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Abstract

Numerous are the obstacles and difficulties smidlrdfarmers from developing countries have to
face to achieve food security or improve their ihg. Challenges and opportunities may vary
dramatically from having to cope with harsh climatind production conditions to having the option
of entering the market, yet farming systems andalypecton decisions are crucial elements to reduce
poverty and improve wellbeing. This is particulathpe in a time in which growing population,
climate change and energy requirements pose ingepsessure on land and natural resources. In
either context, the use and exploitation of nattgaburces is thus a key aspect to consider pkatigu
with regard to the variety choices that can affgetetic diversity and to the use of pesticides that
might be induced to achieve standards requiredthéyrtarket.

This thesis attempts to address these elementsddysing how small-scale farmers deal with
achieving food security and improving their welligithrough crop production choices, farming
technologies and strategies adopted to accessatenin marginal but market-oriented conditions as
opposed to manage production in harsh agro-ecabgimnditions.

After analyzing in detail the role of agriculturef Plant Genetic Resources for Food and
Agriculture (PGRFA) and of agricultural markets as®kd systems, the thesis is divided in two parts.
The first part deals with analyzing how small-scieners from the Ecuadorian Sierra benefit from
dynamic changes in the agricultural economy and wghtte impact of their production choices on the
use of pesticides and of potato varieties adopibd.second part examines how smallholder farmers
from the Hararghe region of Ethiopia deal with fregt production difficulties and with production
shocks mainly determined by drought through varadpption choices and what are the impacts of
these choices on production efficiency and gerdbtiersity. The importance of social capital, eviten
throughout the work presented, is specifically yred for the case of Ethiopia.

By using different approaches, methodologies and, @among which rigorous impact assessment
plays a key role, findings show the unequivocalangnce of market access, seed sources, production
technologies and social capital. The analysis uaklen demonstrates that programs and policies to be
effective need to be implemented throughout théreentalue chain: from input use to produce
commercialization, whereas social capital mighththically facilitate the successfulness of variety
adoption, seed access and program implementatiastlyl. this work demonstrates that rigorous
impact evaluation can help identify aspects of paots and policies crucial to suggest the way

forward on achieving sustainable economic developme

Keywords: small-scale farmers, food security, impact evaluagtiEcuador, Ethiopia, crop choice,

social capital, crop genetic diversity, pesticides.



Acknowledgements

The work presented in this thesis would have nanbpossible without the support, advice,
encouragement and help of Paul Winters, my supareaisd very good friend. Thank you, Paul. I still
remember the first time you suggested | should idensdoing a PhD during our field work in
Ethiopia. At that time | totally refused the ideadastubbornly kept ignoring a little voice insidem
saying | should indeed take the idea into accowttien | finally decided to embark in the PhD
journey | applied to Wageningen among a number ifférént universities | had considered and
strongly hoped my application would be acceptednitherefore deeply grateful and indebted to Ekko
Van lerland and Hans-Peter Weikard for believingimfrom day one and for always encouraging my
research and progresses. Ekko, thank you very rimugjour technical judgement, guidance and food
for thought. Hans-Peter your support, technicdloisims and encouragement have been essential for
me to be able to reach this point and write these fines. Thank you very much for carefully
reviewing each chapter of my thesis and for pragdiery insightful comments and suggestions.

A special thank goes to Leslie Lipper who has mdy contributed to the work presented here but
also to a large share of what | have learnt anck Hsacome. | am also highly grateful to Kostas
Stamoulis for believing in me and for offering ne fpossibility of conducting interesting case stadi
and research combined with work in FAO.

I would like to thank my friends and colleaguesnfr®Vageningen who have made my stay there
and my scientific and social life much easier anjyable: Miyuki Nagashima, Enoch Kikulwe, Axel
Tonini, Valentina Tassone, Kelly de Bruin, KidiselBeselassie, Conny Almekinders and Afaf Rahim.
| am very grateful to Maarten Punt for translatthg Summary in Dutch. A very special thank for
administrative support to Gré Schurink-Heitkdnigd aespecially to Wil den Hartog. Wil you are
wonderful, always helping with any request and idgalith a number of difficulties | had throughout
these four years. Thank you.

| would like to thank my colleagues from FAO whoowided advice, insightful comments and
support throughout my research and PhD work: Atb2ezza, Carlo Azzarri and David Dawe and to
my friends Astrid Agostini, Alessandra Basilico,aRcesca De Santis, Stefania Di Giuseppe, Irini
Maltsoglou, Madelon Meijer, Elisa Peters, Anna Gapieand to my cousin Cinzia Rasicci for always
encouraging me during the difficult times and badmmants over the course of my PhD and for

believing | could make it.



I am highly indebted to all the farmers from Ecuadnd Ethiopia who generously and patiently
shared their knowledge, attitudes, and perceptmaswho answered to long and detailed questions.
Likewise | am grateful to the enumerators, team bens and collaborators who participated to the
data collection and survey exercises in Ecuador ianithiopia. | thank the Hararghe Catholic
Secretariat and Alemaya University from Ethiopia ftondertaking difficult and challenging data
collection and field activities. For the Projectbouador, | thank the colleagues from the Inteameat
Potato Centre (CIP) for their wonderful collabavati Graham Thiele, Patricio Espinosa, Jorge
Andrade and José Jimenez. A special thank goesatimNbonzales Flores and to Lina Salazar for the
excellent collaboration, interesting talks and $baring doubts, challenges and difficulties. | wish
could always work with such wonderful colleaguesould also like to thank leaders of CONPAPA
(Consorcio de la Papa); FAO-Ecuador; the Institidacional Autbnomo de Investigaciones
Agropecuarias (INIAP) and the Programa NacionaRdéces y Tubérculos rubro Papa (PNRT-Papa);
the Swiss Agency for Development and CooperatidDQ)S the Central Ecuatoriana de Servicios
Agropecuarios (CESA); M.A.R.CO. (Minga para la AntiRural y la Cooperacion); the Instituto de
Ecologia y Desarrollo de las Comunidades AndinaBECA); Alberto Oleas and Fabian Mufioz.

I'm grateful to the co-authors of the papers présgnin this thesis who have enormously
contributed to the relevance of the research.

| am indebted to FAO, to the FAO Netherland Paghigr Program (FNPP) and to the FAO
/Norway Partnership Programme (FNOP) for providing with the opportunity of doing field
experience and for conducting applied research.

Last but certainly not least | would love to thanit husband Gianni Catini for bearing with me the
burden of these four years, for sharing good mosheshien research seemed to go towards the right
direction and for tolerating and encouraging me rwhéelt | would have never been able to finalise
this work. With profound gratitude | would like tbank my parents for providing any kind of help |
needed and deal with any possible necessity | fardncouraging me in difficult moments and for
always being there. Grazie mamma e papa per eggeli® che siete, per essere sempre presenti e
disponibili e per avermi trasmesso la gioia di wéyela curiosita di conoscere ed il coraggio di
guardare sempre avanti. | am also deeply gratefwhy parents in laws for taking care of my son
when | needed extra-time, to my brothers Denis Adhdiano for their encouragement, to my sister in
law Annamaria and to Roberta Vesperini and Atheneept for designing the cover of this thesis.

Finally, | wish to thank my son, Emanuele, who altbh unconsciously, has had to bear with me
time spent in front of my computer being a goodyband sleeping at the right time, despite
sometimes he expressed some strong rejection afidhie | was doing. | would like to dedicate this

thesis to my husband Gianni, to my parents GiandiMaria and to my beloved son Emanuele.

Romina Cavatassi
Rome, August 2010

Vi



Chapter 1

Introduction

Feeding a growing human population, in spite of #mrmous progresses in industrial and
agricultural production, is a key issue on the rimidional policy agendan a context of global
challenges where population keeps growing, clinchtinge poses more frequent and adverse threats
and natural resources compete between energy amtrfeeds, this challenge must be addressed
undoubtedly while respecting the environment aadétural resources. In the words of Lipper et al.
(2009: 3) “agricultural markets, seeds systems emgh genetic resources lie at the heart of this
challenge”.

Agriculture contributes to food security and humagil-being both through producing food within
accessible price ranges for rural and urban consuaewell as by providing income to farmers to
purchase food. However, producing in marginal aggases challenges and opportunities different
than those encountered by farmers producing in mamrdet oriented areas.

Whilst for the former, improving farm level prodiwty and resilience to agricultural production
shocks is essential to reducing poverty and immgvhousehold food security, for the latter
agricultural production and market integration esgnt crucial elements to improve well-being and
ensure food security.

This thesis examines how smallholder farmers aehighe objectives of food security and of
improving their welfare through crop production whes, farming technology and market access.
These objectives are analyzed in a marginal butkemaoriented versus a marginal and harsh
production context. The role of crop genetic resesir(CGR) and of the seed systems within the
above mentioned challenges are also considered.famger context is offered by a case study
conducted in the Ecuadorian Sierra while the lageoffered by a case study run in Ethiopia. The
impacts that production choices have in the twdediht contexts not only on food security and
wellbeing but also on the use of natural resoueresanalyzed. In particular the analysis takes into
account the utilization of selected staple cropspectively potatoes versus sorghum and wheat, for
which both countries are rich in diversity, as wadl the potential genetic erosion occurring as a

consequence of production choices. The impacthi@mrmnvironment and on human health caused by



the use of pesticides are also analyzed for the egEcuador.

1.1 Background

Sustainable agricultural development is a prockasis ecologically sound, economically viable
and socially just, and one that aims to producefdlod and/or the income needed to achieve food
security, a state that FAO defines &s: situation that exists when all people, at all timbave
physical, social, and economic access to sufficigaite, and nutritious food that meets their digtar
needs and food preferences for an active and hedife” (FAO, 2002). Agriculture not only
contributes to development as an economic actiuity as a source of livelihoods but it is also an
important provider of environmental services (WoBénk, 2007). At present, however, many
agricultural production practices contribute toowese degradation, including the loss of Plant
Genetic Resources for Food and Agriculture (PGRFR)e Millennium Ecosystem Assessment
(2005) reported that about 60% of the ecosysteuntiest were being degraded or used unsustainably,
while climate change, the demands of an increasimgan population, and the use of biofuels are all
putting additional and new pressure on land (chightthis thesis).

Researchers and development practitioners areasiagly realizing the importance of livelihood
diversity in poverty reduction strategies (e.gisEind Freeman, 2004) as well as the crucial rble o
staple crop production and of crop and variety divieation strategies for farmers’ food securitgé
Eakin, 2005; Narloch et al., 2009).

Crop diversification is a key strategy in agricadtiuproduction carried out by smallholder farmers
because of the opportunities it offers for managiely and heterogeneous production conditions, as
well as because of the increased income generdtialiows through market participation. The
literature on motivations for crop and/or varieiyatsification shows that supply as well as demand
factors determine diversity levels maintained atfdrm and at more aggregate levels (chapter §, thi
thesis). There are three main driving factors ofhtaxs’ “demand” for crop diversity: i) managingkiis
i) adapting to heterogeneous agro-ecological petdo conditions; and iii) diversification to meet
market demand5.Other reasons include nutritional preferencestucall values, managing labour
bottlenecks, information flow over varieties or strints in accessing certain cultivars (BellorQ@;9
Lipper et al., 2006).

Increasing agricultural productivity and productiefficiency through modern or high yielding
varieties has often been found to be an effectivategyy. However, for farmers dealing with risk
management or with harsh agro-ecological produamnditions, these varieties might not be suitable

and yield nearly nothing given that they have beeveloped primarily for high potential production

! See for example Newberry and Stiglitz (1981), Chasad Holt (1990), Rosenzweig and Binswanger (1993) an
Fafchamps (1999).
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conditions, requiring a set of complementary ingidgenson and Gollin, 2003). On the other hand,
landraces or traditional varieties show a highabi$ity (adaptation over time) in these environnsent
and may contribute to farm level resilience to copia production shocks (FAO, 1998; Ceccarelli et
al., 2001). An important requirement for promotifogpd security and rural development strategies
through a sustainable utilization of CER gaining better insights into the adoption of ddm
Varieties (MV) among farmers operating in such araa well as gaining a better understanding of
seed system functioning and seed flows within forama informal networks.

Likewise, it is important to gain a better undemsliag of what are the processes and elements that
generate the possibility for small farmers to asdbe market profitably. Moving from marginal and
subsistence farming towards commercial productfarmers start to produce for the markets and
adopt new crops or varieties to meet demand. Intithesition from subsistence to commercial
production, farms become semi-commercial charastdriby mixed cropping systems frequently
associated with higher levels of crop diversityntisabsistence systems (Pingali and Rosegrant, 1995)
As commercialization proceeds, however, farms becomre specialized even though the agricultural
economy may be more diversified.

The process of agro-industrialization, ongoing iany developing countries, brings about a set of
changes, often referred tothe new agricultural economwhich create the potential to increase farm
incomes and improve food security (Eaton and Shepl2901; Winters et al., 2005). However, the
fact that many smallholders remain on the periphafrythe new agricultural economy indicates
benefits to them do not accrue automatically ardogrno means guaranteed (Little and Watts, 1994;
Berdegué et al., 2003; Reardon et al., 2003).

The net effect of the new agricultural economy ¢ twelfare of poor people is indeed
controversial and depends on how these changesffalit the poor as producers and as consumers
and on the conditions that determine their mark&tgration. These changes, have introduced new
forms of institutions imposing private grades atahdards for food quality and safety, in addition t
choices on new organizational arrangements withénfood marketing chain (Kerallah and Kristen,
2001; Reardon and Berdegué, 2002; Dolan and Humpho©4).

The increased commercialization of agriculturalduce could have various opposing effects also
on the environment. The orientation towards redi@aral farm-level specialization as well as the
intensification of natural resources’ use, haveadiseveral concerns related to the loss of bicgltye
and to the genetic erosion of local varieties, ddition to the intensification of chemicals used
(Barrett et al., 2001; Pingali, 2001; Singh, 20Wnters et al., 2005). The quality and uniformity
requirements of agro processors may, indeed, thmituse of certain varieties, particularly traditib
ones in favour of modern varieties with desirablecpssing characteristics (Dasgupta et al., 2001;

Pingali, 2001). Moreover, the requirements of staidd may lead, at least initially, to an increase i

2 Within Crop Genetic Resources particular attentiodedicated to Plant Genetic Resources for Food\gridulture.



the use of agricultural chemicals and thus to higlrevironmental and human health risks (Thrupp,
1990; Crissman et al., 1998; Pingali, 2001, Berdegfial., 2003).

The challenge is, thus, to identify ways that allemvallholders to actively participate and benefit
from the increased food-system dynamics while amgidnegative environmental externalities.
Nevertheless, empirical research on farmers’ clsoite participate to the growing market
liberalization is rather intricate, as it is anahgsthe consequential effects on the environment.

The present thesis represents a specific attemptytdo account for the difficulties above
mentioned and to identify the types of obstacles e difficulties farmers face in achieving food
security and improving their well-being.

The thesis, after analyzing in detail the imporean€ CGR (and particularly PGRFA), agricultural
markets and seeds systems to achieve food seamdtyalleviate poverty (or increase wellbeing), is
divided in two parts. The first part deals with Baang how smallholder farmers in the Ecuadorian
Sierra benefit from dynamic changes in the agniralteconomy and what is the impact on the use of
pesticides and of potato varieties. The secondgpamines how smallholder farmers in the Hararghe
region of Ethiopia, who deal with very difficult mgecological conditions and frequent production
shocks, make variety adoption choices and whattleimpacts of these choices on production
efficiency and potential genetic erosion. The inmt@ce of social capital in both contexts is rather
evident throughout the thesis and is specificatiglgsed for the case of Ethiopia.

Ecuador and potato have been chosen for the éis& study because:

* Potato is a staple crop, crucial to the food sé&cafi many Ecuadorian peoples, but also a
crop that is commonly used in the processing gbs;Hiries and other foods. Moreover the
Andes are the centre of origin and diversity fotapmes.

» Ecuador has been chosen because, despite its gragmo-industrialization process, it still
has large indigenous populations and widespreadrpg\wparticularly in rural areas. It is a
country that presents various degrees of farmetg'gration with the market, from the
many small farmers who still produce under theswktraditional farming system to those
vertically integrated and oriented towards agraistdal production.

Moreover, a relatively large scale integrated mamdgain intervention with small potato

farmers Plataforma de concertacigrnoffered an opportunity for conducting an inteiregt
impact evaluation study.

Ethiopia and the staple crops of sorghum and wheat been chosen for the second study
because:

» Ethiopia is centre of diversity for sorghum and aty@mong other crops.

» Sorghum and wheat are key staple crops for mastegbopulation in the area selected.

* The country presents a very high rate of food & snsecurity.

» There had been a seed intervention project meadistobute clean seeds of modern and



landrace varieties which offered a potentially iagting study case.

1.2 Research objectives and questions

The specific objectives of the thesis are as fatow

Promote the sustainable utilization of Crop Gen&isources, and particularly of
PGRFA, by discussing their role and contributionfeod security and sustainable

agricultural development;

Identify the circumstances and mechanisms whichmpte or inhibit small farmers’
entry into the new agricultural economy and théoastthat can be taken to improve the

benefits of such entry;

Understand the role of social capital, transactioosts or other elements that could
determine farmers’ decision making and influenceirtithoice to participate in the

market and in which form;

Ascertain conditions under which such participatioituence the production function

and the utilization of conventional as opposed amage control inputs and how this
might ultimately allow the conservation of crop g#a diversity and a reduced use of
pesticides;

Understand motivations and impacts of modern waragtoption for farmers facing

difficult agro-ecological conditions and frequenbguction shocks;

Identify and gain insights into the functioningfofmal and informal seed system and
the role of social capital and networks in seeddl@nd agrobiodiversity conservation

in marginal production contexts.

The ultimate aim of the thesis is to provide infation on the design of policies aimed at

addressing food security and farmers’ wellbeindiirerse contexts and production conditions.

To reach these objectives the following researastjons are to be answered:

1. a) What is the role of CGR and particularly of Rl&enetic Resources for Food and

Agriculture (PGRFA) in achieving food security aaltbviate poverty within the context of

some of the emerging and difficult challenges naeirfg agriculture? b) And what is the
role of markets and seed systems within this caftex

a) Has patrticipating in the market through the @&tatnas in Ecuador increased farmers’
welfare as measured by potato yields and gross ins&do) What are the primary

mechanisms through which the program has improvethve? c) Has participation led to

health or environmental degradation with respecgmchemicals utilization and changes
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in varietal use?

3. a) To what extent has participating in the Platafms program had an impact on yield
through modifying the production technology? b) Whbat extent has participation in the
Plataforma influenced the use of yield enhancipgis versus damage abating inputs?

4. a) Are more risk adverse farmers with climaticaBnsitive production systems more or
less likely to adopt modern varieties? b) Does modeariety adoption reduce or increase
the probability of being affected by crop failure?

5. a) How does agricultural household decision-makietgrmine on-farm diversity? b) What

is the role of social capital in determining onrfilevel diversity of crops and varieties?

1.3 Methodology and approach

The best way to gain insights and provide infororaton the design of policies aimed at food
security and farmers’ well-being in diverse comgesind production conditions is looking across
countries at different points in agro-technologiaatl agro-processing development (new agricultural
economy). For this purpose the countries of Etlsiopnd Ecuador have been chosen for such an
investigation. These two countries are ideally extiifor the study because they both have large
populations and widespread poverty, particularlyhi@ rural areas of Ecuador and for the country at
large in the case of Ethiopia. Andean agricultwies on a resource base that is somewhat fragile
because of its topography, whilst Ethiopia preseetyg diverse, difficult and marginal agro-ecolaic
conditions. They are both the point of origin aedtces of genetic diversity for a number of impotta
crops, particularly potatoes and quinoa in Ecuaahok sorghum, teff and wheat in Ethiopia.

Potato, sorghum and wheat are chosen for detailalysis because they are staple crops in the
respective countries and are crucial to the foedisty of smallholder farmers. In addition, potéa
crop that is suitable for agricultural industrialion being commonly used in processing of chipes f
and other processed foods.

Whilst both countries face poverty, yet the levelveell as the incidence of poverty is rather
different in Ethiopia than in Ecuador. Whereas &pia ranks 130th in terms of Human Development
Index-1 (HDI-1) and 77.9% of its population livedtlwless than 2 USD a day, Ecuador ranks 32nd
and has 20.4% of its population living with lesarti2 USD between 2004-2006 according to the
UNDP Human Development Report (UNDP, 2009). Morepwdile Ethiopia is still far from agro-
industrialization and farmers mainly deal with riskanagement and coping strategies, in Ecuador
agro-industrialization is rather advanced. FritgsLa multinational potato processing enterprise, &a
potato chip factory in Ecuador that procures ald@)000 tons of potato annually from local farmers.
In addition, there have been some public-sectdcyahitiatives to increase access to the processin
market by small farmers. In particular, what werake in this thesis is the case of Plataformas de

concertacioror simplyPlataformas(Devaux et al., 2009).



Likewise, while in Ethiopia the utilization of agohemicals is not an issue because of the very
limited utilization, for Ecuador the issue of pegte use is most important because of the
intensification of agriculture that accompaniedhit $o processing. On the other hand, with respect
agricultural biodiversity whilst in Ethiopia the xnof crops and varieties chosen represent important
aspects of coping with difficult production condits, in Ecuador they are expected to be mainly
driven by the on-going process of agro-industrétlan.

To address the research questions above listed¢da® studies have been conducted respectively
in these two countries. More in particular, a spiidesigned primary level survey on smallholder
potato producers in Ecuador was used to colle@ ttatmeasure the impacts on food security and
farmers’ welfare of market participation as wellths effects on the environment and the mechanisms
in place to generate these impacts. The data wikected from June to August of 2007 through a
detailed household questionnaire, which was spadi§i designed to conduct an impact evaluation.
The questions were developed based on qualitatifcennation collected through an earlier value
chain analysis, key informant interviews and fashdéocus group discussions. Several revisions of
the questionnaire were done during the pilot plaamkthrough conversations with key informants to
make it better targeted to potato producers frolacsed areas. To properly run impact evaluation
communities and households were selected in swehyato ensure proper identification of program
impact and divided into treatment (program partiaiig) and control (non participants) groups. Adhir
group of non participants, but residents in pgstiot communities was also selected to check for
spillover effects. The final sample includes a Itad& 1007 households of which 683 reside in
beneficiary communities (324 participants and 368-participants) and 325 in control communities
(non-eligible). Lists of households from each oédé categories were provided Byataforma
coordinators and community leaders. Households tranlists were randomly selected to be included
in the survey.

Likewise the data used for the case study run mofgta was also collected to evaluate a seed
system intervention carried out in the area byHhaearghe Catholic Secretariat (HCS), a local NGO.
The sample was limited to woredas (counties) whé@S had been active and included peasant
associations (PAs) only within the mid and highlamdas, which have similar agro-ecological zones
and fairly uniform cropping patterns. PAs that jgipated with the HCS program and those that did
not were included in the sample. In the three wased total of 30 PAs were selected: 15 PAs in
which HCS project had been implemented and 15 airfiAs in which HCS did not distribute seeds.
The principle governing the selection of non-pdptat PAs (i.e. the control group) was to identify
those as similar as possible to the HCS proje@saamd households. To select the sample, a similar
approach to the Ecuadorian data set was usedatimdluseholds were divided into treated and cantrol
in addition to households that did not participtehe program but lived within communities where
the program was implemented to check for spill@aféects. A number of different survey instruments

were used to collect data on household and comsnuhiiracteristics, crop production and the
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cropping systems. A total of 720 households welectsd and interviewed over the cropping season
of 2002-2003. The household survey instrument wgddmented in two rounds in order to ensure
sufficient detail on agricultural production. Thiest round was conducted towards the end of the
Meher (main crop) planting season in August 200#% $econd round was done after the harvest of
the Meher crop in early 2003. In each of the 30 Bé&weyed, data on community characteristics was
gathered through the use of a community level sumstrument administered to key informants,

usually PA leaders. Agro-morphological charactérmaas well as farmers’ focus group discussions

were also run to complement the data set and irstiom

1.4 Outline of the thesis

The remainder of this thesis comprises six addiiehapters. The next five chapters represent the
core of the thesis. These chapters are writtertaagl-@lone publications for scientific journals and
some overlap between chapters is inevitable. Alodimgy chapter summarizes and discusses the main
findings.

Chapter 2 addresses the first research questidisbyssing the role and contribution of PGRFA to
food security and sustainable agricultural develepimIn the context of food security, poverty
alleviation is considered as a key step for elimgafood insecurity. The chapter does not review o
interpret these concepts or their inherent complexid inter-linkages. Instead, it looks at theerof
PGRFA in the context of some of the emerging arfficdit challenges now facing agriculture
providing a review of the current status of PGRFAd aconsidering PGRFA not as victims of
agricultural modernization but rather as a key twolachieving broader social goals. The analysis
presented is instrumental to identify some of tley kaps and needs for further research, which
conclude the chapter.

Chapter 3 addresses questions 2a, 2b and 2c bindpak the experience of the Plataformas
program in the Ecuadorian Sierra. Rigorous impaatuation of participation in the market through
the Plataformas is conducted by using multiple watédn methods. These include ordinary least
square (OLS) regression, Propensity Score MatckiR®M), weighted PSM and an Instrumental
Variable approach. The various methods used albloensure identification of program impact and to
attribute robustness to findings. Households warapted in a way to ensure treatment and control
effects could be soundly determined. Comparisonsngfacts across the different groups allow
checking for spillover effects and confirm the seexof the program in achieving its objectives.

Chapter 4 addresses questions 3a and 3b. Sinceapr®gdesigned to improve returns to
agriculture, such as tHélataformas can influence crop production not only througlarmpes in input
and output indicators, but also through the prddactechnology, the relationship between these
indicators as embodied in the production technologgds to be analyzed. The chapter examines the

impact of the Plataforma program on the productexhnology looking in particular at the use of
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pesticides and of potato varieties grown, as meashy a specifically constructed agro-biodiversity
indicator within a damage abatement frameworkhis framework pesticides and agrobiodiversity are
seen in their damage reducting role rather thapub@nhancing. In particular, a weighted estimation
where weights are constructed through PropensityreS&4atching, is employed to estimate the
production function within a damage abatement fraork. The function incorporates a series of
interaction terms to assess the impact of the progm the production technology.

Chapter 5 addresses questions 4a and 4b by usirdath set collected in the eastern Hararghe of
Ethiopia in a year of extreme drought. Technolodgmion decisions are particularly important in
situations of high food insecurity, where the ptuibiy of complete crop failure is rather likely @n
where risk adverse farmers have limited capacityefepost consumption smoothing. In such contexts
we can expect that small-scale farmers choose phaituction technology to minimize the probability
of disaster outcomes. Whether modern varieties (sdfption is a risk reducing technology is very
context-dependent. Thanks to early maturing tislits may represent an effective means of coping
with droughts on one hand, but landraces may shwoWwet better adapted to marginal production
conditions and be more drought-tolerant on the roth@nd. To analyze the adoption of MV,
considered a technology choice, as well as the gmitity of experiencing crop failure for MV
adopters, the chapter presents a maximum likelimedriate probit model rooted in the standard
household model.

Chapter 6 focuses on how seed supply limitatioflaénce crop diversity and the role that social
networks play in overcoming this barrier so addresguestion 5a and 5b. Social capital is consitlere
an important feature of informal seed systems, wimeolve seed exchanges in the context of social
interactions. Different forms of social capital atbus, hypothesized to influence access and have
differential impacts on the farm level choice obms and varieties to plant, and thus on-farm crop
diversity. To evaluate the factors influencing dsrny, as measured by indicators adapted from the
ecological literature and going from the countite keft censored Shannon and Berger-Parker indexes,
respectively a poisson and two tobit regressionkimvthe agricultural households model are applied.
The model used is innovative in that it takes dpeaccount of various forms of social capital vifth
the agricultural household model.

Finally chapter 7 concludes by summarising the nfimidings of the thesis. Research questions
presented above are synthetically answered andsdied. Implications for policy advice are discussed

as well as recommendations for further research.
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Chapter 2

The contribution of Plant Genetic Resources for Fod and
Agriculture to food security and sustainable agricltural

development

Abstract: This chapter considers plant genetic resourcesfémd and agriculture (PGRFA) as
important tools for achieving broader social goaif food security and sustainable agricultural
development. We summarize evidence of the impertarfic genetic diversity for sustainable
agriculture, and present an analysis of the threairmelements through which agriculture and
PGRFA contribute to food security: agricultural ie, market values and nutritional value of
agricultural produce. Based on these three elements discuss on-farm management of PGRFA
including drivers of variety choices, adoption ohproved crop varieties and access to seeds.
Particularly in light of new and emerging challesgencluding population growth, climate change,
and increased competition among agricultural larsks, we argue that wise use and management of
PGRFA is ever more important. We conclude with aseasment of some major challenges and
priorities for enhancing the contribution of PGRHA#A food security and sustainable agricultural

development.

3 This chapter is based on the artiflee contribution of PGRFA to food security and ainstble agricultural development
by R. Cavatassi, L. Lipper and A. Keleman preparegdarnal submission. It is based on a chapterrdmrtton written by
L. Lipper, R. Cavatassi and A. Keleman, (2010) far #f State of the World on Plant Genetic Resources fadFand
Agriculture, FAO, Rome, Italy. The authors wouldelito acknowledge constructive and valuable comnfenits P. Hazell,
G. Hawtin, P. McGuire, E. Guimares, G. K. Ghosh@8ei and two anonymous referees. The usual diseta@pplies.
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2.1 Introduction

In this chapter, we build an argument for consitethe use of plant genetic resources for food
and agriculture (PGRFA) as a key tool to suppoé timoader social goals of food security and
sustainable agricultural development. We also addieow some recent trends and advances are
making the conservation and wise use of PGRFA rnmopertant than ever.

The linked challenges of food security and sustdeagricultural development have recently re-
emerged at the forefront of international conceallowing the food and economic crises. The latest
FAO report estimated that the number of chroniclllpgry people in the world has reached a total of
1.02 billion people (FAO, 2009). About 75% of therat-affected people reside in rural areas of
developing countries, their livelihoods dependimgeatly or indirectly on agriculture (FAO, 2009).
Meanwhile, with the world population expected taate about 9.2 billion by 2050, estimates suggest
that between 70% and 100% increase in world aga@ll production will be necessary to meet food
demands (World Bank, 2007; Bruinsma, 2009; Royaie&p of London, 2009).

Reaching this goal will require major improvemeimnscrop production. Greater demand for
processed food will put additional pressure on feogply systems, which will intensify the need to
curb the increasingly recognized negative effeftagriculture on the environment (Godfray et al.,
2010). Moreover, much of the projected growth Wilve to come from rainfed production outside
areas of high agricultural potential, given comjati for land-use among food, water and energy
needs (Bruinsma, 2009). Last but not least, oveiagcall these issues is the threat that climate
change poses to yield potential and the resilierfiagricultural systems (Schmidhuber and Tubiello,
2007; VonBraun, 2007; Godfray et al., 2010).

PGRFA have the potential to contribute both diseethd indirectly to meeting these challenges.
Yields, productivity, nutrition, and marketabiligre directly linked to the type of crops and vt
grown. Meanwhile, increasing pest and diseasetagesis and resilience to production shocks, and
providing breeding material for adaptation purpasase present and in the future, are indispemsabl
though less direct, ways of addressing these cigske

For the purposes of this chapter, we follow thargdn provided in the International Treaty on
Plant Genetic Resources for Food and Agricultutgiclv considers PGRFA to include “any genetic
material of plant origin of actual or potential walfor food and agriculture” (ITPGRFA, 2009: 11).
This definition is useful because it comprises PGRF many different types, including agricultural
biodiversity that is locally managed by farmersvesl as modern varieties bred and deployed in
larger-scale agricultural systems. This definitiaiso encompasses the value of diversity in
agricultural systems which, as discussed below, bwagifferent from the value of a single crop or
crop variety.

Much of the literature on PGRFA is framed by thalrer perceived threat of genetic erosion,
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responding to the question of whether PGRFA cormadignv is best achieved with in-situ or ex-situ
management (see Brush, 1991, 2004, for useful suiesnaf this debate). In this chapter, however,
our aim is to take a different approach; while vekrmwledge concerns about genetic erosion, we
consider PGRFA not as “victims” of agricultural nesdization, but rather as important tools for
achieving broader social goals. To this end, welagpthe importance of genetic diversity for
sustainable agriculture (section 2.2), and offeanalysis of the three main pathways through which
agriculture and PGRFA contribute to food securstgction 2.3): agricultural yields, market valued an
nutritional value of agricultural produce. In secti2.4, we discuss the relationship between on-farm
management of PGRFA, including the demand for arapety traits, adoption of improved crop
varieties, and access to seeds. The section caxhdaddressing challenges and opportunitiesein th
management of PGRFA under the threat of climatenghacoupled, with population growth and
competition for land. Finally, section 2.5 concladeith an assessment of some major challenges and
priorities for enhancing the contribution of PGRR# food security and sustainable agricultural

development.

2.2 Food security and sustainable agricultural devepment: the basis

A widely adopted and comprehensive definition dftainable agricultural development describes
it a process that is ecologically sound, econonyicgbble and socially just, and one that aims to
produce the food, and/or the income needed to eelited security. FAO defines food security as: “
situation that exists when all people, at all timbave physical, social, and economic access to
sufficient, safe, and nutritious food that meetsrtdietary needs and food preferences for an activ
and healthy life (FAO, 2002).

Attaining food security through sustainable agtistdl development thus requires ecologically
sound production systems among the other requiresmétt present however, many agricultural
production practices contribute to resource dedianlancluding the loss of PGRFA. The Millennium
Ecosystem Assessment (2005) reported that about®®e ecosystems studied were being degraded
or used unsustainably, with pressure on land ressubeing intensified by continued human
population growth, climate change, and increasigmahd for biofuels.

Agriculture not only contributes to development a&s economic activity and as a source of
livelihoods but is also an important provider ofvieonmental services (World Bank, 2007; FAO,
2009). Plant genetic resources represent a stcategource and a tool for sustainable agriculture
particularly in light of the two main dimensionsatHink genetic diversity and sustainability. Hiyst
the deployment of different crops and varieties| #re use of genetically heterogeneous varietids an
populations, can be a mechanism to reduce riskirardase overall production stability. Secondly,
genetic diversity is the basis on which new cropieties can be bred to meet a number of

environmental challenges.
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The development and production of appropriate geoeties provides one of the best mechanisms
for addressing many of the most important agricaltehallenges related to sustainability. Varieties
that are pest and disease resistant require favgicide and insecticide applications; varietiest th
compete better with weeds require less herbicidgeties that use water more efficiently can preduc
higher yields with less water; and varieties theg nitrogen more efficiently require less nitrogeno
fertilizer, with a concomitant saving in fossil fy€AO, 2010).

There are countless examples of the use of PGRiAfmve pest and disease resistance, and the
success of such efforts depends on the existenB&BFA and the ability to access and utilize it. In
Pakistan, for example, 2 million cotton bales west from 1991 to 1993 due to a crop failure caused
by Cotton Leaf Curl Virus. Resistant cotton typesravsubsequently identified and were used to
develop new virus resistant cotton varieties, agthpd the growing conditions in Pakistan. Similarly
Moroccan breeders were able to release the firstide fly-resistant durum wheat varieties, derived
from inter-specific crosses with wild relatives (BA2010).

Agricultural environments are dynamic systems; p&sts and diseases arise and the demand for
specific products is constantly shifting. The résithat there is a continual need for new vasgetA
variety that performs well in one location may dotso in another, and a variety that produces d goo
yield this year may disappear because of a new thestfollowing year. In order to be able to
continually adapt agriculture to ever-changing c¢tos, plant breeders will need to develop and
maintain a constant pipeline of new varieties. Gerdiversity of PGRFA underpins the process of

producing new varieties representing the resethairenables breeders to keep the pipeline full.

2.3 Genetic diversity for Food security

PGRFA contribute to what are frequently known as“three pillars” of food security (availability,
access, and utilization) through a few key pathw&yst, PGRFA directly underpin the production
(e.g. availability) of food for both rural and urbaonsumers. Second, PGRFA in the form of
marketable crops and crop varieties have the patetat enhance income, increasing households’
access to purchased food. Third, they may also béfalthier consumption options, providing more or
better quality nutrients for the body to utilizearkcularly at the level of the individual farm, RGA
also contribute to a fourth, less frequently citeghect of food security — e.g. the constancy otl foo
supply — by providing farmers with options for distting labor, risk, and the availability of the
harvest over time.

In this section, we review the contributions of FK2Ro the agricultural conditions affecting food
security, including production and yield increagesyerty reduction; access to markets; and nutritio
In particular we emphasize the link between agtical and poverty reduction, which we consider to

be a key step for eliminating food insecurity.
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2.3.1 Crop production, yields and PGRFA

The importance of agriculture varies regionallgnfronly 1.9% of the population dependent on
agriculture in North America to over 50% in Afriand Asia (see figure 2.1). Taken overall,
agricultural production is the main source of ineofor about half of the world’s population. In 2005
the world’s rural population was estimated to bpragimately 3.3 billion, of which some 2.6 billion,

or about 40% of the total world population, depehilesome way on agriculture.

Figure 2.1: Distribution of the world’s agriculturd population as percentage of regional total
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Source: FAOSTAT (http://faostat.fao.org)

Most of the food-insecure people of the world limerural areas, mainly in Asia or Sub-Saharan
Africa (see figure 2.2). Just seven countries:dn@hina, Democratic Republic of Congo, Bangladesh,
Indonesia, Pakistan, and Ethiopia account for 65%he world’'s food insecure people with the
proportion reaching its highest level in Sub-Sahakfrica, where one in three people is food insecur
(FAO, 2008).
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Figure 2.2: Number of undernourished people in theorld, 2003-2005 (millions)
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Agricultural production in general and crop prodoctin particular, must increase substantially in
order to meet the food demands of a population ithatojected to expand by some 40% by 2050.
According to one projection by FAO, one additiohdlion tonnes of cereals will be needed annually
by 2050 (Bruinsma, 2009). PGRFA management is a déyer of crop productivity growth,
particularly through the introduction of improvedrgetic materials: approximately 50% of the yield
growth seen in developing countries in the latint pf the Green Revolution (1981-2000) has been
attributed to the development of PGRFA resourcethénform of modern varieties (Evenson and
Gollin, 2003: 760).

The choice of crops, varieties, planting materiad aassociated production methods has a
significant influence on productivity and livelihde. In China, for example, varieties of rice, cotto
and oil seed crops have all been replaced 4 tenéstithroughout the country since 1978, each
replacement representing the introduction of a riewyroved version of previous varieties. This led t
an increase in yields of more than 10% with eaplaceement, which in turn implied a reduction in the
level of poverty by 6 to 8% (FAO, 2010).

Similarly, in Malawi the adoption of improved vatigs of sorghum and cassava has led to higher
yields and greater food security at both the hooiseland national levels. The increased use of
improved varieties has also triggered new busiogg®rtunities for farmers, such as marketing cash
crops and cassava snacks. The extra income ddrivedthese new business opportunities has, over

time, helped to boost local industry, led to thbrization of local cassava processing equipment,
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increased the use of cassava in livestock feegeondded funds for the development of local on-farm
seed programmes (FAO, 2010).

Recent experience with crop productivity growthegivreason for both optimism and concern.
When growth in yield-per-hectare is assessed fgrskaple crops over the past several decades, it is
apparent, particularly for wheat, that the highgrsiwth rates occurred during the first two or three
decades of the Green Revolution, while productigitywth has levelled off more recently (figure 2.3)
Maize and rice productivity growth, although lesardatic than increases in wheat yields during the
Green Revolution, have remained steady in recearsy@n a world scale, although rice yield increases
have also leveled off in East and Southeast AsieldYincreases were slowest to take off in Africa,
which experienced slow or even negative yield ghoearly in the Green-Revolution period. This
trend has improved in recent years, but yield$iefthree major crops in Africa still remain far de|

those typically seen in other regions.

Figure 2.3: Average yields (hg/ha) for wheat by roajregions: 1961-2007 (The vertical bar

marks the last decade of data available)
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Much of the yield increase is attributable to a boration of factors including an increased use of
appropriate inputs and good weather conditions. él@n one key factor has undoubtedly been the
development and dissemination of improved cropetis.

Several studies have indicated that agriculturatipctivity growth has had an important poverty
reduction effect (Thirtle et al., 2003; World Bar@Q07) and plant breeding has had an important role
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in this. Nonetheless, while this is certainly tlzse for Asia and Latin America, the relationshifess
clear in Sub-Saharan Africa where agricultural dsehave generally stagnated, making it more
difficult to clearly establish a relationship wigfoverty reduction (see figure 2.4). We explore this

topic further in the next section.

