arich vegetables 13.3 25 0.0 <0.001
Other fruitand vegetables 17.7 24.0 10.6 0.019
Beans, meat, fish, eggs 15.5 19.8 10.6 0.087
Other solids eg. biscuits 7.7 8.3 7.1 0.749

*Mann-Whitney tests used fodifference inmears, chi squared used falifference in proportions
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4.4.6Dietary diversity andfood variety in relation to nutritional status
The dietary diversity score was not significantly associated with any of the nutritional status
variablesn either the unadjusted or the adjusted regression modé&kble 4.Y. Additionally
the food variety score was not significantly associated with hteigeight or BMI zscores or
MUAC in the adjusted model. The borderline statistically significant negative association seen
between the food variety score and height for agemres disappears in the adjusted model.
Similar results were seen when childreho were still being breastfed were excluded from the
analysis. The dietary diversity and food variety scores of the respondentswesegnificantly

associated with BMI (results not shown)

Some of the food group components that make up the dietangdiity score are significantly
associated with the nutritional status variables. In unadjusted moddlsren who consumed
vitamin A rich fruit or vegetables the previous day had higher heiglabzes by).48
(Regression aficient (95% confidence inteals)0.48 (0.02, 0.99) Children eating eggs the
previous day had higher weig(it.31 (0.01, 2.62)and BMI(1.38 (0.09, 2.66)3-scores.
Children who consumed meat the day before iadblower height zscoreq-0.46 €0.91,-
0.01)) Similarlychildrenconsuming milk th@revious dajnad MUACs approximately 0.8cm
lower than those not consuming mik0.76 ¢1.45,-0.08)).

When all thandividual foods in thelietary diversityscoreare added to the same model the
only two associations #it remain significamare egg consumption ari8iMIl zscoreq1.45
(0.12 2.79))andcow milk consumption andMUAQ(-0.76 ¢1.48,-0.04)). No significant

associations are found aftadjusimentfor potential confounders.
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Tabk 4.7 Unadjusted and adjustetinear regression resultfor dietary diversity and nutritonal status in children under fivéor both villages combined

Height zscores Weight zscores BMI zscores MUAC
Regression coefficient Regression coefficient Regression coefficient Regression coefficient
(95% CI) (95% CI) (95% CI) (95% CI)

Dietary diversity score

Unadjusted model”® -0.09 €0.24, 0.06) -0.12¢-0.24, 0.01) -0.07¢0.19, 0.06) 0.01¢0.14, 0.15)
Adjusted model™ -0.08(¢-0.23, 0.07) -0.011¢0.24, 0.03) -0.05(-0.18, 0.08) 0.05 €0.10, 0.20)
Food variety score

Unadjusted model”® -0.08(-0.15,-0.01) -0.06¢-0.12, 0.00) 0.01(0.05, 0.07) -0.01¢0.08, 0.06)
Adjusted model™ -0.05¢0.13, 0.03) -0.04 €0.11, 0.04) 0.00 €0.07, 0.07) 0.04(¢0.05, 0.11)

"N forunadjusted model was 112 for height, weight and BMlkores and 115 for MUAC.

Madjusted for village, parents age, highest level of education, height, weight or BMI, whether the household has a noota]dphsehold takes action to make water safe,

whether the parents have an alternative source of income. N for adjusted model was 112 for height, weight arsd®kéiszand 115 for MUAQI these variables the following

had missing values (number of missing values in brackets after each variabpendS y (aged23)K dza 0 lageREI¥K dza o lhighesdBevel of education (NS a LI2 Yy RSy (1 Q&
height (2);K dz& 0 FhgiddiIa7)K dza o Fwgight(a7)NS & LI2 yBME (Z)K @z o IBMIRZI ) parental ethnicity (9) and whether the husband earns extra in¢8jneut of a

total of 210 individuals.
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4.4.7Complementary feeding demographis, sanitation and nutritional status
The factor that was most strongly associated wité nutritional status variables was
complementary feeding variabldsiunadjusted regression model®r each month extra the
child was breastfed their weightscore was 0.01 low€Regression afficient (95%
confidence intervals)-0.01 ¢0.03,-0.00)) andMUAC was 0.04 high€0.04 (0.03, 0.05))
Children who had aérady had liquids introduced to their diet at the time of interview had
lower height(-1.57 ¢2.49,-0.64)) weight(-1.75 ¢2.54,-0.96)) and BMI zscoreq-0.75 ¢1.47,-
0.24))andhigherMUAC(1.36 (0.47, 2.24)yompared to those who hadot had liquids
introduced The age liquidsere introduced is significalytassociated with MUAQ.16 (0.09,
0.23)). For evenadditionalmonthof age the child was when they had liquids introduced
MUAC increased by 0.16cm

Children receivinguultiple flour porridgeastheir first foodswith or without additionshad
higher heights (with addition€.67 (0.25, 1.08)without additions0.73 (0.02, 1.43))
However, children receiving single flour porridge with additions had lower hefgh65 ¢
1.14,-0.16)) Childrerreceiving nultiple flour with additionshad lower BMI =scoreq-0.52 ¢
0.84,-0.20)) Those onsuming cow8 milk as one of the firstjuids introduced to the diet had
significantiowerheight zscoreq-0.52 £1.02,-0.02)). While those consumingtherliquids
had significantly highd8MI zscoreq0.65 (0.28, 1.02))Children who had received solids at
the time of interview had lower heiglft0.72 ¢1.24,-0.20)), weight(-1.05 ¢1.48,-0.62))and
BMI (-0.68 ¢1.07,-0.28))z-scoresbut higher MUAE1.24 (0.78, 1.69))The olderthe children
were when solids were introduced the lower their heigttt04 ¢0.08,-0.01))and weight(-
0.05 €0.08,-0.02))z-scores werand the higher their MUAC wé3.07 (0.04, 0.10))

Associations betweetese complementary feeding variablasd nutritional statusre
adjusted for potential confounderand presented in Table 4.6@hildren who were breastfed
for longerhad lowemweight zscores but higher MUAChe older the child was when liquids
were introduced thelower their heightand the higher their MUAC were. Feach additional
month of age the child was when liquids were introdudezlght was 0.07-8cores lower and
MUAC was 0.17cm larg&zhildren who received multiple flour porridge with additgas a

first complementary food had lower BMiscoresand MUAGnd children receiving single flour
porridge had higher MUAC. Children receiving millet juice had lower height and weight z
scores. Children receiving other liquids such as water, fruit jié@eor soda as the initial

complementary foods had lower BMkzores.

In the adjusted model those children who had already had solids introduced into their diets
had lower height, weight and BMiscores and higher MUAC. Foreey additional month of

age at which solids were introducéebight decrased by 0.03 andleight decreased by 0.04
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while MUAC increased by 0.07cés with the unadjusted regression no specific solids were

significantly associated with any of the nutritional status variables.
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Table 4.8 Adjusted* linear regression results for complementary feeding and nutritional statusschildren under five fotboth villages combined

Height zscores

Regression coefficient

(95%Cl)

Weight zscores

Regression coefficient

(95% Cl)

BMI zscores

Regression coefficient

(95% Cl)

MUAC
Regression
coefficient (95% CI)

Age breastfed until (months)

Liquids introduced’Y/N)

Age introduced liquids (months)

Single flour porridge (incl. with sugar/saftj/N)
Multiple flour porridge e.g. Maize,illet (incl. with
sugar/salt)(Y/N)

Single flour porridge additions e.g. Beans, fig/N)
Multiple flour porridge +additions e.g. Bear(y¥/N)
Cow@ milk(Y/N)

Millet juice (Y/N)

Other liquids (water, fruit juice, tea, sod@y/N)
Solids introducedY/N)

Age introduced solids (months)

Ugali(Y/N)

Other staples (rice, potatoes, cassava, yafWa))
Vitamin A rich vegetableg&’/N)

Other fruit and vegetablefr/N)

Beans, meat, fish, eg¢¥/N)

Other solids (biscuitsnandaz) (Y/N)

-0.01 ¢0.02, 0.01)
-1.35 (2.21,-0.48)
-0.07 ¢0.15,-0.00)
0.35 ¢0.07, 0.77)

0.01 ¢0.75, 0.76)
-0.28 (0.80, 0.24)

0.43 (0.04, 0.90)
-0.36 ¢0.89, 0.13)

-0.86 (1.39,-0.33)
-0.20 €0.66, 0.27)

-0.72 ¢1.21,-0.22)
-0.03 ¢0.06, -0.00)

-0.06 ¢0.69, 0.57)
0.38 ¢0.04, 0.79)

-0.38 (0.93, 0.17)
-0.06 (0.52, 0.41)
-0.05 (0.54, 0.43)
-0.18 ¢0.81, 0.45)

-0.02 ¢0.03,-0.00)
-1.80 (2.55,-1.05)
-0.05 ¢0.11, 0.02)
0.09(-0.27, 0.45)

0.11 ¢0.53, 0.75)
-0.06 ¢0.51, 0.38)
0.10 ¢0.32, 0.52)
-0.14 ¢0.57, 0.29)

-0.54 (1.01,-0.07)
0.08 ¢0.32, 0.48)

-1.10 ¢1.51,-0.69)
-0.04 ¢0.07,-0.01)
0.06 ¢0.47, 0.59)
0.18 ¢0.17, 0.52)
-0.17 (0.63, 0.29)
-0.00 ¢0.39, 0.38)
0.03 ¢0.38,0.43)

-0.14 (0.67, 0.38)

-0.01 ¢0.02, 0.00)
-0.89 ¢1.60,-0.18)
0.02 (0.04, 0.08)
-0.19 (0.53, 0.15)

0.04 ¢0.55, 0.64)
0.27 ¢0.14, 0.69)

-0.43 ¢0.81,-0.05)
0.03 (0.37, 0.44)

0.16 ¢0.28, 0.61)
0.55(0.16, 0.93)

-0.73 ¢1.12,-0.33)
-0.03 ¢0.05, 0.00)

0.09 ¢0.42, 0.59)
-0.21 (0.53, 0.12)

0.18 ¢0.25, 0.62)
-0.08 (0.45, 0.29)
-0.05 (0.43, 0.33)
0.04 ¢0.46, 0.54)

0.04 (0.02, 0.05)
1.17 (0.30, 2.04)
0.17 (0.10, 0.24)
0.66 (0.25, 1.06)

-0.03 ¢0.77, 0.71)
0.08 ¢0.44, 0.60)
-0.49 (0.96,-0.02)
-0.05 (0.54, 0.44)

-0.17 €0.72, 0.39)
-0.04 €0.52, 0.44)

1.11 (0.65, 1.57)
0.07 (0.04, 0.10)
0.59 (0.04, 1.23)
-0.10 ¢0.51, 0.32)
-0.22 (0.77, 0.33)
0.05 (0.41, 0.52)
-0.18 (0.66, 0.30)
-0.61 (1.23, 0.02)

*Adjusted for village, parents age, parents ethnicity, highestlevedatation, height, weight or BMI, whether the household has a mobile phone, household takes action to make

water safe, whether the parents have an alternative source of incodneas 193or height, 195 for weight,196 for BMI mscores and 19fbr MUAC.. Ofthese variables the
following had missing values (number of missing values in brackets after each vahdBla):LJ2 yaQeS(P3IKWES 6 ageRIIMK dza o Fhigiesd Bevel of education (9)
NXS & LJ2 yhei§hy ()R &@lza 0 Fhgidhid&7) husbanddeight (77)NJS & LJ2 yBMS (2)K@za 6 -BMIREI Hparental ethnicity (9) and whether the husbaedrns extra

income (8) out of a total of 210 individuals.
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In unadjusted regression analysis for each additional cm iNtBed LJ2 yhRighifhiei€mar
five child® heightincreased .05cm (95% C0.03, 0.08. This figure waB.0&m (0.04, 0.11)
for theK dza o hgightOSimilarly, for each additional kipdB & LJ2 ywRi§hytieRunder
fived S I NJveightves®04kg(0.02, 0.06higher. For ach additional pmt of respondent
BMI the under fivéé S I NBI2I ivaDékg/m2 (0.02, 0.10)and their MUAC waB.07cm
(0.01, 0.13nigher.For each additional poimtf theK dza 6 [BMIEhGigunderfiveéd S NJ 2 f RQa
MUAC wa$.07cm (0.01, 0.13pigger.

Parents ethnicity was significantly associated with underdiv@ | Nhelght(R0Q3(0.40, -
0.07)and BMI zscoreg0.15 (0.03, 0.27put not weight ¢0.07 €0.21, 0.07)) or MUAC (0.02 (
0.13, 0.18)). Height for ageszores were highest when both marts were Nyantulu-1.72)
and similar if both parents were Par2(32), SambaaZ2.29), or mixed/other{2.39). BMI for
age zscores were highest for under five year olds with mixed or other parental ethnicity
(0.21), followed by those with Pare pareit8.14), with Nyantulu-0.30) and Sambaa(.33)

parents having children with similar BMézores.

Households taking action to make water safe for drinking, for example boiling, had under five
year olds witl0.18 (0.03, 0.33higher weightz-scoresn the unadjusted modeThis

association was no longer significant when adjusted for confoundélade, responder@ and
herhusband® age an& dza 6 HrgqReRdy of employment(0.16 (0.01, 0.34) The source of
drinking water was significantly associatedh dzy’ R S NJ F A déightz&orddinthé R Qa
unadjusted model onlf-0.15, €0.27,-0.17). Height zscores were2.27 for households getting
water from rivers or lakes1.88 in households using piped watek,84 where a borehole was

the source of weer and-1.59 for households using dug wells.

In the adjusted model whether the household did something to make water safe was
significantly associated with weightszores; those householt®iling water had under five
year olds wittweight zscores 0.28igher than those using other methodad 0.56 higher
than those doing nothinfregression coefficients (95%C0.28 ¢0.54,-0.02) . Compared to in
houseswith open pitlatrines, under five year oldshouses wth closed pit latrines had
0.37(0.04,0.70) higher MUAGNd0.19 (0.01, 0.36higher weight for age-scoresSource of
drinking watertaking action to make water saftime to get water and type of toilet were not
significantly associatedith other measures of nutritional status either the uradjusted or
the adjusted modelsdf the variables in the model the following had missing values in under
five year olds (number of missing values in brackets after each variblde i LJ2 yage328)ii Q a
K dza 0 lageReD) K dza o IfrgqReRcy of emplgment (9) out of a total of 210 individuals.
These numberwerdNB & LJ2 yage$59)K 0z 0 lageRI2B83K dza o IfrgfqReRGy of
employment (24) out of a total of 532 individuals for all childyen.
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Seventyone percenbf all respondent$77% in Minyenyand 66% in Mbweifelt their family
did not get enough food and 83¢88% in Minyenye and 78% in Mbw#s)t they didnot get

enough variety of food.

4 .5Discussion

4.5.1Nutritional status of children

Growth rates of the chdlren in this study were poo©n average under five year olds were
stunted, as defined as twstandard deviation§SDYelow the median of thénternational
WHO Child Growth Standards in height for aggeares.The rates of stunting seen in this
study were higher than rates seenthe Tanzanian 2010 demographic and health su(GHAT
compiler, 2013 (chapter 7, Table 7.%but broadly similar to those seen in othEainzanian
articles(Beasleyeal., 2000 de Onis et al., 2032

Both villageshut especially Mbweihad high rates aiow weight for age &scoresLow height

for age, or stunting, reflects a failure to reach #vepected linear growth for the chi®age(de
Onisetal., 1997 This occurs over a longer time period than low weighsiye or

underweight which reflects alower than average weight for a given agésanfiuenced by

short term factors such as diarrhoéRowand et al., 1988 The high rates of bétstunting and
underweightseen in this study indicates long term adverse conditions where the children have
not reached their height potential combined with current adverse conditions where they are
not as heavys would be expected for their already reduced heighitdAC reflects short term
nutritional status.The WHO standards ftine definition ofsevere acutenalnutritionis a

MUACof below 115am (Gollogly, 200Q Themeanand 95% Confidence Intervals of MUAC

showed itto be at acceptable levels in both villages.

4.5.2 Detary diversity and nutritional status

Participants in tks studyhad average dietary diversity, five out of nine food groups, but low
food variety, atotal of 7.5 different food itemi much of the literature in this aredietary
diversity(Arimond, 2004Corbett et al., 1992Steyn et al., 200685arg and Chadha, 2009ti

and Lartey, 2008Savy et al., 200%and food varietyfHatloy et al., 2000Sawadogo et al., 2006
Saibul etal., 20Q90nyango et al., 199&re significantly, positively associated with nutritional

status, something that was not found in this study. In the adjusted regression models no
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significant associations were seen between dietary diversity or food variety and height, weight
or BMI zscores or MUACT his result does not support the pathway from dietary diversity to

nutritional status illustrated in figures 3.2a) and b).

There are a number of possible reasons for thistly, there are many factors which have an
impact on nutritional statudnfectious diseases in the first five years of life has a significant
impact on childre® nutritional statugVictora etal., 1990. Many individuals enterinto acycle
of malnutrition and infectioreach exacerbating the other leaving the individual more
malnourished and more atrisk of infectigBhenetal., 199 C2 2 Ra Ay (i NP RdzOSR
dietwhen they are being breastfed have an important impaxctieeir nutritional status
(Onyango et al., 19980batolu, 2003 Additionally, vaccinationd®ancer et al., 2008 access

to clean drinking water and living with poor sanitati@ink et al., 201 XKikafundaetal., 1998
are associated with stunting in children under the age of fiNtritional status in children has
a 0SSy fA]1SR (2 (FérkaSdezdl alJPORZR ¢ niateRal édicdtiGnNg O &
(KabubeMariara etal., 2009Abuya et al., 2012 Theseother factors may be enough to offset
or maskthe effect of dietary diversy on nutritional status in this studypuration of
breastfeeding, introduction of complementary foods and sanitation were assessed in the
current study and will be discussed further in the next sectiudditionally, dietary diversity
varied littleacroshousholds in the village®5% of thestudypopulation had dietary diversity
between 4.6 and 5.0. There may not be enough variatiatietary diversityo detect an effect

on nutritional status.

Secondly, some methodologidactors may have affectadsults Detary diversity was
assessed crossectionally at the same time the nutritional status measures were taken. This
assumes that dietary diversity is static and a cross sectional measure can represent dietary
diversity of thepast. This may be tagreatan assumption; the study design limits the
likelihood an association between dietary diversity and nutritional status would be detected,
evenifitdid existin this population. However, a number of other studies have found
significant associationsetween dietary diversitgArimond, 2004Garg and Chadha, 2009

Savy et al., 20055awadogo et al., 20061atloy et al., 2000and food varietfOnyango et al.,
1998 Hatloy et al., 2000Saibul et al., 2005 awalogo et al., 2006and nutritional status

outcomes measured crossectionally.

Lastly, hedata was collected in June and July, times of relative food plenty. In the previous
year food diversity dropped from approximately 3.56June to 1.5/6 in November,
December and January when looking at foods available to the household through foods grown,

found wild and gifted to the household. Perhaps if dietary diversity was measured at atime of
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food shortage an association betweerethiry diversity and nutritional status would have been

seen.

4.5.3 Complementary feeding, demographics, sanitation and nutritional status
Some complementary feedindemographi@nd sanitatiorfactors are associated with
nutritional status in these vilges Children under five in Mbwei were more likely to be stunted
than children in Minyenye. There were a number of differences betvibe two villages that
mayexplain why those in Mbwei had poorer nutritional stat&hnicity was significantly
associatel with height and weight so thisiophysical characteristics different tribesliving in

the two villagesnay explain some of the differenseen between theillages. Habicht et al
(1979 found that the effect of ethnicity on the growth of young childrera range of low and
highincome countriesvas small compared to environmental factovghileEbomoyi et al

(1997 found ethnicityto be significanlly associated wit birth weightin Nigerisand a

Tanzanian study showed fathers ethnicity to be significantly associated with perinatal mortality
(Habib et al., 2008 Proos called for local reference growth data for different ethnic groups
and regions to be developd@roos, 1998 Ethnicity, in this study could have impacted on the
nutritional status results butitis difficult to remove its effects from the effect of the village as
the majority of people fronMinyenyewere Nyantulu and the majority dfiose from Mbwei

were Pare.

World Msion has been working in Singidiatrictsince 2004 and Minyenyallagehas been a

target for their education and nutrition progranfg/orld Vision Tanzania, 200@ne of their

may | OKAS@SYSyida 2dzit AYSR Ay GKSANI WwWoaaSydalf
yydzt f NBLR2NIG wHammQ A& GKS AYLINR@SYSyida YIRS
(World Vision Tanzania, 201This is reflected in the results of this project with Minyenye

being more likely to use a multiple grain porridge and to make additions of oil, beans and fish

to their porridge. Although respondents in Minyenye were mbkely to report better

weaning practices such as introducing multiple grain porridge, porridge with high nutrient

additions, vitamin A rich vegetables and fruits and vegetables, this did not have a significant
impactonO K A f RuiBoyiaDsiatus, irthis study.

On the contrary, the practice of introducing multiple flour porridge with additions and millet
juice, which was carried out almost exclusively in Minyemyges negatively associated with
the nutritional status outcomedgespondents in Mbweritroduced liquids to breastfed infants
significantly earlier than those in Minyenye. These liquids were typically porridde mith

water, as was the porridge and millet juice in Minyenyhkis mayntroduce a risk of infection
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to the children earlier whih could impact on their nutional status negativelgMotarjemi et
al., 1993. Grossetal(2000 found Vietnamese children who had early introduction of
complementary foods (typically rice water and rice porridge) to have a higher rate of infection
and poorer anthropometric outcomes than children that continued to be exclusively or
predominantly breastfed at ages12 months. Children in Mbwei did not receive solids until
later than their Minyenye counterparts leaving them at risk of infection from unclean drinking
water without sustenance from solid food for long&his may contributéo the lower height

and weight zscores in Mbwei.

