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Zusammenfassung

Die vorliegende Arbeit zielt darauf ab, den Effaktr Teilnahme an Programmen zur
Verbesserung des Wissens und der Adoption sich@&emnuseproduktionspraktiken in
Nordthailand zu analysieren. Die gegenwartige 38tna der landwirtschaftlichen
Produktionstechnologien, besonders die des Gemligesn schadigt nicht nur die
menschliche Gesundheit sondern auch die UmwelgliEbl besteht die Herausforderung
darin, dass die Produzenten ihre vorhandenen Amaktiken durch die Adoption sicherer
und umweltfreundlicherer Praktiken &ndern mussea.Aielstellung der vorliegenden Arbeit
ist folgende: (i) die Identifikation der Faktoremelche die Gemiseproduzenten veranlasst,
an Programmen zu sichereren Anbauverfahren teilmoee; (i) den Effekt der
Programmteilnahme in Bezug auf Wissensverbessezungberprufen; (iii) die Rolle des
Wissens in der Adoption von sichereren Anbaupraktizu spezifizieren; und (iv) diese
Gemiseanbauverfahren im Hinblick auf Standardsddieh Experten in Thailand formuliert
wurden, zu bewerten. Die Daten, welche fir die 8thiy der Modelle verwendet wurden,
stammen hauptsachlich aus zwei Quellen: (i) eifeaBang von 300 Gemiseproduzenten in
der Provinz Chiang Mai in Nordthailand und (ii) aEaspertengesprachen im Rahmen eines
Workshops und weiteren Befragungen von insgesamtE&Berten in Bezug auf den
Gemiusebau in Thailand. Es wird die Hypothese atdliesdass die Teilnahme der
Gemiuseproduzenten an solchen Programmen deren AMisskessert und diese dadurch

veranlasst werden, sicherere Anbaupraktiken zunéhenen.

Der methodische Rahmen der vorliegenden Arbeietieéine Konzeption der Rolle der
Beratungssysteme als Ubermittler von wissensintensiTechnologien. Dabei wurde in
mehreren Schritten vorgegangen. Zuerst wurde é&tnebit-Regressiongeschéatzt, die

maogliche Cluster-Effekte innerhalb der Daten durdle Berechnung des robusten
Standardfehlers einbezog, um die Determinanten 8iregrammteilnahme zu identifizieren.
Anschlie3end wurde ein so genanniesatment-Effekt-Modedngewendet, um Probleme
beziglich der Verzerrung der Stichprobenauswahl derdEndogenitat zu bericksichtigen.
Ziel war es, den Effekt der Teilnahme auf die Veds#ung des Wissens zu identifizieren.
Zum Schluss wurde eirzweistufiges simultanes Schatzverfahr@mgewendet, um die

Verbindung zwischen der Teilnahme an Beratungsprogren, der Verbesserung des

Wissens und der Adoption sicherer Anbauverfahrerdentifizieren. Diesbezuglich wurden
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zwei Modelle miteinander verglichen: (i) dgewichtete Practice-Score-Modeih dem die
Schlussel-Praktiken, welche durch die Expertenge$@ identifiziert wurden, in einem
Mittelwert anhand einer gewichteten aggregiertemgttbnsskala zusammengefasst wurden;
(i) das ungewichtetePractice-Score-Modellin dem die derselben Praktiken als Proxy der
Adoption genutzt wurde. Dieser Vergleich erlauld Bewertung der Standards aus Sicht der

Experten mit der Situation in den Gemuisebaubetniebe

Die Ergebnisse der Probit-Regression zeigten, dass die Entscheidung der
Gemiuseproduzenten, an Programmen zu sichererenuyerbahren teilzunehmen davon

abhangt, ob der Gemiseanbau eine Haupteinnahmeglaebtellt oder nicht. Als weiterer

Faktor wurde der Einfluss des Marktes identifizieth. wenn der Kaufer eine Uberpriifung
der Pestizidriickstdnde am Produkt verlangt.

Im zweiten Modell erfolgte die Abschatzung der Wink einer Programmteilnahme auf das
Wissen der Teilnehmer. Dabei wurde die Robusthe# Modells durch die Anwendung
verschiedener Tests bestatigt, welche die nichilzgé Stichprobenauswahl
berticksichtigten. Die Ergebnisse des Modells bestét die statistischen Vergleiche
zwischen den Programmteilnehmern und den Nichta€hihern. Es zeigt sich ein
Unterschied im Wissen zwischen den beiden Gruppesonders in Bezug auf das Wissen
Uber komplexere Praktiken wie den Gebrauch vonragsghen Pestiziden und dem Einsatz
von Nutzlingen. Weitere signifikante Variable war@as Bildungsniveau, die Erfahrung im

Anbau von Gemuse sowie die Weitergabe von Infoimnati unter den Landwirten selbst.

Das abschlieBende Modell einasei-stufigen simultanen Schatzverfahrens zeigigsith
Vergleich von zwei Modellerdieselben Faktoren die Adoption erklaren, lediglicthas
Ausmal’ der Effekte ist unterschiedlich. Die Teilm@han Beratungsprogrammen stellt einen
signifikanten Faktor dar, wodurch nicht nur das $¥rs erweitert, sondern auch die Adoption
sicherer Praktiken stimuliert wird. Daraus kannopésssen werden, dass die Verbesserung
des Wissens eine Vorbedingung der Adoption vonemissitensiven Technologien darstellt.
Die Ergebnisse zeigen auch, dass sich die Adoptidgrkomplexere Praktiken konzentriert,
was durch die héheren Koeffizienten im gewichtdWrdell nachgewiesen werden konnte.
Weiterhin konnte gezeigt werden, dass solche wsssemsive Anbauverfahren

arbeitsintensiver sind.
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Die Ergebnisse destufenweisen Verfahrensrlauben es, einige Schlussfolgerungen zu
ziehen: (i) Bei einer Forderung verbesserter langahaftlicher Anbautechnologien,
besonders im Gemuiseanbau, sind Bildung und Erfghrwichtig beziglich der
Entscheidung, eine bestimmte Anbaumethode zu adepti(ii) die Rolle der Marktakteure,
welche kaum in der Adoptionsliteratur erwahnt wixdB. die Forderungen der Kaufer, das
jeweilige Produkt auf Pestizidriickstande zu Ubdgmrihat einen Einfluss auf die Nachfrage
beziglich der Wissenserweiterung fur sicherere akggn. Folglich sollte sich die
Entwicklung eines Trainingsprogramms fur Gemisepredten nicht nur auf
Kulturpflanzen- und Pflanzenschutzaspekte konzemani sondern auch Aspekte der

Vermarktung einzubeziehen.

Die Ergebnisse der vorliegenden Arbeit erlaubemwesh, Empfehlungen in Bezug auf die
Forschung zu geben. Erstens, die Adoption kompéexernd sicherer Anbautechnologien im
Gemusebau ist ein arbeitsintensiver Vorgang. Deshaollten beispielsweise
Feldbeobachtungstechniken die von Wissenschaftletwigkelt werden, einen guten
Kompromiss zwischen Zeitaufwand und der Genauigheitzu erhebenden Beobachtungen
anstreben. Zweitens bedarf es besserer Konzeptéierkntwicklung lokaler Markte fir

biologische Schadlingskontrolle zu férdern.

Abschliel3end wird darauf hingewiesen, dass zukgmfinsatze zur Adoptionsforschung in
der Landwirtschaft in Entwicklungslandern dynamesdhrozesse einbeziehen und durch

neuere Erkenntnisse aus der Verhaltenstheorie tenveierden sollten.

Schlagwdrter: Gemusebau, Adoption, Umweltvertchddeit, Treatment-Effekt-Model,
Thailand



Abstract

This study aims to analyse the effect of extengorgramme participation on knowledge
improvement and adoption of safer vegetable proalugbractices by farmers in Northern
Thailand. Current agricultural production technodsg especially in vegetables, are damaging
both human health and the environment. The challé¢ngrefore is to encourage producers to
change their existing practices by adopting safer more environmentally benign methods.
The objectives of the study were: (i) to identifgcfors affecting vegetable producers’
decision-making on whether to participate in extamgrogrammes that promote the use of
safer vegetable production practices; (ii) to exarthe effect of programme participation on
the improvement of knowledge in vegetable prodydé@rsto specify the role of knowledge
in the adoption of safer practices; and (iv) toleate vegetable producers’ practices in the
light of standards formulated by experts from regdeand extension in Thailand. ThHata
used for the estimation of the models came mairdynftwo sources: (i) a survey of some
300 vegetable producers in the province of Chierag &nd (ii) consultations with experts via
a workshop and a questionnaire administered amamge s23 vegetable experts from
Thailand. It was hypothesised that programme ppédion would improve vegetable
producers’ knowledge and change their methods fronventional practices to safer ones.

The methodological framework applied in this stptgvides a conceptualization of the role of
extension systems in the delivery of knowledgensitee technologies and how knowledge
relates to the adoption of safer vegetable prooludichnologies. First, a probit regression model
was developed that took account of the possiblgaring effects in the data by calculating the
robust standard error, and was used to identifyddterminants for programme patrticipation by
vegetable producers. Thereafter, the treatmentteff@del that accounts for the problems of
selection biases and endogeneity was applied detethe effect of programme participation on
knowledge improvement. Finally, a simultaneous ggagrocedure was used to establish the
link between programme patrticipation, change irvikadge and the adoption of safer practices.
At this point, two models were compared: (i) theighited practice score model where key
practices identified by expert consultations wenammarized by means of a weighted aggregate
adoption scale; (i) the un-weighted practice scoredel where the same practices were
measured using total count as a proxy for adoplibase comparisons allowed the assessment in

the light of expert standards in comparison tditid situation.



Results of the probit model showed that decisiomegfetable producers to participate or not
in safer practice programme depends on whether talelge production is the major

occupation. Another factor was the influence of tharket, namely whether the vegetable
buyer requires testing for pesticide residues.olf that was found to be a motivation for

programme participation.

In the second model, the robustness of the modaks eonfirmed by applying different
variants that accounted for the non-random natfirhe sample. Results from the second
model confirmed the statistical comparisons betwpergramme participants and non-
participants that reported the difference in knalgke between these groups, especially the
knowledge of some complex practices such as theotidg@o-pesticides and bio—control
agents. Other significant variables were the lefetducation and experience in vegetable

growing. In addition, information disseminationdrdarmer-to-farmer was also significant.

Finally, the results of the simultaneous equatippraach showed that the factors explaining
adoption choices are the same in both models, liitntagnitude of the effect differs.

Programme participation is a significant factortthat only enhances knowledge but also
stimulates adoption of safer practices. Therefarecan be concluded that knowledge
improvement is a precursor to the adoption of kealge-intensive technologies. The results
also indicated that adoption was concentrated emtbre complex practices, as illustrated by
the higher magnitude of the coefficients in theghéed model. Furthermore, it found that use
of safer practices require more labour, i.e. they labour intensive. The occupation and

marketing conditions were also found to be barrierthe adoption of safer practices.

The results of this stepwise approach allow sonmelasions to be drawn as follows: (i) in a
promotion of safer agricultural production techryps, particularly in vegetables, education
and experience are important factors that influgsroelucers’ adoption decisions; (ii) the role
of market agents (that was hardly mentioned inliteeture of adoption) is another important
factor. For example, the requirement of buyersest the product for pesticide residues
enhances the demand for extension information awadvledge of safer practices. Therefore,
development of training programmes for vegetabtapcers should concentrate on the crop

and pest management aspects not only but alsantakaccount the market challenges.
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Furthermore, the results of this study suggest sem@mmendations for research. First, safer
practices tend to be more complex and labour inteng/hich can be a factor inhibiting their
adoption. Hence, technologies developed by sciensbould take into account the time
limitations faced by farmers in the field situatiamd ensure that the procedures are an
optimal compromise between practical and idealeéosad point is the lack of understanding
about the development of optimal market outletsbioftogical control agents in such a way
that these can be readily accessed by vegetabthugers. Hence, this aspect should be
investigated. Finally, additional adoption reseastiould emphasise a dynamic approach,
since the adoption processes is continuous. Alsathlibory of behavioural economics and
decision theories such as cognitive dissonanceasppct theory could be integrated into the

adoption model in order to allow more discussiothefadoption process.

Keywords:  Vegetable production, adoption, envirental safety, treatment effect model,
Thailand.
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Chapter 1
Introduction

1.1 Background

In the course of rapid economic development, afitioel in Thailand has changed

significantly in the past decades. Following théhpaf other emerging market economies, the
share of agriculture in the Gross Domestic Pro@@€&iP) has decreased from 20% in 1980 to
just over 10% in 2005 (Figurel.1). However, tha@dtural sector remains an important part
of the economy: it helps to assure the countrytslfeupply, it is a source of employment, it
makes a significant contribution to the countrypeart earnings and it plays a stabilizing role

in cases of economic crisis.

g’ze{)c?ntage —s— GDP share of agriculture
20.0 - —=—GDP share of crop
GDP share of vegetable
18.0 1 Vegetable share of GDP from agriculture
16.0 - ——\Vegetable share of GDP from crops
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Figure 1.1:  Thailand’s GDP, GDP share of agriceltand vegetable component in

constant 1988 price

Source: (NESDB 2002; NESDB 2006)

The agricultural sector is mainly classified intmuf sub-sectors; namely crops, livestock,
forestry and fisheries. The crop sub-sector hadbitpgest share of GDP (see also figurel.l).
Within the agricultural sector, crops contribute average over 50% to agriculture GDP.
Among all crops, rice still plays a dominant roledabccupies almost half of the arable land.
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Recently diversification towards other commodities taken place. In particular, fruits and
vegetables have grown rapidly in terms of crop @and have become a major source of
cash income for small-scale farmersalILANONDA 1992; NATH et al. 1999). Despite Thai
Government support for fruit and vegetable produrctieing given high priority, their share
of GDP in agriculture has increased only slightigpecially in the case of vegetables. Since
1980 vegetable share of GDP in agriculture hasstay 6-8%.

Fruits and vegetables are mostly grown under imter@oduction conditions, often marked
by high levels of chemical inputs such as mineeatilizer and pesticides. These practices
have led to concerns about environmental degradatial food safety. Evidence of such
effects has been provided, for example, by a suceeyed out by the National Environment
Board of Thailand (NEBT). The study found resideesmany harmful pesticides used in
agricultural production systems in the soil andha main rivers of the country RPINTA
and HubAk 2000). Another study carried out by the DivisidnTexic Substances and the
Occupational Health Department in 1995 demonstrabed negative effects of chemical
pesticides on human health. Results showed thattabd’ of vegetable samples were
contaminated with insecticide residues, and bloadde taken from growers showed that
18% had unsafe levels of pesticide contaminatioth&ir blood. Environmental and human
health effects lead to significant costs to theetgcin an economic study of pesticide use in
Thailand,JUNGBLUTH (1996) estimated that the annual external costsceded with pesticides
could reach up to 5.4 billion Baht (over 120 mili&uro). A major share of these costs was

attributed to residues from vegetables and fruits.

Driven by changing consumer preferences and a hjginarity given to environmental issues
by the government in the course of Thailand’s patards becoming a newly industrialized
country (NIC), quality and safety issues are beocgmmnore important. In fact the Thai
government has recently been promoting its footbbséo become what has been labelled as
the “Kitchen of the World The aim is to improve food safety and qualitglahereby increase
competitiveness in the international food markeis,a selling point for the large tourist
industry and also to satisfy the needs of domestisumers and thus to improve health status
of the national population. In this context, vetta, which comprise a large variety of crops,

are of particular interest as food raw materiathaihigh nutritional value.

Currently, vegetable producers still aim at higlvele of productivity, while reducing
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production risks, such as from pests and disebk®sever, the question of quality, safety and
negative externalities has not played a major rélee main constraint towards safer, i.e.
environmentally more benign, resource conservigglthier and more sustainable vegetable
production is the lack of appropriate technology toeir lack of adoption by growers.
Generally, the green revolution philosophy has dateid agricultural research and extension
systems for a long time and therefore emphasis graen on increasing output and
productivity. However, the impressive productivgyowth in agriculture during the seventies
and the eighties as demonstrated for example isttity of MunpLAK (2005), has been at the
expense of natural resources, wihch have been dEgyrfdlOUTHWAITE et al. 2004). This
phenomenon has also been confirmed for ThailanadeMieosA-ARD and RERKASEM (2000)
shows that the growth in rice productivity has leackoff and may even be declining.

The government of Thailand has recognised the eingdl to develop technologies that enable
producers to adopt safer production practices anilithte the production of higher quality,
safer and healthier food raw materials and foodlpets. Hence, the Thai government has
incorporated natural resource conservation issn&s the National Economic and Social
Development Plan since 199AfvakuL 2001). Furthermore, programmes have been
implemented with the aim of prooting safer techgae and improved practices, primarily
through a public participatory extension program@ee major constraint on the large scale
adoption of such technologies is that they are Kkedge-intensive, i.e. they required a
producer’s ability to conduct informed crop managemdecisions based on a good
understanding of the crop ecosystem. For exampieyegetables, good soil fertility
management requires information on the nutrienara@ of the soil and of the effects of
alternative fertility management measures. Sinyilarh the management of pests (a major
constraint to vegetable production), the produee to understand the life cycle of pests in
order to make judicious control interventions thaeg effective and at the same time safe for
the environment and human health. The role of kedgé as a major component of human
capital in agricultural development and producyivijrowth has long been recognized
(ScHuLTZ 1975). In recent years, programmes to enhancaipendknowledge have followed
the principles of participation. Studies to assé®s impact of such programmes are
methodologically challenging and demand good ercatidata as demonstrated in the studies
of, for example, RANEETVATAKUL et al. (2007), BLTON et al. (2005; 2007) anddBTLAND

et al. (2003). Also, the efficacy of public invesnts in such programmes has sometimes
been questionable as shown in the research condogteEDER et al., (2003; 2004).
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A major issue in all impact assessment studieshés question of technology adoption.
Generally, good adoption models are needed to ataiet the factors that drive and limit
adoption and diffusion of knowledge-intensive tedbgies. This is particularly complex in

the case vegetables because of the high producitenand land use intensity, with often
several crops per year. Thus technology adoptiah ratention is situation-specific and

conditional on the state of the environment. Ineotivords, a technology may be useful in
one year but may be the wrong choice if the extermaditions change. Therefore, one often
finds that producers have knowledge of new techmietobut may decline to adopt them or

perhaps abandon them.

This research takes up the challenge and aimsotoda a methodology that links change in
knowledge to change in behaviour and thus changmagtices in vegetable production in
Thailand. The results of this study could be a gua policy makers in the development of
strategies suitable for achieving a more rapid amalre efficient introduction of safer

vegetable production technologies. The results alag be relevant for other agricultural
systems, with implications for natural resource agament.

1.2 Objectives and research questions

The overall objective of this study is to provide &-depth understanding of vegetable
producers’ motivation to substitute their convendéip often harmful, production technologies
by more environmentally benign and safer practitéise relevant information is offered to
them. To achieve this goal it is necessary to indanswer to at least four particular research
guestions:

1. What are the determinants that encourage prosiuce participate in extension
programmes that promote the use of safer and margroementally benign
production practices?

2. What is the effect of such extension programoresegetable producers’ knowledge
of new practices?

3. Is improved knowledge a significant factor irusimg vegetable producers to adopt

safer and more environmentally benign practices?
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4. To what extent do vegetable producers who adafdr and more environmentally
benign practices deviate from the recommendat@amd standards formulated by

scientific experts?

The methodological approach used to provide an answthese questions is multi-faceted.
First, there is a need to provide a good descnptb the status quo of currently used

production technologies in vegetables in Thailand.

Second, a definition of safer practitds necessary, using a set of indicators related to
environment and health. In order to reduce comptexiis study has concentrated on one
vegetable commodity only, i.e. cabbage, which & rtmjor vegetable crop for which safer

vegetable production practices were firstly introgl

Third, in order to investigate the relationshipvie¢n the participation in information and
training programmes and the effect on change iralehr of using safer practices a good
model of adoption is required. In this regard thassic diffusion model developed by
RoOGERS(1971) and applied in numerous adoption studiesrat the world in agriculture and
other sectors serves as a point of departure. Henvexhile the “Rogers model” recognized
that the adoption decision is subject to a rangeharacteristics of the technology, for
example, its relative profitability or its suitalbyl to try the new technology on a small scale
before full adoption, the model lacks an impliciticoeconomic-based behavioural
framework. Therefore, this study followed the lin€ thinking of more recent adoption
models that recognize heterogeneity and explicitigorporated microeconomic theory
(SUNDING and 4LBERMAN 2001).

Hence, in this study adoption is treated as a rstdije process that starts with the acquisition
of new knowledge through participation in extenspyongrammes, and that includes testing
and adaptation of these technologies recogniziegplecific socioeconomic conditions of the
decision-maker. To adequately describe the adopgirocess, several econometric models
are applied that are in principle based on thes@aseatment effects model. The model also
takes into account endogeneity and self-selectiasels that limit the application of a simpler
linear model of adoption.

! The term “safer practices” is used to encompasis safer for humans and environmentally more beriign
safer for the environment.
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1.3 Organization of the thesis

The thesis is organized in seven chapters. In ehdptsome background information and
development trends of vegetable production in Hmail are presented. This descriptive
chapter includes several sections. Firstly, relesacondary data from the official statistics
on area and production of vegetables in Thailangresented. These data illustrate the
constraints on the adoption of safer vegetable yoioh technologies. Secondly, the
currently used conventional vegetable producti@hrelogies and alternative safer practices
are specified. The latter are based on the restitis expert workshop that was conducted at

the beginning of the research.

In chapter 3, the theoretical framework and theceptual model applied to achieve the research
objective are presented. In the first part of thepter, the theory of adoption is reviewed, while

in the second part the econometric specificatidtiseomodels applied in the study are specified.

Chapter 4 gives an outline of the research desigd,particularly the procedure of primary
data collection from some 300 vegetable producerghe province of Chiang Mai in
Northern Thailand. In addition, the procedure fonducting a survey among 23 vegetable
experts from Thailand is presented.

Chapter 5 deals with the question of participatbwegetable producers in extension efforts
of the Royal Project Foundation and related prognasin Thailand. These programmes
provide information on safer practices to vegetgintalucers in the study area. Details of the
content and of the implementation process of tipgegrammes are provided. A statistical
analysis to compare participants with non-partictpas carried out as a prior step to model
ling the decision of vegetable producers to paéte in extension programmes. The model
applies a probit regression to identify factoreefiing participation of vegetable producers in

the extension programs offered by the Royal Prdjecindation and related agencies.
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Chapter 6 analyses the level of knowledge of vdaetgrowers and their attitude towards
safer production practices. A comparison betweedyers who participated in extension
programmes and those who did not is carried olbvi@hg the approach taken in chapter 5,
i.e. an application of descriptive statistics isndocted. Then a model is developed to
estimate the average treatment effect of partidpaton knowledge. Here several

specifications of the classic treatment effects ehadere applied.

In chapter 7 the final adoption model is preserded two-stage process. A simultaneous
examination of the effect of programme implementaton knowledge and the adoption in
selected key vegetable production practices is izkien. Different models that accounted
for endogeneity were developed. In addition, rasolt the analysis of the observed gaps
between adoption of safer practices and the defmyquert standards are presented and

discussed.

In the final chapter the results of this researck aummarized. Furthermore, some
conclusions are drawn based on the results ofélssarch. These conclusions form the basis
on which to develop some recommendations for patiekers and technical experts in order

to facilitate a wider diffusion of safer vegetapl®duction practices in a more efficient way.



Chapter 2

Technical and institutional conditions of vegetablgroduction in Thailand

This chapter commences with a description of thie f vegetables in the course of
agricultural development. Following this is a pras¢ion of the technical and institutional
factors that are important in an analysis of thesttgpment trends of vegetable production in
Thailand. Included is a description of the mainduation locations and the trends in total
output and productivity. In addition, the developm®f input use, as well as available
information on potential negative externalitiegriesented. The analysis presented in this chapter
uses secondary data from accessible statisticatesyuvhich due to the multitude of vegetable
types, makes the availability of such data verytéch Furthermore, the higher priority given by
policy makers to food safety, human health andetheronment has resulted in changes in the
vegetable production and marketing chain. To desdhese changes, information on respective
research and development efforts and data on nedugtion technologies provided through
extension programmes is required. This informaBgresented in the last section of the chapter.

2.1. Global trends in vegetable production and theirole in agricultural

development

Vegetables are an important source of vitaminsnaiedonutrients. As per capita income grows
people consume more vegetables. The demand forabdeg is generally income elastic. In the
developing world, vegetable production and consiongtave increased continuously during the
past four decades. However, this trend has begruneven. While Sub-Saharan Africa has seen
virtually no increase in vegetable production other past 40 years, significant increases took
place in Latin America and Asia. China has beeheatorefront of this development. To date,
China produces nearly half (47%) of the world’s awer 60 % of Asia’s vegetable supply
followed by India and JapanASu 2004). In spite of the growth in production, sypiphs been
falling behind the growing demand. Higher incomesl a&hanging demand patterns have

therefore led to an increase in the real priceegetables.
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The situation in Thailand is similar to that in ethAsian countries (NrH et al. 1999).
Although vegetable production has increased, p@itacaconsumption is still far below
dietary intakes recommended by nutritionistE{BRREWAERE 1995). Medical research has
shown that an insufficient level of vegetable caonption in the diet has detrimental effects
on human health. While no data are available frdrail@nd, it is recognised that on a global
scale insufficient fruit and vegetable intake causeme 2.7 million deaths each year, making
it one of the top ten risk factors contributing rtoortality (EzzaTi et al. 2002) Whereas
demand continues to rise, the annual growth ratgegketable per capita supply remains
stagnant at less than 60 kg per year during theg&980 to 2000(A et al. 2001). It has
been argued that the green revolution has not st gufficient attention to horticultural
crops (WEINBERGER and LUMPKIN 2005). Despite investments in developing improved
germplasm for breeding new vegetable varieties fralgrnational organisations such as the
Asian Vegetable Research and Development CentreR@E) and from national research
systems as well as from the private sector, pradtycgrowth in vegetables has been much
lower than in cereals crops. In the future, in ddes where land is scarce relative to labour
and where agriculture is diversifying in the couofemarket expansion, the contribution of
vegetables to farm income can be expected to iserea

Vegetables are also an important factor for housefomd security as they can be produced
year-round on small pieces of land, including hogadens. Particularly in times of
economic crisis when household members who haveateid) to town lose their jobs ANH

et al. 1999), they tend to engage in vegetable productdmrer than in other crops since the

returns per ha are higher than for rice and fibbops (EAVILANONDA 1992).
2. 2 The situation of vegetable production in Thagdnd

In the following section, the situation of vegetlgroduction in Thailand is analysed in
terms of the trend in area, production and prodgiigtfor the past thirty years. This analysis
includes a description of the recent dynamics iget@ble production locations, as well as a

brief on the available evidence of externalitie$haf vegetable production process.



10 Technological and institutional conditions ofjeeable production

2.2.1 Trends in area, production and productivity

Location theory suggests that the production ofetages takes place near consumption
centres. Traditionally this has also been the aa3éailand with the popular ditch and dike
vegetable gardens in the vicinity of the capitah@k. However, that scenario has been
changing recently. Vegetable production locatiores moving from the Central Plains of
Thailand to other regions where vegetables havengarative advantage as determined by
lower land prices, the availability of irrigatiomé marketing infrastructure d®TSUKHON et

al. 2000). During the past three decades, the tota devoted to vegetables has more than
doubled (Table 2.1). On a regional scale, a sigafi positive trend in vegetable areas has
been calculated for the period of 1989 — 2000 fowvimces in the northern and north-eastern
regions, especially the provinces of Nakhon Raiomasand Chaiyaphum. The area in the
provinces of Chiang Mai and Chiang Rai remainedhanged in that period, but area
expansion did take place before 1989. On the dthad, the share of vegetable production
area in Bangkok and its outskirts has decreasekEWVEG and WAIBEL 2002). By and
large, changes in the spatial arrangements of abbgetocations had little if no effect on
overall vegetable productivity as production tedbgees largely remained the same

(ISAVILANONDA 1992).

There has been about a threefold increase in Jagefoduction and a corresponding
increase in productivity in Thailand, although tlagter has been rather uneven. Until the
mid-eighties, the average annual yield was abooe@ic tons per ha. (®TSUKHON et al.
2000). Thereatfter yields have increased considgralilh a peak of over 10 metric tons from
the mid-nineties until 2000. However, productivégems to have levelled off thereafter
(Table 2.1). It has been argued ISp\ILANONDA (1996) that the increase in productivity is
largely due to improvements in infrastructure andrkating facilities and less from
biological-technical progress. Also, environmentebnditions and natural resource

endowments play a crucial role in determining theel of vegetable productivity.

The multi-purpose role of vegetables has prompgtedgpvernment in Thailand to undertake
infrastructure investments, especially in irrigatiand marketing facilities in remote rural
areas suitable for vegetable production. At theesime high priority was given to research

and development for new vegetable production teldiges. Good potential exists through
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more efforts in the development of productivity mmyement using hybrid seeds and more

advanced methods of production and post-harvestbtpes.

Table 2.1: Harvested area, yield and productiovegetables, crop year 1993 — 2008
total production and yield per ha of vegetabte$hailand

Harvested area/year Production/year Averagel/year/ha

Year
(1000 ha.) (Metric ton) (Metric ton)

1992/93 165 2043 12.3
1993/94 359 4140 115
1994/95 427 4548 10.7
1995/96 415 4540 10.9
1996/97 472 5239 11.1
1997/98 540 5842 10.8
1998/99 550 5740 10.4
1999/00 495 5036 10.2
2000/01 442 4551 10.3
2001/02 511 5562 10.9
2002/03 461 4925 10.7
2003/04 440 4482 10.2
2004/05 495 5285 10.7
2005/06 200 1821 9.1

2006/07 262 2800 10.7
2007/08 287 3569 12.4

Note: Crop year from May to April.

Source:[EPARTMENT OFAGRICULTURAL EXTENSION (2008)
2.2.2 Externalities of vegetable production

Economic factors such as the rise in labour costs the introduction of agro-chemical
inputs for farming led to the development of intensivegetble production systems in

Thailand. These are marked by mono-cropping anduieeof plant and pest management

2 Agro-chemicals used in the study include fertitizehormone, herbicides, insecticides, fungicides ather
chemicals employed in the production systems.
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technology that relies on a heavy use of agro-cb&si especially mineral fertilizers and
pesticides (WIBEL and &TBOONSARNG1993). The widespread use of these inputs ha®led
environmental and human health problems. In thgan#, evidence on the existence of
external costs of agriculture in Thailand is pr@ddy the study ofuNGBLUTH (1996). She

pointed out that overuse and misuse of pesticidesagpecially high in vegetables and fruits.
About one fourth of pesticides used in Thailandiplied to fruits and vegetables, which

account for almost 24% of the total cropping af@aPINTA and HUDAK 2000).