Figure 2.4: Relationship between cereal yield andverty’ in South Asia and Sub-Saharan
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2.3.2 Modern varieties and poverty reduction

A number of studies claim the significant contribatof modern varieties to agricultural growth
and poverty reduction (Thirtle et al., 2003; Haz&008). The impact has been both direct and
indirect: high yields lead to higher incomes, whillso generating employment opportunities and
lower food prices (Gollin et al., 2005; Hazell, 3)0Beginning in the early 1960s, the Green
Revolution initially brought about yield increasaghe major cereals (wheat, maize, and rice) g hi
potential agricultural production areas (Golliraét 2005; Hazell, 2008). In later phases, the $dtas
shifted to reducing input costs and increasingcigfficy in more knowledge-intensive production
systems (Gollin et al., 2005).

However, within these broad successes, locationHspeutcomes have varied; thus Evenson and
Gollin have concluded that the contribution of mudearieties to productivity increases was a “globa
success, but for a number of countries a localiriil (2003). Many of these countries are located in

Sub-Saharan Africa, where adoption of improvedeta$ of cereal crops was very low during initial

“ Poverty headcount ratio at $1 a day (PPP) (% ptfagion).
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phases of the Green Revolution, and only begaedoir significant levels in the late 1990s (seeréigu
2.5). Notably, the yield growth experienced by Sa#haran Africa, although relatively small, has
been almost completely attributable to modern viasge with little contribution from fertilizers and
other inputs (Evenson and Gollin, 2003).

Figure 2.5: Percentage in arable land under impraleereal varieties between 1980 and 2000
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Source: World Development Report: World Bank, 2007.

There is considerable variability in adoption patseof modern varieties within regions as well as
across crops. Some national-level datasets (Aqgetnal. 1999) illustrate the lack of uniformity of
improved-variety use, even within a single coun8gveral factors help to explain these trends.i®ne
environmental heterogeneity. Another factor maythee availability of a large range of alternative
crop and variety types beyond the formally bredrionpd seed system.

While modern varieties contribute significantlygoverty reduction, they have arguably been less
successful in sustainable agricultural developm&®y shortcomings cited have been a lack of
adaptation to heterogeneous and marginal produatieas (Lipper and Cooper, 2009), emphasis on
wide rather than local adaptation (e.g. CecardB9) and the failure of many centralized plant
breeding programs to breed for traits of concersnall-scale and resource poor farmers (Bellon,
2006; FAO, 2010). On the environmental side, ineegan pesticide and fertilizer use accompanying
high-yielding varieties have, in some cases, ge¢edrserious damage to land, water and even human
health, the high economic cost of which is only negcoming apparent (Tilman et al., 2002). For
example, a study of the Pakistani Punjab estinthtgghe environmental costs equal to approximately
one third of the total benefits generated by adfcal intensification (Ali and Byerlee, 2002).

2.3.3 Markets, poverty and PGRFA

In many countries, the growth of a dynamic food-keéing sector has created high-value potential

market outlets, representing important means okaming farm incomes and achieving food security.
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Nevertheless, small farmers often experience ditficin accessing both input and output markets,
remaining at the periphery of new agricultural emag. Numerous studies have documented that the
agro-industrialization process may even exacerpaterty levels through marginalization of small
farmers and the rural poor (Little and Watts, 19Bérdegué et al., 2003; Reardon et al., 2003;
Johnson and Berdegué, 2004). One of the most sezamstraints to diversifying crop production and
increasing genetic diversity is related to barriarsnarketing and commerce in both input and output
markets (Cavatassi et al., 2009; Lipper et al. 26G@\0O, 2010).

Lack of access to good quality seed of appropwatieties can prevent farmers from entering
specific output markets. Likewise, it is difficult establish links with purchasers, and to guasante
sale at a price providing a positive net returproducers. Overcoming input and output bottlenecks
and inequalities in the value chain is a key sgpatior increasing the market value of crops — a
strategy that has important implications for thenagement of PGRFA. In Ecuador, for example, a
project to link smallholders to high-value potatarkets resulted in participating farmers achieving
higher yields and larger gross margins throughingglinore of their harvest at a price about 30%
higher than that earned by non-participating faené&his success was attributed both to their gbilit
to access good quality seed of new varieties alsasdb having direct links to output markets (deap
3, this thesis; Cavatassi et al., 2009). This m@mgris also noteworthy for its design and
implementation of a seed system combining formdliaformal elements (Thiele, 1999).

Negative environmental impacts have often resullesn techniques associated with crop
productivity growth and farmers’ integration in comrcial markets, and these patterns are
challenging for the design of sustainable agricaltadevelopment strategies. In particular, theee ar
concerns over increased intensity of natural resouse, biodiversity loss through the genetic erosi
of local varieties and the intensification of cheats used for agricultural production (Barrett ket a
2001; Pingali, 2001; Singh, 2002; Winters et ab0%2). The quality and standards required by agro-
processors may induce farmers to limit the useedfain varieties, particularly traditional varietjen
favour of modern varieties with certain desirabtegessing characteristics (Dasgupta et al., 2001;
Pingali, 2001; Hendrickson and James 2005) poss$dading to a reduction of genetic variability.
Furthermore, a higher opportunity cost of laboun baost farmers’ reliance on herbicides for weed
control, and the need to meet stringent quality Bmmsdcuity standards can drive increased use of
insecticides and fungicides. The human health rislcasioned by the increased use of agricultural
chemicals may be difficult to perceive in the shom (Pingali, 2001). The challenge facing policy
makers, then, is to develop programs and polid¢iat dllow smallholders to actively participate and
benefit from the increased market integration whiléng to avoid, or at least minimise, negative
environmental externalities.

There are, however, agricultural diversificatioratggies that could support the conservation of
PGRFA. The availability of high-value niche markdts example, is one way for farmers to realize

value from their traditional crops and varietiasd dence promote their conservation. For example, i
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the central highlands of Mexico, markets for spégianaize products, derived primarily from

landraces, appear to provide an incentive for fasn@ continue planting these varieties. In contras
in mainstream commodity marketing chains farmery i@ penalized for selling landrace maize,
which is often considered less suitable for indabktprocessing than improved maize varieties
(Keleman et al., 2008, 2009). However the oppotiesmifor the development of such markets are

somewhat limited; they are unlikely to be a pandoeaustainable agricultural development.

2.3.4 Nutrition, health and PGRFA

PGRFA support the achievement of food securityprasiously defined, not only in terms of total
quantity of food produced but also in terms of wiamal wellbeing One of the challenges of
nutritional adequacy faced by many poor peopléenés lack of access to a diversified diet, relying
instead on a few staple food crops (frequentlyckiss). These consumption patterns may result in an
inadequate consumption of micronutrients, even whaloric intake is sufficient. A number of
breeding efforts are underway to improve the notél quality of staple crops, for example, by
producing rice, maize, cassava and sweet potatohigher levels of beta—carotene (the precursor of
vitamin A); pearl millet and beans with higher levef available iron; and rice, wheat and beanf wit
higher levels of zint(FAO, 2010).

In some cases local, indigenous, neglected or nénmps may also play key roles in providing
healthy and adequate diets. For example, rosellagsrtant in Senegal and Mali as a multi-purpose
crop that provides ecological, dietary, medicimald income benefits (McClintock, 2004); and locally
important leafy vegetables that have multiple valuremany parts of Africa (Chewya and Eyzaguirre,
1999). Similarly, native greens in Guatemala hagenbshown to have a higher nutritional content
than other introduced species more frequently foimdhe market (Molina et al. 1997, cited in
Azurdia, 2008). Many countries have reported effaver the past decade to collect, characterize,
evaluate, and conserve samples of under-utilizedisg in their national plant germplasm systems, as
well as efforts to promote and market them (FAOL®O0 However, the area sown to these crops
world-wide is relatively small (Padulosi et al., @) and in many cases no national breeding eftrts
major commodity markets have been established.

Notably, the consumption of a diverse diet playsnaportant role in boosting the human immune
system. Consequently, the potential of PGRFA taitiezed to improve nutritional intake in areas
facing high prevalence of HIV/AIDS may prove pauntarly important (IPGRI, 2005; Oniago et al.,
2005).

® See harvest plus at: http://www.harvestplus.org
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2.4 Farm management of PGRFA

Farmers’ choice of agricultural technology — empps, varieties, planting material and associated
production methods - has a significant influencepoaductivity and livelihoods. These outcomes are
further driven by a range of economic, social agaomic factors, including marketing outlets and
prices, familiarity and social acceptance, cosprafduction, need for and availability of production
inputs (including seé€dwater, fertilizer, pesticides, labour etc), climasoils and topography.

Generally, farmers choose crop species and ingeHsp varieties based on the benefits they
provide in the form of income, food, and other prag. Benefits may arise from the overall portfolio
of crops and varieties, including nitrogen fixatind organic matter in the soil, mitigation agaihst
effects of failure of any one crop or variety, sm®g production through the year (and hence
avoiding labour bottlenecks), achieving a greattgrisity of land use, and satisfying nutritionadl/@n
cultural values.

While farmers may be seeking multiple benefits fremeir choice of variety, most genetic
improvement efforts concentrate almost exclusivatyyield per unit area and factors that directly
relate to it, characteristics that may not alwagsimall-scale farmers’ primary concerns. Henceeavhil
modern and improved varieties have historicallyypth a major role in increasing agricultural
production and food security at an aggregate l¢kelr adoption by food insecure farmers themselves
is not guaranteed. The decision to adopt (or naty e driven by such diverse factors as farmers’
risk-management strategies, their nutritional armhsamption preferences, the agro-ecological
conditions in which they farm, their endowmentspbiiysical and natural capital, and their socio-

demographic characteristics. We explore thesedatgr depth below.

2.4.1 The main drivers of variety choices and disification strategies

Studies of variety adoption at the household I@adht a multifaceted picture, with the likelihood
of smallholder households to adopt modern varietaeging by crop, or by household endowments, or
by other household characteristics. In an analysimodern variety adoption of sorghum and bread
wheat in low-income farming communities of EastEthiopia (Lipper et al., 2006) it was found that
the poorest farmers were less likely to adopt modarieties of either crop, although higher adaptio
levels were found for bread wheat than sorghum.

Explanations for this difference may be inferrednirthe differences in local seed systems for
these two crops. In sorghum considerable localrdityeis available through informal seed systerns; i

is grown for multiple purposes, and on-farm seedagje techniques are well developed. In contrast,

® For the remainder of the paper the term ‘seed’ fefler to planting material in general, includingttings,
bulbs, tubers, etc.
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bread wheat, unlike durum wheat, is a relativeberdly introduced crop in this area of Ethiopiad an
as a result the genetic diversity available locellguite limited. A deeper look at adoption of read
sorghum varieties through the same data set shdveeclimatic variability and being most affected
by production shocks were major adoption determiahousehold level (chapter 5, this thesis).

In an assessment of the adoption of modern vasiefigice in Bangladesh, Hossain et al. (2007)
found that smallholders were more likely to addmnt large farmers, but technical factors such as
access to irrigation and elevation of the land glanere more important determinants. In addition, i
the fallow and salinity-prone coastal regions fdniat appropriate modern varieties have not yet been
developed, farmers continue to grow traditionalietéas. For poor farmers, the impacts of modern
varieties on employment creation, reduced foodegticeduction in the drudgery of women’s labour,
and reduction in vulnerability to natural disasterere found to have been more important than
impacts on yields (Hossain et al., 2007).

Such research underscores the fact that the adoptionodern varieties at the household level is
driven by a number of factors, including but nobited to yields. While more market-oriented
producers’ choice of variety is largely driven biglg and market demand, for most food insecure
farmers, this is not the case. The seminal wor&nrifches (1957) on the diffusion of hybrid maize i
the U.S. was followed by a number of other studiesrly demonstrating that household farms in
most developing countries produce both for theimowonsumption and for the market (see for
example: Edmeades et al., 2003; Horna et al., 200fgn farmers are both consumers and producers
of food, this has a major impact on the crops aarieties they select.

Crop varietal characteristics can be grouped inteet main benefit categories: risk minimization,
yield maximization and consumption preferences fgeipet al., 2006). Yield, discussed in the
previous section, is typically the primary advamtag improved varieties over local ones. However,
breeding programs emphasizing “wide adaptationdssmany farvorable environments, rather than
specific adaptations to marginal environments, masult in “yield crossover,” e.g. the under-
performance of improved varieties as compared tallanaterials when subjected to extreme
environmental stress (Cecarelli, 1989). Since fasfrend particularly poor farmers, often seek gneat
stability of yield and production in their managemhef PGRFA, the real or perceived riskiness of
adopting improved materials may be a deterrentafioners in marginal environments.

Diversification across crops, varieties and farmamgjivities is an important risk management
strategy — often one of the very few available aorfarmers. At the crop level, farmers can divgrsi
with respect to the crops and varieties they gidtasthe farm level, a diversity of enterprises can b
undertaken in addition to cropping, e.g. food pssi®gy, meat or egg production, agroforestry or
agrotourism; and many of these have important icagibns for genetic diversity and the crops and
varieties grown. Households may also rely on offf@mployment, often with one or more family
members taking on paid employment away from thenfand remitting money back home. These

income diversification strategies, within and odesihe agricultural sector, have different implicas
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for PGRFA management, depending on the type ancedeyf diversification applied, as well as on
labour availability.

Variety traits associated with consumption, suchtase and cooking quality are also very
important characteristics in variety choices pattdy to the poor. In an analysis of maize landsac
in Mexico (Bellon, 1996) it was found that evenufgb new high yielding varieties were available and
supported by the government, farmers maintainedotmopopulations of landraces. These mixes of
landraces were intended to satisfy their main huwooige concerns: coping with the effects of
environmental heterogeneity, resistance to pestsimeases, cultural and ritual needs, and dietady
food preferences.

Last but not least, the choice of varieties witbarel to certain traits, sometimes associated with
nutritional values or cultural needs, are alsodbrgiriven by gender that is an important determina
of the extent and nature of the diversity of crapsl varieties grown and a key for sustainable crop
production and food security.

Rural women are responsible for half of the worlidisd production and produce between 60 and
80% of the food in many developing countries (FAGVE, 2009). Women are often described as the
guardians of local agro-biodiversity (Howard, 2003 role primarily originating with their
responsibilities as food providers and care-givbtg, which can also be enhanced in regions where
women are directly involved in farming. Some evidersuggests that women tend to have better
knowledge about and better access to local, indiggnmedicinal, and wild plants than do men (e.g.,
Voeks, 2007). Likewise, culinary knowledge and itrads regarding indigenous or locally available
crops and vegetables are often a prerogative ofempmeho also take care of processing, storing, and
exchanging plants.

In addition to the importance of women'’s role ieséing staple-crops that are, in many regions,
primarily tended by men, observers have also ntteexistence of “gendered production spaces,” or
“gendered crops.” For example, in Ghana, women camasidered primarily responsible for the
provision of ingredients for soups (consideredeéle” dish), whereas men are responsible for the
provision of starches (a “male” dish). In home-gansl in the Yucatan region of Mexico, and in
Bangladesh, women are primarily responsible for dibeisions about production, harvesting, and
seed-saving, although they may share decision-rgaiout both these spaces and larger fields with
their husbands (Lope-Alzina, 2007; Oakley and Haldflomsen 2007). Gender differences are
further evident in varietal choices and the impactaplaced on different traits. Research in Targani
for example, showed differences between male amdléefarmers in the importance and ranking they

gave to various traits in sorghum.

" FAO Links Project, data source: 2003.

26



2.4.2 Cropping options and access to seeds

Numerous country reports underpinning the secopdrteon the State of the World's PGRFA
(FAO, 2010), particularly from Africa, referenceblet sub-optimal state of seed production and
distribution systems. These observations citedfficgent availability of seeds of new and appropgia
varieties, and stressed the importance of makitgl gpiality seeds available and accessible to farmer
at the right time and at the right price.

Markets are important for smallholder farmers’ asc® seed, as demonstrated by an analysis of
survey data from Malawi, Nigeria, and Ghéna Malawi, for example, purchased seed was used o
30% of plots surveyed, a percentage that was eskbgtite same across all income groups (see figure
2.6). However, the source of purchased seed varggdficantly. While local markets were the most
important source of seed for all groups, theirtreéaimportance diminished as farmers’ wealth statu
increased, and private companies played an inoigigsmportant role in providing seeds to betteir-of
farmers.

Figure 2.6: Seed sources by consumption group inlkai (1=poor; 5=rich)
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Access to seed can also vary with household incstatels. Poor farmers in the eastern Hararghe

region of Ethiopia reported having more difficuttyan better-off farmers in accessing seed of either

8 FAO Rural Income Generation Activity (RIGA) projestww.fao.org/es/ESA/riga/english/index_en.htm
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wheat or sorghum (Lipper et al., 2006). In gengwabrer people found it relatively easier to access
sorghum seed compared to wheat. While this is due gtronger informal system for sorghum, the
importance of local markets can also vary greagiyesthding on the situation. In the same study it was
found that markets played a crucial role in supmyiarmers with seed particularly in times of sires
a finding that is consistent with a study from 3ipgrand Cooper (2004) who found that local markets
are a key source of seed when farmers have Iasioilve due to natural or human-caused disasters.
Many recent studies have explored possibilities éwercoming market inefficiencies and
inequalities in the value chain in order to inceeamallholder participation and food security (B#rr
et al. 2001; Pingali, 2001; Reardon et al., 20021&en et al., 2003). A recent cross-country study o
seed systems, markets and crop genetic diversgyear that increasing the diversity of genetic
resources accessible to farmers by improving therrmal seed system while simultaneously
supporting greater diversity in formal seed systensgskey way to improve the sustainable use gb cro
genetic resources on farm and, in turn, to achiewd security for smallholder farmers (Lipper et al
2009). These studies have contributed to increasioggnition that production-oriented interventions
may be insufficient to resolve poor smallholdemfars’ problems in the absence of policies and
programs targeted to other parts of the produdistribution-retail chain. Such policies will albe

key to maximizing the potential benefits of PGRFoA food security and poverty reduction.

2.4.3 PGRFA and current challenges: climate changed biofuels

Climate change has come to be recognized as a riagdlenge for agriculture broadly, and for
PGRFA management specifically, with uncertain bighly significant impacts on agricultural
production projected for many areas and a seribresat to food security. Prediction models of the
International Panel on Climate Chafges well as other reports (World Bank, 2008; Buekeal.,
2009) indicate that there will be severe effectsagnicultural productivity in various parts of the
world. Nevertheless, for how worrying the predintimight sound, some regions, especially those
further away from the equator, are expected to Hawger growing seasons and become more
productive. Yet, expected changes will have a mappact on the poorest, most vulnerable, and least
food secure people, and on countries least aldepe with the impacts of climate change, parti¢ular
those tropical and sub-tropical regions, such asspaf southern Africa (Lobell et al., 2008). In
addition, there will be greater risks to the natumsource base, including soil erosion, land
degradation and loss of wild biodiversity.

Management and use of PGRFA represent importals tooadaptation to these changes. In many
regions adaptation will require a shift to moredybt-tolerant or heat-tolerant varieties or eveshié

to other crops. This is the case for Africa, whtdre majority of countries are projected to have

® http://www.ipcc.ch/
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“novel” climates outside current norms on at |€88% of the current growing areas for their major
cereal crops (maize, millet, and sorghum). In meases, such changes will necessitate the movement
of germplasm either within the country or interpaally to maintain production on current growing
areas (Burke et al., 2009). Increased spread fis shipest and disease patterns seem to be taking
place already, and new resistant or tolerant vasetill be needed, in order to maintain produtyivi
(FAO, 2010). Less predictable weather patterns ahsxy require the development of new varieties that
are adapted to a wider range of more extreme dondit

Overall the effects of climate change are likelymake it considerably more difficult to meet the
increased demand for food, and the challenge wilekacerbated by competition for land for other
uses, such as urban development or for growing creps such as those for biofuel. There have
already been significant moves to increase theymtimh of biofuels in many countries, in resporse t
growing concerns about climate change and in tbe & fossil fuel scarcity. Aside from the potehtia
food security implications of such large-scale kasé shifts, there is also concern that these could
result in the loss of local crop varieties and grpressure for crop production to spread into teres

and other environmentally sensitive areas.

2.5 Conclusions: main findings, gaps and needs fthre future

The last decade has seen the emergence of a nofipends in the agricultural sector which call
to the forefront the importance of PGRFA managenfientichieving food security and agricultural
sustainability. Despite the enormous advances iitwture over the last few decades, a substantial
increase in agricultural production is requirednieet food demand and eradicate poverty. The
difficulty of meeting these objectives is exacedoatby increased population growth, changing
preferences for food patterns and threats posetirhgite change and competing land uses

Given the pressure on land resources, most ofébessary increase in food production must come
from enhancing crop yields and sustainable intexaibn, rather than expansion of cultivated area.
The production of staple food crops remains thgedsir agricultural sub-sector in most countries and
will continue to play an important role in meetifigod security and agricultural development
objectives. Sustaining productivity growth in ‘bdéasket’ zones, where new, high-yielding varieties
and associated practices have already been widkgpted, will remain an important strategy for
meeting future food needs, particularly for rapidisowing urban populations. This will require a
continual stream of new varieties to meet changiegds and environments. A significant share of the
increase in staple foods, however, must also coom fmore marginal environments, home to many
of the world’s poorest people. For these areasedls avpipeline of new varieties will, thus, be ded.

Functional markets offering positive net returnsstoall-scale agricultural producers have the
potential to play a key role in achieving food gé@guand eradicating poverty. In many countries the

expansion and emergence of a new agricultural enmsoparadigm dominated by food-marketing,
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agro-industrialization and commercialization hasated an important means of increasing farm
incomes and achieving food security. However, srmatiners often face enormous barriers in
benefiting from this new paradigm. Stimulating maogs and policies that address the whole value
chain from input to output markets removing basiand obstacles small farmers face would, thus
represent, a key element to help small-scale farraeter the market profitably and benefit from the
new agricultural economy.

Although genetic diversity represents a ‘treasurest of potentially valuable traits, it is, under
threat, and special efforts are needed to consebah in situ andex situ To this purpose country
capacity to utilize crop genetic diversity mustfogher developed, especially in the developingldior
Plant breeding efforts need to be strengthenednsure the availability of a wider diversity of
improved varieties for a larger range of cropspasimore environments and at prices that farmers ca
readily afford. Furthermore, there is a need forranaccurate and reliable baseline data on
sustainability and food security, which will undergetter measures, standards, indicators for the
monitoring and assessment of efforts made in ttaeas. Of particular need are standards and
indicators that will enable the monitoring of theesific role played by PGRFA.

In light of the environmental pitfalls historicalBssociated with increasing crop productivity and
farmers’ market integration efforts must includeswstainability component. Concerns to address
include not only crop genetic erosion, but alsoitfeeeased use of pesticides and agro-chemicats, an
the potential impacts of climate change. Theseratoncerns have increased substantially over the
past decade, with the recognition that agricultarBoth a source and a sink for atmospheric carbon.
PGFRA promise to be critically important for thevdlpment of farming systems that capture more
carbon and emit fewer greenhouse gasses as whll anderpinning the breeding of new varieties
adapted to future environmental conditions (FAQL®O Given the highly heterogeneous conditions
prevailing in most of the more marginal productemvironments, and the expected shifts and increase
in variability due to climate change, farmers atahpbreeders alike must have ready access toa wid
range of genetic diversity, so to be able to adagps to new conditions. While some progress has

been made in facilitating this access, more is egggarticularly at the farmer level.
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Chapter 3

Linking Smallholders to the New Agricultural Economy:

the case of thePlataformas de Concertaciéim Ecuador®

Abstract: This chapter examines the challenges of linkingliwiders to high-value
food markets by looking at the experience of thetafbrmas program in the Ecuadorian
Sierra. Multiple evaluation methods are employednsure identification of program impact.
The findings suggest that the program successiollyroved the welfare of beneficiary
farmers, as measured by yields and gross margihesd benefits are achieved through
improving the efficiency of agricultural producti@mnd through selling at higher prices. No
significant secondary health or environmental d@fewere found. Overall, the program
provides clear evidence that combining improvediadpural service provision with

facilitating market access can be successful.

10 This chapter is based on the article: R. CavatassGdhzales-Flores, P. Winters, J. Andrade, P. BspinG. Thiele,
(2010), Linking Smallholders to the New AgricultlEeconomy: the case of the Plataformas de Concértaai Ecuador,
forthcoming in Journal of Development Studies. althors would like to acknowledge André Devaux brthne Antezana
from CIP/Papa Andina for their comments, Arturo Eagnd Dario Barona for their help calculating th® Eeld use rating

and constructive and valuable comments from twoygmous referees. The usual disclaimer applies.
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3.1 Smallholders and the new agricultural economy

Agricultural producers in developing countries,liing smallholders, are increasingly relying on
market transactions to procure agricultural inpatsl concomitantly linking to long and complex
value chains for high-value fresh and processediymts. In these high-value markets, greater
emphasis is being placed on private grades andatds for food quality and safety leading to new
organizational and institutional arrangements withie food marketing chain (Reardon and Berdegué,
2002; Dolan and Humphrey, 2004). The growth of maalyic food marketing sector and the changes it
implies for agriculture and related systems hagptitential to increase farm income and improve food
security, particularly among smallholders (Eaton &hepherd, 2001; Winters et al., 2005). Yet,
access to input and output markets has provertudliffior many smallholders who often remain at the
margin of this new agricultural economy (Little avwtts, 1994; Berdegué et al., 2003; Reardon gt al.
2003; Johnson and Berdegué, 2004). The processmfagt exacerbate poverty if smallholders are
unable to take advantage of new market opportsnitie benefit from increased labour demand.
Additionally, agricultural market integration hagdm associated with negative environmental and
health impacts, due to increased pesticide useaameterioration of the crop genetic resource base
(Barrett et al., 2001; Dasgupta, 2001; Pingali,22&Ingh, 2002; Winters et al., 2005).

In seeking ways for smallholders to access highevainarkets while minimizing negative
consequences, there has been a growing recogtiittdrstandard production-oriented interventions
designed to enhance productivity are insufficiemiess they are accompanied by actions that target
other parts of the production-distribution-retailam. One intervention that has used this broader
approach in the Andes is thBlataformas de concertaciorfmulti-stakeholder platforms, or
Plataformas) which seeks to link smallholders ghhialue agricultural markets (Devaux et al., 2009)
The Plataformas are alliances between small saateets and a range of agricultural support service
providers. Themain objectives of the Plataformas are to incregs&ls and profits of potato-
producing smallholders in order to reduce poventg amprove food securityPico, 2006). The
program provides participants with new technologied high quality seeds in addition to facilitating
access to high-value potato markets. Through tlafekmas, smallholder potato producers are
directly linked to restaurants, supermarkets armtgssors who are willing to pay a premium for
potatoes that meet their grades and standards. sBablishing direct linkages between farmer
organizations and purchasers, the number of in@iaries within the value chain is reduced so
providing smallholders with the opportunity to bénérom the changes in agricultural marketing
systems. In a span of four years, from the ingiatdf the intervention in 2003 to 2007, when this
study was conducted, participant farmers have game marketing 420 metric tonnes (MT) of potato
produced on 10 hectares of land to 1,483 MT oftpdtam 260 hectares of land (CONPAPA, 2008).

The objective of this chapter is to understand tetand to what extent, participating in the
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Plataformas impacts farmers’ wellbeing through easing the earnings from potato production in
poor areas of Ecuador where potatoes are a kelestapp. The mechanisms by which program
objectives have been achieved and secondary emnatial and health effects are also analyzed. The
results, although context specific, provide inssgtabout meeting the challenges of linking
smallholders to high-value markets. The remaindeéhe chapter is organized as follows. Section 3.2
presents the logic of the Plataformas interventiidre methodological approach used is described in
section 3.3, whilst section 3.4 provides a desonipdf the context and the data. Section 3.5 ptesen

the results followed by a discussion of lessonsk@d and conclusions in section 3.6.

3.2 Linking farmers to markets: the logic of thePlataformasapproach

While there are multiple structures for organizimigpduction, the new institutional economics
literature posits that the one that emerges is\itth minimizes overall costs including transagctio
costs (Williamson, 1985). Such costs include stethg@@oduction costs but also the ex ante costs of
drafting, negotiating and safeguarding agreementseal as ex post costs of maladaption, setup and
running of governance systems and bonding costseofiring commitments (Dietrich, 1994). For
agricultural industries where crops are sold irhhiglue markets or for processing, timely delivery
and quality standards are often crucial to thedi@ciof how to organize production. Using the open
market for obtaining these commodities may invdligh transaction costs and so have limited appeal
(Winters et al., 2005). Agribusinesses may therk séternative structures for organizing production,
such as through vertical integration or contraonfag if they view creating such a relationshiptizes
least cost alternative option.

The manner in which smallholders fit into a specifigricultural value chain depends on the
underlying cost structures. The primary cost acagatof smallholders is their ability to supply ghea
labour for labour-intensive crops. In such cagesialy be worthwhile for an agribusiness to deahwit
numerous smallholders since labour is a large stfdebour costs. To minimize transaction costs, th
agribusiness may choose to contract smallholdergroups of smallholders directly. To ensure
smallholder participation, a cost advantage oregppiemium must be paid to contracted smallholders.
If the crop is not labour intensive and it is pb&sito contract a smaller number of largeholders
thereby minimizing transactions costs, this is aelikely outcome. Alternatively, if the agribussse
chooses to purchase the commodity in the open rankee it is the lowest cost option and meets
quality and timing needs, intermediaries are likelyplay the role of bulking up the necessary pobdu
and providing it to the agribusiness. While these&ermediaries may purchase the crop from
smallholders, it will be at going market rates gmwbvide no price premium or cost benefit to
smallholders unless they are large enough supphiatghey can influence overall price.

The motivation for linking smallholders to agribossses is the presumed price premium for

selling in these markets and thus overall incomasgaWhen smallholders have no apparent
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comparative advantage in production, the challeisgeo create that advantage or to reduce the
transaction costs associated with purchasing feogel numbers of farmers producing small quantities.
Linking smallholders to high-value purchasers ikelly to require organizing smallholders to
overcome transaction costs as well as providingitivith the necessary information to meet market
requirements. While this adds costs for smallh@dence they must take the time to organize and
obtain information, it lowers the costs to industry

This is exactly the logic of the intervention und&en through the creation of the Plataformas;
namely, reducing transaction and production castsnsallholders can be a low cost option for high-
value purchasers, and providing smallholders whih necessary tools to meet quality and quantity
demanded.

The primary mechanism by which the Plataformeduce transaction costs is through providing
support for smallholders from a range of agricatwupport service providers including the National
Autonomous Institute for Agricultural Research @), nongovernmental organizations, researchers,
universities, local governmenend international donors, and through fosteringanization among
smallholders. This support network comprises tlaaRbrmas. The support and organization enables
smallholders to generally improve production aneéntkee needs of high-value markets allowing them
to sell directly to restaurants, processors anésogrkets. The Plataformas, therefore, reduces cost
for two types of transactions) between farmers and final purchasers; Bphtetween farmers and
suppliers of services (inputs, seeds, and techagsastance).

More specially, the Plataformas ensure seed pmvisnd seed inventories are matched to detailed
production plans established during regular mestimgld among farmers, coordinating NGOs, and
other stakeholders in order to achieve monthly agiéor delivery to clients. Further, the Platafosma
provide training through Farmer Field Schools (FESgnhance productivity and promote Integrated
Pest Management (IPM) techniques with the aim girawving quality and quantity of production
through reduced use of pesticides (or at leastdumincreases). Farmers are also trained to oversee
quality control during harvesting and commercidliza, and to identify potential clients who can
make a verbal commitment to buy their produce ag ks the required standards are met.

Our main interest in evaluating the Plataformaggutois to determine the feasibility of linking
smallholders to the new agricultural economy in antext in which they have little obvious
comparative advantage. The approach seeks to lvamsaction costs and to improve overall cost
effectiveness through creating a support systefiadititate smallholder entry into this market. The
three hypotheses we wish to test are: 1) particigam the Plataformas has increased farmers’ welfa
as measured by potato yields and gross margingregjter potato sales and higher prices are the
primary mechanisms through which the program hagrowed welfare; 3) although high-value
markets require high product quality, participatias not led to health or environmental degradation
as measured by levels of agrochemicals used,ttheaity, precautions taken in their applicatiomsla

changes in varietal use. The methods for testiagelypotheses are discussed in the next section.
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3.3 Empirical approach and the search for a countdactual

The key to identifying and measuring the impacPtdtaformas participation is to have a proper
counterfactual—that is, a comparison (control) grabat is similar to the intervention (treatment)
group in all ways except that it did not receive thtervention. The empirical problem faced in this
analysis is thus the typical one of missing datalie counterfactual; that is, it is not known wtta
outcomes for participants would have been had thety participated. In experimental studies,
households are randomly assigned to treatment anttot ex ante and, given a sufficiently large
sample size, it is reasonable to assume that ¢agment and control are alike in all ways except in
receiving the intervention. When assessment studeset up ex post (after project implementation)
and not as part of project design, experimentfiat@ossible and non-experimental methods must be
used to identify impact. This section describes dteps taken to collect quality data to construct a

proper counterfactual, followed by a descriptiorthaf empirical approach used in the analysis.

3.3.1 The data collection

The data used in this analysis comes from houseatd community level surveys that were
administered from June to August of 2007 in the dfawian provinces of Chimborazo and
Tungurahua. Prior to administering the surveysrées of steps were taken to facilitate an evaduati
of the program. First, participating communitieeeétment communities) were identified in each
province and information on these communities watained. Second, using the 2001 Ecuador census
data (INEC, 2001), the treatment communities asdtaf potential control communities with similar
geographic, agro-ecological and socio-demographaracteristics were identified. This provided a
list of all possible treatment and control commuasitto be included in the survey. Third, using
propensity score matching (PSM), (described molig below), control communities that were most
comparable to treatment communities were identifiitht is, control communities with similar
propensity scores to the treatment communities wept as the potential set of communities for the
sample. Fourth, the resulting list of potential trohcommunities was discussed and fine tuned with
key local organizations from the Plataformas toedaine if they were indeed comparable to the
treatment communities. Some of the key charadiesistonsidered were similarities in agricultural
production, agro-ecological traits and levels ahoaunity and farmer organization. Further, treatment
communities with distinct characteristics and nmparable control communities were excluded from
the sample. The final community list contained 8Bhmunities (18 treatment and 17 controls).

Within each treated community, there are commumiégmbers who participate in the program and
others that do not (non-participants). There are ¢ancerns about including non-participants in the
treatment communities as part of the counterfackiadt, the fact that participants self selecjdio

the program can lead to a potential bias in esématf impact since the estimates may reflect
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fundamental differences between the two groupserdthan the impact of the program. Secondly,
since they live in close proximity to beneficiartbey may obtain indirect benefits from the program
(spillover effects). For both these reasons, usiofply these households as a control group is
potentially problematic. Yet, this is a potentiallgeful group because their observable charadtsrist
are likely to be similar to participants. The firsample, therefore, includes three sets of houdshpl
beneficiariesof the programiji) non-beneficiaries in the treatment communitiege(red to ason-
participant9, andiii) non-beneficiary households in the control commesitreferred to ason-
eligible). Lists of households from each of these subgrewgre provided by Plataformas coordinators
and community leaders. Households were randombcta to be included in the sample. The final
sample includes a total of 1007 households of widBB reside in treatment communities (324
beneficiaries and 359 non-participants) and 328&oimtrol communities (non-eligible). Of those, full
information on the potato production cycle is aatié for 660 households.

This sampling strategy allows for different compan groups, each offering interesting insights.
The ideal comparison group partly depends on whetleze are spillover effects on non-participants.
If there are such effects, including non-particigarin the counterfactual would lead to an
underestimation of program impact (Angelucci andaAasio, 2006). If spillover effects are
substantial it may be desirable to include nonipigents as treated households (Intent to Treaigro
ITT) to get the total effect (direct and spilloveffect) of the program and use only non-eligible

households as a counterfactual. These differemmgpare considered below.

3.3.2 Empirical approach

With the available data, four methods are usedi¢mtify impact: ordinary least squares (OLS),
propensity score matching (PSM), propensity scoegited least squares (WLS) and instrumental
variable (IV) regression. The reason for these ipleltmethods is to ensure a reasonable level of
confidence in our impact estimates. The methodsuwemtkrlying assumptions are presented below.
The approach also includes exploring alternativenterfactual groupings to determine the role of
spillover effects. Ultimately, we argue that resulire consistent when using approaches based on
selection on observables (PSM and WLS) as well henwusing an approach that deals with
unobservables (1V). Further, we argue that spiltaeiéects are minimal and that the main source of
potential bias is related to program selectionesfdiiciaries.

The first approach is a standard OLS regressiandveork where the program impact on outcome

variableY; can be determined by:

1 In this region, potato production can be condugtedr round. Treated and non-beneficiary househafifsear to be
equally likely to have completed the productionleyand there are no systematic differences foumadsn households that
have completed the production cycle versus thoesehihd not yet completed the production cycle sstiyug this should not
influence results.
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Y, = BX; tad; +¢ (3.1)

where

d=1 if households participate, 0 otherwise,

X is a set of exogenous variables including sociagtenuc characteristics of the households,
agroecological conditions, geographic and locagifiects, and so forth,

a measures the treatment effect for household

/3 defines the relationship betwe¥nvariables and;, and

& 1S the error term.

This formulation assumes that the outcomes areadiie parameters and that the error term is
uncorrelated with the exogenous variabtgand with treatmentConditional on these X variables, if
the control group is like the treatment group ih caracteristics except for having received the
program,a, the measure of treatment’s effects provides dnased estimate of the program effect.
However,d, may be correlated with the error tegmleading to a biased estimate of the treatment
effecta since itmay capture not just the impact of the programdifierences between treated and
control households (Ravallion, 2005). If the souatethe problem is program placement bias—
differences due to characteristics of the houseti@drogram deemed desirable—the differences are
more likely to be observable. If self-selectionsbia the issue—certain types of households chose to
enter into the program—the differences are momyliko be unobservable.

Assuming the source of bias is observable, PSMvisyato obviate the problems outlined above.
The main contribution of PSR is to construct a control group that has similéasesvable
characteristics X)) to the treated group, through a predicted prdivabof group membership
calculated through a logit or probit regressiond amen compare the outcomes. Given the
unconfoundness assumption (Rosenbaum and Rubi) ¥8election on observables assumption
(Heckman and Robb, 1985), if we c#l the value of the outcome for the treated househottyc;
the value of the outcome for the control, theseiratependent of the treatmen) (but conditional on

a set of observable characteristis
(YTi’YCi |]d|)| xi (32)
Since matching ol is the same as matching on the probability of dp¢ieated®(X) (Rosebaum

and Rubin, 1983), all dimensions ¥f can be summarized into a predicted probabilitybeing

treated:
P(X;) =P(d, =1 X;) =h(x *b) (3.3)
whereh is the standard normal distribution function.

Households in the untreated group that have a s@nilar probability of participating would be

used as controls for their treated counterpartsthBaeffect of the treatment on the treatedan be

12 See for example: Heckman et al. (1998); Imben84RRyan and Meng (2004); Ravallion (2005).
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defined as:

a=E(; -Yy |P(X),d=1 (3.4)

Conditioning on the propensity score, results i@ Ilalancing of covariates across treatment and
control groups, thus focuses the analysis on thea af common support by dropping those
observations without a clear match. Further, PSMdsv/the arbitrary linear-in-parameters form of an
OLS approach (Ravallion, 2005). Heckman et al. §19998) and Dehejia and Wahba (1999, 2002)
show that PSM does well in replicating experimergallts provided researchers have access to a rich
set of covariates or control variables and usestime survey instruments. These two requirements are
fulfilled in this case since the collected datagascribed in the next section, are rich in infarorg
and were obtained using the same survey for tredtare control households. In the PSM approach,
a common method of determining statistical sigaffice of results is to use bootstrapped standard
errors since it provides reliable standard errorsafl of the matching estimators and also accofants
the fact that the balancing score is estimatedz Brad Handa, 2006). Bootstrapped standard errers ar
therefore used to test the significance of the RSNmnates of impact.

An alternative to PSM, particularly when controdaineatment, although not randomly assigned,
are reasonably comparable, is a weighted leastasjnaethod using weights calculated by the inverse
of the propensity score (Sacerdote, 2004; Toddl,2@L10). Weighting by the inverse of the estirdate
propensity score has demonstrated to achieve @t®abalance and, in contrast to matching and
stratification/blocking, uses all observations e tsample (Sacerdote, 2004). Following Hirano and
Imbens (2001), weights are calculated as follows:

d _ @-d) }
p(xi) 1- p(xi)

wherep(X;) are the estimated propensity scores calculatédeguation (3.3), above.

o(r, 0= { (3.5)

Intuitively, the weights imply a greater emphasistioose treated households with lower scores and
control households with higher scores—that is,diea of greatest common support. Using equations
(3.5) the weights created can be used in a regressamework whereX; is included as a set of
covariates and where standard tests of significaaoebe used (Robins and Rotnitzky, 1995; Hirano
and Imbens, 2001). Further, the approach retalhinformation from all households. Using weights
ensures no correlation between treatment and aigarieading to a consistent estimate of the agerag
treatment effect (Imbens, 2004). Impacts are theasured as follows:

Y =X tad +a +é (3.6)

where:

o; are the weights usénl the regression and calculated as per equatiéi, @bove,

a, B, % diande; are defined as in equation (3.1), above.