There is an established association between infection and nutritional status in under five year
olds(Stephensen, 1999Although this study did not collect data on markers of infection there
are a number of reasons why Mbwei might be expedteldave a higher rate of infection

which may have contributed to the higher rates of stunting in this village. Firstly the majority
of participants in Mbwei collected their drinking water from rivers which were also used as
watering holes for livestock. Mgy infectious organisms are transmitted via the faemsll

route through contamination of drinking watéFayer et al., 2000 Different sources of water
were not, however, associated with nutritional status. Some ofitteeeased risk of infection
may be offset by the higher proportion of people boiling water in Mbwei as wiettine
household took action to make water safe to drink was associated with weigimder five

year oldsOpen pit latrines, which were the most common type of toilet in both villages, was
associated with poorer nutritional status. Poorer sanitation piasviously been linked to

poorer health outcomes itow income counties(Fink et al., 201IEsrey, 1996 Making water
safe to drink and the type of toilet the household hadong with the difference in
complementary feeding, may still have impactedates of infection anautritional statusn

these two villages

There were no significant differences seen in dietargdiity between the two villages.

Perhaps using a summary score of dietary diversity means we lose important dietary

information. It may be the information that makes up these scores that is most valuable. When
looking at the components of the dietary digty score a higher proportion of those in
aAyesSyeéesS 0O2yadzySR WOAUlFYAY NAROK FTNHAG yR O
LINEPLR2NIGAZ2Y O2yadzySR W2Afa yR agSStaqQsx woSlH
significant positiverelatiofi6A LI 6 SG 6SSy W@AGlF YAY | NXOK F NHzA
negative relationship between milk consumption and MUAC were found in unadjusted models.
When other dietary diversity components were taken into account only egg consumption and

milk consunption showed significant associations and when potential confounders were

adjusted for these associations disappeared. Only two children consumedeggeious
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day so it is noappropriate to generalise this result to the wider population. However, the
difference in vitamin A rich food and milk intake between the two villages may have

contributed to their different rates a$tunting

Vitamin A deficiency has been shown to be causally associated with poor gfbavitotjo et
al., 1992. A possible mechanism for this association is the protective effect vitamin A has
againstinfectiofSommer etal., 1984 Milk consumption has not beehawn to be
associated with malnutrition, in fact animal products are often recommended to improve
nutritional status inow income countes(Gibson et al., 2003Kikafunda et a{1998 found
children in Uganda who had never consumed €milk to have a significantly higher rate of
underweight that those who had consumed milk. Grillenberger @06 showed in Kenya
that growth was improved by providing a milk supplement to school children. However a
number of respondents merdned during the course of data collection that milk is often
watered down with drinking water in these areas. This practice could introduce a risk of

infection.

Other dietary components and practices may also help account for this difference in
nutritional status. The majority of participants in Minyenye consuriBenda(Corchonus
tritocularies Tillaceag a wild green leafy vegetable that grew freely in the area. Itwas a very
important part of their diet with many participants consuming ongaliandmlendaas their

main mealMlendais eaten fresh butis also dried and ground to be used throughout the year.
Mlendais highin iron and calciu(Kinabo et al., 2006and having this food available year

round isexpected to be an important contributor to the food security of people living in
Minyenye. Thisisillustrated ih¢ difference between Figure 4.4 and #/&ich shows that

Mbwei has more household dietary diversity than Minyenye in May and June, tfesafite
disappears when wilfood is included in Figure 418inyenye has a higher diversity of food
available in January, February, April and November when wild food is taken into consideration,
highlighting how important wild food can be to dietary ineakl'he importance of wild food to
those living in rural susahara Africa has been extensively discussed in the literadiearis

and Mohammed, 2003Nordeide et al., 1996)ohns et al., 1996/ainio-Mattila, 2000

Bharucha and Pretty, 201@nd has been shown to be an important source of energy and
micro-nutrients(Nordeide et al., 1995 especially at times of food scarc{tyarris and
Mohammed, 2008

Households in Mbwei we more likely to grow and eat cassava compareldioyenye.

Cassavartypically provides enough calorigsfiadequate protein, iron, zinc and vitamin A

(Stephenson et al., 2010Gregios et #2010 found the proportion of the diet made up of

cassava was inversely correlated with vitamin A, zinc and iron intake. Cassava, however, is an
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important crop for food security as it can be stored in the ground, it grows in poor conditions
with limitedinput and is unusually toleragEFSharkawy, 2007 It can help maintain energy
intake during the hungry season and provide an in ground food store in case of crop failure
(Prudencio and AHassan, 1994Both the higher growth and higher consumption of cassava

in Mbwei may indicate poorer food security in this area.

Minyenye had significantlpwer rates of stunting than Mbwei but their under fiweear olds
were still 41% stunted, rates higher than outlined in the millennium targets for g0hfed
Nations, 2011 Reasons for thisigh rate of stuntindound in both villages, in addition to
infection and the types of foods introduced to breastfed children discussed above, értted
high level of poverty and low food security found in rural Tanz@tadley et al., 2007 The
households patrticipating in this study were poor with none of the houses having electricity and
only half reporting owning aradio. Approximately three quarters of the participants reported
not getting enough food as well as rgetting enough variety of food. All these factors are
likely to contribute to the poor nutritional status seen in these villagémse factors relating

to poverty and acting through diet and infection, were illustrated by the
social/economic/care/healtifiactors section of the conceptual framework (Figure 3.2 a) and
b)). In comparison to agrobiodiversity, these factors have alarge impact on child nutritional

status.

4.5.4Limitations and strengths

This study has a number of limitations that need to blermwledged, in addition to the cross
sectional nature of the study and the seasonal effects discussed above. As with all studies that
rely on a translator there will be inaccuracies in the information translated and interesting
detail in the participantsesponses may have been lost. Thessculturaldynamic of the

study may have affected the honesty of the responses fronpiréicipants(Twyman et al.,

1999. The researcherwas white and frorhigh incomecountryand it is possible that some

of the respondents exaggerated the difficulties they faced in the hope that they would receive
aid from the research project. Itis alpossible that the participants underplayed the difficulty
of their circumstances if they felt embarrassed in front of the research teamcibsscultural
dynamic could have affected the answers the papants gave, the way this was translated

and howthis has been interpreted by the researchie e number of different wayffwyman

et al., 1999. This needs to be taken into consideration whimterpreting the results of the
study.The household questionnaire collected mainly quantitative data, collecting more
gualitative data may have provided additional insights into the determinants of nutritional

status in these communities.
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Additionally te interview often took place within hearing distance of other family and
community members and this may hav&eacted how the participants answered the
questions. The interview was detailed and took between 1 and 1.5 hours to complete. The
researcher expets the quality of the responses to have decreased over the course of the

interview.

Information collected on complementary feeding would have been affected by recall bias as it
was collected on all children under the age of five years. Anthropometric measures were taken
outside the family home, almost exclusively on mud ground. There netruly flat surfaces

to take the height and weight measures which may have decreased the accuracy of the results.
Similarly some of the young children were upset, making taking accurate anthropometric
measures more difficulThe researchers did theielst to minimise the effect of the above
limitations on the data collected but expect them still to have had an effidet.effect of

clustering at the village level was taken into consideration for the sample size calculation; the
study is powered to detddifferences between the two villages. This calculation did not
however allow for clustering at the household level. As approximatelydb%e households

in Minyenye and 65%fdMbwei households had more thame under five year oldhis may
havedecreased the studies power to detect differences in nutritional status between the two

villages.

Using a set of indicators to represent household weatich as the DHS wealth index
(Rutstein et al., 2004 s a useful approach in a lomdome country setting. However aalth
idzRe Qa

Q)¢

was not addressed directly by this study asitwas o@isidd KS &02LJS 2F (KS
Using individual variables as proxies for wealth was therefore considered suffacaattas
potential confoundesin regression analyses. Factors potentially associated with wealth were
added to data analyses totiand control for wealth in these villages. The only variable that
impacted on the regression coefficients, indicating it was a confounding variable, was whether
the household owned a mobile phone. This variable thasefore used as a proxy for wealth

ina number of the data analyses.

The limitation of this approach is that mobile phone ownership may be confounding the
relationships for reasongther than its relationship thousehold wealth. For example,
improved communication may be having a positiveaot on nutritional status. The other
limitation is that, if itis representing wealth, itis just one aspect of wealth when a wealth

index summarises many aspeof wealth making it amore accurate estimate.

Thisstudycomprehensively collected paired data on dietary diversity and nutritional status on
a randomly selected sample within the two villages. This data and information on other

potential determinants of nutritional status in these villages was collected spaityffor this
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project and data collection methods were tailored to collect tteda needed to meet project

objectives.

4.6 Conclusions

Malnutrition was high in these communities but typical for Tanzania. Thisis likely to be due to

high levels of povey, low food security, poor access to clean water and poor complementary
feeding leading to high rates of infection among other iAtelated factorsThis study

identified factors that may have been responsible for kiigher rates of stuntingn Mbwei.
Theseincluded diffeences in ethnicity between the twadllages, the early introduction of
fAljdzZARa IyR f1F0S AYyGNRRdAzOGAZY 2F &a2f AR& Ay .
and greater time taken to collect water. With the exception of etlityi@ll of these factors

raise the risk of infection in children which, along with food intake, has been identified as the

major determinanbf nutritional status in under fivgear olds inow income counties.

Participantsn Minyenye and Mbwehad aveage dietary diversity but low food variety. There
was no relationshipound betweerdietary diversityor food varietyand nutritional status in
these communitiesind no difference in dietary divetgior food variety between the two
villageslIt should beacknowledged thatttese esults may hae been influenced by design,
methodologicahnd seasonal limitations of the study. However, other dietary factors may
have contributed to the difference in height and weight between Minyenye and Mbwei.
Specificallythe higher intake of vitamin A rich fruit and vegetables and lower intake of
potentially contaminated milkin Minyenye may have played a part. Additionally, the high
proportion of households consuming wild green leafy vegetables in Minyenye may have
buffered food intake at times of food shortage while the higher proportion of households in

Mbwei eating cassava may indicate worse food security in this village.

The hgh rates of stunting in childreimder five yeas oldshows that there is still a great need

for interventions to improve nutritional status these villages, and most likely others like them.
The multiple determinants of nutritional status discussed in this chapter highlight the difficulty
of intervening in order to improve nutrition and healthmwomes. This chapter provides
evidence to support broad nutrition interventions which address the wide range of factors

such as sanitation and complementary feedsigown to be related to nutritional status.
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Chapter 5
Investigating the associatias between plant agrobiodiversity
and both dietary diversity and nutritional status in Minyenye

and Mbwei, rural Tanzania.

5.1Chapter summary

The previous chapter outlined the relationship between dietary diversity and nutritional status
as well as thassociations between other demograpjsociabnd dietary factors and

nutritional status.This chapteaims to investigate the relationship betwephant

agrobiodiversity anthoth dietary diversity and nutritional status in households reliant on
subsistemre farming in rural Tanzanil&reports on plant agrobiodiversity measured cross
sectionally in the household farms as well as the number of canplsvegetablegrown over

the previous calendar year. Thesecondsetsof measursof plant agrobiodiversytwill be

referred to as the crop and vegetabdéversity score. Whether selling different types of crops

is associated with dietary diversity and nutritional status is also reported in this chapter.

This chapter meets objective 8ystematically assei® diversity and abundance of both
cultivated and wild plants growing on household agricultural land in two villages in rural
Tanzania and investigate how this is related to dietary diversity in under five year old and
nutritional status in children inliese villagesand contributes to meeting objective Bl€asure
household crop and animal diversity, dietary diversity of respondents and children under five
and nutritional status of children living in these villages, determine whether household
produce issold and investig&how these factors are relat¢dnd objective difivestigate

basic sociademographic factors affecting dietary intake of children under five and nutrition

outcomes in children in these villages this thesisThe objectives of thidwapter areto:

Objective 5A: Present descriptive data on habitat, species present, farm characteri
crosssectional plant agrobiodiversity and crop and vegetable diversi

scoresin the two villages.

Objective 5B: Investigate whether plant agrobiodiversity and crop/vegetable divers

scores are associated with dietary diversity and nutritional status in
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children.

Objective 5C: Investigate whether selling staple crops, vegetables, fruit and other
produce is assodead with dietary diversity and nutritional status in

children.

Agrobiodiversity is not associated with dietary diversity or food variety in Minyenye or Mbwei.
Households with higher annual crop or vegetabieersity scores, however, had individuals

with more diversity in their diets. Associations between agrobiodiversitycaoypldiversity

scores and nutritional status are mixed in Minyenye but negative in Mbwei. Individuals from
households selling produdkey grew had higher dietary diversity in both villages. Households
selling produce had the same or better nutritional status in Mbwei but results in Minyenye

were mixed.

Only one studyDewey, 1981has linked these factors together within a study, tracing
associations between food production, consumption and groviithis study therefore
provides important data on the association between agrobiodiversity, dietary diversity and
nutritional status and shows that these associations are not to be assumed. Thisrdtuays
future interventions intendingo useimprovements irplantagrobiodiversity as a tool to
improve healthand encourages researchers and development agencies toexgpbme of the

barriers to the pathway from diversity in crops grown to diversity in diets to health outcomes

5.2Introduction

Agrobiodiversity has been defined as thielogical diversity on lands used for agricultural
purposegBrookfield and Stocking, 199% includes all aspects of biological diversityich
affect agriculture and food; the diversity of plants, animals and maganisms aspecies and
ecosystem level@Cromwell et al., 1999 This chapter focuses on plant agrobiodiverdityere
has been discussion in the literature about the importance of improving agrobiodiversity to
improvefood securitydiet and nutrition(Thrupp, 2000Frison et al., 2001 Anincrease in the
types of crops grown also opens up the potentialtfmse crops to be sold, supplementing the
househods income and potentially improving nutritional status through this path¢&hack et
al., 1990. Crops may also be specifically grown for seith none of the grown crops being

eaten within the household.

Agrobiodiversity has been highlighted as essetitiie sustainable delivery of a more secure
food supply(Frison et al., 201IThrupp, 200D According to Frison et 42011 themore
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diverse farming systems and crops dhe more resilienfarming systems ar® shocks and
changes in the climat&hrupp(2000 outlines the problems associated with agrobiodiversity
loss These are most relevant for plant agrobiodiversifigruption of ecosystem services
including water retention, nutrient cycling and decomposition which leads to decreasesin
productivity; erosion of genetic resources of crops and livestock leading to increased risk and
decreased food security; erosion of insect diversity leading to decreased pollination and
increased susceptibility; erosion of soil diversity leading to feytitiss and decreases in
productivity; loss of habitat diversity including wild foods and loss of indigenous methods and

biodiversity knowledge.

Ecosystem servicgzovided bybiodiversityareconsideredn detail byAltieri (1999 who
discussshowthe disruptian in these ecosystem servicae linked taeductiorsinfood
production.Tilman et a(1996 provided experimental evidence supporting the diversity
sustainabilitytheory that the sustainability of soil fertility is reliant phantbiodiversity. They
found that ecosystem productivity increased amttogen loss decreasl with higher plant

diversity.

Two distinct types gblant-basedbiodiversity are present ithe majority of agricultural

systems. The firstis the biodiversity of the crops planted by the farmer. The second is the wild
plants as w# as the soil flora and fauna, pollinators, decomposers, herbivores and carnivores
associatedvith this planned biodiversitgAltieri, 1999. How these two different kindsf

biodiversity interact and impact on ecosystéamction is outlined in Figure 5.
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Figure 51. The relationship between planned biodiversity and associated biodiversity and
how they promote ecosystem function (presented Ig¥ltieri, 1999, modified from
Vandeermeer and Perfecto, 1995)

Alongside conservation rationales, one of the mostimportant reasons cited forimproving
agrobiodiversity is to improvimod security(Thrupp, 200panddietary diversityFrison et al.,
2006 with the hope that this will lead to improvements in nutritionggis and health in
malnourished populationg:or these reasons, it has become an important focubsifussions
around delivering a sustainable food supflyahlgvist and Specht, 1998hivian, 2002Frison
et al., 2006 Gotor, 2010. To date there has been very littiampiricalresearch into how plant

agrobiodiversity is related to consumption and health.

Some evidence points to a relationship between agrobiodiversity, dietary diversity and
nutritional statusIncreased agricultural diversibas been linkewvith a greater production of
essential nutrient¢Marten and Abdoellah, 1938Dewey found farmers cultivatimgore

diverse farms to have higher dietary diversity and nutritional status than those farming cash
crops(Dewey, 1981 Ekesat al (2008 foundagrobiodiversity to be positively correlated with
dietary diversityn a crosssectional survey in Kenydoweveragrabiodiversity was estimiad
using number of crops growather than accepted measures of biodiversity and the project

did not go as far as to link these factors to nutritional status.
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Other studies have failed to findsaciations between aghoodiversityand nutritional status
Shack et affound no association betwaenumber of food crops grown in home gardens and
nutritional status in Papua New Guingzhack et al., 1990Kidala et al(2000 found
communities that received a nutrition education intervention leading to the establishment of
household and school gardens had higher green leafy abieintakes but lower serum
retinol concentrations compared to control areas receiving no intervenfldre authors
concluded that these results were confoundedi®iminthsinfection. A long term study in
Senegal found no improvements in nutritional ikéeafter the establishment of home
@S3ASGlo0ftS IINRSYyas RSALAGS Brunel2agmogpi oS A YLI Ol
The assumpbn that increased agtwodiversity leads to increased dietary diversityd
improved nutritional statusippears logical but perhaps does not acknowledge the complexity
of the pathway fromdod production througltonsumptiorto nutrient utilization in people
living inlow income countes. However, the potential that increasesgjrobiodiversity can
improve the diets and health of subsistence farmers while making an important contribution
to biodiversity conservatiofChivian, 200gis an important research area to beviestigated.
To contribute further understanding of these relationships this chaptiéirexplore the
associations between agrobiodiversity, dietary diversity and nutritional status variables in

Minyenye and Mbweiin rural Tanzania

5.3Methods

Thisstudyaimed to systematically assess the diversity and abundance of cultivated and wild
plants on the households agricultural land. In order to meet this objective a systematic
measurement oplantbiodiversity was choseas a proxy indicator @grobiodiversityThe
diversity of croggrown by the household over the last calendar yearreported by the
respondentsupplements this datalhis iseferred to as thecrop diversity score. Vegetable
diversity scores, referring to the number of different types of @&dples grown over the
previous calendar year, are also report@ata collection methods have been described in
detail in chapter 3. Specific data sourgelsntbiodiversity index calculations and statistical

analysis methods are described below.
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5.3.1Data sources

5.3.1.1Agrobiodiversity

The number of farms the household had, where they were and which were going to be
measured were estblished. Thdiodiversity researchssistant left the interview with a family
member, often the husband, to meare the agrobiodiversity on the chosen farfbe
diversity of plant species were collected as an indicator of agrobiodiversity using the point
intercept method(Coulloudon et al., 1999Details of how data wallected is presented in
chapter 3, section 3.5.4.1. The agrobiodivergitotocol and the data collectioreets are

included in appendix C and E

5.3.1.2Questionnaire

Additional quanitative data werecollected using the questionnaire, includinggtnumber of

crops the household greim the last calendar year. This infortran was used to calculate the
cropand vegetable diversity scores. These scores represent the euohbifferent types of

crops andvegetablesntentionally grownfor household consumption in the previous calendar
year.Whether they sold any staple cropsegetables, fruit or othgsroduce (oil, beans, honey

or sugarcangwas also collectedata on potential confoundingariables, suchd$dza 6 I Y RQ &
type of employment, was also collected through thgestionnaire (SeAppendixDfor a copy

of the questionnaire).

5.3.2Data calculations

5.3.2.1Agrobiodiversity index

The Shannon diversity index was used to provageeasure of the number of differeptant
species and the abundance of these spefia, 200 The higher thendexnumber the more
diverse the areaShannon indices were calculated usphgntspecies data from farms
colleded using the poinintersect method described in chapteaBdprovide an indication of

plantagrobiodiversity at the household level.
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The following Shannon diversity index formulawas used:

5-‘.

H=— Z pi In p;,

i=1

H= the Shannon diversity index
pi = fraction of theentire population made up of speciesi

S=number of species encountered

The Shannonindex calculations were carried outin excel. The excel spreadsheet contained the
list of all theplantspecies encountered on all the farms measured for a household and th
number of times they were encountered through the data collection metliiaias

calculated by dividing the total number of times the individual species was encountered by the
number any species was encountered. For each species this was multiplied by the natural log
of piand these numbers were added together to give the Sharnindites per householdhis
plantagrobidiversity index was calculated separatelyIpall plart species and 2) fooplant
speciegspecies either intentionally grown for food or that could be used for fobdg to the
different methods used,idersityindices for farms andegetablegardens were calculated

separately.

5.3.3Data analysis

5.3.3.1 Descriptive statistics
Qualitative data on indicators of land degradation, recorded by the biodiversity research

assistant, and changes in crop production|ected through the questionnaire, were coded

into categories to be used in the analysis. Basic descriptive statistics including the number of
farms, abundance data and average plant agrobiodiversity indices (the Shannon indices) were
calculated for all @nts and food plants for each village (chaptejasitive 5A. Mann Whitney

and Chisquared tests were used to detesignificantdifferences between theillages in plant

agrobiodiversity indices and farm characteristics.
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5.3.3.2 Linear regression analgsi
Linear regression was used to answer the main aim of this study; to estimate the relationship
between plant agrobiodiversity, dietary diversity and nutrital status (chapter objective 5B
Relationships between selling staples, vegetables, fruit andmgiroduce and dietary diversity
and nutritional status was investigated using linesgression (chapter objective k' he
relationship between farm characteristics and dietary diversity and nutritional status was also
investigated using linear regressiin order to provide more information on the context of the

agrobiodiversity measures.