The excessive use of pesticides with unawarenegs éffects has exposed farmers to high
risk from occupational health hazards. As showRARYAKUL (2001), vegetable producers
overuse pesticides, with dosages above officiabmenendations. Half of the pesticide
applicators do not wear facemasks for protectioninduspraying. Also, results of a survey
conducted by the Department of Agriculture durin@02-2004 ([EPARTMENT OF
AGRICULTURE 2004) showed that the use of highly toxic peséisjdincluding banned
pesticides, is widespread. Consequently, pestmiilgonings are common due to the fact that
little effort is made by operators to protect thelmses from hazardous pesticides. These
occurrences are supported by the statistics ofopmg cases during 1992-2002 from the
Food Control Division, Ministry of Public Healths @&hown in Table 2.2. The percentage of
observed farmers found to have acetyl cholinestdeasls beyond acceptable daily intake in
their blood ranged from 13% to 29%, indicating tfetmers have high-risk exposure to
pesticided

3 Acetyl cholinesterase is an indicator showing tthécity of carbamate and organophosphate compouwmdish
results in the accumulation of acetylcholine at tiseve synapses, causing over stimulation and ysasabf
neural transmission (8OMON et al. 2000).
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Table 2.2: Pesticide poisoning among farmers inl@hd

Farmers having high risk of pesticide poisoning

Year Cases Above acceptable daily Percentage of cases above
intake acceptable daily intake
1992 42,471 8,669 20.4
1993 242,820 48,500 20.0
1994 411,998 72,590 17.6
1995 460,521 78,481 17.0
1996 156,315 40,520 25.9
1997 563,354 89,926 16.0
1998 369,573 77,789 21.1
1999 360,411 48,217 13.4
2000 278,612 52,604 18.9
2001 89,945 21,758 24.2
2002 115,105 33,858 29.4

Source: BoDCONTROLDIVISION (2007)

Heavy use of pesticides has negative effects dgtamfarmers’ health but also on consumers’
health and the environment. As shown in a survethbyNational Environment Board (NEB)

in 1988 cited in UNGBLUTH (1996), over 96% of soil samples and about 50%vafer
samples had a high level of pesticide residuesil&imesults were reported in the study of
THAPINTA and HUDAK (2000). At the same time, higher dosages of pdsscand more
frequent pesticide applications significantly irase pest resistance to pesticides and pest
resurgencet The study of WIBEL and %TBOONSARNG (1993) concluded that vegetable
producers became path-dependent on chemical plestidue to resistance and resurgence.
WooD (2005) also reported evidence of resistance in dis@nondback mothRlutella

maculipenni¥in vegetable production systems in Thailand.

* Resurgence is the phenomenon in which pest populkvels increase in spite of heavy pesticide T$gs
effect is caused, among others, by excessive a¢istinwf natural control factors such as benefiiriakcts.
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With regard to product quality, data from the Inefonal Programme on Chemical Safety
(IPCS) in 2003 show that more than 60% of vegetabdanpled over the whole Kingdom of
Thailand was contaminated with pesticides and alddut-18% of these samples have
pesticide residues above Maximum Residue Limits (IMB&ee Figure 2.1). The top five
vegetables in which pesticide residue levels abeNRL were found are Chinese kale,

Chinese mustard, Chinese cabbage, yard long bebcadbage, respectively.

100.0 -
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7004 633 67.4 64.5
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4 16.3
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18.6 17.9
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Figure 2.1: Vegetables contaminated with pestieli those above MRL
Source:  NTERNATIONAL PROGRAMME ONCHEMICAL SAFETY (2003a)

Table 2.2 and Figure 2.1 suggest that pesticidesisuskely to contribute on environmental
degradation and that there are negative effectsuaman health. This also suggests that private
and social costs of pesticides could be increashogsidering variable costs, data from a field
study conducted in Chinese cabbage production ailarid by H\RDEWEG and WAIBEL (2002)
reported that over 50% of the variable cost is spamplant protection. FADUNGCHOM (1999),
who analysed costs and returns of vegetable prioduat Central Thailand, notes that pesticides
have the highest proportion of variable costsxtémal costs of pesticide use are incorporated in
addition, the social costs of vegetable produat@y be high, which may warrant government
intervention. Although no recent comprehensive\sfod external costs of vegetable production
has been conducted, the study afidsLuTH (1996) referred to above provided a conservative
estimate that puts the level of external costs.@atbillion Baht per year. About 40% of this
amount was attributed to loss of produce due tdigmds residue levels above MRL. On the
aggregate it was pointed out that for every Bakhspn pesticides, an additional Baht can be
attributed to externalities (fCus et al. 1991). One explanation for the existence of higkreal
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costs is the use of inappropriate practices duketdimited information on their availability and
use and a lack of knowledge about the effects stigides. Also, farmers may value the use of
pesticides and mineral fertilizers in vegetablgsron productivity more highly than the negative
effect on their health, some of which is chronid #ms unobserved. Hence information on safer
methods of vegetable production is crucial for valge producers’ decision-making. Public
extension programmes have to counter the somebrassd information from pesticides
companies, pesticide retailers and other farmetiserGconstraints are conflicting government
policy, with subsidies for pesticides, and the Higletuation of vegetable prices. So, vegetable
producers often harvest vegetables in disregarth@flegally required waiting period after
pesticide application if current prices in the netirkire high (ARDEWEG and WAIBEL 2002).
RuHs et al. (1997b) indicated three major policies that fostegruse of pesticides: (i) an import
tax structure related to pesticides being ideutif@r agricultural inputs helps to keep pesticide
prices lower than those of other agricultural ispqt) the lack of regular enforcement regarding
outdated and illegal pesticides; and (iii) the potion of pesticide use via farmer extension

services as risk-reducing technologies to previetd josses.

As shown by this review of the literature on exadities of vegetable production in Thailand,
there is a need for policy information that cantdoshe introduction of more environmentally

benign and safer production technologies.
2.3 Institutions and organizations to promote safervegetable production

Responding to the challenge to reduce externalioéspesticides in agriculture, the
Government of Thailand has implemented several rarogies aimed at a reduction in
pesticide use and improvement of the environmedtthe health of its population. In the
following sections a description of the relevangulations and the key organisations

entrusted with the implementation of these prograsiin the field of vegetables is provided.
2.3.1 Regulations for pesticide reduction

The Seventh National Economic and Social Developriéan (NESDP) covering the period
1992-1996, recognized for the first time that prdés are an environmental concern and
promoted measures for the reduction of their us€hiai agriculture. Under this framework,

in 1992 the Government approved a new Hazardoust&ule Act following the FAO
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“Guidelines for the Registration and Control of fRedes”, *which provide an international
standard for the importation, production and mankgeof pesticides (FAO 2006). Under this
Act the Government banned and restricted a numbeutdated pesticides, mostly belonging
to WHO toxicity class | and 9l (WHO 2005). In addition, MRL were established for
pesticide residues in food and agricultural progluctilowing the International CODEX
ALIMENTARIUS standard for pesticide residues. Whilem a legal point of view Thailand
has improved its standard in the regulation of pimady harmful substances e.g. chemical
pesticides, the problem has been its lack of rigeramplementation. Inspections and
monitoring, as well as serious follow-ups of viadas of the law, have been notoriously
ineffective, often hampered by insufficient res@asrand a dysfunctional judicial system. For
example, as pointed out byuRs et al. (1997a), farmers have easy access to banned or
restricted pesticide products in many pesticidepshacross the country.

2.3.2 Research

Vegetable research in Thailand is primarily undestaby agricultural universities such as
Kasetsart University (KU), Khon Kaen Unviersity (KK Chiang Mai University (CMU),
Prince of Songkhla University (PSU) and Ramkhambaéniversity (RU). Further research
is carried out and supported by government orgdarsaunder the Ministry of Agriculture
and Cooperatives (MOAC), namely the Department dajriculture (DOA) and the
Department of Agricultural Extension (DOAE). Prigasector companies also take part in
agro-chemical research and development, mainlyethosolved in breeding and seed

production such as Charoen Phokaphand Group (CP).

®> FAO first published its “Guidelines for the refmiion and control of pesticides” in 1985.
The guidelines have the objective of assisting tees in setting up or strengthening a
pesticide registration and control scheme. The ajunds were developed and updated in
1988. A modified version was published 1991 (FA@20

® The World Health Organization (WHO) classifies pedes by hazard based on their
composition and their formulations. The levels atérd are between one to four classes. The
pesticides in the first class (la) represent “axtely hazardous”, i.e. substantially toxic. Other
classes are Ib, II, Ill, representing “highly hasaus”, “moderately hazardous”, and “slightly
hazardous” (WHO 2005).
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Some research coordination takes place among tbegnizations through the Asian
Vegetable Research and Development Centre (AVRRGIgh is a non-profit institution for
vegetable research and development. The Centrelopsveegetable varieties and other
technologies that increase vegetable production cam$umption in developing countries.
The research priorities focus on five themes deviad (AVRDC 2007):

« Evaluation and screening of vegetable germplasmiébd, quality, resistance to
pests and diseases and environmental stresses.

e Genetic enhancement and varietal development adtabips

« Varietal improvement through breeding and selection

« Post-harvest management and market opportunities

e Food security, diet diversification, and human trebl improving cultural practices
to enhance productivity, control of pests and dissdhrough application of
appropriate technologies e.g. biological contralfuring methods, and minimizing

the use of insecticides and fungicides

In addition to national efforts on vegetable reskara project named “Protected
Cultivation—an Approach to Sustainable VegetabledBction in the Humid Tropics” is
carried out by Leibniz University of Hannover. Thisoject has been implemented in
collaboration with the Asian Institute of Technojo@\IT) and Kasetsart University (KU) to
develop production technologies for high qualitynaioes under conditions of protected
cultivation with minimal inputs of chemical pesties (DFG-RSEARCH GROUP FOR 431
2007).

2.3.3 Extension and monitoring by government agenes

The responsibility of overseeing regulations widlgard to pesticide use is in the hands of
five ministries, namely the Ministry of Agricultusnd Co-operatives (MOAC), the Ministry
of Public Health (MOPH), the Ministry of Resourcaad Environment (MONRE), the
Ministry of Education (MOE) and the Ministry of Conerce (MOC). MOAC is responsible
for regulations concerning the importation, produttand distribution of pesticides as well
as for advising farmers on the proper use of pestcand for implementing emergency pest
control operations in case of pest outbreaks. Ut structure of the MOAC, four main
departments are entrusted with different functiovith regard to the implementation of

pesticide reduction programmes: (i) Department dariéulture (DOA) is the agency
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responsible for research and the development bhtdogies; (ii) the role of the Department
of Agricultural Extension (DOAE) is to test andgmmote technologies that were developed
by DOA with farmers; (iii) Co-operative Promotiorepartment (CPD) facilitates collective
actions among farmers on village level and (iv) thed Development Department (LDD) is
responsible for the development of soil improvemamdl conservation practices, including

other technologies that are related to pesticidaaon.

The Ministry of Public Health (MOPH) is responsildtg monitoring pesticide residues in
agricultural products and the health status ofphygulation. There are two agencies under the
auspices of this Ministry that assume specific fioms, namely the Food and Drug
Administration (FDA) and the Department of MediciBeiences (DMSC). The former is
responsible for food quality control and performesidue analysis in agricultural raw
materials and processed products, while the latt@nitors pesticide poisoning cases and

reviews the safety status of pesticide compoundeRGENPONG2003).

Under the Ministry of Natural Resources and Envinent (MONRE) there are two agencies,
the Office of Natural Resources and Environmentlicl (ONRE) and the Planning and
Pollution Control Department (PPCP). The first ssponsible for development of an
environmental quality plan and measures to preveontrol and mitigate environmental
pollution. The latter is responsible for the deyah@nt of appropriate technologies to manage
hazardous substances and to improve environmentdityy In addition, the Ministry of
Education via the Department of Non-Formal EducaiDNFE) in cooperation with the
DOAE began conducting various training coursestifiair staff and field schools for both
farmers and students of Non-Formal Education sshool

Last but not least, the Department of Export Proomo{DOEP) under the Ministry of
Commerce (MOC) basically plays a role in organiocdorction. DOEP cooperates with the
DOA, DOAE and NGOs to develop organic productioagtices, standards and certification
for organic products in Thailand. In addition, ibpides information services about standards

and requirements of importers for traders and depmr
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2.3.4 Activities of non-governmental organisations

Non-governmental organisations have also been ndaw role in the development of
alternatives to chemical pesticides and other enwientally friendly crop management
practices. These NGOs include the Thai Educatioon#&ation (TEF), the Sustainable
Agriculture Foundation of Thailand (SAT), the GrAsgsrth Net Foundation (ENF), the
Alternative Agricultural Network (AAN) and most irogantly, the Royal Project Foundation
(RPF). The TEF cooperates with the DOA to piongeruse of ecological practices for plan
protection with children in primary school. The SAsTthe major factor in the establishment
of the farmers’ network, i.e. the AAN. The netwdnks developed a strong relationship
between farmers for supporting one another by sbaknowledge on safer vegetable
production practices within the same eco-systentsanmarket issues. It also encourages
farmers to participate in policy development atlaand national levels by collaborating with
the officers of the DOA and the DOAE. The ENF playsnajor role in organic vegetable
production and marketing.

The RPF was established by the King of Thailand$69. The major objectives of the
Foundation are to improve the living standard afrwpeople in Thailand, to replace the
cultivation of poppy seeds used for opium productwith other crops, and to conserve
natural resources in the highland areas of Nortfigrwiland. To reach these objectives, the
Foundation has established three major divisioesearch, development and extension, and
marketing. The research division is responsible dewveloping alternative cash crops,
including temperate fruits and vegetables, and ifbentifying technologies in plant
protections that are more environmentally benigppraximately 42% of the total budget
goes to research, 54% to development and extensioth, the remainder to marketing
(CHIANG MAI UNIVERSITY 2004).

At present, there are four research stations, namt#ianon Royal Project Research Station,
Ang Khang Royal Project Research Station, Pang DgaRProject Research Station, and
Mae Lod Royal Project Research Station. The maeast of the research of Inthanon, Pang
Da and Ang Khang Royal Project Research Stationeweted to temperate vegetables and
fruits, whereas Mae Lod provides research into emofivarieties. The production and

marketing technologies on vegetables and fruitsveldrfrom the research significantly
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emphasize quality and safety standards in all linokghe supply chain, i.e. Good and
Agricultural Practices (GAP). The organizationsdiwed in the researches are three public
universities in Thailand, including Kasetsart Umsigy, Chiang Mai University, and Mae Joe
University. In addition, the Ministry of Agriculterand Cooperatives and the Ministry of
Science and Technology also facilitate researobrethé RPF (RYAL PROJECTFOUNDATION
2008).

The development and extension division is given thgk of introducing technologies
developed and identified by the above-mentionedareh divisions to farmers in the areas.
In implementing its programme for producing vegéalwith minimal use of pesticides, the
RPF relies on technologies developed by itself ad &s by the Thai government agencies
described above. For example, the officers of tBAB conduct farmer training on behalf of
the RPF. In the extension, the RPF has extensatioiss in different areas located in the
North of Thailand, comprising 37 Royal Project Diepeent Centres. Each centre has
extension workers who are responsible for the dtucaf farmers in its areas. The RPF
supplies seeds and some inputs on a credit bagrejiect members, to be paid back when the
produce is harvested. Vegetable production is edrout according to the standards set by
the RPF. Technical supervision and monitoring aeied out using manpower from the
DOA. The most important standard is that the prézlutust be “safe” in terms of pesticide
contamination, i.e. pesticides residues must bevbéhe MRL. In the development, the RPF
with financial assistance from the Government ofvBa and the United State of America
provides infrastructure to the respective projeetas. This also includes conservation and
improvement of natural resources. The major goveminagencies that are responsible for
the provision of the basic infrastructure are thénidMry of Interior, the Ministry of
Agriculture and the Ministry of Public Health.

In its marketing division, the RPF develops thehtexdogies for its marketing, such as
transportations and packaging. Grading and paclgagimmplemented in the station located
in Chiang Mai province in Northern Thailand. Allgalucts purchased from the farmers in its
areas are marketed under the own brand name of Kbam”. Most of the products,
especially fruits and vegetables, are placed intraoted supermarkets, green shops and

export markets HAVILANONDA et al.2006).
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2.3.5 Projects

There are two types of projects aiming at the ohition of safer practices in vegetable
production. The first type promotes the conceptnbégrated Pest Management (IPM) and
the second type promotes organic farming practiédd. is a concept that does not exclude
the use of chemical pesticides but attempts tomaa their use as a strategy to reduce
health and environmental hazards. IPM is basedondeneral principles of sustainable crop
management: (i) growing a healthy crop by givingty to non-chemical inputs and using
chemical pesticides only as a last resort (ii) eting and training farmers to understand the
role of beneficial insects; (iii) encouraging fammi¢o observe their fields regularly and (iv)
enabling farmers to base their decision-making ndigg production inputs on observation
and analysis of the field situation @MAKANIT 2001b). In vegetable production systems, the
project was first promoted by the so-called “Hyggeand Pesticide Free Vegetable Pilot
Project” programme (see Table 2.3), which emergah fan earlier project, namely the “Pest
Surveillance Project in Rice” which was initiated 1983 (FAO 2005; M.RumAkoM et all.
1992). Subsequently, in 1993 the project was tearesdl to DOAE and changed its name to
“Pesticide Free Vegetable”. These two projectschilg have similar objectives, i.e. to
reduce the pesticides used in vegetable produsiistems. In addition, the projects aim at
setting up small groups and networks of small-staimers to starting a community learning
and training process. The farmers who participat¢hese projects are registered with the
local office of the DOAE. The projects also develdm logo under the name of “Hygienic
Fresh Fruits and Vegetables Production Pilot Ptofedlso, production inputs such as seeds
and nylon nets were provided to the registered éasrfree of charge ARyAkuL 2001) As a
requirement, the products sold under this logo rhastafe for consumption, i.e. the pesticide
residues must be below the MRL. To ensure the mtamiustandard, random field inspection

is carried out at least once a year.

" During 1982-1989, the Thai government establishefrogramme of pest surveillance supported by the
Government of Germany through a technical coopmngtroject with a total budget of about 450 millibhai
Baht or about 9 million Euro ANEETVATAKUL et al.2007) .

8 In practice, there are many logos for pesticidseiges-safe vegetables sold in the market. Fohdurt
information see the study ofAIT-ANUNCHAI(2006)
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Table 2.3: Projects to introduce safer vegetalbeystion practices in Thailand
Project title Agency Implemented Extension Methodology
year
Hygienic and Pesticide- DOA 1983-1992 e Farm registration
free Vegetable Pilot e Use of IPM concept
Project” e Field inspection at least once

during application and

certification

Pesticide Free Vegetable DOAE 1993-1996 e Farm registration
Project/ e Use of IPM concept

e Field visiting and certification
Vegetable FAO-IPM DOAE,  1998-2007 e Farm registration

Programm#& DOA, e Promotion of IPM through

FAO Farmer Field School (FFS)
Strengthening Vegetable DANCE, 2001-2006 programme
Producers’ IPM in DOA, e Supply of botanical/bio
Pesticide-Intensive AreasDOAE, pesticides and bio agent
Programm#& RPF, controls

NGOs e Inspection based on good
Good Agricultural DOA 2004-present agricultural practices (GAP)
Practices (GAPY DOAE, e Certification

RPF,

NGOs

Source: " PanyAkuL (2001) and personal communication with DirectoWefjetable,
Flower, Ornamental Plant and Herbal Plant Pradond®romotion
Division (Oct 3, 2006)
" FAO (2005; 2007)

However, the introductions of these two projects dot lead to a significant reduction of
pesticide residues in vegetable products becautieedimited coverage. During 1999-2002,
data published by theNTERNATIONAL PROGRAMME ON CHEMICAL SAFETY (2003b) showed

that the number of samples with pesticide resichlms/e MRL did not decrease (see also
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Figure 2.1). Also in 2003, the study of the DOA mged out that more than 80% of all
vegetable samples were contaminated with pestr@sielues. The large number of projects
that tried to reduce pesticide use in vegetablesléa to lack of understanding and even
confusion on the consumer side. In particular, tkems “pesticide-free vegetables”,
“pesticide-safe vegetables”, and “hygienic vegetsBlare somewhat misleading and unclear
to most consumers, since in practice all vegetaldgen those produced under organic
production regimes, contain pesticide residuesaN(MANUNCHAI 2006). Recently, the
responsible agencies under the MOPH and MOAC haveed to no longer certify any

vegetables as “pesticide-free” but use the ternstipiele-safe vegetables” instead.

Several explanations for the overuse of pesticidage been provided by government
officials of the agencies responsible for the prtggLANJUMROON 1997). On the regulatory
level the Hazardous Substance Act stipulated in21@€ not include any regulations for
pesticide usage at the farm level. Farmers in @hdilcan buy virtually any kind of
pesticides, including those registered or bannesh¢Ret al. 1997b). In addition, research and
development (R&D) in plant protection and the emegement of farmers and other
organizations to adopt safer practices have begeded by conflicting policies at the
national level. It has become clear that regulafmijcies alone, as proposed by the seventh
National Economic and Social Development Plan (NEjRre insufficient. Although the
more recent NESDP has not explicitly mentioneddbecept of IPM, it has been promoted
as a concept that develops location-specific smhstito these problems. For example, it is
used as one of the major practices in the GAP progre (see also table 2.3). At the heart of
the IPM initiative is an aim to increase producduasowledge and to change their perception
in controlling pests, with more consideration giienthe ecology. A nationwide pesticide
reduction programme that relied on IPM as a corenpmment was accompanied by
institutional change. For example, the Institute Biological Agriculture and Farmer Field
Schools (IBAFFS) under the DOAE was establishedheyRoyal Initiative of the King of
Thailand with the aim of empowering farmers in pasinagement decision-making and thus
encourage adoption of IPM KRNEETVATAKUL et al. 2007). IBAFFS has implemented a

farmer training and learning (FTL) programme bylizing a participatory learning

° In Thailand, the term “pesticide-free vegetablefams vegetables produced without the use of arbidiges

or pesticides. All pesticides are allowed in theduction systems of those marked as “pesticide-safe
vegetables” and “hygienic vegetables”. The requaenof the last two terms is that vegetable prazinctist
contain pesticide residues below the MRIEAARTMENT OFAGRICULTURE 2006).
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approach’ with financial support from the Thai governmentaechnical assistance from
FAO under the Programme for Community IPM in Asial dhe Inter-Country Programme
for Vegetable Growing in South and South-East ABlee project cooperates with three other
projects: “Vegetable-FAO IPM Project”, “Strengthegi Vegetable producers IPM in
Pesticide-Intensive Areas Project” and “GAP Prdjethe first was implemented under the
responsibility of the IBAFFS with technical assmsta from the FAO Programme for
Community IPM in Asia and the Inter-Country Prograen for the Development and
Application of Integrated Pest Management in Velglet&rowing in South and South-East
Asia (MENAKANIT 2001a). The second was funded by the Danish Cmabpe for
Environment and Development (DANCED) and the thirgl the Thai government as a

response to increasing demand from private foalees and supermarkets in Europe.

For vegetables, IPM was first implemented in caleb&pvernment agencies such as DOAE,
DOA and NGOs have implemented their own projects a@rthe same time have become the
main suppliers of RPF in highland vegetables. Vaget producers participating in this
programme have been registered and facilitated fim#imcial credit and inputs such as nylon
nets and bio-pesticides. They have been trained emhatated based on the four basic
principles of IPM through the farmer training arehining programme. In addition, the
producers were required to undergo an inspectiod ancertification process. The

organization responsible for these activities esBDOA.

The organic agriculture movement has also gainedesmomentum in Thailand and has
contributed to the goal of reducing agro-chemicalge and conservation of the environment.
Organic agriculture is stricter in terms of prodoetstandards than IPM. Most importantly
the use of agro-chemicals is prohibited. Furtheemanspection and certification of the
standards are required. A specific minimum criterior the organic farming is based on the
International Federal of Organic Agricultural Movem (IFAOM). Based on this standard,

organic agriculture is put into a wider context amdudes social aspects (IFOAM 2006).

10 A farmer training and learning programme is a prhoe of adult non-formal education developed ftben
approach of participatory research programmesak first implemented in rice farming systems indnelsia
(PoNTIUS et al.2002).
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The first official project related to organic agiiure was the Pilot Project on the Export of
Organic Farm Products implemented during 1999-2002. main purpose was to promote
the organic production and export of rice, fruitsl v¥egetables. The project was initiated and
financed by the Department of Export Promotion.operate this programme, local NGOs,
the AAN (including the TEF, the SAT, and the ENThe DOA, the DOAE and private
companies are in close collaboration. The DOAE ¢@msducted the training and learning
programme on behalf of NGOs. The largest orgamsatiacting as NGOs-supported are
Green Net or Earth Net Foundations, Alternative i@gtural Network (AAN). There are
about three major companies engaged in organidat@lgeproducts, namely Plook Rak Farm,
Rangsit Farm and Exotic Farm Produce Co., LidifEet al.2006).

On the consumer side, during 1982-1985 the MOPIldbéshed the “Clean Food-Good
Taste” project to improve food standards in restats and food stalls. However, the
programme concentrated only on bacteria and otiodwdical contaminants in food, and not
of pesticide contaminations. Subsequent to thisogerthe “Inspection of Pesticide-Free
Vegetable” project was conducted alongside the tf€lde Free Vegetable Project”. The
strategy of this project was to inspect pesticidetaminations of vegetables in the market.
The projects were operated by the Food and DrugiAdtration (FDA) and the Department
of Medical Sciences (DMS). More recently, other ptementary programmes were
launched by the MOPH, namely the “Food Safety 8&illance and Food Control
Programme” and “the National Food Safety Program(8eiTHAMMA et al. 2005). These two
projects are responsible by the FDA and the DM$ dhna issued by the MOPH. The main
objective of these two programmes is to assureftioat safety standards in Thailand comply
with international standards. They are the comptearg to the last three programmes shown
in table 2.3. However, the framework of these twogpammes includes the market food

importation and processing levels as well as tha favel.
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Table 2.4: Projects to increase safety in vegetadahsumption
Project type Agency Implemented Methodology
year
Clean Food-Good Taste DMSc 1982-1985 e Inspection of bacteria and

other biological

contaminants in food

Inspection of Pesticide- FDA, DMSc  1986-1996

Free Vegetable Project contaminants in vegetable

Inspection of pesticide

products

Food safety Surveillance FDA, DMSc  1999-2003

Inspection of pesticide

and Food Control contaminants in vegetable
Programme products and control of food
quality
National Food Safety DOAE, 2004-present e Food production control
Programm¥ DOA, FDA, throughout the entail food
DMSc chain

¢ Inspection and legal
enforcement in food
importation, fresh food
product in the market, and

production process

Source:” PanyakuL (2001) and personal contact with director of Vabk, Flower,
Ornamental Plant and Herbal Plant Production Btmm Division (Oct 3, 2006).
I FAO (2005)
¥ SRITHAMMA et al.(2005)

2.3.6 Adoption of safer vegetable production technagies

It is likely that the area in which safer productjgractices have been adopted has increased during
the period of the Eighth National Economic and &obevelopment Plan (1997-2001)AN(T-
ANUNCHAI 2006). However, no official statistics are avdéasit present, although indications are
given in project reports about organic vegetalbelpetion and other documents of the DOAE. For
example, the data show that the production arsafef vegetable increased from 835.3 hectares in



Technological and institutional conditions of veajdée production 27

1997 to 5,318.9 hectares in 2002, which is anmere from 0.23% to 0.27% of the total vegetable

production areas. It is important to note thatetstatistics exclude organic vegetable production.

The ENF indicates that the area of organic producincreased during 2000-2006, but the
area decreased to only 19,162 ha in 2007 (Figitg Zhis figure also shows a gradual
growth of organic vegetable and fruit productioraa. The proportion of organic vegetable
and fruit products to the total organic productswaly 0.3% in 2003 and decreased further
to 0.14% in 2006. ANYAKUL (2008) argues that the area of organic produdiecreased
since the overall policy targets of organic vegktairoduction at the national level lack
continuous enforcement. That is, the policies irthedNational Economic and Social
Development Plan differ from one another. Furtheemaseasons behind the low level of
adoption of safer practices might be the confllm$ween policies of different government
agencies and the overlapping tasks among them.i§ banfirmed by the studies ofURs et

al. (1997) and MINAKANIT (2001)

25,000
20,000 H
15,000 A —&— All crops
g Rice and field crops
10,000 Vegetables and fruit§
5,000 1

2000 2001 2002 2003 2004 2005 2006 2007

Year

Figure 2.2: Organic vegetable and fruit producaoeas from 2000-2007
Source: BRTH NET FOUNDATION (2008)
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2.4 Summary

Many reports and studies suggest that the vegembbiucts in Thailand put consumers at
risk due to pesticides residues often above theifam Residues Levels (MRL). Producers
are also subject to health hazards from the imprajse of highly toxic pesticides. In
addition, the overuse of pesticides degrades raegaurces and environment. Thailand, as a
member of the World Trade Organization and a m#&pmd and agricultural products
exporter, recognizes the need to upgrade its dgmal production to meet international
standards, i.e. the production of high qualityesafd healthy food raw materials and food
products is indispensable. To respond to the amgdélethe Thai government has strived to
achieve this goal through an explicit food safetliqy, especially through the implementation
of GAP and the National Food Safety Programmes. dlijectives of these two programmes
aim to reduce food hazards and food-borne disedseg the production and marketing sides,

respectively.

In this chapter, the institutional conditions farheeving these goals were described. It was
shown that a large number of government agencesgigen the responsibility of contributing
to this goal, e.g. the Ministry of Agriculture ad@boperative, the Ministry of Public Health,
and the Ministry of Natural Resources and Enviromimelrhey conduct research and
development, including extension programmes at Ipotiduction and marketing levels. In
addition, NGOs and the private sector also playagonrole in the extension of those safer
vegetable production practices. Most importantye Royal Project Foundation (RPF) is
playing a pivotal role, especially in the enviromtadly sensitive areas in the Northern

highlands.

However, the adoption of safer vegetable produgtiaatices is very low. This may reflect the
fact that the implementation of safer practicesi@salways been effective due to overlapping
tasks and imprecisely defined roles of involvingtitutions. Discontinuity and inconsistency of
the policy at national level might also be a majause of low adoption. Theory suggests that
adoption of innovation is determined by many faktoin this context, knowledge is
hypothesised as the factor affecting adoption tdrgaractices. To examine this, an analytical
framework and conceptual model are required. Thd okapter describes the theoretical

background and conceptualisation of the study,elksas the modelling of adoption.