Each of these three approaches relies on an assampt exogeneity, namely that program

participation is exogenous to outcomes given a geh of observable covariates. XVhen this
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assumption holds, treatment effects can be estthwaitbout bias using observed estimands. Although
we are reasonably confident that this assumptiddshao explore the possibility of estimates being
biased by unobservable differences between treatamehcontrol groups an IV approach is also used.
An IV approach allows relaxing the exogeneity agsiimm, but requires identifying an instrumemnt,
which is correlated with program participation lowicorrelated with the error term (that is, would no
capture the bias associated with unobservablerdiftes between treatment and control). In an IV

approach, two stages are estimated as follows:
Stage 1:d, = &, + ¢X, +v,
Stage 2, = BX, +ad, + ¢ (3.7)
where

o defines the relationship between instrunigraind Plataformas participation,

¢ defines the relationship between instrum¢rand Plataformas participation,

ai is predicted participation in the Plataformas dsreged from the first stage,

v, is the error term in the first stage, and

remaining variables are as previously defined.

The first stage is estimated as a linear probghitibdel. Angrist (2000) suggests this approach
when the first stage is a limited dependent vagiabbdel and argues that it is consistent and safer
since predicting using a probit in the first stag@nly consistent if the model is exactly corréidte
main advantage of using an IV approach, when al\mfitrument can be found, is that it deals with
potential bias from observable and unobservabferdifices in control and treatment. In addition, the
method can be used to test the exogeneity assumpad in PSM and OLS (Ravallion, 2005).

To summarize, for the indicators analyz&( that tests the hypotheses noted in section Beaet
four empirical approaches are employed. This alléavsa clear assessment of the impact of the

program. The next section presents the data ussshttuct these analyses.

3.4 Data

Two survey instruments (household and communityhiaistered in the field were developed
using qualitative information gathered by meansgadfie chain analysis, stakeholder consultations and
focus group discussions. Several revisions of timeey instruments were done based on field testing
and conversations with key informants from the stoady regions. The household survey included
demographic information, economic and financial ditbons of the households, social capital
information and agricultural production data, irdihg detailed information on potato production. The
community survey included information on the oviec@mmunity population characteristics, access

to infrastructure and community organization.
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3.4.1 Household characteristics

Table 3.1 presents descriptive statistics of honisletharacteristics along with t-test of difference
for equality of means for the various counterfakctg@ups. Beneficiaries are contrasted to non-
participants and non-eligible households as welloathe whole group of non-beneficiaries (that is
non-participants plus non-eligibles). The t-tesdiference for equality of means provides evidence
of significant differences among the groups offgrian initial assessment of which group may
represent a better counterfactual. The table prestatistics for 660 households used in the aizalys
for which full information on an entire productiaycle is availablé? In the interest of space, the
details of the descriptive statistics are not dised and we focus only on a few key characteriatids
overall on the evidence regarding whether the sudesign and data collection created a reasonable
counterfactual. The exception is the social capigaiables which played a key role in the formation
of the Plataformas and are therefore discussedie detail.

Examining the first three sections of the table thasults suggest that households in the sample
have many of the characteristics of smallholderthen Andes. They have limited amounts of land
(2.58 hectares of land with less than half deditdtepotato cultivation), which tend to be spread
across a few (about 3), often steep plots. Househehds tend to be indigenous (62%) and have
limited levels of education (around five years)hwéin average family size of nearly five members.
Asset ownership is generally limited and diverse as@rincipal component analysis has been
conducted to construct variables for assets owigrghouped as durable assets, agricultural assets
and livestock. Although households tend to ownrtbein homes and have access to a water system
(95%), many have limited sewage access (7%) andemorhethods of cooking (54% cook with
electricity or gas). Among the land, socio-demograpand welfare variables, most do not show
statistically significant differences between thenéficiary group and any of the non-beneficiary
groupings. The few variables that are significardifferent have similar magnitudes and could
potentially be controlled for in the analysis. lengral, the first part of table 3.1 shows thatrtizest
similar possible control group would be the grodpnon-participants, since they have the fewest
differences with beneficiaries. However, even then-sligible group seems to be reasonably
comparable to the beneficiaries. The entire grofipnon beneficiaries thus is a reasonable

counterfactual and it offers a higher number ofrfars highly comparable to the beneficiaries.

13 see footnote 2.
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Table 3.1: Description statistics

Variable name Whole Benef Non- Pr(|T| Nqn- Pr(|T| All non- Pr(|T|
Sample part. >|t]) elig. >|1) benef. > |t)

Land
Altitud (m.a.s.) 3458 3448 3461 0701 3466 0.617 3463 0.613
Land Owned (ha) 258 255 204 0.106 3.14 0.115 259 0.891
Owned Plots (#) 297 325 255 000 311 0.502 2.83 0.018*
Black Soil (%) 79%  77% 80% 0.407 81% 0.240 81% 0.242
Flat Land (%) 39%  38% 40% 0.446 40% 0516 40% 0.420
Irrigated Land (%) 57%  54% 57% 0.499 61% 0.135 59% 0.214
Socio-Demographic
Family Size 471 479 477 0905 457 0.241 467 0.448
Average Educ. Of Head 496 524 491 0342 474 0.169 482 0.176
Indigenous Head 62%  58% 59% 0.766 68% 0.028 64% 0.133
Female Head 12%  12% 12% 0.766 13% 0.827 12% 0.939
Age of Head 42,3 422 4033 0143 4438 0.105 4235 0.901
Dependency Share 29%  29% 31% 0332 27%  0.399 29% 0.929
Welfare
Durable assets 0.013 0040 -0025 0474 0.025 0.874 0.00 0.623
Agricultural Assets -0.005 0129 -0095 0.03% -0.048 0.125 -0.07 0.01%
Livestock 0.067 0063 -0036 0297 0.174 0.300 0.07 0.950
Own House 86%  84% 88% 0234 87% 0.374 87% 0.223
Concrete/brick House 87%  83% 90% 0.041% 0% 0.043% 90% 0.015**
Access to Water System 95%  92% 94% 0413 97% 0.018 9% 0.060*
Sewage 7% 6% 7% 0743 7%  0.600 7% 0.627
Cook with Electricity/Gas 54% 57% 54% 0518 52% 0.285 53% 0.323
Dist. to Closest City (km) 29.38 27.13 2546 0171 3553 0.008* 3049 0.025**
Social Capital
Participate in Non-Ag. Ass. incomm. 830 829 83% 0.815 81% 0.639 84% 0.684
Participate in Ag. Ass. in comm. 23%  43% 14% 0.000** 14% 0.000* 14% 0.000**
Non-Ag. Associations in Comm.

Membership (Max# of yrs.) 954 997 860 0129 10.06 0.921 9.33  0.405

Meetings (#/yr) 3246 3232 33.18 0808 31.88 0.892 3253 0.944

Agricultural Ass. in Comm.
Membership (Max # of yrs) 657  3.96 10.03 0.008* 11.06  0.000%* 10.56  0.000***

Meetings (#/yr) 1656 16.82 12.77 0.189 19.45 0.433 16.16  0.794
Before Plataformas (5 yrs. Prior to
surveys)
Agricultural Ass. in Comm. 8% 7% 8% 0938 8% 0.918 8% 0.920
Membership (Max # of yrs.) 17.29 1520 17.00 0585 18.88 0.311 17.94 0.404
Meetings (#/yr) 1474 2130 12.69 0.144 12.69 0.167 12.69 0.684
Outside Associations
Non-Ag.Associations 17%  17% 18% 0.887 16% 0.782 17%  0.969
Agricultural Associations 7% 4% 5% 0512 7% 0.231 6% 0.773
Observations 660 217 222 221 443

* Significant at the 10% level, ** = 5% ; and *** £%
Source: authors' calculation using Linking smaitfars to the new agricultural economy data set

Moving to the social capital section of table Jalhroad set of variables is presented since social

capital was a key element in the Platafornmegram. These show that participation in non-
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agricultural community associations is quite hi@@8%) and over three times the membership in
agricultural community associations. While membgrsimn non-agricultural associations is not

different across the groupings, the membershipnimgricultural association does show statistically
significant differences: while 43% of beneficiarig®long to an agricultural association, the
percentage adds up to 14% for both non-participants non-eligibles. At first glance, these results
indicate that there is something fundamentally edéht about the group of beneficiaries who
participate in an agricultural association at higretes than the possible control groups. However,
while the Plataformas allowed all individuals andukeholds to participate in the program, the
program gave preference to those in associatidmss,Tprior to joining the Plataformas, farmers may
have been members in existing associations, mag juatved existing ones or may have formed new
groups. This could explain the differences in tieecpntages of those that belong to an agricultural
association across the three groups comparedla 3ah

A way to corroborate this hypothesis is to use datathe number of years that farmers have
belonged to an agricultural association. If benafies joined, or formed an agricultural associatio
qualify for the Plataformas, the maximum numbeyedirs belonging to such an association would be
expected to be less than five years prior to thelamentation of the surveys, which is when the
Plataformas began. We would expect then that befigsad/ears prior the survey, the levels of social
capital would be very similar across groups.

To this end, the final rows of table 3.1 presentadditional set of social capital variables. First,
there are no statistically significant differenceshe number of years of membership and frequency
of meetings for participation in non-agriculturasaciations. However, for agricultural associatjons
whilst the number of meetings per year is not $igantly different, membership is a relatively new
event for beneficiaries who have been members 8 $ears on average, as opposed to 10.03 for
non-participants, and 11.06 years for non-eligiblEsis seems to confirm that many beneficiaries
recently joined an agricultural association. Anotivay to corroborate this is by looking at the rate
participation for those that have been part of gmcaltural association for more than five yearbeT
next set of variables confirms this as 7% of bavgfies belonged to an agricultural association for
more than five years versus 8% for non-participamd for non-eligible with all differences being
statistically insignificant. Looking at the maximummber of years of membership for this subgroup,
the data show that there are no differences agumgos. Lastly, the final set of variables show no
statistically significant differences between bétiafies and possible control groups in the rate of
participation with outside agricultural and or nagricultural associations. Based on this informmatio
it is reasonable to assume that the differencesekiat today across the groups are likely due to
joining the Plataformas which implies the willingiseto create or strengthen social capital. Hence,
potential unobservable differences, if existings Bikely to be captured by the social capital Vialea

that best proxy this selection criterion.
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3.4.2 Indicator variables

To test the hypotheses noted in section 3.2, thewfimg three sets of indicators are analyzgy:
primary indicators,expressed by log of total harvest per hectare aogisgnargins per hectargi)
mechanismshrough which primary objectives were reachedwby they were not reached; afiii)
secondary indicatorarising from participation, particularly relateal ise, knowledge and practice of
precautionary measures in agrochemical applicatiand other environmental impacts. Table 3.2

presents these indicators.

Table 3.2: Program Impact Indicators

Indicator Whole
Sample
Primary Indicators
Log of Total Harvest (Kg/Ha) 7.94*
Gross Margins ($/ha) 112. 7%=
Mechanisms
Total Potatoes Sold (% of harvest) 0.45
Value of Potatoes Harvested ($/ha) 76349
Price of Potatoes Sold ($/kg) 0.r%*
Time of Transaction (hr) 1.29
Input Costs ($/ha) 650.77*
Cost of Paid Labor ($/ha) 97.48*
Cost of Seeds Purchased ($/ha) 48:%55
Value of Seeds Planted ($/ha) 181.29
Secondary Indicators
Preventive Fung. Applied (kg or I/ha) 3.15
Curative Fung. Applied (kg or I/ha) 4.16
Insecticides Applied (kg or Iha) 2.22*
Cost of Chemical Fertilizer ($ha) 124.68*
Cost of Organic Fertilizer ($/ha) 46.0%*
Applies Traps (%) 26.7% **
Environmental Impact Quotient 95.24
Can Identify Most T oxic Prdcts. 34.1%*
Always Use Plastic Poncho 13.09%
Always Use Mask 6.4%**
Berger Index of Diversity 1.45
Most Used Variety - Fripapa 29.0%*
Observations 660

* Significant at the 10% level, ** = 5% ; and *** £%
Source: authors' calculation

Among the primary indicators, the amount of potptoduce harvested per hectare is the most

direct indicator of productivity. The log of the aqntity harvested is used and analyzed due to the

expectation the data is log normal. On average, héwwest per hectare is 7,006 kg or 7.94 in
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logarithms. Gross margins express returns to fikedors of production, which provide a good
indication of profitability, and are calculatedths total value of harvest minus the total variaiasts
incurred for their production. On average farmemé112 per hectare of potatoes harvetted.

There are multiple mechanisms through which farngerdd increase yields and the income they
generate from potato production. One key mechamsthrough increased revenue by selling more
potatoes, getting a higher price for those potatwesducing transaction costs in sale. Four iridisa
for this mechanism are presented: (i) percentageotéto sold per hectare, (ii) value of potato
production, (iii) price of sale, and (iv) time raémd for sales transactions. Households on avesalje
almost half of their potato harvest (45%) which hatotal value of $763 per hectare and sells at a
price of about $0.11 per kg. On average, it tak28 hours to sell their potatoes. The Plataforntss a
worked on the input side of the supply chain intriidg and supplying seed of the most market-
demanded varieties, principally Fripapa. Changegross margins could reflect a change in input
costs while changes in yields could be due to amdit input use and/or better farming practicesurFo
cost indicators are used to explore this mechari$ra.average total input cost for households i9$65
per hectare, of which $97 is paid labour costsheetare, and $49 purchased seeds per hectare. The
average value of seeds planted, however, is ovee ttimes higher at $181 per hectare suggesting
much of the seed is not purchased.

The secondary indicators capture the possible sifiets of participation. The first set, which
incorporates both health and environmental impastide use of agrochemicals. To avoid increased
agrochemical use and minimize their negative effdeFS introduced an integrated pest management
(IPM) approach. This included the use of insegbdravith low-toxicity pesticides for the control of
Andean weevil, one of the principal pests which canose extensive tuber damage. The FFS also
improved farmers knowledge for managing late blightch can severely lower yields if not properly
controlled; this included training about the caueédate blight, the types and mode of action of
fungicides available to control it and improvedagping practices. Nevertheless, in order to comply
with standards required, farmers might be inclitedise more pesticides and chemical fertilizers to
make sure harvested output is of a required phygigality and to improve yields (Orozco et al.,
2007). To explore these possibilities, the amotipreventive and curative fungicides, the amount of
insecticides and the costs of chemical fertilizars considered. Further, alternatives to chemical
inputs, namely the cost of organic fertilizer asé of traps, are also examined.

FFSs teach the different risks associated withttixécity of agrochemicals, how to recognize
toxicity levels of a product and what precautiomaise. The expectation is that as a result ofitrgin
participants use less toxic pesticides, that fasmnecognize toxicity levels and take more precastio
when applying agrochemicals. To assess this effeet,Total Environmental Impact (TEI) is used,

which accounts for the toxicity level of the activegredients of each agrochemical in a growing

1 All monetary indicators are in U.S. dollars.
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season (Kovach et al., 1992). Environmental Imgaobtient (EIQ) for each active ingredient were
gathered and aggregated according to the rate arwbotration of each, obtaining the EIQ Field Use
Rating for each agrochemical, and the TEI fortel &agrochemicals used in a growing season (per ha).
The average value of the TEl is 95. An indicatokwdwledge of toxicity level is also included, and
on average 34% of farmers can identify the mosictproducts. A selected set of indicators for the
use of protective gears is also reported. Data shithat the percentage of households that use
protective measures is in general very low, witPold farmers interviewed using plastic ponchos and
only 6% using masks.

The final secondary indicators are related to twell of agrobiodiversity maintained at the
household level—that is, how the composition andretof potato varieties changes due to market
participation. The Plataformdscus on commercial varieties and theory suggésiisas farmers shift
to market varieties and begin to specialize, theral number of varieties cultivated is reduced
(Pingali and Rosengrant, 1995; Pingali, 2001) ettmugh this does not necessarily imply genetic
erosion (Smale, 1997). The Berger-Parker indeiverse dominance, which expresses the relative
abundance of the most common species (Magurrar8; 1B8umgartner, 2006) is reportedAlso
included is the share of potato area planted ViiéhRripapa variety, a key variety promoted through

the Plataformas, which at the time of the survey th@ dominant variety in 29% of cases.

3.5 Analysis and results

As noted, the approach used to select communitesiniclusion in the sample focused on
establishing a good counterfactual. To avoid reingirbiases requires controlling for any further
differences between treatment and control groupscu3sions with key informants and program
leaders suggest that social capital is the keyofaot program participation and the data presented
earlier supports this. In particular, whether adedold participated in an agricultural associafimn
more than one year appears to capture the diffesebetween treatment and control households.
Since this is closely related to participation e tPlataforma, controlling for this variable in the
regression model or using it in PSM should ensorerolling for those unobservables that may have
driven certain households to participate. The agsiom is that this variable is correlated with
unobservables related to being an “organizationejdj which compels households to join the
program, and thus any bias associated with sedtBeh should be eliminated. This variable is
included in each of the regressions.

Since there remains the possibility of potentiabhservable differences and, therefore, biased
Impact estimates, an IV approach is also emploggoea equations (3.7). Finding a suitable and valid

instrument is often a challenge, but a common ewluised in impact evaluation is to use the intent-

15 Additional diversity indices were used (Shannod Btargalef) with similar results; these are notsereed here.
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to-treat (ITT) since all households in the treatechmunities had the option to enter the program but
not everybody participated (Galasso et al., 20GiyaRion, 2005; Oosterbeek et al., 2008). Provided
that we control for location-specific effects whigtight have a direct effect on outcomes, this shoul
be a good predictor of participation. The eligilyilcriteria are shown to be, indeed, a valid inskeat

in our case being the instrument (ITT) highly sfgaint in the first stage and the instrumented
variable highly significant in the second stage. &#&® checked the null hypothesis that the instnime
is weak and reject this hypothesis as it passesuleeof thumb that the F statistics for excluded
instruments is higher than 10. Lastly, the endoiggmest accepts the null hypothesis that Platafsm
can be treated as exogenous to our specificatimsbpporting the exogeneity assumption needed in
the PSM and WLS’

For each of the four specifications presented,nalh-beneficiaries are used as the potential
counterfactual group and results are reported liet8.4. In general, the four approaches provide
robust results suggesting impact estimates areraecuSince all non-beneficiaries are used for this
first set of results, they may be lower bound eatén due to the possibility of spillover effectstod
program on non-participants in the treatment conitimsn Even if there are spillover effects, theg ar
likely to be small since non-participants would hat/e obtained the benefits of market access, which
appear substantial, and instead are only likelyetive indirect benefits from improved access to
seed and transmission of new production technadodienetheless, to make sure no spillover effects
are found we consider additional counterfactualugsowithin the WLS framework. These include
non-eligibles, non-participants as well as the gfdup (beneficiaries and non-participants) conggst
to the non-eligibles. The benefit of this last aggmh is that it potentially captures both direatl an
spillover effects. These results are presentedhlet3.5. Before proceeding with a discussion e$¢h

two sets of results, the probit on participatiofirst examined.

3.5.1 Participation in the Plataformas

Table 3.3 reports the results of the probit on dtaimas participation with marginal effects
calculated at the sample mean. The model accuratelgicts 71.8% of outcomes and shows the
importance of a number of variables. The differenase as expected and reflect those reported in
table 3.1. Membership in an agricultural assoamtiothin the community for more than a year is

significant and has the expected sign.

18 with regard to the identification strategy, notsefor over-identification can be run since givemednstrument, the
equation is exactly identified. To verify the endagity assumption a test under the null hypothtsis the specified
endogenous regressors (participation to the Platafpcan actually be treated as exogenous hasrbeeiihe test statistic is
distributed as chi-squared with degrees of freeéquoel to the number of regressors tested and definghe difference of
two Sargan-Hansen statistics: one for the equatiith the smaller set of instruments, where Platafis is treated as
endogenous, and one for the equation with the lagfeof instruments, where Palataformas is treasegkogenous.
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Table 3.3: Probit on Plataforma Participation

LR chi2(26) =84.37
Prob > chi2 = 0.0000

Log likelihood =-375.80489 Pseudo R2=0.1

dF/dx P>|z|
Land Owned (ha) -0.004 0.506
Owned Plots (#) 0.031 0.003 **
Black Soil (%) -0.048 0451
Flat Land (%) -0.068 0.216
Irrigated Land (%) -0.076  0.156
Family Size 0.010 0.369
Average Educ. Of Head 0.006 0.338
Indigenous Head -0.027 0.549
Female Head 0.011 0.860
Age of Head 0.000 0.964
Dependency Share 0.056 0.631
Livestock -0.015 0.488
Agricultural Assets 0.041 0.068 *
Durable assets -0.004 0.876
House -0.043 0.500
Concrete/brick House -0.131 0.051 *
Access to Water System -0.200 0.025 **
Sewage -0.087 0.258

Cook with Electricity/Gas 0.076 0.084 *
Dist. to Closest City (km) -0.003 0.049 **
Altitude 0.000 0.846
Chimborazo -0.065 0.307

Ag. Association (>1 year) 0.327 0.000 **
Non Ag. Ass ociation -0.015 0.774
External ag. Associations -0.021 0.786
External non ag. Associations -0.007 0.901
Notes: * Significant at the 10% level, ** = 5% ;cart™* = 1%

Source: authors' calculation

Observations 660
Sensitivity 34.56Y

Specificity 90.07%

Posttive predictive valu 63.03¥%

Negative predictive valu 73.75%

Correctly classifiet 71.82%

Using the probit results, propensity scores areutaied for the treatment and control group.
Figure 3.1 shows the kernel density estimates efdilstribution of estimated propensity scores for
each group. The scores obtained are almost entitellye area of common support suggesting that
non-beneficiaries represent a reasonable countealato the treated population.Furthermore,
Annex 3.I reports the punctual test of means shgwvairdrastic reduction of significant differences

across the two groups and demonstrating the cdtyabii the method to balance the baseline

1 Figures assessing the common support for all plessbunterfactual options were also constructeicabeinot reported as
they all consistently suggested a similar areaashraon support indicating high similarity acrossugs. For simplicity,
only one figure is presented. The consistency efabmmon support across potential control groupisoborated in the
results of the various analyses presented in €usos.
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covariates and to make the two groups highly coatgar Nevertheless, the difference in mean
propensity score across the treatment and contoolpg (mean of 0.37 in the treatment group versus
0.29 in the control group, p < 0.000) implies tis@tply conditioning onX through an OLS
specification might not yield the correct averagatment effect if this effect is in fact heterogeus.
Given these results, PSM, WLS and IV estimatescarssidered to ensure an unbiased estimate of

impacts.

Figure 3.1: Kernel distribution and common suppaatea across the two groups

4 .6
Estimated propensity score

—@— Plataforma participants —*—— Non-beneficiaries

Notes: The common support area is nuawkighin the black vertical lines

3.5.2 Assessing Results

Table 3.4 presents the results of the analysisgugie OLS, PSM, WLS and IV approaches
reporting the impact estimate of Plataformas pigditon () on the indicator of interest;j. Table
3.5 reports results using the WLS, which we thiekttrepresents and approximates impacts, for the
alternative counterfactual groups. The resultsramarkably consistent across specifications (table
3.4) and make sense for the different counterfagiiaipings (table 3.5) indicating that the program
effects are well identified.

Table 3.4 shows that both primary indicators, I6gields and gross margins, are positively and

significantly influenced by participation in theggram with the estimated differences being very
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similar and significant across specifications. Grasargins per hectare are around $200 higher for
participants which are substantial given averagggima are only around $100 per hectare (see table
3.2). The findings in table 3.5 suggest results san@lar even when using different counterfactual
groupings. The results using the non-participantgssts there are little or no spillover effectd an
indicates that participating in the Plataformasgpam is associated with a successful welfare

improvement for beneficiary farmers.

Table 3.4: Impact of Plataformas

OoLS PSM, Kernel PS Weighted LS v
Diff. P>|z| Diff. P>|z| Diff. P>|z| Diff. P>|z|
Primary Indicators
Log of Total Harvest (Kg/Ha) 0.55 0.000 ** 0.55 0.000*** 0.58 0.000 ** 0.85 0.003***

Gross Margins ($/ha) 215.19 0.008 ** 237.56 0.002** 184.82 0.010 ** 243.33 0.069 *

Mechanisms

Total Potatoes Sold (% of harvest) 0.08 0.002 ** 0.09 0.005** 0.09 0.001 ** 0.10 0.070 *
Value of Potatoes Harvested ($/ha) 362.50 0.010 ** 419.47 0.001** 368.07 0.001 *** 365.62 0.111
Price of Potatoes Sold ($/kg) 0.03 0.000 **  0.03 0.000** 0.03 0.000 ** 0.04 0.000 ***
Time of Transaction (hr) 0.02 0.909 0.0110.947 -0.02 0.876 -0.62 0.041**
Input Costs ($/ha) 147.31 0.272 181.91 0.250 183.25 0075 * 122.29 0.562
Cost of Paid Labor ($/ha) 49.30 0.028 ** 72.25 0.008*** 4410 0.039 * -11.36 0.823
Cost of Seeds Purchased ($/ha) 4551 0.008 ** 51.45 0.003** 37.86 0.022 *  71.62 0.016**
Value of Seeds Planted ($/ha) 87.59 0.009 ** 93.04 0.007**  91.44 0.008 ** 117.24 0.058 *
Secondary Indicators

Preventive Fung. Applied (kg or I/ha) -0.50 0.485 -0.36 0.588 -0.28 0.636 -2.16 0.172
Curative Fung. Applied (kg orl/ha) -0.25 0.802 0.10 0.905 -0.51 0651 -5.41 0.147
Insecticides Applied (kg or I/ha) 1.00 0.098 * 0.92 0.120 1.21 0051 * 0.52 0.538
Cost of Chemical Fertilizer ($ha) 38.50 0.033 ** 4466 0.011** 40.67 0.020 * 63.33 0.063 *
Cost of Organic Fertilizer ($/ha) 15.50 0.262 18.45 0.352 16.50 0.162 51.30 0.018
Applies Traps (%) 0.50 0.000 ** 050 0.000** 051 0000 ** 057 0.000 **
Total Environmental Impact Quotient (EIQ/ha) -31.03 0.343 -28.45 0.401 -22.71 0.356 -116.69 0.081
Can Identify Most Toxic Prdcts. (label color) 37% 0.000 *  39% 0.000 **  36% 0.000 *** 46% 0.000 **
Always Use Plastic Poncho 7% 0.026 ** 7% 0.044 ** 7% 0.035 ** 7% 0.218
Always Use Mask 4% 0.059 * 5% 0.055 ** 4% 0.085 * 2% 0.560
Berger Index of Diversity 0.00 0.969 0.01 0.909 0.00 0.933 0.04 0.724
Most Used Variety - Fripapa 35% 0.000 **  36% 0.000** 35% 0.000 ** 30% 0.000 ***

Observations 660 660 660 660
Notes: * Significant at the 10% level, ** = 5% ;dart* = 1%
Source: authors' calculation using Linking smaitfars to the new agricultural economy data set

The mechanisms leading to these results show teméficiaries sell more of their harvest
compared to non-beneficiaries and at a signifigamtiher price thus obtaining a greater value.d2ric
obtained are indeed about three USD per metrictgjumore than non beneficiaries, corresponding
approximately to 30% higher price if looking at @iéerences in prices (table 3.2). The resultsren
time taken for the transaction are mostly insigaifit although the IV results suggest they are lower
for participants. Table 3.4 shows that, overalialttnput costs do not appear to be significanitjhlr
for the beneficiaries, however, seeds purchased wsetl are significantly higher for treated
households and for most specifications so are latmgts (the exception being the IV results).

Moving to the secondary indicators of table 3.4, iticreased use of some inputs suggest possible
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environmental and health problems if it is linkedincreased use of agrochemicals. The evidence is
somewhat mixed, but does not seem to imply a wigesh problem. Beneficiaries do not use
significantly more fungicides, but do use more ateédes (although not according to the IV results)
and chemical fertilizers. Findings suggest, howethaat farmers are using less toxic chemicals given
that they are using more chemicals and the TEb fatnhot significantly different from zero in any o
the specifications except for the IV where it igaive and moderately significant. The finding lisoa
supported by the evidence that beneficiaries cantify toxic products better than non-beneficiaries
This is most likely due to the training participsunéceived in FFS. Additionally, traps for the Aade
weevil are more commonly used by beneficiaries tham-beneficiaries. Lastly, program participants
are generally more likely to use protective geagvadenced by a greater use of a plastic ponchds an
masks (this result, however, does not hold foltheesults which is insignificant).

With respect to the potential losses of agricultbradiversity as market demand pressures farmers
to abandon traditional varieties, the evidence dumssupport this hypothesis as indicated by the
insignificant impact on the agrobiodiversity indisareported. Participants do seem to have switched
to the Fripapa variety. Thus, Plataformas farmeesysto maintain the same diversity level although

changing the primary market variety grown.

Table 3.5: Comparison of Alternative Control Groups(Using PS Weighted LS)

ITT vs Non-
Plata vs Non-benef. Platavs Non-eligible Platavs Mepart. eligible
Diff. P>t Diff. P>t Diff. P>t Diff. P>t
Primary Indicators
Log of Total Harvest (Kg/Ha) 0.58 0.000 *=* 0.73 0.000 *** 0.47 0.002 *=* 0.47 0.005 **
Gross Margins ($/ha) 184.82 0.010 ** 170.68 0.034 * 186.11 0.028 * 110.69 0.07%
Mechanisms
Total Potatoes Sold (% of harvest) 0.09 0.001 ** 0.10 0.003 ** 0.09 0004 ** 0.07 0.014 **
Value of Potatoes Harvested ($/ha) 368.07 0.001 ** 417.54 0.001 ** 414.76 0.000 ** 23251 QO **
Price of Potatoes Sold ($/kg) 0.03 0.000 * 0.03 0.000 ** 0.03 0000 * 0.02 0.019 *
Time of Transaction (hr) -0.02 0.876 -0.15  0.404 0.13 0462 -0.28 0.049 *
Input Costs ($/ha) 183.25 0.075 * 246.86 0.020 ** 228.65 0.002 ** 121.82 0.124
Cost of Paid Labor ($/ha) 44.10 0.039 * 38.90 0.164 66.03 0.001 ** 8.71 0.688
Cost of Seeds Purchased ($/ha) 37.86 0.022 * 49.76 0.002 ** 39.80 0.064 * 34.88 0.005 **
Value of Seeds Planted ($/ha) 9144 0.008 ** 108.84 0.004 ** 85.80 0.007 ** 59.68 0.026 **
Secondary Indicators
Preventive Fung. Applied (kg or I/ha) -0.28 0.636 -0.40 0551 031 0582 -0.68 0.271
Curative Fung. Applied (kg or I/ha) -0.51 0.651 -1.33  0.408 104 0066 * -1.71 0.227
Insecticides Applied (kg or Iha) 121 0.051 * 115 0.052 * 136 0031 * 0.47 0.196
Cost of Chemical Fertilizer ($/ha) 40.67 0.020 * 53.07 0.008 ** 34.68 0.075 * 37.12 0.018 *
Cost of Organic Fertilizer ($/ha) 16.50 0.162 36.52 0.001 *** 2.82 0.855 29.11 0.010 ***
Applies Traps (%) 051 0000 ** 054 0.000 ** 049 0000 * 029 0.000 **
Total Environmental Impact Quotient (EIQ/ha) -22.71 0.356 -29.67 0277 16.98 0.176 -35.30 0.135

Can Identify Most Toxic Prdcts. (label color) 36% 0.000 *=* 39% 0.000 ** 34% 0000 **  24% 0.000 **
Always Use Plastic Poncho % 0.035 5%  0.159 7% 0073 * 3% 0.280
Always Use Mask 4% 0.08 * 3% 0.295 5% 0.049 ** 1% 0.576

¥

Berger Index of Diversity 0.00 0.933 -0.02 0.752 -0.02 0735 -0.02 0.751
Most Used Variety - Fripapa 35% 0.000 ** 32% 0.000 ** 36% 0000 **  14% 0.000 **
Observations 660 438 439 660

Notes: * Significant at the 10% level, * = 5% ,daft*
Source: authors' calculation

=1%
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3.5.3 Linking different farmers to market

Different organizations implemented the field tiagin the FFS in the two regions of Chimborazo
and Tungurahua, however all trainers used the saethodology and curriculum. Likewise the
process of incorporating farmers to the Plataformas the same in both regions. Although
Chimborazo and Tungurahua are both relatively poeas, it is important to note that there are
significant differences between the two. Data friwe Ecuadorian National Institute of Statistics and
Census shows that about 54.1% of the populatioBhimborazo lived in consumption poverty in
2006, while only 36.2% lived in poverty in Tunguaah(INEC, 2005-20067. These differences are
reflected in our own data where land variables a8 as socio-demographic indicators suggest that,
although both provinces are rather poor, farmersungurahua are, on average, better off than their
counterparts in Chimborazo owning more land ancegdly having higher socioeconomic indicators.
It is reasonable to assume that these differenaes lma reflected in divergent results in the two
regions.

To determine how well the Plataformas perform iohearea, the analysis is done for each region.
Table 3.6 shows results for the two provinces awaihs to suggest that the effects of the Plataformas
participation are stronger for farmers in Chimborazho have clearer direct impacts: larger and
strongly significant gross margins and a higherdotpn harvest. In Tungurahua, on the other hand,
while the signs for these indicators are positordy the log of harvest per hectare is significarét
10% level of confidence) larger for participantsowéver, this difference does not translate into
significantly higher gross margins. This is likedye to a combination of factors led by a smaller
difference in productivity between beneficiariesl aion-beneficiaries but also by smaller differences
in price of potato sold, in the percentage of pomdsgold and in the value of produce harvested,
although for both the former indicators differen@ae significantly higher for beneficiaries in both
regions. It is interesting to note that beneficiEaymers in Tungurahua, purchased a greater anount
seeds spending more than the control group, whiterémaining input costs are not significantly
different as opposed to Chimborazo where partidif@mers spent significantly higher amounts for
inputs particularly in terms of hired labour. Fhetsecondary indicators, the differences between th
two groups are similar in both regions with theyoekception of costs of chemical fertilizers theg a
significantly greater for participants in ChimbaoazOverall, Plataformas farmers are successfully
adopting the new production approach in both regjienen though participation seems to be having a
greater effect on participants in Chimborazo. Trdiferences may suggest that poverty levels and/or
financial constraints are more of an issue for &min Chimborazo. If this is the case, we might
conclude that program participation is more effextifor less endowed and more financially

constrained farmers. However, it may be that otbgional factors are playing a role.

18 Using INEC, Base de Datos de la Encuesta Condicitm&sda ECV, Quinta ronda (2005-2006), by DISUR.
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Table 3.6: Impact by Region (Using PS Weighted LS)
Tungurahua  Chimborazo

Diff. P>lt] Diff. P>t|
Primary Indicators
Log of Total Harvest (Kg/H: 0.30 0.060 * 0.86 0.000 *=*
Gross Margins ($/h. 2553 0.686 366.47 0.004 **
Mechanisms
Total Potatoes Sold (% of harvest) 7% 0.034 ** 9% 0.027 **
Value of Potatoes Harvested ($/ 116.98 0.151 672.28 0.000 **
Price of Potatoes Sold ($/ 0.0z 0.00€ ** 0.0¢ 0.001 ==
Time of Transaction (hr) -0.14 0.391 0.03 0.925
Input Costs ($/h. 91.4f 0.10¢ 305.8( 0.04% **
Cost of Paid Labor ($/h 3.2€ 0.77¢ 95.37 0.027 **
Cost of Seeds Purchased ($/ha) 29.85 0.021 * 2452 0.375
Value of Seeds Planted ($/ 55.7: 0.001** 110.2: 0.03z **
Secondary Indicators
Preventive Fung. Applied (kg or I/ha) 0.20 0.831 -0.51 0.462
Curative Fung. Applied (kg or I'h -1.56 0.363 -0.10 0.949
Insecticides Applied (kg or I/h 1.21 0.107 125 0.15C
Cost of Chemical Fertilizer ($/ha) 29.51 0.173 68.09 0.022 **
Cost of Organic Fertilizer ($/¢ 4.7¢ 0.445 2227 0.33¢
Applies Traps (% 0.55 0.00C ** 0.4€ 0.00C **
Total Environmental Impact Quotient (EIQ/ 2.3F 0.944 -30.1¢ 0.31C
Can Identify Most Toxic Prdcts. (label col 36% 0.00C ** 43% 0.00C ***
Always Use Plastic Poncho 10% 0.047 * 8% 0.054 **
Always Use Mas 6% 0.05¢ * 3% 0.41f
Berger Index of Diversi -0.07 0.332 0.0¢ 0.13Z
Most Used Variety - Fripaf 31% 0.000 **  34% 0.000 **
Observations 314 32¢

Notes: * Significant at the 10% level, ** = 5% nad*** = 1%
Source: authors' calculation

To explore better whether the differences in reswte due to greater benefits going to
smallholders and less endowed participants, ada@ki@analyses by land holding size is included.
Keeping in mind that generally all farmers haveatigely small land holdings, we divide land
holdings into small (less than 1 hectare), medidno(5 hectares) and large (more than 5 hectares)
landholdings. The results presented in table 3ofvsiat medium farms have been able to gain the
largest benefits of the program obtaining signifitahigher yields and productivity which transikate
into higher gross margins. These have been achivedgh a larger percentage of potato sold as well
as through higher price gains of the produce sldn though higher input costs, both for seeds and
fertilizers have been afforded. Beneficiaries wigny small farms managed to harvest more than their
control group and sold a significantly higher amoand share of potatoes, however these did not
translate into higher gross margins. This is dusigaificantly higher input costs which did not det
a high enough productivity increase suggesting thatl holding, and thus smaller total amounts
harvested and sold, are insufficient to compenshée sunk costs participant farmers incur in

production. To achieve higher benefits they wowddato either further increase productivity oruo c
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costs. Importantly, it should be noted that sneatifers experienced a significantly shorter timsetb
their produce. Looking at relatively larger farmergnificantly higher gross margins seem to be due
mostly to economies of scale. What seems to hayegla major role for larger farms are the reduced
per unit costs supported for each type of input padicularly for significantly smaller labour cest
Larger farmers are also not increasing other custspared to those with smaller landholdings. This
may be due to the fact larger farmers are alrealdyively efficient and do not get the level gaihat
medium farmers experience. In sum while for larfggmers, economies of scale are sufficient to
outweigh the costs and guarantee higher gross nsurigi the case of smallholders an intensification
of technology adoption combined with a reductiordivéct and transaction costs would be needed to

guarantee that higher productivity translates gher gross margins.

Table 3.7: Impact by land size (Using PS Weighted3)

Small Farms  Medium Farms Large Farms
(lessthan 1 ha)  (btwn 1 and 5 has) (more than 5 has)
Diff.  P>[t] Diff. P>t Diff.  P>|t|
Primary Indicators
Log of Total Harvest (KgH: 045 0.004 == 0.67 0.005 *=* 0.06 0.799
Gross Margins ($/h -23.16 0.844 318.68 0.004 »= 111.81 0.068 *
Mechanisms
Total Potatoes Sold (% of harve 13% 0.001 ** 4% 0.35: 1% 0.91z
Value of Potatoes Harvested ($, 37579 0.012 * 442.69 0.009 ** 43.34 0.646
Price of Potatoes Sold ($/ 0.02 bl 0.0Z 0.00( *=* -0.02 0.11¢
Time of Transaction (hr) -040 0.010 ** 0.19 0.559 0.16 0.69%4
Input Costs ($/h: 398.95 0.002 *** 124.01 0.299 -68.48 0.202
Cost of Paid Labor ($/h 100.0¢ 0.04z * 16.1¢ 0.60¢ -52.3z 0.00t *=*
Cost of Seeds Purchased ($/ha) 7842 0.097 * 49.93 0.012 ** -6.67 0.636
Value of Seeds Planted ($/! 137.6: 0.017 * 92.3¢ 0.00( ** -7.88 0.66:
Secondary Indicators
Preventive Fung. Applied (kg or I/t -0.20 0.827 0.19 0.745 -0.59.57¢
Curative Fung. Applied (kg or I/ -1.23 0.63C 0.25 0.68¢ -0.71 0.22C
Insecticides Applied (kg or ha) 331 0.032 = 0.23 0.546 -0.13 0.423
Cost of Chemical Fertilizer ($/h 833z 0.027 *= 22.9¢ 0.12: -1.42 0.93C
Cost of Organic Fetrtilizer ($/h -2.41 0.907 43.6% 0.00% *= 11.4€ 0.011 *
Applies traps (% 0.55 0.000 *** 0.49 0.000 * 0.32 0.007 **
Total Env.tal Impact Quotient (EIQ/t -11.9% 0.73¢ -8.6¢ 0.74¢ -18.1C 0.53¢
Can ldentify Most Toxic Prdcts. (label color) 35% 0.000 *** 41% 0.000 *= 20% 0.124
Always Use Plastic Ponc 3% 0.613 7% 0.136 11% 0.050 **
Always Use Mas 0% 0.88¢ 2% 0.66¢ 14% 0.12C
Berger Index of Diversity 0.14 0.108 -0.05 0.422 -0.11 0.478
Most Used Variety - Fripa| 34% 0.000 *** 41% 0.000 ** 11% 0.262
Observations 302 263 88

Notes: * Significant at the 10% level, ** = 5% ;ctt* = 1%
Source: authors' calculation

3.6 Conclusions

In this chapter, the challenges of linking smalitesl potato farmers to high-value markets is
examined by looking at the experience of the ntakisholder Plataformas program in the provinces

of Chimborazo and Tungurahua in the Ecuadoriarr&iém empirical analysis to assess whether the
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program has been successful in increasing yieldspaofits of potato producing smallholders while
protecting farmers’ health and the environment basn conducted. Mechanisms by which these
objectives have been achieved were also analyzed.