Data collected on transects laid every 20 metres was used to calculate Shannon indices for

both villages to make like for like comparisons. However, for the regreasmlysis, when

villages were analysed separately, data collected on transects every 10 metres was used for
a0oSA a GKAA Y2NB RSGFIAE SR £S@St 2F RIGF O:
farms.

Both unadjusted and adjusted regression modeéspresented. For adjusted regression

models potential confounders were identified using the Directed Acyclic G@lgimour,

2009 (Figure 3.15) and confounders were selectedescribed in chapter Dage 73.

Variables inclugd in the dietary diversity/food variety regression modelsincludedza 6 | y RQ &
type of employmentK dza 0 frgqRefcy of employment; number of farms; average farm

size The village the participant lived in was the only variable identified through theAD¥d¢B
substantially altered the regression coefficients in the agrobiodiversity nutritional status
regression models. As the regression coefficients varied substantially between the two villages
presenting regression results separately for Minyenye and Bwas felt to be more

informative than using multivariable regression.

5.3.3.3 Missing data
Multiple imputations using chained equations weused for the multivariable regression

analysegor the associations between selling crops and diethwersity Imputations were
done separately by village forspondents anthose under five. The missing values were
imputed based on the complete variables in the mogdiether the household has a mobile
phone;NB & LJ2 yhRjlkest ievel®f educatignvhether therespondent works in agriculture;
whether the respondent earns extra incomaymber of farms and number of vegetable

gardens the household has

Multiple imputations using chained equations weaksoused for the multivariable regression

analysesor the asociations between selling crops and nutritional statagputations were
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done separately by village fohildrenunder fiveand all childrenThe missing values were
imputed based on the complete variables in the mogdiether the household has a mobile
phone;NB & LJ2 yhRyltest iev@l®f educatignvhether the respondent works in agriculture;
whether the respondent earns extraincome amtlether the husband has an additional small

business

5.4Results

5.4.1Habitat and farm characteristics

A total of163farms were sampled, representing®@gcof farms in Minyenye a1% of farms

in Mbwei (Table 5.1All farms near the house and three quarters of farms far ftbenhouse
hadplantagrobiodiversity data collected in Minyenye. Three quarters of farnsedothe

house and approximately 20% of those far from the house had data collected onthemin
Mbwei. The farms where agrobiodiversity data were not collected were estimated to be larger
than the other farms, this difference was most pronounced in Minyey farms where
agrobiodiversity data were collected, Minyenye respondents reported a higher number of crop
types grown, especially staple crops as compared to the farms where agrobiodiversity data
were not collected. In Mbwei, the reported number of prtypes did not vary between farms
where agrobiodiversitgata were collected and whetéis data were not collectedhis

indicates the farms where data were collected were representative of all household farms in
terms of crop types growiThe distributbn of the households and thefiarms is displayed in

Figures 5.and 53.

The farm types were very differentin Minyenye compared to Mbwei. In Minyenye the majority
of participants had one medium to large farm very close to their household and sometimes an
additional farm further away from their house. In Mbwei it was typical for the household to

have a number of smaller farms, often quite far away from the household, in the valley, in the

mountains and sometimes in both areas.
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Talde 51. Farm characteristics darmswhere agrobiodiversity data werand were not collectedn Minyenye and Mbwei

Minyenye Mbwei

ABD data NoABD data ~ ABPda@ N4 ABD data

collected collected
Number of farms 95 4 68 88
Percentage of total farms 96.0 4.0 43.6 56.4
Farms near the house (%) 1000 0.0 75.0 25.0
Farms away from the house (%) 75.0 25.0 21.1 78.9
Estimded size of farm (acres, me§95% Cl)) 1.8(1.6,2.1) 3.0 (0.0, 7.4) 1.1 (0.8, 1.3) 15(1.1,1.9
Reported number of crofypes grown (mea(©5% ClI)) 2.4 (1.4,3.3) 1.0 (1.0, 1.0) 2.8 (2.5, 3.0 2.9 (2.7, 3.1)
Reported number of staplerops typeggrown* (mean(95% ClI)) 1.4 (0.6, 2.1) 0.3(0.0, 1.8) 1.6 (14,17 15(1.4,17)
Reported number of fruit/'vegetables typgsown** (mean (95% CI)) 0.2 (0.0, 0.5) 0.0 (0.0, 0.0 1.1 (0.9, 1.3) 1.3 (1.1, 1.4

ABD: agrobiodiversity data

*includedmaize cassava, millet, finger milletasdrghum

*included tomatoes, beans, onions, pumpkin leaves, cabbage, potatoes, yams,
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Figure 52. Households andll measurechouseholdfarms inthe five subvillages of
Minyenye
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Figure 53. Households an@ll measurechousehold farms inhe seven subvillages of
Mbwei.

In Mbwei, in 51% of households, indicators of land degramhadr characteristics that were

likely to be associated with land degradation were observed on at least one of the household
farms.Theseincluded I NY Wy 24 ¢St f YI A yu% NW5EWE A RABEONIA Q2 yf
Wi 2 g a 20n o oFti Ndugbdlds.Tihes figure was only 16% in Minyenye. Shape of

at least one othe household farms was described as steep or very steep in 40% of the

households in Mbwei.
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Household farms in Minyenye were significantly more diverse than wéillvith an averag
plantagrobiodiversityndex of 2.5 compared to 1.1 in Mbw@iable 22). This difference was
even more marked when looking at tlgrobiaiversity of food plants (2.3 compared to 0.6).
Thisis the opposite of what would be expected based on the sigegeh; Minyenye was
intended to bethe low diversity village and Mbwei was the high diversity villMimvei,
however,hadsignificantiyhigher crop and vegetable diversity scores (7.9 andcbB)pared
to Minyenye (6.0 and 2.1). Mbwei had significantigneafarms far from their housgsnore
than 30 minutes wallkgontributing to a significantly higher number of total farms per
household. However, Minyenye, on average, had significantly bigger fere®(95% Qt1.5
(01.3, 1.6 acres) than those in Mbw¢0.4 (0.3, 0.5) acres). Timean(95% Qltotal amount of
land used fofarming in Minyenye was 2.2 (1.8, Rd&cres. Unfortunately, due to the number
of farms not visited in Mbwei, the equivalent statistic was not able to be calculated for Mbwei.

Figures.2and 53illustrate the difference in farm size of the measured farms.

A significantly higher proportion of households had vegetable gardens in Mbwei compared to
Minyenye. Thos@ouseholds in Mbwei with vegetable gardens, approximately 35% of
participating househtuls, had amean(95% Qlplantagrobiodiversityndex of 1.3 (1.2, 1)5

and 1.3 (.1, 1.5 for all plants and food plants respectively within the vegetable gardens.

13C



-131-

Tableb5.2. Plant grobiodiversityindices percentage selling grown foodarm types and farming issudsr Minyenye and Mbwei

. . P-value for

Minyenye Mbwei difference*
Plant agrobiodiversity by household (me#85% CI))
All plantsagrobiodiversity index 2.5 (2.5, 2.6) 1.1 (1.0, 1.3 <0.001
Food plants agrobiodiversity index 2.3(2.2,2.3) 0.6 (0.5, 0.8) <0.001
Cropdiversity score 6.0 (5.2, 6.8) 7.9 (6.7, 9.2) 0.031
Vegetablaliversity score 2.1(1.7,2.5) 4.3 (3.4,5.1) <0.001
Householdsold foods theygrew (%)
Sold staples 26.6 43.1 0.055
Sold vegetables 12.5 44.8 <0.001
Sold fruit 10.9 20.7 0.138
Sold other 42.2 12.1 <0.001
Farm types
Grow food on their own land (%) 89.1 91.4 0.826
Vegetable gardens (%) 18.8 34.5 0.049
Farms per householdr{ear(95% Cl)) 1.4 (1.2,15) 2.9 (25, 3.2 <0.001
Nearby farms per householangan(95% Cl)) 1.1(1.0,1.2) 0.9 (0.7, 1.2) 0.045
Far away farms per householth¢an95% CI)) 0.2 (0.1, 0.3) 1.9 (1.6, 2.3) <0.001
Total area of farmsacresmean95% ClI)) 2.2 (1.8, 2.6) -
Averagearea of farmsgcresmean95% Cl)) 1.5(1.3,1.6) 0.4 (0.3, 0.5) <0.001
Farming issues (%)
Grew food not eaten or sold 3.2 75.9 <0.001
Food not eaten/sold: not enough rain 50.0 72.7 0.485
Food not eaten/sold: wrong kind of rain 50.0 0.0 0.050
Foodnot eaten/sold: too much sun 0.0 15.9 0.054
Food not eaten/sold: land not fertile 0.0 11.4 0.621

*Mann Whitney tests used for difference mears, chi squared used for difference in proportions between the two villages
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The majority ohouseholds in both settlements gnoMaize(over 85%and a high proportion
of households in Minyenye grow sorghi§B6%)and in Mbwei grow cassava ro@0%)(Figure
5.4). Many Mbwei households grow pumpkin, beans and pumpkin or potato |¢awsetand
approximately 40% of households in this village grow sweet potatoes, tomatmescha
(spinachind potatoes. Common vegetables grown in Minyenye inclyaedpkins and
cassava leaves. Between approximately 15% and 30% of those in Mbwei grow gueadopavo
banana and papaya while the main fruit grown in Minyenye, in 25% of households, was guava.
Forty-four percentand 52% of households grow groundnuts and sunflowers in Minyenye while

households in Mbwei were mot&ely to grow sugarcane (45%).

In thelastyear, 2011, b (726 in Minyenye and 88 in Mbwei) said that there wereo

changes in what they grew and harveststompared to the last five yearSwenty percent

of respondents in Minyenye said they harvested less crops and 3% said they hamested
crops. While in Mbwei 26% said they harvested less and 4% said they harvested more crops.
Seventysix percentf those in Mbwei compared to only 3% of those in Minyenye said they
grew food that was not eaten or sold. The majority of participants sagivas because there

was not enough rain (72%), too much sun (15%) or that the land was not fertile (11%).
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Figure 54. Percentageof households growing different crop types in Minyenye and Mbwei over the previous calendar year
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5.4.2Minyenye village, Singida wtrict

5.4.2.1Habitat, species pesent,farm characteristicand plantagrobiodiversity
Minyenyee (G KS Wt 2 g 0 AsRitkatedis tNcanirad ningok Tarizan®. 3\ Ehough
Singidaegionis approximately 1200 to 1500m above sealevel itisarsteep area. The
landscape hagentle hills and the majority of the farms were relatively flat. The earthin this
area isa richred colour and the area is dry and susceftillleought(Tanzanian NBS and
Singida Regional Commissioner's Office, Rd0% majority of the land is diwith brush and
trees (Figure B) but there are areas, where the rivems in the rainy season that has grass
(Figures.6). 1t was common fofarms in Minyenye to be covered in different types of grasses
in amongst the staple crops. It was not uncommon for Minyenye farms to be overgrown
(Figure 57).1n 16% of households tH®odiversityresearch assistant noteddicators of land
degradation on one or more of the household farms. These characteristics most commonly

included perceived low quality soil in thiglage.

Figure 55. A typical area in Minyenye of dry red dirt with a few larger trees
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Figure 56. The dry riverbed running through the valley in Minyenysome grass is available
for grazing in this area at this time of year

Figure 57. A typical farm in Minyenye
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Figure 58. A typical vegetable gardenin Minyenye

The majority of households Minyenyehad between 5and 15 species per acre growing on
their farms(Figure 59). Approximately 10% of households have more than 20 species per acre.
Around 28% of households grow between 0 and 5 species per acre and over 55% of
households grow betwee5 and 10 food species per acBd% of households grow less than

10 species per acre of farmland. On average households in Minyenye had 9 food species and

12 speciesintotal per acre of farmland
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Figure 59. Number of speciesall plantsand foodplants grown per acre of household farm
in Minyenye

Table 53 shows all the species present on the Minyenye household farms where
agrobiodiversity data was captured. It shows the total count for each species made for the
agrobiodiversity index calculationa@percentagebundanceFifty-ninedifferent food

species and 29 different nefmod species were found on the household farms in Minyenye.
The most common food spess found were Sorghunsorghum Bolor Gramineae¥pllowed

by Gafinda(Commelina icanCommelinacegeand MaizeZea Maize Gramineaeat 6%, 5%
and 4% of the total species fourieinger millet Eleusine Africana Gramineaanly made up
1% of the total species found and Cassava was not encountéagib(Elerngia Grdifolia
Compositagandighimbi(Eleusineaegeri Graminedewere the two most common nefood

speciegencountered at 12% and 5% of all species.
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Table 53. Abundance of species present on household farms in Minyegghkt by food species andhon food species

Number of Abundance

Species genus name Family name Common(local) name individualst (%)
Food species™*

Sorghum bicolor Gramineae Sorghum (Mtama) 162 5.8
Commelina african Commelinaceae (Gafinda) 131 4.7
Zea maize Gramineae Maize (Mahindi) 108 3.9
Corchorus trilocularis Tiliaceae (Mlenda) 105 3.8
Helianthus annuus Compositae Sunflower (Alizeti) 101 3.6
Eleusine indica Gramineae (Busai) 91 3.3
Cleome hirta Capparidaceae (Mnyisira) 86 3.1
Clotalaria cylindro stachys Papilionaceae (Mukuku) 61 2.2
Bidens pilosa Compositae (Mpangwe) 57 2.1
Setariaverticilata Gramineae (Kinasa nguo) 56 2.0
Hibiscus diversifolius Malvaceae (Inkongwa) 55 2.0
Ceratotheca sesamoides Pedaliaceae (Mbata) 50 1.8
Combretum collinum Combretaceae (Mlahaa) 49 1.8
Cynodon nlemfuensis Gramineae (Tahai) 49 1.8
Sonchus luxurians Compositae (Mchunga) 49 1.8
Cajanus Cajan Papilionaceae (Kunde) 45 1.6
Combretum zeyheri Combretaceae (Mhanyati) 45 1.6
Amaranthus hybridus Amaranthaceae (Mchicha) 40 14
Cucumis pepo Cucurbitaceae Pumpkin (Boga) 38 14
Panicum miliaceum Gramineae Millet (Uwele) 35 1.3
Oxygonum sinuatum Polygonaceae (Mbigili) 34 1.2
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Dichrostachys cinerea
Cucumis dipsaceus
Citrullus lanatus
Eleusine africana
Trichodesma zeylenicum
Triumfettarhomboidea
Dactyloctenium aegyptium
Solanuntycopersicum
Dalbergia nitidula
Azanza garckeana
Solanum incanum
Solanum villosum
Physalis peruviana
Vignasubterranea
Abelmoschus esculentus
Ipomea batatas
Markhamia obtusifolia
Combretum molle
Solanum incanum
Hibiscusabdariffa
Solanum villosum
Balanites aegyptiaca
Caylusea abyssinica
Syzygium cumini

Albizia harveyi
Amaranthus spinosus

Mimosaceae
Cucurbitaceae
Cucurbitaceae
Gramineae
Boragnaceae
Tiliaceae
Gramineae
Solanaceae
Papilionoideae
Malvaceae
Solanaceae
Solanaceae
Solanaceae
Fabaceae
Malvaceae
Convolvulaceae
Bignoniaceae
Combretaceae
Solanaceae
Malvaceae
Solanaceae
Zygophyllaceae
Redeceae
Myrtaceae
Mimocaceae
Amaranthaceae
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(Mtunduru)

(Tikiti)

Finger millet (Ulezi)

(Majani washa)
(Mululi)
(Talanje)
(Nyanya)

(Mtogo)
(Ntula)

(Vitunda)

Ocra
Sweet potato

(Choya)

(Ngwiba)

(Mchicha pari)
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Manihot glaviozii Euphorbiaceae 3 0.1
Ampelocissus africana Vitaceae 2 0.1
Cordiamonoica Boraginaceae 2 0.1
Emilia coccinea Compositae 2 0.1
Manihot esculenta Euphorbiaceae 2 0.1
Mucuna pruriens Phytolaccaceae 2 0.1
Vangueriainfausta Rubiaceae 2 0.1
Bauhinia fassoglensis Convolvulaceae 1 0.0
Commiphora africana Burseraceae 1 0.0
Erythrina abyssinica Fabaceae 1 0.0
Grewia bicolor Tiliaceae 1 0.0
Salvadora persica Salvadoraceae 1 0.0
Non foodspecies

Elerngia cordifolia Compositae (Fagio) 342 12.3
Eleusine jaegeri Gramineae (Ighimbi) 132 4.8
Digitaria scalarum Gramineae 97 3.5
Leucas martinicensis Lamiaceae 97 3.5
Dolithia uniflorus Papilionaceae (Simbilili) 89 3.2
Polemoniunviscosum Compositae 29 1.0
Ipomeabiloba Convolvulaceae (Ikhombe) 25 0.9
Borreria stricta Labiate 19 0.7
Corchorus kirkii Malvaceae (Ikhandaghii) 19 0.7
Perotis hildebrandtii Gramineae (Ginkhokwe) 18 0.6
Astro Ipomoea hyoscyamine Convolvulaceae (Irang'anga) 12 0.4
Hippocratea parviflora Labiate (Mdima mpahi) 11 0.4
Indigofera spicata Papilionaceae 10 0.4
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panicum trichocladium Gramineae (Iraangimba) 7 0.3
Tridax procumbens Asteraceae 7 0.3
Cynodon dactylon Gramineae 6 0.2
Leonotideonurus Labiate 6 0.2
Acacia drepanolobium Mimosaceae 5 0.2
Rothia hirsuta Leguminosae 5 0.2
Senecio vulgaris Compositae 5 0.2
Striga asiatica Orabansiaceae 5 0.2
Albiziaamara Mimosaceae 4 0.1
Eucalyptus maideni Myrtaceae 4 0.1
Hypochoeriglabra Asteraceae 4 0.1
Turea amoena Meliaceae 3 0.1
Lonchocarpus bussei Papilionaceae 2 0.1
Albizia gummifera (Gmel) C.A Smith Mimosoidea 1 0.0
Markhamia lutea Bignoniaceae 1 0.0
Sennasenguena Papilionaceae 1 0.0

* Number of individuals is tanumber of times the specific species vemeountered along the transects for all the farms in Minyenye
**Number of times this specific species was encountered as a percentatye edtal number of encountered plants

**|dentif ied as plantspecies by th®odiversity research assistampoks(Pendaelj 201Q Dharani, 2002Peters et al., 1992 andreputable internet site§(FAO, 2014a]9OR,
2014 World Agroforestry Centre, 20}4
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5.4.2.2Plant agrobiodiversity and dietary diversity food variety
Plant agrobiodiversity is not associated with @igtdiversity or food variety in Minyenyldo
significant associations were seen between all plafibod plantagrobiaiversity indicesand
the nine food group dietary diversity scoretbe individuafood variety scores of respondents

or children underfive years imegression model€Table 54).

In Minyenye, he more croptypes grown in the previous yetre highertheNB & L2 Y RSy (1 Q&

dietary diversity scorewerein the unadjusted but not the adjusted moddhe higherthe

cropdiversity scoréhe highatheNB & LJ2 yF R/Ry HiKaES A NJ 2 f R SféodvadetyA f R dzy RS NJ
scorewasin both the unadjusted model and when the modelwas adjuste®fozd o ltygeR Q &

of employmentK dza 0 lfrgqBe@dy of employment; number of farms; average farnesFor

examplefor eachadditional crop the household gvein the previous calendar yetre

numberof foods the child ate in the previous 24 hours increased.Byitems(95% C0.12,

0.50 in the adjusted model

The more different types of vegetaldeownthe higher the respondent and their oldest child
dzy RS NJ T A @S @as inthe uhdeljusted Mdd&his@association remainsiynificant

with the under five year oldis the adjusted model.

None of the farm characteristitisted in Table 2were sgnificantly associated with dietary

diversity or food variety in Minyenye.

142



- 143 -

Table 54. Associationdetweenplantagrobiodiversityand crop and vegetabl@iversity scoregnd dietary diversityfood variety in children under five and
respondentsn Minyenye

Dietary diversity score Food variety score
Child <5 years Respondent Child<5 years Respondent

Unadjusted modet

All plants agrobiodiversity -0.82 €2.24, 0.60) -0.36 €1.54, 0.82) 0.39 €2.29, 3.06) 0.42 €2.13, 2.96)
Food plants agrobiodiversity -0.36 €1.65, 0.93) -0.09 €1.16, 0.97) 0.37 €2.03, 2.78) 0.49 €1.80, 2.78)
Crop diversity score 0.09 €0.02, 0.21) 0.12 (0.03, 0.21) 0.35 (0.14, 0.55) 0.32 (0.12, 0.51)
Vegetable diversity score 0.09 ¢0.15, 0.33) 0.18(-0.01, 0.36) 0.57 (0.16, 0.99) 0.54 (0.15, 0.93)
Adjuged model™

All plantsagrobiodiversity -0.86 €2.18, 0.46) -0.65 €1.87, 0.57) 0.02 €2.60, 2.65)  -0.34 ¢€2.97, 2.29)
Food plantsgrobiodiversity -0.38 £1.60, 0.84) -0.33 €1.45, 0.78) 0.21 €2.19, 2.60) 0.02 €2.37, 2.41)
Crop diversity score 0.08 €0.02, 0.18) 0.09 ¢€0.01, 0.18) 0.31 (0.12, 0.50) 0.24 (0.05, 0.44)
Vegetable diversity score 0.06 ¢0.16, 0.27) 0.11 ¢0.08, 0.30) 0.46 (0.05, 0.87) 0.35 ¢0.05, 0.75)

AUnadjusted modelN was 61 for children under five and 64 for respondents.
MAdjusted forK dza 6 yyeRoRemployment;K dza 6 HrggReRdy of employment; number of farms; average faimesN was 55 for children under five and 58 for respondents.
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5.42.3 Plant agrobiodiversity andnutritional status
Plant agrobiodiversity andop diversity score show mixed associations with nutritional
status in MinyenyeHigher grobiodiversityindices for all plants and for food plants were
significantly associated withigherheightz-scores in all childrefrable 55). Themore
different types ofcrops and vegetables groviny the household the lower the MUAC of

children under the age of fiwgears.