Chapter 3

Methodology

This chapter is divided into two parts. The firgtrtpprovides a definition of knowledge-
intensive technologies and a conceptualizatiomefadoption decision-making process in the
acquisition of knowledge through extension prograsmThis also includes a literature
review on the evolution of extension systems arair tfole in the delivery of knowledge-
intensive technologies. The second part of the tengpovides an analytical framework for
the analysis of the process of knowledge acquisitirough participation in extension
programmes, and the transformation of this knowdedg promote the use of safer
technologies in vegetable production. The methagloleoncentrates on three major
econometric models: (1) a probit regression modethe estimation of factors affecting the
decision of vegetable producers to participate nneatension programme, (2) an average
treatment effect model for the examination of tifileats of the programme on vegetable
producers’ knowledge, and (3) a system of equationthe simultaneous examination of the
participation-knowledge-practice change proces® dhmapter concludes with a summary of

the models used in this research.
3.1 Definition of knowledge-intensive technologies

The classic studies on adoption processes (@GeRS(1971)) revealed that there is a gap in
time between the introduction of a technology arfienvits adoption begins. Hence the
classic diffusion model assumed that adoption aslgal and continuous, generally following
an S-shaped function with time as the independantable. Therefore, the early adoption
studies (e.g. &ILICHES (1975); MANSFIELD (1963)) modelled technology diffusion as a
process of imitation, assuming a costless commtiaitaamong homogenous units of
adopters. These adoption models essentially argation models that lacked an explicit
economic decision framework for individual units.rkality, the homogeneity assumption is
hardly merited. One way to deal with the problemheterogeneity is to divide potential

adopters into different groups with different featiand likelihood of adoption. Statistical
tools such as logit and probit models allow thelysis of discrete choices by adopters. A
more advanced model of adoption is the thresholdaih@avipD 1969). The threshold model

has an explicit economic micro-level decision-mgkimechanism, recognizes heterogeneity
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among economic agents and incorporates dynamiegses that drive the diffusion process
forward over time. This model is very flexible aakdbws the introduction of market-clearing
mechanisms as well as policies into the analysid,assesses their impacts on technological
change. Hence it is demanding in terms of datairepents, which are often difficult to
meet under the conditions of developing counti8esiDING and ZLBERMAN (2001) in their
survey of adoption point out that introduction awntechnologies is associated with the
introduction of various types of risks, which canreduced by informational efforts provided
by extension or effective marketing services. Franeple, the substitution of chemical
pesticides by biological control may cause proditgtiosses if farmers do not know how to
adjust the use of pesticides for the control otp&gere the biological control agent is not
effective. Hence, adoption of knowledge-intensigehnologies depends on the knowledge
and skills capacity of the potential adoptersH@ .1z (1975) emphasizes the importance of
the capacity to quantify and evaluate alternateehmologies, which provides a case for
combining the introduction of technologies with edtional efforts that provide basic

analytical skills.

Following the classic categorization of technolsgithose that are knowledge-intensive are
disembodied, as they are usually not tied to aygiphl tool but by their very nature are designs,
concepts and decision-rules and are thus depemtehuman capital accumulation through
information acquisition and learning d®uLTz 1975; WbzNIACK 1984; WOzZNIACK 1987).
Agricultural technologies in this group are oftemftonted with problems of public acceptance
and frequently deal with environmental issues\{8NG and 4LBERMAN 2001). A good example

is Integrated Pest Management (IPM) technologyaserin this study, the introduction of safer
vegetable production practices, which apply somethef principles of IPM. Introducing
knowledge-intensive technologies does not only ireqinformation but also an in-depth
understanding of the mechanisms that drive thectefémess of the technology under variable
environmental conditions. It is important in thisntext to understand the role of extension
organisations in the delivery of agricultural teclmgies. Hence, the next section provides a

literature review of the evolution of extensiontsyss in agricultural development.

' Integrated Pest Management is a concept develbyedntomologists which aims the minimal use of
chemical pesticides by promoting mechanical, playsand cultural methods of pest control and bakes t
decision to use pesticides on regular field moimitpr
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3.1.1 The role of extension systems in the deliveo§ knowledge-intensive technologies

Producers can obtain knowledge about new techndiogy various sources. These include
research organizations that normally provide infation with a higher level of complexity,
and extension organizations that are expected nplgy the information provided by
research organizations. Information can also beliesd| from other producers who provide
their perceptions and experiences with the uséetéchnology. EDER et al. (1985; 2004)
were among the first to analyse the role of puletitension systems in the transfer of
agricultural technology. BRAN (1980) stressed the importance of effectivenesstd#nsion
systems; i.e. extensions personnel and producess have strong links in order to satisfy
information needs. Perhaps the first worldwide effo introduce efficient extension systems
in agriculture in developing countries in the mighgies was the Training and Visit system
(T&V) designed by BNOR and HARRISON (1977). It was adopted as a major tool for
knowledge transformation and first implemented ndid in 1977. This extension concept
rested on several pillars€BER et al. 1987; FEDER and $ADE 1986; HUssAIN et al. 1993): (i)

a top-down hierarchical organizational structuréhve fixed schedule of extension to farmer
contacts; (ii) a large number of ground-level esten staff, linked with specialists to ensure
the relevance of extension messages provided tmacofarmers; (iii) selected villages with
contact farmers who receive pre-formulated extensiessages from extension workers. The
contact farmers in turn are expected to dissemikatavledge to other farmers of their
constituency; and (iv) a fixed schedule of bi-wgekkits for delivery of extension messages
focussed only on the most important agriculturalcfices for the major crop of that area.
Extension workers were expected to concentratelysale extension messages and not

become involved in other activities such as théectbn of statistics.

The problems with the T&V system soon became appaatthough early studies suggested
a high rate of return (@veL 1983). Some disadvantages were reported in theatitre
(HussaAIN et al. 1993). The major weakness of the T&V system wascdsts due to the
requirement of a large number of extension agefsER and SADE 1986). Hence, the
system suffered from a lack of fiscal sustainapiQuizoN et al. 2000). Another limitation
was the degree of technical competence and quulgytension staffs, which often could not
be assured (ATHOLT and Jp 1995). Moreover, the fixed extension messagesrégho
indigenous knowledge and the information was oftehrelevant for the solution of local

problems. Finally, it was observed that the sysbewame biased toward wealthier producers
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since the selection of contact farmers was oftesedan wealth, literacy and willingness to
cooperate (RLING and RReTTY 1997). A good example of an impact study of theVT&
system is the work of bssaIN et al. (1993). They evaluated the impact of T&V on fargier
knowledge and the adoption of agricultural techgglm Pakistan. The authors indicated that
seven years after T&V adoption the programme did e up to its expectations.
Unfortunately, as pointed out by @QON et al. 2000), there were only a few rigorous
economic impact studies of the T&V system. Mostgaton studies focussed on the number
of visits by extension agents but failed to provieledence of the change in producers’

practices, aside from effects on income.

The lessons learned from the T&V extension systihtd a discussion of the role and design
of public extension programmes. Thus, a particigagpproach has been developed in which
farmers are treated as partners of extension wereied are not simply the recipients of
information. Also, participatory systems are orgaudiin multiple command lines in order to
overcome the hierarchical structure of the T&V egst The organization of participatory
systems facilitates several options for the goveysitructure, including devolution of control
to local units, sharing of costs between persoargnsion agents and producers, contracting
of services among researchers, NGOs, cooperatipr@ducers’ organizations &HOLT
and 2Jp1995). In recent years, several agencies, inauthie World Bank, promoted this
approach as an effective way to transfer new tdogyo particularly for those of the
knowledge-intensive kind @BER et al. 2003). An example of costs and prospective benefit

of a participatory extension system was provide@ Byudy in Egypt (EEISCHER et al.2002)

The participatory approach has been especiallyiepgh the field of Integrated Pest
Management (IPM). The first and most comprehensiffert was undertaken in rice and
subsequently in vegetable production systems ina.Adn participatory extension

programmes, the concept of a farmer field schoat Waveloped to meet the ecological
conditions of a local field. Farmers were askeddluntarily participate in the programme. In
the training course, farmers were educated andetain several aspects of IPM. The aim
was to empower them with knowledge and skills usiriigld-based and experiential learning
process (ANTHOLT and 2Jp1995). One positive externality of the programmi¢éhie sharing

of knowledge among farmers while they are workiogether in the field. As a means of
speeding up the diffusion of farmer field schoolsttee end of the training, farmers who

showed outstanding performance were encourageaderiake additional field schools in
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their own or the neighbouring villages with suppiooim the extension organization. Hence,
farmer trainers were supposed to gradually estaldissemi-private training and learning
programme for other farmers EKMORE 1996; FRRANEETVATAKUL et al. 2007; VAN DE
FLIERT 1993).

As pointed out in chapter 2, the Royal Project Faion (RPF), with support from the
relevant government organizations in the area wthesestudy was conducted, is promoting
participatory extension approaches together witleromeasures that are aimed at increasing
the rate of adoption of safer practices in vegetgiobduction. The challenge is to assess the
effectiveness of this process. To do this firs#guires the conceptualization of the role of
extension programmes in influencing farmers’ decisinaking process. Hence, in the next
section a conceptualization of the role of extemgicogrammes in the process of knowledge

acquisition and technology adoption in vegetabtepction in Thailand is presented.

3.1.2 Conceptualization of the process of knowledgacquisition and technology
adoption

Expected utility decision theory states that profaximizing producers will adopt a new
technology if the expected utility is higher thdroge of existing practices. One of the first
studies in agriculture was carried out bgilGGCHES (1975), analysing the factors affecting the
adoption of hybrid corn. This study in principlelléeved RoGERS (1971,) who provided a
criterion for measuring the adoption-decision psscéle pointed out that profitability of a new
technology is only one among several factors tleterchine adoption. These factors include
other attributes of the technology such as comiigtjlcomplexity, and observability affecting
producers’ attitude toward innovation in the pessuia stage prior to decision-makingo®&:Rs
(2003) also recognizes the important role of knogéein adoption. In Figure 3.1 the process
of adoption, starting with technology developmentiludecision-making, is conceptualized.
Suppose a technology supplier conducts researctetelop safer vegetable production
practices that are more benign to the environmadttaman health. At the first stage, the
vegetable producers can be educated via a traamglearning programme. The ability to
understand how the practices work, however, dependsersonal attributes, socio-economic
attributes and communication of vegetable produ¢s¥s Figure 3.1). The training may also

change the attitudes of the trainees, making thene ppreciative of environment and health.
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Figure 3.1: The processes of knowledge acquisdrmhtechnology adoption
Source:  Adapted from@&GERS(2003)

The importance of attitudes towards a new techryoiloghe decision of an individual has been
suggested byISHBEIN (1997) cited in KILSHRESHTHA AND BROWN (1993). He proposed that
an individual's determination to adopt a new ideay.( towards safer vegetable production
practices) is a joint function between his/hertadié toward that idea and his/her beliefs of
what is expected for the adoption of those prastite spite of the fact that an individual may
hold a positive attitude towards a new technoldlgre may be some inconsistency between
the expected and actual reaction. For examplehenptesent case, vegetable producers may
recognize a feasible practice in a spectrum ofr safgetable production practices but may not
want to use it because of other constraints. Affiter transformation of information into
knowledge and matching this information with exgtiattitudes of the potential adopter, a
vegetable producer has to choose between convehpactices and safer ones. This is called
the decision stage. Finally, there is the impleragon stage. If an individual producer adopts

safer practices, those will then be implemented [sgure 3.1).
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In the adoption-decision processes, knowledge bas Hiscussed as the important constraint
for adoption of innovation. Producers with more \fexige will have a higher probability of
adopting new technology @BY 2003; FEDER et al. 2003; NDING and 4LBERMAN 2001;
WAIBEL and 4LBERMAN 2007), particularly in the case of knowledge-isiga technology.
Increasing producers’ knowledge is relevant to meprg human capital. W.cH (1970)
firstly proposes that differences in human capitdkrms of education, and the differences in
knowledge of the new technology, enhance the whitit adjust to technological change.
WozNIACK (1984; 1987) subsequently develops a model bygiatang the role of the
innovative ability as an economic incentive inchgli education, experience and the
availability of information to technology adoptioithe estimated results from a logistic
model show that all indicators used for measureroérnhe innovative ability significantly
contribute to an explanation of the adoption ofowation. Imperfect information increases
adoption cost, and thereby reduces the probalafitgdoption. These results are consistent
with the study of SHuULTz (1975), who states that in the long run introductof new
technology can increase the ability of producerdétter allocate resourcesav and
HUFFMAN (1984) argued that the inefficiencies can be @lated by enhancing human capital
or increasing the stock of knowledge through leagrand experimenting. Learning takes
place in different categories, mostly dealing with gaining of new scientific knowledge and
incorporating it in innovation (BSENBERG 1982). The process contains learning by using,
and learning by doing (8IDING and ZLBERMAN 2001). Learning by doing is a source of
producers’ experience that will reduce a fixed cobtknowledge accumulation, while
learning by using will increase skills of producarsl will lead to a decline of the real labour

cost per unit of output (BSENBERG1982; IINDING and 4LBERMAN 2001).

In an empirical study, #sTERand ROSENZWEIG (1995) firstly developed a model to examine
the role of knowledge in the adoption of high yightieties (HYV). Their estimated results
indicate that imperfect knowledge is the major iearto HYV adoption. However, learning
by doing through own experience and from the expee of neighbours can diminish this
barrier. The conceptualisation of the process téreston programme as a source of learning
and knowledge provides models that can help tebettiderstand the factors that drive this

process and identify possible constraints. Howewveris unclear whether programme
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participation directly affects the adoption of safegetable production practices that aim to
improve the agricultural resource base. In thiglgtgeveral models will used to examine the

participation-knowledge-practice change process.
3.2. Modelling participation, knowledge and adoptio

Following the conceptualization of the process obwledge acquisition and technology
adoption for safer vegetable production practi¢eeugh extension programmes in chapter
3.1.2, the methodological approach used to quarkise processes is described in the
following. The different steps used in the analysis shown in figure 3.2. The model starts
with the notion of a technology supplier that usesning and extension approaches to
provide technology to potential technology adoptérsthis case the technology supplier is
the Royal Project Foundation in Thailand, whiclcaoperation with respective government
agencies in Thailand intends to motivate vegetabtelucers in the mountainous areas in
Northern Thailand to adopt safer vegetable produactpractices. In addition other
programmes have been introduced with different @ggres but only two have applied the
training and learning extension method. They aregirated Pest Management Practice (IPM)
and Good Agricultural Practices (GAP) programmeeSéhtwo initiatives cooperate with the
Royal Project Foundation in the study area andhat they are the same agencies and even
the same people but using different names for dimeesactivities in order to obtain support
from foreign donors. Therefore in this study vefttgoroducers who participated in these
two programmes, in addition to registered membérthe® RPF, were also included in the

participant group of the sample.

In the first step, the analysis aims to model vaiglet producers’ decision to participate in the
various activities of the programme (see Figure.3[Re theoretical basis for this model is
classic decision theory based on the decision-nskapected utility. Hence, it is assumed
that vegetable producers will invest in the acduaisiof knowledge about new technologies
if their expected utility exceeds those of convemdl practices. Theoretically, factors
affecting the utility of participation include ecomic factors as well as characteristics of the
decision maker such as prior knowledge and expeziem the second step following the
participation decision, the effect of the programme the participants’ knowledge is
analysed. This model assumes that change in kngelethn be quantified through

knowledge scores developed from a set of knowledpged questions that reflect the
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essential elements of the new technology. The nfajpothesis here is that participation in
the knowledge supply programme of the RPF is dpamtly increasing the knowledge of
vegetable producers, as a precondition to adomr sa#getable production practices. In
addition, other variables, including education, engnce and the time available of

participants are likely to influence the observatilange in knowledge.

The third step is to establish the link betweendhange in knowledge and the adoption of
safer practices. Modelling adoption is generallyried out as a yes/no decision, where the
dependent variable is formulated as a zero-onabiariusing 1 for adoption and O for non-
adoption. Since modelling is done for each practiegarately it is necessary to identify the
most important out of a set of practices that img@ple fall into the category “safer”
practices. However, not all of them may be feadibtehe production conditions in the study
area and some may be less significant in improweaith and environmental conditions in
the area. Hence, selection of key practices wagedaout by an expert panel. Typically, this
is measured as dummy variable, i.e. 1 represeetaung O for represents non-use. As in the
knowledge model, a set of independent variablesessgd on the zero-one adoption variable
was identified based on economic theory. One olsvionitation of this approach to model
individual practices is that it does not allow jedgent of to what extent this leads to an
overall improvement of the health and environmemahditions in the study area. To
circumvent this problem an aggregate minimum stahdésafer practices was identified by
the expert panel. A scoring method was used tovamperts a ranking of key practices
selected in a prior consultation process. In taapert opinion converged on eleven key
practices that are all compatible with the prineigf the integrated pest management
concept. Each practice was weighted by the exmerta scale from 1 to 10 that ranks the
practices by their degree of importance with 1esst important and 10 highly important.

The cumulative total was then calculated to esthlihe aggregate expert standard.

The fourth step of the analysis captures the coisqas between practice scores of
participants and non-participants. It is hypothesgighat participation in the knowledge
supply programme of the RPF should directly moéveggetable producers to adopt safer
practices, i.e. practice scores of participantsukhde higher than the scores of non-
participants. In addition, there may be knowledgHusion from participants to non-

participants, i.e. it is possible that non-partaip vegetable producers will also adopt some

safer practices. Hence, the comparison betweeniggascores of participants and non-
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participants is insufficient to measure the fulilecof adoption. On the other hand, it is also
possible that there is a gap between vegetableupeosl adoption of existing practices and

the standard set by the experts. This was idedtifig¢he fifth step.

Lastly in the sixth step, a model was formulateat thffers an explanation of the gap between
existing practice used by participants and the exgtandard. Here, an examination of the
direct effects of the programme on the adoptionsafer practices among participant
vegetable producers is carried out through a sanetius equation procedure. The model
distinguishes between the weighted and the un-weaigpractice scores to identify factors
responsible for the difference between the exispractices used by participants and the

expert standard.
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Figure 3.2: Modelling framework
Source:  Own presentation
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3.3 Model Description

3.3.1 Probit regression model

For modelling factors influencing an individual wetgble producer’s decision to participate
in the safer practice programmes, a binary choicglehis applied. Following classical
economics theory, vegetable producers are asswnmrisk-averse, i.e. they will participate

in the programme only if their utilities obtainediih the programme are greater than those of
non-participation. Supposeg ' is the differences of two utility functions: utififunction for
non-participation { = 0) and for participation { =1). The utility (U ') of these producers
depends upon their characteristics, human cagdaah resource endowments and other

factors. Notationz is a matrix of these factors ang is a vector of two parameters for

participation and non-participation. The individudllity function of these choices thereby
can be represented as equation (1), provided byirtear random utility model (REENE
1997):

U’ =1]J-Z+ej (1)

In reality (U') is measured through programme participation aad-participation and

formulated as a dummy variabjle which equates to 1 if the vegetable produceli@pates

in the program and zero otherwise. The probalilitgarticipation is derived as equation (2).

Pr (participation = y1'[x) = Pr (U- U%>¢p- e1)
=Pr (njz > ¢j)

=F(n;2) ),

where F(n;z )s the cumulative distribution function for a ramdadisturbance terme)

evaluated);z. According to Bernoulli distribution, equation (2an be modelled as a joint

probability (GREENE 1997).

Priylx) = H[l— F(n}Z)]H F(nj2) 3)

Yj=0 Yja
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The functional form proposed fd¥(n;z) depends on the assumption of the error tefjn

the data set is best shown by a logistic distrdmyti.e.F is cumulative logistic, a logistic
model should be used. On the other hand, if theiloligion is normal, application of a probit
model is considered (emiYA 1981). Although a logit regression has advantages a
probit model in terms of mathematical convenienGeggNE 1997) and in terms of the
interpretation of results for a wide range of apgions (FbSMER and LEMESHOW 2000), in
this study a probit model was selected. The reasdhat using the instrumental variable
technique, the assumption of normal distributiontf@ error term of the treatment equation
holds and the probit model is more efficieneff{MAN 1979). Hence, a probit model can be

modified as shown in equation (4):

Privi) =[[i-oC DT 2 @)

Yi=0 Yiy

where ®(.) is normally distributed with mean and zero unitizace. In general, the probit

model involves a nonlinear maximum likelihood esttian, hence the log-likelihood of the
joint probability can be described in equation (5):

InL = > In1-d(nj2)+ D Ind(n’2) (5)

Yj=o0

In chapter 5, where the analysis focuses on theipation of vegetable producers in extension
and training programmes, equation (5) is applied aentified as model 1. A general

formulation of the model can be written as:

Model 1: Y =1,Z+€

To interpret results obtained from model 1, sigd amagnitude of a coefficient indicates a
direction of an effect of a change in an indepehdanable and the relative influence that a
variable has on the probability of choice, resp@tyi. In practice there are two alternative
methods used to interpret the coefficients. Thst finethod is to calculate the marginal
effects. These provide a relationship between agdan the probability and a change in an

independent variable by taking the derivative @& gmobability function with respect to the
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independent  variables or by  taking the expectatiorof  probability
function:0E(Y | z;)/ 6z, = 6Prloz; = ®(njz)xn,. Using this method of interpretation of the
partial derivative evaluated at the mean valuéhefihdependent variable, an inaccuracy can
arise because the partial derivative has no boyndahich implies that the predicted
probability can be outside the zero-one intervatTERSEN 1985). In addition, direct
comparisons of the marginal effects of probabgitieetween independent variables are
limited because of the differences in scale ofitftependent variables €CLERE 1992). To
eliminate these limitations, an elasticity of prbli&y is proposed. This method is
independent in the units that measure the respemsss of change in the probability to a
change in independent variable$=[z; / ®(n;z)].[0®.(n;2)/0z; .A high elasticity of less
than 1 implies that probability is very responsieechanges in the independent variable
because there is a greater than proportionate ehamghe probability relative to the
exogenous variable. For a low elasticity of moranttl the interpretation can imply the

opposite.
3.3.2 Average treatment effect models

This section discusses models that are used toumedke effect of participation in

knowledge provision programmes. To begin, a randautor of vegetable producers’
knowledge scores with programme participatidsngwledgg and without programme
participation knowledgg) is defined. In addition, letx be a vector of observable covariates
affecting vegetable producers’ knowledge andgebe unknown parameters. The structural

equation of knowledge with and without the progragrcan be written as equation (6):

knowledge= x, + ¢, and knowledgg = xB, + &, (6),

where g,&, are unobservable factors. An assumption of an peddent, identically

distributed sample from the population is first mde(s,), E(s), =0. To measure the
participation effect of the programme on vegetakh®wledge bases, the differences in
knowledge and knowledggare of interest. There are two major methods ofsumeiag these

differences: (i) average treatment effect (ATE) &ndaverage treatment effect on the treated

(ATET). ATE is the expected effect of participation a random draw from the population
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(RosenBaum and RuBIN 1983): ATE = E(knowledgeknowledgg x). ATET is the mean
effect of those who actually participate in the gmeoanme: ATET = E (knowledge
knowledggl X, participation=1) These two terms, using the assumption of mean
independence, would be identical as shown in tlierhying derivation.

To decompose and integrate the participation veridh equation (6), the observed

knowledge can be specified in the following equa{d/0oOLDRIDGE 2002):

knowledge = (1- participaton).knowledgg+ participation.knowledge

= knowledgg+ participaton.(knowledge— knowledgg) (7

If knowledge and knowledge are mean independent of participation,
E(knowledgg|x, pa= E knowledgéx), j =0,1. Hence ATE and ATET are indifferent.

ATE = ATET =E(knowledgq x, participation =1)
— E(knowledggd x, participation =0) (8)

In practice, however, this assumption may not hioétause of two problems: (i) the
difficulty tin specifying counterfactual scenariasid (ii) the problem of selection bias.
For (i), in the case of the RPF programme no basaliata prior to the implementation of
the programme were available. For (ii), vegetabiledpcers were not randomly selected
to participate in the programme but they decidedtifi@mselves. Hence they may differ
from those who decided not to participate in thegpamme, for example, in terms of
knowledge and other characteristics. Any differenceasured after programme
participation may in fact be in part due to othactbrs. Another kind of selection bias
may occur due to the non-random selection of tHeges that were included in the
survey. To overcome these problems, two statistieahniques can be applied: (i) the
ignorability of treatment techniquand (ii) theinstrumental variable techniqu&@he first
method contains three approaches: a) regressioadbdy propensity scores; and c)
matching approaches. The second method is knowtheasreatment effect model. The
robustness of each technique depends on the dat8isee it is unknown and we do not
know a priori which method is suitable for the pa#wng data in this study, all three
methods are applied and results are compared. dnfadhowing a description of the
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different techniques is provided.
3.3.2.1 Ignorability-of-treatment-technique

The ignorability-of-treatment-techniqués based on the assumption that conditional on
outcomes, independent variables)(and the variable of participation are uncorrelate
(RosenBaum and RuBIN 1983). In this study, outcomes are knowledge scofgarticipant
vegetable producers and knowledge scores of ndicipant vegetable producers. This
approach implies that ATE and ATET have the sanmaition regarding the independent
variables. For the ATE approach one can usegession based methodadb) propensity
score matching(WoOLDRIGE 2002). Conceptions of these methods are discussdhbe
following paragraph.

(a) Regression based method

For the regression based methods, two simple moitetbe following called model 2a, 2b,
and 3, can be estimated. Model 2a and 2b is usedraference for comparison with more

complex models.y. In model 2a,knowledgeis simply regressed only on the treatment

variable participation in progranme), while in model 2b other independent varialaes

added. The ATE in both equations is representetthdygoefficienty . If there is no selection

bias, results from other models should yield simiues to these two models.

Model 2a: knOW|Edge = modelza + 7r'nodeI2a partiCipaﬁon +é&

model2a

Model 2b: knowledge = @120 t ¥ modeizn PAIUICIPATON + XB o eion + Emodeizn

Model 3 is based on aegression methqgdwhich uses the basic assumption of the
ignorability-of-treatment-techniqueThis model is derived from the conditional mean
independence, i.e. knowledge is mean independeparitipation. In addition, it utilizes a
control function to eliminate the selection biases:

Model 3: knowledge = & 043 + 7 modeis PAItICIPAtion + xp

model model3

+ participation. (X — X).0ogeiz + €

model3 !

where g andd are vectors of unknown parameters, and the t€xm X).0,,.4; before the
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error term at the right-hand side represents tharab function. The idea behind this
approach is that adding more independent variaddegroxies of unobservable effects will

make the participation variable anikhowledge become uncorrelated. In the estimation

procedure, each element af would be demeaned by the sample averageX(, which

ensures that the obtained coefficienis ATE (WoOOLDRIGE 2002). Based on this approach,

derivation of an estimation of a conditional ATEhdae carried out. For example xfrefers
to the variable ‘education of household head’, ange in ATE for various levels of

education can be estimated over the sample of anoge participants as follows:

knowledgglcaton= 7 4 {educatiopr mearteducatio}.o (8a)

model3

where % and & are obtained from the estimation of model 3. Sinyl a change in ATET

can be estimated over the sub-sample of partisdanthe underlying equation.

N ~
{(z participation.(education- mean(education.émodelg}

ucation_ i=1

knowledgé&e""= 7 +

_ (8b).
(O participation) ™.

i=1

As shown in equation (8c), the proof of equatioh)(Bidicates that ATE equates ATET in
equation (8a). Hence, this ensures that the estmaf ATE under the assumption of the

ignorability-of-treatment-techniqueill be equal to ATET.

ucation

knowledgge =y+ {education— mear(educatior)}.éA (8c)

(b) Propensity score matching method

By utilizing the ignorability-of-treatmentassumption, BSENBAUM and RUBIN (1983)
pioneered the propensity score method. The properssiore (PS) is defined as the

probability of the programme participation conditab on x :

p(x) = Prob( participation = 1| x) , 0 < p(x) <1 (9).

The last condition in equation (9,< p(x) <1, is called overlap condition or common support
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(CaLIENDO and KOPEINIG 2005). It ensures that vegetable producers wahsgme attributes)(
have the same probability of being allocated tdtigpation and non-participation groups
(HECKMAN et al. 1999). The procedure, thus, is to first estimaeegropensity scores (PS) and
then check whether the PS distribution satisfissdbndition. In this study, PS is the probability
of participation in the knowledge supply programrok the RPF, given the observed
characteristic of vegetable producensCHENER (2002)proposed a simple method consisting of a
comparison of the minima and maxima of the PS th lgooups, based on the criteria that any
observation whose PS is smaller than the minimuiianger than the maximum in the opposite

group has to be deleted. Propensity scores carbthased to estimate ATE or ATET

N ~ ~ ~
knoMedge g arer = N:lZ[ participafon — PS)]/[PS— PS?] (10)

i=1

In equation (10), PS and treatment variables askidied as the regressors, apgd; is the

sample average of PS.oBENBAUM and RUBIN (1983) suggested the prediction of a
propensity score (PS) using a logit or probit md@eincluding independent variablesand
various functions ofx, including interaction and quadratic terms. Thégogoroposed a
general version based on a simple regression fonaing ATE as the underlying equation

as in model 4:

Model 4: knowledge = & q4eia T Vimodela- PArtICIPation

+ model4'PS+ 5mode|4'[PS_ :uPS] * Emodela

WOOLDRIGE (2004) suggested a more simple model that incloagdthe PS as the regressor on
the dependent variable. He indicated that in th@ach the PS is used as the control function
that contains all information in the independemntaldes, leading to consistent estimation of ATE

as indicated in model 5:

12 Since this method is derived under “the ignorabilif treatment techniques”. ATE is assumed to &xjuath
ATET.
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Model 5: knowledge =X models + 7r'nodeI5' partiCipaﬁon + ¢mode|5'PS+ €models

where the coefficient on party] represents the estimation of the effect of progne

participation (WOOLDRIDGE 2004).

All other approaches utilising the PS belong to ¢htegory of matching methods, including
stratification matching, nearest neighbour matchinggius matchingand kernel matching

The basic idea of these four methods is that tiseythe predicted probability of participants
matched with those similar characteristics of tlmn-participation group. The different

matching rules of these algorithms are briefly désed in the next paragraph.

Beginning with thestratification matchingthe procedure of this method is to divide the
range of variation of the propensity score int@aads intervals. Leb represent the number of
the blocks defined over the interval of the projitgrscore,b € B. The average effect within
each block is calculated by taking the mean diffeeein outcomes between participant group
and non-participant group as follow:

knowledge =[)_

knowledge/ N, 1-[>. . knowledge/N;], (11),

el (b) el (b)

where T and C denote the participant and non-pgaiit/control groups, antl(b) is the set
of vegetable producers in each blodk; and NS are the number of vegetable producers in

the participant group and the non-participant grisupach block b. Subsequently, calculation
of ATE is carried out by summingTE, and weighting by the distribution of treated units
across blocks (Bcker and EHINO 2002). In the present case, estimation of ATE dase

this method is named as model 6.

B
Model 6: knowledge= ZATEb[Ziel(b) participaion /) participaion ]
b=1 '

The second method igearest neighbour matchinghe main idea of this method is that each
non-participant unit (a vegetable producer in thetol group) will search for a participant unit

(a vegetable producer in the participant group) Was the closest PS. A set of non-participant
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vegetable producersc)( matched to the participant vegetable produdeveith the PS is:

C(c)=min||PS - PS ||, wherePS and P$ are the PS of the participant and the non-

participant units, respectively. Differences betwdeowledge of the treated units and the
matched non-treated units afterwards are calculati following model, identified as model 7.