To ensure a proper and sound empirical analysiddtewas collected in a way that it was possible
to create a reasonable counterfactual for compdiataformas participants. Additionally, multiple
econometric methods were employed to ensure reselts not driven by a specific methodology.
Spillover effects are also considered using difiemunterfactual groupings. The results are styong
consistent across the different specifications #émel use of different types of counterfactuals
suggesting that the success of the Plataformaseil$ identified. Our findings show that the
Plataformas program successfully improved the welt# beneficiary farmers and that the benefits
were limited to farmers that directly participatddce there appear to be little spillover effeatson-
participants.

Both primary indicators, namely yields and grossrgims, are positive and significant for
beneficiaries with estimated differences very samicross specifications. The mechanisms through
which the Plataformas achieve these primary benefie through selling higher percentages and
amounts of potato harvest than non-beneficiariegldition to selling at a 30% higher price. Althbug
participant farmers incur higher input costs, patftarly for seeds but also for hired labour and
fertilizers, benefits are enough to outweigh thadded costs. The regional analysis has shown that
farmers in Chimborazo, which are on average potiren farmers in Tungurahua, have achieved
higher and better results through participatinghie Plataformas. Clear benefits are, in particular,
achieved by medium farmers while large farmerseahbenefits mainly due to economies of scale.
On the other hand, smallholders need to intensifjitology and reduce direct as well as transaction
costs to be able to achieve higher returns.

Results for secondary indicators are somewhat miéth respect to the use of agrochemicals,
beneficiaries do use slightly more insecticides emgmical fertilizers, but most of the other indara
are not significantly different and products utliz are likely to be less toxic given the Total
Environmental Impact (TEI) is not significantly fiifent from non-beneficiaries and in general has a
negative sign. The Plataformas is clearly havingimpact on the utilization of traps for Andean
weevil and in diffusing knowledge: a significantiigher percentage of participant farmers applystrap
while a significantly higher percentage of farmars able to recognise the toxicity of agrochemicals
This latter translates into a higher utilization pybtective gear although percentages are generally
relatively low.

The concerns about negative impacts on agriculhicadiversity of the Platforms are unfounded
since results suggest that participants and noeflogaries maintain the same level of diversityvési
that most of the varieties cultivated are modepitears that genetic erosion, if any, happenéakin
past due to a combination of natural causes (Eb)iéigroindustrialization and farmers’ preferences

in response to changing market opportunities.
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Overall, participation in the Plataformas suggeswuccessful way of linking smallholder potato
farmers to the markets. The success of the Platafoican be first explained by its intervention glon
the value chain. On the output side, direct linlkkag@h restaurants led to reduced transaction costs
that resulted from circumventing intermediaries armaking sure farmers obtain a greater share of the
returns from their production. On the input side&éges with seed producers led to the provision of
high quality seeds of market-demanded varietiedicogarly of Fripapa with its good frying quality,
and taught efficient farming techniques. Secondiye success of the Plataformas highlights the
importance of social capital in identifying and aniging beneficiaries in a manner that effectively
overcomes entrance barriers.

While this chapter has, overall, found importansipige and significant impacts of the Plataformas
on the welfare of farmers and no negative effeat§apmers’ health and the environment, there still
remains a question of cost-effectiveness and thengal effect on efficiency. For example, Thiete e
al. (2009) note that one question that has notasdéen addressed because of data limitations is
whether there is sufficient value added in the mearket opportunities to cover the costs of the
Plataformas and still provide farmers with a sudiit income increment to justify program
participation. The authors also observe that winike program received substantial subsidies through
project funding, this was likely a reasonable itmesnt given the sizeable level of benefits obtained
In the long run and for scaling up the program, &esv, other funding mechanisms would need to be
explored to achieve financial sustainability foe tRlataformas (Thiele et al., 2009). Although we
recognise the importance of assessing costs addisligdight on the sustainability of the Platafosna
it is not possible with the current available ddthe total investments in the program have not been
sufficiently identified since they came from mulésources. Further, sustainability would needeo b
assessed with a new round of data collection thaildvexamine how the program is currently
operating now that much of the external supportdeen withdrawn. New initiatives are underway to
gather the necessary information to arrive at aenamcurate answer to these important questions,

presenting a clear direction for future research.
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Annex 3.1: Punctual Test of Means comparing benefiaries to all non-
beneficiaries

Mean Mean % reduction
Variable Treated Control |bias| p>1t|
Land Owned (ha) 2.55 2.41 230.7 0622
Owned Plots (#) 3.25 3.11 68.2 0.617
Black Soil (%) 0.77 0.78 60.3 0.884
Flat Land (%) 0.38 0.36 48.6 0.857
Irrigated Land (%) 0.54 0.52 49.1 0.659
Family Size 4.79 4.82 75 0.930
Average Educ. Of Head 5.24 4.96 32.3 0.462
Indigenous Head 0.58 0.61 43.6 0532
Female Head 0.12 0.11 -155.5 0.913
Age of Head 42.20 42.38 -22.7 0.953
Dependency Share 0.29 0.29 64 0.958
Livestock 0.06 0.05 -113.1 0.893
Agricultural Assets 0.13 0.00 33.6 0.788
Durable Assets 0.04 0.01 30.5 0.870
House 0.84 0.86 27.8 0570
Concrete/brick House 0.83 0.85 73.6 0.732
Access to Water System 0.92 0.93 70.1 0.759
Sewage 0.06 0.06 72.5 0.954
Cook with Electricity/Gas 0.57 0.55 60.5 0.751
Dist. to Closest City (km) 27.13 26.14 70.4 0.362
Altitude 3447.50 3446.00 90.4 0.918
Chimborazo 0.50 0.50 -20.8 0.849
Ag. Association (>1 year) 0.34 0.33 98.7 0.943
External non ag. Association 0.17 0.17 -221.9 0.930
External ag. Association 0.07 0.06 3 0.763
Non Agricultural ass. in Community 0.82 0.85 -93.5 659

Notes: Tests are for differences in means * Siganifiat the 10% level, ** = 5% ; and *** = 1%
Source: authors' calculation using Linking smaitfars to the new agricultural economy data set
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Chapter 4

Do Agricultural Projects Alter Crop Production

Technologies? Evidence from Ecuador’

Abstract: Programs designed to improve returns to agricultaaa influence crop production not
only through changes in input and output indicatdrat also through the production technology.
Evaluating agricultural programs then requires caesing not only their influence on these
indicators, but also on the relationship betweeenthas embodied in the production technology. This
chapter examines the impact of a program intereeniin the Ecuadorian Sierra designed to improve
potato production, shifts towards integrated peanagement and linking smallholders to high-value
markets focusing on the production technology. drtipular, a weighted estimation, where weights
are constructed through propensity score matchiagemployed to estimate a production function
within a damage abatement framework. The functimoriporates a series of interaction terms to
assess the impact of the program on the produ¢giohnology. The findings provide evidence that the
program enhances yields both through shifts innietdbgy as well as increased input use. The results
suggest that the use of effective farming techsigbat are learned through farmer field schools

induce this technological shift.

¥ This chapter is based on the article: R. Cavatassfalazar, M. Gonzales-Flores, P. Winters, (2010, Agricultural
Projects Alter Crop Production Technologies? Evigefnom Ecuador. Revised version submitted. The astivould like to
acknowledge constructive and valuable comments Bonis Bravo-Ureta, David Dawe, Carlo Azzarri and sw@mnymous
referees. The usual disclaimer applies.
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4.1 Introduction

Programs designed to improve returns to agriculare increasingly comprised by a series of
interventions that are likely to influence crop guotion not only through changes in input types and
guantities utilized but also through the mannewhich the production technology is implemented.
While this is the case, impact evaluations of agtice programs often focus on sets of indicators,
including input and labour use, as well as produrcindicators like yields per hectare and thodeelih
to profitability, such as output sold, price of put and value of production per hectare. Failing to
recognize that the program may influence the priddlu¢echnology assumes that the only impact of a
program is through the increased use of inputslamobr. If the manner of using inputs and labour is
altered, evaluating agricultural programs requeessidering not only their influence on input and
output indicators, but also on the relationshipveein these as embodied in the production technology
In this chapter, we incorporate this type of tedbgyp change in an evaluation of an agricultural
intervention in the Ecuadorian Sierra designedntio $mall-scale and low-income potato farmers with
higher-value markets.

The standard impact evaluation challenge is toroete what would have happened in the absence
of a program. While program participants are obmgrveceiving the “treatment”, they are not
observed in the absence of the program (RavalR0605). Given this is the case, it is necessary to
identify a group that did not receive the progrémmt that could act as a reasonable counterfaatual i
the sense that they have a similar range of chaistits as program participants, but that did not
participate. Ideally, through randomly assigninigible individuals to a treatment group who receive
the program and a control group that does notasoreable counterfactual can be established. Using
this experimental approach helps to identify thegpam impact. If such an approach is not possible,
non-experimental methods for identifying impactdé® be employed; such approaches help to avoid
any potential bias in the impact estimates. Inegittase, it is necessary to adapt these technigues
structural model to assess changes in the produttichnology that may have been induced by an
agricultural program. In this chapter, our interéstin determining whether the Plataformas
intervention in Ecuador altered not only input dablour use, but the manner in which these inputs
influence production through both increasing yiedasl altering the way farmers control for risks. As
such, a damage abatement framework is used anstedjaccordingly to determine the impact of the
program on the production technology.

The Plataformas de Concertacidéoy simply Plataformasyere initiated in the central Sierra of

Ecuador in 2003 and are alliances between smdk-daamers and a range of agricultural support
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service provider& The main objectives of the Plataformas are toeiase yields and profits of potato-
producing smallholders in order to reduce poveryg amprove food securityPico, 2006). The
program provides participants with new technologied high quality seeds in addition to promoting
farmer organization that helps facilitate acceshigih-value potato markets. It operates through the
entire potato supply chain to reduce inefficienciesovercome barriers to market entry, and to cedu
costs in each link of the chain (Devaux et al., Y00’ hrough the activities of the Plataformas,
smallholder potato producers are directly linkeddstaurants, supermarkets and processors who are
willing to pay a premium for potatoes that meeirtiggades and standards. The Plataformas provide
training through Farmer Field Schools (FFS) whistuses on helping producers meet the demands of
high-value markets and generally assists with popebduction. The FFS emphasise an Integrated
Pest Management (IPM) approach designed to useetywaf complementary pest control strategies
to reduce the use of pesticides while managing peptilations at an acceptable level. The IPM
component is included partially due to a concerat h order to reach market quality standards
participating farmers may increase the use of gidsi$ to avoid the risk of their product not being
accepted in higher-value markets. The Plataforraagditerefore have two effects on potato production.
First, by increasing the profitability of potatcopluction, it may induce an increase in the usaodts

and thus yields. Second, through farmer traininghéamaging production, and pesticides in particular,
the program may lead to changes in the productichnrology.

The purpose of this chapter is to understand tot vexéent participating in the Plataformas
influences the productivity of potato cultivatiortdrmined by the use of conventional inputs as well
as damage control inputs as embedded in the pioduechnology. Towards this end, the remainder
of the chapter is structured as follow. Section @gr@vides a description of the model used in the
analysis. Section 4.3 describes the context in kvthe model was applied and the data used for the
analysis, differentiating Plataformas participatimyseholds from households that did not partieipat
The identification strategy is presented in secdoh while the estimation results are presented in

section 4.5. Section 4.6 provides conclusions.

4.2 Impact Evaluation in a Damage Abatement Framew®&

Most agricultural risk is governed by nature, whislvery difficult to predict, making management
of risks key to agricultural production. As sucbie production inputs primarily seek to control the
potential nature-induced damage. A clear examppessicides, which are used to minimize the risk of
damage from pests or diseases. Damage controlsadiet pesticides, are not necessarily directly

productivity enhancing and, in fact, if overusedytimight even reduce productivity (Lichtenberg and

2 These include the National Institute of AgricuitliResearch (INIAP), the International Potato Ceri@P), various
NGOs, researchers, universities and local govertsndihe alliances are also supported by internatidanors, such as the
Swiss Agency for Development and Cooperation (SDC).
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Zilberman, 1986; Zhengfei et al., 2005). The rdilel@mage control agents should rather be defined in
terms of their contribution to decrease or abagepbtential damage. In other words, realized output
should be considered as a combination of potentighut and loss from damage. Damage control
agents, thus, should be considered with respetiietservices they offer keeping in mind that the
benefits of these agents cannot be greater thaskeiteuctive capability of the pest, which is obise
limited by the maximum potential output (Lichtenfpend Zilberman, 1986).

Given that the primary goal of these inputs is ¢mtmol or abate potential crop damage, using
standard functional forms may not provide correstingates of their importance. In particular,
evidence suggests that a Cobb-Douglas approadtitoating production functions predicts an under
use of pesticide application in developed count(@sambers and Lichtenberg, 1994; Shankar and
Thirtle, 2005). Additionally, the approach can letal upward biased estimates of marginal
productivity as the assumption of constant elagtionakes it decline more slowly than the true
marginal productivity (Lichtenberg and Zilberma®86).

Functional forms that better represent the damagéa nature of inputs have been well studied in
the literaturé'. In these, control or damage abatement inputessemed to be employed to prevent
damage and to maximize potential output rather thancrease yields. In order to capture both yield
enhancing and damage control inputs, we use a oaaibiunction which includes a production
function F(Z) for common inputs and a damage abatement fun@i{ef) for damage abating inputs.
The latter represents the reduction in lost outpuised by the utilization of damage abatement éput

The damage abatement functi®@(X) is defined in the interval0,1]. The function gives a
proportion of the destructive capacity of the petisinated by the application of the damage cdntro
agent at levelX and it looks like a cumulative distribution furari Specifically, following
Lichtenberg and Zilberman (1986):

G(X) =1 when the damage abatement ingiscompletely eliminate the destructive effects & th
damaging agents;

G(X) =0 when the damage abatement inputs do not haveféents on eradicating the damaging
capacity of the hazard agents;

G(X) is monotonically increasing;

Xis a vector of damage control agents such asicerat preventative fungicides, insecticides, use
of traps and agrobiodiversffy

G(.)) may also include exogenous variables such astttie ef nature that interacts with pest
prevalence (for example the humidity level or amafrainfall if these data are available);

G'(X)>0; G(X)=21 asX=> @ ; G(X)=20 asX=> 0. This means that the adopted technologyh@as a

ZLEor further reference see for example: Lichtenlzer Zilberman (1986), Chambers and Lichtenberg (1.9%hsking and
Carpentier, (2001), Shankar and Thirtle (2005), @adn and de Janvry (2005).

2 As explained later, there are a series of reasamatiich one can maintain a certain level of pogeaetic diversity. One
of these reasons is to reduce the probable incidehpests and disease, a hypothesis we are tésting
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positive effect on the damage abatement functioendd, asX increases the damage abatement
function will be closer to one (total control ofettdamaging agent). On the other hand, while
decreases the damage abatement function will lsercko zero (deficient control of the damaging
agent);

G'(x)= 0G(X)/ oX expresses the marginal damage control effectigenes

A general definition of the production functionardamage abatement framework is then given by:

Y =F(2) * G(X) (4.1)

where

Y is the total potato yield per hectare;

[F (2), 1] is the potential output;

[F (2), Q] is the maximum output obtainable under maximuntrdeve capacity;

Z includes the usual production inputs such as séalisur, land, fertilizers, etc. as well as other
farm-specific factors that might affect yields, Bues human capital characteristics, assets owipershi
social capital, access to infrastructure and rosaischaracteristics, time-specific factors anchkion-
specific factors.

To incorporate the impact of an agricultural intertion, such as the Plataformas, into this
framework requires considering how the program wauafluence the production process. In this
study, three possible channels in which the Platads could have influenced agricultural
productivity are tested. First, participation iretPlataformas could have a direct effect on overall
yields by providing training to farmers regardingil smanagement, crop rotation, etc. Second,
participation in the Plataformas could have inficesh production practices and yield enhancement
input utilization. For instance, training throudietfarming field schools may influence production
practices such as seed planting or fertilizer appbn which would influence the production funatio
F(Z). Finally, the Plataformas could have an effectreducing yield losses through changes in
damage control inputs use. For example, the trgipnovided through the Plataformas might lead to
an alteration not just of the quantity of pesticigeed, but the manner in which it is applied which
could enhance damage control. This would implyrdluénce on the damage abatement fundBgx).

In sum, the Plataformas intervention could haveract effect on overall yields, but also specific
effects on the manner of input use on producticth @@mage abatement. Below, these elements are

incorporated into the model specification.

4.2.1 Model specification

The empirical application of model 4.1 requires $ipecification of functional forms for both the

production functior(Z) and for the damage abatement functi&g(X). Although we acknowledge the
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main limitation of using a standard Cobb-Douglapgrapch in imposing inputs’ unitary elasticities of
substitution, we follow standard practice and assE(Z) to be a classical Cobb-Douglas production
function given the numerous advantages relatedstogua Cobb-Douglas function (Lansink and
Carpentier, 2001; Zhengfei et al., 2005; Hornal e2807). The main advantages of a Cobb-Douglas
approach are that it allows for decreasing margieirns, rather typical in agriculture. Additiolyal
and of great importance, it allows a log-lineansf@rmation, particularly appropriate in this arsay
given that production inputs are distributed foliogva log normal function. The Cobb-Doudtas

function to model potato production can be represkas follows:
|
Y= Al_l Z[ 4.2)

Where:

F,>0 and Fm <0

A>0; Z, 200 =1....1 andO<a, <1

Y represents potato yields per hectare at the @bet;|

A indicates the degree of effectiveness in usingatt@pted technology and depends on a set of
household and farm specific characteristics (faharacteristics: land type, soil type, irrigatiots;e
household characteristics: age, education and gesfdeead of the household, dependency share,
access to infrastructure, distance to paved roackss to social capital, altitude, community fixed
effects; and time-fixed effects — dummy for monthptanting) that might have an effect on total
output;

Z is the vector of conventional yield enhancemeptis (e.g. seeds, fertilizers, labour and land ).

For the damage abatement function we follow Qaimh @@ Janvry (2005), Shankar and Thirtle
(2005) and Salazar et al. (2010) and assume ditogpecification of the type:

G(X) =[L+exply ~¢X)|” (4.3)

where

Xi is a vector of damage control inputs that includaantities of insecticides and fungicides
used per hectare (preventative and curative), dinator for biodiversity (which may reduce the effe
of a pesticide attack), and the number of trapd (@gain a preventative measure against yield $psse

While this framework has been used by others fer dhse of adoption of Bt cotton in China
(Huang et al., 2001), South Africa (Shankar andtlé)i2005), and Argentina (Qaim and de Janvry,
2005), and for the case of Amarillis adoption inlPEalazar et al., 2010), our innovation is tolapp
the same framework for analyzing the effects ofigigating in an agricultural program on yields and

input use. Following the argument presented abowventlusion of the Plataformas into the model, the

2 To obviate potential biased results we also agpdietranslog production function, which does nopase a priori all
elasticities of substitution to have a value of and obtained substantially the same results a€dhé-Douglas function.
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overall model specification for the production etdamage abatement framework defined in section

4.2 is as follows:

Y = ACII_ll zP+ 1+ exp(y, - (@, +@C)X, )| (4.4)
In its log-linear form it becomes:

INY =In A, + oC + (b, +¢C)InZ, —In[l+exp(, - @, +@C)X,)|+¢& (4.5)
where,

C is a dummy variable that takes the value of théf household participates in the Plataformas
and 0 otherwise;

& isthe error term;

bi, G, p, wi, @ are the parameters to estimate such gh# the general effect of participation on

yields, ¢ are the estimates of the interaction between felatas participation and the conventional

inputs, andg , are the estimates of the interaction between Platefs participation and the damage

control inputs.
This allows a test of the hypotheses that i) pigdiing in the Plataformas program has an impact
on overall yields controlling for other factors fifis significant), ii) that participating influenceise

use of yield enhancing inputs (if amy are significant), and iii) that participants acltegreater

reduction of yield losses through the use of danaggement inputs (if ang are significant).

4.3 Data and Context

The data used in this study was collected in tlavipces of Tungurahua and Chimborazo in
Ecuador from June to August 2007 for the year godhe initiation of the survey. Data was collecte
at the plot, household and community levels. Thevesu instruments were designed following
gualitative methods consisting of value chain asialystakeholder consultations and focus group
discussions. The household survey included infdonatkegarding socio-demographic characteristics,
sources of household income, asset ownership, atoexedit, social capital variables and multiple
sections focusing on potato production and sale. dmmunity survey collected information related
to infrastructure, access to services, communigiozations and population characteristics.

The data was collected with the purpose of evalgdtie effects of market participation through
the Plataformas program on smallholder potato fesmé&or this purpose, information from
Plataformas participants and non-participants wleated. To ensure that a reasonable counterflactua
would be identified careful sampling procedures evanplemented, which are discussed in more
detail in section 4.4 as part of the identificatistnategy. The final sample includes a total of 35

communities (18 treatment and 17 controls) and aogt1,007 households that were randomly
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selected from control communities and among paditis and non-participants in treated
communities. Full information on complete potatogction cycles (from planting, to harvesting) are
available for 660 households, corresponding tof@d&™. An initial analysis of the data by Cavatassi
et al. (2009) show that the sample selected altbegdentification of a proper counterfactual. Rert
they conclude that treated and control groups Enest entirely in the area of common support and
that spillover effects on non-participants in treaht communities are minimal. The lack of spillover
effects is not surprising given the focus of thegoam is on linking smallholders to high-value
markets, which is not likely to occur without hagriaccess to the program.

Table 4.1 presents descriptive statistics on glatacteristics, input use and production for th® 84
plots that have completed an entire productionecyidhta is presented at the plot level to be cterdis
with the production analysis. On average, the hooigls in this sample own 2.56 hectares of land and
allocate three plots of about 0.9 hectares eaphbtato production. The cultivated land is usualbep
(less than 40% of the plots are flat or slightlgest), and a substantial amount of the land isaiteid)
(61%). The average potato yield obtained per glathiout 7.7 tons per hectare which is similar & th
national average yield in Ecuador, which equalsr& tper hectare (CIR008Y°, but it is about 1.7
MT above the average of the focus region (6 MThaeon average in the area) (INEC, 2007).

With respect to yield enhancement inputs (all séadided by hectare), farmers use about 1.1 tons
of seeds, 123 days of family labour and 19 daysrefd labour as well as 4 hours of tractor andysda
of animal traction. Organic and chemical fertilizesre applied in 56% and 93% of the plots,
respectively. In the case of damage abatementdnpaitmers apply about 4.31 kg per hectare of
curative fungicides, 3.38 kg of preventative fumdgs and 2.37 kg of insecticides per hectare. Also,
farmers use about 33 traps per hectare to contimbding agents. To analyze the level of intra-crop
biodiversity as a damage abatement input, the Stmmuex was calculated. This indicator accounts
for the number of varieties planted (richness) taiedshare of land allocated to each variety (eves)ne
(Magurran, 1988; Baumgartner, 2002; Winters et 2006). The index shows the lowest level of
intracrop biodiversity at zero which suggests thlats in this sample exhibit a low level of intrapr
biodiversity at 0.17.

% 1n this region, potato production can be condugtedr round. Treated and non-beneficiary househafifzear to be
equally likely to have completed the production leyand no systematic differences were found betwelets and
households that have completed the production cyelsus those that had not yet completed the ptmtucycle,
suggesting this should not influence results.

Bhttps://research.cip.cgiar.org/confluence/displagicuador
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Table 4.1: Description of agricultural production
Variable nam

Plot Characteristic

Altitude (m.a.s. 3457
Black Soil (% T7%
Flat Land (% 38%
Irrigated Land (% 61%
Potato land area (r 0.¢
Potato productiol
Yield per plot (kg/he 768¢
Seeds planted (kg/t 117¢
Input/output rati 7.01
Inputs
Curative (kg or I/he 4.31
Preventive (kg or I/hi 3.3¢
Insecticides (kg or I/he 2.37
Number of Traps (nr of traps/i 33.7¢
Organic fertilizer (% 56%
Chemical fertilizer (% 93%
Family labour (nr of days/h 123.4¢
Total labour (nr of days/h 142.1¢
Total paid labour (nr of days/t 18.72
Tractor (nr of hrs/h: 3.8¢
Animal (nr of days/h¢ 2.1
Shannon index of divers 0.17¢
Observations 84%

Table 4.2 presents descriptive statistics of hoolsevariables used in this analysis along with t-
test of difference in means to compare Plataforartigipants and non participants. On average, head
of households are mainly indigenous, middle-age wigmlow levels of education, and limited access
to credit and assets (household, agricultural aredtiock). Overall, no important statistical sigraint
differences between participants and non-partitgpaare found. In the case of household
characteristics, only the average number of yefeslacation (slightly higher for participants) aie
percentage of indigenous headed households (higheontrol group) are statistically significant.
With respect to household welfare indicators, thetiol group is more likely to own household assets
and have access to sanitary services. On the bteal, participants are less likely to be credit
constrained and more likely to own agriculturalipqment.26 As for average distance to an input shop
or a paved road, participants are located fartivalydrom an input source but closer to a paved.road

Access to social capital was crucial in initiatitng Plataformas. In fact, although all individuals

and families were encouraged to participate, tiognam required potential participants to be members

2% Notice, however, that differences in the magnituaiesrather small and not statistically significeaien using weighted t-
tests (weighting method is presented in the neott@®.
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of an association, to join existing associationsodiorm new associations27. For this reason, afset
proxies for social capital is included. On averaé@#o of households in the sample belong to a non-
agricultural association in the community, with @arerage period of participation of about 9.6 years.
No statistically significant differences are foubetween the two groups. Contrastingly, participants
are 28% more likely to have participated in an@gtural association within the community than the
control households. This can be explained by th& fhat farmers may have joined existing
agricultural associations or formed new ones spadlf to participate in the Plataformas.

In order to understand whether farmers’ accesstwlscapital differs between participants and
non-participants due to the Plataformas, we havteidied a set of social capital variables that a&ptu
farmers’ participation in agricultural associatidive years prior to data collection. The reasartlios
is because the implementation of the Plataformastest four years before the survey was
administered. Hence, if beneficiaries joined ornfed an agricultural association exclusively to
gualify in the Plataformas the variables for p@ptition in any agricultural association prior teth
initiation of the program (4 to 5 years ago) betwéee two groups should be very similar. This is
corroborated by the fact that participants and paricipants were equally likely to belong to a nhon
agricultural or an agricultural association priorthe implementation of the Plataformas. Moreover,
farmers in the control group who belonged to arcafiural association within the community have
been participating for a higher number of yeartoalgh the frequency of their group meetings is
significantly lower. This suggests that any unobable characteristics that affect both program
participation and productivity are likely to beatdd to their willingness to join an associatiohjck
should be captured by participation in agricultuwalnon agricultural associations. A more detailed
discussion regarding the importance of includinceas to social capital in the estimations is priesen
in section 4.4.

Although the reported descriptive statistics suggdwmt the process of selecting control
communities with similar characteristics to treatineommunities was relatively successful, a more
careful identification strategy is needed to assumr@parability between participants and the control
group as well as to obtain unbiased estimations. fétlowing section will describe the identificatio

strategy implemented in this analysis.

271t is important to note that the associations ditllrave to be related to agriculture.
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Table 4.2: Descriptive Statistics: Household, Welfa and Social Capital Variables

Whole t-test

Variable name Sample Treated Control t-test wghts.
Household characteristics

Family Size (# 4.7 4.7 4.67

Education of Head (yea 5.2 5.7 5.1 *x*

Indigenous Hea(dummy) 62% 58% 65% **

Female Hea(dummy) 11% 11% 10%

Dependency rat 0.2¢ 0.2¢ 0.2¢

Age of Heau (vears) 42.2 42.2 42.2
Welfare and geographic indicators

Home Audio System(dummy) 32% 30% 34%

Refrigeratoidummy) 19% 14% 220 ***

Agricultural Equipmen(factor value) 5% 11% 19 ***

Cows (# 1.8¢ 1.71 1.9¢

Bulls (#) 0.87 0.9t 0.82

Oxen (# 0.1¢ 0.2¢ 0.14 ***

House 87% 85% 87%

Concrete/brick Housdummy) 88% 86% 89% **

Access to Water Syste(dummy) 95% 92% 96% **

Sewagedummy) 7% 6% 7%

Cook with Electricity/Ga\(dummy) 53% 55% 53%

Credit Constraine (dummy) 21% 17% 22% *

Remittance{(dummy) 9% 8% 10%

Migrantsdummy) 22% 23% 21%

Microenterprisedummy) 17% 17% 17%

Distance to input source (k 11.€ 12.¢ 11.1* *

Distance to Paved road (k 4.7 2.8 5.7 *** *
Social Capital (all dummy vars)

Participate in Comm. Non-Ag. Ass 84% 83% 84%

Max Time in Comm. Non-Ag. Asso 9.€ 10 9.

Participate in Comm. Ag. Asst 23% 41% 130 *** *

Max Time in Comm. Ag. ASSOC. Nr e 1.5C 1.5¢ 1.4¢

External Non-Ag. Associatic 17% 18% 17%

External Agricultural Associatic % 6% 7%

Within community before Plataformas (5 yrs. Prior) (53 obs

Membership (Max # of yre 17.1 13.¢ 18.2 *
Meetings (#/yr 16.¢ 28.4 1320+ ™

Observations 84E 29: 552

Notes: Tests are differences in means * = signified the 10% level, ** = 5% ; and *** = 1%

4.4 Impact ldentification Strategy

To make sure that the effect of the Plataformdseiag captured in any estimation procedure, our
impact identification strategy includes three comgruts: first, a careful data collection strategy

ensured the construction of the best counterfaghasisible for an ex post evaluation. Second,
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weighted regressions, where weights are createdidiyg the inverse predicted probability of
membership, are estimated. And third, social chpitaxies are included to control for possible
unobservable characteristics related to parti@pain the Plataformas. In this section, we will

describe the rationale behind using these compsmnpart of the impact identification.

4.4.1 Construction of an appropriate counterfactual

Counterfactual identification was conducted by iempénting a careful data collection strategy.
Prior to administering the survey, several key stepre taken to ensure that data collection fatdlit
an evaluation of the Plataformas. First, a lisalbtreatment and potential control communitieshie
region were identified using information from locahd program informants. For each of these
initially identified communities, Ecuadorian poptiten and agricultural census data were obtained
(from INEC 2000). Using this data (which was caiéet prior to the program implementation), a
propensity score matching (PSM) procediimeas used to allow the identification of all thenno
participant communities that were considerably kirfiito those treated communities prior to sample
design. This provided a reduced list of potent@itool and treatment communities. Finally, thig lis
was discussed with program informants to ensurtteaihpotential controls would have met the crieri
for inclusion in the program. The final list of &tenent and control communities then reflected
communities that were similar from a data standppnor to the program and met the criteria of
program leaders for potential inclusion. Once tlenmunities for inclusion in the sample were
determined, lists of households from treatment@mdrol communities were obtained by Plataformas
coordinators and community leaders in order to oany select those to be included in the final
sample.

Data analysis presented in section 4.3 providedeege regarding the similarities between treated
and control groups and therefore, the successeofdéta collection strategy. To corroborate these
findings, results obtained from estimating a probgression on Plataformas participation are apdlys
This approach not only provides an indication ofawlobservable variables might influence the
decision to participate, but also allows an assessmf whether the control and treated groups are
comparable by analysing the propensity scores edigted probabilities of participation. Table 4.3
reports the marginal effects at the plot level,coldted at the sample mean, of the probit on
Plataformas participation using robust standardrsriThe probit correctly predicts 72.3% of the

observations—74% of the non-participants and 66%h@participants are correctly classified.

28 A PSM procedure consists in constructing a corgrolip that has similar observable characteristiché treated group,
by comparing matching scores obtained calculatingreadicted probability of group membership via aitcor probit
regression. See for example: Heckman et al. (198®)ens (2004) and Ravallion (2005).

2xgimilar” was defined as the potential control commity having a propensity score near the scoreddun the treatment
community. In one case, there were no similar scareong the non-participant communities for thatinent community
and that community was dropped.
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Table 4.3: Probit on Plataformas

Variable name dF/dx P>|z
Plot Characteristics
Altitude (m.a.s.| 0.00( 0.0z **
Black Soil(dummy) -0.021 0.6¢
Flat plot(dummy) -0.00z 0.9¢
Irrigation (dummy) -0.415 0.01**
Plot area (h: -0.03( 0.04**
Household Characteristics
Family size (# 0.011 0.3C
Educ. Of Head (# yr -0.00¢ 0.6¢
Indigenous Heagdummy) 0.021 0.62
Female Heaidummy) 0.03¢ 0.5¢
Age of Head (# yr: -0.00¢ 0.1¢
Dependency rat -0.05: 0.61
Education*Fla 0.00¢ 0.7C
Education*Irrigatiot 0.01: 0.2¢
Age of Head*Fle -0.001 0.7z
Age of Head * Irrigatio 0.00: 0.0z **
Welfare and geographic indicato
Home Audio System(dummy) -0.041 0.3C
Refrigeratoi(dummy) -0.15¢ 0.0( ***
Agricultural Equipmen(factor value) 0.17: 0.07***
Cows (# -0.011 0.2C
Bulls (#) 0.02: 0.0€*
Oxen (# 0.06¢ 0.0z **
House@ummy) 0.011 0.84
Concrete/brick Housdummy) -0.05: 0.3¢
Access to Water Syste(dummy) -0.17:¢ 0.04 **
Sewagedummy) -0.07¢ 0.3t
Cook with Electricity/Gas(dummy) 0.04( 0.31
Credit Constraine (dummy) -0.06( 0.1¢
Log Dist. to paved road (ki -0.18: 0.0 ***
Log Dist. to inputs (ki 0.08i 0.0( ***
Chimborazcdummy) -0.02¢ 0.6¢
Social Capital (all dummy vars)
Ag. Association (>1 yes 0.35¢ 0.0 ***
Non Ag. Associatio -0.011 0.81
External Ag. Associatiot -0.05(¢ 0.5C*
External Non Ag. Associatio 0.03¢ 0.4¢€
Constar 0.91
Observations 84t

Sensitivity 40.61%
Specificity 89.13%
Positive predictive value 66.48%
Negative predictive value 73.87%
Correctly classified 72.31%
Notes: * = significant at the 10% level, ** = 5%nd *** = 1%

Overall, the results provide some evidence to ssigft participants are to some extent poorer
than non participants. Specifically, participatismegatively related to plot area, access todtiom

and owning household assets, such as refrigerateater system. On the other hand, having access to
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agricultural equipment is positively related to ti@pation in the Plataformas. With respect to the
variables that capture access to social netwoiks, results show that being a member of an
agricultural association within the community fooma than one year is positively related to program
participation. This is expected due to program iregoents.

To examine the degree of common support acrossrélaément and control groups, the kernel
distributions of the propensity scores for the tgroups are presented in Figure 4.1. The common
support, which is the area between the verticaslirclearly shows a large degree of overlapping
which means that both groups are highly compardhiether, the calculated propensity scores fulfil
the balancing property, which indicates that chiarétics of the treatment and control groups are
similar even within the subsets (quartiles of progiy scores) of the area of common support. Taken
together, the results indicate that the data didleavas largely successful in creating a countdufa
in terms of observable characteristics of the twaupgs although some adjustment could be made to

make them more comparable.

Figure 4.1: Common Support for Plataforma Participdés and Control Group
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4.4.2 Weighted least squares

The second component in the identification strategyhe implementation of a weighted least
squares regression. This method, first suggestdtiosgnbaum (1987) and followed by others such as
Hirano and Imbens (2001), is particularly usefultliis case because, although the treatment and
control groups are not randomly assigned, thesecaisonably comparable (Sacerdote, 2004; Todd et
al., 2010). This applies assuming that treatmesigament is unconfounded with potential outcome
based on a large set of covariates, which is aonedde and commonly agreed assumption (Hirano
and Imbens, 2001; Curtis et al., 2007).

The weighted least squares method offers many #alyes to our impact identification strategy.
First, it achieves covariate balance and usedalbbservations (Imbens, 2004). Also, it allowsais
estimate the structural form of a production fumatiwhich in turn permits the identification of the
Plataformas’ impact on the production technologypdrtantly, this is not possible to accomplish by
implementing a standard propensity score matchioggulure since this method uses a non-parametric
approach (Ravallion, 2005). Finally, a regressi@mework provides standard tests of significance
unlike other quasi-experimental approaches (Roairk Rotnitzky, 1995; Hirano and Imbens, 2001).

The weights for plot are calculated as follows:

a)lz{ Ci _ (1_Ci)j| (4.6)
p(C) 1-p(C)

where

p(C) are the estimated propensity scores and depend the household participates in the
Plataformas progranC( = 1) or does notG = 0).

This weighting scheme, allows for a better repregen of the population of interest by giving
higher weights to participant households with lowesbability of participation and non-participants
with higher probability of participation as well klsver weights to participants with higher probéil
of participation and non-participants with lowepbpability of participation (Hirano and Imbens, 2001
Sacerdote, 2004: Todd et al.,, 2010). In effectadjusts the two distributions to put a stronger
emphasis on areas of overlap. As can be seenla4d when tests of difference in means are done
using the weights associated with each observatiost remaining differences in the control and

treatment disappear. The few remaining differermcegrimarily linked to social capital variables.

4.4.3 Access to social capital

The careful creation of the counterfactual throuple sample design helps to ensure that
participants and non-participants are similar irseslable and unobservable characteristics. The

weighted least squares approach helps to furthjastair any observable differences. There remains,
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however, a concern over remaining differences ionbgervable characteristics of treatment and
control households.

As mentioned in section 4.3, one of the preregssfor Plataformas participation was to be a
member, to join or to form an association, agrimalk or non-agricultural. Hence, it is expected tha
farmers who already belonged to an associatiorr poidhe Plataformas’ implementation are more
likely to participate because they can build udweirtalready existent stock of social capitahlso, it
is expected that farmers with greater social skildeadership capabilities would have been more
willing to create their own associations or sedmtmemberships in already existing ones in order t
participate in the Plataformas. These leadershi sotial skills, although unobservable, can be
controlled for by using a proxy for access to ttyipe of social capital which is participation in
associations, particularly of an agricultural tyjpe one year (after the Plataformas started) oremor
This variable then captures the type of personjthiaéd the association just to be in the Platatem
In other words, an intrinsic unobservable char#tier that might affect participation in the
Plataformas can be controlled for by using an oladde variable. By controlling for the type of
person likely to join the Plataformas, we can eadhbat estimates of the effects of the Platafordwas
not capture the characteristics of the type of@eend only capture program effects.

This approach is feasible to implement because sfarmeers in the control group are also
members of agricultural and non-agricultural assians, therefore, there is enough variabilityfdat,
13% and 84% of the non-participants in the Plataés belong to an agricultural or non-agricultural
association within the community, respectively. Tetionship between social capital access and
participation in the Plataformas is also confirnidthe positive and significant sign of participati
in agricultural associations in the probit mode¢gamted in Section 4.4.1. Therefore, variables to
control for access to social capital are also iketlin the production function in order to imprdiie

identification of the Plataformas’ impact.

4.5 Results

The weighted damage abatement production funcésiribed in equation (4.5) requires the use of
non-linear least square methods (NLSQ). The resfiltise estimations are reported in table 4.4llin a
estimations, plot characteristics, household cheratics, social capital variables, location speci
(village level) fixed effects and time of plantifiged effects (month) are included through a seoies

dummiedt.

3030cial capital is a broad term that encompassasmber of forms of social relationships. Here we tigeterm to mean
formal, horizontal social capital—that is, the famgn of organizations with individuals with a simil@ocioeconomic
background.