For each additiondhrm far from the hous@ household hasnder five year old BMtscores
decreasshby0.50(regression coefficient (95% confidence interval@)s0 ¢0.93,-0.07)).
Those households reporting crops that could not be eaten or sol&hddren withweight z
scores 0.81 lower than theshouseholds not reporting th{s0.81 ¢1.59,-0.04)) There were
no other significant associations seen between farm characteristitsatritional status in

childrenin Minyenye.
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Table 55. Associations betweeplant agrobiodiversityand crop and vegetableliversity scoregnd nutritional status in children under five and all childnen

Minyenye
Height Weight BMI MUAC
z-scores z-scores z-scores
Regression coefficient Regression coefficien Regression coefficien Regression coefficient

(95% CI) (95% CI) (95% CI) (95% CI)
Children <5 years
All plantsagrobiodiversity 0.64 ¢0.27, 1.55) 0.05 ¢076,0.87) -0.57 €1.36, 0.21) -0.17 €1.06, 0.71)
Food plants agrobiodiversity 0.70 €0.11, 1.50) 0.08 ¢0.64, 0.80) -0.61 €1.31, 0.09) -0.09 €0.88, 0.70)
Crop diversity scores -0.00 €0.08, 0.07) -0.04 ¢0.10, 0.02) -0.05 €0.11, 0.02) -0.07 ¢0.14,-0.00)
Vegetable diversity scores 0.01 ¢€0.13, 0.16) -0.04 ¢0.16, 0.09) -0.06 €0.18, 0.06) -0.14 €0.27,-0.00)
All Childrerf
All plarts agrobiodiversity 0.75 (0.26, 1.23) 0.22 ¢0.26, 0.70) -0.23 €0.73, 0.28) -0.31 ¢1.32, 0.70)
Food plantsgrobiodiversity 0.66 (0.24, 1.08) 0.23 €0.19, 0.64) -0.21 ¢0.65, 0.23) -0.16 €1.04, 0.71)
Qop diversity scores -0.01 €0.05, 0.03) -0.01 €0.05, 0.03) 0.01 ¢0.03, 0.04) -0.04 €0.12, 0.04)
Vegetablaliversity scores -0.04 €0.12, 0.03) -0.04(-0.11, 0.04) 0.01 ¢€0.07, 0.08) -0.13 €0.29, 0.02)

Unadjusted model onlyis presented as no potential confounders were identified.

AUnadjusted modelN was 101 for height, 100 for weight, 102 for BMicores and 103 for MUAC in children under five.
MUnadjusted modelN was 251 for height, 251 for weight, 255 for BMicores and 252 for MUAC in all children.
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5.4.2.4Selling produce and dietary diversity
Individuals from householdselling staples, \getablesand other producéiad highedietary
diversity in MinyenyeFocusing on the results fahe adjusted models showsuseholdsvho
sold other produce such as oil, beans, honey or sugarsadehildren andespondents with
higher dietary diversitand children with higher fod variety(Table 56). Households selling

staples and vegetables had children under five years of age with higher food variety.
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Table 56. Associations betweenbuseholds sllingfoods they grew and th&NB & LJ2 yIRYSR/ (GKaA ftaRy Nilssify and Rdd Sariety scoreis Minyenye

Dietary diversity score Food variety score
Child <5 years Respondent* Child<5 years Respondent*

Unadjusted model$

Sold staples 0.89 (0.07, 1.71) 0.71 (0.05, 1.37) 2.23 (0.76, 3.70) 1.72(0.31, 3.12)
Sold Vegetables 0.86 ¢0.37, 2.10) 0.55 ¢0.35, 1.45) 3.28 (1.11, 5.46) 1.79 €0.13, 3.70)
Sold Fruit -0.01 ¢1.18, 1.17) 1.09 (0.16, 2.01) 1.00 €1.16, 3.17) 2.10 (0.08, 4.11)
Sold Other 1.16 (0.46, 1.85) 0.89 (0.33, 1.46) 1.87 (0.553.19) 1.78 (0.55, 3.02)
Adjusted modelgs”

Sold staples 0.76 ¢0.22, 1.74) 0.66 ¢0.11, 1.44) 1.91 (0.16, 3.66) 1.42 ¢0.28, 3.11)
Sold Vegetables 0.69 ¢1.03, 2.41) 0.07 €1.16, 1.30) 3.36 (0.41, 6.30) 1.09 €1.53, 3.71)
Sold Fruit -0.19(-1.80, 1.42) 1.06 €0.11, 2.23) 0.82 €2.12, 3.77) 2.08 ¢0.53, 4.68)
Sold Other 1.28 (0.39, 2.17) 0.83 (0.09, 1.57) 1.75 (0.05, 3.44) 1.46 €0.18, 3.11)

AUnadjusted model; N was 61 for children under five and 64 for respondents.

MAdjusted forNBS & LJ2 yaRdKydaatoalageRwdéther the household has a mobile phone; respondentf@nizd 6 |-highe$) Eevel of schoolintls & LJ2 yaRdKydibal y RQa
type of employment(farming/other), husband has extra small busineslss & LJ2 yaRdKydzahal fr¢gRefcy of employmentRespondent or husband earns extra income;
number of farmsnumber of vegetable gardenayerage farmize N for children under five was 61 and N for respondents was 64

*The following variables had missing values (number of migsalues in brackets after each variableza o lageRIQW dza o lhigtie€1Bevel of education (7); whether the
husband works in agriculture (6); whether the husband has an additional small business (6); responden&(tlgandl | fr¢gReRcy of empbyment (7 andwhether the husband
earns extra income (6) out of a total of 106 individuals.

= The following variables had missing valuésdza 6 lageRIQ)K dz& o6 Fhigie< Eevel of education (6); whether the husband works in agriculture (5); whétieehusband has
an additional small business (5); respondent (1) Krika 6 HrggReRcdy of employment (6) and whether the husband earns extra income (5) out of a total of 64 individuals.
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5.4.2.5Selling produce and nutritional status
Selling produce showed mixed associations wittritional status in Minyenyel'he majority
of the associations between whether a household sold produce and chi@ineitritional
status were not significant (Table®. Focusing on the adjusted moddisuseholds that sold
vegetablesand fruit had children witl®.42and0.49higher height zscores Those selling other
produce such as oil, beans, honey or sugarcane had children with lower height for age and

weight for age zscores.
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Table 57. Associations betweenbuseholdsellingfoods they grew and underfivé S | NJar fallRniddien@nutritional statusin Minyenye

Height zscores Weight zscores BMI zscores MUAC

Regression coefficient (95% C Regression coefficient (95@) Regression coefficient (95% C Regression coefficient (95% C

Under five year olds*

Unadjusted®
Sold staples
Sold Vegetables

0.14 (0.38, 0.66)
0.42 €0.25, 1.09)

-0.29 ¢0.74, 0.17)
0.28 ¢0.32,0.87)

-0.48 ¢0.93,-0.04)
-0.05 ¢0.63, 0.54)

-0.16 ¢0.66, 0.34)
-0.64 ¢1.27,-0.00)

Sold Fruit 0.08 €0.65, 0.80) 0.19 €0.44, 0.83) 0.16 €0.47, 0.79) -0.27 €0.96, 0.43)
Sold Other -0.19 €0.64, 0.27) -0.25 €0.65, 0.15) -0.15 €0.54, 0.24) -0.05 €0.48, 0.39)
Adjusted™

Soldstaples 0.03 €0.54, 0.61) -0.40 ¢0.91, 0.10) -0.53 ¢1.01,-0.05) -0.18 ¢0.74, 0.38)
Sold Vegetables 0.59 €0.16, 1.34) 0.33 €0.34, 1.00) -0.13 ¢0.77, 0.52) -0.68 €1.41, 0.04)
Sold Fruit -0.08 ¢0.87, 0.71) 0.14 €0.56, 0.84) 0.21 ¢€0.46, 0.88) -0.33 £1.10, 0.45)
Sold Other -0.34 ¢0.85, 0.16) -0.36 ¢0.81, 0.09) -0.17 ¢0.60, 0.25) -0.02 ¢0.52, 0.47)
All children**

Unadjusted™

Sold staples 0.08 €0.19, 0.36) -0.09 ¢0.36, 0.18) -0.16 €0.44, 0.12) -0.11 ¢0.67, 0.45)
SoldVegetables 0.24 ¢€0.13, 0.60) 0.25 €0.11, 0.61) 0.11 €0.26, 0.48) -0.24 €0.99, 0.51)
Sold Fruit 0.50 (0.11, 0.88) 0.44 (0.06, 0.81) 0.10 €0.30, 0.50) 0.32 €0.47, 1.10)
Sold Other -0.47 €0.71,-0.23) -0.37 €0.60,-0.13) -0.06 ¢0.31, 0.20) -0.30(-0.80, 0.19)
Adjusted ™\

Sold staples 0.08 €0.21, 0.38) -0.09 ¢0.37, 0.20) -0.12 ¢0.43, 0.18) -0.21 ¢0.80, 0.37)
Sold Vegetables 0.42 (0.01, 0.83) 0.27 €0.13, 0.67) -0.00 ¢0.43, 0.42) -0.43 ¢1.24, 0.39)
Sold Fruit 0.49 (0.08, 0.90) 0.37(-0.03, 0.77) 0.09 €0.34, 0.53) -0.09 ¢0.90, 0.71)
Sold Other -0.50 €0.77,-0.23) -0.40 €0.66,-0.14) -0.09 ¢0.38, 0.19) -0.27 €0.79, 0.26)

AUnadjusted model. N was 101 for height, 100 for weight, 102 for Bbres and 103 for MUAC in childiemder five.

ww! R2dza SR Y2RSt o wuy

YR wwww &SNS

business, frequency of respdent and husband employment, respondentand husband eams extraincome. N was 101 for height, 100 for weight, 1025foo@bMard 103 for MUAC in children under five.
“MUnadjusted model. N was 251 for height, 251 for weight, 255 for Bddbres an@52 for MUAC in all children.
MMAdjusted model. N was 251 for height, 251 for weight, 255 for Bdtiares and 252 for MUAC in children under five.
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5.4.3Mbwei village, Lushoto htrict

5.4.3.1Habitat, species pesent, farm characteristics anglant agrobiodiversity

Mbweiz (0 KS WK A FiagaisisiuRréd i SelWestiugam@bara mountains at
approximately 2300m above sea level. Much of the surrounding area is forest but the area of
Mbwei and the area immediately surrounding the village is open with scrubby vegetation. The
area was quite drat the time of data collectionin Mbwei, in 51% of households,

characteristics that were likely to be associated with land degradation, sysrie ssnce of

specific species associated with poor soil or farm on a very steepwiemeobserved on at

lead one of the household farms. The slope of at least one of household farms was described
as steep or very steep in 40% of the households in Mbiigure 5.1@nd 511 show typical

farmsin Mbwei and 32 shows a typical vegetable garden.

Figure 510. Atypical farm in Mbwei
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Figure 512 A typical vegetable gardenin Mbwei

Approximately 50% of households in Mbwei have between 5and 15 species per acre growing
on their household farm@Figure 513). Approximately 15% have between 15 and 20 species

and approximately 25% of households have more than 20 species per acre. Over 30% of
households grow between 0 and 5 food species per acre and another 30% grow between 5and

10 species per acré similar d@stribution to what was seen in Minyeny@&% of households
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grew less than 10 species per acre of farmland. On average households in Mbwei had 10 food
species and 17 species in total per acre of farmkasdnilar number of food species to

Minyenye but moe non food species
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Figure 513. Number of species; all plants and food plants grown pereaof household farm
in Mbwei

A total of 45 species were found on the Mbwei household farms that were measured, 22 food
species and 23 non food spec{@able ), much less than was found in Miergye. The most
common three food species present on Mbwei farms were Cas$éaaifiot Aspera Crantz
Euphorbiaceag Mpangwe Bidens Bosa Compositae and MaizeZea Maize Graminea)at

25%, 13% and 8%ingemillet and Sorghum were not encounterdehneapogon éhchroides
Graminead12%) andAlbizia G@mmifera (Gmel) C.A Smith Mimosoidéo) were the two

most common non food species found on Mbwei household farms.
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Talde 5.8. Abundance of spdes present on household farms in Mbwei split by whether they are fagmecies or non food species

Species genus name Family name Common(local) _N u_m_ber of Abundance
name individuals* (%)

Food species™*

Manihot aspera Crantz. Euphorbiaceae Cassava 146 24.9
Bidens pilosa Compositae (Mpangwe) 77 13.1
Zea maize Gramineae Maize (Mahindi) 49 8.3
Phaseolus vulgaris Fabaceae Beans 20 3.4
Saccharum officinarum L. Gramineae Sugarcane 19 3.2
Musa sapientum L Musaceae Banana 16 2.7
Amaranthusybridus L. Amaranthaceae Spinach (Mchicha) 11 1.9
Cucurbita moschata Cucurbitaceae Pumpkin 10 1.7
I[pomea batatas Convolvulaceae Sweet potato 7 1.2
Xanthosoma violaceum Schott Araceae Yam 6 1.0
Lycopersium esculentum Mill. Solanaceae Tomato 5 0.9
Solanum tuberosum L. Solanaceae Potato 5 0.9
Sonchus luxurians Compositae (Mchunga) 4 0.7
Telfairia pedata (sims)Hook. Cucurbitaceae 3 0.5
Cajanus Cajan Papilionaceae Pigeon pea (Kunde) 2 0.3
Combretum molle Combretaceae 2 0.3
Lablab purpureus (L) Sweet Papilionaceae 2 0.3
Vangueria madagascariensis Gmail. Rubiaceae 2 0.3
Aphloiatheiformis (Vahl) Benne Flacourtiaceae 1 0.2
Helianthus annuus Compositae Sunflower (Alizeti) 1 0.2
Mangiferaindica L. Anacardiaceae Mango 1 0.2
Persea Americana Mill. Lauraceae Avocado 1 0.2

Non food species
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Enneapogon cenchroides Gramineae 72 12.3
Albiziagummifera (Gmel) C.A Smith Mimosoidea 22 3.7
Aristida adscensionis Gramineae 16 2.7
GrevillearobustaA. Proteaceae 16 2.7
Chloris virgata Gramineae 15 2.6
Acacia microphylla Mimosoidea 10 1.7
Croton megalocarpus Hutch. Euphorbiaceae 8 1.4
Catha edulis Celastraceae 6 1.0
Ricinus communis Euphobiaceae 5 0.9
Vernonia galamensis Compositae 4 0.7
Dissotis sp Melastomataceae 3 0.5
Panicum sp Gramineae 3 0.5
Turraea robusta Gurke Meliaceae 3 0.5
Clerodendrum rotundifolium Verbenaceae 2 0.3
Eragrostis aspera Gramineae 2 0.3
Eucalyptus camaldulensis Myrtaceae 2 0.3
Markhamia lutea Bignoniaceae 2 0.3
Anise Pappus buchwald H.wild Compositae 1 0.2
Dombeya shupangae K.schum Sterculiaceae 1 0.2
Eucleadivinorum Hiern Ebenaceae 1 0.2
OleachrysophyllaLam Oleaceae 1 0.2
Psiadia punctulata (Dc) vatke Asteraceae 1 0.2
Tithonia diversifolia (hemsl)A.Gray Compositae 1 0.2

* Number of individuals is the number of times the specific species was encountered along the transects for all the Kéimpsripe

**Number of times this specific species was encountered paraentage of the total number of encountered plants

**|dentif ied as plantspecies by theodiversity research assistant, boalendaeli, 201Dharani, 2002Peters et al., 1992 and reputable internet site§FAO, 2014a]STOR,
2014, World Agroforestry Centre, 20)4

154



- 155 -
5.4.3.2Plant agrobiodiversity and dietary diversity
Crop and vegetabldiversity scoresbut notplantagrobiodiversityndicesvere associated
with dietary diversity in MbweiAs in Minyenye, asignificant associations were seen between
either all plant ofood plantagrobiodiversityndices and any of the dietary divengir food
variety measures in Mbwéirable 59). No significant associations were seen between

vegetable gardeagrobiodiversityndices and dietary diversity or food variety in Mbwei.

Thehigher thecrop diversity scoréhe highertheD K A f R NiSspd & S it adiversity
and food variety scoreserein the unadjusted model. When the model was adjusted for
K dza 0 ltyyeroteiploymentK dza 6 HrggRefdy of employment; number of farms;
average farm si, these associations were only significanttfee NG a LJ2 yoRtEry (i Q&
diversity and food variety scores. Similar results were seen fordigetable diversity score
the more vegetables grown the higher thestary diversity and food variety of both children
under five and the respondentgerein the unadjusted modeln the adjusted modelthe
higher the vegetable diversity scaitee higher theunder fiveg S I NXigtdryRliQedisity score
and theNB a LJ2 ydre@ry diversity and food variety scordhese resultare similar to

thosefound in Minyenye.

As in Minyenye, one of thefarm characteristicBsted in Table 2 were significantly

associated with dietary diversity or food variety.
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Table 59. Associations betweeplantagrobiodiversityand cropand vegetablediversityscoresand dietary diversity/food varietyand children under fiveand

respondentsn Mbwei

Dietary diversity score

Food variety score

Child <5 years

Respondent

Child<5 years

Respondent

Unadjusted modet

All plantsagrobiodiversity
Food plantsagrobiodiversity
Cropdiversity score
Vegetable diversity score

0.23(-0.59, 1.05)
0.44 (0.33, 1.21)
0.09 (0.01, 0.17)
0.14 (0.02, 0.27)

0.43 (0.29, 1.14)
0.38 (0.30, 1.06)
0.11 (0.04, 0.18)
0.16 (0.06, 0.27)

-0.49 ¢2.20, 1.23)
0.60 ¢1.01, 2.22)
0.20 (0.04, 0.36)
0.31 (0.05, 0.57)

-0.15 ¢1.63, 1.34)
0.29 ¢1.11, 1.70)
0.26 (0.13, 0.39)
0.35 (0.14, 0.57)

Adjusted model™

All plantsagrobiodiversity
Food plantagrobiodiversity
Cropdiversity score
Vegetable diversity score

0.14 €0.73, 1.00)
0.41 (0.40, 1.22)
0.09 €0.00, 0.17)
0.14 (0.00, 0.28)

0.45 €0.32, 1.21)
0.41 €0.31, 1.14)
0.13 (0.05, 0.20)
0.19(0.07, 0.30)

-0.66 (2.40, 1.09)
0.34 ¢0.31, 2.00)
0.18 €0.00, 0.35)
0.28 €0.00, 0.57)

-0.11 ¢1.63, 1.41)
0.16 ¢1.28, 1.61)
0.28 (0.13, 0.42)
0.38 (0.15, 0.61)

AUnadjusted model. N was 52 for children under five and 55 for respondents.
MAdjusted forK dza 6 |yyeRoReémployment;K dza 6 HrggReRdy of employment; number darms; average farm sizdl was 51 fochildren under five and 54 for respondents.
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5.4.3.3Plant agrobiodiversity and nutritional status
Highemplantagrobiodiversity was linked with poorer nutritional status in Mbwigher bod
plantagrobiodiversityndices weressociatedvith lowerBMI zscore in under five yealds
and all childrerfTable 510). For eah unitincrease in agrobiodiversitydices BMI zscores
decreased by 0.37 and 0.46 units respectivehys is in contrast to the higher height seen with
increased agrbiodiversity in MinyenyeNoother significant assoations were seen between
agrobiodiversityndices ocrop/vegetablediversity scoreand nutritional status variables in

Mbwei.

For vegetable gardens in Mbwikie higherall plant diversity indices wertke lower childreri

height zscoresn all childrer(Regression afficient (95% confidence intervals).86z-scores
(-1.57,-0.19) and children under fivé-0.95 £1.85,-0.04). Higher bod plant diversity was

associated withowerheight in all chidiren only(-0.83 ¢1.52,-0.14). The more diverse the
@S3ASGloftS IINRSyas  K-Scores2Np SighificarK &so@didng WRINS vy Q &
the other nutritional status variables were found.

Thelarger theaverage size of the farntise lower heigh z-scores were imll children(-0.78 ¢
1.54,-0.02)). For each acre increase in average farmiseight zscores decreased by 0.78

units. Children in household reporting that they grew crops that they could not eat or sell had
significantly lower BMI-scores compared to children in other househdhds51 ¢0.87,-

0.15)) Reasons givenfornotbeihgo £ S G2 KI NBSad ff ONRLMA YI A
Wi22 YdzOK adzyQ | yR WécoresRergfauidtab&sigyifitanty&eMiéd t S Q
to reasons given for crops not being eaten of s@Hildren in households reporting the reason

for crops not being eaten or sold was that the land was not fertile had significantly lower BMI
z-scores than those citing other reasg@8.65 ¢1.20,-0.10)). Under five yearoldsin

households citing not enough rain as the reason for this had signifydaigther BMzscores

(0.69 (0.23, 1.15))
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Table 510. Association between plant agrobiodiversity armlop and vegetablaliversity scores and nutritional statusn children under five and all childmein

Mbwei
Height Weight BMI
MUAC
z-scores z-scores z-scores
Regression coefficienl Regression coefficient Regression coefficieni Regression coefficient

(95% CI) (95% CI) (95% ClI) (95% CI)
Children <5 years
All plants agrobiodiversity 0.40 ¢0.12, 0.91) 0.08 ¢0.36, 0.51) -0.27 €0.63, 0.09) 0.07 €0.42, 0.56)
Food plantsagrobiodiversity 0.33 €0.15, 0.80) 0.06 €0.36, 0.47) -0.37 €0.71,-0.04) -0.02 €0.48, 0.44)
Crop diversity score -0.04 €0.09, 0.13) -0.02 €0.07, 0.02) 0.01 ¢0.03, 0.05) -0.02 €0.07, 0.03)
Vegetable diversity score -0.05 €0.13, 0.03) -0.03 €0.10, 0.05) 0.02 ¢0.04, 0.08) -0.03 €0.11, 0.06)
All Childrer
All plantsagrobiodiversity 0.09 ¢0.28, 0.46) -0.08 €0.43, 0.26) -0.28 €0.58, 0.02) 0.27 €0.30, 0.85)
Food plantagrobiodiversity 0.20 €0.16, 0.55) -0.09 €0.43, 0.25) -0.46 (0.75,-0.18) 0.25 €0.29, 0.79)
Crop diversity score -0.02 €0.05, 0.02) -0.01 €0.05, 0.02) 0.00 €0.03, 0.03) 0.05 €0.01, 0.10)
Vegetable diversity score -0.01 €0.06, 0.05) -0.00 €0.05,0.05) 0.00 ¢0.04, 0.05) -0.09 €0.00, 0.18)

Unadjusted model onlyis presented as no potential confounders were identified.