Model 7: knowledge={(1/ N;").(>_ knowledgg )} —{(1/ N{).(Q_ @/ N ).knowledgé )}

teT ceC

Two termsN,” and NS are the number of vegetable producers in thegiaatit group and the

non-participant group, respectively. In the empiriprocedure, a unit in the non-participant
group can be used more than once as a match, whdlled matching with replacement.
However, based on this method some participantymed in the nearest neighbour may
have a very different PS, leading to a low quatifymatching (®1TH and Topp 2005).
BECKER and LHINO (2002) argued that this problem depends on thee wis#d in the analysis.
Therefore, that method is also applied in this wtud

The other two methods used in this studyradius matchingandkernel-based matchingn
practice the procedure foadius matchingand thenearest neighbour matchingre quite
similar when applying the ATE approach. In thetfgstep each participant vegetable producer
is matched with a non-participant vegetable prodwdeose PS falls in the radius of the
participant vegetable producers. The radius isesively chosen by the researcher and often
set to be 0.1 (Bcker and CHINO 2002). In radius matching, a set of non-participan
vegetable producersc)( matched to the participant vegetable produdemsith the PS

is:C(c) ={PQ||| PS- PS|< radigs This is subsequently used to calculate ATE by

following the equation of model 7. The differencetween this method andearest
neighbour matchings the set of non-participant vegetable produgeys The structural
equation is similar to model 7. Hence, estimatibA®E based on this method is presented
as model 8 in this study.

A weakness of theadius matchingis that if the radius is very small, some participa
vegetable producers may not be matched becausethgarticipant vegetable producers are
outside the radius LIENDO and KOPEINIG 2005). This problem can be overcomekiaynel-
based matchingwhichwas developed by #tkMAN et al (1997). This method uses a non-
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parametric estimator. The weighted average ohdilviduals in the non-treated group is used
to construct the counterfactual outcomes. The adgenof this method is that it has lower
variances when compared to other methods. The Added on this method in the study is
described in model 9:

> knowledge K( PS- B$/ )h

Model 9;: knowledge= (N—lT).{ knowledge-[ =< KPS - PS)/ b 1},

keC

whereK(.) is a weight function calculated from the differeadetween the PS of participant
group and non-participant group. This is also knastthe kernel functionh is a bandwidth
of the kernel that is determined by the researdhahe estimation of the average effect, this

function is used to weight the knowledge scoresari-participant producers.
3.3.2.2 Instrumental variable techniques

In addition to the models described above, a sirattequation based on the instrumental
variable (IV) technique that follows the treatmeaftect model developed by HgKMAN
(1978; 1979) is used in the present study. Inntoslel the effect of treatment on the treted
and the effect of random sampling to treatment eays because the difference between the
two outcome¥ at any time is the same for all persons with #raes observed characteristics
(HECKMAN et al. 1999). With respect to the participation equafiorodel 1) and knowledge
equation (model 2b), by utilizing the IV techniqusyo assumptions are required: the
unobservable variableg | of the knowledge equation are correlated withtteatment, but
the error term of the participation equatia) (s uncorrelated with the independent variables

used in both equations of knowledge and partiaypatis,€) ~ N (001, 0., p) (HECKMAN

1978). Utilizing the assumption of a joint normastdbution of € and ¢, the conditional

expectation of level oknowledgeobserved when a vegetable producer decided twipate

in the programme can be written as model 10:

Model 10: E (knowledgd participation = 1,X,z) = J/oqeno-PArtICipaton+ xg. ..o

+ po_knowledge[_¢(zl77) /(1_ ‘D(Z'U))] J

13 Treatment in this study refers to program parstign.

14 Outcomes in the study present to knowledge sdoparticipant and non-participant vegetable prodsice



50 Methodology

where p is the correlation between the unobservable inugget variablesd, ¢), o is the

standard deviation of knowledge equation, andis a vector of independent variables
influencing the participation decisioAccording to model 10, the participation variabde i
endogenous of the knowledge scores, and is cdlledlitmmy endogenous variable model
(HECKMAN et al. 1998). The final term in model 10 shown in the agubrackets is the
inverse mills ratio (IMR) which can be obtained from the estimation of ipgdtion
equation. Technically, if IMR is significantly dédfent, a selection bias or a correlation
betweene and ¢ exists. It implies that the two equations mustjdiatly estimated. To
estimate model 10, two possible methods are prabdggelimited information maximum
likelihood (LIML), and (ii) full information maximm likelihood (FIML). The procedure for
the first method is to calculate the IMR from mode{participation equation), and then the
predicted IMR is used in the linear projectionkabwledgeon participationandx in model
10. By utilizing the FIML method, participation arldhowledge equations are estimated
jointly by maximizing the bivariate normal likelibd function (®ReeNE 1997). This method
takes account of the endogeneity by directly inocapng the correlation betwees and ¢
into the model. FIML, however, makes a strongeuaggion and is more efficient than
LIML when correlations between the selectivity terfparticipation) and independent
variables used in the knowledge equation are vamw Hence there is a trade-off between
robustness to violation of the joint normality asgtion and the efficiency gains from fully
imposing the bivariate normality. The LIML versianless efficient because it does not fully
impose the bivariate normality assumptioreGHMAN et al. 1999; NeLsoN 1984). Hence,

FIML is used to estimate this model.

3.3.2.3 Selection biases and endogenous variable

The models until now have focussed on the relatipnbetween the participation in safer
practice programmes promoted by the RPF and theemfe on vegetable producers’
knowledge. The next step is to evaluate the eféédknowledge in the adoption of safer
vegetable production practices. This section dessrithe application of an econometric
instrument to test the relationship. Two major eroatric problems occur when trying to
answer this question: (i) sample selection bias mantioned above and (ii) the choice of the
endogenous variable. For (i) some unobservablerfagatfluencing vegetable decision-making
to participate in the programme (participant groam correlated with those determining their

knowledge. In addition, knowledge may correlatehwtite disturbance in the participation
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equation because changes in both vegetable prodymtactices and knowledge may depend
on unobservable variables, for example, managesidiig. According to these mechanisms,
the two-stage least squares approach (2SLS) uhdecdandition of selection biases can be
applied with the underlying simultaneous equatigstesms (see also ¥6LDRIGE 2002).

practices  =z,0, + a,knowledge u, (11a)
knowledge =1z0,+ U (11b)
participaion =zd, + U, (110),

where z; is a vector of independent variables affectingetelgle practices’ scorer@actices,

z covariates influencing participation decision aaldo some determining knowledge.
Knowledge is endogenous to the change in practisesi (practice scores). Formally,
practices andknowledgeare observed only wherarticipationhas a value of 1. Simultaneous
estimations of these equation systems can be daoig under the following strong

assumptions (WOLDRIGE 2002): (i) the unobservables of practice scora$ @articipation
decision (1, ug) are independent of z; (i ~ Normal (0, 1); (iii) E(ua| us)=6U;; (iv)
endogeneity of knowledge on practice scefe&’'u,) =0 —and identical to the condition

needed for identifying equation (11a) in the absesfcsample selectierzo, = 2,0,,+ 20 ,,

0,, # 0. Following these assumptions the structural equodir the estimation of the effect

of safer practice programmes on the use of saéatipes is described in model 11.

Model 11: practices = z,0, + o, knowledged, lambdaZ,

In the estimation procedur®, can be obtained from the participation model estit by
using all observations, i.e. both participant andn-participant vegetable producers.
Thereafter the inverse mills ratios or lambda= A(w4,) is calculated and used to estimate
model 11 by utilizing 2SLS with the selected subigke articipation=1 for which of the
observation of practices and knowledgg. The covariatesZ) and lambda 473) are used as

the instruments for the last process, whiamewledgeis required to be endogenous to the
practice scores. In addition, at least two elemaitz have to be excluded from the

knowledge equation (structural equation), i.e.ealst one must be selected as an instrument
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for the knowledge equation and at least one otliement as an instrument for the

participation equation.
3.4 Summary

This chapter introduces the methodology used insthdy in two parts. First, knowledge-
intensive technologies are defined and the adojtemision making process in the
acquisition of knowledge through extension prograasns conceptualized by drawing on the
literature on the role of extension systems in theivery of knowledge-intensive

technologies in agriculture.

The conceptual framework describes the factorscamgtraints that influence the decisions
of vegetable producers in Northern Thailand to ipgdte in programmes that supply
knowledge-intensive technologies. It also describ@s programme participation increases
knowledge of the participants in order to enablenthto adopt safer vegetable production
technologies. The framework is implemented by usiegondary data from own survey of
vegetable producers who participated in the progranand those who did not, as well as
from an expert consultation process that helpedd¢éntify the essential elements of the
technology in order to arrive at an aggregate nreasiusafer vegetable production practices.

The second part of the chapter provides a detdisdription of the models used to quantify
the different relationships outlined in the concgbimodel. First, a probit regression model is
used for the identification of factors that infleen vegetable producers’ decision to
participate in the programme. Second, the apptinabf a model in practice relevant
techniques for estimating the effect of the progrearare discussed, namely the ignorability
of treatment and the instrumental variable techesqhe first set of techniques includes the
regression-based method and the propensity scotehimg methods, while the second
technique is the treatment effect model developgdHbckmaN (1978). These two basic
econometric models are applied to test for selechimses and endogeneity. Last but not
least, a more advanced model used to examine fibet ef programme participation on the
adoption of safer practices is developed followthg two-stage least square method by
taking into account selection biases. In the ndwpter, the data used in the empirical

estimation of the models will be described.
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Data collection

This chapter describes the methodology of dat@aah. The data were collected from three
sources: a) secondary data from government statestid project reports; b) data generated from
an expert panel and consultation process; andimmapr data from a survey of 300 vegetable
producers in the province of Chiang Mai in North&hailand. The information from secondary
information sources was presented in chapter Zxéncburse of a general discussion of the
development of vegetable production in Thailandh&following, data collection from an expert

panel and consultation process, as well as priaetey collections, are described.
4.1 Expert panel and consultation process

One of the problems associated with measuring topteon of safer vegetable production
practices is the identification of a good countetdal or a reference standard. Although the
Government of Thailand has set standards for thaitguof agricultural products (e.qg.
maximum residue levels) and for inputs (e.g. fomtioh of active ingredients) and has
stipulated regulations on the use of agricultungluts (e.g. waiting periods after harvest), no
clear definition exists on either conventional fargh or on environmentally safer and
healthier production practices. The only exceptgarganic farming as explained in chapter
2, which has well-specified production practicefiofeing either national regulations or
international standards. The widely used concephtgfgrated Pest Management (IPM) has
some 90 definitions but lacks a common legal ba#esce, there is also a lack of definition
of safer practices in contrast to conventional fagnTo overcome this problem a process of
expert consultation in a workshop, and an opinionwesy, were initiated for this research.
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4.1.1 Expert workshop

The objectives of the workshop were to identify t&finition of safer vegetable production

practices, and to discuss factors affecting theptolo of those practices. The workshop

included 10 experts on vegetable production andketiauig of vegetable products from

university, government and the private sectoFhe workshop consisted of two sessions. In
the first session, the conceptual framework ofrésearch and the workshop objectives was
introduced. Secondly, a brainstorming and discusséssion was conducted in which experts
discussed the definition of alternative or safegetable production technologies, defined an
agreeable minimum level of adoption of safer pcagiwith regards to positive health and
environmental effects, and identified the factdrattwere likely to act as constraints on or
stimulants to the adoption of such practices. Aldssed brainstorming technique was used
to focus the discussion on the three issues. Thiedea for brainstorming and discussion of

the first issues was based on agricultural systaniailand, which will be described below.

As a result of the workshop the experts agreed defmition of the term “safer vegetable
production practices”, which was largely based be tPM concept promoted by the
Department of Agricultural Extension (DOAE) and emal NGOs. In addition a set of criteria
was formulated allowing the researcher to develoguastionnaire regarding minimum
requirements of adopters in relation to produceractices and knowledge. The following

practices were identified as relevant for implenmensafer vegetable production practices:

e Crop rotation practices

e Seed treatment practices

e Regular field observations

e Use of biological control methods

e Detailed knowledge of chemicals used
e Source of pesticides

e Use of sticky trap practice

e Practice of mulching

15 A total of 19 experts was invited but only 10 wakde to attend. Those unable to come cited latkref as a
major reason.
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e Use of soil analysis
e Soil improvement measures

e Contour bund planting

The identified practices served as the basis fonditation of key questions in the questionnaire.
The experts were also involved in the selectiothefstudy area based on three criteria: (i) year-
round vegetable production; (ii) vegetables growhighland areas; and (iii) areas where projects

aimed at the introduction of safer vegetable prodngractices have been carried out.
4.1.2 Expert opinion survey

An expert’s opinion survey was carried out withotat of 23 vegetable experts: four experts

are from the field of plant protection research dhe others are from extension. Some
experts who are from extension have also partiegpat the expert workshop mentioned in

the previous section. The purpose of the surveytoa®gvelop an aggregate practices index.
Information obtained from this survey served toegan assessment of the gap between
practices used by vegetable producers and a minimaguirement for safer practices as

identified by the experts. The survey was condubtechail, and its purposes were explained
in a cover letter attached to the questionnaire g@endix C). The experts were asked to
rank priority among safer practices. The key pcasti(both positive and negative in terms of
health and environment) used in the questionnageewlrawn from results of the vegetable

producer survey (see next section). Experts wekedato weight practices by importance

according to their opinion, choosing a value oncales from 1-10, where 1 means least

important and 10 most important. The applicatiothef expert opinion survey and the results
are further explained in chapter 7.

4.2 Vegetable producer survey

4.2.1 Characterization of study area

The criteria used for selecting the study area vdetermined in the expert workshop (see
section 4.1.1). Based on these criteria the highkeas in the province of Chiang Mai were
selected. The area is a major forest and watenstadction zone. The farming populations,
including vegetable producers, comprise differehhie minorities (BRASWADI et al. 2005)

occupying different altitude levels. These differ eénvironmental conditions and agro-
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ecosystems, which can broadly be classified asldngls, midlands and lowlandsH®MAS

et al.2004). In the past, hill tribe communities livimghighlands and midlands had practised
shifting agriculture and cleared land for opiumtiealtion (RERKASEM and RERKASEM 1994).
This has caused losses of forest cover and biagdtyeproblems with soil erosion and water
quality deterioration. Moreover, population groviis led to pressure on land and increasing
competition between water users living in highlanaisd lowlands (KosA-ARD and
RERKASEM 2000). In response to these problems the Kinghaildnd launched the Royal
Project Foundation (RPF) in 1969 (see chapter B RPF initiated the phasing out of
shifting cultivation and introduced alternative ltagops to opium as well as investing in
basic infrastructure. Towards the end of the thietade of the project, 85 percent of the
opium area was replaced by the alternative cropedaced by these programmesidDF
2004). As a consequence, vegetables are now kiyhdamost important crops measured in
terms of quantity and area. However, vegetablegaren in commercialised schemes with
high use of agro-chemicals, which causes envirotamhetegradation and water pollution
(SURASWADI et al. 2005). In 2003, the RPF pointed out that the emvirental situation in
these areas is in urgent need of rehabilitatiope@&ally for primary forest, soil fertility and
water quality (RPF 2003b)

4.2.2 Selection of sample

Cabbage was the major vegetable crop for whiclhr paéetices in vegetable production were
first introduced. Based on a discussion with thenages cooperating with the RPF, in the
areas where safer practices have been implemelmedtaall producers have grown cabbage.
These are especially the project areas of Mae HayalRProject Development Centre
(MHRP) and Nhong Hoi Royal Project Development @efNHRP). The two centres are
located in Chiang Mai Province (Figure 4.1). Sinthe study only focusses on cabbage
producers, the selection of villages was carrietliyupurposive sampling, i.e. all villages
where producers have grown cabbage and locatedosettwo centres were selected. In
every village, participants and non-participantducers were randomly selected. Participants
are cabbage producers who either are registeredprsrof the RPF or those who joined two
safer practice programmes, namely the Integratest Ranagement (IPM) and Good
Agricultural Practices (GAP) programme. Non-pap#nts are those who are not the
members and did not participate in either of these programmes. The list of participants

was obtained from the agencies of the two projantsthe list of cabbage producers in each
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village from the respective village headmen. Incpce, however, actual prior information

was not always correct and had to be verified dutive conduct of the survey. For example,
some vegetable producers, who were identified as-paoticipants based on prior

information, were found to be in the participanbypw and vice versa. Finally, due to the
unwillingness of some respondents to cooperateniningerview, the final sample size

amounted to 293 (see Table 4.1).

Table 4.1: Distribution of participants and nontgpants

Villages Non-participants Participants Total sample
V1 6 23 29
V2 27 5 32
V3 18 11 29
V4 33 15 48
V5 27 28 55
V6 37 22 59
V7 35 6 41
Total 194 99 293

Source: Own survey (2005)
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Figure 4.1: Study area
Source:  Royal Project Foundation (2003)
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4.2.3 Questionnaire design and interview method

In this study, two questionnaires were used: (itcemmunity questionnaire and (i) a
guestionnaire for vegetable producers. The commupiestionnaire (see appendix A) was
used to interview the headman of each villageotussed on characteristics of the survey
villages, the conditions of the local infrastruetuand the prevailing agricultural system. The
community data were used only as basic informafion the study. The village level
information is presented in appendix D

The questionnaire for interviewing vegetable pratscwas organized in five parts (see
appendix B). The first part concentrates on prodiiceharacteristics and the household’s
resource endowment. The second part deals witlpdréeipation of vegetable producers in
safer practice programmes and the third part coathquestions about vegetable production
practices as identified in the expert workshop desd above, including soil management
and pest management practices. In part four, gqueston knowledge and attitude of
vegetable producers towards safer practices wemautated. The knowledge questions
referred to the vegetables producers’ ability eniify pests and natural enemies of cabbage,
as well as safety measures for pesticide use. Respoto knowledge questions were
classified into three categories: correct, wrongd ason’t know. Attitudes towards
environmental and health aspects of vegetable gigpwere measured in five categories, i.e.
strongly agree, agree, neutral, disagree, andgiralisagree.

The last part of the questionnaire contained gaeston technology adoption and diffusion.
Here vegetable producers were asked whether othegthad heard about safer vegetable
production practices, the reason for non-adoptioadmption, and whether they intended to
use such practices in the future. Data was colletiteough face-to-face interviews. The

reporting period was the crop year from April 2@6May 2005.
4.2.4 Organization of fieldwork

The questionnaire was conducted by enumerators wle masters students of the
Department of Agricultural Economics, Chiang Mai ii#isity and Maejoe University,

located in Chiang Mai province. They are familiathathe nature of socioeconomic research
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and most importantly speak the Hmong-Mien langtfgmsed in the study areas. The
enumerators were trained on the survey purpose eanamerator workshop for three days. In
the first day, a brief introduction of general urslanding of the scope and major objectives
of the research project was presented. Thereafteagent who has worked in vegetable IPM-
FAO projects was invited to give a lecture on tree wf IPM in cabbage production,
including knowledge on pests and natural enemiesllff, the enumerators were instructed
in the proper administration of the questionndmethe last two days of the workshop, a pre-
survey was used as a practical enumerators’ tiaianercise. All problems related to the
guestionnaire and the survey were discussed anguiionnaire was improved to its final
form. The survey was conducted from May 2005 to #sig2005. Data storage was

implemented in Microsoft Access and Microsoft VisBasic 6.0.
4.3 Summary

The procedure of data collection described in thapter contains primary and secondary
information. General backgrounds about Thai vedetatoduction systems and problems due to
excessive pesticide usage in its production, coptrajegies and key organizations who play a
major role in research and development and promofisafer practice programmes were collected
from the secondary sources. These included therfepat of Agricultural Extension (DOAE), the
Department of Agriculture (DOA), the Royal Projdedbundation (RPF), etc. In addition, the
workshop with vegetable experts in production aratketing was conducted with the aim of
identifying the terminology for safer practices aatection of the study area. The results show that
this term should be defined based on IntegratedNPasagement Practice (IPM) adopted by Thai
government as a coping strategy to reduce pestisidan vegetable production systems. It was
promoted as a participatory research programme.eMenyvthere is little evidence of widespread
use of safer practices by vegetable producerdddrify reasons for non-adoption, the field survey
was conducted. As a result of consultations wittegs, the area involved with the Royal Project
Foundation was selected for the field survey. Thedardized questionnaire and the face-to-face
interview method were used to interview vegetabtelycers. As well as the producer survey, an
expert opinion survey was carried out to assessntpertance of the various available safer
practices. The output from the latter survey wasdu® fill a gap between practices used by

vegetable producers and the minimum standard fdehti by the experts.

'8 This is the local language that the responderesruthe study areas.



Chapter 5

Analysis of programme participation

This chapter examines the participation of vegetgioducers in extension and training
programmes offered by governmental and non-govemtaheorganizations in order to
introduce more benign vegetable production tectgietin Northern Thailand. The analysis
is performed in two steps. First, the charactessdf vegetable producers in the research area
are presented. Here a distinction is made betwasditipants and non-participants in training
and extension programmes. Frequencies and meatise ofariables selected are used to
characterize the vegetable producers by chi-sdfeargualitative variables and by t-test for
guantitative variables to test for differences leswthese two groups. In the second step, the
factors that induce vegetable producers to padieim the programme are analyzed by using
a binary choice model generally employed in adopstudies. The chapter concludes with a

summary of the major findings.
5.1 Comparisons between participants and non-partipants

Table 5.1 shows those characteristics of vegetabl@éucers that are believed to be important
in explaining differences between producers whdi@pated in training programmes and
those who did not. Such variables include, for examthe household size, educational
status, resource endowment in terms of land andulabagricultural assets and others.
Comparing the two groups with each other it is fbuhat participants do not differ
significantly from non-participants in most chaexdtics. The major exception is in
occupational status. While for most participantsudehold heads tend to be full-time
farmers, the majority of non-participants have otlebs as their main occupation.
Approximately 45% of non-participants work as cadabourers in their neighbours’ farms
or in a non-agricultural sector in the district towr Chiang Mai, the provincial capital. The
remainder work in own businesses such as locakteadl retail shops. This difference is
significant at the 10% level. The observation atsticates that full-time farmers see more
benefits in participating in programmes that praarisimprove their knowledge in vegetable
production, while in households where the headhgaged in other business there is likely to
be less interest. Hence, participants and noneuaatits differ in some important aspects and
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thus may not be distributed randomly across thauladipn, i.e. self-selection exists. Simple
comparisons that ignore the fact that individua-select into the programme might result
in an upwardly biased estimation of programme ¢ffeness (HRTMAN 1988). This must be

taken into account in the econometric analysis.

Participants, on average, have less experiencegatable production than non-participants,
which supports the notion that they have a higremahd for information. Land holding
differences between participants and non-particgaare insignificant, whereas labour
capacity is higher for participants than non-pgrtats. The observation also discloses that
for a given ratio of cropped land to active famdpour, there is more labour capacity among
participants than non-participants Labour availgbinight be a major factor determining
vegetable producers’ decision to participate in phegramme because participating in the
farmer training and learning programme, like thdelsgractice programmes, is time-

consuming (RANEETVATAKUL et al.2007; QuizoN et al.2000).

Table 5.1: Selected household and farm characterist vegetable producers
Household and farm _ o o Test of
characteristics Units Part|C|pantsNon-part|C|pantsdifferenc 32
Age of household head Years 40.8 41.6 -0.57
Education of household head Years 3.0 2.4 814
Experience in vegetable
production Years 9.7 13.3 -4.,03***
Household size No. 8.7 7.8 0.93
Total farm area ha 2.5 2.4 -0.62
Vegetable area ha 1.9 1.7 -0.84
Labour capacity Person-days 6.3 5.2 -2.54%**
Labour-to-land ratio Person-day/ha 3.5 2.3 0.78

Vegetable is main occupation
% 62.4 27.5 3.71*
of household head

Own pickup truck % 72.2 66.2 -0.96

Note: '* Significant at 10%, **Significant at 5%, Signifint at 1%. Difference is
compared using t-test and chi-squér&lumber of observations (N) = 287
Source: Own calculations
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A major driving force for changing production tedhrgy is consumer demand, which is
transmitted to the producer by market agents. ToyaRProject Foundation (RPF) is actively
engaged in the marketing of fruits and vegetaltesice, it is not surprising that participants
tend to sell more of their products to the RPF thamon-participants. More than half of the
participants sold their vegetables to the RPF, evhlimost all non-participants sold their
vegetable products to middlemen (Table 5.2). Preduevho sell to the RPF command a
significantly higher price, with an average cabbpgee of 3.4 Baht per kg as compared to 3
Baht for other buyers. Also, producers who partitéod in the programme received a
significantly higher price from the buyers thandbovho did not participate. Over 70% of
participants also used to have their products defie pesticide residues, while only about
one-third of the control group had performed thiacgice. Following the Thai Food Act of

1979, the sale of products that contain pesticel@dues exceeding a defined maximum
residue levels (MRL) is illegal. However, enforceth@f pesticide contamination testing

prior to selling is very poor. Hence, pesticidedas testing can be demanded by any buyer.

Table 5.2: Marketing practices of participants and-participants

Variables Units Participants  Non- Test of

participants differencé’?

Vegetable buyers

- Sell to RPF only % 58.1 25.7

- Sell to other buyers only % 28.0 68.6 36.77***

- Sell to RPF and other buyers % 14.0 5.7
Testing pesticide contaminations % 74.2 33.5 4781*
Vegetable price paid by the buyers Baht/kg 3.2 3 2 -4.83***

- Vegetable price paid by the RPF Baht/kg 3.6 2.7 -2.64***

- Vegetable price paid by a Baht/kg 2.5 2.1 -1.70*

middleman

Note: Y* Significant at 10%, **Significant at 5%, Signifint at 1%. Difference is compared
using t-test and chi-square.
2 Number of observations (N) = 287

Source: Own calculations
In Thailand, vegetable products that are more efiigm a human health and environment
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point of view are mainly found in supermarkets,egreshops and export marketsafWr-
ANUNCHAI 2006). The agencies responsible for the testindpofl quality and providing
certification for pesticide residues compatiblehMiRL are the Ministry of Agriculture and
Agricultural Cooperatives (MOAC), the Food and Drygministration, and the Department
of Medical Sciences (see chapter 2). The RPF, wéatls in supermarkets and to the export
market, has close cooperation with these agen€lesy provide testing and certification of

products purchased from both participants and rastigipants.

As mentioned in the previous two paragraphs, tfferénces between participants and non-
participants in terms of their marketing behaviate partly explained by the requirements of
the RPF (RPF 2003c). To be more specific, the Walig three conditions must be met before
a producer is allowed to sell products to the RRIFbecome a member of the project; (2)
pesticide contaminations in vegetable products nmastexceed the MRY: and (3) the
production processes must meet the standards af ggdcultural practices (GAP) (see
chapter 2). Hence, there is a strong incentiveésticipating producers to sell their products
to RPF while non-participants who do not meet thesality criteria have to sell to lower-

price market outlets.
5.2 Modelling programme patrticipation

5.2.1 Description of variables used in the model

Following the conceptual framework outlined in cteap3, a model that can explain
programme participation is developed. The dependkmdble is identified as a binary choice
variable, i.e. if a vegetable producer decidedadigipate in an extension programme during
the reference period used in the survey, the depgndhriable has the value of 1 and O
otherwise. This definition meets an initial assumptaxiom of a binary choice model:

choices are mutually exclusive and exhaustivea({ 1993).

7 Although this is a legal requirement for all agttaral producers the RPF enforces this standard.
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The independent variables used in the model arecteel based on some theoretical
considerations and some initial analysis presemethe first part of the chapter. The
assumption is that these variables are fixed owee tor else the variables used in the
equation could be influenced by participation itg&miTH and Tobb 2005). In table 5.3,

descriptions of each variable are presented.

The variables included in the model can be grouiéal four broad categories, namely
vegetable producer characteristics, farm resourcdwments, human capital and other
variables. Firstly, the occupational status of jpicEis is expected to affect participation.
Producers who are working only on a farm may beemidtely to participate in the

programme than those who have additional jobs deitsgriculture, which is a common
feature of farming in Thailand to date. Participatin extension and training programmes is
an investment of current resources in terms of timeexchange for the accumulation of
knowledge. Thus, if a vegetable producer is alsgagad in non-farm occupations, his

opportunity costs of time likely to be high.

The first category of variables includes the hypseth that vegetable producers who have
experienced health problems due to hazardous ptiodumethods, such as spraying of
highly toxic chemicals, may be more likely to pagpate in an extension programme that
offers information on safer practices among otlemhhologies. Furthermore, the dummy
variable that denotes whether or not a vegetaloldymer has his own means of transportation
(pick-up truck) is used as a proxy of wealth. Gafigrit can be hypothesised that wealthier

farmers are more likely to participate.

For the second group of variables, it is assumatllgnd and labour resources as measured
through farm size and labour capacity of the hookklmay also explain programme
participation. Farm size is expected to positivediate to the probability of participation.
This may be explained by fixed transaction andrimfation acquisition costs associated with
the new technologies, and there may be a lowet lmithe size of participating producers
such that farms smaller than a certain criticaklesannot or will not pay the information
costs of the participation gBER and O'MARA 1981). FEDER (1985) argued that larger
producers have higher transaction costs in theisitiga of hired labour. They have less
labour available per unit of land, while small pucdrs often farm more intensively. Thus,

the higher labour availability per unit of land teetenables producers to participate in the



66 Analysis of programme participation

programme. On the other hand, smaller land areasaxart some pressure to farm more
intensively, especially when there are few altawgaémployment opportunities. Hence, this
can be a positive factor to participate in the pmogme. According to the literature cited
above, labour to land ratio is considered rathantthe use of either household labour or

farm size.

The third group of variables relates to human ehpithere are two major variables here,
namely education and experience. Education is ¢ggde¢o have a positive relationship on the
probability of participation. Producers who havehar education are more likely to be
willing to gather additional information from anglgce in order to improve their knowledge
and skills. Similarly to the variable for educatioproducers with more experience in
vegetable production are expected to have morevatmn for participating in extension
programmes because they may have longer plannimzphs. In addition, greater experience
in vegetable production in an area where degradatimatural resources such as soil erosion
and increased pest infestation is widespread mdyci a strong interest in learning new

practices.

In the category “other” variables, membership ifaemer group and residue testing of
vegetables are included. The first variable is etgueto have a positive association with the
participation decision because group interactianicdcocrease the likelihood of participation.
If producers sell to a vegetable buyer who requiesticide residue testing, the use of such
market channels is expectéal increase the likelihood of programme participatbecause
vegetable extension programmes offer technolodiat ¢an help producers to better reach

the required quality standards.
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Table 5.3: Description of variables used in the etod
Group of variables  Name of variabMariable type Description
Dependent variable:
ParticipatiorY Dummy 1= if vegetable producers participate

in IPM? or GAP’ programmes;
O=otherwise
Independent variables:
Vegetable producer  Health problem Dummy 1=if vegetable  producer |
characteristics experienced about health proble
related to pesticide used; 0 =otherwise
Occupation Dummy 1= if household head engagedianly
in farm activity; O=otherwise
Pick-up truck Dummy 1=if vegetable producer owns a pic

truck; O=otherwise

Farm resource Labour-to-land Continuous The ratio of household labour work

endowment ratio full time on farm to total land (person-
day/ha.)