31 The full results are available in the Appendix 4.A
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Table 4.4: Impact of Plataformas Participation on Yield:

Dependent Variable: Weighted Damage
Yields (log kg per ha) abatement

Variable name Coef, P>|t|
Platatormas participatit (dummy) 1.46¢ 0.01**

Conventional Input:
Land area (log h 0.21¢ 0.1¢
Land area *Plataform -0.47¢ 0.07 ***
Seed (log kg /hi 0.60¢ 0.0C ***
Seed *Plataform: 0.05¢ 0.6¢
Family labour (log nr of days/ t 0.512 0.0Z **
Family labour*Plataforms -0.49: 0.0Z **
Paid labour (log nr of days/ t 0.06: 0.37
Paid labour*Plataform: 0.001 0.9¢
Tractor (log nr of hours/h 0.04: 0.57
Tractor *Plataforme 0.13( 0.1€
Animal labour (log nr of days/ h -0.047 0.67
Animal *Plataforma -0.01¢ 0.8¢
Chemical fertilizer (1 if appliet 0.15¢( 0.5¢
Chemical fert *Plataformi 0.17: 0.61
Organic fertilizer (1 if appliec -0.05: 0.62
Organic fertilizer *Plataforms 0.04( 0.81

Damage Control Functiol
ul -0.42¢ 0.3:
Curative fungicide (kg or | /h 1.39: 0.3¢
Curative*Plataforme -1.36¢ 0.34
Preventive fungicide (kg or | /F -0.031 0.2¢
Preventive*Plataformi 0.12: 0.0€ *
Insecticide (kg or | /hi 0.05¢ 0.51
Insecticide*Plataform: -0.0917 0.3C
Shannon index of divers 0.66¢ 0.4z
Shannon index*Plataform -0.73¢ 0.41
Number of traps (nr of traps/ | 0.36: 0.77
Number of traps*Plataform -0.36¢ 0.77

Plot characteristic yes

Household charactersisti yes

Social capital variable yes

Location specific effeci yes

Time specific effect yes
Constar 12.59¢ 0.1¢

Observations 84t

Adj. R2 0.61

Notes: * = significant at the 10% level, ** = 5%and ** = 1%

The results of table 4.4 show that participatiorthe Plataformas has a significant and positive
effect on yields. Specifically, simulation resuits (results not showtf)show that participation in the

Plataformas increases potato yields by about 2 pensectare and would have increased yields for

32 Simulation is conducted by predicting yields wigmd without participation in the Plataformas, usihg damage
abatement function. Notice that results are vamnjlar to the ones presented in table 4.5 whichoatained by implementing
PSM on yields.
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non-participants by 2.3 tons per hectare. Given tthe average potato yields for the sample are 7.7
metric tons per hectare (see table 4.1), thisnsratrivial increase in yields. This suggests thate

are some synergies likely embedded in the techgyobppted, which make the overall yields
significantly higher for participants. For instancecommendations from FFS, such as soil sanitation
monitoring activities and crop rotation are soméhef techniques adopted by farmers that are liteely
increase yields without undertaking changes intinjge. In other words, this coefficient is liketylie
capturing the importance of farming knowledge traigsion through the Plataformas. Interestingly,
only three of the interaction terms between Plataés and inputs (yield enhancing or damage
abating), and precisely family labour, land andvpreive fungicides, are significant. This suggests
that further potential increments on yields mayehbeen attained by participants mainly through the
implementation of farming techniques learnt in Blataformas rather than by increases in the returns
to input use.

With respect to yield enhancement inputs, we fihdt tfamily labour and seeds have positive
significant effects on yields. For instance, 1%réase in seeds utilization would increase output by
0.6%. On the other hand, a 1% increase in fambpua would increase output by 0.5%. However,
Plataformas participants obtain lower net yieldréases than other farmers through increments in
family labour because the interaction term is riggadnd significant suggesting an optimal utilinati
of family labor for participants. Likewise the reffect of a marginal increase in the quantity afdse
used by participants is lower than for non-particits, indicating that potential for increasing gl
from seed use is not very large for participant veliready implement efficient seed utilization.
Cultivated land provides increasing returns for -participants (one additional ha of land increases
yields by 21%) but net decreasing returns for nariipants possibly suggesting its maximum
intensive utilization for participants. For all tlether conventional inputs, the signs are mainly as
expected.

In the case of damage abatement inputs, none afoificients, with the exception of preventive
fungicides for participants, are significant. Thessults imply that additional reduction on yietddes
are not likely to take place by augmenting the amhaai damage control inputs generally used by
farmers and that only in the case of preventivegiitide an increase on yield losses would be passibl
for participants.

The damage abatement framework then indicatesgtias from the Plataformas come mainly
from the overall farming techniques adopted andfrmoh specific changes in the utilization of cemtai
inputs to improve yields or abate damaging agertsis, overall the Plataformas lead to a general
technological shift and not a specific one linkednputs or damage control agents.

Table 4.5 presents estimated impacts of Platafgrarticipation on input and output indicators.
These are determined using the same weighted $mpmstires approach described previously, but
focusing on each individual indicator rather thasing a structural model. Thus, the dependent

variable in each case is the indicator of inteiesable 4.5 and the reported coefficient is thpaet
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estimate of the Plataformas (with the same seffiepditioning variables included to help identify
the impact). The results point to an increase enube of both yield-enhancing and damage-abating

inputs that lead to a higher output (and thus higiness marginsy.

Table 4.5: Impact on Inputs and Output Indicators
PS Weighted L<

Variable name Diff. P>t
Outputs
Gross Margins ($/h 277.1( 0.0(C ***
Log of Total Harvest (kg/h 0.5¢€ 0.0( ***
Conventional Inputs
Land area (log h 0.0t 0.5¢
Seeds planted (log kg /I 0.1t 0.0% **
Family labour (log nr of days/ -0.1C 0.2t
Paid labour (log nr of days / 0.3¢ 0.0( ***
Tractor (log nr of hours /h -0.01 0.8t
Animal (log nr of days /hi 0.14 0.0z **
Organic Fertilizer use (dumn 0.0t 0.07 ***
Chemical Fertilizer use (dumn 0.07 0.0¢ *
Damage Control Inputs
Preventive Fung. Applied (log kg or I/l 0.1C 0.0¢ *
Curative Fung. Applied (log kg or I/ 0.1C 0.2C
Insecticides Applied (log kg or I/F 0.1C 0.0z **
Total Traps Used (log nr of traps/ 2.0C 0.0( ***
Shannon Index of Diversity (per | 0.0C 0.37
Observations 84<

Notes: * = significant at the 10% level, ** = 5%&nd *** = 1%. The above results
only include the impact of the Plataformas on thpact indicator of interest. In
each weighted least squares regression a stanetasficontrols is included in the
regression.

4.6 Conclusions

For many smallholders, like the ones analysed inaifee Andean highlands, staple crop production
is an important source of food and a primary soofdacome. The ability to expand the income from
staple production through linking to higher-valuarkets has the potential to improve the well being
of smallholders. However, competing in high-valuarkets, which requires high quality standards,
might be difficult for small-scale farmers withgutior training. In fact, many smallholders would be

unlikely to do so without some sort of interventidine purpose of the multi-stakeholder Plataformas

%t is interesting to note here that although Ptatea participants seem to be using a larger amofigiamage control
agents (likely triggered by the need to achieveketaquality standards) the toxicity of products duse evidently lower
given that the Environmental Impact Quotient (Ek@jculated following Kovach et al. (1992) on thesisaof doses and
number of application of active ingredients appledbout the same among treated and control groups
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program was to organize and link farmers to theaekets and to provide potato producers with the
training needed to implement alternative farmercficas, which allows an increase in potato
productivity and higher returns to potato produttio

In this chapter, the impact of the Plataformas oy is empirically analysed through the
estimation of a production function in a damagetedant framework, with a series of interaction
terms to assess the impact of the program on theéuption technology. Such an approach moves
beyond standard impact evaluation by using a stractmodel which allows the identification of the
elements which, within an agricultural developm@nbgram, are the most effective. To ensure
identification of program impact, the data set warefully constructed in order to have a reasonable
counterfactual for comparing treated and controiméas. Additionally, a weighted least squares
approach is used with weights calculated using ithwerse of propensity scores based on the
estimation of the probability of participation. Shiurther avoids biased estimation results by
controlling for remaining differences in observablaracteristics of the treatment and control gsoup
Finally, to control for the “type of farmer” thatowld join the Plataformas, social capital proxies a
included in the estimation, thereby improving thenfidence that any identified impact can be
attributed to the Plataformas program.

The findings provide compelling evidence that thatéformas program enhances yields through
increased input use as well as through a geneifairskechnology. Increases in input use are kel
be a response to higher returns to potato producésulting from the link to higher-value markets
and thus high potato prices. An analysis of grossgins and potato prices (not reported) show a
significant increase for both of these indicatars Plataformas participants. On the other hand, the
technological shift is likely to have been indudsdthe use of more effective farming techniques tha
are learned through FFBlany of the Plataformas’ recommendations, whichligedy to translate into
yield increases, are difficult to measure. Howeee, positive and significant value of participatio
gives a clear indication that participant farmees@btaining higher yields.

In evaluating agricultural projects, it is critickd recognize that these may induce changes in
production technology and not simply increase ingseé. Failing to incorporate this into the analysis
can potentially underestimate the impact of a ptoj@corporating impact evaluation into a struatur
model is complicated by the need to have an ideatibn strategy that ensures unbiased estimates of
impact. In this chapter, a number of steps have lbaleen to ensure this is the case by taking great
care in defining treatment and control groups, bdthing the data collection as well as at the ysisl
phase. Ideally, however, an experimental approacherav treatment and control are randomly
assigned—would have been used to ensure a propetectactual and simplify the analysis. Such

experiments are rare in agricultural projects, Wigbould hopefully change in the near future.
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Table 4.Al: Full results of Weighted Production Fumwtion within DA framework
Weighted Prod Function in DA

Dependent Variable: Yields (log kg per ha)

framework
Variable name Coef. P>|t|
Plataforma participation (dummy 1=y 1.46¢ 0.01 **
Conventional Inputt
Land area (log/ h. 0.21¢ 0.1¢€
Land area *Plataform -0.47¢ 0.07 ***
Seed (log kg /hi 0.60¢ 0.0(C ***
Seed *Plataform: 0.05¢ 0.6¢
Family labour (log nr of days/ 0.512 0.0z **
Family labour*Plataforms -0.49: 0.0Z **
Paid labour (log nr of days/ | 0.062 0.37
Paid labour*Plataformi 0.001 0.9¢
Tractor (log nr of hours/h 0.04: 0.57
Tractor *Plataforme 0.13( 0.1¢
Animal labour (log nr of days/ h -0.047 0.67
Animal *Plataforma -0.01¢ 0.8¢
Chemical fertilizer (1 if applies 0.15( 0.5¢
Chemical fert *Plataformi 0.17: 0.61
Organic fertilizer (1 if appliec -0.05: 0.6z
Organic fertilizer *Plataforms 0.04( 0.81
Farm characteristic:
Irrigation (dummy 1=ye: 0.07: 0.4¢
Flat plot (dummy 1=ye 0.02( 0.81
Black soil (dummy 1=ye 0.06¢ 0.5Z
Altitude (log) -1.23¢ 0.2¢
Household Characteristic
Female (dummy 1=ye: 0.01¢ 0.9C
Indigenous (dummy 1=ye 0.04¢ 0.61
Age (log # year: 0.057 0.71
Average education (log # yee -0.11: 0.04 **
Dependency rati 0.15¢ 0.44
Microenterprise (dumm 0.04¢ 0.74
Migrants (dummy -0.01¢ 0.87
Credit constraint (dumm 0.021 0.8
Livestock owned (facto 0.01( 0.81
Access to electricity (dumm -0.22¢ 0.1z
Cement house owner (dumr 0.112 0.31
Access to sewage system (dum 0.43¢ 0.0z **
Log Dist. to paved road (ki -0.03( 0.5¢€
Durable assets (factt 0.10¢ 0.0¢*
Agricultural assets (factc 0.071 0.1Z2
Social Capital (all dummy vars
Ag. Association (>1 yeal -0.12¢ 0.2¢
Non Ag. Associatio 0.06¢ 0.5¢
External ag. Associatic -0.84¢ 0.0( ***

External non ag. Associatic -0.02: 0.81




Table 4.A1 (cont:): Full results of Weighted Prod Funct. within DA framewaork

Dependent Variable: Yields (log kg per Weighted Prod Function in DA

Variable namt Coef. P>|t|
ul -0.42¢ 0.3t
Curative fungicide (kg or | /h 1.39:¢ 0.3t
Curative*Plataforme -1.36¢ 0.3¢
Preventive fungicide (kg or | /k -0.03% 0.2¢
Preventive*Plataform: 0.12:2 0.0€*
Insecticide (kg or | /hi 0.05¢ 0.51
Insecticide*Plataforms -0.097 0.3C
Shannon index of divers 0.66¢ 0.4z
Shannon index*Plataform -0.73¢ 0.41
Number of traps (nr of traps/ | 0.36: 0.77
Number of traps*Plataform -0.36¢ 0.7
Location specific effect (dummies
Tixan -0.49( 0.2%
Palmire -1.09¢ 0.07 ***
San Andre -0.36( 0.2Z
Santa Fe de Gal 0.30¢ 0.32
Cachi -1.35¢ 0.07 ***
Licto -0.58¢ 0.1zZ
Punir -1.84( 0.0z **
Quimiac 0.08¢ 0.717
San Jua -0.901 0.0C ***
San Luit -0.73¢ 0.1C*
Juan Benign -0.02( 0.9¢
Pilahuir -0.167 0.51
Tisalec 0.33¢ 0.3¢
Time specific effect (dummies
Jul-0€ 0.04( 0.8C
Aug-0€ 0.03¢ 0.8:
Sep-0t -0.31¢ 0.3
Oct-0¢ 0.10¢ 0.44
Nov-0€ 0.07¢ 0.47
Dec-0¢ -0.03¢ 0.7:
Jan-0 -0.09¢ 0.57
Feb-0° -0.74¢ 0.0e *
Mar-07 0.247 0.3¢
Apr-07 0.211 0.6(
May-07 1.122 0.0(C ***
Jul-07 1.62¢ 0.0(C ***
constar 12.59: 0.1¢
Observation 84t
Adj. R2 0.61

Notes: * = significant at the 10% level, ** = 5% nd *** = 1%
Achupallas is the base category for the locati@tsie effects
June 2006 or earlier is the base category forithe $pecific effects



Chapter 5

Modern variety adoption and risk management in drowght
prone areas: Insights from the sorghum farmers of astern
Ethiopia®

Abstract: Adoption rates of improved or modern varieties (MY )sorghum are generally rather
low in Eastern Ethiopia. While MV may representediective means of coping with droughts, given
their early maturing traits, landraces may prove be better adapted to marginal production
conditions and be more drought tolerant. Whether &didption is a risk reducing technology is, thus,
very much context-dependent. Based on a uniqueseiaiem Eastern Ethiopia in a year of extreme
weather conditions, this chapter finds that risktéas drive farmers’ decisions to adopt MVs coupled
with access to markets and social capital. On the band, findings show that farmers use MVs to
mitigate moderate risks. On the other hand, farmmeost affected by extreme weather events are less
likely to use MVs suggesting that MV adoption doatsnecessarily represent an effective means of
coping with drought. Moreover results show that Mxdwers are more likely to be affected by
sorghum failure in the survey year of extreme dhbugnce controlling for exogenous production

factors.

%4 This chapter is based on the article: R. Cavatasdijpper and U. Narloch (2010), Modern variety ptdon and risk
management in drought prone areas: Insights fraenstirghum farmers of eastern Ethiopia forthcomimgAgricultural

Economics. The authors would like to acknowleddgéele Hopkins for his contribution to an earlierafir of this paper and
to thank two anonymous referees for their valuablaments. The usual disclaimer applies.
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5.1 Introduction

Improving farm level resilience to agricultural draction shocks is essential to reducing poverty
and improving household food security throughoet dieveloping world, particularly in areas at high
risk of climatic shocks and with a high percentafjghe population dependent on agriculture as in
Ethiopia. One of the primary causes of househabd fiasecurity in Ethiopia is the risk of agricutr
production failure due to drought, resulting inueed harvest and farm incomes (Dercon et al., 2005;
Doss et al., 2008). Such shocks, although transientd to have a persistent impact on household
consumption levels in Ethiopia (Dercon, 2004) womsg chronic problems of low yields and food
insecurity rooted in poverty (Sperling and Coof2804). Dercon et al. (2005) found that households
in Ethiopian villages that are affected by at lezrs¢ drought within five years face a 20% lower-per
capita consumption level over the same time period.

The Ethiopian government is pursuing a strategympiroving agricultural productivity primarily
through agricultural intensification, involving amcreased use of inputs, including seeds of impatove
crop varieties (McGuire, 2005; Byerlee et al., 20@obnsiderable resources have been devoted to the
development and dissemination of modern varieti®g)°, however adoption rates have been low,
and farmers maintain the use of landraces (LR)many crops and in many areas of the country
(Byerlee et al., 2007).

Landraces are the product of centuries of selediiofarmers and the natural environment. They
are typically adapted to specific agro-ecologiaatditions and usually grown with very little capita
inputs such as fertilizers, pesticides or irrigati&thiopia is particularly rich in local crop gdice
diversity as it is the centre of origin and diverdior several crop species, including sorghum, the
focus of the present chapter (Vavilov, 1992; Taartd Demissie, 2000; McGuire, 2005).

There are several reasons why farmers may prefdrdaes over improved varieties. The country’s
tremendous variation in altitude, temperature,fedlinsoil type and ecological settings, as welklzes
diverse “environments” in which Ethiopian farmerdtivate their crops gives rise to the need for a
wide range of adapted crop varieties, which thentdmplant breeding system is incapable of meeting.
In general, research efforts to breed improvedeti@s have primarily concentrated on more favored
and high-potential environments in which the ineeean productivity and yield response to
complementary inputs is high (Bellon, 2006). Intcast, landraces are generally the product of farme
selection for adaptation to specific environmerffA@, 1998; Mekbib, 2006). High genotype-

environment interactions can result in higher panénce from landrace compared with improved

%5 In this chapter we use the term modern varietigaréhangeably with improved varieties to refectop varieties that are
the result of a process of scientific breeding prots as opposed to traditional varieties or laretrahat are the result of
farmer selection. Included in our definition of neod varieties are those developed through the psogpure line selection
conducted by scientific breeding programs.
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varieties (Ceccarelli et al., 2001; Bellon, 200B)ese “crossover” effects (i.e. changes in the @nk
genotypes between environments) tend to be morenoonin marginal environments and in farming
systems with low capital inputs where landraces adten found to perform better than improved
varieties (Matlon, 1990; McGuire, 2005; Bellon, BQQVekbib, 2006). The photoperiodicity of
landraces, that is the sensitivity of their biokmdi functions to the duration of light, is another
potential factor affecting farmers’ choice of véies, as it provides an important mechanism of
environmental adaptation. Photoperiod sensitivaetias can better adjust to changes in rainfall
patterns, and avoid problems of mold, insect ardi d@mage that affect many early maturing varieties
(Traoré et al., 2007). Uncertainty over the lengthlgrowing period and the initiation of the rainy
season generate high values for photo periodietsi that allow the farmer to respond to a rarfge o
planting dates (Niangando, 2001; Traoré et al.,, 7200mproved varieties are generally not
photoperiod sensitive and often reducing or elitiigathis factor to broaden the range of adaptation
is an objective of breeding programs. These faatoght, at least partially, explain the low adoptio
rates of improved varieties and high levels of barg crop genetic diversity persisting in Ethiopian
farmers’ fields.

Sorghum is a crop essential for food security thhmut semi-arid Sub-Saharan Africa. Drought
stress impacts on sorghum can occur at seedliegflgwering and post-flowering (Rosenow et al.,
1983). Yield impacts depend on the timing and leraftdrought, as well as the characteristics of the
varieties in use and their response to the typiradght stress. Varieties may have characterigiits
allow it to “escape” from drought or resist its aége impacts, by either maintaining a more favteab
water balance or by protecting cellular functiorenf dehydration (Tuberosa and Salvi, 2006). Early
maturing improved varieties fall into the first egobry, whereas landraces have traits (including
photoperiodicity) related to the second categomrlyEmaturing varieties (early flowering) can be
effective in addressing late-season drought stagsshave lower total seasonal evapotranspiration
(Blum Website). Early maturing improved varietiesvl been shown to be effective in reducing
downside production risk in some situations in Safraran Africa (Matlon, 1990; Ahmed, et al.,
2000; Mekbib, 2006). However, adoption rates ofhsuarieties in the area have generally been very
low (Ahmed et al., 2000; McGuire, 2005).

Understanding the motivations and constraints whégis in adopting improved sorghum varieties
designed to reduce a major source of productidnisithus essential in designing an effective styat
for intensifying agricultural production. The litgure shows that risk is a major factor in the sieai
to adopt modern crop varieties (Feder, 1980; JndtzZilberman, 1983; Antle and Crissman, 1990;
Smale et al., 1994). Empirically assessing thesragsociated with MV versus LR adoption in the
drought prone and highly variable production envinent of Ethiopia and its impacts on variety
choice is thus an important one to understand irvimgoahead with agricultural development
strategies for the country.

In this chapter we explore how agricultural houséfidn the Hararghe region of eastern Ethiopia

91



manage their diverse set of sorghum varieties pe agith risks of crop failure. We use a unique
dataset from an area rich in local sorghum gemgtersity and with high rates of poverty. Sorghum i
the most extensively grown crop in the area, catéd primarily for subsistence needs and critioal f
food security. Data from a shock year provides ith an opportunity to explore the role of genetic
resource utilization in risk management. Althougirlye maturing improved varieties of sorghum,
developed as a means of coping with drought haga dessseminated in the area, only 11% of farmers
in our sample were found to be MV adopters, coestsiith findings from other studies (McGuire,
2005; Mekbib, 2006). The question we explore i3 tthapter is the role of sorghum MV adoption in
coping with downside risk exposure (i.e. probapildf crop failure) in the context of a low
productivity agricultural system subject to frequehmate shocks where most of the population is
poor, but local genetic diversity for the crop miadant.

The remainder of this chapter is organized as Vidlosection 5.2 presents the case study
background and draws special attention to the $oadfecting supply and demand of variety selection
in Eastern Ethiopia. Considering MV adoption asehhology choice, a conceptual framework is
presented in section 5.3 that addresses the falfpwiio questions: (i) what is the role of downside
production risk in the decision to adopt MVs? aiijdt¢ what extent are improved sorghum varieties
effective in reducing downside production risk e tEthiopian context? Section 5.4 includes the
econometric model and empirical results. Finallg¢ct®on 5.5 concludes by discussing the policy

implications for the study region.

5.2 The case study background

Ethiopia is one of the poorest countries in thelevarith high rates of food insecurity, and where
many people depend on small-scale, low-productiatyiculture (Shiferaw and Holden, 1999).
Drought is a major problem hobbling agriculturabguctivity in the country. In the 2000-01 and
2002-03 production seasons major drought affedbedfood security of over ten million people
(Bramel et al., 2004).

The dataset used in this chapter was collecteahgluhie 2002-03 drought period in the Hararghe
region of eastern Ethiopia. The sampling at housieiod community level was designed around seed
system interventions carried out by the Hararghth@ia Secretariat (HCS), a non-governmental
organization operating in the area. HCS’ small escsded intervention comprised seed selection,
multiplication and distribution of both landracesdamproved varieties of wheat and haricot beans
and to a lesser extent sorghlinThe surveys were undertaken in two rounds, tis¢ dine at the end
of the main crop planting season in August 2002taedsecond one after harvest in January/February

2003. The data comprises 720 households from 3§apéassociations (PA henceforth) located in the

%8 The data is based on a random sample of houses$toddilied with regard to participation in the Hp8grams.
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highland and midland regions. The PAs belong tedhworedas (i.e. districts) nhamely Chiro, Meta
and Dire Dawa, representative of the main agroeggcél zones in the region.

Sorghum is the most important staple crop in thelystregion. It is mainly cultivated for
subsistence purposéslt provides over one third of the cereal diet améimost entirely grown by
subsistence farmers to meet needs not only for &metlincome but also for feeding animals, brewing
and construction purposes (McGuire, 1999, 2005;ek006).

5.2.1 Modern variety adoption in Haraghe region

Given the importance of sorghum for food securityhie drought prone areas, the development of
early maturing, drought escaping varieties haven laenain focus of breeding programs in Ethiopia as
well as other areas of sub-Saharan Africa (Matl®®0; Ahmed et al., 2000; McGuire, 2005; Mekbib,
2006).

Table 5.1 provides an overview of the range of Isong varieties identified in the study, with a
description of the variety traits or characterstind classified into MVs or LRs. Before movingoint
describing how varieties were classified as impdowe LR, two important points need to be made.
First, almost all of the MVs farmers reported usinghis study were sourced from the “informal”
seed sector. Hence, they are not certified seedsither recycled seeds. Second, since sorghura has
low rate of outcrossing for pollination, there e tpossibility that LRs and MVs are cross-pollicate
in the field, resulting in varieties that combinengtic material from both. However, informationnfro
the agro-morphological characterization as welledated studies on sorghum variety management in
the area indicate that LRs are fairly stable astrdit (Mekbib, 2006).

Given these premises, our variety categorizationb@ased on variety names, triangulating
information from farmers’ categorizatitrwith information from breeders and secondary sesi@n
variety identity. We categorized a variety as a kfther when the variety name given by the farmer
was associated only with a MV (as confirmed by Bess and secondary sources), or in cases where
farmers identified a variety as improved, and infation from breeders and secondary sources
confirmed that indeed an improved version with treriety name existed in the area. The reason this
was necessary, is that given the large utilizatibfarmers’ varieties for sorghum in the area (Mbkb
2006), a number of breeding initiatives have beeried out in the region to improve the performance
of the most common and adapted landriic@hese breeding efforts were mainly based on [iee
selection of some selected farmers’ varieties aedged on using mainly early maturing traits. Even

though the outcomes of such breeding efforts weawenga scientific name, they were often

37 Only 1% of the sample households sell part otimghum production on the market.

38 While we acknowledge the limitations of using famwariety names, attempts to improve varietal iemwere made via
focus group discussion, key informant interviewsvall as agro-morphological characterization.

39 Mainly muyra, muyra red and muyra white and wegere
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disseminated using the name of the local variety there derived from. While the intention was
apparently to enhance adoption through use of difsmame, it introduced confusion in terms of
variety identity. The same variety may in fact bdV or a LR depending on whether it is the resdlt o
breeding effort or not. Essentially our classificat of MV versus LRs is based on verifying
information from farmers on variety name and clésaiion, with that from secondary sources and
local breeders. Our intention is, to the extentsgis, to classify varieties into MV and LR cateigsr
based on a principles of scientific plant breedinagher than farmers’ taxonomy. While we recognize
the latter is very important in understanding viatiehoice and utilization decisions, for the qiest
we are concerned with in this chapter, the plaeeting classification is more relevant.

Table 5.1: Classification of sorghum varieties grow in Hararghe region, 2002-2003

NUMBER IN
NAME DESCRIPTION ADOPTION LAND USE
RATE AREA LR MV

Muyra red It's a type of muyra characterized byaeldur grains. 28.70% 152 126 17
Muyra The most common variety characterised by goesk and

compact head. 12.40% 1.93 54 8
Abdelota 'alaa’ It means Juicy. 11.00% 455 55
Masugi dima It's a type of masugi variety charaeéer by red colour grains. 10.40% 3.29 52
Geldi Landrace but because it is mainly distribuigdHCS or

vendors some farmers believe it is an improvedetari 6.40% 0.99 32
Itibele The name of this variety indicates a veepwred variety,

usually characterized by compact head. 6.20% 3.32 31
Fendisha “pops". It is characterised by straigldt semi-compact head. It

is a variety that makes good injera and it is \eagy to store.

Disadvantage is that it needs a longer growingaseas it

needs 10 months. High yielding under good rain itmmg but

easy to loose if not enough rain. 5.20% 1.31 26
Chafarae Dispersed/loose panicle 5.20% 301 26
Wegere Characterised by white seeds and semi-campase neck

head. Two varieties of wegere have been releasédemyaya:

AL 70in 1970 and ETS 2752 in 1978. Both have whéeds

and similar panicle. 5.20% 221 26
Chekore Variety with straight head 3.60% 158 18
Masugi adii Masugy type of variety of white colour 2 60% 297 13
Masugi dalech Masugy type of variety of grey colour 2 20% 285 11
Dima It's a very distinct red type of sorghum. 1.80% 345 9
Gebabe Characterized by very short stalk whiclsiglly a

disadvantage but can be an advantage in steepsioreareas

susceptible to wind where lodging is a problem simoit stalk

is preferred. Short stalk is also good for intepgiag with chat

or coffee. 1.60% 294 8
Zengada Usually utilized for making local alcohméér) and it is not

good as food. 1.40% 2.45 7
Amajigta It means “doesn’t lodge”. Distributed b8 or farmer

vendors. 1.20% 1.58 6
Jammal abdala It is a landrace that indicates éineerof the person that first

distributed that variety in the area. 1.00% 1.38 5
Hamdea It means “thank to God” and indicates a gpadity. It is a

particular type of Muyra 1.00% 1.24 5
Muyra aliso Particular type of muyra 0.80% 1.32 4
Bele Early maturing variety 0.80% 363 4
Ahmed isee Landrace. Indicates the name of a person 0.60% 1.39 3
Daslee Landrace. Not very common or easy to firtdilitin very good

performances. 0.60% 1.86 3
Filatta Very rare landrace variety. 0.60% 1.62 3
Wahelu No information available 0.60% 117 3
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Table 5.1(continued): Classification of sorghum varieties grown in Haraighe region, 2002-2003

NAME DESCRIPTION ADOPTION LAND NUMBER IN
RATE AREA USE

Warabi It is a term which relates to the varietyfpenance. It means

“we have something” and usually indicates resistanc

drought. 0.60% 0.92 3
Muyra white Type of muyra characterized by whitéooo 0.60% 250 1 2
Aliso Particular type of muyra 0.40% 0.75 2
Mesengo Rare to find.Landrace. 0.40% 2.80 2
Muyra chekore Black type of muyra with straight éhea 0.40% 0.98 2
Muyra dini Red type of muyra 0.40% 0.88 2
Katamara Rare landrace. 0.40% 1.00 2
Cherchero Short and early maturing. 0.40% 0.63 2
Feshe Very rare. Landrace. 0.20% 3.00 1
Qillee Very rare. Landrace. 0.20% 0.50 1

76 t1 #23 (mv) Released in 1979 by Alemaya and kislResearch
center.Also distributed by HCS

0.20% 1.00 1
Sharitae Rare variety. No info available 0.20% 0.25 1
Adem mussa It's the name of the person that fisstilduted the variety in the
area 0.20% 2.00 1
Bamilig It is a term which means “meets the chakh “escape the
problem” and it indicates a good resistance. #iniearly
maturing variety 0.20% 4.00 1
Bishinga dima Red type of sorghum 0.20% 510 1
Other 0.20% 4.00 1
527 54

Notes:' Mean value in timmad conditional on utilizationtbé respective variety.

Table 5.2 reports the extent of modern variety &dopand intra-crop (i.e. within crop) diversity
amongst sorghum growers. The table also compaeediffierences in means for MV and LR growers
for reported variables using t-test statisticsyeggorted in the last column. Within the sample 46 4
sorghum-growers, MV adoption rates are rather Nearly 89% of the households (396 households)
cultivate solely landraces, and only 11% of thededwlds adopt MVs. Of these, about one third is
represented by “partial adopters” in the sense ttret grow MV4°in addition to LR. Accordingly,
the overall land area planted with MVs is rathealntovering only about 8% of the total sorghum
land area. No significant differences are repoitetthe total area planted to sorghum between tloe tw
groups, while LR growers seem to have a slightltgdaland extension than MV adopters significant
at 5% level. On average, MV adopters allocate #iigmore than 80% of their land area under
sorghum to MVs (1.82 timmad.

As most farmers only use one variety, the extemnsfarm intra-crop diversity in the study area is
rather limited. Only 13% of LR growers cultivate ragdhan one sorghum variety, whereas 38% of the
MV adopters do so. This implies that the latter agansignificantly higher levels of on-farm sorghum
diversity, as can be seen from results on varioeasures of diversity including the variety couhg t

Shannon and Simpson index for proportional abureland the Berger-index for relative abundéhce

40With 1/2 to 2/3 of their sorghum area dedicateMia
41 One timmad corresponds to 1/8 of ha.
42 For more information on diversity indexes see: Bgartner, 2002; Smale, 2005.
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reported in Table 5.2. Only one of the MV growdrattcultivate more than one variety uses more than
one improved variety. All the others use a mixrafittional and improved varieties.

According to local experts, landraces are normaisferred to early maturing MVs since the latter
generally yield fewer desired traits and lower aniswf straw residues for feed and construction
purposes (Lipper et al., 2005; McGuire, 2005).ffea, it appears that improved varieties are kel
supplement, rather than substitute for landradeslas to the findings of Benin et al. (2006) foheat
and maize in the highland areas of northern Ethiapid by Ahmed et al. (2000) in other areas of sub-
Saharan Africa. Environmental heterogeneity andcegrgentation with new varieties have often been
found to result in partial adoption (Bellon and Toay1993).

Whether modern varieties represent a threat to geopetic diversity, a concern raised in many
contexts (see e.g. Frankel, 1970; Harlan et at.3;1Blawkes, 1983; Brush et al., 1992; Brush, 1$95)
thus uncertain and depends on the long term intjita of current adoption patterns, as well as on
the measures of diversity considered. Smale (1$8@ues that MVs displacing LRs does not
necessarily imply a reduction of genetic matenmthe field. She observes that since MVs may be
crosses between a number of LRs and other MVswaMi¢ might preserves LR genetic material and
yet bring new genetic material into the existingpation (Smale, 1997).

Our data indicate that MV sorghum growers dedicaiedmaller portion of land to landrace
varieties at the time of the survey. To the degtds represents a trend, landrace area could
significantly diminish. At the community level hower, landrace growers are still the vast majority
for sorghum and thus MV adoption might in effectaagling to diversity rather than diminishing it.

An understanding of both the demand for, and tipplsuof, crop genetic resources is needed to
understand variety choice (Bellon, 2004). Thisudels consideration of the types of varieties needed
to fit the specific production and consumption riegments of the farm household, as well as the
availability of and accessibility to varieties tlzan meet them (Bellon, 2004). The following settio

address these questions.

Table 5.2: Extent of MV adoption and intra-crop diversity among LR growers and MVadopters

total only LR MV p-value*
growers adopters

no of households 446 396 50
total land area in timmad 4.25 4.36 3.45 0.048
sorghum land area in timmad 2.55 2.59 2.23 0.241
area allocated to LRs in timmad 2.35 2.59 0.42 0.000
area allocated to MVs in timmad 0.20 - 1.82 -
average number of varieties 1.17 1.13 1.42 0.000
intra-crop shannon index 0.11 0.09 0.26 0.000
intra-crop simpson index 0.07 0.06 0.18 0.000
intra-crop berger inde 1.1 1.11 1.2¢ 0.00(

Notes: P-value computed by a two-sided t-test.
Source: authors’ calculation using FNPP (FAO Né#mets Partnership Programme): Seed System
Impact on Household Welfare and Agricultural Bigetsity data set
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5.2.2 The formal seed sector and seed supply

Limited seed industry development and barriersetedsmarketing, together with poorly targeted
crop breeding policies hinder widespread adoptiomadern crop varieties in Ethiopia (Ahmed, et al.,
2000; Mulatu, 2000; McGuire, 2005; Byerlee et 2007). Difficulties with seed quality and timely
delivery have been identified as a problem for fansrusing the seed supplied by the formal sector
(Lipper et al., 2006; Byerlee et al., 2007). Accessredit is another potential constraint farnfecse
in obtaining improved sorghum varieties in Ethiopgas they commonly obtain the seeds of such
varieties, as well as other production inputs, efadit packages from the government extension
service (Mulatu, 2005). These problems are mosibted to obtaining formal sector certified seed of
improved varieties. Farm saved and sales in localkets of recycled open-pollinated improved
varieties are other widely used means of accessipgpved varieties.

Farm saved seed is the main seed source for mbgipken sorghum farmers (McGuire, 2005;
Mulatu, 2005; Lipper et al., 2006). Off farm sowad seed range from gift giving and exchanges via
social networks to market transactions. Our sansplews that only about 15.5% of the farmers
interviewed had ever used external sources tocemarenew seeds of the varieties in use in 2(02-0
production year. Moreover, although MVs are knownfarmers to decline in productivity much
faster than LRs, the rate of renewal is highertf@ landraces in use (15.1%) than for the modern
varieties (11.5%). In addition, while about 49%tlo¢ LR seeds are obtained through gifts and other
exchange mechanisms, all MVs are purchased throasjin payments at local markets.

Surprisingly, in the sampled population, only 18%tlee sorghum MV adopters indicate any
difficulty in getting seeds, compared to 31% of #$mghum LR producers. Of the farmers that
indicated any preferences for alternative seedcesyrates are about the same for LR growers and
MV users. Overall, about 37% of the sorghum groweauld like to have planted additional or
different varieties with rates being about the sdondandrace growers and MV users. Interestingly,
early maturity was the most frequent trait thanfars reported they would want from different or
additional varieties (43%) — considerably highemtigood yields in grain (29%).

These results suggest that generally, modern iggiare as accessible as landraces in the study
region, albeit through informal seed sector soyrseghat supply constraints are not likely to e t
driver for the limited extent of MV adoption. Lovdaption rates may thus be due to lack of demand.

This is the issue explored in the next section.

5.2.3 Demand for sorghum varieties and its traits

There is not one single variety that is able téisBaboth consumption and production needs at the
same time. Hence, farmers demand multiple varidtiesieet a range of objectives (Bellon, 1996;

Smale et al., 2001). Even if there are no suppmlg sbonstraints, farmers are unlikely to adopt moder
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varieties if they do not provide the attributegriars need. Several studies have indicated higlatgriv
values of landraces in Ethiopia across a rangeagsc(Mulatu, 2000; Lipper et al., 2005; McGuire,
2005; Benin et al., 2006). The sorghum farmerseyet in this study were asked to rank the most
desirable attributes of their varieties. They wgiheen a list of 19 variety characteristics ideweifi
through open ended questions during the pilot phaseranging from production to risk management
and to consumption-based attributes. The farmedstima options of providing up to three preferred
traits ranking from most to second and third preférattribute associated with the varieties in Ase.
table 5.3 shows, attributes such as yield andmakagement potential appear to be more important

than consumption characteristics, although theeratire relatively more important for landrace

growers.
Table 5.3: Most desirable Sorghum attributes: MVs ersus LRs
all varieties LR MV p-value
high return
good yield in grain 37.5% 36.1% 51.9% 0.027
good yield in residuals 3.4% 3.2% 5.6% 0.419
good grain quality 1.5% 1.7% 0.0% 1.000
good fodder quality 3.8% 3.4% 7.4% 0.138
risk management
early maturity 11.9% 12.1% 9.3% 0.662
resists drought 11.0% 11.2% 9.3% 0.821
good adaptability 11.9% 12.1% 9.3% 0.662
other resistance attributes 4.5% 4.7% 1.9% 0.498
consumption
taste of food/cooking quality 4.8% 5.1% 1.9% 0.502
other
other attributes 2.1% 2.3% 0.0% 0.615
no advantage stated 7.4% 7.8% 3.7% 0.413
total number of varietit 581 527 54

Notes: P-value for a two-sided Fisher's exact test.
Source: authors’ calculation using FNPP (FAO Néé#mels Partnership Programme): Seed System
Impact on Household Welfare and Agricultural Bigetsity data set
Unsurprisingly, the most important trait was goddld in grain. MVs are more likely to be
associated with higher yields than landraces, a® i@mn 50% of MV users ranked this attribute as
the most important trait associated with their @gri while only 36% of landrace users do so, ansl wa
the only significant difference found between thwe groups. Good residues (in straw or grain to use
for purposes other than food), in addition to ggoain quality and good fodder quality were ranksd a
less important attributes. Risk management charatts, such as good adaptability, early maturity
and drought resistance are considered the mosttksattributes for more than 30% of the varieties
in use.
A key issue affecting the demand for improved aradlitional varieties is their adaptability to
marginal and variable production conditions withdlé use of complementary inputs, which is
frequently the case for many Ethiopian farms. Ear$turity is a variety trait that may provide famse

with an ex-ante means of coping with drought, bstuéi of the short rainy season required for
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production and by giving the option of planting ¢e&ion the same plot over the two production
seasons typical of Eastern Ethiopia’s agricultukaother trait farmers may demand is drought
tolerance, which refers to the capacity of the ptanadjust water use efficiency over a production
season, including photoperiodicity (Tuberosa antiiS@006). Table 5.3 indicates no significant
differences between MV and LR growers with regar@dlémand for these risk attributes, although a
higher percentage of LRs are associated with thgsbutes (40% versus 30% for MVs). Given that
modern varieties in the study region have been bpetifically with a focus on early maturity, it is
surprising that no significant differences are fdumetween LR and MV growers with regard to
reported demand for the trait. Instead the trai feaind to be one of the most desirable charatitaris
for all farmers. When asked about attributes ofvidugeties farmers would have liked to have planted
43% of these unavailable varieties were associattdshort maturity and 29% with good vyields in

grain.