AUnadjusted modelN was 92 for height, 95 for weight, 94 for BMia@ores and 96 for MUAC in children under five.
MUnadjusted modelN was 154 for height, 158 for weight, 160 for BMicores and 169 for MUAC in all children.
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5.4.3.4Selling produce and dietary diversity
As in Minyenye, selling produce was associated with better dietary divanditipwei.
Householdsalling vegetablebad respondents and under five year olds with higoed

variety scores in both the unadjusted and adjusted mo@E&dble 511).
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Table 511 Associations between households sellifapds they grew and theNB & LJ2 yIRSR/ QKA f RNB Yy Qa RA SO NB iRMb®&S NB A G @

Food variety score
Child<5 years Respondent*

Dietary diversity score
Child <5 years Respondent*

Unadjusted model$

Sold staples 0.25(-0.54, 1.04) 0.19 €0.52, 0.90) 1.50 €0.11, 3.12) 1.75 (0.38, 3.12)
Sold Vegetables 0.98 (0.23, 1.73) 0.82 (0.15, 1.49) 2.51 (0.98, 4.04) 2.38 (1.09, 3.67)
Sold Fruit 0.61 €0.35, 1.58) 0.82 ¢0.02, 1.66) 2.09 (0.10, 4.08) 2.76 (1.16, 4.37)
Sold Other -0.03 €1.29, 1.23) 0.89 €0.16, 1.94) 0.30 €2.36, 2.95) 2.59 (0.51, 4.67)
Adjusted model$”

Sold staples 0.15 ¢€0.77, 1.06) -0.09 €0.93, 0.74) 1.32 €0.51, 3.15) 1.11 €0.43, 2.66)
Sold Vegetables 0.94 ¢0.05, 1.93) 0.88 €0.01, 1.74) 2.43(0.42, 4.44) 2.61 (1.08, 2.66)
Sold Fruit 0.35 ¢0.92, 1.62) 0.49 ¢0.67, 1.64) 1.14 €1.48, 3.76) 1.71 €0.41, 3.82)
Sold Other -0.01 ¢1.64, 1.63) 0.54 €0.86, 1.94) -0.49 ¢3.84, 2.87) 1.51 ¢€1.08, 4.12)

AUnadjusted model; N was 55 for children undiere and 58 for respondents.

M Adjusted forNS & LJ2 yadKydnaQalageRdéther the household has a mobile phone; respondenti@anida 6 Fhighie€) Bevel of schoolintls & LJ2 yaRdKydibal y R Qa
type of employment(farming/other), husband has extra small businessS & LJ2 yaRdKydzabal frggRefcy of employmentRespondent or husband earns extra income;

number of farmsnumber of vegetable gardenayerage farmize N for children under five was %d N for respondents was85

*The following variables had missingluesNB & LJ2 yaBeS33JKQ2a 0 lageRADYK dza o Fhighies) Bevel of education (2); whether the husband works in agriculture (2);
whether the husband has an additional small businesK(2lga o HrggReRcy ¢ employment (2); whether the husband earns extra income (2) and average farm size (5) out of a

total of 104 individuals.

* Thefollowing variables had missing valubsls & LJ2 yaBeS(Y1iKDEa 6 ageR2QMK dza o lhighesdBevel of education (1); wther the husband works in agriculture (1);
whether the husband has an additional small business (1); respondent (0 aadl 6 |-fr¢ggReRcy of employment (1); whether the husband earns extra income (1) and average
farm size (3) out of a total of 58 indduaals.
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5.4.3.5Sellingproduceand nutritional status
As in Minyenye, the majority of associations between whether households sold produce and
nutritional status were nossignifican{Table 512). In adjusted models,duseholds selling

fruit however,hadchildren with 1.18m higher MUAC
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Height zscores

Weight zscores

BMI zscores

MUAC

Regression coefficient (959 Regression coefficient (959 Regression coefficient (959 Regression coefficient (959

cl

cl

cl

)

Under five year olds*

Unadjusted®
Sold staples
Sold Vegetables
Sold Fruit

Sold Other
Adjusted™

Sold staples
Sold Vegetables
Sold Fruit

Sold Other

-0.07 €0.59, 0.45)
-0.61 ¢1.11,-0.11)
-0.12 €0.74, 0.50)
-0.35 (1.15,0.46)

-0.08 ¢0.68, 0.52)
-0.60 ¢1.22, 0.02)
-0.10 ¢0.87, 0.67)
-0.04 €1.13, 1.04)

0.06 ¢0.39,0.51)

-0.42 (0.86, 0.02)
0.06 ¢0.48, 0.60)
-0.27 €0.95, 0.42)

0.05 €0.46, 0.55)
-0.17 €0.70, 0.36)
0.24 €0.40, 0.88)
0.02 €0.89, 0.93)

0.24 ¢0.13, 0.62)
-0.02 €0.39, 0.35)
0.26 ¢0.19, 0.70)
0.03 ¢0.56, 0.62)

0.24 €0.17, 0.64)
0.24 (€0.18, 0.65)
0.40 €0.11, 0.92)
0.10 €0.59, 0.79)

0.01 ¢0.50, 0.52)
-0.34 €0.84, 0.16)
0.01 ¢0.60, 0.62)
-0.77 ¢1.53,-0.00)

0.11 ¢0.45, 0.67)
-0.07(-0.64, 0.51)
0.43 €0.26, 1.13)
-0.30 ¢1.23, 0.64)

All children**
Unadjusted™
Sold staples
Sold Vegetables
Sold Fruit

Sold Other
Adjusted™ M
Sold staples
Sold Vegetables
Sold Fruit

Sold Other

0.01(-0.36, 0.38)
-0.25 €0.62, 0.12)
-0.07 ¢0.49, 0.35)
-0.03 ¢0.54, 0.48)

0.03 ¢0.42, 0.47)
-0.23 (0.66, 0.19)
-0.13 €0.68, 0.41)
-0.04 €0.71, 0.62)

0.03 (€0.32, 0.38)
-0.23 ¢0.58, 0.11)
-0.03 ¢0.43, 0.36)
-0.15 ¢0.62, 0.32)

0.04 ¢0.36, 0.45)
-0.09 €0.49, 0.30)
0.01 €0.49, 0.51)
-0.20 €0.80, 0.40)

0.10 ¢0.21, 0.40)
-0.04 ¢0.34, 0.26)
-0.00 (€0.35, 0.34)
-0.21 €0.62, 0.21)

0.12 ¢0.21, 0.44)
0.11 ¢0.21, 0.43)
0.06 ¢0.36, 0.47)
-0.25 €0.76, 0.27)

0.30 €0.27, 0.88)
0.25 €0.32, 0.82)
0.83 (0.18, 1.49)
0.32 ¢€0.51, 1.14)

0.49 ¢0.16, 1.14)
0.27 ¢£0.37, 0.91)
1.13 (0.34, 1.92)
0.28 ¢0.75, 1.30)

AUnadjusted model. N was 97 foeight, 100 for weight, 99 for BMiscores and 101 for MUAC in children under five.
I R2dza i SR F2 NJ Y20 Aliod, husham¢Bployein fénkiSy oot eizaplfsmdll RusinessSraduéh oy & Eegpbn@ent | y R
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MAUnadjusted model. N was 163 for height, T67weight, 169 for BMI-gcores and 1680 for MUAC inall children.
MMAdjusted model. N was 163 for height, 167 for weight, 169 for Bétlares and 180 for MUAC in children under five
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5.5Discussion

5.5.1Plant ggrobiodiversity and dietary diversity/food variety

No significant associations were seen betweenphentagrobiodiversity measures and dietary
diversity and food variety scor@seither village There are a number of factors that could
contribute to the lack of associaitn seen. Firstly, seasonal variation; the agrobiodiversiasw

only measured at one time pointhe availability of foods that have already been harvested
may be related to dietary diversity when agrobiodiversity is not. This will be discussed in the
section onannual plant diversitySecondly the agrobiodiversity measure does not account for
crop failure. Intentional crops may be planted but have been unable to be harvested and
therefore unable to contribute to the households die®op failure was comman Mbwei;

76% of households said that they had crops that they were unable to either eat or sell, but not
in Minyenye. Thirdly, planted crops may also not be eaten by household members as they are
sold In Minyenye, 13% of households sold some of the Vedges they grew, 11% sold fruit

and 42% sold other produce like oil or sugar cane. In Mbwei 45% of households sold
vegetables, 21% sold fruit and%2sold other producéAnd finally, the agrobiodiversity in the
household farms may not have impacted oe ttiversity of the diets of the respondent and

her oldest child under the age of five due to the distriloatof food within the household

(Engle and Nieves, 1993ittelsohn et al., 1997

More generally,here are manyactorswhich cauld be influencingliets in these communities.
For instance food intake is determined partly by cultural nof@istelsohn et al., 1997and, to
alesser extentinlow income countries, individual food preferer8esioeconomic status and
the money available to buy food supplementary to grown fooll alsoaffect the foods eaten
(Shack et al., 1990Knowledge about what are healthy and age appropriate foods for under
five year olds may impact dood choice and dietary diversi(Zaulfield et al., 1999In the
context of these factors, growing a more diverse set of crops at a householadayebt

improve the diversity of foods eaten in the household.

5.5.2Plant agrobiodiversity and nutritional status

Associations betweeplantagrobiodiversity andropdiversity scoreand nutritional status
are mixed in Minyenye but negative in Mbwki Minyenye, biodiversity indicegere
positively associated whtheight in children i.e. households with farms with higplent

agrabiodiversity had children who were less chronically malnourishesdheplant
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agrabiodiversity indices were not associated with the diet variables measured in this study it
may be thathigher biodiversity is associated with nutritional status through another pathway
or it may be that dietary diversity measured at one time pointis nota good enough measure

of diet to capture these associations; A possibility that was raised in chapter 4.

In Mbwei, higherplant agrobialiversity was associated with poorer height and BMI in ckidr

l RRAGAZ2YIIfte&Y RAGSNAAGE Ay @S3SdlofSa 3AFNRSya
height zscoresThese results do not support the main pathway from agrobiodiversity to

individual dietary diversity to child nutritional status illustrated in the conceptual framework

(figure 3.2 a) and bBased ordiscussions in thkterature, finding negative relatioships

between biodiversitynd nutritional status in this study was surprising. On the contrary, there

has been much discussion about biodiversity and its poteb&akfits on diet and health in

the literature (Wahlqvist and Specht, 1998hivian, 200Z-rison et al., 2004-rison et al.,

2006 Gotor, 2010.

However, despite these discussion papérsre havebeen few studies actually investigating
these relationshipsThere have been a number of interventions designed to improve dietary
diversity and nutritional status through agriculture. A review by Berti et al. identified 30 such
projects(Berti,2004 and Masset et al identified ZBlasset et al., 2012 Few of these focused
expicitly on techniques to increase the diversity of crops grimubmany focusedn additions

of or improvements in vegetable gardems the first review anthropometry outcomes
improved in three out of the fowegetablegarden interventionsollectingthese outcomes
(Berti, 2004. In the review by Masset et Mlasset et al., 20)2eightinterventions presented
prevalence of stunting, wasting and underweight post intervention and only three of these

found improvements in these markers of nutritional status

There havédeen a few studiegvhile not actually measuring agrobiodiversityhichsuggest

that improved agrobiodiversity would be associated with improved dietary intdkeed

cropping fields and home gardens were identified as major sources of essential maratals
vitamins in communities studied in Java. The production of these nutrients were greaterin
farms and gardens with greater diversity of cr¢gpgrten and Abdoelllh, 1983. Thestudy

linked crops grown to supplied nutrients but did not go so far as to assess actual consumption
and resulting healthAnovelecological tool, nutritional functional diversity, was developed by
Remans et al. to reflect the nutriengsailable fromall edible species available on household
farms(Remans et al., 201larhe study found that this metric wasleded to dietary diversity

and iron and itamin A level$nthe blood in three villages irub-Saharan Africa at the village

but not household level.
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In terms of research explicitly investigating agrobiodivergitgrofi et al(2010 had similar
findings to the current study. They found no significant correlation between the Shannon
indices in the home gardens and the household dietary diversity scores. [j&9&dyhad
mixed findingsvere households with more than fivaops in the family farm had greater
dietary diversityirthe Socio$ut there was no differenceeen in the othevillage studied.
Interestingly, there was no association between agrobiodiversity and nutritional status in the
Socios butin the nearby village crop diversity was significantly correlated with height for age.
Unfortunately the details of how agrobiodiversity was measured were not pre setfites may
have been a systematic measure of the diversity of crops growing on the household farms, as
in this studyor it could be a count of crops grown by the household reported by a household
member.Shack et 81990 found the number of food crops grown in the households
vegetable garden, as observed by aresearcher, to be significantly associated with mother BMI
but not chldren® nutritional statusDespite the Igical pathway from agtmodiversity through
dietary diversity to nutritional status, strong evidence for this pathway occurring in rural areas

of low income counties is still lacking.

5.5.3Cropand vegetablediversity scores, dietary diversityand nutritional
status

Crop diversity scomwvere associated with measures of dietary diverdgthant ayrobiodiversity
was not positively associated with dietativersitybut the cropand vegetable diversity scores
wererelated to dietary diversity and food varieity both villagesAnnual plant diversityas
negatively associated with MUAC in under five year wmiddinyenye but no associations with

nutritional status were found in Mbwei.

Studies attempting to linkgrobiodiversity to dietary diversity usually use a simple count
captured at one time poinbf the numter of crops the household is growing or has grown
overthe course of the yedEkesa eal., 2008 Shack et al., 199Walingo and Ekesa, 2013
Bhagowalia et al., 20)2Both Ekesa et a(2008 and Walingand Ekesé013 found
agrobiodversity, defined as the variety of animals kept and plants grown for food over an
unspecified time period, to be positively correlateddietary diversity in a crossectional
survey in KenygEkesa et al., 2008Unfortunately neither of these studies reportsthtistical
significance associated with these correlatidéisagowalia et §2012 found the number of
crops grown by a household to be significantly associated with household dietary diversity

overthe previous 30 days.

When agrobiodiversity is defined by the number of crops growrht®y/htousehold over the

previous year itis often found to be significantly associated with dietary diveesityas
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found in this studyAsthis methodcaptures the number of crops grown over the entire year as
opposed to those grown only at data collectigerhaps this is a more appropriate methiod
measuring agrobiodiversityhere are both benefits and disadvantages to this approach.
guicker and easierto capture butit relies on memory and honesty rather than observation of

the crops grown.

5.5.4Vegetable gardens, dietary diversity and nutritional status

Having a vegetable gardemist associated with improved dietary diversity or nutritional
status In this study farm diversity indices did notinclude diversity from vegetable gardens.
Thesewvere more common in Mbwei so it can be expected that vegetable gardens contribute
to the diversity of foods available to households in about a third of the households in Mbwei
and a fifth of Minyenye households. Housed®With vegetable gardens h&aighercrop

diversity scorsthan those households without vegetable gardens but there were no
significant differencein any of the dietary diversity or nutritional status variables between

households with vegetable gardens and those without.

No significant asociations were seen between the biodiversity indices measured in the
vegetable gardens of Mbwei and dietary diversity or food variety but it should be noted that
the sample size for thee analysewere likely to be too small to detect any associationd tha
may existDiversity in vegetables gardens in Mbwei was, however, negatively related to

OK A f RNEB ystodes. KHe maddiverde the vegetable gardens were, the lower the
heights.This is comparable the overall results showing no or negative associations between
agrobiodiversityf household farmand nutritional statusThe reasons for this will be

explored in the section comparing Minyenye and Mbwei.

Research using vegetable gardens to improvecatjural diversity with the intention of

improving diet and nutritional status have shown mixed results. Some have had positive
results; Cabalda et al. showed that having a fruit or vegetable garden was positively associated
with dietary diversity in chdren under five in the Philippines although not with household

food securityCabalda et al., 20)1In Bangladeslchildren in households with more

developed vegetable gardens which were producing vegetables year round consumed more
vitamin A rich vegetables than those with the traditional, limited vegetable gar(letakder

et al., 2000. English etal. found a decrease in diarrhoeal and respiratory infections in Vietnam
in a controlled multintervention nutrition trial whech improvement of vegetable gardens was

one of thecomponents of the interventio(English etal., 1997
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However others have failed to find an association between number of crops grown in
vegetable gardens and nutritional stat{(fhack et al., 199@r have shown no improvementin
nutritional intake(Brun et al., 198por biochemical markers of nutritional stat(iSidala et al.,
2000 on the establishment of howhold vegetable gardens in Senegal and Tanzania

respectively.

5.5.5Comparison of Minyenye and Mbwei

It may be possible to get some insights into the results of this study by examining some of the
differences between the two villageEheland cover in the area surrounding the DHS
Enumeration AreéEAentre pointas defined by th&lobcove2009project(Bontemps et

al., 201) was used to seledflinyenye as a lowiodiversity villagand Mbwei as a high

biodiversity village.

Theagrabiodiversity measwements of the household farms revealed a very diffegcture
to what would be expected from the surrounding land cover. Minyenye shahgbtly
greater diversity than Mbwei for overall plaagrobiaiversity(2.5vs2.3). When the
agrabiodiversity in@x was broken down into just plants that can be used for food this

difference was even more pronouncgti1vsO0.6).

To try and understand theiscrepancy between the surrounding land cover and the
agrobiodiversity of the household farnthe habitat obsrved in the villages and the
characteristics of the farms in the two villageere examinedOn average households in
Mbwei hadmore farms than households in Minyenye but Minyenye households tended to
have larger farms than those in Mbwei. Minyenye islijko have more land available for

growing food on.

Thesoilquality of the farms is likely to also play a part in this difference in diversity.
Approximately 50% of households had markers of land degradation on one or more of their
farms in Mbwei comparéto only 16% in Minyenye. This is reflected in the fact that
respondents in Mbwei were much more likely to report not being able to eat or sell crops that

they grew, mainly due to the rain, sun and fertility of the land.

It is likely that the poorer quality of the land in Mbwei is partly due to the topography of the
area. Mbwei is situated in thé/estUsambara mountains and the seven sub villages that make
up Mbwei were situated on hilops or in valleys with 40% of théarms on steep slopes. It

was noted in Mbwei that the farmers mentioned that rains had carried off fertile soil from

their lands on two occasions. This issue has been identified in the literature as an important
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agricultural problem in the Usambara mouima(Ezaza, 198&tahl, 1998 Steep topography

is linked to poorsail fertility which causedecreased food productiofEzaza, 1938

Farmers in Mbwei raised less animals than those in Minyenye, which means thé&y lewe
less natural fertiliser available to improve the quality of the soil on their farms, especially
considering the greater distance between the farms in Mbwaepoorer quality of the land
YEe KStLI G2 SELX I AY (KS hase®NJamsrglew JSNEA G& 4SSy ;
biodiversity has also been linkedttvpoor soil fertility(Tilman et al., 1996these factors
combined may be having a&gative impact of food production in Mbwélihe higher quality of
the farms in Minyenye could al$®Ip explain the positive association seen between
agrobiodiversity and height in Minyenye when no or negative associations were seenin
Mbwei. Barriers suchs crop failure could be preventing the crops grown from being
consumed by the househol@his may be a significant findingsash a high proportion of
households in Mbwe(i76%Yeportedgrowing food that they could neither eat or satid
these households had children withwer BMI zscores Additionally, espondents in Mbwei

attributing poor harvests to the fertility of their land had children with lower BMIs.

Minyenye had a far greater number of species encountered on timisehold farms (88

species) compared to Mbwei (45 species). The variety of food species was also far greater, 59

compared to 22 in Mbwei. Anotherimportant difference between the two villages is the

growth of staple crops. Sorghum, maize and finger ritiade up 6%, 4% and 1% of all the

plants found on household farms in Minyenye. In Mbwei, cassava made up 25%, maize made

dzLJ v YR FAYASNI YATESG YR a2NBKdzYy 6SNB y2i SyoO:
and variety of staples grown could have a banigl effect on their food securignd could

contribute to the better nutritional status seen in this villagelditionally, the nutrient

content of the staple crops grown in Minyenye are higher than the main crop grown in Mbwei,

cassavdGegios etal., 20)0

Interestingly, when one considers tleeop diversity scoreand the proportion of households
growing sgcific crops it appears that Mbwei does, in fact, grow a greater variety of food
compared to Minyenye. This was particularly pronounced when looking at the vegetables
grown by the two villages in Figure 5.Bheplant and vegetable diversity scores inclddeds
grown on vegetable gardens, these numbers may have been higherin Mbwei partly because
vegetable gardens were more common in Mbwiis result may also reflect a higher number
of crops grown throughout the yearhich is not reflected by the agrohirersity indicesis

these were taken at one time point

The negative association between agrobiodsigrand nutritional status in Mbwei in both the

farmsand in the vegetable gardens may be partly explained by energy expenditure through
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work and time t&en from care of the children. Kumamnd Hotchkis§1988 found that the
more time children spentin agricultural work such as grazing animals and working on farms

the poorer the nutritional status of their prescho@easiblings.