Human capital Education Continuougears of schooling completed

household head
Experience Continuousvegetable producers’ own cabb

production (years)

Independent variablggontinued)”
Other factors Member Dummy 1=if vegetable producer is a menr
of a farmer group; O=otherwise
Market Dummy 1=if vegetable products are testec
pesticide residues by a buyer; O
condition
Study area Dummy 1=if the study area is areal,

O=area 2

Source: Own presentation
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5.2.2 Model specification and results

A probit model was formulated to identify factoféeating producers’ behaviour. Following
equation (5) of the general model 1 described iaptdr 3, the model for programme

participation can be written as:

partici pation = 7, + /,.health+ 7,. pickup+ 77, .education+ 77, .experperiace
+1)..experiene’ + 7,.labourland + 77,.member- 77,.0ccupation

+ ng.market+ 77,,.studyarea

where n,is a scalar parameter amg..77,, are unknown parameters of each factor. Note that

experience is included as a quadratic teexpérienc® in order to capture the concavity of
the experience earning profifeTo estimate this model, the assumption of a randample,
where all observations are randomly distributedr eke population is assumed. This ensures
that a linear combination of random variables ismally distributed. However, in the field
survey, data collection was conducted based on@opive sampling method for the area and
the village levels (see chapter 4). Hence, a bastclel assumption is violated. The
consequence of this can be clustering effectsjigad narrow confidence intervals but also
smaller t-values. To minimise these effects, tla@dard error can be adjusted using a robust
variance matrix (BAND 2004; WOOLDRIDGE 2002; WOOLDRIDGE 2003) Hence, in this model
the robust standard error is used for the estimaifcstandard errors. In addition, indications

of multicollinearity are carried out utilizing ansple correlation matrix between the

independent variables=»'z,z,/,/>’ ziz Z where z, and z, are independent variables

andr is a correlation coefficient. Multicollinearity camsult in high standard errors, low
levels of significance, high R-square value, andrang sign of the estimated coefficient
(GREENE 1997). Ifr becomes high in absolute value, i.e. close to dlticollinearity exists
(PNDYCK and RUBINFELD 1998). As shown in a correlation matrix (Table )5.the

multicollinearity is not reported.

18 According to human capital theory, there is a @wecrelationship between experience and return to
experience (Mincer 1974). Applied to the presergecdat means that the more experienced produceys ma
expect to receive additional knowledge and skitbtigh participation in the program. However, thipectation
may decline after a certain point due a depreciagffect of human capital.
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Table 5.4 Correlation matrix of variables usedh@a probit model

Variables Participant  Health  Pickup Education Eigrere ExperiencéLabour-landMember Occupation Market Study area
Participant 1.00

Health 0.03 1.00

Pick-up truck -0.06 0.03 1.00

Education 0.09 -0.01 0.08 1.00

Experience -0.18 0.04 0.22 -0.02 1.00

Experiencé -0.20 0.01 0.20 -0.05 0.89 1.00

Labour-land 0.05 0.07 -0.19 -0.04 -0.06 -0.08 1.00

Member 0.21 -0.04 0.05 0.16 -0.18 -0.19 -0.01 1.00

Occupation 0.13 -0.02 -0.05 -0.11 0.01 -0.02 0.12 0.05% 1.00

Market 0.38 0.01 -0.11 0.02 -0.20 -0.19 -0.02 0.35 0.03 1.00

Study area 0.11 -0.05 -0.35 0.00 -0.12 -0.12 -0.03-0.07 0.02 0.15 1.00

Source: Own calculations
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Table 5.5 presents the model results of three emstFirst, the complete probit regression
model (for further details of model diagnostics appendix E) is shown. Results show that
many of the coefficients have the expected signdmly a few are statistically significant
using robust standard error. Among the significzartables are “occupation” and “market”.
Hence, producers who are engaged full time in \agjetproduction are more likely to
participate. An increase in the likelihood of theubehold head working full time on farm
will increase the probability of participation ihet programme by 34%. Likewise, producers
who have their vegetables products tested for @dstiresidues are more likely to be

participants.

To check the robustness of the model, two modelsams were estimated in which
subsequently insignificant variables were left olihe restricted models are estimated
excluding labour-to-land ratio and education foe thrst restriction. For the second
restriction, only the variable of labour-to-land egcluded. There are two reasons for the
variants of the full model: (i) some variables nuigturb the estimated coefficients of other
variables resulting in a low significance level) the variable “labour-to-land ratio” was
included in the full model because programme padton is time consuming. However, the

variable is only an imperfect measure of the aabpgalortunity cost of time.

Results show that the statistical quality of thedels does not differ much and that the
direction of signs and the coefficients are almdsntical. Both variables “occupation” and

“market” stay significant in addition to the constaerm, indicating that the full model may
be robust. However, the variable “education” becorsignificant at the 10% level in both

reduced models. Hence, an additional year of sahgoincreases the probability of

participation by 1.3%.
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Table 5.5: Coefficient estimates of the participatdecision (Model 1)

{7 1st restricted mod&f  2nd restricted mod&l’

Variables Robust
Coefficient Robust SE. Coefficient Robust SE. Cioafht

Unrestricted modé

SE.
Intercept -1.4301** 0.3762 -1.2288***  0.3198 -14p**  0.2734
Health 0.1259 0.1667
Pick-up truck 0.0743 0.1928
Education 0.0357 0.0244 0.0392* 0.0239 0.0388* 802
Experience 0.0329 0.0376 0.0339 0.0378 0.0343 8.038
Experiencé -0.0022* 0.0014 -0.0023* 0.0014 -0.0024* 0.0014
Labour-to-land 0.0137 0.0191 0.0129 0.0189
Member 0.2006 0.2103
Occupation 0.6155** 0.2623 0.5880** 0.2602 0.6124** 0.2597
Market 0.9399***  0.1832 1.0085*** 0.1704 1.005***  0.1690
Study area 0.1357 0.1771
Log likelihood -150.86 -151.85 152.05
Wald-chf 54.99%** 52.09*** 52.69***
Pseudo R 0.17 0.16 0.159
Percent correctly predicted (%) 73.52 72.82 71.80
Area under ROC curve 0.76 0.757 0.75
AIC 323.73 317.70 316.12
BIC 363.98 343.32 338.07

N =287
Note: ™ Significant at 10%:; ** Significant at 5%; Signifant at 10%.

?’Robust standard error is controlled for clusteeffgcts.

Source: Own calculations

Overall, the statistical tests of three modelslumiiog the log likelihood ratio (LR), R-square,
percentage of correct prediction and area undeR#eeiver Operating Characteristic (ROC)
differ only slightly. Comparing the models on thasis of these criteria makes it difficult to
determine which is preferable. Some literaturecaidis that selection of independent variables
should be based on economic theory and previougieahstudies (BLIENDO and KOPEINIG

2005). However, from an econometric viewpoint, doestion is always whether the parameter

restrictions can be supported 3NDYCK and RUBINFELD 1998). To answer this question, the
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Akaike Information Criterion (AIC) and the Bayesisémformation Criterion (BIC) that test a
statistical significance of a combined effect af ihdependent variables in the model can be
used. A model that minimises a loss of informatwili yield relatively small AIC or BIC
(MENARD 1995). Based on these criteria, the two restrictestlels are preferable to the
unrestricted model. Comparing the two restrictedie® with each other suggests some slight

preference for not considering the “labour-to-lgatib” variable.

The interpretation based on the coefficients inrabp model that represents a linear
regression of the z-score of participation probgbibn the independent variables can be
problematic. It does not directly provide an untmrding of the effect of independent
variables on the probability of participation. Asaussed in chapter 3, two methods are
possible for the interpretation. The first methedto derive the marginal effects from the
regression coefficients, calculated from a pardi@fivative as a marginal probability. This
can be illustrated using the variable for educatiod experience as an example. Formally, an
additional unit increase in education of the hootithead will increase the probability of
participation by 1.3% and 1.2% respectively. Howeuethe absence of a boundary and the
lack of a reference for independent education béesadue to different scales HELERE
1992) such interpretation is ambiguous. To compdrieh variable has more effect in raising
the probability of participation, interpretatiortsosild be based on the elasticity of probability
(table 5.6). This second method constructs anieilgsof probability by scaling the partial
derivatives without units. Hence, direct comparigamong independent variables and the
estimation of the relative effect of the varioudependent variables on the probability choice
are allowed. Similarly to the previous interpregatithat was based on the marginal
probability, the effects of education and expereoa the probability of participation differ
only slightly.

Table 5.6 shows that the probability of participatin the programme is more elastic with respect
to own experiences in vegetable production thatinéoeducation of the household head. This
shows in both %t and 2 restricted models. The increase in probabilit9.#8 for a change in
own experience in absolute value but only 0.1Zfohange in education. This suggests that own
experience is more crucial for participation thanable formal education of the household head.
Also, the effect of occupation on patrticipation,absolute value, is greater than the effect of
“market”. Note that the latter variable must beticausly interpreted. It can only be viewed as a

rough approximation because both are dichotombasLERE 1992).
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Table 5.6: Marginal effects and elasticity of prbitity of independent variables of 1st

and 2nd restricted models

1% restricted model ™ restricted model

Variables Marginal Elasticity of  Marginal Elasticity of

effects  probability effects probability

Education 0.0134 0.1183 0.0133 0.1173
Experience 0.0116 0.4864 0.0117 0.4920
Experience-square -0.0008 -0.5488 -0.0008 558D
Land-to-labour 0.0044 0.1217

Market 0.2205 0.0652 0.2301 0. 0679
Occupation 0.3411 0.5553 0.3400 0.5534
Predicted probability at mean 0.2905 0.2905

Source: Own calculations
5.3 Summary

This chapter investigated the factors that ardylike explain why vegetable farmers may or
may not participate in extension programmes thabknthem to learn about healthier and
more environmentally benign vegetable practicesingJschi-square and t-tests, some
significant differences between participants and-participants could be detected. A major
factor is that those who participate tend to bétfale farmers, while a higher proportion of
non-participants work not only in their farms bigain casual labour in both agricultural and
non-agricultural sectors. On the other hand, natiggants have longer experience in
vegetable production. However, in terms of somemottousehold characteristics and in terms

of resource endowments no significant differendgvben the two groups was observed.

Nonetheless, the fact that there are differencasdjor variables suggests that the use of a
simple adoption model to investigate differencesvagetable production practices is not
adequate. Hence, a probit regression with the tiageto establish some causality between
programme participation and household and farmadtaristics has been developed. The
model took account of the possible clustering ¢$fec the data by calculating the robust
standard error. The results from the probit regoessiodel clearly identified that the degree

to which a producer is engaged in vegetable prasluct.e. whether or not vegetables are
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his/her major occupation, has a major effect oneaisibn to participate in extension
programmes. This is a plausible result that congas! with findings in the literature (e.g.
QuizoN et al. (2000); RANEETVATAKUL et al(2007); and [ALTON et al(2007)). Those
previous studies indicate that the opportunity cofstime may play a role in training
programmes that are time-consuming. While thegtbit model had only a few significant
variables, the coefficients remain consistent ¥ao tlifferent reduced forms of the model. In
the next chapter, the analysis of the effect ofgpamme participation on the vegetable
producers’ knowledge is carried out.



Chapter 6

The effect of programme participation on knowledgeand attitudes of

vegetable producers

In the previous chapter, factors affecting vegetgiybducers’ decision to participate in the
safer practice programmes offered by the Royal éetofoundation (RPF) and related
programmes have been identified. This chapter exasnithe effects of participation on the
knowledge and attitudes of vegetable producers vagard to the possibility of adopting
environmentally more benign crop and pest managepractices. The chapter is structured
into four sections. The first section gives a corigmm between some relevant knowledge
parameters for participants and non-participamsghé second section, the same comparison
is conducted for attitudes of both groups of predsc In section three, an in-depth
examination of its effects on knowledge are carrmd using several variants of an
econometric model. The fourth section summarizesrésults of the analysis presented in

this chapter.
6.1 Knowledge

During the field survey, vegetable producers waieed questions regarding their knowledge
on various aspects of pest management and on dbéity to identify pests and natural
enemies that are often found in vegetable fields.tke latter, pictures of pests were shown
to them for identification. The answer was eithight or wrong. Respondents were also
asked a set of knowledge questions relating to cn@pagement in cabbage (Table 6.1).
These questions were believed to be appropriatené@asuring vegetable growers’ ability to
adopt safer production practices in cabbage. Fameke, respondents were offered
statements like: Keeping some weeds in the surrounding of the fielcreases pestsor

“All insects are pests The answer could be either right or wrong.

As shown in Table 6.1, in all but one case the gretage of correct answers is higher for
participants than for non-participants. In five afitll knowledge questions, the difference
was significant in favour of the participant grolip.one case (crop rotation) non-participants
had a higher percentage of correct answers. Ovigralcorrect answers vary considerably

across the different questions. They are genehatjijfjer for questions regarding pests and
75
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pesticides but lower for cultural practices, such the use of trap crops. The lowest
percentage was obtained for a question in whigharedents actually had to calculate the rate
of fertilizer use. The proportion of wrong answéssnot surprising, as many extension
workers would also have difficulties with that qties. Knowledge of practices to contain

beneficial organisms also received a low percentdigerrect answers in both groups.

Table 6.1: Knowledge on various aspects of cropagament in cabbage
L Non-
Crop Management Participants o Test of
_ participants Total _ ' o
Knowledge Questions differencé”

Correct Wrong Correct Wrong Correct Wrong
Components of fertilizer 3.2 96.8 3.1 96.9 3.1 96.9 0.63
Components of hormone 50.5 495 428 57.2 453 54.7 1.54

All insects are pests 77.4 22.6 70.1 299 725 275 2.30
Furadan is allowed to be 79.6 204 56.7 433 641 359 14.29***
sold in the market

Life cycle of Diamond 76.3 23.7 55.2 448 620 38.0 14.55***
Back moth

Crop rotation 54.8 45.2 572 428 56.4 43.6 5.01*
Monoculture 41.9 58.1 345 655 36.9 63.1 2.29
Trap crop 66.7 33.3 459 541 526 474 13.78**
Keeping some weeds in  12.4 87.6 8.6 914 111 88.9 1.11

the surrounding of the

field

Labelling of insecticides 44.3 55.7 441 559 44.355.7 0.10
Mulching practice 48.4 51.6 34 66 38.7 61.3 373

Note: ' Differences are compared using chi-square testSignificant at 10%; *** =
Significant at 1%.
2" Number of observations (N) = 287.
Source: Own calculations

Table 6.2 shows the frequencies for correct andrrect answers for pests and beneficial
organisms. The results show that there is littlfetBnce between participants and non-
participants in the identification of insect pestscabbage. The vast majority of vegetable

producers are able to correctly identify pests, etomes having their own names for them.
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Out of the six pests that they were asked to ifienh five cases recognition was over 80%.
The results are different for beneficial organisies,insects that can control pests. For all six
species the proportion of participants with cor@eswers was significantly higher than for
non-participants. Some respondents in the nonggaatit group claimed that some of these
organisms (black ant and long fly) are actuallytpe$his result illustrates that the focus of
the training for safer pest management by the R eated programmes seems to fill some
existing knowledge gaps of vegetable producers. é¥ew the overall level of recognition is

lower for beneficial organisms than for pests ($able 6.2), which indicates that further

gaps in knowledge exist.

Table 6.2: Knowledge on the identification of pemtsl beneficial organisms

Participants Non-Participants Total Test of
Knowledge

Correct Wrong Correct Wrong CorrectWrong differencé"?

Name of Insect Pest

Pieris 93.5 6.5 93.3 6.7 93.4 6.6 0.01
Fleas beetle 84.5 15.5 77.4 22.6 82.2 17.8 5.57*
Ahphid 91.4 8.6 90.2 9.8 90.6 9.4 0.13
Plutella 100.0 0.0 99.5 0.5 99.7 0.3 0.48
Armyworm 100.0 0.0 98.5 1.5 99.0 1.0 1.45
Trichoplusia 60.2 39.8 55.7 44.3 57.1 42.9 1.13
Name of Beneficial Organism

Aranease 67.7 32.3 27.5 72.5 40.6 59.4 42.23***
Mantidae 65.6 34.4 28.9 71.1 40.8 59.2 35.11%**
Black ant 66.7 33.3 41.8 58.2 49.8 50.2 15.61***
Long fly 40.9 59.1 12.4 87.6 216 784 30.13%*+
Parasitoid 38.7 61.3 10.3 59.7 19.5 80.5 32.29%**
Vesphid 55.9 44.1 17.5 82.5 30.0 70.0 44.14%**

Note: ' Differences are compared using chi-square testSignificant at 10%; *** =
Significant at 1%.
' Number of observations (N) = 287.
Source: Own calculations
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6.2 Attitude toward safer practices

In the survey, vegetable producers were asked neeagy disagree with certain knowledge
guestions, using a ranking from 1 to 5 where 1 espnted strongly disagree and 5
represented strongly agree. A total of 13 statesneahcerning the role of safer practices
related to human health and environment were ptede® high score in each question
indicates a positive attitude towards safer prastibecause all statements were phrased
positively. Generally, vegetable producers havatipesattitudes towards safer practices. The
mean scores are mostly around 4. Also, the majofignswers fall in the category “agree”.
Only in one case, i.e. in the statemesyraying affects farmer healti{see Table 6.3) did the
majority of participants strongly agree. In fivetaf the thirteen statements there was a
significant difference between participants and -participants. The questions in which
differences occurred generally fall into the catggof externalities, health and agro
ecosystems aspects of pest management. To ensarealidity of the attitude, some
statements were inverted. For examplagh chemical use makes yield and income more
stable”. Here, over 50% of respondents in both groups dessghand the difference was not
significant

Almost all producers have the same opinion thaiop rotation is better than mono-
cropping” and ‘information given by technicians from pesticide pames cannot be
trusted. Here the agreement is higher for participantd tre difference is significant. Over
80% of producers in both groups believe that produ@lity of organic vegetable is better
than that of conventional vegetables. However tifeerdnce between groups was not
significant. Approximately 70% of the respondengsea that vegetables damaged by pests
but without pesticides residues are preferable évemces are lower, and about half of them
agree to the statement th&b ‘plant vegetables in a separate field for own e@onsumption

is good”.

The results regarding attitude questions show smt@nsistencies in the answers of both
groups. For example, both groups agree on the inegaffects of spraying pesticides, while
the percentage of agreement regarding lower preggtables damaged by pests but having
lower or no pesticide residues rather than “goankilog” and contaminated vegetables is
quite low. These results demonstrate the tradehatf exists between the negative effects of
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pesticides on the one hand and the perceived negatbnomic consequences of a change in
strategy on the other hand. Overall, however, éiselts suggest that participation in RPF and
related programmes is likely to have an effectlandttitude of vegetable producers towards
a safer and more environmentally benign crop arstl ;p@anagement in cabbage.

Table 6.3: Vegetable producers’ attitude towardergaractices and natural resource

management
Percent of each group Testof Mean
Attitude Group/
4 3 2 1 differencé"? scores

Spraying pesticides affect P 50.5 47.3 0 22 O 5.6 4.46
farmer health NP 39.2 557 15 21 15 4.29
Total 429 530 10 21 1.0 431

Spraying pesticides affect P 30.1 548 32 18 0 10.7* 4.08
a neighbour’s field NP 20.1 50,5 10.8 155 3.1 3.69
Total 26.1 394 157 16.7 2.1 3.80
Use of toxic chemicalsh P 355 516 54 75 O 5.3 4.15
negative environmental NP 242 577 6.7 9.8 15 3.93
effects on the long term  Total 279 557 63 71 10 4.00
Pesticides are a cause of P 344 376 11.8 140 20 5.6 3.88
decreasing fish populatic NP 22.2 40.2 175 18.0 2.1 3.62
in my natural well Total 23.3 519 84 143 21 3.71
Spiders in my fields are P 19.4 36.6 37.6 43 2.2 10.9** 3.67
sign of healthy NP 8.8 40.2 351 129 31 3.39
environment Total 122 39 359 101 238 3.48
High chemical use makes P 16.1 30.1 7.5 35.5 10.8 4.9 3.05

yield more stable NP 175 36.1 9.8 32.0 46 3.3
Total 171 36.1 9.8 32.0 46 3.22

Note: ' P and NP present participation and non-participatiespectively.
2l 1 = strongly disagree; 2=disagree; 3=naturatfiieeiagree nor disagree); 4=agree;
5=strongly agree.
¥ Differences are compared using chi-square testSignificant at 10%;
= = Significant at 1%.“Number of observations (N) = 287.
Source: Own calculations
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Table 6.3: (continued)

_ , Percent of each grotip Test of Mean
Attitude Group

5 4 3 2 1 differencé"¥ scores

High chemical use makes yield P 11.8 25.84.3 419 16.1 5.9 2.75

and income more stable NP  10.3 29.911.9 35.1 12.9 2.9
Total 10.8 28.69.4 37.3 13.9 2.85
Non-chemical pesticides are P 26.9 39.815.1 183 O 18.2%*  3.75
better than synthetic pesticides NP  12.4 38.7 32 139 3.1 3.43
even though they are expensiveTotal 17 39 26.515.3 2.1 3.54
Crop rotation is better than P 559 36.622 54 O 9.5** 4.43
mono-cropping NP 39.7 44882 6.2 1.0 4.16
Total 449 42263 59 7.0 4.25
Information of technicians from P 31.2 33.315.1 11.8 8.6 10.8**  3.67
pesticide companies is not NP 20.6 28.421.6 24.2 5.2 3.35
trustful Total 24 30 19.520.2 6.3 3.45
Pest-damaged vegetables P 40.9 33.31.1 151 9.7 7.1 3.81
without pesticides residue are NP 37.6 43.83.6 10.3 4.6 3.99
better even if the price is lower. Total 38.7 40.42.8 11.8 6.3 3.93
Organic vegetable product is P 452 48454 1.1 0 5.7 4.38
better than conventional NP 333 55.76.7 36 1.0 4.16
products for consumer health Total 36.9 53.36.3 2.8 0.7 4.23
Organic vegetable product is P 452 48.454 1.1 0 5.7 4.38
better than conventional NP 333 55.76.7 36 1.0 4.16
products for consumer health Total 36.9 53.36.3 28 0.7 4.23
Plant vegetables in a separate P 226 26.954 29.0 16.1 8.4* 3.11
field are good for own househr NP 21.1 26.816.0 26.8 9.3 3.20
consumption Total 21.6 26.812.527.5 115 3.20

Note: P and NP present participation and non-participatiespectively.
?l1 = strongly disagree; 2=disagree; 3=natural (eeitlyree nor disagree); 4=agree;
5=strongly agre€’ Differences are compared using chi-square testSignificant
at 10%; *** = Significant at 1%*Number of observations (N) = 287.
Source: Own calculations
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6.3 Modelling factors affecting vegetable producet«knowledge

As outlined in chapter 3, two econometric techngjoan be used to estimate the effects of
programme participation on the knowledge of vedetaivoducers: (i) the ignorability of
treatment method and (ii) the instrumental variablhniques. Subsequently the estimation
procedures of the models are explained and thdtsemme discussed. Prior to the description
of the models, a discussion of the variables insiuith the models is presented.

6.3.1 Variable description

The dependent variable used in all models is vétetaroducers’ knowledge as measured in
term of scores as described in chapter 3. The arignt variables of the models in principle
are those used in the model that was developedtaia participation (see chapter 5).
Additional variables were included based on ecowothieory and previous empirical
findings. The variables can be grouped into fouegaries, i.e. programme participation,
farm resource endowment, human capital and oth#aiblas. A summary of the variables is
shown in Table 6.4. In the following the ration&e the inclusion of these variables in the
model is provided.

Variables related programme participatioithere are two variables in this group. Fitse
treatment variables a zero-one variable for programme participationshAswn by the mean
differences of the knowledge scores there arefsignt differences (see Table 6.5). Hence, it
can be hypothesized that programme participatioa &apositive effect on vegetable
producers’ knowledge. This hypothesis is also stppoby the results of similar studies
(AsHBY 2003; DrLTON et al.2007; EEDER et al.2004; RoLA et al.2002; THIELE et al. 2001).
These found that trained farmers have a higheil lefvenowledge than those who did not
attend the training. The second variable in thisugrrefers to ihformation from other
farmers. Studies have shown that neighbouring farmershmia key source of information
(FEDER et al. 1985; FEDER et al. 2004). Obtaining such information incurs low tractson

costs and the information is generally consideoelokt trustworthy.

Human capital variablesThere are two variables in this group, i.e. etiobaand experience.
There is ample evidence in the literature that atioo provides the capabilities to assess

information under disequilibria ($1uLTz 1975), especially for complex information. This
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largely holds for knowledge-intensive technologretated to natural resources and crop
management (&WELL et al. 2001). The second variable is experience. Thectkefté

experience on knowledge is similar to that of etiooba Longer experience in vegetable
production can be expected to help accumulate ledyd. Hence, both variables are

expected to have a positive effect on knowledgeesco

Farm resource endowmerithe resources land and labour are important etents in the
adoption of many technologies in agriculture, mainécause of economies of scale effects.
In relation to knowledge-intensive technologiessitikely to be the land to labour ratio that
may have an effect on the investment in knowledgguiigition. It can be argued that on the
one hand knowledge acquisition has fixed inforrmatosts and at the same time is labour
demanding. Hence, larger producers have lower périaformation costs than smaller
producers. On the other hand, producers with tghenilabour availability per unit of land
may have the time to acquire more information tphaoducers with a low land to labour

ratio.

Other variables|In this category three variables are include@ (B&ble 6.4) First, specialized
producers, i.e. those who are engaged in agrieutbaty may have more knowledge about
vegetable production than those who are also engagaf-farm work. Second, membership
in a farmer group might have an effect on knowledgeause of the possibility of accessing
information from other members of the group. Thittie two study locations identified in
chapter 4 can be taken as a proxy for other sous€esriation in vegetable producer

knowledge, e.g. due to differences in infrastrugtur



The effect of programme patrticipation on knowledge

83

Table 6.4: Data descriptions of dependent and ieniégnt variables used in each model

Group of variables Name of variable Variable type

Description

Dependent variable  Knowledge Continuous

Independent variables
Variable related to Participation Dummy

participating in the

programme
Source 1 Continuous
Human capital Education Continuous
Experience Continuous
Farm resource Labour to land  Continuous
endowment ratio
Vegetable producer Occupation Dummy
characteristics
Other factors Member Dummy
Study area Dummy

Vegetable producers’

knowledge scores

1= if vegetable producers
participate in IPM or GAP
programmes; 0 = otherwise
1= if producer mainly gathers
information from other farmer
0 = otherwise
Years of scingatiompleted
by household head
Vegetable producers’ on
cabbage production (years)
The ratio of household labour
working full time on farm to
total land (person-day/ha.)
1= if household head engaged
only in-farm activity;
0 = otherwise
1= if vegetable produser
member of a farmer group;
0 = otherwise
1=if the study area is areal,
O=if area2

Source: Own presentation
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In Table 6.5 the results for the dependent varialdepresented. It is shown that there is a
significant difference in the overall knowledge msxobetween participants and non-
participants. In terms of the different knowledgenponents, identification of pests was not
significant in the comparison of mean scores. Heircéhe models, total scores excluding

knowledge score of identification of pests wereduase the dependent variable.

Table 6.5: Knowledge test scores for participants @on-participants

Participation Non- participation  Test of
Knowledge scores

Mean  SD Mean SD differencé”?
Identification of pests 555 0.71 5.61 0.63 0.61
Identification of natural enemies 3.33 1.64 1.24 1.14 -12.55%**
Various aspects of safer practice$2 1.76 3.76 1.88 -4, 21%**
Total scores 13.31 2.89 10.6 2.1 -8.29%**

Note: Y Differences are compared using t-test; *** = Sfigaint at 1%.
2 Number of observations (N) = 287.

Source: Own calculations
6.3.2 Average treatment effect on the treated mocel

In the following the specification and the resufshe average treatment effect on the treated
models are presented. In these models all variablgswere described in the foregoing
section are included. Based on treatment modetusied in chapter 5 the specification of

the knowledge models can be re-written as follows:

partici pation = 7, + 7,.health+ 77, pickup+ 7, .education+ 77, .experperiace
+1)..experiene” + 7,.labourland + 77,.member- 77,.0ccupation

+ ng.market+ 77,,.studyarea
knoiledge =& +7.participaton+ 3,.sourcé+ 3, membes 3, .education

+ ﬁ4.experienc& BSexperienc%+ ﬁelabourland+ ,&stud)area

To estimate the effect of the safer practice pnognas (Average Treatment on the Treated=

ATET) on knowledge, this model is applied usingeniifferent variants as discussed in
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chapter 3, i.e. application from model 2 to mod@l The purpose in running the different
variants of the model is to test the problem oésbn bias and to test for the robustness of
the estimations. Regarding the multi-co linearitglgjem, a correlation matrix was identified
in Table 6.6. Since a clustering effect can appeaase of non-random sample selection, as
explained in chapter 4, a robust variance matrinsed to estimate standard errors in each

model. The statistical programme STATA, version %as used for these estimations.

6.3.2.1 Simple regression models

Two simple regression models, i.e. model 2a anda&lbe estimated. In model 2a only the
treatment variable is included and for model 2hradependent variables are added. Results
show that some variables are insignificant. Hereestimation was carried out by re-running
the model with only the significant variables, ittBed as the “restricted model”. When
comparing F-test and R-square between two modwedse tare only slight differences. Also,
the estimated coefficients of the two models difemewhat. Hence, the unrestricted model
is used as a base model. Table 6.7 presents rescéived from the estimation of model 2a
and 2b (see detail of model 2a and 2b estimatisnltseprovided by STATA in appendix F).
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Table 6.6: Correlation matrix of variables usedniodel 2 to model 10
Variable  Particif Health  Pickup Knowledge Education Source 1 ExP) Exp’> Labour- Member Occupation Market Study
land area
Particip” 1.00
Health 0.03 1.00
Pickup -0.06 0.03 1.00
Knowledge 0.48 0.05 0.07 1.00
Education 0.09 -0.01 0.08 0.29 1.00
Source_1 0.15 0.05 -0.09 0.18 -0.05 1.00
Exp! 018 004 022 0.02 0.02 001  1.00
EXp2 -0.20 0.01 0.20 -0.04 -0.05 0.04 0.89 1.00
Labour-land 0.05 0.07 -0.19 0.00 -0.04 0.10 -0.060.08 1.00
Member 0.21 -0.04 0.05 0.14 0.16 0.08 -0.18 -0.190.01- 1.00
Occupation 0.13 -0.02 -0.05 0.08 -0.11 -0.07 0.01 0.02 0.12 0.05 1.00
Market 0.38 0.01 -0.11 0.17 0.02 0.01 -0.20 -0.19 0.02 0.35 0.03 1.00
Study area 0.11 -0.05 -0.35 0.01 0.00 0.01 -0.12 .12-0 -0.03 0.07 0.02 0.15 1.00

Note: “Particip = participation, Exp = Experience

Source: Own calculations
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Table 6.7: Average treatment effect on the treafaétle model 2a and 2b

1,21, 3
Vodel 24129 Model 21
Variables Unrestricted model Restricted model

Coefficient Robust SE. CoefficielRobust SECoefficientRobust SE.