5.2.4 Drought and sorghum failure

In addition to understanding the reasons for MV migm, it is important to assess how these
improved varieties perform under extreme weathediimns, which occour frequently in the study
site. As with other crops, sorghum landraces aneigdly considerably lower in grain productivity as
compared with improved varieties when grown ungeinaal moisture conditions with recommended
practices (e.g. Byerlee et al., 2007). However,ssower effects, whereby sorghum landraces
outperform improved varieties, have been found uride Eastern Ethiopia farms (Mulatu, 2000;
McGuire, 2005; Mekbib 2006). Yet the role of impealvsorghum varieties in reducing the risk of crop
failure due to drought is potentially more impottéor the study area, given the high level of ralhf
variability. Evidence from other parts of Sub-SamaAfrica have indicated that early maturing,
improved varieties of sorghum have been effectivédcreasing downside risk (Matlon, 1990; Ahmed
et al., 2000).

Given the harsh drought conditions of the productear studied, almost every farmer faced
harvest shortfalls and nearly a quarter of the tptrcrops did not produce any ouffutn what
follows we refer to sorghum (crop) failure whenmitd sorghum varieties yielded no harvest. Table
5.4 provides a comparison of performance betwees BiWd LRs for crop failures. MV adopters have

a lower percentage of crop failures than LR grow&isilarly, MV adopters experience a lower

43 Each farmer has been asked about the harvestdfirtiee planted crops on the operated plots. If nohthe sorghum
planted was harvested or to be harvested they ¢odicate the ‘crop failed’.
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percentage of harvest loss and report higher sarghutput** These results suggest that MV varieties
perform better than landraces under the adversditcams of the 2002-03 production season. Yet
these results could be misleading, as the samersatttat lead to MV adoption could also indicate a
reduced vulnerability to drought, for example lomatin a favorable agro-ecological zone. To control

for these confounding factors requires a multivarianalysis of the factors determining sorghum-

failure.
Table 5.4: Sorghum output 2002/03: Landrace usersevsus MVadopters
only LR MV .
total growers adopters p-value
households with sorghum failure 35.20 36.87 22 0.038
total area under failing sorghum varieties (in 0.030
timmad’ 0.94 1.00 0.44 '
sorghum loss in % of expected har 77.2 78.4 68.2 0.007
sorghum vield in kg per timmad 86.2 82.1 118.2 0.12¢

Notes: P-value computed by two-sided t-test for continivasables and by a Fisher's Exact test for sorgfailure.
Source: authors’ calculation using FNPP (FAO Né#mets Partnership Programme): Seed System
Impact on Household Welfare and Agricultural Bigelsity data set

5.3 Conceptual approach linking risk and modern vaiety adoption

The adoption of MVs may be considered a technotdmice (). When land endowment is limited
and adoption rate low as in the area studied, &lotation models might have limited explanatory
power. Technology adoption decisions are partitpianportant in situations of high food insecurity,
where the probability of complete crop failure &her likely and where risk adverse farmers have
limited capacity for ex-post consumption smoothilmgsuch contexts we can expect that small-scale
farmers choose their production technology to minénthe probability of disaster outcomes, such as
complete crop failures (e.g. Moscardi and de Jari@y7). Given the high incidence of crop failume i
Hararghe under the 2002 drought conditions, unaledatg the impact of production technologies on
the exposure to downside production risks is anomamt research question. This kind of disaster-
avoidance behaviour is rooted in the standard tmldemodel where the farmer maximizes his
expected utility from a bundle of consumption gaagigen his production and income constraints.

Staple crop production levels are determined by knea i), a vector of other production inputs,

like labour and fertilizer, Xs), the technology parametdr, and stochastic weather conditions)(

conditional to agro-ecological production condiﬁc(ﬁDAgro):

4 The data on sorghum output is not fully in accamawith the information on sorghum failure. Fastance, some farmers
report no sorghum harvested, but they do not regrortsorghum failure, which would have been expmkcthis may be due

to recall biases, as farmers have been asked aboghium output in the second survey only, i.e.anudry 2003, while

harvesting occurs over the entire production sedsotontrast farmers were asked about sorghumréih the first (August

2002) as well as in the second round of data dadiec
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Qs = d(Ls Xg 1,&; @ g (5.1)
Assuming that weather conditions, ranging from exi drought to floofl, follow a normal
distribution with a mean of zero, production leven take zero values, if weather conditions are
extremely adverse. In these cases the crop failengthe chosen input levels and technologies.
Accordingly, farm households allocate their produtinputs and chose their production technologies

in order to maximize expected outcome subject ®pkey the probability of crop failure below an
acceptable level of disastd?r(Q; = 0)< a, which corresponds to a safety-first criterion Tglser

(1955).

The probability of crop failurePr, can be described by a vector of weather relatskl r
variablesP, e Capturing the sensitiveness of staple crop-priaudo climatic variability. The

acceptable level of disaster, is determined by the household's level of riskraion explained by

structural household variable®,,, , reflecting household risk preferences, and byskbald specific

means® for ex-post consumption-smoothing like ownershipastets and access to insurance

Assets

mechanisms and credit.

Accordingly, @, , @ and @, enter the households technology adoption decision

Assets
through the safety-first behaviour of the househidgubsistence farming contexts, where households
are exposed to extreme poverty and/or food insigcarid highly variable production environments
and where markets for certain goods are assumbd toissing or imperfect, we can expect that the
farm decisions on their staple-crop producti@a){ including the varieties to use, will be very ruc
driven by such risk management aspects. Givend@es resources, high dependence on agriculture
for food security and high risk of food insecurity farmers in this situation, the minimizationtoke
probability of falling below a minimum threshold agricultural production to meet subsistence food
requirements is a key driver of farm productionisieos, including variety choice.

However, variety choice is not only driven by rislanagement objectives, but also by farmers’
demand for a range of variety traits (Bellon, 198fale et al., 2001). Factors, such as consumption
related traits like cooking quality and taste mé#goanfluence variety choice, so that taste-shsfter
enter the technology-adoption decision via thearagith structural household variabl®s,,, .

At the same time farmers face constraints when tatpmew technologies. First of all, there is

land constraint given by the total land endowmehts< L. Secondly, MVs may not be cultivable
under the agro-ecological conditions found on Hrener’s pIots:CDAg,o. Thirdly, certain varieties may

not be accessible, so that constraints in formoskss to markets for inpuf®),e, and to social

45 | ikely to occur when rainfall finally come on speand drought soils.
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capital, e.g. intra-community and inter-communitgtworks for seed exchang® enter the

soc !
technology adoption equation.
The general reduced form solution for technologypdidn (i.e. MV adoption) can thus be written

as follows:

IMv = IMv ( L, (DHH ’ q)Agro D Market’q) Soc’cD AssetscD Weatr)ev (5.2)

where the adoption of modern varieties is explaitgd total land endowments, household
demographics, agro-ecological conditions, markeésg, social capital, household assets and weather-
related risk variables.

We expect that the farmers who are most sensitivimatic risk and with the least capacity for
ex-post consumption smoothing would be most likedyadopt a technology that reduces risk.
However, whether MV adoption increases or redudsk in subsistence production systems is
context-dependent. As pointed out earlier, for Bong in Ethiopia the relationship is ambiguous. On
the one hand, most modern varieties are bred \aitly enaturing traits in order to escape drought. On
the other hand, most of the landraces appear tdodier adapted to the marginal and harsh
environment like the one under study and are thu®rdrought tolerant. Therefore, it is very much an
empirical question if modern variety adoption igsk reducing technology and can thereby contribute
to food security in times of drought.

If modern varieties are less sensitive to rainfadhditions, they would contribute to lower
variability in output and thus reduce exposure ¢ovigside risks, such as sorghum crop failure in
drought periods. As can be derived from the outpaocttion in equation (5.1), failure of any variety
depends on the land area cropped, input use amndbltalevels given a vector of agricultural
production conditions. The disturbance term is wheitged by actual weather conditions in the given
production period, i.es = R. Therefore, the probability of experiencing anggrfailure,F, can be

expressed in the following reduced form:
F=f(Ls, Xo | R @ pg0) (53)

In this conceptual section two questions have ledgmorated i) are more risk averse farmers with
climatically sensitive production systems more/léksly to adopt modern varieties (equation 5.2);
and ii) does modern variety adoption reduce/inaehe probability of being affected by crop failure
(equation 5.3). These are crucial questions tooegpin the context of climatic risk and safety4firs
behaviour of farm-households. As both relationslgsvery much context dependent, these questions
have to be addressed empirically to gain insights the role of modern varieties in reducing the

exposure to downside production risks in the stadyon.
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5.4 Econometric analysis

In the context of extreme climatic risks, ther@aiseed to go beyond mean-variance approaches. A
standard econometric procedure would be to extastiRlope (1978) production functions to higher
moments, as in Di Falco and Chavas (2009). Yet suethods are based on the assumption of a
normal distribution of the stochastic disturbareren, reflecting climatic risks. As we only have €30
sectional data from one year of extreme drougli, disturbance term is highly negative, so that the
yield distribution is found to be skewed to thehtigin order to explore the connection between MV
adoption and downside risk exposure more limiteshemetric models have to be applied, such as
analyzing the likelihood of sorghum crop failure.

MVs are adopted if marginal benefits from theifizdition exceed marginal adoption costs. As

these are unobserved, the difference in marginadfiie and costs can be modelled by the unobserved

latent variabley, and MV adoption is undertaken if this variable ss@s a normalized threshold,
i.e.y; >0. In accordance with equation (5.2), we model M\b@tbn as a function of a vector of

explanatory variablesg '. In our framework and as expressed in (5.3) we alant to assess the

probability of being affected by crop failure, aparticularly how MV adoption influence the

probability of experiencing crop failure. The prbbily of crop failure can be modelled as a

cumulative distribution function of another unohaset latent variabley, . This is determined by a
vector of explanatory variables{') and by a binary variable for the utilization oM\ Y, ).

Accordingly, the following equation system applies:

Y, =XB, + 4, y,=1if y, >0, else 0

Yo =X B+ Y0+ 1y, Y, =1if y,* >0, else 0

a, B, are the parameters to estimate whileare the error terms.

This recursive simultaneous probit model can bémesed by fitting a maximum likelihood
bivariate probit model (Greene, 1998). This appnoalbows for an endogeneity test by providing a
likelihood-ratio test for the correlation coeffinteof the error terms (rho) between the two equatio
(Knapp and Seaks, 1998). The endogeneity assuniptgupported for several model specifications at
10% significance levels. For the final model, exagty is rejected at 8.6% (see table 5.5). Thererro
terms are negatively correlated at 6.3% signifiealewel. This implies that the random effect of MV
adoption has a negative impact on sorghum failure.

Table 5.5: Endogeneity-test in the maximume-likelihod estimation of the bivariate probit model

mean std P>z
rho: correlation coefficient of error terms -0.721 2%b
Fisher's z transformed r -0.91¢( 0.49( 0.06:
Likelihood-ratio test of rho=0: chi2(1) =2.95I Prob > chi2 = 0.0€
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5.4.1 Explanatory variables

As elaborated in the conceptual model, explanataryables for MV adoption include i) land
endowments, ii) household demographics, iii) actessocial capital, iv) access to market, v) agro-
ecological conditions, vi) household assets anyl alimatic risk; whereas for sorghum failure the
same agro-ecological variables as in v) are useaddition to household demographics and input
variables viii). The descriptive statistics for th@drace growers and MV adopters are summarized in
Table 5.6.

Table 5.6: Descriptive statistics of explanatory uwdables for sorghum grower households in
Hararghe region

total  only LR MV

variable name description mean growers adopters
i) land endowments
operated area total area of operated plots in production yearZidtimmac 4.25 4.36 3.45
if) household demographics
household size number of household members at the beginning ofélar 6.96 7.01 6.58
dependency number of children and old members ipgstmn to total household

size 0.50 0.50 0.49
ethnicity dummy =1 if household belongs to the ethnic grou@mmc 0.9C 0.91 0.8C
female head dummy = 1 if household is female headed, e 0.07 0.07 0.08
age head age in years of household h 40.30 40.27 40.50
education total years of education of all household mernr 3.97 3.82 5.1
iii) social capital
seed exchange dummy = 1 if household exchanges seed with othretdes, else 0.65 0.66 0.54
farmers association dummy =1 if any household merbbkmgs to intra-community

farmers/production group, els 0.14 0.14 0.18
seed organisation dummy = 1 if contact with anyrigmmunity organisation for seed

provision, else 0.27 0.27 0.22
HCS dummy = 1 if households participates in HCS, e 0.47 0.47 0.46
iv) market variables
closest city distance in minutes from PA to nearest t 208.66 212.73 176.42
distance to market distance in km from PA to next mar 9.05 9.24 7.52
distance to inputshop  distance in km from PA to next inputst 20.32 20.4¢ 19.2¢
V) agro-ecological conditions
Meta dummy = 1 if woreda is Meta, els 0.38 0.37 0.46
Chiro dummy = 1 if woreda is Chiro, elsi 0.42 0.44 0.26
altitude altitude of PA in metre 1922.8: 1919.4( 1950.1:
black soil dummy = 1 if plot with black soil is cultivated,sel ( 0.53 0.52 0.60
gentle terrain dummy = 1 if plot with non-steep terrain is opedatelse | 0.61 0.60 0.72
irrigated dummy = 1 if irrigated plot is operated, els 0.3C 0.2¢ 0.3¢
vi) household assets and insurance
agricultural assets total value of agricultural assets (not includings$tock) in bir 88.98 89.02 88.71
non-agricultural assets total value of non-agricultural assets in 53.97 52.61 64.67
livestock total value hold in livestock in b 560.9°7 551.8¢ 633.1°
credit restricted dummy = 1 if credit request wasagproved or if household did not

ask for credit, beacause of difficult conditionsee 0.43 0.42 0.52
seed aid dummy = 1 if household receives seed m afasmergency from other

farmers, else 0.31 0.30 0.36
vii) climatic risk
sorghum stresses in the | number of sorghum stresses in the last 10 3.73 3.72 3.82
harvest losses in the pastnumber of harvest losses due to drought in thellasear 2.9¢ 3.0 2.6
viii) sorghum production inputs
labor for planting total labour force for planting sorghum plots in nbday: 6.55 6.58 6.30
labor for land preparationtotal labour force for preparing sorghum plotsiin of day 8.05 7.95 8.80
labor for weeding total labour force for weeding sorghum plots in iemof day 13.67 13.52 14.8¢
animal time total animal use in sorghum production in numbedlajf: 5.75 5.89 4.64
fertilizer kg of fertilizer used on sorghum pl 72.35 74.15 58.16
very bad rain dummy = 1 if household judges overadlduction conditions as very

bad, else 0 0.78 0.80 0.66

Source: authors’ calculation using FNPP data
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Land endowments are expressed by the operatedal@adand its squared value to control for
differences between smaller and larger landholdifigshle 5.6 indicates the sample population
comprises very small average size of landholdidg® {immad corresponding to slightly more than
0.5 ha).

Household demographic variables include househiae, siependency ratio (i.e. ratio between
dependants and labour force within the househaoddisihicity and gender. Agricultural knowledge and
experience, expressed by years of formal educatiwh age of the household head complement
household demographic information. On average, détwlds consist of seven family members, with a
forty-year old household head and with a low legkleducation. 90% of the sample households
belong to the Oromo ethnic group and only 7% aszlbd by females.

Access to seeds is facilitated by networks at difie levels (see Nagarajan and Smale, 2006;
Winters et al., 2006; Lipper et al., 2009) as ezpeel by a number of seed-distribution related kocia
capital variables such as dummy-variables for thtmrsehold seed exchange (65%), intra-community
farm-associations (14%), inter-community organadi that provide seeds (27%) and HCS-
participation (47%).

Market accessibility is controlled for by distartoethe closest city for the remoteness of large hub
markets and by distance to the next smaller locaket. Distance to input shop is a proxy for the
accessibility of farm inputs that may be neededciertain technologies that MV adoption requires
(Benin et al., 2006). With an average of almost foaurs to the next city, 9 km to the next market a
20 km to the next input shops, sorghum househalehdan the sample can be considered rather
remote.

Information about soil colour, as a proxy for fi#fti as well as data on slope, irrigation and
altitude reflect the agro-ecological environmentwhich the farms operate. Data show that land
quality is on average poor with steep slopes amt poils, although some variation is reported given
the values of standard deviatfirDummies for the woredas of Meta and Chiro ar&uiited to control
for regional fixed effects.

Variables that reflect households’ ability to copgth risks include agricultural and non-
agricultural assets as well as livestock. Most kbo&ls are very poor, holding very little assetse T
highest values, although still very low, are throuiyestock holding¥. Access to seed aid (31%)
represents a kind of ex-post emergency assistamtehais a sort of insurance mechanism. Last but
not least in this group of variables, 43% of theigehold report credit constraints, representing yet
another difficulty for coping with downside riskgatuction.

Climatic risk variables are proxied by the numbértimes sorghum stresses occurred in the

previous ten years (on average nearly 4 per holdiedween 1991-2001) and by the number of

46 Not reported here.
47 One ETB corresponds to 0.12USD at the end of 2002.
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substantial harvest losses due to drought in theegaeriod (on average 3 per household between
1991-2001). While the former variable reflects siskssociated with sorghum production, the latter
controls for risks at a larger scale, such asitieeld vulnerability.

Sorghum production inputs include the operated kmed, labour time, both human and livestock
labour used in cultivation (land preparation, piagiand weeding) in addition to fertilizers. Thes s
human and animal labour as well as fertilizersatber low, indicating that sorghum production ig th
study site is not labour-intensive with fairly l@mapital inputs.

Weather conditions are proxied by a dummy for hbakks that reported overall production
conditions in 2002 as having been very bad (78%plly, the Berger index for relative abundance is
included as a measure for intra-crop diversityheak its potential role on influencing the chanoes

crop failure.

5.4.2 Econometric results

Regression results for the determinants of MV adoptare shown in table 5.7. Household
preferences seem not to play a key role in adomtamisions, as only age of the household head is
weakly significant. Contrary to what has been foimdnany other contexts (e.g. Bellon and Taylor,
1993; Benin et al., 2006) agro-ecological variallesot seem to influence adoption decisions either

On the other hand, regional dummies are highlyiogmt indicating that the likelihood of MV
adoption is higher in Dire Dawa, where modern songtvarieties have been distributed by external
organizations (Mulatu, 2005) and where access theahés relatively easier than in the other woredas
In addition variables expressing access to marketsto social capital seem to be among the most
crucial factors in adoption decision, similar tadings from Winters et al. (2006) and Benin et al.
(2006) for variety choice and seed access. Adomifoimproved varieties of sorghum is positively
correlated with proximity to local markets. Evemtlgh farmers reported no difficulties in accessing
seeds of MV as described in section 5.2.2, theg@ssion results imply that seed supply networks ar
indeed more effective when built on local markahsactions. Seed exchanges on a more ad-hoc one
to one or as-needed basis reduces the likelihoatigpting improved seed by 8.2% supporting the
observation that informal transactions facilitdte exchange of traditional varieties, as reported i
section 5.2.2. Against expectations, participationthe HCS program, aiming at the distribution of
varieties, was not found to promote modern sorghanety adoption

Contrary to the findings of many other studies (see Bellon and Taylor, 1993; Benin et al.,
2006), the probability of MV adoption was not siggantly affected by size of landholding, asset
holdings nor credit accessibility. Findings of tsisidy suggest that in the Hararghe region MVs are
neither planted by farmers with larger landholdiagsa form of experimentation, nor by farmers with
a higher ability to bear the risks of such a tetbay adoption. In this context, however, it is

important to stress that landholding is relativdlynited and scattered to allow for such
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experimentation.

Table 5.7: MV adoption: Maximum-likelihood estimate of the bivariate probit model

variable dy/dx P>|z| value
operated area -0.018 0.258
opretaed area squared 0.008 0.534
household size -0.009 0.210
dependency 0.004 0.693
ethnicity -0.085 0.122
female head 0.002 0.972
age head 0.009* 0.084
age head squared -0.906* 0.099
education 0.003 0.23
seed exchange -0.082%+* 0.007
farmers association 0.068 0.124
seed organisation -0.035 0.188
HCS 0.025 0.431
closest city -0.003 0.814
distance to market -0.006*** 0.004
distance to inputshop -0.002 0.282
Meta -0.136** 0.038
Chiro -0.150%** 0.007
altitude 0.006 0.531
black soil 0.031 0.225
gentle terrain 0.044 0.103
irrigated -0.001 0.975
agricultural assets 0.001 0.420
non-agricultural assets 0.001 0.343
livestock 0.000 0.849
credit restricted 0.010 0.689
seed aid 0.010 0.735
sorghum stresses in the past  0.011* 0.072
harvest losses in the past -0.037*** 0.004
constar -0.74: 0.58¢

Notes:Asterisk (*), double asterisk (**), and triple asterik(**'enote
variables significant at 10%, 5%, and 1% respeltiarginal effects of
the explanatory variables on the dependent vasadiie calculated for a one
unit change holding all other variables constarheir mean, but alummy
variables for a discrete change from 0 to 1, of dependeatig for one mor
dependent, aflosest cityfor one more hours of travel time, afitude for
an increase by 100m, andalf assetsfor an increase by 10ETB.

Source: authors’ calculation using FNPP data set

Most interestingly, both climatic risk variablest@nthe regression significantly, but with contrary
signs. The average farmer, i.e. holding all vagakit their mean, is 1.1% more likely to adopt MVs
for each additional time sorghum stress was expeeit in the past ten years, and 3.7% less likely to
do so, for each additional substantial loss of éstrdue to drought they experienced. Thus, farmers
who are subject to moderate production risks seermdbpt MVs to mitigate the risk of sorghum
failure. Yet farmers that experienced catastropBks, such as complete harvest losses, are kedg li

to do so, relying on landraces to maintain fooduggc In other words, non-adoption appears tohee t
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“safety-first” strategy of the most vulnerable hehlslds.

This finding is supported by the results in Tabl®8 Showing the drivers of sorghum failure in a
year of extreme drought. Controlling for exogendaistors such as agro-ecological conditions and
input variables, and holding all these variablesstant at their mean values, we find that MV adagpte
are 35% more likely to experience failure of atsteane of their planted varieties at a 10%
significance level. The MVs used in the Hararghgae are bred with early maturity traits and do not
thus seem to be an efficient means of risk mitaygtias they seem to be more likely to fail under
adverse rainfall conditions. Early maturing vasgstiprovide drought escape rather than drought
tolerance, which our results suggest are less appte for risk management in the context of the

study site.

Table 5.8: Sorghum-failure: Maximum-likelihood estmates of the bivariate probit model

variable dy/dx P>|z| value
operated area -0.033 0.256
opretaed area squared 0.027 0.243
age head -0.007 0.438
age head squared -0.322 0.425
education -0.009* 0.059
labor for planting -0.011* 0.044
labor for land preparation 0.005 0.183
labor for weeding 0.003 0.161
animal time 0.013** 0.036
fertilizer 0.000 0.965
very bad rain 0.220*** 0.000
Meta 0.343** 0.000
Chiro 0.385** 0.000
altitude -0.003 0.816
black soil -0.098** 0.045
gentle terrain -0.049 0.341
irrigated -0.124** 0.025
MV 0.351* 0.073
berger index 0.267* 0.082
constant -1.253 0.16

Notes:Asterisk (*), double asterisk (**), and triple asterik(**genote
variables significant at 10%, 5%, and 1% respelstitdarginal effects of
the explanatory variables on the dependent vasaiie calculated for a one
unit change holding all other variables constarheir mean, but aiummy
variables for a discrete change from 0 to 1 aditude for an increase by
100m, and of berger-index for a change in the irfdax 1 to 2.

Source: authors’ calculation using FNPP data set

Land quality variables, such as access to bladkosairigation were all found to decrease the
likelihood of sorghum failure, as would be expectdthe question arises whether crop failure
associated with MV adoption is linked to land quyalAre the adopters on poor quality lands the most
vulnerable to failure, and do sorghum improved etégs need to be produced under relatively good
conditions in order to reduce downside risk? Tol@rep this issue further we created variables

measuring the interaction between land quality akldeis and MV adoption. The addition of these
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variables do not greatly change any of the coeffits in the estimations however, and the intemactio
terms are not significant, indicating that the MM failures cannot be linked solely to land quyalit
but rather a more complex set of factors is at wbtkthermore, the risk of crop failure increasgs b
26.7% when moving from a fully specialized systemna system where land is more equally
distributed across a wider range of varieties, racated by the berger index. This result is not
unexpected, as the more varieties planted, the hi@lg it is that one of these varieties will fail
response to rainfall conditior{8.

The highly variable pattern of rainfall and weatl®nditions in the area unsurprisingly has a
significant impact on increasing the likelihood afop failure. Households affected by very bad
rainfall conditions are indeed 22% more likely tgerience crop failure. In addition, location sfiieci
effects, expressed by location dummies, are andthportant determinant of sorghum failure. In
particular, households in Meta and Chiro woredassagnificantly more likely to have a crop failure
in sorghum than households residing in the ardairef Dawa.

Last but not least, increasing the level of edocatippears to be one important way to reduce the
likelihood of experiencing crop failure. More edtezh farmers are indeed more likely to be able to

avoid crop failures.

5.5 Conclusions

The analysis conducted provides interesting insigint the role of downside risk production on
MV adoption as well as on the potential of MV adoptto reduce the probability of crop failure. The
analysis indicates that exposure to weather vditialplays a key role in the decision to adopt
sorghum MVs in Eastern Ethiopia, along with acdessarkets and social networks. Farmers who
experienced moderate production stresses and inisk tend to adopt MVs, while those who have
been most vulnerable to extreme weather events)lynednsisting of droughts that have led in the
past to crop failure, prefer to stick to landraddss finding suggests that the sorghum MVs culyent
available in the area are not an effective meansopfng with the catastrophic risk that drought
represents in the study site. However, MVs of songtin the area were bred with the purpose of
drought escape rather than for drought tolerancether words, the MV available in the area require
moisture over a shorter period than most landrabes, providing an higher likelihood of harvest or
offering the alternative to plant another crop ariety in the second season of the year. Whilgehe
MV offer such traits they are more susceptiblegitufe if rainfall shortages occur over the perilely
are grown. This conclusion is supported by reslitsving that MV adopters are more likely to suffer

from crop failure in a year of extreme droughtelike one analyzed, when controlling for exogenous

“8 The inclusion of other diversity measures in thepefailure model does not provide any informatiom the extent to
which sorghum diversity does influence sorghumagrenfince.
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factors such as other input variables and agrosgaml conditions. While it is possible that the
rainfall in the 2002-2003 year was so scant asetonBufficient for even short season varieties to
provide some harvest, different results could hgearnced in milder drought years.

Effective risk production coping strategies haveuased even greater importance in the context of
climate change and the predicted increase in ertremather events. Improving germplasm to
produce varieties more adaptable to climatic cheuage extreme weather events is a crucial means of
achieving food security that will become even manportant as climate change progresses. While the
findings of the present analysis suggest the adioi improved sorghum varieties does not represent
an effective risk management strategy, the findsngonfined to the specifics of the type of drought
risk present, as well as the MVs available andptaeluction and marketing context of this study.
However, broader implications can be derived.

First is the importance of considering the natufré¢he risk to be confronted when looking for
effective coping strategies. The type of germplasaded to cope with catastrophic versus chronic
risks is different, and this affects the farm lesteinand and use of varieties (Anderson et al., 2006
this case, it appears that landraces are moreblauitar coping with catastrophic risks, whereas the
types of MVs currently available are more suitdblemanaging chronic risk.

Secondly preserving the richness of infra-crop g and promoting the accessibility to a diverse
range of crop varieties may be an important pafadifitating farmer capacity to manage their risk.
number of studies, including McGuire (2005) and entecently Di Falco et al. (2007) and Di Falco
and Chavas (2009) found that diversity within crapmnaged on Ethiopian farms is an important way
of reducing downside production risk. Likewise,tire Haraghe region sorghum farmers use infra-
specific diversity as a strategy to manage modegpadeluction risks even though such intra-crop
diversity is undermined by regularly occurring dybts.

Thirdly, crossover effects seem to play an impdrtale under the production conditions of eastern
Ethiopia, where landraces perform better than iwgaovarieties due to marginal production
conditions and limited use of complementary inputsthis situation, the potential for improved
varieties to outperform landraces seems to bedumisince the crop is used primarily for subsistenc
purposes, with low rates of complementary inputasse low farm level returns (Ahmed et al., 2000).
These are factors that can also explain the lowl$eef MV adoption in the area in combination with
breeding efforts that are mainly tailored to maredurable production areas (Bellon, 2006).

Fourth, the results presented indicate that gitenptroduction and marketing conditions found in
the area, the adoption of improved sorghum vaddtiereases rather than reduces on farm diversity
measured by different types of diversity indexeduding the number of varieties, evenness and
relative abundance. Yet the data indicate that éssmvho do adopt MVs plant the majority of their
sorghum production area to these improved varietiébilst MV adopters might be trading the
potential of achieving higher yields with MVs fdret greater security that LRs can provide, our tesul

suggest this as a risky strategy given the poteiméiesh weather conditions in the area and given th

110



limited capacity of the farmers to access othemfoof coping strategies.

Finally, given that sorghum is the most importatapke crop in the area and a crucial crop to
achieve food security under the area’s difficultatter conditions, the results suggest that focusing
further breeding research on drought tolerancéstmaould be beneficial. Although not generalisable
to any level and type of drought or weather condgi given also the restricted types of MV in our
sample, our results suggest that while adoptiomadlern varieties bred for drought escape may be
risk reducing under certain conditions, they akelyi to increase the risk of crop failure in sitoas

of high climate risk.
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Chapter 6

Sowing the seeds of social relations: the role obaal

capital in crop diversity*

Abstract: This paper explores the relationship between samgital and crop diversity. The study
is conducted in an area of Ethiopia where interesfie diversity is significant and where diversity
includes crops that are important in terms of thgenetic value given the country is a centre ofiari
or diversity for these crops. The results indicdiat linking social capital (links with outside grps)
does not lead to a decline in crop diversity buiuatly increases it, suggesting that interventiduys
formal organizations do not necessarily lead tousbn in inter-specific diversity. However, the
results also suggest that households with stromgakdinks within a community (bonding social
capital) are less likely to be diversified. Poligithat seek to promote sustainable utilization &hbe

wary the major role played by grassroots organizati

4 This chapter is based on the working papewing the seeds of social relations: the roleonfa capital in crop diversity
by P. Winters, R. Cavatassi and L. Lipper, FAO-ESAkiv@ paper series, ESA 06/16. R. Cavatassi contrthon data
analysis and writing, particularly, sections 6.8l &b5.
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6.1 Introduction

Crop diversification is a key strategy in agricudtiuand rural development programs targeting low
income agricultural producers, due to the oppotiemiit offers for managing risk and heterogeneous
production conditions, as well as increased incgeweration through entry into new markets. The
promotion of crop diversification has important iioptions for agricultural biodiversity. Modern
agriculture is increasingly reliant on a small nembf crop species with three cereal crops; wheat,
maize and rice, providing over 50% of the worldfarp derived calorie intake (FAO, 1998). Farming
systems with high levels of inter-specific crop geéndiversity are more likely to include productio
of minor or indigenous crop species which are higtiversity (FAO, 1998). Entire pools of genetic
resources are lost when a crop species is no langgvated and becomes extinct. In addition, inter
specific diversity (i.e. diversity across crops)iikely to have impacts on intra-specific diversitye.
diversity within crop), as the two may be eithebstitutes or complements. With implications for
agricultural productivity and human welfare as wadl agricultural biodiversity, understanding the
determinants of the diversity of crop species grdyrfarmers is an important area of inquiry. The
research also has important policy implicationsnaseasing attention is being focused on strategies
and policies to promote the sustainable utilizatibplant genetic resources which incorporates both
environmental and development objectives. Bothitiernational Treaty on Plant Genetic Resources
(IPTGR) and the Convention on Biological DiversftyBD) require signatories to adopt policies to
promote the sustainable utilization of plant gemedsources. While these may be desirable objexstive
the policy instruments that should be used torasastainable utilization are not clearly idenbfea
In fact, it has been argued that some agricultpodicies, such as the promotion of modern crop
varieties, while achieving the objective of increghson-farm productivity may actually lead to a
narrowing of the genetic resource basehich runs counter to the principles of sustaigatillization.
Questions clearly remain regarding the best metlobdschieving the objectives of the ITPGR and
CBD.

The literature on farmer motives for crop diverstion indicates that both supply and demand
factors determine diversity levels both at the feand more aggregate levels. Three key factors
emerge as important motives driving farmers’ “dediafor crop diversity: i) managing risk, ii)
adapting to heterogeneous agro-ecological produatimnditions; and iii) diversification to meet

market demands. There is a particularly rich litg on risk management and diversification in

0 Brush (1995) acknowledged that the adoption of M&issed genetic erosion, while some other studies foaind that the
introduction of HYVs had broadened the genetic fptict of varieties held by farmers (Brush 1992; Bell®996; Smale
1997).
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agriculture>® In this literature, crop diversification is viewad providing an ex ante means of insuring
against failure in any one crop, which is partidylamportant in situations where formal insurance
mechanisms are non-existent and ex post copingegiea are limited. In addition, crop diversificati
is associated with a diminished risk of pest argkale invasion contributing to stability of yields
(Sullivan, 2003; Guy et al., 2005). Pingali and &psint (1995) also argue that agricultural
diversification is an important strategy to managee risk as well, but only at a macro level, with
little impact at the household level. Maintaining diversity has also been found to be a strategy
adopted by farmers to exploit the highly heterogeiseagro-ecological conditions, as well as to
efficiently utilize other factors of production suas labour and animal power and avoid bottlenecks
particularly when off-farm opportunities are avhle (Worede et al.,, 2000). Finally, crop
diversification is considered an important stepthe transition from subsistence to commercial
agriculture. With economic growth, households starproduce for markets and adopt new crops to
meet demand. In the transition from subsistenceammercial production farms become semi-
commercial with mixed cropping systems which arsoamted with higher levels of crop diversity
than subsistence systems (Pingali and Rosegra@§).18s commercialization proceeds, however,
farms become more specialized although the agui@ileconomy may be more diversified.
Recognizing these motivations for crop diversityieokey factor in determining actual crop
diversity outcomes relates to access to crops pedifgcally to the seeds for planting. In most
developing countries, the access to seeds andmaf@n about crops and seeds is often obtained
through non-market channels including formal orgations, such as the government, international
donors and NGOs, and informal networks that inckemime form of association with other households.
In the social capital literature, these are refbt@erespectively as linking social capital and diog
social capital (World Bank, 2000). Social capitaldefined as a variety of different entities wiot
common elements: they all consist of some aspesboifal structure and they facilitate actions of
actors within that structure (Coleman, 1988). Théties have mutually beneficial goals and are
usually characterized by trust, cooperation, ingofent in the community, and sharing (Putnam,
1995). Linking social capital consists of vertitiak between distinct social and economic classels s
as between poorer households and those with irfluenformal organizations including government
agencies. This form of social capital involves intanmunity links. In contrast, bonding social capit
refers to the strong horizontal ties connectingiiamembers, neighbours and business associates
usually at an intra-community level. These growgsltto be more homogeneous in that they share a
similar economic and social background. This carbéeeficial in that it allows for easier flow of
information but it can be limiting in that the slarities between participants limit the range of

information. According to some theorists, the psscef economic development involves individuals

1 See for example Newberry and Stiglitz (1981) Ckasad Holt (1990), Rosenzweig and Binswanger (1998) a
Fafchamps (1999).
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moving from forms of bonding to linking social ctgias they proceed from “getting by” to “getting
ahead” (Foster et al., 2003).

In this chapter, we focus on how seed supply liwites influence crop diversity and the role that
social networks play in overcoming this barrier. éeus on social capital as it is considered an
important feature of informal seed systems whicloives seed exchanges in the context of social
interaction. The expectation is that different fermf social capital influence access in a unique
manner and thus have a differential impact on @mmflevel choice of crop and variety to plant, and
therefore on-farm crop diversity. Much of the lgimre on seed systems cites the importance of
exchanges within networks built on family, commuror other social ties, a form of bonding social
capital (Almekinders et al., 1994; Badstue, 2004Q@dire, 2005). With this type of social capitabsti
are likely to be stronger than in linking sociapital and thus are expected to provide better acces
However, given the close geographic proximity ottsuies, there may be lower crop diversity
available through such ties. On the other han#inmsocial capital, whose vertical structure reesii
connections to individuals and organizations oetdite community, might provide greater choices
among crops and varieties to plant. Although théesemay be weaker, the greater availability may
lead to higher levels of on-farm crop diversity fasners can select and plant the materials needed
meet heterogeneous production and consumption tommsli

To meet the objectives of this chapter the remgisiections are organized as follows. In section
6.2, we develop a model that examines how agri@lltbousehold decision-making determines on-
farm diversity and the role of social capital instiprocess. Section 6.3 then presents the necessary
background information on the study site as webasic information on the method of data collection
and a description of the data. Section 6.4 preshetempirical approach used to analyze the data

while section 6.5 provides results of the analysisally, section 6.6 provides conclusions.

6.2 Crop diversity, social capital and the agricularal household model

To understand on-farm crop diversity and the infeeeof social capital on diversity, it is important
to begin by considering the behaviour of agricatunouseholds with respect to crop choice. A
common approach toward investigating householdsdetimaking in these contexts is to employ an
agricultural household model where households até bonsumers and producers of agricultural
goods and face market constraints (Singh et aB619n the case of on-farm crop diversity, this
approach has been formally used by Van Dusen (2@6d)Van Dusen and Taylor (2005) and
conceptually by a number of other authors (see &etadl., 2005). In this chapter we follow a simila
approach developing a model that helps understaadéctors that influence household decision-
making and lead to a certain crop diversity outcome

While following the Van Dusen and Taylor (2005) egaxzh, the model presented below differs

from their model in one key way. In their modelriegltural households choose, among other things,
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output directly and the household maximization pFobyields a set of optimal production levels.
Assuming that the household does not value divertsielf, it is this optimal set of production ldge
that determines the diversity outcome. Since thmsttmal production levels depend on prices,
production constraints and other factors, diverai$p depends on these factors. The approach taken
this chapter is similar except that instead of anag output directly, output is considered a fumti

of the resources allocated to crop production,i@dsrly land and labour resources. As will be seen
specifying the model this way allows for examinthg trade-offs between using household resources,
particularly labour, for crop production or for ethactivities including non-agricultural activitiesd
investment in social capital. Including the relaship between diversity and these activities in the
analysis is important in the context of this studijch is why this approach is taken.

Before proceeding to the model a note on the oglakiip between crops and seeds is necessary.
On-farm crop diversity is related to the crops adahold chooses to produce, and therefore the seeds
planted to produce those crops. In the contexteselbping countries such as Ethiopia, the grain
produced for consumption and sale is often no wdiffethan the grain used for seed (Sperling and
Cooper, 2003). Farmers often use seed saved freimawn output for planting or obtain grain from
other sources to use as seed that could also summed. If a market for a particular crop does not
exist, it is unlikely that the seed market wouldsexndependently. For simplicity, the model below
focuses on crop production and the allocation sbueces when markets for particular crops do or do
not function. For our purposes, this can be comedlequivalent to the seed market not functioning.
Either situation will have a similar effect on carin crop diversity.

Proceeding to the model, consider an agricultupakkhold that maximizes utility of consumption

of crops,X; for i=1,...,X and a non-agricultural consumption go@d,Household utility depends on

the preferences and other factafsthat are determined by cultural factors, socioeoto@onditions

and other household characteristics. The housdba@ddowed with family labout,. , and landA .
Households are assumed to be unable to rent lamd out and, hence, land is a fixed factor of

production. Similarly, households are assumed taut&ble to hire in workers and are therefore

constrained by their labour endowment. The houskepobduces crop;, for i=1,...,)7, using a
combination of labourl., and land A, subject to production constraints particularly agoological
characteristics 2. The ability to obtain crops for consumption andduce crops depends on
characteristics of the markef, which includes such factors as the transactiorsdogburchasing and
selling crops. Under certain circumstances, traimacosts may be sufficiently high to make a
particular crop inaccessible. The household caw alocate labourl,, to a non-agricultural
productive activity to earn outside incomé,the returns to which depend on conditions in the-n
agricultural marketz’.

To incorporate social capital into the model, rtb& in this context the benefits of such tiesiare

the provision of crops (or seeds) under certainuanstances. Presumably, the right to such crops
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requires some sort of investment on the part ofniiesehold both in time and other costs. For our
purposes, we assume the only cost is in the timetdd to developing and maintaining such tles,
This time input provides the household with addiibcrop for consumptiorg,and depends on local
conditions that influence access to social captal,

The household can therefore obtain agriculturapaiitor equivalently seed, through production,
through market channels if the market functionsgadéely and through the use of non-market
channels by using social capital. For simplicityg assume two extreme cases of market functioning
for agricultural goods: one in which the marketdiions perfectly and the other in which there is no
market for the good such thgt=M, N whereM is the marketable crop amdis the non-market crop.
This assumption simplifies matters by allowing agonsider only two commodities and to consider
the extreme of zero transaction costs in the mankéttransaction costs that are so high as to thake
market not function at all. The household thereforeduces the consumption commodityin the
amountQ,, using a combination of labout,, and land A, and commodityN in the amoun@, using
a combination of labout,,, and land A, both subject to production constrair#s, The household can
buy or sellQ,, if production levels do not match the desired comstion M. For commaodityN, the
household can obtain more th@pthrough the use of its social capigal

The agricultural household model can be therefgpeessed as follows:

Max U (M.N,C:2") (6.1)
subjectto: Y+ p,(Q, - M)=pRC (6.2)
N=Q, +S (6.3)
Qu =Qu (L. Ar: 2) 6.4)
Q= QL A 2) (6.5)
s=9 I 2) (6.6)
Y=Y(L; 2) (6.7)
L=l +Ly+Ls+Ly (6.8)
A=A+ A (6.9)

wherepc is the price of the consumption good gpds the price of the market crop.