Mbwei has children with poorer nutritional status, more farms far from the house, higher crop
failure and a negative association seen between agrobiodiversity and nutritional status.
Perhaps, in the context of increased workl@adl increasetime away from caring for the
children for presumably less foo@,relationship does not exist between agrobiodiversity and
nutritional status Whereasn Minyenye, farms araearerthe house and crop failure iess
commonsuggesting a better workload food production ratio compared to Mbwei. In this

context, thehigher agrobiodiversityanslates into better nutritional status.

Itis also possible th&amilies that are more at risk are more likely to grow more different
types of crop to minimise thesk to their families if a crop fai(#ltieri, 2009. As thiswas a

cross sectional study there is n@wto tell the direction of the observeasifect.

It may be that there are too many other factarsntributing to undenutrition in these villages
for a difference in agrobiodiversity measured at one time pdimbe more stronglyassociated
with nutritional status. From agricultural factossch ashe quantity of food grown anthe
annual variation in the diversity and amount of food growmliet and health factors as
outlined in chapter 4 such asfection(Chen etal., 198Rlvarad et al., 200}
complementary feedingOnyango et al., 199®batolu, 2003and maternal education
(KabubeMariara et al., 2009Abuya et al., 2002 The pathway from the diversity of crops
grown in the household farms through dietary diversity to nutritional stag®wn in the
conceptual framework (figure 3.2 a) and b))y be t@m long with too many confounding

factors to be seenin a crosectional sample.

5.5.6Selling producedietary diversity and nutritional status

Whether households solkegetables, fruit or other producgas positively associated with
dietary diversity and food variety. There are two likely reasongiisr Firstly, the sale of
producegenerated an increased income which had a positive effect on the households diets
or, secondly, being able to sell crapsdicates that there was enough, of that particular crop,

to feed the household members.

Previous research has shown that an increased income is positively associated with nutritional
status(Shack et al., 1990vang et al., 2032 This study foundnixedrelationshipsetween

selling produce and nutritional status; selling fruit areyetables appears to have a positive

169



- 170 -
effect while selling other produce sucha@§ beans, honey or sugarcan@s negatively
associated with nutritional statusThis difference can be explained through the division of
labourdown gender linesSubsistence foodsich as vegetables and friate thought of as
Wg 2 Y Sy Quhile@asR ddps@all intg S ydamain(Due and Gladwirl,991 Berinyuy
and Fontem, 2011 These results suggest thiie money raised by selling fruit and vegetables
is used to buy food while the income from cash crops isatit that was most commonwl
sold wa avocado, banana and guavhege fruits are easy to grow and pick, not requiring
much additional time and effort and providing not only a good source of nutrients for the
household members but additional money for the househ@dnsuming and $kng fruit has
beenidentified as a coping strategy in times of food shortage in K@myalakson et al.,
2019.

5.5.7Limitations and strengths

The true association between agrobiodiversity and dietary diversity raag been masked by
some2 ¥ { K SmethddombyaliiitationsThere ae a number of potential issues in the
way the agrobiodiversity measures were collected in this project. Firstly the biodiversity data
were collected by two different research assistants for the two different villages. Although
both research assistants follved the same data collection protocol there may still be
differences in the way this data were collected leading to differences in the resulting

biodiversity measurements.

The timing of the data collection would also have impacted on the agrobiodivezsiiyts.

Data collection took place in June in Minyenye and July in Mbwei. Mbwei falls in the bimodal
part of Tanzani@Kabanda and Jury, 1998nd it was expected that it would have two harvests
and that data collection would take place before the main harvest. This was unfortunately not
the case in many households and a high proportion of participants reported only one harvest.
The Village Exetive Officer indicated that Mbwei was in a miectmate within Lushoto and

did not experience the same weather patterns as the surrounding area. The weather tended to
be hotter and drier than what was typical in Lushoto. The result of this was that Mtidiabt
representthe high diversity area as planned and the agrobiodiversity measures were taken

post harvest for a nutmer of householdseducing the diversity indices for this village.

Due to the greater total number of farms and greater number of fafar from the household
a smaller proportion of total farms were measured in Mbwei compared to in Minyege.
while in Minyenye the biodiversity of almost all of the farms used by the household were
measured, in Mbwei only a selection of farms were meead and those far from the
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household were underepresented. This may introduce error into the digersity
measurements, buhe reported size and types of crops grown on the measured farms did not
differ markedly from the farms where no data were cotksat This should minimise the bias

introduced by this limitation.

Despite these limitations this project has brought together detailed datalant
agrobiodiversity, dietary diversity and nutritional status, somethingolitis rare within one
project. Plat agrobiodiversity is measured systematically and biodiversity indices have been
calculated. This is the first study to compare biodiversity indices on households farms to
nutrition outcomes. This study has also collected detailed supplementary data pazides
important insights into the context of this work. The results have highlighted some of the
complexities of relating factors witmultiple determinants to each oth@nd has produced

some interesting insights into how agricultural, dietary andltietactors are related.

5.6Conclusios

This project aimed to investigate the relationship between agrobiodiversity, dietary diversity
and nutritional status in villges in rural Tanzania. Chaptelldstrated a lack of association
between dietary diersity and nutritional status in these villages. This chapter has found no
significant associations between agrobiodiversity and dietary diversity and a limited number of
associations between agrobiodiversity and nutritional status variables.to the psh for

improving agrobiodiversity to improve dietary diversity and health, this is an important finding.

A simple count of the foods that a household grows was significantly associated with dietary
diversity and food variety while a more systematic meaxafrbiodiversity in the household
farms was not. This has implications for nutrition focused research both irstefm
measurement of agrobiodiversitgdices and in terms of targets for dietary improvement. If
researchers or development organisations arerested in improving diets in a bsistence
farming settingasking the household members what §hgrow over the course of a calendar
year may give a better representationfoiod availability compared temploying time
consuming crossectional agrolodiversity measures. Project targets could focus on adding a
certain number of crops to the households annual planting cyslalifying monitoring and

evaluation procedures.
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The results of this study also provide a word of caution for those attempaimgrease
agrobiodiversity on the assumption that this will lead to improvements in diet and nutritional
status. In a number of cases in this study measures of biodiversity and numbers of crops grown
were negatively assodied with nutritional status. Haseholds with greater diversity in their
household farms and vegetable gardens as well as households which sold staples, esgetabl
or otherfoodhad children with poorer nutritional status. The results from this study illustrates
some of the complexitiesf the relationships between factors alottge pathway from dod

production throughconsumptiorto nutrient utilization inow income counties.
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Chapter 6
Investigating the associatian between animal diversity and
both dietary diversity and nutritional status in Minyenye and

Mbwel, rural Tanzania

6.1 Chapter summary

This is the last results chapter for the primary data collecfidre previous chapter focused on
the relationships betweeplant agrobiodiversitgnd bothdietary diversity anahutritional

status. his chapter will build on this work by investigating the relationships between these
health outcomes andnimaldiversity. The previous chapter reported plant agrobiodiversity as
measured in the househofdrms and as the naber of crops grown over the pweous

calendar year. This chapter re@animal agrobiodiversitysing the number of animals raised
overthe previous yeathis will be referred to as the animal diversity score to maintain
consistencyvith the terminology used chapter $his chapter o reportshow eating meat

and animal producandselling animals and animal products are associated with dietary

diversity and nutritional status.

This chapter helps meet objectiveNdasure househal crop and animal diversity, dietary
diversity of respondents and children under five and nutritional status of children living in
these villages, determine whether household produce is sold and investigat these factors
are related and objective 4ifivestigate basic socidemographic factors affecting dietary
intake of children under five and nutrition outcomes in children in these villagfdhis thesis.

Theobjectives othis chapter are:

Objective 6A: To assess animal diversity and present detiee data on animal

product consumption and animal rearing practices in the two villages

Objective 6B:  To examine whether eating animals and animal products and animal
diversity are associated with dietary dreéy in respondents and under

five year ofisand nutritional status ichildren

Objective 6C: To examine whether selling animals and animal products is associat
with dietary diversity inespondents and under five year olaisd
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nutritional status irchildren

The results presentedithischapter have shown that households eating more animal
products have members with highdretary diversityn Minyenye and Mbwei. Highanimal
diversityscores arassociated with higher dietary diversity in Minyenye ohlguseholds
eatingmoreanimal pralucts anchouseholds with higher animéiversity scorefave poorer
nutritional status in Minyenye onhgelling animaland animal products isot associated with
dietary diversityin eitherMage. However, Minyenye households selling angnaald animbk

products have children with paer nutritional status

These results contradict much of the literature on the consumption of animal products in low
income countriegKrebs et al., 20)1These resultave shown that eating and raising animals
is not necessarily beneficia tiet and nutritional status afubsistence farmers living in
environments such as rural Tanzania. This is an importadhtfg that should encourage

caution in those working to improve nutritional status through animal rearing focused

interventions.

6.2Introduction

Meat and animal products have the potential to make an important contribution to dietary
diversity anchutritional status and increasing animal protein in the diets of those living in rural
sub-Sahara Africa has long been heralded as a pdtahavenue for improving undeutrition

in these communitie§Gibson et al., 200Bwibo and Neumann, 20p3

There is evidence in the literature that meat supplementation or higher intakes of animal
products are linked to better dietary quatiand improvements in micronutrient status but
there is limited evidence of the impact on growiPespite finding a significairiverse
association between meat consumption and stunting in populations in Guate Dahapcratic
Republic oCongo, Zambia, aPakistarfKrebs et al., 20)1a year long triusing30 to 4% of
meat per day failed to decrease the rates of stuniimthis populationKrebs et al.2012.
Gibson et al.(Gibson etl., 2003 developed a dietary diversification intervention which
included increasing the consumption of animal source food, mainly fish, and showed
significantimprovements in energy, protein calcium, zinc, haem iron and vitamin B12 intake
and improvenents in MUAC-scores and arm muscle area. There were no improvements in
height or weight after 12 months. Providing a daily snack containing meat to Kenyan school
children for 21 months showed significantly improved cognitive function over a milk orgnerg
supplement and the control group a randomised triglWhaley et al., 2003Dietary quality
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(Murphy et al., 2008 plasma vitamin BL2 (Siekmann et al2003, mid upperarm muscle area
andmid-upperarm fat aregNeumann et al., 20)3vere increased in the mat and milk

groups But there were no changes in heigl@rillenberger et al., 2003

Crosssectional data provides some evidence of the link between animal product consumption
and growth in communities nabvolved in development programs or interventioMarquis

et al(Marquis et al., 1997foundlinear growth to be positively associated with intake of

animal products but only in children with low intakes of complementary foGd&isumption

of animal foods was significantly correlated with weight and heiggtares in Mexican

children 18 to 30 months of agéllen etal., 1992

Literature on the effets of animal agrobiodiversityna animal rearing more generaliy diet
and nutritional status is lackingiwo of the papers reporting positive associations between
agrobiodiversity and dietary diversitxsed a score which combined ptaand animal
agroliodiversity(Correlation 00.697(Ekesa et al., 200&nd coefficient of
determinatior=0.49§Walingo and Ekesa, 201ignificancenot reported)). Leroy and
Frongillo(2007 conducted a review on the effects of promoting animal puwotion in order to
combat undenutrition in which the majority of studies found improved dietary intake with
animal production. The authors suggest this is not necessarily through the consumiption o
animals raised but, more likely, through increased income (See Fiduiad®n from Leroy

and Frongilld2007). All the projects thatneasurel nutritional status integrated different
food production interventions and nutrition education and showed improvements in the
prevalence of iron deficiency, serum retinol and ferritin and child growth. As these were multi
componentinterventions itis ngtossible to determine how much of this effect was due to

improvements in animal production.
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Figure 6.1 Pathway between livestock production and nutritional stat&eroy and
Frongillo, 200y

There is some evidence to suggest that increasing the intake of animal prodlostsiilcome
countries can improve measures of hea(tBibson et al., 2003Vhaley et al., 2003Murphy et
al., 2003 Siekmann et al., 200Bleumann et al., 20)3especially in the context of muti
componentinterventiongGibson et al., 2003.eroy and Frongillo, 200However, due to the
complex set of determinants of diet and nutritional status in these communities, itis
important to investigate whethesnimal diversityand consumption bmeat andanimal
products is linked in communities receiving no food production intervention. This chapter will
outline the associations between meat and animal product in@kéanimaldiversityand
both dietary diversity and nutritional status. Alongttvproviding adlitional evidence of the
affectof animal product intake in low inconenvironments this chapteprovides
complemenary data for the lasthapter onplantagrobiodiversity, dietary diversity and

nutritional status.
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6.3Methods

6.3.1 Data ollection

Thefood sources section of theousehold questionnaire was used to collect the anifoall
sources and animaliversity data for this chapter (see chapter 3 for full details of methods).
Details on how dietary diversity and nutritional statuas measured and transformed for
analysis were described in chap®&and4. The specifimformation collected on animal
diversity,animal rearing, animal and animal product consumption dredstatistical analysis

methods used in this chapter are des@&tbbelow.

The respondent was asked if members of the household had consumed chickens, eggs, cows,
milk, sheep, goats, pigs, ducks or fish in the past calendar year. For positive responses the
respondents were asked if the meat or animal products came faimals raised in the

household or if they were bought, ¢gfd to the household or obtained frothe wild. For

animals that were raised by the household additional questions about the number of animals
the household raised and whether the animals, meammal products were sold by the
household were also asketihe number of different types of animals that were raised by the

household;the animal diversity scorevas used to reflect animal agrobiodiversity.

6.3.2Data analysis

6.3.2.1 Descriptive stidstics
Descriptive data of crude associations are presented as means (95% Confidence Intervals) of
continuous variables and percentages within groups for categoraréables (chapter

objective 6A.

6.3.2.2 Linear regression analysis

Linear regressiowas used to estimate the relationship between the number and type of
animals raised and eaten by the household and dietary diversity/food variety and nositi
status (chapter objective §BAgain, a DA@as used to identify potential confounders to tiees
relationshipgGlymour, 200B(Seedescription orpage 73 dhapter 3 and Figure 3L These
variables were added into thmodel one by one to assess if they affected the regression
coefficients for the independent variable ofterest. When the potential confawder modified

the regression cefficient substantially they were included in the model. Variables included in
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the regression models investigating tredationships between animal consumption and
rearing anddietary diversity or food variety werdousehold mobile phongespondent and
K dza 0 highe®lavel of educatiomhether husband is employeas a farmer or other
employmentrespondentand dzi 6 HrggReRdy of employment andumber of farms the

household uses for growing food.

In the multivariable regression analyses investigating the relationstithswtritional status
thesepotentially confoundingariables were includedespondentand dza 6 Hhighes &
level of educationyvhether husband is endpyed as a farmer or other employment and
NB & LJ2 yTRrdhghdy ©f @mployment.

Unadjustedand multivariable regression wetesed to assess the relationship between selling
animals, meat and animal products adtktary diversity and nutritnal status (chpater

objective 6¢. Analyses fadietary diversity were adjusted for: household mobile phone;
respondentandK dza 6 HigHe<Rl&vel of educatignvhether respondent and husband are
employed as afarmer or other employment; respondent has small busingsg ofifarming;
respondent earns extraincomeyumber of farms the household uses for growing food;
average size of household farms. Arsals fonutritional status were adjusted fonousehold
mobile phonegrespondentand dza 6 lhighe<Rlavel of edudson; respondent and

K dz& o Ifr¢gReRday of employmentverage size of household farms

6.4Results

6.4.1Animal product consumption and animaliversity in the two villages

In Minyenye, the average animdiversity score wa$.42(95% ClI: 1.21, 1.63his s the

number oftypes of animals raised by the househdlf 64 households in Minyenydne

majority raised chickens, approximately 40% raised cows and less than 10% raised sheep
goats, pigs or ducks (Figurg) On average those households raishgep, goats or pigs

(only 6 households) raised approximately 11 of these animals, the 43 households raising cows
raised, on average, about 7 cows and those 53 households raising chickens raised about 10

chickens per household.
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Figure 62. Animals lept in a penin a households yard and being takento get water in
Minyenye

In Mbwei, themeananimaldiversity score was 1.12 (95% CI: 0.85, 1 Afproximatelys5% of

the 58households raised chickens, 35% raised cows and 15% raised ducks. No households
eithervillage kept fish. Only one household in Mbwei reported raising sheep and goats and
they raise of these animals in total. Thiffifvehouseholds raised cows and each household,
on average raised 2.5 cows. Of those 45 households raising okiekeh household raised on

average 5 chickens.

Figure 6.3 A single cow being kept by a household in Mbwei
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Figure &4. Percentage of households raising specific animals in the Minyenye and Mbwei

100% of households ate animals in the past year&h8% 95% CI79.2, 95.8) raised animals.
4.03 (95% CI: 3.74, 4.32) different typéanimals were eaten by the household in the
previous calendar year. Of those households raising animals 62.0% (95% CI: 48.1, 75.9) of

householdsold animals or meat itme past calendar year.

A high proportion of households in Minyenye ate chick&3%6)and egg$69%) with most of

these foods coming from animals theysad in the household (Tablelfy. Approximately 85%

of households ate beef with almost all of those households buying this meat. Just over half the
households drank milk, with 80% of this milk coming from cows they raised in the household.
All households ate fish in the last calengtaar, approximately three quarters of the

households ate meat from goats, 40% ate meat from sheep, 13% meat from pigs and 5% duck
meat. The majority of this meat was bought by the household rather than raised and a small
proportion was gifted to the housedid. Sixteen percentvf households ate no chicken, 8% ate

no meat from goats, sheep or pig and 20% ate no milk or eggs in the last calendaxgear.
households in Minyenye consumed any animals or animal products from wild sources (data

not shown).

Forty-eight percentof all the Minyenye households sold meat and 29% sold eggs or milk. Of
thosehouseholds raising chickens 60% also sold them and approximately 40% sold eggs for
additional income. Only one houseld sold a cow for income and fiheuseholds sk milk

from cows they raised. Thrd®useholds sold goabnesold pig while none of the households

raising sheep or ducks sold these animals for additionalincome.
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Inthe previous calendar year Mbwei, 4.40 (95% CI: 3.87, 4)3¢pes of animals were ¢an
by the household. In the past calendar y&ar8% (95% CI: 89.0, 1@dhouseholds ate
animals and 69.0%(95% CI:56.7, 81.2) raised animals. Of those households raising animals
21.9% (95% CI: 6.7, 37.0) of households sohde of theanimals @ meat

Compared to Minyenye, a lower proportion of househahi®dbweiraised animalsSixty

three percentaised chickens antb% raised goats, sheef high proportion of households

ate both chicken and eggs in the last calendar year. Approximately three gaiafte
households ate meat from cows and all of this meat was bought by the houseBajtity
percentof households consumed milk, approximately 40% got milk from cows they raised in
the household and approximately 70% bought milk. Approximately 70% ciimids
consumed sheep and goat meat in the previous calendar year with the majority of this meat
being bought. Just over half the households consumed duck meat with a quarter of households
raising the ducks themselves and three quarters buying this mdmtut 90% of houdw®olds

ate fish with alhouseholds buying this fisiwenty one percernsf households ate no chicken,
24% ate no meat from goatyeepand 14% ate no milk oreggs in the last calendar yéar.
households in Mbwei ate meat from pighss nh Minyenye, no households in Mbwei consumed

any animals or animal products from wild sources (data not shown).