Constant 10.6031*** 0.1548 9.5296** 0.4579 9.3167** 0.3506
Participation 2.7087** 0.4481  2.4970** 0.3556 2.5353*** (.3347
Source_1 1.9039*** 0.5296 1.7934*** 0.5376
Education 0.1979*** 0.0384 0.1940*** 0.0374
Experience 0.1000*** 0.0350 0.1017*** 0.0360
Experiencé -0.0024**  0.0012 -0.0023** 0.0012
Labour to land -0.0214 0.0311

Member 0.0361 0.3083

Occupation 0.5341 0.4844

Study area -0.1635 0.2623

F-test 36.54*** 15.85%** 25.21%**
R-square 0.23 0.33 0.33

Note: ™* Significant at 5%; *** Significant at 1%.
%l Standard errors are controlled for clustering&f. SE=standard error.
¥ Number of observations (N) = 287.

Source: Own calculations
6.3.2.2 Ignorability of treatment technique

In models 3 to 9, the average treatment effecthentteated (ATET) is estimated using the
ignorability-of-treatment-techniqgueTo begin with model 3, the demeaning variables
education, experience and land-labour ratio arel @sea control function to control for
selection biases. The model is first estimatednojuding all independent variables, i.e. the
unrestricted model. Next, estimation of the restdcmodel (in which all insignificant
independent variables are excluded) is carried Results obtained from both calculations
are presented in Table 6.8 (see detail of modedtiBnation results provided by STATA in
appendix G). Similarly to model 2b, the restricet the unrestricted model have slightly
different explanatory powers. Also the regressioefficients do not differ much. Hence, the

unrestricted model can be used.
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Table 6.8: Average treatment effect on the treafddle model 3
Variables Unrestricted modéet® ¥ Restricted modél®" ¥
Coefficient Robust SE. Coefficient Robust SE.
Intercept 9.1456*** 0.5174 9.0045*** 0.4029
Participation 2.3800*** 0.3908 2.3984*** 0.3575
Source_1 2.0034*** 0.5457 1.9391*** 0.5587
Education 0.1598*** 0.0486 0.1552*** 0.0466
Experience 0.1434*** 0.0445 0.1449*** 0.0451
Experience-square -0.0030** 0.0014 -0.0030** 0.0014
Labour to land -0.0117 0.0336
Member 0.1057 0.3113
Occupation 0.4351 0.4823
Study area -0.2116 0.2600
Demeaned variables
Wheadeduc 0.1073 0.0774 0.1124 0.0769
Wexp -0.0872* 0.0518 -0.0867* 0.0513
Wlabour-to-land 1.4287 5.0690
F-test 14.83*** 22.23%**
R-square 0.34 0.34

Note: ™* Significant at 5%; *** Significant at 1%.
?/ Standard errors are controlled for clustering&f. SE=standard error.
¥ Number of observations (N) = 287.

Source: Own calculations

The next method is the propensity score approabichahas the advantage that it helps to
randomly assigned respondents between participaghhan-participant groups, i.e. they will
have the same propensity to participate in a spfactice programme. Singgopensity
scores are estimated with only observed indepengegigbles, it is assumed that unobserved
independent variables would not hale&nged when the model was measured. Hence, it is
reasonable to assume that approximately unbesteédates for the participation effect can be
obtained (RsSENBAUM and RUBIN 1983). To estimate average participation effect, the

propensity score (PS) have to be predicted firstthls step, only significant independent
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variables as discussed in the previous chaptep{eh&) are used to predict the PS by means
of a probit regression model, since inclusion diah-significant variables can increase the
variance of the estimator. Second a test of thelaweondition or common support is carried
out in order to ensure that vegetable producerf Wit same attributes have the same
probability of being allocated to participation amah-participation groups. Results show that
the region of common support is between 0.08289(a88946. Table 6.9 is a depiction of
the estimated propensity score in the region ofrmomsupport. In total, 25 observations that
were smaller or higher than this rank were remowesda total of only 267 observations
remained. The average propensity scores of paatitipnd non-participant groups do not

differ (see details of this test in appendix H).

Table 6.9: Estimation of propensity scores (PS)
Percentiles Smallest
1% 0.0860 0.0829
5% 0.1096 0.0848
10% 0.1194 0.0860
25% 0.1526 0.0871
50% 0.3229 -
Largest
75% 0.5075 0.7847
90% 0.6171 0.8078
95% 0.6789 0.8170
99% 0.8078 0.8895
Number of observation 267
Mean 0.3443
Std. Dev. 0.2002

Source: Own calculations

The third step used was to test the balancing prpfe each variable. Results show that the
balancing property is satisfied, implying that thatching quality is fulfilled (see details for
the test of balancing score in appendix J). Thesctidculation of ATET, is straightforward,

and was carried out in different model variants, models 4 to 9.

Model 4 was specified based on the suggestion adeERBAUM and RUBIN (1983). Here
knowledge scores are regressed only on the treatragable, the PS and an interaction term

between the treatment variable and the unobsere&etdgeneity (Wpropensity). Model 5
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follows an approach suggested byoWDRIDGE (2004), i.e. the linear projection of
knowledge on the PS and those control variablestisnated (see details of models 4 and 5
estimation results also in Appendices H and ). fidsalts of both unrestricted and restricted
models are shown in Table 6.10.

Table 6.10:  Average treatment effects of modelsdi@a

Model 4% Model 5% ¥
Variables Unrestricted model Unrestricted model Restricted@ho
Coefficient Robust SE. Coefficient Robust SE. Coefficient Robust SE.
Constant 10.6749** 0.2580 9.3748** (0.5339 9.0800***  0.4473
Participation 2.3710%** 0.4105 2.4268*** 0.3734 2.4242*** 0.3702
Propensity score -0.2751 0.7714 0.6594 0.9700 0.706 0.8364
Wpropensity 2.9780* 1.8239
Source 1 1.9149** 0.5378 1.8021*** 0.5464
Education 0.1922** 0.0400 0.1874**  0.0389
Experience 0.1017*** 0.0345 0.1032*** 0.0353
Experience-square -0.0022* 0.0012 -0.0021* 0.0012

Labour to land -0.0233 0.0308
Member -0.0805 0.3458
Occupation 0.3996 0.5048
Study area -0.1930 0.2661
F-test 25.92%** 14.41%** 22.01%**
R-square 0.24 0.33 0.33

Note: '* Significant at 5%; *** Significant at 1%.
%l Standard errors are controlled for clustering&f. SE=standard error.
¥ Number of observations (N) = 287.

Source: Own calculations

Other models, i.e. models 6 to 9, used four differeatching algorithms (see chapter 3), (i)
stratification matching, (i) nearest neighbour chaig, (iii) radius matching, and (iv) kernel
matching. Table 6.11 shows the estimated resuttsraa from these approaches, which are is
significantly different at 1%. As stated in Smi20Q0) all PS estimators should yield the same
results in the case of large sample sizes. As shiowiable 6.11 results obtained from different
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matching algorithms in this study should be rol§sse details of the estimation results of models
6 to 9 in Appendices M to P).

Table 6.11: Estimated results of the models 6 to 9

Matching method$ Participation Non- ATET Robust  t-value
(No.) participation SE.
(No.)
Unrestricted model
Stratification (model 6) 85 182 2.59 0.37 7.06%**
Nearest Neighbour (mode
7y 93 53 2.15 0.55 3.89%**
Radius (model 8) 36 51 2.57 1.05 2.46**
Kernel (model 9) 93 178 2.48 0.41 6.05***
Restricted model
Stratification (model 6) 85 182 2.59 0.33 7.94**
Nearest Neighboymodel 7) 93 159 2.86 0.36 7.85**
Radius (model 8) 62 141 2.57 0.38 6.76***
Kernel (model 9) 93 188 2.63 0.34 7.68***

Note: '* Significant at 5%; *** Significant at 1%.
?l SE=standard error.
¥ Number of observations (N) = 287.

Source: Own calculations
6.3.2.3 Instrumental variable technique

The treatment effect model ofedkmAN (1979) is finally applied with the full informaitno
maximum likelihood approach (FIML), described asdelol0 (see chapter 3.3.2.2). The
unrestricted knowledge model, including all indegiemt variables that are hypothesized as
affecting knowledge scores, was estimated in adtep. Subsequently insignificant variables
were dropped, giving the restricted model. Tabl Gresents the estimated coefficients of
the restricted and unrestricted models.

¥ The estimated ATET received from the nearest meigh algorithm is smaller than other methods asesom
observed producers in the non-participant groupewkscarded due to low quality of matching.
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Table 6.12:  Estimated results of model 10
Unrestricted modéi”"®  Restricted modé&l? ¥
Variables
Coefficient Robust SE.  Coefficient Robust SE.
Constant 9.4104***  0.4947 9.1182*** 0.4147
Participation 3.0128***  0.7308 3.0020*** 0.6255
Source 1 1.8986***  0.5285 1.7816*** 0.5409
Education 0.1931**  0.0387 0.1950*** 0.0370
Experience 0.1012**  0.0340 0.1023*** 0.0352
Experience-square -0.0022* 0.0011 -0.0021* 0.0012
Labour to land -0.0233 0.0306
Member -0.0661 0.3270
Occupation 0.4165 0.4986
Study area -0.2123 0.2665
Rho -0.1571 0.1869 -0.1507 -0.1571
Lambda -0.3412 0.4129 -0.3284 -0.3412
Wald chi2(8) 98.97*** 80.01***
Log likelihood -778.93 -781.12
Test of select (Rho=0) 0.68 0.760
ATET 2.1846 SD=0.3294 2.2155 SD=0.3262

Note: ™* Significant at 5%; *** Significant at 1%.
%l Standard errors are controlled for clustering&f. SE=standard error.
¥ Number of observations (N) = 287.

Source: Own calculations

Similarly to the models used in the previous segtioo selection biases show up in the

estimated results. Hence, the null hypothesis ef dbrrelation term 6 =0) is accepted.

When comparing the explanatory power and the estineoefficients between unrestricted
and restricted models, they are somewhat diffe(eae details of model estimation in
appendix N). Hence the interpretation is based hen unrestricted model. Based on this
model, ATE seems to be larger than results obtafrad other approaches. This may be
caused by a high correlation between the selegtigiim articipation) and the independent

variable used in the knowledge equation. To chagk testing the co-linearity problem of
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the data was carried out by calculating R-squart@fliinear projection of the inverse mills
ratio on the explanatory variables used in the Kadge equation (EHANI 2000). The
calculated R-square shown in appendix P is ab®@78, indicating that co-linearity is not
very high. Thus, the results obtained from Heckmanbdel are also robust. Unlike in the
ignorability of treatment techniquavhere ATE is assumed to be equal to ATET, the
coefficients obtained by this method represent Aidtead of ATET. Hence, a calculation of
ATET needs to be carried out by means of the estan@esults of this model (see procedure
of calculation in appendix O). The calculated ATEBRs found to be 2.1846 for the
unrestricted model and 2.2155 for the restrictedeho

6.2.4 Synthesis of results obtained from differenodel variants

As stated in the theory, in the absence of seledtias different approaches should yield
similar results. This was found in the case preskhere. The results obtained from different
approaches show that participation in the safectigeaprogrammes as provided by the RPF
and related programmes significantly increases tabtge producers’ knowledge, which
confirms the hypothesis of the study. Results atstdfirm those of previous empirical studies
that evaluated similar programmes for rice andtpdarmers (EDER et al. 2003; FEDER et al.
2004; GDTLAND et al.2003; RRANEETVATAKUL et al.2007).

Considering the factors influencing vegetable poais’ knowledge, all the models show that
labour to land, member, main occupation and thdysarea have no effect on knowledge
scores. On the other hand, human capital varidiblesducation and experien@e highly

significant. Hence for knowledge-intensive techigads it can be confirmed that education
affects the ability to acquire information. Similgrexperience affects knowledge through
learning-by-doing by increasing skills. These reswdre consistent with the findings of

Schultz (8HuLTZz 1975) regarding the role of human capital in adtizal development.

Furthermore, results of this study indicate th&nmation from other vegetable producers is
complementary to the knowledge effect of the trainiThis underlines the role of farmer
networks as a reinforcing factor in the acquisitadrknowledge. This finding is similar that
of the study of ¥mMAzakl and RESOsSUDARMO(2007) who found a significant diffusion of
knowledge from participants in farmer field schomisindonesia to non-participants in the

same village.
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6.3 Summary

This chapter examined whether the safer practiagramme can improve vegetable
producers’ knowledge. The initial findings show ttlilae knowledge level of programme
participants is significantly higher than for noarpcipants. The difference is particularly
pronounced in the identification of natural enenaas some other aspects of crop and pest
management. However, knowledge levels of both goane quite low in regard to some

complex practices.

Regarding attitude, almost all vegetable produepzreciate the benefits of safer practices,
including the benefits in terms of the conservabdmatural resources and the environment.
Significant differences of attitudes towards negateffects of spraying pesticide and the
trustfulness of information provided by pesticidgeats are found between participant and

non-participant producers.

Results of the modelling exercise utilizing sevespproaches in which the non-random
nature of the sample is taken into account, andowsr counterfactual scenarios are
established, show similar results. This implies usithess of the models. The models
consistently confirm that the programme signifibaeinhances vegetable producers’ overall
knowledge of crop and pest management, which isreacgndition for applying safer

practices in their fields. It must be stressed th@dlication and experience are the most
important variables for the knowledge of vegetapteducers, enabling them to perform
better crop management. In addition, informatiosséimination was found to be also an
important factor. The next chapter will examine whéect participation in safer practice

programmes has on the actual practices used byaldgroducers in the study area.



Chapter 7

Participation in extension programmes, improvementn knowledge and

safer management practices in vegetable production

The previous chapter examined the effect of pgdiodon in safer practice programmes of the
Royal Project Foundation (RPF) and related prograsmam knowledge, skills and attitude of
vegetable producers. This chapter analyzes thetdakect of such programmes on the
practices used by vegetable producers. Adoptiosatdr and more environmentally benign
practices is the ultimate goal of investments incagfural extension and participatory farmer
training. This chapter is divided in five sectiorfarst, the existing crop management
practices in cabbage are described. Generally ipeactre divided into those that have
positive effects on health and environment and éhogh opposite effects. Hence, in the
second part the association between positive agdtine practices is analyzed more in-
depth. The third section explains the establishn@na standard for safer practices as
identified by experts in the absence of a cleamd&fn of legally binding or market-based
standard for safer vegetable production. In thigise the gap between the actual practices
used by vegetable producers and the standard debgethe experts is investigated. In
section four, the direct effects of programme pgyétion on change in practices is modelled
as a two-stage process using a simultaneous equafproach. The final section

summarizes the results of this chapter.
7.1 Prevailing crop and pest management practices

In this part, the actual crop management practisesl in cabbage production in the study
area are presented. The practices are divided different three categories: (i) soil

management; (ii) seed management; and (iii) pesiagament. During the survey, vegetable
producers were asked about their crop managemextiges and especially about the
pesticides they had used during the crop year Af#4 to May 2005. Respondents were
also asked the reasons for choosing certain peactithis information allows researchers to

assess the farmers’ perception of the various &spésafer practices.
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7.1.1 Soil management practices

The ecological conditions of the study area deteenthat almost all vegetable producers
grow vegetables on steep slopes. Hence, soil erasia major problem (2003; RPF 1996).
To reduce the risk of soil erosion, soil consensatpractices have been promoted by the
RPF. The initial results indicate that about 32%redpondents have planted vegetable on
contour bunds with a growing grass strip. Approxeha 51% of producers rotate their
vegetables with rice, maize and other crops. Thego¢age of producers who practice crop
rotation is significantly higher in participantsatihnon-participants. The remainder use fallow
land in order to improve soil fertility and keepvdo weeds (see Table 7.1). Almost all
respondents in both groups ploughed the field keefdanting. This practice is known to

aggravate the problem of soil erosion.

Table 7.1: Use of Planting on contour bunds witthwgng grass strip, crop rotation and
ploughing
Practice¥ Non- Participation Test of Total
participation differencé’ ¥

Planting on contour bunds wi 28.0 34.0 1.1% 32.1
growing grass strip
Crop rotation 46.4 61.3 5. 9** 51.2
Ploughing 93.3 96.8 1.4 94.4
Reason of ploughing
e Preventing soil erosion 47.6 58.2 51.1
e Convenience for bedding 52.3 41.8 48.9

Note: " Percentage within each group (participant and penticipant).
! Differences are compared using chi-square t&st: Significant at 1%.
¥ Number of observations (N) = 287

Source: Own calculations

About 29% of respondents use limestone to imprtreesbil in their vegetable fields. The
percentage is higher in the participant group tiharthe non-participant group but the
difference is not significant (see Table 7.2). Meat0% of the respondents gave as the

reason for the use of this practice that it camcedsoil acidity. However, only about 15% of
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them referred to a reduction in soil pHApproximately 14% give the fact that it can both
improve soil pH and prevent diseases that damagyeothts of vegetables. Results show that
the main motivation for the use of practices isvamence of crop management rather than

soil conservation.

Table 7.2: Use of soil improving by limestone

Practice¥ Non-participation Participation Test of Total
differencé’*

Soil improvement using
_ 26.8 33.3 1.3* 28.9
limestone

Reason of soil improvement using limestone (%)

e Improve PH level of so 73.2 66.7 71.1
e Preventing diseases 13.4 18.3 15.0
e Improve PH level of so 13.4 15.1 13.9

and preventing disease

Note: Y Percentage within each group (participant and pemticipant).
?/ Differences are compared using chi-square t®stNon-significant;
¥ Number of observations (N) = 287

Source: Own calculations

The recommendation of scientists is to use soilyaisaas a basis for making a decision on
the rate of fertilizer application since it can yide initial information on plant nutrient
availability in the soil (FAO 2004). This helps \egble producers in reducing fertilizer

costs.

Table 7.3 shows the results of the basis vegefablducers use to decide about fertilizer use.
About 22% of respondents report that they analysmldbefore applying fertilizers. The rest

decided to apply fertilizer based on routine prEctand their opinion. The percentage of
vegetable producers who based their fertilizeriappbn rates on a visual assessment of saill

analysis is higher in participant than non-paracipproducers. Overall, vegetable producers

2 Soil pH level is a measure of the acidity and kfidg. If the soil solution is too acid, vegetableannot
utilize nutrients they needhttp://thailand.ipm-info.orjy
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(84%) analyzed soil by assessing soil colour anldcbaracteristics. They report that if soil
colour is black and mouldy, it indicates that tlod bas high fertility. Only 3% of vegetable
producers who analyzed soil asked the “soil doélot test their soil before applying
fertilizer, while 13% analyze soil by an observatiof living organisms within the soil.
Considering the types of fertilizers applied, ab8% of respondents used chicken manure
in both the seeding and the planting stages wighaim of reducing the use of chemical
fertilizers and reducing the total variable costsvegetable production. The quantity of
chicken manure used in the seeding stage, on ajersagot significantly different between
the two groups but the differences in the planttage are. No significant differences in

fertilizer amount could be detected between theseys.
7.1.2 Pest management practices
7.1.2.1 Seeds

Only 20% of respondents used multiple varietiessedd instead of single varieties. This
percentage was the same for participant and ndrcipant producers. Considering the
criteria of seed selection given by participantsvam in Table 7.4, approximately 83% of
respondents selected seeds based on disease- ahdegieance. According to the
recommendation of scientists, seed treatment iksistportant even though varieties are
resistant to pests and diseases since some disemsestill remain in these seeds. The
percentage of vegetable producers treating seentebséeding is about 38.3 and there is no
difference between groups. Overall, the participdargat seed with chemical (93.7%) rather

than soak seed in warm water or mix seeds withsh@tl3%).

% 50il doctor is a local a volunteer living in thelaije who has been trained in soil analysis by the
Department of Land Development, Ministry of Agricuk and Cooperative.
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Table 7.3: Use of selected soil fertility managetpractices
Practice¥ Non- Participatior  Test of Total
participation differencé’®

Soil analysis (%) 19 28 2.5* 22.3

Method of soil analysis

e Test soll 0 7.7 3.1

e Observe living thing within soil 10.5 15.4 12.5

e Observe soil colour and soill 89.5 76.9 84.4
characteristic

Use of chicken manure (%) 79.9 80.6 80.1" 0.1

Average quantity of ccken manure and chemical fertilizer used (kg/ha.)

e Use of chicken manure in 1,394.9 1,712.5 0.7  1,497.8
seeding stage

e Use of chicken manure in 1,928.2 1,062.2 3.3* 1,643.6
planting stage

e Use of chemical fertilizers in 227.1 363.3 1.7™ 271.3
seeding stage

e Use of chemical fertilizers in 1,134.6 1167.2 0.1  1,145.2

planting stage

Note: Y Percentage within each group (participant and pemticipant).
?l Differences are compared using chi-square test disalitative variable and
quantitative variable. * = Significant at 109%= Non-significant
¥ Number of observations (N) = 287.

Source: Own calculations
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Table 7.4: Seed management practices

Practice¥ Non- Participation Test of Total

participatior differencé’®

Use of multiple verities 18.6 20.4 0.1™ 19.2
Criteria for seed selection
e Depending on market demand 9.8 8.7 9.5
e Diseases- and pest- resistance 82.4 83.7 82.8
e Following other producers 7.7 7.6 7.7
Seed treatment (%) 33.3 40.7 1.5™ 38.3

Method of seed treatment
e Soak seeds in warm water for 30
_ ' ' 9.7 7.3
minutes or mix seeds with herbs

e Mix seeds with chemical 93.7 90.3 92.7

Note: Y Percentage within each group (participant and pemticipant).
?I Differences are compared using chi-squ#re;Non-significant.
¥ Number of observations (N) = 287.

Source: Own calculations
7.1.2.2 Weeds

About 43% of respondents in the areas cover tHdsfiaith straw or chaff. There is an

insignificant difference between participant andh4participant producers (see Table 7.5).
About 72% of vegetable producers carrying out thi@ctice gave the reason that it can
prevent evaporation of moisture. In contrast, @Yo of participants said the practice can
prevent weeds. For non-participants (vegetableymed who did not use the practice), there
are four major reasons: (i) no benefits for themgetables, (i) mulching materials being

expensive, (iii) laborious practice, and (iv) lamikknowledge about the practice.
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More than 70% of participant producers controllegleds by using mechanical methods
(loosening soil in the vegetable field) with sigonént difference at 1% when compared
to non-participant vegetable producers. The givesmson by participants is that it can
move weeds from a vegetable field and help to $cdhie soil; meanwhile, almost all

non-participants claimed that it has no benefitstheir vegetables.

Table 7.6 shows the use of herbicides by vegetplbdeucers. The average quantity of
herbicides used is about 0.4 formulated kg/ha, wtkignificant differences between
participant and non-participant vegetable producgusprisingly, the majority of respondents
used salts as herbicides. The percentage of sbkigher among programme participants, but
the average quantity used is insignificantly défer between these groups. Programme
participants claimed that salt is cheaper than aterherbicides and also not harmful to their
vegetables and their health. Applying salts mayseanf degradation of soil fertility in the
long term because there is a risk of salt accunomlah the soil, damaging border plants
(GRIFFITHs and CM. ORIANS 2004).

Beside salts, the use of the herbidRBraquatbelonging to WHO class I, highly toxic to the

skin and mucous membrandgtp://thailand.ipm-info.ory is reported. Vegetable producers

usually sprayed chemical herbicides before ploughifield, while the users of saltsdrea

fertilizer applied it at the planting stage.
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Table 7.5: Use of mulching and soil loosening pcast

Practice¥ Non- Participation Test of Total

participation differencé’?

Mulching 44.8 39.8 0.7" 43.2
Reason given by users
e Preventing weeds 18.4 27.0 21.0
e Keep moisture within soil 67.2 73.6 71.8
e Preventing weeds and 0 2.7 0.8

keeping moisture within soi
e No reason 8 2.7 6.5

Reason given by non-users

e Laborious 23.4 17.9 21.5
e High expenditure 224 33.9 26.4
¢ No benefits 40.2 37.5 39.3
e Lack of knowledge 14 10.8 12.8
Loosening soil 56.7 74.2 8.2%** 62.4
Reason of given by users

e Increasing soil scarification 21.8 21.7 21.8
¢ Kill weeds and increasing 59.4 70.9 66.5

soil scarification
e No reason 18.8 7.3 11.7

Reason of given by non-users

e Laborious 22.6 25 23.1
e High expenditure 7.1 8.3 7.4
e No benefits 63.1 62.5 63.0
e Lack of knowledge 7.2 4.2 6.6

Note: “ Percentage within each group (participant and pemticipant).”’ Differences are
compared using chi-squafé= Non-significant, *** = Significant at 10%’ Number
of observations (N) = 287.

Source: Own calculations
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Table 7.6: Different common names of herbicideslusehe survey

Herbicide WHC' Non- Participation  Test of Total

participation differencé’¥

Herbicide used (kg/hd) - 0.47 0.28 1.45 0.4
Percentage of herbicides ugéd
Glyphosate Not list 17.5 14.1 0.6 16.4
Haloxyfop Not list 9.3 1.1 6.8*** 6.6
Oxyfluorfen v 13.1 2.2 10.0*** 9.8
Paraquat dichloride I 27.8 22.6 0.9 26.1
Salts - 37.1 30.1 14 34.8
Urea - 1.0 2.2 0.6 14

Note: ' Mean of herbicide used by kg. formulated.
%l Percentage within each group (participant and pemticipant).
% Difference is compared using chi-square for qatlie variable and t-test for
quantitative variable®® = Non-significant; *** = Significant at 1%.
“ Number of observations (N) = 287.

Source: Own calculations
7.1.2.3 Insects and diseases

For insect and disease management, the most imp@nactice is regular field observation.
This practice can help vegetable producers to aghescondition of a crop and make timely
decisions for the application of control measufes@ 2004). Table 7.7 shows that over 80%
of respondents in both groups observe their vetetidlds before making a decision to
spray pesticides. However, rationale and methoohservation differ between the two
groups. Programme participants more frequently negjpat they check the field thoroughly,
while non-participants follow a more casual applotxfield observations, i.e. they just look

around the field or they look at the plants.

Table 7.8 shows that the aim of field observati@ssyeported by both groups, is to reduce
insecticide cost or to identify the pests damadimgr vegetable fields. The percentage of
vegetable producers who regularly observed themetable is significantly higher in

participant than non-participant producers.
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Table 7.7: Selected insect management practices
Practiced Non- Participation Test of Total
participation differencé’®

Criteria before spraying

e Regular field observation 81.9 83.2 3.019 0.389
e Calendar spraying 18.1 16.8 16.0
Method of field observation
e Go inside and look around 20.8 134 14.01*** 18.3
e Goinside and look at plants 28.9 134 23.7
e Go inside and carefully observ

evidence of pest attack 50.3 73.2 58.1
Reason given by user for field observation
e Safe pesticide costs 52.8 56.1 53.9
e In order to know what kind of

pest attack their vegetables 45.9 43.9 45.2
e No reason 1.3 0 0.8

Note: Y Percentage within each group (participant and pemticipant).
?I Differences are compared using chi-square TestNon-significant,
=% = Significant at 10%, Number of observations (N) = 287.

Source: Own calculations

The other practices in the study areas that are kinthe health of humans and the
environment are the use of “bio-pesticides”, “bgptml control agents”, and “sticky yellow

trap”, shown in Table 7.8.
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Table 7.8: Selected insect management practices
Practicé’ N_oh_ Participant Testof Total
participant differencé’®

Use of bio-pesticides 2.6 11.8 10.2** 5.6
Reason given by nonuser
e Lack of knowledge 70.5 0 48.2
e Imperfect knowledg® 8.5 63 25.7
e Laborious 6.3 8.6 7
e Ineffective 10.2 111 10.5
e Difficult to find a product in the marke 4 9.9 5.8
e Product is expensive 0.6 7.4 2.7
Use of biological control agents 1 2.2 0.6

Reason given by nonuser

e Don't have knowledge 68.9 0 46.8
e Imperfect knowledge 20.2 86.8 41.5
e Laborious 8.3 5.5 7.4
e Ineffective 1.6 2.2 1.8
e Difficult to find a product in the marke 1.0 5.5 2.5
Use of sticky yellow trap 29 32.5 0.4 31.6
Reason given by nonuser

e Lack of knowledge 61.1 0 41.1
e Imperfect knowledge 9.2 67.2 28.2
e Laborious 19.1 7.8 154
e Ineffective 8.4 20.3 12.4
e Product is expensive 2.3 4.7 3.1

Note: V Percentage within each group (participant andpaoticipant).

2 Differences are compared using chi-squarefestyon-significant,
+ = Significant at 5% Number of observations (N) = 287.
Source: Own calculations

The percentages of growers using these practieeguate low in both groups. The existing

%2 They know but don not have an in-depth understapndiith imperfect information about the practice.
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bio-insecticide used i8acillus thuringiensis(Bt) that can control caterpillars (larvae of
moths and butterflies). Bio-agent controls thatarailable in the study area are “Ladybugs”,
“Mantidae”, and “Cotesia”. The first two agents gmeedators and the latter is a parasitoid
(FAO 2005). In the safer practice programmes, tlogaR Project Foundation (RPF) has

provided these products for participant producersa @redit basis (Key informant interview

with extension workers of the RPF 2005).

The percentage of vegetable producers who use $gmgficantly higher among participants

than among non-participants. However, differenadesnmt found for the use of bio-control

agents and in the use of sticky yellow trap. Latkrowledge was reported to be the major
reason by non-participants who did not use theaetiges. For participants the reason is lack
of “in-depth understanding of these practices’atltition, some vegetable producers in the
participant group stated that they have experiancthese practices but those biological
control agents did not survive in the field. Thégoalack information about where to access
bio-control agents. These findings carry two messagirst, the use of complex practices
requires knowledge and understanding about theclitde of pests and the functions of the
ecosystem. Hence, participants may have to invese mm the acquisition of knowledge and

learn how to use these practices. Secondly, irputh bio-pesticides and bio-control agents

are often not available due to lack of local masKet such inputs.

With regard to the use of insecticide and fungisjdan general participants and non-
participants follow the recommendations of the REFthis information can easily spread
from participants to non-participants. In additiime RPF provides recommended chemical
inputs for its members on a credit basis. Howeseme producers still believe in chemicals
that were introduced by pesticide sale agentsctits#ges and fungicides used are classified
into different chemical families as shown in taBl®. The average quantities of insecticides
and fungicides used per hectare, excluding biokpdst are significantly lower among
participants than non- participants. Different fiondes found in the study are registered and
classified in the ‘not’ list of WHO.
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Table 7.9: Different chemical families of insedtieiused found in the survey
Variable Non- Participation Test of Total
participation differencé" ¥

Percentage of insecticitle

Dimethylaminopropane 1 57.2 78.5 12.4%** 64.1
Avermectin 14.9 23.7 3.3* 17.8
Bio-pesticide 2.6 10.8 10.2%** 5.6
Organophosphate 25.8 24.7 0.1 25.4
Banned pesticide 5.2 11.8 4.1%* 7.3
Quantity of insecticide used (kg/Aa) 0.59 0.30 5.6x+* 0.5
Percentage of fungicidé

Benzimidazole 53.6 67.7 5.2** 58.2
Sinorganic (Copper oxychloride) 25.8 31.2 0.9 27.5
Organic (Sulfur) 8.2 7.5 0.1 8.0
Quantity of fungicides used (kg/a) 0.2 0.2 5.6x* 0.1

Note: Y Percentage within each group (participant and pemticipant).
2 Mean of insecticide and fungicide used by kg. fiolated
*Difference is compared using chi-square for quiliéa variable and t-test for
quantitative variable’® = Non-significant; *** = Significant at 1%.
“Number of observations (N) = 287.