Given the objective function to maximize and oumstoaints, first-order conditions would
determine the optimal labour, land and consumggegls of the three goods. Since our interest is in
understanding crop diversity, we are particulariieiested in the optimal level of land and labour

allocated to production, which are defined as feio

L=L(0AR.R.Z, 2, 2, 2 for=M,N, Y, S (6.10)
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A=A(LAR, R 2 2, % 3forj=mN (6.11)

The optimal level of land and labour are then acfiom of initial land and labour endowments,
prices, household characteristics, production (@galogical) characteristics, characteristics @& th
nonagricultural economy and conditions that infleeesocial capital formation.

Returning to the more general formulation of thedalpthe optimal levels of labour and land

determine the optimal quantities produced of each as follows:
Q=Q(L(LAR.-.n.p.2.2.2, %% 'f CApP. PP 2°2"2 7))
Or
Q=Q(LAR..Kg.p.2,2,2, % Ffori=1.. X (6.12)

Following Van Dusen and Taylor (2005), we assun@ ttouseholds do not value diversity in
itself and that the diversity outcome is the resfilhousehold behaviour with respect to the choides

resources allocated to different crops. Diverditycan be expressed as a derived demand as follows:

D:D(Q;([,R R R,2,2,2, %, ? g_L_Alp;...,Xp op)zPz"z) zs));

Or
D=D (E,ﬂ,pl,...,px,g,i,i,?,%,j (6.13)

The results indicate that diversity is a functidniretial endowments of labour and land, prices,
household characteristics, production constrasttaracteristics of the non-agricultural economy and
conditions that influence social capital formatidiis relationship is similar to the model presente
by Van Dusen and Taylor except that it adds theatheristics of the non-agricultural economy and
the importance of social capital and explicitlylumes initial endowments.

Generally, crop diversity is measured through déife indices based on data, on the number of
crops planted and the area planted of each crogyivian, 1988; Meng et al., 1998; Baumgértner,

2004). The analysis above assumes that the houselegision can then be viewed as one where

within a given community or region there axe crops available but access to those crops, wisich i
determined by the factors noted in equation (6.4%)y make it so that household does not allocate
land to all crops and allocates different amouritiuad to individual crops. This allocation decisio
partially determines the on-farm crop diversitycmuhe.

Along similar lines, the household can decide whetto allocate labour to non-agricultural
productive activities or for the development ofiabcapital. With regard to the latter, the modehc
easily be extended to distinguish between linkimgrt{cal ties) or bonding (horizontal ties) social
capital with households choosing to allocate laliouneither, one or the other or both, based on the
marginal value of allocating labour to developiragle type of social capital. Such an allocation woul

depend on the value to the household of obtainoegss to additional output for consumption from
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creating these ties.

The model predicts that diversity will be a funatiof the factors identified in equation (6.13) and
formalizes what is generally included in empiriaablysis of diversity outcomes. The addition o$ thi
model is to explicitly show the role social capitahy play in influencing diversity outcomes. Below

we test the impact of linking and bonding formso€ial capital on-farm level inter specific diveysi

6.3 The Ethiopian context and data

The data used in this paper was collected as partstudy to examine the relationship between
seed systems and crop utilization patterns in #séeen part of Ethiopia. Ethiopia is a centre agiar
and diversity for several agricultural crops anel plopulation is highly dependent on low produdivit
agriculture and food insecurity rates are high.

The specific study site is located in the Harargbee, an area in the eastern part of Ethiopia that
has been a repeated recipient of both food andesmedgency relief supplies because of chronic food
deficits and problems of seed insecurity. Harailighadso of interest because it is considered agygim
centre of origin for sorghum and most varietien#d in the region are landraces, although formal
sector breeding has been undertaken for almosteatsy(McGuire, 1999). In addition to sorghum,
farmers in Hararghe also produce maize, wheatcttakiean (often intercropped with sorghum and
maize), khat — a stimulant and mild narcotic asl asla profitable cash crop — and a host of other
crops depending on local conditions. Because ofdbd security situation there have been numerous
interventions in the seed system by the governmedtNGOs. Among the NGOs of particular interest
is the Hararghe Catholic Secretariat (HCS), whiak heen active in the Hararghe region since the
early 1990’s with a range of seed system intereasti including seed selection, multiplication and
distribution for both landrace and improved vagstof wheat, sorghum and haricot bean.

Studies of seed systems in the Hararghe area tedigat the informal seed sector is the primary
source of seed supply (Storck et. al, 1991; Mul20@3; McGuire, 2005). For most crops, saved seed
from the farmer’s own harvest is the primary semafce. Other important sources are exchanges with
family members and friends, markets, extension namogand emergency seed relief. The relative
importance of the source varies among crops anduptmn season. Social relations are an important
part of the seed system and thus seed sourcingiaecMcGuire (2005) finds that access to off-farm
sources of supply is critical for a high percentafjéarmers and that social networks both withid an
among communities are an important source of supplg. He also notes that social interactions can
be an important aspect even in market exchangeshwaguire some level of trust between buyer and
seller and in some cases involve patron-clientticzlahips. Mulatu (2004) finds the informal seed
sector very active in the provision of wheat sg@hmarily consisting of “recycled” modern varieties
that are exchanged under a wide range of arrangemamging from gifts to cash sales. Wheat and

sorghum are representative of very different tygfesrops; wheat is an introduced crop to the areh a

122



most seeds are improved varieties, as comparedsertthum which is native to the zone and has a
high level of local diversity. Wheat is used prithaas a cash crop and sorghum for subsistence. Yet
in both cases the informal seed sector is the pyisurce of seeds.

The data used in this paper was designed to eeathateffects of the HCS intervention and to
minimize sources of variation not related to segstesns. The sample was limited to woredas
(counties) where HCS had been active and inclugasant associations (PAs) only within the mid
and highland areas, which have similar agro-ecoldgtones and fairly uniform cropping patterns.
PAs that participated with the HCS program andehbat did not were included in the sample. In the
three woredas, a total of 30 PAs were selected®A$ in which HCS project had been implemented
and 15 similar PAs in which HCS did not distribsteeds. The principle governing the selection of
non-participant PAs (i.e. the control group) waddentify those as similar as possible to the HCS
project areas and households. The program tardgtetrs who were known to be good farmers and
with good farming conditions (in terms of land owlné&ype of soils etc), but who had fallen into debt
due to crop failures beyond their control. Withire ttcommunities that HCS selected for their project,
the PA committee nominated candidates for projagigpation based on HCS criteria.

To select the sample, households were dividedtimee groups: 1) households that participated in
the HCS seed program (HCS); 2) households thahdidparticipate, but lived within communities
where the program was implemented (non-HCS [),3ritbuseholds that did not participate and lived
in communities where no program was implemented-{dGS Il). Approximately 24 households
from each of the 15 HCS PAs were randomly selefrtea a list of names of HCS participants for
inclusion in the sample. The remainder of the tetathple was equally divided between the two types
of non-participant groups. Non-participants in podj area were selected for the sample with the
assistance of the PA committees. PA committees ag&ked to identify farmers within the community
that fit the criteria but who had not (yet) papigied in the HCS project. Since the demand foreptoj
participation was greater than HCS could meet,etheere ample numbers of households on the
waiting list for HCS participation. This list wased as the non-HCS | sample frame. Similarly, for
households in non-HCS communities (non-HCS II),detwlds within these areas were selected for
inclusion in the PA sample frame through a prooéds®nsultation with PA committees.

A number of different survey instruments were usedollect data on household and community
characteristics, crop production and the croppiygtesns, but this paper is based primarily on the
household and community data. Of the 720 householdhe sample, data for 699 was complete
enough for this analysi8.The scope of the survey is the cropping seasa?062. The household
survey instrument was implemented in two rounderiter to ensure sufficient detail on agricultural

production. The first round was conducted towal#sdnd of the Meher (main crop) planting season

2 There appears to be no systematic differenceseeetthe 21 households with some missing data amdetmaining
households. Dropping these observations does peapo pose a problem for the analysis.
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in August 2002. The second round was done aftendingest of the Meher crop in early 2003. In each
of the 30 PAs surveyed, data on community chansties was gathered through the use of a
community level survey instrument administeredey kformants, usually PA leaders.

Table 6.1 presents summary statistics of the haldelncluded in the analysis. Households have
on average 3.4 units of household labour defineddadts of over 14 years old and below 60. Less
than 2% of households have one adult and just @ have two to four adults in the household. The
remaining 20% of households have five or more ad@n average, households have access to 4
timmad of land. A timmad is equivalent to approxieia one-eighth of a hectare so on average
households have access to one-half of a hectararfming. Ninety-two percent of households have
less than eight timmads (one hectare) with theelErdpousehold holding less than three hectares.
Given the widespread poverty in the area, the ssiadl of holdings is not surprising. In terms of
household characteristics, the average age of ¢dheehold head is just below 40 and the average
education of adults is only 1.1 years. Forty-twecpat have no adult members with any education and
only one percent has an education level of sixgyearmore. The dependency ratio, measured as the
number of children divided by the number of adu#sl,.24 on average suggesting for each adult there
is over one child to feed. Given the high levepoferty, ownership of animal traction in the forfn o
oxen is a key measure of wealth. On average holtseivan 0.4 oxen but nearly two-thirds of
households own no oxen.

Variability of production characteristics is liketp lead to a wider range of crops planted. To
measure variability, we use the number of plotfifferent slopes, soil colours and soil texturee
data indicate that an average of 0.42 of the haldshplots is of different slope, 0.48 of the @lot
have different soil types and 0.42 of the plotsehdifferent texture. In other words, two out of sve
five households have differing slopes, differingocms and differing textures, suggesting some
household face some agro-ecological variabilityoher measure of agro-ecological characteristics is
the altitude of the plot. Data at the plot levelWeoer was not available so community level altitude
was used. The average reported altitude is 2056rmetnging from 1100 meters to 2650 meters.

In terms of market characteristics, 26.2% of hoaokihin the sample are found to be constrained
in the credit market which is likely to influendeeir production decisions. Car access and distance
market are used as indicators of market performavitte those with limited car access and further
from cities facing greater market imperfections drahsaction costs. Approximately one-third of
households live in communities that are not acbéssiy car suggesting they are very remote. This is
confirmed with the data on distance to the nearggtwhich shows an average distance of 103 kms.
There is a wide range of distance to the neargshoivever with the closer communities being within
7 km and the farthest at 346 km. In terms of adime income generating activities of households,
around one-half of households have at least onebmewho participates in off-farm activities.

The key variables of interest are the measures@éliscapital. First, note that by the design & th

survey around half of the households participateH®S. Furthermore, just fewer than 50% of
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households participate in some other organizaimmhiding other NGO’s, national and internationally
based groups and the private sector. Of these aitganizations approximately 90% focus on
agriculture and 75% have a principal focus on ggedision. Thus these other organizations areyikel
to also be linked to diversity. These two typesafiiliations — HCS and other organizations — are
proxies for the household’'s vertical ties or linkisocial capital. Second, households on average
belong to two associations with nearly 30% belogdmthree or more associations. This is used as a
measure of horizontal or bonding social capitak &ksociations that households belong to are peasan
associations (77% of households), self-help (idups (77%), women’s groups (17%), farmers’
groups (14%) and other types of groups (18%) mdstlyising on production. Peasant associations
(PAs) are responsible for the implementation of egoment decrees in the rural areas and all
recognized household heads are supposed to be mewbéhe PA. PAs are empowered by the
government to form service cooperatives that anebdoations of two or more peasant associations for
the provision of basic economic services, such raslyztion inputs, credit, consumer goods, and
marketing services. Once a service cooperativeriadd, members are required to pay fees to provide
funding for the cooperative (Hogg, 1990). Self-hgimups, referred to as Idir, are associations
established among neighbours to raise funds thltbei used during emergencies and can be
characterized as traditional financial associatiddss are long-term associations that are infdyma
bottom-up, and widely practiced among Ethiopiank@ee, 2004).

Table 6.1: Household characteristics
Number of household = 699

Category Variable All household
Labor endowment Household labc 3.4
Land endowment Land access (timmad) 4.04
Household characteristics ~ Age of head (years) 39.7
Average adult education (years) 1.15
Dependency ratio 1.24
Oxen owned 0.41
Production constraints No. plots with different sop 0.42
No. plots with different colored soil 0.48
No. plots with different texture 0.46
Altitude of PA (meters) 2056
Credit constrained 26.2%
Market characteristics Community accessible by car 1%7.
Distance to closest city (km) 102.5
Nonfarm market Participation in non-farm activity 8%
Social capital Participation in HCS 51.6%
No. organizational affiliations 0.48
No. memberships in associations 2.03
Woreda Dire Dawa 13.7%
Meta 52.4%

Source: authors' calculation using FNPP-Ethiopia dat

To measure inter-crop diversity at the householellethree indices that are adapted from the
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ecological literature are used. Thehness indexs a count of the total number of crops that the
household reports planting over the season of@atefTheShannon indexxpresses proportional
abundance or evenness, accounting for the lanésla#iocated to each crop as well as the number of
crops. The index gives less weight to rare spetfias common ones, but iS more sensitive to
differences to small degrees of relative abundarnicas the Simpson index, another widely used
evenness index measure of diversity (Magurran, 1B88mgartner, 2004). THgerger-Parker index

of inverse dominance reflects the relative abundasfcthe most common species (Magurran, 1988;
Baumgartner, 2004), or in the case of this stutlg, most widely grown on each plot by each
household.

In Table 6.2, the mean values of the three indi@e& been summarized. The count data indicate
that households planted on average 2.73 cropsgithianperiod of study with a range from one crop
to seven. Seventeen percent of households onlyupeadone crop and the majority (74%) produced
2-4 crops. The Shannon and Berger-Parker diveaséybased on area planted and are therefore left-
censored when the household only produces one lerdipe case of the Shannon index by definition it

is censored at 0 and in the case of the BergerePartex it is censored at 1.

Table 6.2: Diversity measures
Number of household = 699

Standarc
Diversity measure Mean deviation Minimum Maximum
Count 2.73 1.25 1 7
Shannon index 0.79 0.47 0.00 1.79
Berger-Parker index 1.92 0.74 1.00 4.53

Source: authors' calculation using FNPP-Ethiopia dat

6.4 Empirical approach to analyzing diversity

To evaluate the factors influencing diversity angarticular the role of social capital, we want to
estimate equation (6.13). As noted in the prevemgion, diversity is defined using three meastaes,
count of the number of crops planted, the Shanndex and the Berger-Parker index. Since the count
variable is the number of crops planted and takesrmegative integer value, a Poisson regression
model is appropriate. Both the Shannon and BergekdP indices are censored at zero and one
respectively and therefore a censored regressiotielrie appropriate and a tobit model is used.
Following the literature on agricultural diversitgliversity is specified as a linear function of the
factors identified in equation (6.13).

Although efforts were made to create a sample witbroper control and treatment group that
allows for the analysis of HCS participation argléffects on diversity, attempting to collect diuat
replicates an experimental design after the faalvimys problematic. Even though the same criteria

were used to select control groups as was used®$ td identify participants, there is still the
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possibility that in a regression the coefficient ld@S will suffer from program placement bias. A
number of steps are taken to avoid this bias. ,Féiation (6.13) includes a number of observable
factors that, other than influencing diversity, niaffjuence participation. Assuming common support,
including these factors potentially limits biastive HCS coefficient. Second, an instrumental végiab
approach is used to instrument HCS. The instrumesexl are those that are uncorrelated with
diversity but influence participation thus overcothe bias that is caused by the correlation between
participation and the error term. In the case & tlount variable, using an instrumental variable
approach with the Poisson model proved to be caagd. We therefore run a least squares
regression to show that results for the least &guand Poisson are remarkably similar and proaeed t
use a standard instrumental variable approachhfocount data. For the Shannon and Berger-Parker
indices instrumental variable tobits are used. Igina third approach followed is taken from the
evaluation literature. To evaluate the impact of3Hah diversity, a propensity score matching (PSM)
procedure is uset.ln PSM, the treatment group (HCS participantsinatched to a control group
based on observable characteristics using a pritpeigsre which is calculated using a probit on the
probability of participation in HCS. In our casee wse non-participants in both the HCS and non-
HCS communities as potential matches and a kemamsé matching procedure is used. After
matching HCS participants with controls using ghiscedure, the difference between diversity in the
treatment and control is determined to see how Hi@benced diversity. The benefit of this
procedure over the other methods is that the PSddegiure confines attention to a matched sub-
sample where there is common support and unmatobedrvations are dropped if appropriate
(Ravallion, 2005). The range of methods employeeviuate the impact of HCS on crop diversity is
used to ensure an accurate assessment of impdbe Hesults are consistent across these different

techniques, this provides greater support thabtbasure of impact is accurate.

6.5 Social capital and on-farm crop diversity

Table 6.3 presents the results for the analysmneffarm crop diversity. Note that in all cases the
regression is run using both actual HCS partiogmaind predicted HCS participation following an
instrumental variable approach. For the count deiahe least squares results are also shownsand a
can be seen are very similar to the Poisson. Réuatlthe count of the total number of crops is
considered a measure of richness, the Shannon exjaesses proportional abundance or evenness
and the Berger-Parker index reflects the inversthefrelative abundance of the most widely grown
crop by each household or the inverse of the degfrepecialization into any one crop. The covasate
included in the regressions represent the variabigsare found to be determinants of diversity in

equation (6.13) with the exception of the priceialsles. There are two reasons for excluding prices.

%3 See chapter 3 and 4 this thesis and Smith and @ffb) for discussion of this technique.
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First, many of the farmers in this study do not eebuy in the market and therefore there is nia da
available. Second, even if there was data availdigleeported price would not necessarily reflaet t
market price since the farm gate price would ineltidnsaction costs. Given the limited geographic
area under which this study is conducted, withi ¢buntry and given the similarities the woredas
selected we assume that market prices of the relevant calities do not vary and thus do not
include prices in the analysis. We proceed by erargi each of the variables included in the
regressions and discussing how they influence siityeas measured by each of these indicators. Note
in all cases, the marginal effect of the varialakulated at the sample mean is reported ratlaer th
the coefficient. This allows for better comparisirthe different regressions. Given that resultstie
variables other than HCS participation tend notdaoy substantially across the basic regression and
instrumental variable model the results of eactltifipation are not specifically discussed except in
the case of HCS.

According to equation (6.13), the household endomtroé& labour,L , and landA , will influence
the diversity outcome. The labour endowment is etqukto be negatively related to diversity. A
household with less labour resources and thus fmimding labour constraint will be less able to
spread labour over competing crop activities. Tésults do indicates a negative relationship between
a household's labour endowment and diversity buinin cases is this relationship statistically
significant. The land endowment is expected to dmtjwely related to diversity at least for thesgw
small size land holdings. Recall that householdav@rage have one-half a hectare of land (4 timmad)
and greater land holdings are likely to be employéth additional crops. The results indicate a
significant positive relationship for both the cowariable and the Shannon index. For the Berger-
Parker index, the results are positive but insigaift. This indicates that farmers are using aoiolii
land to plant more crops and put more area intseghwops but that the principal crop they produce
still tends to dominate the production area.

The next set of variables control for householdrati@ristics £'). The age of the household head
indicates both the experience of the householdgiicalture as well as the life cycle stage of the
household. While positive in all cases, the agthefhousehold head does not appear to significantly
influence the number of crops produced but doescathe area of production as indicated by the
significant results for both the Shannon and BeRgaiker indices. Older household heads appear to
plant a more equal share of land to each crop.rébelts for adult education suggest that education
leads to greater diversity as measured by the ceanéble and Shannon index. More educated
households, possibly because they have bettemmatorn, tend to plant more crops and have them
more evenly planted. Finally, the dependency naig@asures the ratio of dependents to the number of

adult labourers. Given that many households proftuckome consumption this characteristics of the

% The woredas and villages were selected to enserdess possible exogenous variability in termsagr-ecology and
socio-economic conditions.
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household may influence crop choice. The resulggesst that the ratio of dependents is negatively
associated with evenness. This may be becauseHuddsevith more dependents feel compelled to
produce more of certain food crops although basethe results from the Berger-Parker index this is
not the primary crop. As noted, oxen ownership kewindicator of household wealth given the high
level of poverty in the study region. The resultdicate that wealthier farmers tend to plant atgrea
number of crops which may be because they haveaiagrcapacity to access seeds for these crops as
well as draft power to cultivate different crops.

Measures of the production characterist®s¢f the farm are indicated by agroecological valga.
The expectation is that greater variability in agralogy leads to greater diversity. The resultwioe
strong support for this hypothesis and indicate tla@ing plots with different slopes and differsoil
textures positively influence diversity. Having fdawith different colours, however, does not appear
to influence diversity. Although PAs are at a ramajealtitudes this does not appear to influence
diversity in any way.

Characteristics of the markef") and conditions in the nonagricultural markef) are the next set
of variables to consider. When markets for credit léamited the expectation is that this limits the
ability of household to access seed of certain £rdfhus a negative relationship between credit
constraints and diversity is expected. The respits/ide strong support for this hypothesis with
negative and statistically significant results &irregressions. Accessibility by car and distatecthe
near city are both attempts to measure transaatimsts with inaccessible and more distant
communities facing higher transaction costs tharessible and less remote communities. Higher
transaction costs can impact diversity both throogtput markets and seed markets. High transaction
markets limit the opportunity to buy and sell outpod thus the household will produce based om thei
own requirements rather market considerations. &tgectation is that this would lead to greater
diversity if the market limits the range of cropsukeholds produce. On the input side, higher
transaction costs may limit the ability of houselsoto access seed and thus certain crops thereby
limiting diversity. The results of the analysis icate a negative relationship between accessilaitity
distance to market and diversity. These relatigshie significant for both the Shannon and Berger-
Parker indices indicating that areas accessiblednyhave lower diversity and those that are further
away from the city have lower diversity. The negatsign on distance to market indicating that high
transaction costs limit crop choice and thus, Hgrarbeing largely a subsistence farming area, our
sample farmers’ decisions are mainly driven by tnganditions. Finally, the anticipated impact of
participation in non-farm activity by a householdcember on diversity depends largely on the
motivation for participation in such activities. participation is primarily done with the intent of
relaxing liquidity constraints, it may enhance dsigy by allowing households to purchase inputs and
seed. If it is done as an alternative to agricaltyproduction and thus takes away labour from crop
production it may lead to lower diversity. The résundicate that it is positively and significantl

related to diversity suggesting it helps overcoigeidity constraints.
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Overall the results indicate that responding tooamological heterogeneity and market
opportunities may be more important drivers of acdogersification than risk management. We would
expect to find a negative relationship between aieprsification and other means of risk coping if
indeed they are substitutes. The primary meansping with risk in the Ethiopian countryside is
sales of livestock and thus oxen holdings repressntrance as well as draft power. Other risk appin
mechanisms are diversification into non-farm incegeeerating activities, which is also found to
have a consistently positive relationship withtiatee measures of crop diversity.

As can be seen in the table, the social capitahbis ¢) that measure both linking and bonding
social capital are significant in all regressionsoas all specifications. As expected, the HCSaldei
is positive for all the measures of diversity irading that the program increases both the number of
crops and leads to a more even share of area hoceag. For the instrumental variable approach four
variables are used that are considered exogenaligeisity but matter to placement: frequency of PA
meetings, whether the community received emergesl@f in the last 10 years, the PA level share of
wheat produced and a poverty index. The first tanables are taken from the community survey and
reflect communities that are well-organized and ehgrevious experience in receiving outside
assistance. The third community variable reflea®SHselection of communities in which wheat was
important. Finally, the poverty index is used tatrol for any selection bias towards wealthier or
poorer farmers in the program. Although testing ¢ielusion restriction is not possible, all of the
instruments are significant in the participatiou&ipn and none significant when included in any of
the diversity regressions. Looking at the resudtstiie instrumental variable specification, we et
in all cases the marginal effect of HCS is sliglttigher than in the base specification. This sutgges
that these estimates were a downward biased estwhdhe effect of HCS on diversity and that HCS
has even a greater impact than initially obsergdoing with HCS, affiliation with other organizatien
also has a significant and positive effect on absures of diversity. The results strongly sugtiest
linking social capital enhances crop diversity lie ttontext of very poor agricultural producers. In
contrast, the number of associations the housebdddfiliated with — a measure of bonding social
capital is negative and strongly significant for raeasures. The results suggest that bonding social

capital limits diversity in these contexts.
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Table 6.3: Factors influencing crop diversity
Number of household = 699

Count Shannon index Berger-Parker index
Poisson OLS Y Tobit IV Tobit Tobit IV Tobit
Marginal Marginal Marginal Marginal Marginal Marginal Marginal
Variable effec P>|z| effec P>|z| effec P>|z| effec P>|z| effec P>|z| effec P>|z| effec P>|z|
Household labor -0.019 0.54 -0.016 0.64 -0.017 0162 -0.019.29 -0.016 0.28 -0.022 0.35 -0.024 0.44
Land access 0.041 0.01 0.049 0.01 0.041 0.04 0.018 0.01 0.013 3.00.018 0.12 0.018 0.24
Age of head 0.006 0.11 0.005 0.17 0.005 0]160.004 0.02 0.004 0.02 0.006 0.01 0.008 0402
Adult education 0.058 0.02 0.070 0.02 0.065 0.g3 0.010 0.39 0.008 0.5] 0.020 0.30 -0.007 0480
Dependency ratio -0.091 0.09 -0.067 0.18 -0.069 0.17 -0.053 0.03 -0.055 0.02 -0.022 0.61 -0.073 0.1%
Oxen owned 0.110 0.07 0.151 0.03 0.162 0.3 0.045 0.12 0.051 0.08] 0.060 0.23 0.082 0.21
Plots-slope 0.198 0.02 0.199 0.05 0.198 0.06 0.083 0.02 0.082 3.02.104 0.11 0.145 0.07
Plots-colored soil 0.025 0.77 0.020 0.85 -0.015 0]89 0.0310.43 0.011 0.78 0.063 0.37 0.072 0.42
Plots-texture 0.385 0.00 0.463 0.00 0.479 0.q0 0.123 0.00 0.132 Q.00 0.133.03 0 0.181 0.02
Altitude 0.000 0.45 0.000 0.45 0.000 0.49 0.000 0.43 0.000 780(. 0.000 0.75 0.000 0.70
Credit constrained -0.206 0.02 -0.193 0.03 -0.141 0.16] -0.117 0.01 -0.089 0.0 -0.190 0.00 -0.222 0403
Accessible by car -0.128 0.14 -0.155 0.11-0.166 0.09 -0.078 0.05 -0.084 0.94 -0.129 0.06 -0.152 .09
Distance to city -0.002 0.10 -0.002 0.11 -0.002 0.21 -0.002 0.01 -0.001 0.04 -0.003 0.00 -0.004 0J01
Non-farm activity 0.173 0.02 0.183 0.02 0.190 0.92 0.082 0.02 0.086 g.01 0.129.03 0 0.170 0.03
Participation in HCS 0.204 0.01 0.207 0.02 0.501 0.45 0.114 0.00 0.276 g.01 0.159.01 0 0.554 0.03
Organizations 0.170 0.02 0.148 0.05 0.159 0.04 0.118 0.00 0.124 Q.00 0.128.02 0 0.239 0.00
Associations -0.158 0.00 -0.156 0.00 -0.148 0.q0 -0.073 0.00 -0.069 (}.000.115 0.00 -0.135 0.0
Dire Dawa -1.249 0.00 -1.240 0.00 -1.229 0.4q0 -0.863 0.00 -0.856 (}.001.495 0.00 -2.052 0.0
Meta -0.309 0.19 -0.257 0.31 -0.142 0.$0 -0.219 0.05 -0.156.20 0 -0.419 0.02 -0.470 0.0y

Notes: In all cases, constants were included iressjons but are not reported. In all cases, ratiastlard errors were calcuated. Marginal effegtsalculated at the mean and

for censored regressions are for the latent vagiabiistruments used for IV regressions are a ppudex, frequency of PA meetings, whether the wamity received emergency
relief in the past, PA share of production of wheatd whether sorghum seed was avaiable at theBaid indicates signficance with at least 90%fwence. Source: authors'
calculation using FNPP-Ethiopia data set
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As noted in the previous section, to confirm ousufes for the HCS participation variables a
matching procedure is used using a kernel basechingtprocedur8. Table 6.4 presents these results.
Before discussing the results it is worth notingtths the first step of the matching procedure a
propensity score is determined for participants amakparticipants in order to match the two sets of
households. This process also allows a compari$amhether the households are similar in their
observable characteristics; that is, whether thereommon support. Note that no households are
trimmed from the sample and that the propensityescfor participants and non-participants clearly
overlap. This suggests that there is common supptying that participants and non-participants
are similar and that the design of the survey vedatively successful at replicating an experimental
design. Looking to the results in table 6.4, thegidate a clear positive relationship between HCS
participation and the diversity measures althoughrnhagnitude of the results for the Shannon index
and Berger-Parker index are lower and not signifiga the case of the Berger-Parker index. The
actual impact is closer to the marginal effectsfibin the basic regression raising some uncertainty
the results for the instrumental variable regrass®iven this result, it is difficult to draw a ele
conclusion about the magnitude of the impact of H@Sliversity but it does suggest there is clearly

positive and substantial impact of HCS on the numolberops planted.

Table 6.4: Verifying the effects of HCS using propesity score matching

Number of household = 699
Berger-Parker

Count Shannon index index
Mean Mean Mean
diff P>|z] diff P>|z] diff P>|z|

HCS impact on diversity 0.231 0.02 0.084 0.01 0.068 0.27
Notes: Standard errors are determined through trapfsing and are used to calculate p-values.
Source: authors' calculation using FNPP-Ethiopia dat

Returning to table 6.3, note that the levels ofediity in woreda of Dire Dawa are significantly
lower than for the base category Chiro. Wheat peodao is much lower in Dire Dawa than in the
other regions and there is some concern that thislme somehow influencing the results. Rerunning
the model with only the other two woredas (Chira &feta) leads to the same results as presented
above. There is also a concern that some variabégsbe capturing differences across PAs that are
not controlled for in the regressions. As an addai test of the results the regressions were simgu
PA-level fixed effects (excluding the PA level datAgain, the results remained fundamentally the

same suggesting this as not a problem.

*Note that matching is done using a Gaussian kerif@sts using alternative kernel estimates as aglusing nearest
neighbour matching gave results similar to thossgmted in Table 6.4.
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6.6 Conclusions

A number of international treaties related to cogmetic diversity require signatories to adopt
policies that will promote the sustainable utilizat of plant genetic resources. While a range of
policies is possible, one set of likely policiespaorer areas such as the study area of Ethiogi is
provide farmers with access to seeds of new crapsvarieties using both the formal and informal
seed sectors. There is some concern that suchiey pdhbile improving farmer welfare might lead
farmers to specialize in their agricultural prodoctand thus lead to a reduction in crop diverdity.
this study, we explore the possibility that farmpasticipating in organizations with links exterrial
the community, e.g. linking social capital, are mdikely to have reduced levels of crop
diversification. The study is conducted in an awdaEthiopia where inter-specific diversity is
significant and that diversity includes crops thia of importance in terms of their genetic valnees
it is a centre of origin or diversity for these gso The results indicate that linking social cdpii@es
not lead to a decline in crop diversification batually increases it in these particular conteXtse
results suggests that interventions by formal degdions need not lead to reduction in inter-specif
diversity and may in fact enhance it and bring alsmistainable utilization. However changes in inter
specific diversity are likely to also have impaots infra-specific diversity and these are not well
understood. Future research is needed to assessldtionship.

Our results indicate that the access to seedsrémiaiation is a strong determinant of household’s
capacity to diversify their crop production, andttsocial capital has a critical role in the howdgls
access. The impact of social capital on the houdihutilization of crop genetic resources can accu
through changes in the household demand for cregrgity by improving information about market
opportunities and/or the supply of seeds needelivirsify. It is not surprising that householdshwit
links to organizations that span community andamati boundaries have better access to information
and seeds. It is surprising that households wittngt social links within a community are less likel
to be diversified, and that the effect is quiteosty and significant. One possible explanation & th
possible tradeoffs between infra and inter-spedificersity; if links within local communities are
more likely to lead to diversification within croplsen the demand for diversification between crops
may be lessened. The result may also be tied tccliagacteristics of the households which are
associated with each type of social capital. Thgreke of access farmers have to linking social abpit
is likely to be restricted, and factors such asliheand education important in acquiring this tyge
capital. The opposite appears to be true for bandatial capital which is widely accessible andtbui
on principles of mutual aid and generosity. Ouultssindicate that liquidity constraints are a berr
to crop diversification and thus to poorer prodscand this may be an effect that is expressedein th
negative relationship between bonding social chaitd diversification.

Policy-makers interested in promoting the sustdaalkilization of crop genetic resources need to

consider not only seed supply and inclusion ofitifiémal sector into seed programs, but also the ro

133



of social capital in the effectiveness of measumegnprove the flow of seeds and information to
farmers. Efforts aimed at improving farmers’ alilib accumulate linking social capital are cleanty
important part of a strategy to improve accessdp genetic resources. It is also important to ictars
the policy implications of the negative relatiornsbetween bonding social capital and crop diversity
The results suggests that policies that seek tom@® sustainable utilization should be wary of only

working to promote greater grassroots organizatinoe it may not support crop diversity.
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Chapter 7

Discussion and conclusions

7.1 Introduction

Enormous are the challenges smallholder farmers facachieve food security or improve their
wellbeing. Production choices, given farmers’ endmnts, constraints and agro-ecological conditions,
play a crucial role in achieving these goals. Ingival environments, characterized by difficult @gr
ecological and production conditions, difficultiaee related to managing production shocks and the
risk of crop failure, exacerbated by frequent didagand obstacles in accessing input and output
markets. In more commercialized contexts the diffies are more the ability to reach the market by
meeting required standards and to sell at a seffigirice to guarantee positive returns.

Crop variety choice is an essential element inféhming system of smallholder farmers to be able
to harvest any produce in harsh conditions andetalide to integrate with a dynamic market in more
commercialized contexts. Nonetheless, crop or parehoices, while offering potential positive
benefits to farmers, might also lead to genetisieroor to increasing the spread of pests or deseids
uniform mono-cropping patters are the result. Mweegp the potential health and environmental
impacts that the race to achieving market standargkt imply, for example through an increased use
of pesticides, is also at stake. These are the thaimes analyzed in this thesis by using a vaoéty
data, instruments, methods and approaches, amangj wipact evaluation plays a chief role.

The second chapter gives an overview of all thésments focusing in particular on the role of
Plant Genetic Resources for Food and Agricultu@RPA) within the framework of the various
challenges agricultural production and natural weses are currently facing. The chapter draws en th
second State of the World of PGRFA (FAO, 2010) andhe numerous country reports that provide
the basis for its documentation. However, in praésgra rather broad and deep analysis, it also ases
number of different data sources and documentatiespite the serious data limitations encountered
in that only few, if any, datasets available diffietiate yields, impacts or outcomes between modern
varieties (MV) versus landraces (LR) or betweerfediint seed sources. The chapter takes an

innovative approach in considering PGRFA not astiwis” of agricultural modernization, but rather
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by emphasizing the ways in which PGRFA have beencantinue to be important tools for achieving
broader social goals.

Chapters 3 addresses the impacts and outcomeglkétnparticipation on yields and gross margins
as well as on the use of pesticides and agro-teosity for potato in the country of Ecuador, where
agricultural development and market integration essential elements to improve smallholders’
wellbeing. The modalities and the extent to whialnfers’ technology has modified in the same
context, as embodied in the production function,aralyzed in chapter 4.

Chapter 5 analyses variety adoption choices madeatwage difficult production conditions and
frequent production shocks that characterise tlea af Eastern Hararghe in Ethiopia. The role of
social networks and seed system functioning withis framework is taken into account in chapter 6.

The remainder of this chapter is organized asvidldSection 7.2 gives an overview of approaches
used and data sources. Section 7.3 provides answeesearch questions addressed in chapter 1.
Section 7.4 draws general conclusions and policgligations, indicating also scope for further

research.

7.2 Approach and data

After analyzing in detail the role and contributioh PGRFA to food security and sustainable
agricultural development in chapter two, this thesicuses on applying rigorous impact evaluation
methodologies as well as in adapting the standanddhold model to specific research questions and
requirements. For the latter, it integrates thestyafirst criterion and the role of social capitaid
networks in seed access and production choices.

The second chapter draws mainly on reports frormirms world-wide on the state, gaps and
needs of PGRFA as well as on a humber of otheloacoh more general datasets and documentation.
For all the other chapters, primary as well as séary data sources have been used. More in
particular, for the country of Ecuador primary datare collected through specifically designed
household level and community level survey instmis@vhich were based on results and information
gathered through key informant interviews, stakeééolconsultation, value chain analysis and
farmers’ focus group discussions. The data werkeated in August 2007 and contained specific
guestions on socio-demographic and economic inalisats well as on agricultural production, with
particular emphasis on potato production, and ometyaadoption and use of pesticides. Specific
attention has been devoted to select the sampie atso secondary data, in order to make sureathat
sound impact evaluation could be conducted, inroftds that treatment and control households
would be reasonably comparable.

With regard to Ethiopia, primary data sources wagkected in two rounds after planting of the
Meher cropping season in August 2002 and afterdsaref the same season in January 2003. The

survey instruments were designed on the basisterature review and key informants interview
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whereas farmers’ focus groups and agro-morpholbgioalysis have been conducted ex-post to
validate findings and, above all, to validate sorghand wheat variety names based on traits and othe

agro-morphological characteristics.

7.3 Answers to the research questions

This section presents in brief the answers togkearch questions addressed in Chapter 1.

1. What is the role of CGR and particularly of Planterigtic Resources for Food and
Agriculture (PGRFA) in achieving food security asltbviate poverty within the context of some
of the emerging and difficult challenges now facaggiculture? And what is the role of markets
and seed system within this context?

Chapter 2 looks at the role of PGRFA in the conteixtsome of the emerging and difficult
challenges now facing agriculture, providing a eswviof the current status of PGRFA in relation to
sustainable agricultural development and food scuPrawing on literature review, on the second
report on the State of the World’'s of PGRFA (FAD®1Q) as well as on a number of data sets and
other external sources of documentation, the chagatifies some key challenges and gaps needed
to be addressed in order to achieve the objectiieanl security within a sustainable development
framework.

The analysis reveals that despite the enormousadsdn agriculture over the last few decades, a
substantial increase, ranging in the order of 7@@AA4, in agricultural production is required to meet
food demand and eradicate poverty. Whereas mottieofieeded increase will have to come from
enhancing crop yields and sustainable intensificata significant share of the increase, will dlage
to come from more marginal environments, home tonynaf the world’'s poorest people.
Consequently, while high-yielding varieties andoasated practices will remain an important strategy
for meeting future food needs, a pipeline of newietees for marginal areas or for adaptation to
changing conditions will also be needed. Agricudtuesearch and plant breeding for “less favoured”
agro-ecosystems is increasingly recognizing theuitatsility of intensive mono-cropping for such
areas and the importance of conserving naturauress by diminishing the use of external inputs
(Hazell, 2008). Not only new varieties will playn@jor role in these systems, were poverty is as hig
if not higher than in high potential areas, but tyges of technologies used must be different than
those applied in high potential and high input syst (Hazell, 2008).

A key aspect to achieving food security and povergdication, which need to be strengthened, is
represented by market functioning and ensuringreeirns to agricultural producers. The need to
stimulate programs and polices that address thdemmue chain from input to output markets
removing barriers and obstacles small farmers fm@&vident from the analysis conducted as well as

from a number of empirical findings reported. Farthore, it emerges clearly, from the review
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conducted, the need for greater harmonization letviee formal and informal seed sectors, as well
as between public and private institutions conagnwéh conservation, crop improvement and seed
systems.

Within this framework, it is, however, important avoid or mitigate the negative environmental
impacts often accompanying development processesiding genetic vulnerability and an increasing
use of pesticides. These concerns are exacerbgtedebprojected and actual impacts of climate
change on production and productivity, which inntwalls for the need of breeding for adaptation
purposes. Given the varied production conditioreratterizing most of the more marginal production
environments, and the increase in climatic shockkvariability due to climate change, it is critiga
important that farmers and plant breeders haveyraackss to a wide range of genetic diversity.