A much lower proportion of Mbwei households, as compared to Minyenye, sold animals or
animal productsTwelve percenbf Mbwei householdgeported selling someneat and 18%
sold eggs or milkOf those households raising specific anisrsxhouseholds sld chicken,

eggs and milk and orfeousehold sold sheep and goat. Sevuseholds who raised ducks

sold some of the animals or meat.
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Table 61. Number of households in Minyenye and Mbwei eatingising, buying, being given
and sellinganimals and animal products in the last calendar year

Of those who ate: Of thpse _
that raised:
Ate Raised Bought Gift Sold
(N) (N) (N) (N) (N)
Minyenye (N=64)
Chickens 53 50 3 0 30
Eggs 44 42 3 0 16
Cows 54 2 53 0 1
Milk 35 28 6 3 5
Sheep 25 2 22 1 0
Goat 49 5 42 2 3
Pig 8 1 6 1 1
Duck 3 1 2 0 0
Fish 64 0 63 1 0
Mbwei (N=58)
Chickens 46 30 18 0 6
Eggs 36 24 13 0 6
Cows 43 0 43 0 0
Milk 48 21 35 0 6
Sheep 42 2 40 0 1
Goat 40 2 38 0 1
Pig 0 0 0 0 0
Duck 33 8 24 1 7
Fish 51 0 51 0 0

*Respondents could respond with more than one source

6.4.2Minyenye

6.4.2.1 Animal diversity and dietary diversity

Eating animals and animal products aadimaldiversityispositivelyassociated with dietary
diversityin Minyenye The more types of animals the households had consumed in the past
calendar year and thieigher the animal diversity scotke higher thefood variety scores of

the respondents and their olkt chitl under the age of five (Table). The more different

types ofanimals eaterfin the unadjusted model onlgndanimaldiversity(in both the

unadjusted and the adjusted models) the highertBed LJ2 y Ri&afyid@sisity scores. For
example, for each additional type of animal raised by the householtltBea LJ2 ydRet&ry (i Q &
diversity increased by 0.42.
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Table 62. Associatiosbetween the number of diferent animals eaterby the householdand animaldiversityscoresand dietary diversity and food variety in
respondents and under five year olds in Minyenye

Dietary diversity score Food variety score
Child <5 years Respondent Child<5 years Respondent
Regression coefficient Regression coefficient Regression coefficient Regression coefficient
(95% CI) (95% CI) (95% CI) (95% CI)
No. animalganimal productseaten
Unadjusted 0.19 ¢0.02, 0.40) 0.23 (0.07, 0.40) 0.67 (0.31, 1.03) 0.62 (0.27, 0.96)
Adjusted™ 0.15 €0.07,0.37) 0.20 €0.01, 0.40) 0.68 (0.27, 1.08) 0.57 (0.13,1.01)
Animaldiversityscores
Unadjusted 0.01 ¢0.45, 0.43) 0.37 (0.03, 0.72) 0.70 €0.09, 1.49) 1.14 (0.43, 1.85)
Adjusted™ 0.08 €0.37, 0.52) 0.42 (0.03, 0.81) 1.00 (0.17, 1.83) 1.31 (0.502.13)

"Unadjusted model. N was 61 for children undfi®e and 64 for respondents.
MAdjusted for household mobile phone, respondent dhdza 6 Ihighe€d Evel of education, whether husband is employed as a farmer or other employment, respondent and
K dza o Ir¢gReRey of employment, timber of farms the household uses for growing fodbdwas 54 for children under five and 57 for respondents.
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6.4.2.2 Animal diversity and nutritional status

Eating animals and animal products aadimaldiversityisnegativelyassociated with
nutritional status in Minyenydn the adjusted models themore different types of animals
eatenby the householdhe lower the BMI zscores of all children and those childrander the
age of five (Table.B). The higher the animatliversityscore the lower the BMI-scores in all
children only Additionally, in children under five only, tinegher the animatliversity scord¢he
lower the childrerd MUACin both unadjusted and adjusted modelo other significant
associations were seen between thember of animaleatenandthe animaldiversityscore

and nutritional status in children.
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Table 63. Association betweethe number of animals eateby the householdand animal diversityscoresand nutritional status in all children and children
under five in Minyenye

Height zscores Weight zscores BMI zscores MUAC

Regression coefficient Regression coefficient Regression coefficient Regression coefficient
(95% CI) (95% CI) (95% CI) (95% CI)
Children <5
No. animals eaten
Unadjusted 0.05 ¢0.08, 0.18) -0.03 €0.15, 0.09) -0.10 €0.21, 0.02) -0.10 ¢0.22, 0.03)
Adjusted\ 0.05 ¢0.11, 0.21) -0.07 €0.21, 0.06) -0.15 ¢0.28,-0.02) -0.14 ¢0.29,0.01)

Animaldiversityscores

Unadjusted 0.07 €0.20, 0.34) -0.05 €0.28, 0.19) -0.14 ¢0.37, 0.08) -0.27 €0.52,-0.02)
Adjusted” 0.04 ¢0.29, 0.36) -0.13 €0.40, 0.13) -0.23 €0.48, 0.03) -0.35 ¢0.65,-0.06)
All children

No. animals eaten

Unadjusted 0.02 ¢0.06, 0.09) -0.02 €0.09, 0.05) -0.01 €0.09, 0.06) -0.03 €0.18, 0.11)
Adjusted 0.04 ¢0.04, 0.13) -0.05 €0.13, 0.03) -0.09 ¢€0.17,-0.01) -0.07 €0.24, 0.09)

Animal diversity scores

Unadjusted
Adjusted*

0.01 €0.14, 0.15)
0.03 €0.14, 0.19)

-0.08(-0.22, 0.06)
-0.13 ¢0.28, 0.02)

-0.08 ¢0.22, 0.07)
-0.17 ¢0.32,-0.02)

-0.06 ¢0.35, 0.23)
-0.06 ¢0.38, 0.27)

AUnadjusted model. N was 101 for height, 100 for weight, 102 for Bddlozes and 103 for MUAC in childiemder five. N was 251 for height, 251 for weight, 255 for Blgitares
and 252 for MUAC in all children.

MAdjusted for respondent anil dza 6 highe€2Bevel of education, whether husband is employed as a farmer or other employh&ha LJ2 yfreGugnayofemployment. N
was 93 for height, 93 for weight, 95 for BMseores and 95 for MUAC in children under five. N was 230 for height, 231 for weight, 235 fos@éz and 232 for MUAC in all

children.
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6.4.2.3 Selling animal productnd dietary diversity
Sellinganimal products isot associated with dietary diversity in Minyeny¥o significant
associations were seen between whether a household sold milk or eggs and the dietary
diversity and food variety scores of the respondenttheir oldest children under five (Table
6.4).

Selling animals or meat was positively associated Mih & LJ2 yido&wariet@scoredn the
unadjusted model those households who sold animals or meat from animals had respondents
and children with highefood variety scores and respondents with higher dietary diversity
scores. When the models were adjusted for potential confounders the association between
whether animals were sold and theB & LJ2 yfdd&wiriet score was the only coefficient

that remaned significant. Respondents from households selling animals or meat had food
variety scores approximately two points higher than those in households not selling animals or

meat.

18€



- 187 -

Table 64. Association between whether animals arahimal products are sold and dietary diversity and food variety in respondents and under five year olds in

Minyenye
Dietary diversity score Food variety score
Child <5 years Respondent Child<5 years Respondent

Sold milk and/or eggs

Unadjusted” -0.43 €1.43, 0.57) 0.31 ¢0.45, 1.07) -0.66 €2.48, 1.16) 0.04 ¢1.62, 1.70)
Adjusted™ -0.40 €1.31, 0.52) 0.31 ¢0.48, 1.09) -0.97 €2.73, 0.78) -0.02 ¢1.89, 1.86)
Sold animals/meat

Unadjusted 0.86 ¢0.03, 1.75) 0.78 (0.09, 1.46) 2.06 (0.473.65) 2.44 (1.09, 3.80)
Adjusted* 0.18 €0.76, 1.11) 0.72 ¢€0.11, 1.55) 0.91 €0.95, 2.76) 2.19 (0.55, 3.83)

AUnadjusted model. N was 43 for children under five and 46 for respondents for sold milk and/or eggs. N was 47 for chdbtrfeneuand 5For respondents for sold

animals/meat.

MAdjusted for household mobile phone, respondent #dza 6 Fhighie€d Evel of education, whether respondent and husband are employed as a farmer or other employment,
respondent has small business on top of farmnegpondent earns extra incomeumber of farms the household uses for growing foaderage size of household farms. N was

40 for children under five and 43 for respondents for sold milk and/or eggs. N was 44 for children under five and 4 bfataetsfior sold animals/meat.
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6.4.2.4 Selling animal products and nutritional status
Selling animaland animal products isegatively associated with nutritional status in
Minyenye Households sellingilk and/or eggéad under five year oklwith significantly
lower height zscores compared to those in households not selinidx and/or eggs (Table
6.5). Looking at all children shows that households selling milk and/or eggs have children with

lower height and weight-scores in both unadjustl and adjusted models.

Households sellingnimals or meat from animals they raisiead under fives and all children
with significantly lower BMI-gcores than those not selling animals or meat. In the adjusted

model these households had children with sfgrantly lower weight zscores and MUAC.
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Height zscores

Weight zscores

BMI zscores

MUAC

Regression coefficient

Regression coefficienl Regression coefficient (95¢

Regression coefficient

(95% CI) (95% CI) Cl) (95% CI)
Under5
Sold milk and/or eggs
Unadjusted -0.74 €1.35,-0.14) -0.45 €0.98, 0.08) 0.19 €0.34, 0.72) -0.07 €0.62, 0.48)
Adjusted\ -0.75 ¢1.46,-0.03) -0.45 ¢1.05, 0.16) 0.18 €0.40, 0.76) -0.19 €0.83, 0.46)
Sold animals/meat
Unadjusted 0.12 €0.45, 0.68) -0.25 ¢0.70, 0.19) -0.44 ¢0.88,-0.01) -0.42 ¢0.95, 0.10)
Adjusted\ -0.00 €0.72,0.72) -0.43 €0.98, 0.11) -0.56 ¢1.08,-0.04) -0.62 €¢1.26, 0.01)
All Children
Sold milk and/or eggs
Unadjusted -0.32 €0.65,-0.00) -0.35 ¢0.65,-0.05) -0.19 €0.48, 0.11) 0.24 ¢0.35, 0.83)
Adjusted\ -0.39 (0.74,-0.04) -0.33 ¢0.65,-0.01) -0.14 ¢0.46, 0.17) 0.06 €0.59, 0.70)
Sold animals/meat
Unadjusted 0.04 €0.25, 0.33) -0.21 ¢0.47, 0.05) -0.35 ¢0.62,-0.09) -0.50 ¢1.05, 0.05)
Adjusted\ 0.03 ¢0.33, 0.38) -0.32 ¢0.64,-0.00) -0.45 ¢0.76,-0.13) -0.92 ¢1.57,-0.26)

AUnadjusted model. N was 68 for height, 67 for weight, 69 for BMiares and 70 for MUAC in children under five and was 175 for height, 175 for weight, 179 fos 8lés

and 176 for MUAC in all children for sold milk and/or egge/ald 76 for height, 76 for weight, 78 for BMseores and 78 for MUAC in children under five and was 207 for height,
208 for weight, 212 for BMI-gcores and 207 for MUAC in all children for sold animals/meat.

MAdjusted for household mobile phone, respient andK dza 6 IhighiR€) Evel of education, respondent aKddza 6 HrggReREy of employment, average size of household
farms. N was 64 for height, 64 for weight, 66 for BNicores and 66 for MUAC in children under five and was 163 for height, 1@ifgint, 168 for BMI zscores and 165 for
MUAC in all children for sold milk and/or eggs. N was 73 for height, 73 for weight, 75 fordBllez and 75 for MUAC in children under five and was 198 for height, 199 for
weight, 203 for BMI-scores and 199 foMUAC in all children for sold animals/meat.
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6.4.3Mbwei

6.4.3.1 Animal diversity and dietary diversity
Eatinganimals and animal products bobt animaldiversityscoreswvere positivelyassociated

with dietary diversityn Mbwei. Themore animal®aten by the householoh the past calendar

yearthe higherthé&B a LJ2 yaRd3h¢ (inQei fivé S | NXietdryRli@egsity and food

varietyin the previous 24 houiis both theunadjusted andhe adjusted analyses (Tabl&}

as was the cge for food variety in Minyenydhehigher the animatliversityscorethe higher

theNB a LJ2 yIRSR/ (KGBaNJ 2f RSad OKAf R dzy RSN FAGSQa F22R Ol

only. This association was seen in both the unadjusted and the adjusted modélsjienye.
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Table 66. Association between the numbef different animals eaterby the householdand animal diversityscoresand dietary diversity and food variety in
respondents and under five year olds in Mbwei

Dietary diversity score Food varietyscore
Child <5 years Respondent Child<5 years Respondent
Regression coefficient Regression coefficient Regression coefficient Regression coefficient
(95% CI) (95% CI) (95% CI) (95% CI)

No. animalganimal productseaten

Unadjusted 0.18 (0.040.32) 0.22 (0.09, 0.34) 0.57 (0.29, 0.85) 0.54 (0.30, 0.78)
Adjusted\ 0.22 (0.08, 0.37) 0.23 (0.09, 0.36) 0.58 (0.29, 0.88) 0.51 (0.26, 0.76)
Animaldiversityscores

Unadjusted 0.34 €0.02, 0.70) 0.31 €0.02, 0.64) 1.09 (0.36, 1.81) 0.85 (0.20, 1.50)
Adjusted\" 0.37 ¢0.08, 0.82) 0.35 ¢0.06, 0.76) 0.89 ¢0.05, 1.84) 0.62 €0.18, 1.42)

AUnadjusted model. N was 55 for children under five and 58 for respondents.
MAdjusted for household mobile phone, respondent d#dz& 6 |-hiGhe$) Evel of education, whether husband is employed as a farmer or other employment, respondent and

K dza o Ir¢gReRey of employment, number of farms the household uses for growing food. N was 54 for children under five and Fibfutamss.
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6.4.3.2 Animal diversity and nutritional status
Eating animals and aninharoducts andanimaldiversityscores wer@otassociated with
nutritional status in MbweiNo significant associations were seen between thebar of
animals ea¢nby the householarthe animaldiversityscoredor the last calendar year and
the nutritional status variblesof the children (Table.8). This differs from the results seenin
Minyenye where eatingnimalsand animabiversitywas negatively assoced with nutritional

status.
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under five in Mbwei
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Height zscores

Weightz-scores

BMI zscores

MUAC

Regression coefficient

(95% CI)

Regression coefficient

(95% CI)

Regression coefficient

(95% Cl)

Regression coefficient

(95% CI)

Children <5

No. animals eaten
Unadjusted
Adjusted

Animal dversityscores
Unadjusted
Adjusted

-0.07 €0.17, 0.03)
-0.07 ¢0.18, 0.04)

-0.10 €0.33, 0.13)
-0.04 €0.31, 0.22)

-0.01 ¢0.10,0.07)
0.00 (0.09, 0.09)

-0.02 €0.23, 0.18)
0.08 €0.14, 0.31)

0.02 (0.05, 0.10)
0.04 (0.04, 0.11)

0.04 €0.13, 0.21)
0.12 €0.06, 0.30)

-0.04 (€0.14, 0.06)
-0.04 ¢0.14, 0.07)

-0.06 ¢0.29, 0.17)
0.03 ¢0.22, 0.29)

All children

No. animals eaten
Unadjusted
Adjusted
Animaldiversityscores
Unadjusted
Adjusted*

-0.01 ¢0.09, 0.06)
-0.01 ¢0.09, 0.06)

-0.06 ¢0.24, 0.11)
-0.01 ¢0.21, 0.18)

0.01 €0.06, 0.07)
0.01 (0.06, 0.08)

0.01 ¢0.16, 0.17)
0.10 ¢0.08, 0.27)

0.00 €0.05, 0.06)
0.01 €0.05, 0.07)

0.07 €0.08, 0.21)
0.14 €0.01, 0.29)

0.03 €0.08, 0.14)
0.04 (€0.08, 0.15)

0.04 ¢0.24, 0.31)
0.09 €0.21,0.38)

AUnadjusted model. N was 197 for height, 100 for weight, 99 for B&tiazes and 101 for MUAC in children under five. N was 163 for height, 167 for weight, 169 fos 8Wéxz

and 180 for MUAC in all children.

MAdjusted for respondent anil dza 6 higheS2Bevel of education, whether husband is employed as a farmer or other employh&hé LJ2 yfreGughaybiiemployment. N
was 95 for height, 98 for weight, 97 for BM$zores and 99 for MUAC in children under five. N was 161 for hei§atfot weight, 167 for BMI-gcores and 178 for MUAC in all

children.
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6.4.2.3 Selling animal products and dietary diversity
Selling animaland animal products isot associated with dietary diversity in Mbw&io
significant associatits were seen between whether households sold milk, eggs or meat and
NB & LJ2 yIRYSR/ 03\ f R NB y Caad fdedvariety Sddres RrabiBh Sidikarinén
significant associations were seen in Minyenye in the majority of associations betweeg sellin

animal produce and measures of diversity in the diet.
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Table 68. Association between whether animals and animal products are sold and dietary diversity and food variety in respondentsdar five year olds in

Mbwei
Dietarydiversity score Food variety score
Child <5 years Respondent Child<5 years Respondent

Sold milk and/or eggs

Unadjusted” 0.44 ¢0.67, 1.56) -0.11 ¢€1.15, 0.93) 0.35 €1.93, 2.62) 0.47 €1.34, 2.27)
Adjusted™ 0.53 ¢1.18, 2.24) 0.50 ¢0.98, 1.97) 0.20 €3.11, 3.51) 0.70 €1.84, 3.24)
Sold animals/meat

Unadjusted 0.10 ¢1.15, 1.35) 0.15 ¢0.84, 1.14) 0.88 ¢1.54, 3.30) 1.66 (0.01, 3.31)
Adjusted™ 0.22 ¢1.24, 1.68) 0.28 ¢0.71, 1.26) 0.67 £2.39, 3.73) 1.36 €0.29, 3.00)

"Unadjusted modelN was 31 for children under five and 34 for respondents for sold milk and/or eggs. N was 30 for children under five anes3@rfdents for sold
animals/meat.

MAdjusted for household mobile phone, respondent d&dza o lhighes evel of education, lvether respondent and husband are employed as a farmer or other employment,
respondent has small business on top of farming, respondent earns extra incambeen of farms the household uses for growing foaderage size of household farms. N was
29 for dhildren under five and 32 for respondents for sold milk and/or eggs. N was 29 for children under five and 31 for resplondeitsanimals/meat.
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6.4.3.4 Selling animal products and nutritional status
Selling animaland animal produis shows mixed associations with nutritional status in
Mbwei. Those households sellingjlk and/or egg$iad under five year olds with weight z
scores approximately 0.8scores lower than those not selling milk and/or sggthe adjusted
model (Table ®). This is similar to the negative associations seen between selling animal
produce and nutritional status in Minyenye. Househad#ing animals or meat Mbwei,
however, had children with approximately 1cm lar¢#dAC in both unadjusted and adjusted

models.
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Table 69. Association between whether animals and animal products are sold and nutritional status in all children and childrem finelén Mbwei

Height zscores

Weight zscores

BMI zscores

MUAC

Regression coefficient

(95%Cl)

Regression coefficient

(95% CI)

Regression coefficient

(95% CI)

Regression coefficient

(95% CI)

Under five year olds
Sold milk and/or eggs

Unadjusted -0.60 ¢1.38, 0.19) -0.57 €1.25, 0.12) -0.20 €0.76, 0.35) -0.27 €1.06, 0.51)
Adjusted\ -0.73 €1.65, 0.19) -0.82 ¢1.62,-0.03) -0.34 ¢0.98, 0.29) -0.30 €1.17, 0.56)
Sold animals/meat

Unadjusted -0.46 €1.26, 0.34) -0.23 £1.00, 0.54) 0.24 €0.44, 0.92) 0.30 €0.56, 1.16)
Adjusted\ -0.56 €1.55, 0.43) -0.36 €1.29,0.58) 0.24 ¢0.57, 1.04) 0.29 ¢0.68, 1.25)
All children

Sold milk and/or eggs

Unadjusted -0.27 ¢€0.81, 0.26) -0.27 €0.77, 0.23) -0.16 €0.58, 0.26) -0.18 €1.05, 0.70)
Adjusted\ -0.51 €1.13, 0.11) -0.53 ¢1.11, 0.05) -0.23 ¢€0.73, 0.26) -0.33 €1.36, 0.71)
Sold animals/meat

Unadjusted -0.11 ¢0.61, 0.39) -0.03 ¢0.55, 0.49) 0.01 €0.45, 0.47) 1.04 (0.07, 2.00)
Adjusted\" -0.23 ¢0.82, 0.36) -0.08 ¢0.69, 0.53) 0.10 €0.44, 0.64) 1.14 (0.02, 2.26)

AUnadjustedmodel. N was 58 for height, 60 for weight, 59 for BMilcpres and 60 for MUAC in children under five and was 105 for height, 108 for weight, 107 fos 8¢z

and 112 for MUAC in all children for sold milk and/or eggs. N was 55 for height, 57 fot,v6dhr BMI zscores and 57 for MUAC in children under five and was 96 for height, 99
for weight, 98 for BMI-scores and 103 for MUAC in all children for sold animals/meat.

MAdjusted for household mobile phone, respondent &dza 6 |-highe$ Evel okducation respondent and dza o HrggReRcy of employment, average size of household
farms. N was 55 for height, 57 for weight, 56 for BMicores and 57 for MUAC in children under five and was 98 for height, 101 for weight, 100 fos&éz and 18 for

MUAC in all children for sold milk and/or eggs. N was 53 for height, 55 for weight, 54 fordBltlez and 55 for MUAC in children under five and was 92 for height, 95 for weight,
94 for BMI zscores and 97 for MUAC in all children for sold animaesit.
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6.5Discussion

6.5.1Animal diversity, dietary diversity and nutritional status

Animaldiversity ancconsumption of animals and animal produiginked with higher dietary
diversity but not nutritional statusThe majority of households in Minyengad Mbwei both
raised animals and consumed some meat and animal products in the last calendar year. The
more different types of animalsaten bythe households the higher the food variety score of
the respondents and the under five year olds were. Thdswit however convertinto better
nutritional status. If anything, the opposite was true; in Minyenye either no association or a
negative association with nutritional status was seen; the greater the number of animals
SIGSy s (KS LJ2 2 NEBsbires wes. OMbweli, RNBwEr@ D signiitant |
associations seen with any of the nutritional status variables.

A similar pattern was seen with ttemimal diversity scorand dietary diversity and nutional
status in Minyenye. Animal diversityas positively associated with dietary diversity scoresin
the respondents and food variety scores in both the respondents and the children. However,
either no associations were seen with nutritional status or negative associations were seen. In
Mbwei, there were no associations seen between #remal diversity scorand either the
dietarydiversityfood varietyscores or nutritional status variables. These results indicate that
there is no benefit to nutritional status of households raising animalseasélftommunities

These results contradict much of thesearch in this are@arquis et al., 1997Allen et al.,

1992 Ekesaetal., 2008Valingo and Ekesa, 2013

The negative association seen between meat consumption and-Bddires seen in Minyenye
may be due to an increased risk of inf®n introduced by the meafor example from
hookworm(Pasricha et al., 2008Salmonella or Campylobact{@ouillot et al., 2012 The
negative association seen betweanimal diversitand nutritional status seen in Minyenye
may simply be because those buying meatlaegter off financially which is associated with
better nutritional statugShack et al., 1990r it may actually have somethingtm with

raising these animals.

There are a number of differences between these two vétatpat could help explain the
different associations see®ue to the dnynature of the land in Minyenyat the time of
surveytherewas not very much grass available for animals to eat and it was often the
children®@ responsibility to takéhe animals to graze elsewhere. This may have impacted on
the childrer® energy expenditure and requirements. Kumar and Hotchkiss found that how

mudh children were involved in collection, grazing and agricultural activities was negatively
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related to their nutritional status in Nep&umar and Hotchkiss, 198®espite Mbwei
households being more likely to own animals (53% in Mbwei compared to 5% in Minyenye),
Minyenye households were more likely to raise animals (86% in Minyenye compare to 69% in
Mbwei).Households in Minyenye who were raising animals ke pyadr number of those
animals compared to Mbwei. Time and energy spent anduese use for animal rearing is

thereforehigherin Minyenye.