Source: Own calculations

Approximately 25% of respondents used insecticides classified as gbam the
organophosphate family. These chemicals generallye hlong-term effects on the
environment and human health as they do not degeguély (ttp://thailand.ipm-info.org/

The use of “Mevinphos’and “Endosulfan” is banned, but these were also found in the
survey. Significantly more participants than nomtpgants use banned pesticides, which
indicates that law enforcement is practically narstent.
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7.2 Definition of standard for safer practices

7.2.1 Selection of key practices

During the process of consultations with experese (slso chapter 4), key management
practices for cabbage were identified. The prastiae the basis for the construction of a
standard for safer and environmentally benign prastand allowed the definition of an

aggregate practices score. The selected practiessderived from the concept of Integrated
Pest Management (IPM) technology as it has beegloged for the conditions of Thailand

(see also chapter.2). These were described in P hanual developed for cabbage
production (FAO 2005). In addition, information fincthe survey of vegetable producers was

used. In conclusion eleven practices were thugstselewhich are described in Table 7.10.

The key practices contain two sets: (i) pest mamage practices and (ii) soil conservation
practices. In the set of pest management practicegular field observationss perhaps the
major component of safer vegetable production Valhg the principles of IPM (BNBROOK
1996). This practice is a pre-condition for ratibdacision-making for chemical and non-
chemical methods of control. It is also necessarmyualify this practice. Thus only vegetable
producers who apply intensive field observatiores identified as users of the practice. The
second practice is “crop rotation”. It can suppnasst populations by breaking the pest cycle
that builds up when growing the same species oftadde repeatedly. At the same time, crop
rotation gives a measure of weed control (FAO 200Sged treatment” and “mulching”
practices are typical mechanical and physical cbmirethods that are standard components
of IPM.

In relation to the production of seedlings and ewly planted fields, the use of a plastic
covering or organic material (mulching) is recomuhesh for covering seedbeds or vegetable-
beds to prevent weeds, increase soil scarificagiod reduce the number of pest populations and
diseases (FAO 2005). The “use of bio-pesticidesd &mological control agents” are non-
chemical methods of control based on the conceptsofg ecological systems to manage
pests and are also chosen. One of the bio-pedtidmend in the study area Bacillus
thuringiensis(Bt). In contrast, biological control agents aenéficial organisms that occur

naturally in the environment and are typified byéfkcial insects in the form of parasitoids
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and predators (CGIAR 2006). The control measune he the conservation of these
organisms through culturing measures. In additioa,“yellow sticky traps'areused to catch

insects as both a monitoring device and a conteshod.

Table 7.10:  Descriptions of key practices in aofedafer practices

Practicé’ Description”

Pest management

1. Regular field observations Intensive observations of the pest situation invibgetabl

field.
2. Crop rotation Modifications of the cropping fean
3. Seed treatment Use of hot-water-treated seeldesnicals before planting.
4. Mulching Use of plastic material or organic niihg.
5. Bio-pesticides Use of commercially available dfesial organisms.
6. Biological control agents ~ Augmentation of beneficial organisms like predatars

parasitoids occurring naturally in the environment.

7. Yellow sticky trap Trap that is designed using yellow sticky glue tict
insects and for monitoring.

8. Use of multiple varieties Use of multiple vaies instead of single varieties.

Soil conservation

9. Soil analysis Provided information of solil liea

10. Soil improvement measure$tJse of manure and organic matter to improve saillity
and keeping the soil healthy.

11.Planting contour bunds Planting vegetable on the contour bund with grovwgras:

strip

Source: " Own presentation”(CGIAR 2006; FAO 2005)

The set of soil conservation practices includesil “emalysis”, as basis for obtaining
information about nutrient contents and as a méandeciding on the type and amount of
fertilizer to be applied. Soil improvement measuefgr to the use of organic materials that
help to improve soil fertility and reduce pest pua®; selected as another key practice for
soil. The third practice is the planting of “contdaunds” as a practice to reduce soil erosion

when vegetables are grown on steep slopes.



110 Participation in extension programme, improgetin knowledge

7.2.2 Establishment of expert standard

In order to assess the practices used by veggiaidieicers (see section 7.1) the judgement of

experts regarding the weighting of the selectedptagtices, is presented in Table 7.11.

Table 7.11:  Experts assessment of key practices

Variable Mea. SD. Min Max

Pest management

Regular Field Respondents 8.8 1.7 4 10
Use of bio-pesticides 8.2 15 5 10
Use of biological control agents 7.7 1.9 4 10
Crop rotation 7.6 1.5 5 10
Seed treatment 7.0 1.7 4 9
Use of trap practices 6.7 1.7 3 10
Mulching 6.6 1.8 3 9
Use of multiple varieties 5.3 1.8 3 8
Soil conservation

Soil analysis 7.9 0.7 7 9
Soil improvement 7.6 1.6 5 10
Planting contour bunds 7.6 1.6 5 10
Total 81

Note: “Number of observation (N) = 23

Source: Own expert survey (2005)

Results confirm the priorities that are revealed tie literature, e.g. “regular field
observation” (BNBROOK 1996) received the highest score followed by “wdebio-

pesticides” The scores assigned to “crop rotation” and “usbiological control agents” are
almost identical. Among soil conservation practicesil analysis” received the highest
score, while the remaining two practices receivéehiical rankings. Summing the expert

scores yields an expert standard with a total socb8d..
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Expert assessments are used to weight the praefipdied by vegetable producers and hence
to assign scores. For example, a producer who tefiug use bio-pesticide will receive 8.2
points. In Table 7.12 the mean, minimum and maxinmggores of the two groups of
producers are shown. Statistical analysis using titest shows that participants have
significantly higher scores although the differerceaot very great. One possible explanation
for a relatively small difference between the twoups is that there is the possibility of
farmer-to-farmer technology transfer. Non-particfza may learn from neighbouring
participants. However, the distribution of scoreswss that there is a significant difference

and that participants have a much higher percenieiipe score category 50 to 60.

Table 7.12:  Average weighted practice scores kateceand non-treated group

Practice scores Non-participants  Participants Total
Maximum 53.02 58.21 58.21
Minimum 0 6.67 0
Mean”* 27.92 33.46 29.71
SD. 11.42 11.92 11.85

Test of difference: T-test = -3.80***

Note: * Differences are compared using chi-square testfmlitative variable and t-test
for quantitative variabl€® = Non-significant;
2 Number of observations (N) = 287

Source: Own calculations

Comparing the practice scores of both groups ofdpcers with the expert standard,
none of the respondents comes close to the expantdard of score 81, even for

vegetable producers in the participant group (sabld 7.13). In the next section an
analysis of the deviation of the scores of parfcipvegetable producers from the expert
standard is carried out. This will give the reasdos the gap between the expert
standard and existing practices used by particgaltt is hypothesized that more

knowledge will increase practice scores, implyir@tt knowledge is a major factor

affecting adoption.
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Table 7.13:  Average weighted practice scores kateceand non-treated group

Practice scores Non-participants  Participants Total

Rank of scores (%)

Less than 10 6.7 4.3 5.9

10 < score <=20 18 5.4 13.9
20< score <=30 314 26.9 30

30< score <=40 28.9 37.6 31.7
40< score <=50 12.9 12.9 12.9
50< score <=60 2.1 12.9 5.6

Great than 60 0 0 0

Test of difference: Chi-square = 23.06***

Note: " Differences are compared using chi-square testimlitative variable and t-test
for quantitative variabl€® = Non-significant;
2 Number of observations (N) = 287

Source: Own calculations

7.3 Relationships among the multiple steps to vegdtle producers’

decision

To examine the direct effect of programme partitgpaon adoption of safer practices, a
simultaneous equation systems model, describedodelrmi1 in chapter 3, is applied. Firstly,

a description of the variables used in the modeprissented. Secondly, the estimation
procedure and tests of specification errors arerdesl. As mentioned in the modelling

framework (chapter 3), two models that distingulsttween the weighted and the un-
weighted practice scores are presented. The pugdastimating two models is to assess the
effect of an expert standard on the factors tha&¢rdene the adoption of safer practices.

Finally, results of both models are discussed.
7.3.1 Description of variables

The two dependent variables used in the simultamequation model are (i) the un-weighted
practice score which is the cumulative total of #ey practices applied by vegetable
producers and (ii) the weighted practice scorectwhs the same as (i) but the scores are
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based on the weights assigned by the experts. Thalative scores are taken as an

aggregate measure of adoption of safer crop artdhp@sagement practices in cabbage.

The factors that were hypothesized to explain #ggeke of adoption are those that have been
described for modelling participation (see chapeand knowledge (see chapter 6). In the
models used in this section, additional variablesewncluded, and were mainly drawn from
the literature on the adoption of Integrated Peahdfjement (IPM) practices. Similarly to the
knowledge equation discussed in chapter 6, fouggraites of independent variables can be
specified, namely information and knowledge, huroapital, farm resource endowments and

other variables.

Information and Knowledgelnformation from neighbours (expressed as dumrayable
“source_1") is expected to have a positive indieféect on practice change. This hypothesis
is based on &sTERand ROSENZWEIG (1995) who developed a model to incorporate leani
by doing and learning from neighbours as a deteantinf adoption. The second variable in
this group is knowledge, which is assumed to beyavariable in the equation systems with
regard to adoption of safer practices. Knowledgadguired by participation in extension
programmes that promote safer practices as dedcibehapter 3. As shown in several
studies, the participatory approach, which was afggied in these programmes, is effective
in stimulating a change in practices A{DoN et al.2005; FEDER et al. 2004; ARK and LOHR
2005; RMIREZ and $uLTz 2000). Such knowledge enhancement can also stienula
innovation by adopters @dBY 2003; DALTON et al. 2005; EDER et al. 2004), which is
especially important in the field of natural resseimanagement (WBEL and ZLBERMAN
2007).

Human capital Two proxies are used in the model to measuréetied of human capital, i.e.
education and years of experience. As shown imtimean capital model ofcsiuLTz (1975)
education is important in the ability of farmers efficiently allocate limited resources
(WELCH 1970). Hence, education can affect the speed #edtieeness of the adoption
process (RHM and HUFFMAN 1984; WAIBEL et al. 1999; WozNIACK 1984). The effect of
experience is similar to that of education. Sinoedpcers with longer experience are likely
to be more efficient in processing information,l@sg as this information corresponds with
their area of experience, and that factor may spgettie adoption decision4Rk and LOHR

2005; WozNnIACcK 1987). GADWIN (1979) argued that using complex practices reguire
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specialized skills, which can be acquired througftigipatory learning. Based on these
studies, it can be hypothesized that both humanata@ariables included in the models here

will be positively related to the adoption of sapeactices.

Farm resource endowment€lassic adoption studies demonstrate that sizepefation is
positively related to adoption of innovationsafBiam et al. 2004; ERNANDEZ-CORNEJO et

al. 1992; WIst and ZLBERMAN 1983). Generally, larger producers find it easier
experiment with new technologies on a portion @irttand (&BRESELASSIEand 3NDERS
2006). Also, some studies argue that producers higther labour availability per unit of land
may be likely to adopt more labour intensive tedbgies than smaller producerse(Fer et

al. 1985). In this study therefore it seems reasontblese the labour to land ratio. This ratio
may be positively correlated with the use of sgieactices because these are generally
labour-intensive (MNAMARA et al.1991).

Other variables:There are three variables classified in this grang used in the “adoption
equation”: (i) major occupation, (ii) marketing abtion, and (iii) study area. The three
variables are expected to be positively correlatgld adoption. The variable occupation may
have a positive influence on adoption as farmers atte full-time vegetable producers will
have more incentive to use practices that theyebelio have positive effects on health and
environment. This hypothesis can be derived fromeis# studies that often found that off-
farm employment can be a constraint on IPM adopt{BBRNANDEZ-CORNEJO 1996;
FERNANDEZ-CORNEJO et al. 1994; McNAMARA et al. 1991). The variable “marketing
conditions” refers to the requirement for pesticidsidue testing by a vegetable buyer. It is
hypothesized that compliance with this requirenteag a positive effect on the use of safer
practices, because producers can avoid the ridkilofe to sell their produce. The third
variable is study areavhich is used as a proxy for other sources of tianahat can affect

the behaviour of vegetable producers.

7.3.2 Estimation procedure

With reference to model 11 (chapter 3), the sinmdtaus equation model can be specified as

follows:
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practice = &,,+ a,.knowledge ylambda+ alz.experience &13.experienc2e
+ &14.Iandlabour+ &15.membe|+ &16.occupatior+ &17.market
+ &lg.studyarea

knowledge = AZO + ,é.lambdak 621education azzsource_ 1+ &Zg.experience
+ &24.experienez + azs.labourland+ &Zememberr &27_occupati0|
azamarket+ &zgstudyarea

patiCipation = 530 + &Slhealtm a32pickup+ &33.headeduca'& &34.experience
+ &Ss.experienc@ a%.labourland+ a37.membe|+ a3g.occupation

+ ésg.marketr &Slo.studyarea

where Sij is the estimated unknown parameter of varigblsed in equatiom in these

systemsj=0, 1,...,11andi=1, ...,3 and /? and y are the unknown parameterslambda

used for the knowledge and practice equationsentsely. This term is used as the control

function to account for selection biases.

The estimation of model 11 contains two steps. fifsestep is to start with the participation
equation. This model has already been estimated pyobit regression in chapter 5. The
results of the model are used to calculatdahedaas follows: the normal distribution of the
predicted value of the probability of participatisndivided by the normal density function of
this predicted probability (i.éeambda= norngs ¥/ normddésa )), where z are independent

variables. In the second step, the estimated lansbhaised to estimate model 11 by adopting a
2SLS approach with the selected sub-sample of gnogre participants. Although we use a
simultaneous model, it is nevertheless necessagstdor possible endogeneity that can exist
between knowledge and change in practice. Suchrseveausality (ENDERS and
GAEREMYNCK 2006) leads to a correlation between knowledgeescand the unobserved
characteristics affecting the practice scores,the.error terms of the adoption equation. If
there is no endogeneity, use of ordinary least req(@L) for the estimation of model 11

should give similar results.
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7.3.3 Result of testing specification error

A test of endogeneity between knowledge and pmagticcarried out. Results show (Table
7.14.) that endogeneity exists. However, althouglthe unweighted model it is only slightly

significant, the effect is significant in the weigtl model.

Table 7.14  Specification tests

Model  Unweighted model Weighted model
Test Chi-square P-value Chi-square P-value
Heteroskedasticity 6.29 0.0029*** 6.29 0.0029***
Identification 9.85 0.0073*** 9.85 0.0073***
Endogeneity 4.43 0.109* 6.31 0.0427**
Over-identifying restrictions 0.759 0.3838 1.60 .2ab9

Note: '* Significant at 10%, **Significant at 5%, Signifint at 1%.
2 Number of observations (N) = 93.

Source: Own calculations

In addition, two other important tests are perfadrbefore the estimation of the 2SLS model
is carried out. The first test determines whetlher instrumental variables (IVs) used in the
knowledge equation are exogenous, i.e. all instniatevariables are uncorrelated with the

error term of the practice equation. If the nulpbthesis is accepted, the overall set of IVs
used is appropriate. The criterion used to selextl¥s is that such variables should have a
high correlation with knowledge and are not in #m@option equation. In this study, the

variableseducationandsource_Jare used as IVs. According toQWLDRIDGE (2006) testing

the over-identifying restrictions needs to be etout if more than one 1V is used.

Secondly, the test of heterogeneity is used towbsther the IVs have a strong effect on the
endogenous variable (knowledge). Table 7.14 presesults of these tests. It is shown that
no instrument variables are correlated with thereterm, i.e.educationandsource_lare

appropriate IVs.
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7.3.4 Factors influencing the adoption of safer pratices

The OLS procedure is used first to estimate caefiis of the two models. Results in Table
7.15 and 7.16 show that the lambda coefficientsath models are significantly different at
5%. This is evidence of the existence of selechi@s. Therefore theambdaterm must be

included in the knowledge and practice equatiosms inodel 11).

Table 7.15:  The estimation of unweighted model©hg"

Without lambda With lambda
Variables

Coefficient’ Robust SE Coefficient’ Robust SE
Intercept 15.2134 3.5744 -44.7537 26.0794
Lambdd’ 35.9965** 15.7001
Knowledge 0.7753*** 0.2634 0.7103*** 0.2644
Source_1 0.4424 3.4419 25.9495** 11.6799
Education 0.2736 0.2012 1.3023** 0.4869
Experience 0.2150 0.1973 0.7249** 0.2970
Experiencé -0.0030 0.0061 -0.0477 0.0208
Labour to land 0.3196*** 0.1553 0.4405*** 0.1602
Member -0.5629 1.7830 2.9408 2.4327
Occupation 2.8067 2.2890 18.9376** 7.3035
Marketing condition  4.8542%*** 1.4208 29.8461** 10.9050
Study area -2.9784*** 1.3433 -0.9365 1.6041
F-test 4.76%** 5.55%**
R-square 0.1306 0.1462

Note: ¥ Number of observations (N) = 93.

% Lambda is predicted from participation equation.
3 * significant at 10%, **Significant at 5%, ***Sigficant at 1%.

* Robust standard errors are controlled for thetetirg effects.

Source: Own calculations
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Table 7.16:  The estimation of weighted models bystL

Variables Without lambda With lambda
Coefficient’. Robust S# Coefficienf’. Robust SE
Intercept 1.6835 0.4924 -5.3967 3.5758
Lambdd’ 4.2500%* 2.1489
Knowledge 0.1242*** 0.0363 0.1165*** 0.0364
Source_1 0.1759 0.4845 3.1875** 1.5976
Education 0.0367 0.0280 0.1582** 0.0669
Experience 0.0305 0.0310 0.0907** 0.0431
Experiencé -0.0005 0.0010 -0.0058 0.0029
Labour to land 0.0576*** 0.0206 0.0719*** 0.0213
Member -0.0195 0.2403 0.3942 0.3257
Occupation 0.3002 0.2920 2.2047** 1.0038
Marketing condition  0.7115*** 0.1910 3.6623** 1.4945
Study area -0.5615*** 0.1813 -0.3204 0.2172
F-test 6.24*** 6.55%**
R-square 0.1695 0.1807

Note: * Number of observations (N) = 93.
? Lambda is predicted from participation equation.
% * Significant at 10%, **Significant at 5%, ***Sigjficant at 1%.
* Robust standard errors are controlled for thetetirg effects.

Source: Own calculations

Due to the evidence of endogeneity of the knowledagable shown in both the weighted
and the unweighted models (see Table 7.14), fuehalysis is based on the 2SLS procedure.
As stated above tHambdathat was estimated from the participation equaisomcluded in
knowledge and practice equations as an independeiable. In this step, all variables that
are hypothesized to affect the adoption of saferctmes are included. This model is
considered to be unrestricted in that all varighlegardless of their level of significance, are
included. The results are presented in Table DLBdth models, i.e. using the weighted and
the unweighted practice scores as the dependeiabiarlt is shown that two variables, i.e.

memberand study areaare insufficient to explain the adoption of sgbeactices in either



Participation in extension programme, improvemarkriowledge 119

model. To check the robustness of these modelsethariables are left out and the models
re-estimated. These are identified as the restrintedels and results are shown in Table
7.18.

Table 7.17:  The estimation of unrestricted modetiet® by 2SLE

Variables Unweighted practice scores Weighted practice scores
Coefficient.  Robust SE  Coefficient ~ Robust SE
Intercept -2.8981 2.6865 -17.4623 19.9520
Lambdd’ 1.3227* 0.6941 9.6818* 5.1213
Knowledge 0.2703* 0.1481 1.8653* 1.0824
Experience 0.1440** 0.0588 0.8999** 0.4391
Experiencé -0.0068*** 0.0024 -0.0433*** 0.0182
Labour to land 0.1102*** 0.0337 0.6748*** 0.2676
Member 0.3915 0.3270 2.3050 2.5307
Occupation 0.9914** 0.3920 8.9272** 2.9139
Marketing condition 1.3862*** 0.4679 10.2680***  HO6
Study area -0.3184 0.3292 -2.8788 2.4281
F-test 3.56%** 3.32%**
R-square 0.30 0.26

Note: ' Number of observations (N) = 93.
2 Lambda is predicted from the participation equatio
3 * significant at 10%, **Significant at 5%, ***Sigficant at 1%.
“ Robust standard errors are controlled for thetetirgy effects.

Source: Own calculations

Considering both the restricted and unrestrictedets) the explanatory values (R-square) for
the models and the significant levels of the edtahacoefficients differ. The explanatory
power of the unrestricted model is greater than ¢fidhe restricted model (see Table 7.17
and 7.18). From the econometric point of view, ¢iog some exogenous variables is
ineffective (WOOLDRIDGE 2002). In this case the unrestricted model hasenmeeaningful
results. Thus further interpretations are basethemnrestricted model, shown in Table 7.17.
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Table 7.18:  The estimation of restricted model2&yS”

Variables Unweighted practice scores Weighted practice scores
Coefficienf’  Robust SE Coefficienf’ Robust SE

Intercept -2.1097 2.2546 -15.5066 16.2908

Lambdd’ 1.0454* 0.5910 8.7633*  4.2512

Knowledge 0.2404* 0.1359 1.7898* 0.9899

Experience 0.1446** 0.0568 0.8796** 0.4353

Experiencé -0.0064***  0.0024 -0.0391***  0.0178

Labour to land 0.1016*** 0.0320 0.6252***  0.2511

Member

Occupation 0.8348** 0.3848 8.2302** 2.9389

Marketing condition 1.1878*** 0.4638 9.2844**  3.83

Study area

F-test 3.91%** 3.51%**

R-square 0.2919 0.2446

Note: * Number of observations (N) = 93.

?'Lambda is predicted from participation equation .

% * Significant at 10%, **Significant at 5%, ***Sigficant at 1%.

* Robust standard errors are controlled for thetetirg effects.

Source: Own calculations

Results in Table 7.17 show that in both modelseatiept two variables, i.e. study area and

membership in farmer groups other than participaiio the RPF programme, are significant.

Hence, adoption is similar in the two sites of ReF although they differ in infrastructure and

distance to market. The lambda variable that meashe direct effect of programme participation
on adoption of practices shows a higher levelgficance in the weighted model. This suggests
that adoption is concentrated on more complex ipescthat receive more weighting in the expert
ranking. For example, for practices like intendie observations, use of bio-pesticides and bio-
control agents, the knowledge effect is more prooed in the weighted model. Hence the expert

standard reinforces the knowledge-intensive natfireafer and more environmentally benign

vegetable productionincomplete knowledge is the reason for non-adoptiblsome complex

practices that are proven to be benefi@aMeR et al.1999; ARK and LOHR 2005).
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Other significant variables affecting practice &somclude experience, labour to land ratio,
main occupation, and marketing conditions. Theiiggnce level of these variables does not
differ between the un-weighted and weighted mololed,the estimated coefficients do differ

in magnitude.

The labour to land ratio has a positive effect dopion and is significant at the 1% level.
This underlines the assumption that the use ofrspfactices may affect the labour
organization on a vegetable farm. It has also Iseggested in the studies of&MANN and
WESSELER(2003; MaumBE and SvINTON 2003) and MumBE and SVINTON (2003), which
show labour organization is one of the factorsaiifigy adoption of practices available in the

set of IPM technologies.

Having household heads working full-time on a fdmas a positive effect on adoption as
expected, due to lower opportunity costs of lab&ull time farmers have more motivation to
invest in knowledge accumulation in order to immdfeir productivity. Being a full-time
vegetable producer will cause an increase in adopby 0.9 points as measured on the
practice scores in the unweighted model and 8.8tpan the weighted model. This suggests
that adoption of more comprehensive practices isentbour demanding. That finding is
supported by the study ofAGwELL et al. (2001) and RrRk and LOHR (2005)that off-farm
employment motivates the use of time-intensiveretigies such as organic practices.

The market variable (residue testing) also sigaifity increases the degree of adoption. This
may also imply that risk-averse vegetable produaezsmore likely to adopt safer practices.
On the other hand, results of the weighted modgyisst that risk-averse producers will use
more complex practices because of the higher lev@nportance of these practices. This
suggests that extension programmes that aim todate safer practices should give priority
to some practices and put less emphasis on ottiers, reducing the complexity of the

training approach.
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7.4 Summary

This chapter presented the analysis of the diffsttef participation in safer practice programmes
on the crop and pest management practices usecedstable producers. The existing crop
management practices in cabbage were describegadogn participants and non participants. It
was found that participants tend to use practlugisare more complex and which tend to be more
oriented towards health and environmental issddg main reasons given for non-use of some

practices were lack of knowledge and market avliiabf biological factors of control.

The second section explains the establishmentstéradard for safer practices as identified by
experts. Eleven key practices were selected imtpert consultation process: eight practices for
pest management and three for soil conservatioe. difority among these practices was
established by means of an expert opinion survepels assigned weights to the selected
practices and a cumulative score of 81 was deagetthe expert standard. Results show that on
applying the expert scores programme, on averatjeipants achieve significantly higher practice

scores than non-participants. However, the maxiseores of both groups are almost identical.

In the third part of this chapter the direct effent programme participation on change in practices
is modelled as a two-stage process using a sirsolignequation approach. The model accounted
for selection bias and endogeneity of knowledgéhen adoption of safer practices. Also, un-
weighted and weighted models were formulated ierdi@ assess the effect of the expert standard
on the factors that determine the adoption of gafactices. Results show that the factors are the
same in both models, but the magnitude of thetdffiffers. It was also shown that participation in
a safer practice programme is a significant fathet stimulates adoption of safer practices.
Adoption was found to be concentrated on the momepéex practices as illustrated by the higher
magnitude of the coefficients in the weighted modibe results support findings in the literature,
which state that adoption of technologies relatedatural resource management technologies is
strongly dependent on the process of knowledgeisiiiopa (SUNDING and 4LBERMAN 2001;
WaBEL and ZLBERMAN 2007). In addition, experience was found to recdgathe knowledge
effects. However, results suggest that there asesaime barriers to adoption, i.e. occupation and
marketing conditions. These barriers have impbeatifor the development of safer crop and pest
management technologies and for the design ancerngpitation of extension programmes in

vegetable production.



Chapter 8
Summary, conclusions and recommendations

8.1 Summary

This research has involved an in-depth analysih@fprocess of knowledge acquisition and
adoption of safer vegetable production practicedNanthern Thailand. Evidence exists that
current production technologies, especially in Yagles, carry considerable health risks for
consumers and producers and are damaging the eméra. Hence, producers need to change
their current practices by adopting technologiest thre safer and more environmentally
benign. A major feature of such technologies ig thay are knowledge-intensive and they
belong to the category of natural resources managetachnologies; these are generally more
complex than the classic agricultural technologidsch are usually related to seeds, fertilizers

and pesticides.

The overall objective of the research was to cbote to a better understanding of

technology adoption in vegetable production. Foajamissues were investigated:

1. The determinants that lead vegetable produogpaiticipate in extension programs that
promote the use of safer and more environmentalhygn production methods.

2. The effect of such programs on vegetable pradukaowledge of new practices.

3. The specific role of knowledge in the adoptioh safer vegetable production
technologies.

4. The evaluation of vegetable producers’ practingde light of standards formulated by

experts form research and extension in Thailand.

The research began with a summary of some backdrodformation on the institutional

conditions for achieving the government’'s goal obducing vegetables that are safe for
producers and consumers. It was shown in chapt#ra a large number of government
agencies are given the responsibility to contridotehis goal. In particular, the role of the
Royal Project Foundation (RPF), a Non Governmedtglanisation founded by the King of

Thailand, has been identified as being pivotahm promotion of safer cropping technologies
in the environmentally sensitive areas of the Narthhighlands. The analysis of secondary
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data made it clear that so far there is little enice of a widespread adoption of safer vegetable
production technologies, which have been develdpedesearch. The situation analysis has
also has shown some constraints on achieving tte. gihese constraints are largely
overlapping tasks and imprecisely defined roleghef government institutions assigned to
implement specific programmes. Another problemtified was that there is discontinuity and
inconsistency in the agricultural, environmentad &ealth policies at the national level, which
generates a policy environment that is not alwayslacive to the adoption of safer crop and
pest management technologies.

The methodological framework applied in this stydgvides a conceptualization of the role
of extension systems in the delivery of knowledgemnsive technologies. The framework
describes factors and constraints that influenee dbcisions of vegetable producers to
participate in extension and describes how progparticipation can increase the knowledge
of participants and how knowledge in turn relatesthe adoption of safer vegetable
production technologies. The analysis proceedeskeireral steps. First, a probit regression
model to identify the determinants for program iggration of vegetable producers was
developed. Thereafter the estimation of the progmarparticipation effect on knowledge was
carried out. In this procedure two techniques, rgrttee ignorability of treatmeniand the

instrumental variable techniquethat account for the problems of selection biaaed

endogeneity, were applied. Finally, the link betawg®ogramme participation, change in
knowledge and the adoption of safer practices wstabbshed by using two-stage

simultaneous equation procedure.

The data that were used to estimate the models can@ynfidm two sources: (i) a survey of
some 300 vegetable producers in the province air@Mai and (ii) consultations with experts
via a workshop and a questionnaire administeredngnemme 23 vegetable experts from
Thailand.

The first model, using a simple probit regressiomestigated the factors responsible for the
participation of vegetable producers in the extmmsprograms of the Royal Project
Foundation and related agencies. The model tooduatof the possible clustering effects in
the data by calculating the robust standard eResults showed that there are several factors
that explain programme participation. Firstly, wiest or not vegetable production is the

major occupation is instrumental for the decisiém @roducer to participate. Another factor
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was the influence of the market. If the vegetablgep requires the testing of pesticide
residues in vegetables, this was found to be avaioig factor towards participation in such

programmes.

Results of the second model showed that progranticipation significantly enhances
vegetable producers’ knowledge. Other significaariables found were the level of
education and experience in vegetable growing.diht@n, information dissemination was
also significant. Thus, exchange of information amaeighbours may reinforce the effects
of the training and learning programme. The robestnof the models was confirmed by

applying different tests that accounted for the-remmdom nature of the sample.

The model also confirmed the statistical compassogtween program participants and non-
participants. Results showed that the differemcknowledge is particularly pronounced in
the identification of beneficial organisms as aunalt method of pest control and some other
aspects of crop and pest management. However sitalga found that knowledge levels of
both groups are quite low in the case of some cemplactices. In terms of attitudes the
difference between participants and non-particpast less clear. Almost all vegetable
producers agree on the benefits of safer pracfmethe conservation of natural resources
and the environment. However, significant differefhiavere found in attitudes toward the
negative effects of spraying pesticide and thetfulress of information provided by
pesticide agents. Here, participants showed a ordreal attitude than non-participants.