Agricultural diversification strategies at varietyrpp or activity level, as well as niche markets o
specific movements to support diversity can helpintain a good genetic pool of PGRFA.
Nevertheless, efforts need to be strengtheneddarerthe availability of a wider diversity of vaies
for a larger range of crops, across more envirognand at a readily affordable price. Last but not
least, the analysis conducted shows that thererieed for more accurate and reliable measures,
standards, indicators and baseline data for sadigity and food security that will enable a better
monitoring and assessment of the progress madege tareas, a rather evident limit encountered in

conducting the analysis and review presented icllapter.

2. a) Does market integration, through participating the Plataformas in Ecuador, increase
farmers’ welfare as measured by potato yields armkg margins? b) What are the primary
mechanisms through which the program has improvetave? c) Has participation led to
health or environmental degradation with respectagyochemicals utilization and changes in
varietal use?

Rigorous impact evaluation is conducted and preseint chapter 3 to empirically asses whether
market integration, achieved by participating i tmulti-stakeholder Plataformas program in the
Ecuadorian Sierra, has been successful in incrgagialds and profits of potato producing
smallholders while protecting farmers’ health ahd environment. In addition, the mechanisms in
place to reach these objectives have also beepsauil

As the assessment study was set up ex post (afdgecp implementation), non-experimental
methods had to be used in order to identify implacaddition, a series of measures had to be taken
collect the data in such a way that it was posdiblaeate a reasonable counterfactual: a contooipy
similar to the intervention (treatment) group ihvehys except that it did not receive the interi@mt

To this purpose, first participating communitiegétment communities) were identified and listed.
Second, treatment and a set of potential controhneconities were identified on the basis of
geographic, agro-ecological and socio-demographaracteristics. Further, by applying propensity

score matching (PSM) as described in the chaptetra communities that were most comparable to
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treatment communities were identified, so allowfoga compilation of a final community list after
detailed consideration and fine tuning with key alo@rganizations and informants. The final
community list comprises 35 communities in whichtoal of 1007 households were randomly
selected. Participants as well as non-participaotseholds within treated communities, in additmn
non beneficiaries in control communities were delédn order to explore alternative counterfactual
groupings to determine the role of spillover eféect

With the data available, four different economeitriethods namely: ordinary least squares (OLS),
propensity score matching (PSM), propensity scoeghted least squares (WLS) and instrumental
variable (IV) regression, were employed to ensesallts were not driven by a specific methodology
and to guarantee a sound level of confidence iintipact estimates.

Findings show that results are consistent whergusgaproaches based on selection on observables
(PSM and WLS) as well as when using an approachdisals with unobservables (IV). Moreover,
spillover effects show to be minimal, whereas tta@msource of potential bias is related to program
selection of beneficiaries which is mainly basedoaial capital criteria which can be controlled.

Results demonstrate that the Plataformas prograoessfully improved the welfare of beneficiary
farmers and that the benefits were limited to fasat directly participated. There appear toittie,|
if any, spillover effects on non-participants. Maneparticular, yields and gross margins resulbéo
positive and significant for beneficiaries withiesited differences very similar across specificatio
The mechanisms by which the Plataformas obtainetipesitive effects are through selling higher
percentages and amounts of potato harvest tharbereficiaries, in addition to selling at a 30%
higher price. Even though participant farmers ineigher input costs, particularly for seeds bubals
for hired labour and fertilizers, benefits are midint to outweigh the added costs.

Environmental and health effects show somewhat dnnesults. Participants seem to use slightly
more insecticides and chemical fertilizers, but tmafsthe other indicators related to agrochemical
utilization are not significantly different acrogsoups. Moreover, products utilized are likely t® b
less toxic given the Total Environmental Impact (TES not significantly different from non-
beneficiaries and in general has a negative signe impacts of the Farmer Field School (FFS)
teaching within the Plataforma program have cleady an impact on the utilization of traps for
Andean weevil and in knowledge diffusion since gn#icantly higher percentage of participant
farmers apply traps and is able to recognize theitg of agrochemicals therefore tending to use
more protective gears. On the other hand, con@drast negative impacts on agricultural biodiversity
of the Platforms have proven to be unfounded siresilts suggest that participants and non-
beneficiaries maintain the same level of diversithile most of the cultivated varieties are modern,
results and literature (Wismantel, 1988) suggest genetic erosion, if any, happened in the past du
to a combination of natural causes (El Nifio), agdustrialization and farmers’ preferences in
response to changing market opportunities.

The analysis conducted has been extended to régienaell as farm size analysis. The regional
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analysis shows that farmers in Chimborazo, whiehagr average poorer than farmers in Tungurahua,
have achieved higher and better results througticfating in the Plataformas. Farm-size analysis
shows that benefits are mainly achieved by mediarmérs while large farmers are able to obtain
benefits mainly thanks to economies of scale. Kinamallholders need to intensify technology and

reduce direct as well as transaction costs to leetatachieve higher returns.

3. a) To what extent participating in the Plataform@®gram has had an impact on yield through
modifying the production technology? b) To whateekiparticipation in the Plataforma has
influenced the use of yield enhancing inputs vetdsusage abating inputs?

Programs designed to improve returns to agriculbamaprise a series of different interventions
which are likely to influence crop production natlythrough changes in input types and quantities
utilized but also through the production technolo@hapter 4 assesses these kinds of effects by
incorporating technology changes in evaluatingRlaaforma program intervention in the Ecuadorian
Sierra.

ThePlataformas de Concertaciémhich are alliances between small-scale farmersaarathge of
agricultural support service providétssupply participants with new technologies anchhigiality
seeds in addition to promoting farmer organizatitret help facilitate access to high-value potato
markets. It operates through the entire potato Igupipain directly linking smallholder farmers to
restaurants, supermarkets and processors and pividem with training through Farmer Field
Schools (FFS) focused on meeting the demands bfJatue markets and generally assisting with
potato production. The FFS include an Integratest Fanagement (IPM) component designed to use
a variety of complementary pest control strategpaeduce the use of pesticides while managing pest
populations at an acceptable level.

Given the different facets of the Plataforma inggmion, the production technology may be altered
in different respects. In particular, there areséhchannels in which the Plataformas could have
influenced agricultural productivity. First, paipation in the Plataformas could have a directaffe
on overall yields by providing training to farmemsgarding soil management, crop rotation, etc.
Second, participation in the Plataformas could havituenced production practices and vyield
enhancing input utilization, for example througladieing practices such as seedling or fertilizer
application. Finally, the Plataformas could haveeffect on reducing yield losses through changes in
damaging input use. Indeed, certain productiontsipsuch as pesticides, have the main purpose of
controlling the potential nature-induced damagestiBides, as well as other damage control agents,
are not directly productivity enhancing and, intfat overused they might even reduce productivity

(Mauceri et al., 2005). Their productivity shoulathrer be defined in terms of their contribution to

% These include the National Institute of AgricuitliResearch (INIAP), the International Potato Ceti@P), various
NGOs, researchers, universities and local govertsndihe alliances are also supported by internatidanors, such as the
Swiss Agency for Development and Cooperation (SDC).
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decrease or abate the potential damage or potgigidllosses due to pests or diseases. In thigogs
realized output should be considered as a combimaif potential output and loss from damage
(Lichtenberg and Zilberman, 1986).

To assess in which way and to what extent the mtamlu technology has been altered through
participation in the Plataforma program, a struatunodel which moves beyond the standard impact
evaluation has been used. More in particular, aag@mabatement framework where the overall
production function is defined by a combination gthndard production function and damage
abatement function has been applied. In additi@gries of interaction terms to determine the ihpac
of participation on the production technology h&een included. Further, to avoid biased estimation,
weights, created by using the inverse predictedbgbitity of membership, are included within the
regression thus controlling for differences in alable characteristics of the treatment and conimol
addition to social capital proxies to control foosgible unobservable characteristics related to
participation. To ensure identification of programpact, the data set was carefully constructed in
order to have a reasonable counterfactual for cangéreated and control farmers.

The findings provide unambiguous evidence thattlagaformas program enhances yields through
increased input use as well as through a genefairskechnology. Increases in input use are kel
be a response to higher returns to potato producgsulting from the link to higher-value markets
and high potato prices. Likewise, the technologgtatft is likely to have been induced by the use of
more effective farming techniques that are leatheough FFS, while pesticides used do not seem to
have a significant effect on production with the demte exception of preventive fungicides for

Plataforma participants.

4. a) Are more risk adverse farmers with climaticaBnsitive production systems more/less likely
to adopt modern varieties? b) Does modern varielypsion reduce/increase the probability of
being affected by crop failure?

Adoption rates of modern varieties (MV) of sorghane rather low in Eastern Ethiopia, the area
where the case study presented in chapter 5 hascbeducted. While MV may represent an effective
means of coping with droughts, given their earlyturiag traits, landraces may prove to be better
adapted to marginal production conditions and beendmought-tolerant. Whether MV adoption is a
risk reducing technology is, thus, very much cottipendent and needs to be empirically
determined.

Data from a shock year, in a context of low protlityt agricultural system, subject to frequent
climatic shocks, where most of the population i®rpdout local genetic diversity for the crop is
abundant, provides a good opportunity to exploeertie of genetic resource utilization in managing
downside risk exposure, the probability of crojpufia.

In this framework, MV adoption is considered a tealbgy choice made within the standard

household model, where farmers who are both produaed consumers of agricultural goods,
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maximize their expected utility from a bundle ofneamption goods given their production and
income constraints (Singh et al., 1986). In a cdnté high food insecurity and frequent production
shocks, households make their technology choicesmmzing the probability of complete crop
failures (e.g. Moscardi and de Janvry, 1977). MY¥&s thus adopted if marginal benefits from their
utilization exceed marginal adoption costs. To ssd$®th the probability of MV adoption as well as
the probability of being affected by crop failurend in turn how MV adoption influence the
probability of crop failure, a maximum likelihoodvhriate probit model has been estimated and
presented in chapter 5.

The analysis conducted shows that exposure to eealiocks plays a major role in the choice of
variety adoption in the context studied, togeth&hwaccess to markets and social networks. Farmers
who face moderate production stresses and climisfichave a higher tendency of adopting MVs,
while those who have been most vulnerable to exdramather events, leading to past crop failures,
prefer to stick to landraces.

This result is likely to be mainly due to the typesorghum MVs currently available in the area
which are not effective means of coping with thtasaophic risk that drought represents in the area
studied. Nevertheless, since MVs of sorghum iratiea were bred with the purpose of drought escape
rather than drought tolerance, if there is not ghamoisture over the short period they are grovery th
are more susceptible to failure. While this is mideely to occur in a year of extreme drought like
one analyzed, different results could be experi@émeenilder drought years.

With regard to potential risk of genetic erosiokely to occur when adopting MV, findings
indicate that given the production and marketingdititons which characterize the area, the adoption
of improved sorghum varieties increases rather tedaces on farm diversity, although MV adopters
plant the majority of their sorghum production ai@Vs.

Finally, results show that adoption of modern \#geis likely to increase the risk of crop failure
Therefore, while MV adopters might be trading tlmeeptial of achieving higher yields for the greater
security that LRs can provide, this seem to beskyristrategy given the potential harsh weather
conditions in the area and given the limited capyaai the farmers to access other coping strategies
Considering the major role of sorghum as a keylstapp in the area to achieve food security, it
would thus be advisable to focus further breedifigrts on drought tolerance traits rather than on

drought escape traits such as short maturing.

5. a) How does agricultural household decision-makéfigipe on-farm diversity? b) What is the
role of social capital in determining on-farm lew#Versity of crops?
The way in which seed supply limitations influemcep diversity and the role that social networks
play in overcoming these limitations is examinectivapter 6 by using a standard household model
adapted to directly account for the role of so@apital. More in particular, within the standard

household model where the household is both a peycand a consumer of agricultural goods, output
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Is considered a function of the resources allocéedrop production, particularly land and labour.
This approach allows to examine the trade-offs betwusing household resources, particularly labour,
for crop production or for other activities thatlmde non-agricultural activities and investment in
social capital. To incorporate social capital itihe model, the benefits of the social capital tes
represented by their provision of crops (or seereover, the influence of social capital is
examined in its form of linking as well as bondsugial capital’.

A poisson and two tobit regressions where run wharersity, the dependent variable, is measured
by indicators adapted from the ecological literatand which include the count as well as the left
censored Shannon and Berger-Parker indexes. Bedhassample was selected around a seed
intervention project run by the Hararghe Cathokicigtariat (HCS) a number of steps were taken to
avoid potential program placement bias. First, eaghnession run includes a number of observable
factors that, other than influencing diversity, mafluence participation. Second, an instrumental
variable approach was used to instrument HCS. Thifgropensity score matching (PSM) procedure
was also applied. The range of methods employearessn accurate assessment of impacts and give
robustness to results obtained.

Findings show that access to seeds and informat®strong determinants of household’s capacity
to diversify crop production, whereas social cdgits a critical role in facilitating access. Howeyv
whether social capital is of bonding or linking ¢yfhe role it plays can be radically different. \&hi
households with links to external organizations ehdwetter access to information and seeds,
households with strong inter-community social lirde® less likely to be diversified across crops.
Nevertheless, the tradeoffs existing between igind inter specific diversity in constructing the
production portfolio might also play a role in danning diversity. Whereas links within local
communities are more likely to lead to diversifioatwithin crops, the demand for diversification
between crops may be lessened. Furthermore, thiégseces might also be linked to the different
characteristics of the households associated veithh éype of social capital. The degree of farmers’
access to linking social capital is indeed likadybe limited and hindered by factors such as wealth
and education, while the opposite holds true fordimg social capital which is widely accessible and

built on principles of mutual aid and generosity.

7.4 General conclusions, policy implications and spe for future research

This thesis can be generally subdivided into thpeets. After examining the importance of

agriculture and of PGRFA to feed a growing worldoplation within a sustainable development

%7 Linking social capital involves intercommunity ks consisting of vertical ties between distinctiaband economic
classes such as between poorer households andwithsafluence in formal organizations. Bonding sbcapital consists
of strong horizontal ties connecting family membemighbours or business associates at an intraromity level usually
characterized by very similar economic and soaakiground (World Bank, 2000).
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framework, it uses impact analysis to assess ttenpal positive benefits of market participatiamda
of seed system functioning on smallholder farmersaddition to understanding the motivation of
their farming, production and crop variety choices.

Sound impact evaluation, grounded on scientifica@@ghes, is a powerful instrument to determine
effects of programs or projects on a number of @uts and for showing the way forward on
achieving sustainable economic development. Whilgaict evaluations have become widespread in
the last decade and the methods of impact evatuatidely known, they are not yet very common in
agricultural and rural development projects, patéidy when environmental effects are also at stake
Carefully evaluating agricultural and rural devetanmt projects, particularly in developing countries
using rigorous scientific methods would help fostesearch and, more importantly, would help to
assess their actual effects and impacts on foadgrige@s well as on other relevant socio-economic
and natural resources indicators crucial for degielp and applying project strategies and programs t
support sustainable agriculture development.

Nevertheless, one interesting and important quedti@t often arises from results of impact
evaluation of the type conducted and reportedimttiesis for the country of Ecuador, is whether th
programs that bring positive impacts are self-snatde when the interventions end and whether they
are cost-effective. In the specific example rembftere, whether there is sufficient value addetthéen
new market opportunities to cover the costs of Rtetaformas and still provide farmers with a
sufficient income increment to justify program peiation is one interesting question, also raisgd
Thiele et al. (2009). Although tHelataformasprogram received substantial subsidies througheptoj
funding which is considered to be a reasonablestnvent given the sizeable level of benefits obthine
in the long run and for scaling up the programeofianding mechanisms would need to be explored
to achieve the financial sustainability for thetBfarmas. Unfortunately the lack of data did nddwal
for the moment, to assess the costs and determminsustainability of the Plataformas. Therefore, a
new round of data collection to evaluate the curresults the program is providing, given a certain
withdraw of external support, would be advisabld ahgreat interest.

In impact evaluation the challenge is to determimmat would have happened in the absence of a
program. While program participants are observediving the “treatment”, they are not observed in
the absence of the program (Ravallion, 2005). Gthénis the case, it is necessary to identifyaupr
that did not receive the program, but that couldaaa reasonable counterfactual in the senséhidnat
have a similar range of characteristics as progparticipants, but that did not participate. Ideally
through randomly assigning eligible individualsatdreatment group, who receive the program, and a
control group, that does not, a reasonable cowatierdl can be established. Unfortunately in thé rea
world this is a procedure very much rejected anglyaused, even though, if used by applying
rigorous ethical approaches in randomizing the $ampwould dramatically add value to research
conducted in this field and to information for mylimakers working on development programs.

One interesting added value of the analysis coeduahd presented in this thesis has been the
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recognition that the agricultural program evaluategjht have induced changes in production
technology which have been taken into account withstructural model. Failing to incorporate this
into the analysis could instead potentially undimeste the impact of a project.

The thesis presented has also brought some intgyessights into understanding the motivations
and constraints of farmers in adopting improvedylsom varieties designed to reduce a major source
of production risk. Motivations which are essentralhelping the design of effective strategies for
intensifying agricultural production and in moviagead with agricultural development strategies and
with breeding for more specific needs identifiecevidrtheless, a number of limitations have to be
pinpointed in the analysis presented. Firstly, daga available is only cross-section and related to
year of extreme drought. While the particular adeemeather situation allows drawing some
interesting conclusions, another round of dataectibn would significantly add value to the
implications of our findings. Moreover, serious iliations encountered in tracing crop variety hames
with their genetic and agro-morphological traite®wd also be overcome through more ad hoc agro-
morphological analysis and characterization.

The findings strengthen, if possible, the important effective risk production coping strategies
which have assumed even greater importance in ahéext of climate change and the predicted
increase in extreme weather events. In this contextroving germplasm to produce varieties more
adaptable to climatic changes and extreme weathent® is a crucial means of achieving food
security.

Throughout the thesis and by the different tooppraaches and analysis used it always emerges
clearly the core role played by social capitalnfiuencing market or program participation as vesl|
in information and seed flows. While, social calpitaght be a difficult element to measure and take
into account in developing programs and projectjcp-makers interested in promoting rural
development, market integration or the sustainaltiézation of crop genetic resources need to
consider its role in the effectiveness of measuamd initiatives taken. Efforts aimed at improving
farmers’ ability to accumulate social capital adlvas at collecting necessary data to more precisel
understand and pinpoint its role, represent an itapb strategy to achieve sustainable development
and food security.

Needless to highlight again the importance of fatihg access to output and input markets for
small-farmers, as well as the importance of redgciformal and informal seed system and of
strengthening the links between public and priviatitutions concerned with conservation, crop
improvement and seed systems. However, it is impbrto stress once more the need for more
accurate and reliable measures, standards, indicatad baseline data for sustainability and food

security that will enable a better monitoring asdessment of the progress made in these areas.
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Summary

Food insecurity and environmental degradation aeentost urgent challenges at the forefront of
international concerns. Threats posed by a growimgulation, more frequent and adverse climatic
shocks and increasingly pressing energy needgocah improved management of natural resources.

Agriculture contributes to food security and hunmvagll-being directly through food production
and indirectly by providing income to agricultupaoducers. Depending on how it is managed it can
be a source of environmental degradation or an itapbprovider of environmental services.

This thesis examines how small scale farmers aehthe objectives of food security and of
improving their welfare through crop production s, farming technology and market access. The
impacts of farming techniques on the use of pa&and on agro-biodiversity are also assessed. The
analysis is conducted in a marginal but marketnbei@ versus a marginal and harsh production
context, after addressing how Plant Genetic Ressuiar Food and Agriculture (PGRFA) could be
used as key tools for achieving food security arslasnable agricultural development.

Chapter 2 discusses the role and contribution oRIP& to food security and sustainable
agricultural development. The chapter does notP$8BFA as victims of agricultural modernization
but rather it looks at the role of PGRFA in the teot of some of the emerging and difficult
challenges now facing agriculture and emphasizesvilys in which PGRFA have been and continue
to be important tools for achieving broader sogi@hls. The chapter provides a review of the current
status of PGRFA which is instrumental to identibyre of the key gaps and needs for further research,
which conclude the chapter.

The analysis reveal that despite the enormous adgan agriculture over the last few decades, a
substantial increase, ranging in the order of 7@@AA4, in agricultural production is required to meet
food demands and to eradicate poverty. Whereas ofidse needed increase will have to come from
enhancing crop yields and sustainable intensificata significant share of the increase, will dlage
to come from more marginal environments, home tonynaf the world’'s poorest people.
Consequently, while high-yielding varieties andoasated practices will remain an important strategy
for meeting future food needs, a pipeline of newietees for marginal areas or for adaptation to
changing conditions will also be needed. To be #&blereed this pipeline of varieties it is critigal
important that farmers and plant breeders havesadcea wide range of genetic diversity which need

to be maintained and strengthened. The chaptesseBelso the importance of greater harmonization
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between formal and informal seed sector as wethasmportance of strengthening both input and
output market functioning in order to ensure sigfit net returns to agricultural producers, key for
poverty alleviation.

Chapter 3 examines the challenges and the bermdfiigking smallholders to high-value food
markets through multifaceted intervention suchhesRlataformas program in the Ecuadorian Sierra.
The chapter presents a rigorous impact evaluatmmducted to assess whether the Plataformas
program has been successful in increasing yieldspaofits of potato producing smallholders while
protecting farmers’ health and the environment. Thechanisms by which these objectives are
achieved have also been analysed.

In addition to careful sample selection, multiplealeation methods are employed to ensure
identification of program impacts. These includelioary least squares (OLS), propensity score
matching (PSM), propensity score weighted leastaseps (WLS) and instrumental variable (IV)
regression. Findings show that results are comgisthen using approaches based on selection of
observables (PSM and WLS) as well as when usingpmnoach that deals with unobservables (1V)
and suggest that the program successfully improfvedvelfare of beneficiary farmers, as measured
by yields and gross margins. These benefits aréewth through improving the efficiency of
agricultural production and through selling at taglprices. No significant health or environmental
effects were found. Overall, the program providearcevidence that combining improved agricultural
service provision with facilitating market acceas e successful.

Chapter 4 moves a step further from the analysgsegnted in the previous chapter by evaluating
the Plataformas program’s impacts within a productiramework. The chapter starts from
recognizing that programs composed by a seriedffefeht interventions are likely to influence crop
production not only through changes in input andpou indicators but through the production
technology. With this in mind, the chapter examities impact of the Plataforma program on the
production technology by distinguishing the differetypes of inputs and of factors that might
influence productivity. In particular common yiedthhancing inputs are distinct from damage abating
inputs such as pesticides and level of agro-bigdityeused. The analysis is conducted by applying a
damage abatement framework in which pesticides agrd-biodiversity are seen in their damage
abating rather than output enhancing role. A weidhtegression, where weights are constructed
through Propensity Score Matching, is employed stingating the production function to ensure
proper program identification. The function incorpies a series of interaction terms to assess the
impact of the program on the production technology.

The findings provide unambiguous evidence thatrtlagaformas program enhances yields through
increased input use as well as through a genefairskechnology. Increases in input use are kel
be a response to higher returns to potato producgsulting from the link to higher-value markets
and high potato prices. Likewise, the technologgtatft is likely to have been induced by the use of

more effective farming techniques that are leartmedugh Farmers Field Schools (FFS). Although,
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evidence indicates that participant farmers tenas@more preventative fungicides and pesticidhes, t
toxicity of products used is evidently lower givérat the Total Environmental Impact Quotient is
about the same for the two groups. Pesticides dgediot seem to have a significant effect on
production with the only exception of preventatiftengicides for Plataforma participants which
suggest room from improvement.

By using primary data collected in the eastern Hgma of Ethiopia in a year of extreme drought,
chapter 5 analyses whether more risk adverse farmigh climatically sensitive production systems
are more or less likely to adopt modern varietig®/Y and the effect of MV adoption on the
probability of crop failure. MV adoption is consige a technology adoption decision, which is
particularly important in situations of high foodsecurity, where the probability of complete crop
failure is rather likely and where risk adversenfars have limited capacity for ex-post consumption
smoothing. In this context, small-scale farmerseaigected to choose their production technology to
minimize the probability of complete crop failure.

A maximum likelihood bivariate probit model is igi&d to analyse the probability of adoption of
MV and the probability of experiencing crop faildoe MV adopters.

Findings suggest that what drives farmers’ decsimnadopt MVs are mainly risk related factors
coupled with access to markets and social capitalever, while farmers tend to use MVs to mitigate
moderate risks, those most affected by extremeheea&vents are less likely to use MVs suggesting
that MV adoption does not necessarily represemfi@etive means of coping with drought. Moreover
results show that MV growers are more likely todffected by sorghum failure once controlling for
exogenous production factors. Although, these figsliare based on a year of extreme drought, they
suggest that focusing further breeding researchdroaght tolerance traits would be beneficial for a
crop like sorghum crucial for food security.

Chapter 6 explores the effects of seed supplyaimom and the role of social capital in determining
crop diversity in the area of eastern Hararghe titidpia. The analysis is set up around an impact
evaluation study and steps to avoid program planeiias are undertaken.

In a difficult production context in which informaseed exchanges play a crucial role
interchangeably with formal seed flows, social t@piepresents an important feature of the overall
seed flows. Different forms of social capital asgpdthesized to influence access to seeds and have
differential impacts on the farm level choice obgrand variety to plant, and thus on-farm crop
diversity. Calculating on-farm crop diversity thghumeasures adapted from the ecological literature,
factors determining the level of diversity cultigdtare assessed by poisson and tobit regressions
applied within the agricultural households model.

The results indicate that linking social capitaleslanot lead to a decline in crop diversity but
actually increases it, suggesting that interveistiop formal organizations do not necessarily lead t
reduction in inter-specific diversity. However, thesults also suggest that households with strong

social links within a community (bonding social taf) are less likely to be diversified. Furthermpr

151



these differences might also be linked to the dbffié characteristics of the households associatid w
each type of social capital. The degree of farmaesess to linking social capital is indeed likiyoe
limited and hindered by factors such as wealth addcation, while the opposite holds true for
bonding social capital which is widely accessibid &uilt on principles of mutual aid and generasity
Overall, the thesis shows, using a variety of mesh@ources and approaches, the importance of
crop variety grown in achieving food security andreasing well-being through market access and
through being able to adapt to frequent productioocks and difficult harsh conditions. Markets and
seed sources are crucial elements in determinirgl soale farmers’ agricultural production and
returns. Throughout the thesis emerges the neadarfe pool of crop varieties that could servénbot
to adapt to changing production and climatic caodg as well as to changing nutritional and human
needs. The analysis presented demonstrates alsoptbgrams and policies aimed at linking
smallholders to the markets are likely to be susfogsif implemented throughout the whole
production-distribution-retail chain. To guaranteccessfulness of such programs and policies but
also to facilitate access to seeds, information\argeties it is clear the crucial role played logial
capital and networks in influencing program papiation as well as in determining access to seeds
and varieties. While, social capital might be difft to measure and take into account in developing
programs and projects, policy-makers interestquramoting rural development, market integration or
the sustainable utilization of crop genetic resesrneed to consider its role in the effectivendss o
measures and initiatives taken. Last but not Ig#astimportant to highlight that, among the vasou
methods employed, a chief role is played by imeaeiuation whose rigorous application can greatly
influence the way forward on achieving sustainagtenomic development by suggesting effective

and ineffective aspects of programs, policies atetventions.
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Samenvatting

Onzekerheid in voedselvoorziening en kwaliteitsviadaring van de leefomgeving zijn de meest
dringende internationale problemen. De bedreiginganeen groeiende bevolking, meer frequente en
nadelige weersomstandigheden door klimaatverarglerinde steeds groeiende behoefte aan energie,
vragen om een beter beheer van onze natuurlijigbhahnen.

De landbouw draagt bij aan de voedselvoorzieningeatrwelzijn van de mensheid op een directe
manier door voedselproductie en op een indirecteienaloor inkomen te genereren voor agrarische
producenten. Afhankelijk van het beheer kan de Hand/ de kwaliteit van de leefomgeving
verminderen of kan het een belangrijke bron zijn #eosysteemdiensten.

Dit proefschrift onderzoekt hoe kleinschalige boeirehun eigen voedsel kunnen voorzien en hun
welvaart kunnen verbeteren door middel van gewassuandbouwtechnieken en toegang tot de
markt. Verder wordt de invloed van landbouwtecharekop het gebruik van pesticiden en
agrobiodiversiteit onderzocht. De analyse wordjewberd waarin een context waar men georiénteerd
is op de markt vergeleken wordt met een contextriwade agrarische productie moeilijk en de
opbrengst marginaal is. Verder wordt gekeken hoeftggche diversiteit in planten voor voedsel en
landbouw (“Plant Genetic Resources for Food andcAjure” (PGRFA)) gebruikt kan worden als
belangrijkste middel om de voedselvoorziening geile stellen en de landbouw duurzaam te
ontwikkelen.

Hoofdstuk 2 behandelt de rol en bijdrage van PGRIgA de voedselvoorziening en duurzame
ontwikkeling in de landbouw. Dit hoofdstuk beziee PGRFA niet als slachtoffer van de
modernisering in de landbouw maar bekijkt de mgigeliol van PGRFA in een aantal opkomende
lastige problemen in de landbouw en het benadratkPGRFA altijd een belangrijk instrument was en
blijft om bredere maatschappelijke doelen te reatis. Het hoofdstuk geeft een overzicht van de
huidige status van PGRFA, teneinde de belangrijlegtmtes in onze kennis te vinden. Het hoofdstuk
eindigt dan ook met een aantal aanbevelingen vexatev onderzoek.

De analyse toont aan dat, ondanks de enorme vgangtin de landbouw van de afgelopen
decennia, een substanti€éle verhoging van de langiroductie in de orde van 70%-100%,
noodzakelijk is om aan de groeiende vraag naarsadeé voldoen en om armoede uit te roeien.
Hoewel het grootste deel van de verhoging zal nmoledenen uit het verbeteren van gewasoogsten en

duurzame intensivering, zal ook een belangrijk desl de verbetering moeten komen van de meer
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marginale gronden, waar de allerarmsten wonen. ldbeariéteiten met een hoge opbrengst en
bijbehorende technieken dus een belangrijke simtegor de toekomstige voedselbehoefte zullen
blijven, is daarnaast een lijn van nieuwe variéteihodig die gebruikt kunnen worden op marginale
gronden en die aangepast zijn aan wisselende odigteaen. Om zo'n lijn te kunnen kweken is het
van cruciaal belang dat boeren en plantenveredetiabeschikking hebben over een grote genetische
diversiteit aan plantmateriaal. De genetische ditet dient daarom behouden en versterkt te worden
Het hoofdstuk benadrukt ook het belang van hetafisten van de formele en de informele zaadsector
en verder het belang van het versterken van detwerking op de markt voor grondstoffen en afzet
zodat agrarische producenten voldoende netto ogbirem hebben. Deze opbrengsten zijn namelijk
uiterst belangrijk voor het opheffen van armoede.

Hoofdstuk 3 onderzoekt de voordelen en uitdagirigighet koppelen van kleine producenten en
markten voor hoogwaardige producten door op meeréfenten maatregelen te nemen, zoals het
Plataformasprogramma doet in de hoogvlakte van Ecuador. ldefdstuk geeft een nauwkeurige
effect analyse, om te kijken of helataformasprogramma succes gehad heeft bij het verhogerlean
oogst en winst van kleinschalige aardappelprodeceatin de ene kant, en het beschermen van de
gezondheid van de boeren en het milieu aan de arideit. Daarnaast worden de mechanismen
waarmee deze doelstellingen bereikt worden geasdgs

Naast een zorgvuldige bemonsteringsprocedure, \wwarteerdere evaluatiemethoden gebruikt om
er zeker van te zijn dat alle effecten van het @ogna als zodanig geidentificeerd worden. Deze
methoden zijn onder andere @edinary Least SquarefOLS), propensity score matchin@PSM),
propensity score weighted least squaf@4.S) eninstrumental variable regressidiV). De effecten
zijn hetzelfde zowel voor methodes die alleen gé&bmaken van metingen (PSM en WLS) als voor
de methode die ook rekening houdt met niet gemeterabelen (IV), en ze suggereren dat het
programma met succes de welvaart van de deelnenteyeten heeft verbeterd, gemeten in termen
van oogst en bruto marges. Deze 'positieve uitkemstorden bereikt door het verbeteren van de
efficiéntie van de agrarische productie en doorvekoop tegen hogere prijzen. Er werden geen
significante gezondheids- of milieu-effecten gevemdHet programma toont dus aan dat, over het
algemeen genomen, de combinatie van het verbetexende agrarische dienstverlening met het
faciliteren van toegang tot de markt zeer succdsxolzijn.

Hoofdstuk 4 gaat nog een stap verder met de anedyséet vorige hoofdstuk door de effecten van
het Plataformas programma te analyseren in een productiekader. hdefdstuk begint met de
onderkenning dat bij een programma dat uit veralde maatregelen bestaat, de productie van
gewassen niet alleen beinvlioedt wordt door veramglen in de grondstof- en afzetindicatoren, maar
ook door het veranderen van productietechnieken.ddein gedachten, onderzoekt het hoofdstuk de
effecten van hePlataformasprogramma op de productietechnieken, door onderdcan te brengen
in de verschillende typen grondstoffen en factatende productiviteit zouden kunnen beinvioeden.

Om precies te zijn: grondstoffen voor het verbetex@an de oogstopbrengstverschillen van de
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middelen om schade te beperken, zoals pesticiddreeniveau van agrobiodiversiteit dat gebruikt
wordt. De analyse wordt uitgevoerd in een schadetdiepd kader, waarin pesticiden en
agrobiodiversiteit worden beschouwd in hun schagetkende rol, in plaats van de
opbrengstverhogende rol. Een gewogen schattingr waagewichten worden geconstrueerd met
behulp van dePropensity Score Matchingrocedure, wordt gebruikt om de productiefuncee t
schatten, om er zeker van te zijn dat de effectenhet programma precies geidentificeerd worden.
De functie bevat een aantal interactie termen om iadoed van het programma op
productietechnieken te onderzoeken.

De bevindingen tonen onweerlegbaar aan daPla¢aformasprogramma de oogst verbetert zowel
door het verhogen van de inzet van grondstoffedads het veranderen van productietechnieken. Het
gebruik van extra grondstoffen is waarschijnlijkneecactie op de hogere opbrengsten in de
aardappelproductie als resultaat van de koppelisgeh de markt voor hoogwaardige producten en de
hogere prijzen voor aardappelen. Op dezelfde maside verandering in technieken waarschijnlijk
veroorzaakt door het gebruik van effectievere lausiechnieken die geleerd worden bij de
veldscholen voor boeren. Hoewel de metingen aamgdae deelnemende boeren meer geneigd zijn
om preventieve fungiciden en pesticiden te gebryike de giftigheid van de gebruikte producten
duidelijk lager, gezien het feit dat de totale eulinvioed quotiént (Total Environmental Impact
Quotient) hetzelfde is voor de twee groepen. Dergkte bestrijdingsmiddelen lijken geen
significante invloed te hebben op de productie daRlataformasdeelnemers, behalve de preventieve
fungiciden. Er is dus ruimte voor verbetering.

Met primaire gegevens die verzameld zijn in oggtdliararghe in Ethiopié in een extreem droog
jaar, analyseert hoofdstuk 5 of risicomijdende boemet productiesystemen die gevoelig zijn voor
het klimaat, juist meer of minder geneigd zijn oradarne variéteiten (MV) te gaan gebruiken en het
effect van deze variéteiten op de kans op een kteslaogst. Het gaan gebruiken van MV wordt
beschouwd als een beslissing om een techniek everhen, die extra belangrijk is in situaties waari
onzekerheid bestaat over de voedselvoorzieningr dedans op misoogsten nogal waarschijnlijk is
en risicomijdende boeren slechts een beperkte itappaebben om hun consumptie ex-post te
spreiden. Men verwacht dat in zo’n context kleimeren de productietechnieken kiezen die de kans
op volledige misoogst minimaliseren.

Er wordt eemmaximum likelihood bivariate probihodel gebruikt om te kijken wat de kans is dat
MV gebruikt gaan worden en wat de kans op misoisgas boeren MV gebruiken.

De resultaten suggereren dat de beslissing varebagn MV te gaan gebruiken vooral gebaseerd
is op risico-gerelateerde factoren, samen met dgatng tot de markt en sociaal kapitaal. Hoewel
boeren geneigd zijn om MVs te gebruiken om matigiea’s weg te nemen, zijn zij die het meest
gevoelig zijn voor extreme weersomstandigheden emingeneigd om MVs te gebruiken. Dit
suggereert dat het gaan gebruiken van MV niet redagikerwijs een goede manier is om om te gaan

met droogte. Bovendien laten de resultaten zierziflaie MVs verbouwen een grotere kans hebben

155



op een sorghum misoogst, als gecorrigeerd wordr eowgene productiefactoren. Hoewel deze
bevindingen gebaseerd zijn op een jaar van extréroegte, tonen ze toch aan dat een verdere
verdieping in het veredelingsonderzoek naar eigérsintie goed zou zijn voor een gewas als
sorghum, dat zo cruciaal is voor de voedselvoomgen

Hoofdstuk 6 onderzoekt de effecten van de bepeekingan zaadvoorziening op, en de rol van
sociaal kapitaal in de diversiteit van gebruiktevgssen in oostelijk Hararghe in Ethiopié. De aralys
is opgezet rond een impact evaluatie en er wordgmpen ondernomen om te voorkomen dat er
program placement bigslaatsvindt. .

In een context van moeilijke productieomstandiginedeaar informele uitwisselingen van zaad
een cruciale rol spelen naast de formele zadenséstsociaal kapitaal een belangrijk element in de
algehele zaadstromen. Van verschillende vormen sgaiaal kapitaal wordt verondersteld dat ze
invloed hebben op de beschikking over zaad, enzdaeen onderscheidbare invioed hebben op
gewaskeuze en te planten variéteiten op boerdezigmi, en dus op de diversiteit aldaar. Deze
diversiteit wordt gemeten aan de hand van versctif maten uit de ecologische literatuur. De
factoren die de mate van de diversiteit in gewasgede boerderij bepalen worden onderzocht door
middel van poisson en tobit regressies, binnememel van een landbouw huishouden.

De resultaten geven aan dat het koppelen van $dagétaal de diversiteit in gewassen niet
vermindert, maar juist verhoogt, wat op zich weelggereert dat maatregelen van officiéle
organisaties niet noodzakelijkerwijs leiden tot @emmindering van diversiteit tussen soorten. Aan d
andere kant laten de resultaten ook zien dat hudds met sterke banden binnen een gemeenschap
juist minder geneigd zijn om te diversificeren. ¥er zouden deze resultaten ook gekoppeld kunnen
worden aan de verschillende eigenschappen van dbdudens die geassocieerd worden met de
verschillende vormen van sociaal kapitaal. De matetoegang tot koppelend sociaal kapitaal wordt
waarschijnlijk beperkt en gehinderd door factorealz rijkdom en opleiding, terwijl voor bindend
sociaal kapitaal juist het tegenovergestelde hehlges, omdat het makkelijk toegankelijk is, en
gebaseerd is op principes van wederzijdse hulpeéradigheid.

Dit proefschrift laat, met behulp van een versehitl aantal methoden, bronnen en benaderingen,
zien hoe belangrijk variéteit in geplante gewasservoor het bereiken van zekerheid in de
voedselvoorziening, voor het verhogen van de welvdaor toegang tot de markt, en door de
mogelijkheden te bieden voor aanpassing aan veddeownde schokken in productie en zware
omstandigheden. Markten en bronnen van zaad ziciate elementen die het productieniveau en de
opbrengsten van kleinschalige boeren bepalen. Bebhele proefschrift heen komt de behoefte aan
een grote verzameling van gewas variéteiten naarenyo die kunnen dienen als
aanpassingsmogelijkhneden zowel voor veranderendwatdlogische omstandigheden als voor
veranderende voeding en andere menselijke behod@emepresenteerde analyse laat ook zien dat
programma’s en beleid gericht op het koppelen dam& boeren aan markten waarschijnlijk succes

hebben als ze over de gehele productie-distritugrkoop keten worden doorgevoerd. Om succes bij
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zulke programma’s en beleid te garanderen, maar aokde toegang tot zaad, informatie en
variéteiten mogelijk te maken zijn sociaal kapitasl netwerken van cruciaal belang, omdat ze
deelname en de toegang tot zaad en variéteitenlbetien. Hoewel sociaal kapitaal moeilijk te meten
is en lastig om mee te nemen in ontwikkelingspnogna’'s en projecten, moeten beleidsmakers die
geinteresseerd zijn in rurale ontwikkeling, mariggratie en duurzaam gebruik van genetische gewas
diversiteit, rekening houden met de rol van sociegpitaal in de effectiviteit van de genomen
maatregelen en initiatieven.

Tenslotte is het belangrijk om aan te geven dalepde gebruikte methoden, een belangrijke rol
was weggelegd voor de impact evaluatie. De grateigie bij toepassing van deze methode kan goed
helpen op ons verdere pad naar duurzame econonusthikkeling, doordat deze methode zowel de

effectieve als de ineffectieve aspecten van prograsy beleid en maatregelen aan het licht brengt.
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