Interestingly, despite these two villages being quite differdrable 4.2, chapter 4 and Table

6.1, chapter passocations betweeranimal diversitand eating aimal products and meat

anddietary diversityand nutritional statusre similain this studyThere isvidence in the

f AGSNI GdzNB KF(G adzldld SYSydAy3a OKAf RNIFYQAa RA
context leads to better diet qualitfMurphy et al., 2008 micronutrient statugSiekmann et

al., 2003 and cognitionWhaley et al., 2003Murphy et al., 2003Siekmann et al., 2003

Neumann et al., 20)3 However, this study illustrates that in communities with no outside
intervention,households eating meat and animal products dometessarilyrave childre

with better nutritional statusThis, along with the results from chapter 5, provide evidence

against the pathway illustrated in figure 3.2 a) and b): increases in agrobiodiversity do not

necessarily lead to improved nutritional status through increadiethry diversity.

6.5.2Animal rearing for reasons other than consumption

In attempting to understand why this might be itis important to consider the reasdrys

people were raising animals. It has been documerfteafchamps et al., 199Bovie et al.,

2009 thatit is common for animals to be kept, not to be slaughtered for food, but to sell when
the household needs mone&nimalsact as insurance against times of extreme food insecurity
or can be sold to cover the cost of school fédazzeo, 2011 Animals raised also fulfil the
important taskof providing fertiliser fohousehold farm¢Powell and Williams, 19940ften a
household would raise animals that they did not qvand therefore could not slaughter for
food,in orderto get fertiliser for their farmsn thesevillagest was common for households

to raise chickens, not to provide eggs for consumption, but to eat or sell the clitherrggs

would develop into

6.5.3Barriers to animaldiversity positively impacting nutritional status
Poultry digases ee common irthese areas, reducing the numbaf animals available to eat
and sell.tis also commofor animalsn these villagesespecially chickens, to roam in and out

of houses and to live in the yards outside the ho(fsersonal observationfccording to
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Upton (2000 itis difficult to control the spread ohfectious diseases among suefdely
dispersed system gfoultry production.These practices calead to zoonosiéAngulo et al.,
200Q Butzler, 200% whichimpacsy S 3| (G A @S t &nuiitibtnaBttdsthRiB y Q &
infection(Stephensen, 1999

The impact on caregivers time, although not assessed by this study, should also be considered.
It is possible that the amount of time it takdss female head of household to care for these
animals takes time away from food preparation and child¢@eeye, 200Kumar and

Hotchkiss, 1988

6.5.4 Selling animals and animal products

There is publishedvidence that raising animals improves the household inc@wielsen et

al., 20036 KA OKX Ay GdzNYy3>X KlFIa 0SSy akKz2gy (G2 0SS ftAYyl1SR I
(Shack et al., 199(rang et al., 2032 Theresults of this study do not support this hypotsis.

In Minyenye, either no association or positive assbais were seen between animals, meat,
eggs or milk beingold and dietary diversity and food variety and either no association or
negative associations were seen withtritional status variables=ggs/milk beingold was
negativelyrelated to heightgcoresand animals or meat beirgpld was negatively associated
with weight, BMl and MUAC. In Mbwei, all associations between animals and their products
beingsold and dietary diversity and food varietgre nonsignificant. Mk and/or eggbeing

sold was negatively associated with weight in the ernfive year olds and meat or animals
beingsold was positively associated with MUAC in children. That sellingggsand their
products was not positively associated withtritional status variables would suggest that if
households were making extra money by raising and selling animals, this was not getting fed

back into buying household food.

6.5.5Limitations and strengths

A number of the limitations outlined in chégr 4, such as translation, study dynamics énel

research environmerdre also relevant to the resultsihis chapterIranslation errors may

have dfected the accuracy of the studies resuksorded.Cross cultural dynamics and having
family members present at the interview could have affected the honesty of the responses

from the participantsAdditionally results are crosssectional and basedddB & LJI2 Y RSy (1 Qa
memoryof householdconsumption ad animal rearing practices over the previous calendar
year.This recall bias may hav#ected the accuracy of the results given by the participant.

However, the respondent was well placed to answer questions about both diet and farming
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practices due to hecentral role in food production and preparation. The questionnaire
collected very thorough information on the animal foods consumed and the animals raised by
the household. Data wdsanslatedat the time of data collectioand recorded by the

researcherThis allowednformationto be checked on collection to minimise missing data.

6.6 Gonclusiors

This chapter present$etailed household levelinformation cemimal consumption and
animal diversity ohouseholdsand whetherthis animal producevas soldlIt testsassociations
between these practices and bothetary diversity and nutritional status in orderitoform
understanding on how animal food production practices are related to dietandtional

status in these rural villages.

Thekey resultof this chapter are that, despite having higher dietary diversity, households
eating more animal products and housalds with higher animaliversityscoreshad poorer
nutritional status in Minyenye. Mbweiduseholds eating more animptoducts have member

with higherdietary diversityput no associations were seen with nutritional status.

Additionally, no associatits were seen with animéiversity and dietary diversity or

nutritional status Selling animaland animal products isot associated with ditary diversity

in either village but households in Minyenye selling animals and animal products have children
with poorer nutritional statusThese results go against much of the literatplished in this
area,whichgenerallyencourages the consumptioof animal products inlow income

countries in order to improve nutritional status.

The mixed associatiometween raising animals and nutritional status raise questions about
howsuccessful interventions which solely encourage households to raise aimwter to
improve nutritional status are likely tagin low income countries. Rufabuseholdseporting
eating and raising animals were worse off nutritionally than those not eating and raising

animalgn both villageslespite having different animedaring dietary and social practices.

Additionally,exploring the reasons why supplying animal foods to communities has a different
effecton diet and health than local improvements in animal production could provide some
interesting lessonsn effectivanterventions Reasons for raising animals, the uses these
animals are put to and animal rearing practices need to be more fully investigated before

interventions designed to increase animal rearing in rural areas are implemented.

Meat and animal produstare rich sources of protein and essential micronutrients. As such,

they have potential to improve nutritional status in populations that are malnourisiikd.
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projects,perhaps surprisingesultsagainhighlight the complexity of the determinants of die
and nutritional statusiti KS&4 S 02y i SEG&ad +ASgAy3a (KAEA LINR2SOGQa
wider literature, which has shown animal rearing interventions to be more successful as part
of a multi component projects, should encourage researchers andldpment organisations
into more thorough approaches to combating malnutritidieresults presented in this
chaptersuggest caution and tdepth research into local contexts and practices before outside
intervention by researchers and developmemganisationgttempting to improve nutritional

status through encouraging the rearing of livestock
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Chapter 7
Investigating the relationships between land cover, dietary

diversity and nutritional status in a national sample in Tanzania

7.1 Chaptersummary

The previous three results chapters havegented the results and analysef primary data
collected at local village scales. This chapter broadens analysis to investigate the factors of
interest at thenational levelDue todata availabilityatthe national level there are a number

of differences in the methodology and resulting data as coradao chapter 5. This earlier
chapter focused on agrobiodiversity as measured at the level of household farms, this chapter
has taken a broader view and ksiand cover to individulediet and nutritionvariablesThis
chaptermeets objective 5 of the thes(investigate the sockalemographic determinants of

dietary diversity and nutritional status and explore the relationships between land cover,
dietary diversity and nutritional status in children under five yedra aational level, in

Tanzaniq Thechapter objectives are:

Objective 7A:  To investigate whether demographic, social, agricultural and dietary fac
are associated with dietary diversity andtritional status in under five yea

oldsin Tanzania.

Objective 7B:  To investigate whether dietary diversity is associated with nutritional sta

inunder five year olds in Tanzania.

Objective 7C:  To investigate whether dietary diversity and nutritedistatus in under five

year olds vary spatially in Tanzania.

Objective 7D:  To investigate whether land cover is related to dietary diversity and

nutritional status in under five year olds in Tanzania.

The results in this chapter show that those childveth higher dietary diversity had lower
height for ageThe later children had complementary foods introduced to their diet the lower
their height for ageChildren from households usipgped,tank, rain or bottledwaterfor
drinkingor taking action tanake water safe to drink had higher height for age. Thesemntly

experiencingliarrhoeahadpoorer nutritional statusThe more agricultural land cover
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surrounding the DHEAcentre point the higher the respondent and chdktary diversity
scoreswer® dzi (G KS f 26 SNJ (i KSagacultral ahiBrgstland dovenwask i @ a 2 NB
associatedvith a higher weight for height.

These results contribute knowledge about the determinants of nutritional status in Tanzania.
In contradiction to muclof the literaure carried outin low income countries, dietary diversity
was negatively related to nutritional status. To date there has been little research linking land

cover to dietand nutritional status, this research provideme important data to fill this gap.

7.2 Introduction

Chapters 4 to 6 have suggested and discussed some potential determinants of nutritional

status inlow incomecountries that were identified by work carried outin two villages in

Tanzania. To broaden the usefulness of this work thistelrayill conduct similar analyses

using data that is less detailed but fraimuch larger, nationally representative study

conducted in Tanzaniain 2010; the Demographic and Health Survey (DHS). In oxgeote e

the relationshipbetween diet, nutritiondstatus and agrobiodiversity at this level, land cover

maps are used as a proxy for agrobiodivergtglationships between land cover as well as

a20A1 X RSY2ANI LIKAOT FANRKROdz GdNIF £ YR RASGOFNE FI o

explored.

Satellite data comes from environmental sensors that have been placed in orbit to observe the
earths surfac€Brown, 2009. Data from this remote sensing technique has been used to
determine land covelland cover has been defined as the observed (bio)physical cover on the
earth's surfacdy Di Gregorio and Jans€t998. There are a number of reasons why land

cover might be related tdiet and health. One of these reasons is that land cover and
biodiversity are related. There is a strong precedence for using satellite datanoedst
biodiversityof plantpopulationsg(Skidmore et al 2003 Walker et al., 1992Tucker and Sellers,
1986 andto estimatevegetation ofandcoverin orderto locate animal habitgi&ustin et al.,

1996 Homer et al., 1993Miller and Conroy, 1990

Few studieshoweverhave used satellite data to link land use or land coveliéd andhuman

health(Xu et al., 2008Brown, 2009 Johnson et al., 201®owell etal., 2011 There are many

ways in which changes in land use can impact on human health including risk of flash flooding,

risk of malariand change® food production(Xu et al., 2008 Brown(2009 outlines how

remote sensing can be used to identify conditions which may lead to famine in particular

spatial, temporal and social contexts. Relevant conditions identified through remote sensing
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include climate, specifically rainfall, and ptgrowth which, Brown states, can be used to

estimate agricultural production.

A study published in 2013ohnson et al., 20)3ised Normalized Difference Vegetation

Indices (NDVI) and Vegetation Continuous Fields (VCF) based on Moderate Resolution Imaging
Spectroradiometer (MOD)Satellite data collected for Malawi and linked percentage forest
coverto dietary diversity, intake of vitamin A rich foods, incidence of diarrhoea and rates of
stunting. They found that children living in areas with more forest cover consumed more

vitamin A rich foods and were less likely to have diarrhdaavellet al(Powell et al., 2011

calculated tee cover fronLandsat e TMandProbationary System of Earth Observation
(SPOJsatellite datao investigate forest cover and dietary intake in the East Usambara
mountains While the relationship between dietarywkrsity and tree cover were not directly
examined in this study they did find thabbseholds with greater tree covaearby weremore

likely to consumdorest foodsand ndividuals usinfprestfoods had higher dietary diversity

Linking large scale measures of vegetation or land cover to health outcomes is a relatively new
area of inquiry. This chapter will add to this area by providing data on the association between
land cover, dietary diversity and nutritional status at a naiblevel in Tanzania. This chapter

will also provide additional data on how dietary diversity and nutritional status are related in
Tanzaniand on other social and demographic factors associated with nutritional staacd

to the data from the primargata cdlection. This national level data will strengthen

contendthe hypotheses dis@sed in the previous chaptersot the primary data collection

and this national level analysis come together will be discussed further in chapter 8.

7.3Methods

7.3.1 Data sources

7.3.1.1Demographic and Health Survey data

¢KS WaSladzaNBE 51 {Q LINR2SOG 65SY23INILIKAO I yR
representative data on maternal and child health, gender, and nutrition across the world since
1984 (Measure DHS, 2014The projectis fundebly the US Agency for International

Development (USAID). DHS is a source of good quality data on a wide range of demographic
and health factors in Tanzar(iehe DHS Program, 20}4@he DHS survey cardeut in

Tanzaniain 2010 (DN wasused for these analyses. GPSoedinateswere capturedat the

centre point ofeach of the 45 clusters included in this survey. Clusters were based on

Enumeration Areas (EA) defined by 2892 population antiousingcensusThese are the
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units of randomisation for the DHS and household datkeation takes place withithe
selected EA, an average of 1&useholds per EASeventysix percenpf clusters were rural
and 24% were classed as urban. 19% of the clusters were on Zanzibar or Pemba and 5% were

in Dar es Salaam.

This research projectwaisgh 4 § SNBE R 6 A (i KheWa § IRA @ZRRIaBEsEQBRB OR R S
the respondentand child dath,y R W1 2 dza SdétasetRor hadsEnpidRS/alatawere
downloaded(The DHS Program, 20)4xs Stata files/ariables relevant to this project were

selected fronthesedatasets and combined into on¢e$afile usirg the household I

mergethe variables from théwo different datasets together. Average dietary diversity,

nutrition, demographic and social variable£aiSEAlevel were linked to the GPS-co

ordinates through theEAnumber present in each original dataset.

The outcomesgf interest arenutritional status and dietary diversity. Nutritional status
measureghat wereused are BMI of the responderdaadheight for age and weight for height
z-scores intheNB a LJ2 yyBuBgési dnik.

In the DHS, iétary diversitywas calculated from a 24 hour recall for the respondents and their

youngest childThe dietary diversity data available throughthe DHS is®¢si SR a4 | weaSaQs
2N WR2y Qi 1YyY26Q 7T 2wibréobdedntor BitdRy diddrsiyScbiadel @ ¢ KA &

on the food groups used inchapters4t68Y/ SNBE | f & = NRamimArich Y R (G dzo SNEQT WY
veISGlo6f Sasx G dibeBSAE SH YYB (BRI E3ONIE A B ap Theatd Fish

andinsech QT WS3IIFAQT Wt SAdzySaz vy dziails, faffadswSe®Ra QT WYA f |
as recommended by the FAPD04 dietarydiversity workshogFAO/WHO/IFPRI, 2004

Unfortunately, in the DHS questionnaire other vegetables and other fruit were asked in one

guestion so the dietary diversity scoreed for this chapter is out of eight food categories

instead of nine

The DHS collected information on basic demographics and background, reproduction,

pregnancy, breastfeeding, health, marriabasband@ O1 ANR dzy R 62YSy Qa 62N |
residencahroughout Tanzanidotentially confounding variables were iddéied from these

categores using the DAG described hapter 3(page 73 Figure 3.16 Whether these

variablesonfounded the relationshgbetween land cover and dietary diversity and

nutritional status was checked by adding them to the model onertgyand seeingif they

modified the regression coefficient substantidllyiteria varied from approximately >0.02 to

>0.05 depending on the size of the regression coefficiefitgly were included in the

multivariable model if they confounded the relatisimips Questions on the number of meals

perday, number oflays in the last sevaiays meat and fish were eaten and some food

preparation data were also collected. D$as specific questions on agriculture directed at
20€
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the women respondents thatereused in the analysisThese included whether they had land

usable for agriculture and how much land.

7.3.1.2Land cover

The Land Cover Classification System (LCCS) was developed by the United Nations Food and
Agriculture Organisation (UNFAOQ). Itis an attétolevelop annternationally agreed

reference base forland covdtis a hierarchical system based on a set of independent
diagnostic criteri@g. life form, cover, height and dens{i Gregorio and Jansen, 199R is a

flexible system with two main phases. The first phase distinguishes eight major land cover

types:
9 Cultivated and Managed Terrestrial Areas
1 Natural and SemNatural Terrestrial Vegetation
1 Cultivated Aquatic or Regularly Flooded Areas
1 Natural and SemNatural Aquatic or Regularly Flooded Vegetation
1 Artificial Surfaces and Associated Areas
1 Bare Areas
1 Artificial Water bodies, Snow and Ice, and
1 Natural Water bodies, Snow and Ice.

In the second phase classes are created usinglpfaned classifiers which are specificto each
of the above land covaypes The resultis a system that alloa@mparisons of land cover
over differentsmallerareas and projects butis flexible enough to accurately categorise
different areasFor example, within th&ultivated and Managed Terrestrial Ar€lasd cover
type sits the following classe®.ostflooding or irrigated croplands (or aquatigyRainfed
cropland€QWiosaic cropland (500%) / vegetation (260%XandWlosaic vegetatin (5070%)

/ cropland (20p 7z Th@LCCS was used to define land cover for land coveroh@psazania
produced by GlobCov2009.

7.3.1.3GlobCover 2009 data

A global land cover map was produced in 201@h®yEuropean Space Agen@&SAand the
Univessité catholique de Louvalmsed on data collected from January to December of 2009.
The map is based on MERIS (Medium Resolution Imaging Spectrometer Instrument) fine

resolution surface reflectance mosa{@ontemps et al., 2031 MERIS is a wide field of view
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pushbroom imaging spectrometer @NVISATN ESA environmental satellittmeasures 15
spectral bands of solar radiation that is reflected by the efRast et al., 1999 The map is in
geographic coordinates in a Platarrée projection (WGS84 ellipsdiipntemps et al., 2031

The land cover map goes through a number ofprecessing (geometric corrections, cloud
screeningatmospheric corrections, bidirectional reflectee distribution functiorcorrection
and time compositing) and classification stages (spetetngporal classification, labelling,
validation). The final land cover map has a 300m resolution and cou@kRZbver
categories within the Band cover classes definadth the United Nations LCC&ted above
(Bontemps etal., 20]1

GlobCover 2009 data was downloaded friite ESASIobCover rtal (European Space

Agency, 2010 The data was unzipped and addedhe base map of Africain &BIS version

10. The land covecategories for GlobCover2088 presented in Figure 7.Those land cover

categories that were assigned to the three categories used in this study: Agricultural, Forest

and Other land cover are presented in Box7.3 These categories are very similathose

used in site selection (Box 3.1and 3.2) but are stricter on wdradtitutes biodiverse forest

The decision on what land cover categories were assigned to agricultural, forest and other land

coverwere based on theCCS categorigEhe agricultual land cover is identical to the

ONBLX ' yRa dzZaSR F2NJ aAaAidS aStSOGA2y IyR Ad O20SNH |
CSNNBaGNARIFE ! NBFa yR alylF3ISR [FYyRaAQd ¢KS FT2NBai
OFGS3I2NRSa 27F Geabnafural Terestid \Fegetatibh: WookhyNBS S{&a Q | y R | f f
GKNBES 2F GKS [/-yH0&®KITdAdNFd: § V¥E £ SFY3GF A2y Qd ¢KS 2
OFGS32NR Ay Of dzRSa wu O (S haukhTériestrieNBg¥tatipnt / { Wb | { dzNJ |
Woody-¢ NB S & Qhoseynkhe BHrub and Herbaceoussuls OG A 2y 2F [/ / { Wb (dzNY f
Semiy b GdzNF f ¢SNNBAGNAIFE +S3ISGlFrdAz2yQ a ¢Sttt a GK2
YR WLYyflFYyR 2F0SNJo62RASaE ay2¢ IyR A0SQo

Box 7.1 Land cover types classified as agriculililand cover
When assessing tHand covein the surrounding 5km ahe DHSEAcentre pointan ArcGIS
thefollowid O2RS& 6SNB dziSR faBdcoN®&LINBE &Sy i WI 3NR Odzf G dzNJ f

1) Postflooding or irrigated croplands (none presentin Tanzania)
2) Rainfed asplands
3) Mosaic Cropland (500%) / Vegetation (grassland, shrubland, forest}$2%)

4) Mosaic Vegetation (grassland, shrubland, forest){@) / Cropland (260%)
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Box 7.2 Land cover types classified as forestland cover
Whether biodiverse land fallgithin Skm of the DHS centrepoirgalso of interestin this
chapter. The land coverclassesusedtorefrgsii (G KS Y2 NB ardagdrer 0 S

1) Closed to open (>15%) broadleaved evergreen and/orsciduous forst (>5m)
2) Closed (>40%) broadleaved deciduous forest (>5m)

3)Open (1540%) needleleaved deciduous or evergreen forest (>5m);

4) Mosaic Forest/Shrubland (50%) / Grassland (Z80%)

5) Mosaic Grassland (50%) / Forest/Shrubland (280%)

6) Closed$40%) broadleaved forestgularly flooded Fresh water

7) Closed (>40%) broadleaved forest or shrubland permanently flap8altine or brackish

water (none presentin Tanzania)

8) Closed to open (>15%) vegetation (grassland, shrubland, woody vegetaticegularly

flooded or waterlogged soilFresh, brackish or saline water.

Box 7.3 Land cover types classified as other land cover
The land covercategNA Sa G KI (i T tatedory doysitiéred tb KeShot B @divetss,

include:

1) Open(15-40%) broadleaved deciduous forest (>5m);

2) Closed to open (>15%) mixed broadleaved and needleleaved forest (>5m);
3) Closed to open (>15%) shrubland (<5m)

4)Closed to open (>15%) grassland

5) Sparse (>1%) vegetation (woody vegetatiahrubs, grassland)

6) Artificial surfaces and associated areas (urban areas >50%)

7) Bare areas

8) Water bodies

209
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Figure 7.1. GlobCover2009 land cover map of Tanzania
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