The final model used a simultaneous equation apgfproa order to establish a linkage
between programme participation, knowledge and twolopof safer crop and pest
management practices of vegetable producers. Thielnazcounted for selection bias and
endogeneity of knowledge in the adoption of safescfices. The analysis began by
describing the existing crop management practinesabbage and comparing participants
with non-participants. The general impression was participants tend to use more complex
practices, which are assumed to be closer to tvaommental and public health goals
formulated by the government. Two models were caetghaOne, where key practices
identified by expert consultations were summaribgd means of a weighted aggregate
adoption scale and another one where the samegesetere measured as a total count, as a
proxy for adoption. The comparison between the emghted and weighted models allows

the assessment of adoption in the light of scientéquirements as compared to the field
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situation, in the absence of an official standayd dafer practices in vegetables. Results
showed that the factors that explain adoption lagesame in both models, but the magnitude
of the effect differs. However, participation insafer practice programme is a significant
factor that not only improves knowledge but alsonatates adoption. Hence improving
knowledge can be considered to be a pre-conditonthie adoption of knowledge-intensive
technologies. The models revealed that adoption emxentrated on the more complex
practices, as illustrated by the higher magnituléhe coefficients in the weighted model.
Furthermore, the model results also identify soragiérs to adoption, such as occupation
and marketing conditions. Hence, the result of skepwise approach is to allows exploration
of the extension-knowledge-adoption process in rotdedraw some conclusions and to
derive some recommendations that can provide go&an the development of new

technologies in vegetable production.

8.2 Conclusions and recommendations

The ongoing problem of natural resource degradati@yriculture in Thailand (and in other
countries of South East Asia) requires agricultteahnologies that take environmental and
human health concerns more strongly into accou@tucial factors in the adoption of such
technologies are knowledge and education as welhasffective marketing system for such
research products (Waibel and Zilberman 2007). iiSiten programmes can be an effective
tool to enhance farmer's knowledge as a pre-candifor their ability to adopt of such
technologies.

This study has shown that in order to be effedtivpromoting knowledge-intensive natural
resource management technologies among vegetaideqars, research and extension need
to go beyond the classic technical support appro@icl nature of the problem and the type
of technologies require more modern methods of éareducation and training. The Royal
Project Foundation in Thailand is one institutibatthas been instrumental in implementing
alternative extension approaches that generallyovield the participatory principle.
However, adequate technology supply is no guarantegechnology adoption as many
factors come into play. Therefore, rigoroex postimpact assessment of extension
programmes is needed. To conduct such an analysss dhallenge since the true gains

attributable to particular innovations are difficulo establish, particularly under the
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prevailing conditions of developing countries @HWAITE et al. 2003). Major

methodological problems are selection bias, hetareiy among adopters and the difficulty
in establishing valid counterfactual scenarios. Tdikire to control for these problems in
econometric models can lead to overestimation dh libe rate of adoption and the

programme benefits @RRETT et al.2004)

As shown by the scientific discussion surroundihg impact of participatory training
methods in integrated pest management (IPM), resees sometimes fail to establish solid
evidence of programme effects on the changesammdr attitude, adoption and economic
benefits (ALTON et al. 2005; DALTON et al. 2007; FEDER et al. 2003; FEDER et al. 2004;

PRANEETVATAKUL et al.2007; YaAmMAZAKI and RESOSUDARM02007).

In this study an attempt was made to overcome saintlee problems that were evident in
similar research. The results point to two majonatasions: (i) a stepwise analysis of the
extension programme knowledge acquisition and aolofirocess is effective in identifying

the factors that influence the intermediate andlfoutcomes of this process and (ii) a careful
use of econometric techniques can help to overcgonee of the data problems that usually
limit the application of more rigorous models (edjfference in difference models),

especially in the establishment of counterfacteeharios and in capturing heterogeneity of

the sampling population.

The empirical results allow some important condaosi which in part verify some
hypotheses formulated in previous studies. For @kanmn promoting vegetable production
technologies, education and experience are impoitamnfluencing producers’ adoption
decisions. Other findings, however, were less featjy mentioned in the literature, namely
the role of market agents. For example, the remerdg of buyers to test the product for
pesticide residues stimulates the demand for externiaformation and of knowledge for
safer practices. Hence, training of vegetable predkishould not only concentrate on the
crop and pest management aspects but also incladestimg topics in the training agenda.

Strengthening the role of markets for safer proslgein indeed be identified as a strategy to
better integrate the consumer and producer side@gTMANUNCHAI (2006) ) recommends that
willingness to pay of consumers in Thailand foresahd environmentally friendly produced

vegetables is high but standards have to be asduréte long run, special projects like the
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RPF that return significantly higher market priogannot be an overall solution to the
problems of externalities of vegetable producti@tduse of limitation in scale. Hence,
additional marketing channels need to be develdpat effectively communicate product
quality on the one hand and consumer preferenceth@rother hand. Unless the market
rewards producers for supplying safer vegetabtég, incentive to adopt technologies that
are more complex and often more labour demandiny e severely impaired

(JAYAMANGKALA 2005). Hence, these issues require more the iatteat the national and

regional policy levels.

Furthermore, it can be concluded that extensiograrames in vegetable production need to
be better tailored towards the socioeconomic camdit of producers. In other words,
producers who are engaged full time in vegetabdelyetion require different incentives to
motivate their participation in extension progransniigan those who are part-time vegetable
producers with other occupations, e.g. outsidecaljure. This confirms results of some

recent studies (ELTON et al.2007; RRANEETVATAKUL et al.2007; QuizoN et al.2000),

Unfortunately, the results of this analysis do alédw any conclusions to be drawn regarding
the efficiency of investments in extension prograesnas no data on change in income or
programme costs were collected. However, some solmtiusions can be drawn regarding
the direct effects of programme patrticipation. Witpect to results of tteverage treatment
effect model is clear that these programs significantlypriove vegetable producers’
knowledge, as an important precursor to the adopifosuch technologies. Thus the results
in the classic adoption studies obb&:Rs(2003) and some recent empirical studiesL{@N

et al. 2005; ®DTLAND et al. 2003; RANEETVATAKUL et al. 2007; YamAzAkl and
ResosubpArRMO 2007) are confirmed. Hence, the investment in &arrtraining can be
assumed to be effective, meaning that the moneyt ggeprogrammes like RPF is probably
justified. Perhaps in the future such programmesgdcput more emphasis on the promotion
and use of farmer networks in spreading informatiodel results suggest that information
transfer from other vegetable producers has actedfe knowledge and adoption.

The study also allows the suggestion of some recemdiations for further research. One
reason for non-adoption is the complexity of sgfexctices. For example, field observation
methodologies are often developed from the pointi@iv of the scientist, who does not face

time constraints in assessing vegetable fields.celetechniques should be developed that
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provide an acceptable compromise between time sewison. A further project would be to
develop marketing systems for biological controlerg in such a way that they are
accessible to vegetable producers. There is daltlaof understanding about optimal market
outlets and appropriate incentives for the develemnof such small-scale village level
enterprises. Respective government organisatides the Department of Agriculture, in
cooperation with the Royal Project Foundation, &hgive more attention to these issues. The
ongoing national research and development effortgganic farming, including input suppliers
of biological control agents, can be considerea gsod starting point(Eis et al.2006).

Finally additional research needs can be postuldtedust be emphasised that adoption of
complex natural resource management technologiderusmall-scale farmer conditions in
developing countries takes place as a stepwisen @fvn-continuous, processyRLEE and
PoLANCO 1986; R\wWIREZ and $iuLTz 2000). Hence, data collection approaches nee@to b
designed in a way that facilitate the developmérag dynamic adoption model. Also, such a
model may benefit from recent insights into behaxab economics and could integrate other

decision theories such as cognitive dissonancecsppct theory.
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Economic and Behavioural Factors Affecting the Adwpof Environmentally Friendly an

Healthy Vegetable Production Systems in Thailand

Respondent..........c.ocoviiiiiiiiiiiii e, Address..........cen..e. Village.................
Sub-district...........ccoiiiiiin, District........cccoovvviiinnnn. ProvinCe.u......c.ccvuvnee.
Parentage.............ccoovvvviinnnnnn.

Enumerator ..., Date............... Month.........ccooiiiiiiinis 2005

Note: This study is a part of the Ph.D. researdynam of the University of Hannove
Germany. The information from the interview willtrse disclosed.

}

=

Section 1: Infrastructures and institutions

Physical and social Yes/No If infrastructure is not in the village, pte
Infrastructure specify distance from village to infrastructure
(Km.)

Kindergarten

School

Irritation system

Road

Water supply

Health care centre

Electricity

Post office

Market place

Communication

Credit institution
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Section 2: Local organization
2.1 Is there a religious organization in the vidag
(1) No (go to 2.1.3) (2) Yes
2.2 If yes, what is a major role of this organiaatin the village?
(1) Introduction of the religion (specify).............ccccoeviinnins
(2) Education (3) Other (specCify).......ccooeviiiiiies veiennns
2.3 Are there foreigners living in the village?
(1) No(goto 2.1.4)
(2) Yes, please specify number............... persons(s)
2.4 Is there a government organization in the géia
(1) No
(2) Yes, please specify NUMDEN...........uuuuuiiareeeeie e

2.5 If yes, what is a major role of that organiaatin the village?

Section 3: Development projects in the village dgrihe past five years

Project Institution Type of activity | Project age

(Month or year)

***Thank you for your distribution***
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Appendix B:  Adoption questionnaire

Economic and Behavioural Factors Affecting the Agtmp of Environmentally Friendly and

Healthy Vegetable Production Systems in Thailand

Respondent.............occeveeveeiv e JJAddress. s VillAGE
Sub-district..........cooviiiiie District..........c.ccoevevee oo . PIOVINCE e
Parentage..........ccocovviiiiiinnnn.

Enumerator ... Date...............Month.................o. 2005
Note:

This study is a part of the Ph.D. research progrsathe University of Hannover, Germany,
The information from the interview will not be dissed.
The questionnaire is divided into five parts: (Dc® economics parameters of farm and
farm household; (2) Crop management practicesK(®)wledge of EHVT practices; (4

=

Attitude of environment and health aspects of vaglet farming: (5) Diffusion of the safe

and healthier vegetable production technologies.
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Section 1 Socio economic parameters of farm and fasusehold

1. Farm and farm household information

1.1 How many household members usually reside um jousehold? ........................... person (S)
No. Relation with Gender Age | Education Main occupation Secondary Number of day
head of household (year) occupation for working at farm

(days/year)
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1.2 What equipment do you have?

Asset

Just tick v if available

Number

Machine, equipment and animal

utilization

Worker house (s)

Tractor 2 wheel (s)

Tractor 4 wheel (s)

Water pump ()

Springer (s)

Tank (s)

Pipe (s)

Hose (s)

Knapsack (s)

Engine sprayer (s)

Hoe (s)

Spade (Ss)

Cattle (s)

Buffalo (s)

Pig

Other................

Other...............

Other................

Other................

Other................
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Asset

Just tick v if available

Number

Harvesting and transportation equipme

nt

Truck 6 wheel (s)

Pickup (s)

Motorcycle (s)

Bicycle (s)

Other asset

Mobile phone (s)

Television (s)

Video (s)

Video disc (s)

Video game (S)

Radio (s)

Refrigerator (s)

Washing machine (s)

Rice cooking machine

Other......cc.cco.....

Other.......c.c.......
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1.3 Land tenure and land use during May 2004 — 2005

1.4 How many parcels of land holding do you have?............ parcel (s)
Parcel Size | Tenure| Crop Water | Distance of
(rai) | status| Dry season Rainy Winter supply | water
(LT) season | season supply  to
farm (km.)
Code of LT: Code of crop: Code of water supply:
1= Owner 1 = Rice (specify)........ 1 = Ground water
2= Lease 2 = Vegetable (specify)............ 2 =Well water
3= Tenant 3 = Field crop 3 = Water supply from
4= Other 4 = Permanent crop intercrop withmountain
(specify)...... vegetable (specify).......... 5 = Other
5 = Permanent crop (specify)...............

6 = Other (specify)..................

2 Cabbage management practices
2.1 Cabbage production technology
2.1.1 How long have you been growing cabbage? .............year (S)
2.1.2 How would you describe cabbage productiohrtelogy you are currently
using i.e. what is the major component of thistextogy?
(1) Chemical practice (2) Chemical safe practice
(3) Organic practice (4) Other (specify)......ccovvviiiiinnnnnn.
2.1.3 Who is the decision maker to use practigpigstion of 2.1.27?
(1) Head of household
(2) Other (SPeCify).....oviieiiiiiiii e e
2.1.4 Did you use chemical safe practice or orgpractice compare to five years in the
past?
(1) Yes (2) Ndgo to 2.2)
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2.1.5 If yes, why did you return to chemical preetiyou have specified in question
2.1.2?
(1) Difficult to buy a bio-agent control in the market
(2) Other (SPecCify).....ccevviiiiins e
2.2 Seed management
2.2.1 Which brand of cabbage seed do you use?ifgpec.....................
2.2.2 What is your main criterion of seed sele@ion
(1) Depend on market demand
(2) Disease- and pest-resistance
(3) Other (specify)......ccooevvvvinnn.n.
2.2.3 What is your practice for prevention of sbeth disease?
(1) Leave seeds to soak in warm water for 20-30 minutes
(2) Mix with chemical (specify name of chemical).......................
(3) Mix with herb (specify name of herb)......................coeennee.
(4) Other (SPeCIfy) ..o
2.3 Soil management practice
2.3.1 What is your practice after harvesting caleBag
(1) Crop rotation (2) Fallow
(3) Other (specCify).......coocviiiiiiiiiiinnnn.
2.3.2 What is your growing technique of cabbage?
(1) Contour technique
(2) Sloping technique (go to 2.3.4)
(3) Other (specify).......cceevvennnnn. (go to 2.3.4)
2.3.3 Why do you use contour technique?
(2) Soil conservation (2) Other (specify).......coveiiniiennen.
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2.3.4 Land preparation

Activity Practice | Labour Type of| Reason for

(1 =No | (Man-day/rai) | labour | using this
2=Yes) practice

Plough 1

Plough 2

Rotary

Lime

Chaff

Other (specify)...

Other (specify)...

Code of labour: Code of reason for using this practice:

1= Family labour 1 = Increasing organic matter

2= Hired labour 2 = Reduce acid within soll

3= Exchange labour 3 = Weed control

4 = Increasing soil friable
5 = Other (specify).......ccccevevens vinenn.

2.3.5 How do you make a decision about fertilizez
(1) Soil analysis
(2) Other (specify).......ccccnvnnn.
2.3.6 How do you analyse soil? (Ask only farmer vainalyses soil)
(1) Observe leaving things within soil, e.g. earthworm
(2) Ask soil Dr? to testing soil
(3) Observe vegetable product from the last crop
(4) Other (SpecCify)......ccovieeiiiiieieanns

% S0il Dr., who is a volunteer living in the villageas been trained in soil analysis
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2.3.7 Use of fertilizers

Fertilizer application
(please specify name of
fertilizer)

Use rate
(kg./rai)

Reason for using

fertilizer

Labour (Man-

day/rai)

Land preparation and seedlin

Planting

Code of reason for using fertilizer:

1 = Nourish stem and branch of cabbage

2 = Other (Specify).......cccovvviiiiiiiiiiiiiinnns

2.4 Weed management practice

2.4.1 What kind of practice do you use for broating8

(1) Follow from a use rate in labéjo to 2.4.3)

(2) Use a high seed rate technique
(3) Other (SPecCify)....cvvviiiiii e
2.4.2 Why do you use a high seed rate technique?

(1) Preventing weed

(2) Increase sprouted rate

(3) Other (SpecCify).....ccccoiiiiiiiiiii e

2.4.3 Do you use mulching technique after seeding?

(1) Yes, specify mulching material

(2) No (go to 2.4.5)
Code of mulching material:

1 = Straw 2 = Chaff 3 = Plastic

4 = Other (specify).........
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2.4.4 If yes, why do you use mulching technique?

(1) Preventing weed (2) Other (specCify).......covcvevennennns
2.4.5 If no, why do you not use mulching technique?

(1) Laborious (2) High cost

(3) Other (SPECITY) ... v e

2.4.6 Do you prune solil after seedling transplant?
(1) Yes (2) No (go to 2.4.8)
2.4.7 If yes, why do you use hoeing technique?
2.4.8 If no, why do you not use hoeing technique?
(1) Laborious (2) High cost
(3) Other (SPECITY) ... v e,
2.4.9 What kind of practice do you use for weedticin
(1) Use weeding technique only (go to 2.5)
(2) Use weeding technique and herbicide
(3) Other (SpecCify).....cccoeiiiniinnnns
2.4.10 Use of herbicide (including bio-herbicide)

Use rate| When do you| Practice Labour Type of
Name | (kg. orcc spray (Man-day/rai)| Labour

Irai) herbicide?

Source of

purchase

Code of spraying: Code of practice: Code of source of purchase:

1 = See weed in cabbagel = Spraying herbicide only 1 = Shop in the village

field 2 = Mix herbicide with other 2 = Shop in district/province

2 = Other specify)...... chemicals (specify)......... 3 = Royal Project

3 = Other (specify).................. 4 = Other (specify)....
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2.5 Insect management practices
2.5.1 What kind of practice do you use for inseahagement?
(1) Use insecticide only
(2) Use observation techniqgue sometime including insidet
(3) Other (specCify).....c.cccvviiiiiininnn.
2.5.2 Why do you use observation technique?
(1) Reducing chemical cost
(2) Other (specCify).......ccovvvennnn.
2.5.3 How do you observe your crop (field obseorgt?
(1) Go inside cabbage field and look around
(2) Go inside cabbage field and a close look
(3) Go inside cabbage field and observe detail (look dtont of, behind branch and
take a sample and open the stem of vegetable ingudher plant situation)

Other (SPeCIfY) ...
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2.5.4 Use of insecticide (including bio-insectigide

Use rate When do you spray| Practice Reason for Labour | Type of | Source of

Name (kg. or cc insecticide? using (Man- labour purchase
Irai) insecticide | day/rai)

Code of spraying: Code of practice: Code of reason for using: Code of place:

1 = Every week after planting

2 = Spray insecticide when see a few
of insect in cabbage field

3 = Spray insecticide when see a

vast amount of insect in cabbage

field

4 = Other (specify)

1 = Spraying insecticide only 1 = Kill all insects

2 = Mix insecticide with

other chemicals

(specify)...
3 = Other (specify)

2 = Kill insect (specify)
3 = Other (specify)

1 = Shop in the village

3 = Royal Project

2 = Shop in district/province

4 = Other (specify)......... ...
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2.5.5 Why do you not use bio-insecticide? (Ask farmvho does not use bio-
insecticide like BT, NPV or Trichodoma, only)
(1) Do not have enough knowledge
(2) Laborious
(3) Other (specify).......ccevvvennnn.
2.5.6 Do you make use of natural enemies?
(1) Yes (2) No (go to 2.5.9)
2.5.7 If yes, which ones do you use?
(1) Parasitic (SPECIfiC).....coceiriiii i
(2) Predator (SPECIfiC)......covuiiiii e e
2.5.8 How do you make use of them? (explain)............... v venennns
2.5.9 If no, why do you not use natural enemies?
(1) Do not have enough knowledge
(2) Laborious
(3) Other (SPECITY)..u i e e
2.5.10 Do you use trap practice?
(1) Yes, (specCify)....cccovvvviiiiiiiiininnnn.
(2) No (Go to 2.5.12)
2.5.11 If yes, why do you use it and how do youitse
(1) Use to attract white fly (explain)...........coooiiiiiiiiii i,
(2) Other (SPECITY) . .u it et e e e e e e e e e
2.5.12 If no, why do you not use trap technique? ................cc.coeeen ..
(1) Do not have enough knowledge
(2) Laborious
(3) Other (SPECITY) ... i

2.6 Disease management practices

2.6.2 What kind of practice do you use to covet theease?
(1) Use chemical only (2) Other (specCify).......coveiiiiininenn.
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2.6.3 Use of chemical (including bio-chemical)

Use rate When do you sprayPractice Reason for usind-abour | Type of| Source of
Name (kg. or cc| fungicide? fungicide (Man- labour purchase

Irai) day/Rai)
Code of spraying: Code of practice: Code of reason for using: Code of place:
1 = Every week after planting 1 = Spraying fungicide only 1 = Control all diseases 1 = Shop in the village
2 = Other (specify)............. 2 = Mix fungicide with other chemicals 2 = Other (specify)............. 2 = Shop in district/province

(specCify).....ccccovvviiiiiiii 3 = Royal Project
3 = Other (specCify)......c..ccoen.n. 4 = Other (specify).............

2.7 Technology Supplier
2.7.1 Participation in a project on the safer aedlthier vegetable production technologies (If farmid not participate in a project on the safer

and healthier vegetable production technologieas# go to 3.2)
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Project Year of | Type of | Type of activity Follow-up by extension
participation | crop agent after introduction

Hygienic fresh fruit and vegetable production pilot

project of DOA

Hygienic vegetable production technologies of DOAE

Hygienic vegetable production technologies of Rayal

project

IPM programme

Good agricultural product project (GAP)

Others (SPECIfiC).......ovviriieiiiie e,

Others (SPeCIfiC).......ovviriieii i i,

Code of crop: Code of activity: Code of follow-up:

1 = Vegetable (specCify).........cccveviiiiiiinnnn. 1 = One week training 2 = Several meeting 1 = Yes, please specify number of follow-up

2 = Rice 3 = Some visiting of extension agent 2=No

3 = Permanent crop (Specify).............ccoeeene. 4 = Distribution of extension material

4 = Other (specCify)......ccoovvvviiiiiiiiiii . 5 = Other (specify)
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2.7.2 Do you continue gathering information abaiesand healthier vegetable production

practice after participation?
(1) No (goto 3.1.4) (2) Yes
2.7.3 If yes, what is a main source of informatyathering?
(1) Neighbor in village (2) Neighbor from othellage
(3) Extension official (4) other (specify)............uum
2.7.4 Local institution
Name Membership of | Benefit of a local
a local| institution extending to
institution you

Royal Project (specify).............c..c.e.

Hygienic vegetable production group

Good agricultural production group

Others (specify).......cccooviiiiiiiiiiiniinnns

Others (specCify).......cccvvviveiiiiiiiininnnns

Code of member: Code of benefit:
1=No 1 = Knowledge on (SpecCify) .....ccovvvviiiiiiiiiiinnnnnes
2=Yes 2 = Marketing information

3 = Marketing power
4 = Other (SPeCify)......cccovvr civiiiiiiiie e,
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2.8 Knowledge questions

2.8.1 Identification of pest and predator (Showatymes or specimens) TicK the right box

for each of the names listed below.

Name

Pests

Predators
(Beneficial

insects)

Don’t Know

Araneae (Spider)

Ant

Mantidae (Dragon fly)

longer Fly

Parasitoid

Vespid

Pieris (White butterfly)

Flea beetle

Aphid

(Diamond back moth)

Plutella xylostella

Armyworm

Trichoplusia
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2.8.2 Knowledge test Tick "Yes”, “No” or “Don’t know” to each question
Knowledge Yes | No Don't
know

In a 50 kg. of bag of 16-20-0 fertilizer, there a$ Nitrogen 16
kg, of Potassium 20 kg, and of Phosphorus 0 kg

There are boron and calcium, which are important&ibbage

in a hormone such as Wee Théhg

Red label insecticides are just as dangerous &snyklbels.

Furadan is allowed to sell in the market.

Mulching decreases weed.

All insects are pests.

The life cycle of Diamond back moth includes fotages,

egg, masses, pupa and moths.

Crop rotation increases pest pressure.

Trap crop increases pest population.

Growing cabbage after cabbage on the same fieldases

pest problems.

Keeping some weeds in the surrounding of the fieldrease

\"2J

pest pressure.

24 \Wee Thong is a hormone that most of farmer usealtbage production.
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2.9 Attitude of environment and health aspectsegjetable farming Tick” your answer in

the right box to each question

Attitude Strongly

agree

Agree

Natural

Disagree

Strongly

disagree

Spraying pesticides for a long time affect

farmer health

Use of toxic chemicals has negative

environment effects on the long term.

High chemical use makes yield more stable.

High chemical use makes income more

stable.

Non-chemical pesticides like Bt, NPV,
Trichodoma, or some herb are better than
chemical pesticides even though they are

expensive.

Pest-damaged vegetable without pesticides

._1

residue are better even if the price is lowe

Organic vegetable product is better than

conventional products for consumer health.

Crop rotation is better than mono-cropping.

The information of technicians from

pesticide companies is not trustful.

Plant vegetables in a separate field are good

for own household consumption.

Spiders in my fields are a sign of healthy

environment.

Pesticides are a cause of decreasing |fish

population in my natural well.

Pesticide spraying can affect a neighbour’s
field.
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Section3: Organizations

3.1 Price and market conditions

Type of Place of sale| Distance from farm  Transportation cost Price Farm Market condition
cabbage to place of sale* | from farm to place of | (baht/kg) gate
(km.) sale* (baht) price**
(baht/kg)

* If farmer is marketing himself; ** Calculated lnumerator

Code of place: Code of market condition:
1 = Sell to middle man at farm 1 = Pesticide residues test (explain) ..............cccovviveinn ..
2 = Sell to the middle man at farm before harvestin 2 = Other (SPECIfY)....cv i

3 = Sell to food market (specify)...
4 = Sell to Royal project (explain).................. ...
5 = Other (SpecCify).......ccvviiiiii i
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3.2 Do you have a marketing problem?

(2) No

(2) YES (SPECITY) . et e e e e e
3.3 Main source of marketing information

(1) Farmer group (2) Neighbour
(3) Head of village (4) Local trader
(5) Extension agent (6) Radio
(7) Television (8) Newspaper
Q) Other.....cccoviiii e,
3.4 Do you have a marketing contract for cabbagke an institution?
(1) No(go to 2.6) (2) Yes

3.5 If yes, which institution do you have a markgtcontract?
(1) Royal project (EXPIaiN)......c.u v e e e e e e —
(2) NGOS (EXPIAIN) ... ettt e e e e e e e e e e e e e e
(3) Private company (EXPlain)..........oeeie it e
(4) Other (SPECITY) e e e e e e e e e e e e e e aena
3.6 Debt: Source of credit

Source of| Type of credit Purpose for using credit

credit

Code of source of credit: Code of type of Code of purpose:

1 = Farmer group 2 = Community fund credit: 1 = Consumption

3 = Cooperative 4 = BAAC* 1 = Cash agricultural production

5 = Relative 6 = Neighbour 2 = Non-cash 2 = Agricultural production

7 = Merchant 8 = Other (specify)......... (specify)...... 3 = Other (specify)................

*Bank of Agriculture and Agricultural Cooperatives
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Section 4: Diffusion of SEFVP
(Ask only farmer who does not participate in a pobjthat promote the safer and healthier
vegetable production technologies)
4.1 Have you heard about the safer and healthgetable production technique?

(1) No (Stop to interview) (2) Yes
4.2 What is a main source of information aboutdaier and healthier vegetable production
technique?

(1) Neighbor in village (2) Neighbor in closed sailje

(3) Head of village (4) Personal official of agritural extension

(5) Merchant (6) News paper

(7) Television (8) Other (specCify)......ccoeoviiiiiiiiiinne,
4.3 Do you plan to use these technologies?

(1) No (2) Yes (go to 5.6)

4.4 If no, why do you not plan to use the safer lagalthier vegetable production practice?
(1) Not enough information
(2) Complicate and laborious practice
(3) Other (SPeCIfy)...cvvveie i e,
4.5 If yes, what is your main motivation to use Hader and healthier vegetable production
practice?
(1) Higher price
(2) Reducing cost
(3) Avoid health problem due to pesticide
(4) Follow a sound of food safety
(5) Other (SPeCify).....ovviiii i,

***Thank you for your distribution***
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Appendix C: Expert questionnaire

1. Background

In the case of the research project “Adoption térahtive vegetable production in Thailand” of
Leibniz University of Hannover, first results wgneduced. We have analysed farmer’s practices
and farmer’'s knowledge based on the integrated mpasiagement practice (IPM) in cabbage
production. This analysis is based on a surveligratea where alternative vegetable production
technologies have promoted through two Royal Pr&ations, Nhong Hoi and Mae Hae, in

Chiang Mai Province, Thailand.

We now would like to draw some conclusion on thesom for adoption or non-adoption of
these practices. In order to do this we would lixkeask your kind help in identifying the

priorities among those practices. We would likehwve your opinion whether for example
use of Bacillus Thuringiensis (BT) is better thanniers making regular observation. Such
assessment by vegetable experts is necessary datingr a conclusion on importance of
factors for adoption and non-adoption. Our finahlge to construct an IPM adoption index,

which is necessary in order to capture the mangtioes that exist in IPM.

2. Question on practices

In our survey, positive practices and negative tmes were found. Positive practices are
practices that are benign to environment and fasnhelth. Negative practices are the contrary
effect. For each practice you can choose a valua escale from 1-10, where 1 means least
important and 10 most important. It is possiblé jfoa assign the same weight to two different
practices. In the following table you are able &ight those practices by importance according to

your opinion.
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2.1 Positive practices on IPM cabbage producti@besys

2.1.1 Pest management practices

Positive practice

Score

Regular observation field

Crop rotation

Seed treatment

Use high seed rate

Mulching

Use botanical/bio pesticides

Use bio agent control

Use trap practice

varieties

Use multiple vegetable varieties rather than singdgetable

2.1.2 Other natural resource management practices

Positive practice

Score

Soil analysis

Soil improvement

Contour bund

2.2 Negative practices on IPM cabbage productictesys

Negative practices

Score

Use salt as herbicide

Use paraquat dichloride

Use banned pesticide

Use pesticide on the WHO la and Ib

Use pesticide classified

organophosphate group

Spraying mixture pesticides
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3. Question on knowledge
These knowledge questions were asked to farmersgdtire field survey to find out their
level of knowledge. Responses were defined witbahevels: correct, don’t know, and false,

respectively.

Here we would like to ask you the expert to juddect of those questions is more important,
which one is less important. If it is a very imort knowledge that the farmer should know then
the score should be high. In contrast, if the keolge is not so important then the score should

be low. To do this please uses again a scale frath 1

Knowledge Score

In a 50 kg bag of 16-20-0 fertilizers, there i\biL6 kg, of
P 20 kg and K 0 kg.

There are Boron and Calcium, which are importamt| fo
cabbage, in a hormone such Wee Thong.

Mulching decrease weed.

Furadan is allowed to sell in the market.

All insects are pests.

The life cycle of Diamond back moth includes fotages:

eggs, masses, pupa and moths.

Crop rotation increases pest pressure.

Trap crop increases pest population.

Growing cabbage after cabbage in the same fieledt@ises

pest problems.

Keeping some weeds in the surrounding of the field

decreases pests.

Red label Insecticides is just as dangerous aswéddbel.

4. Other suggestion/information

....We kindly appreciate for your contribution...
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Appendix D: Selected characteristic of the studdaaand surveyed villages

Description of the study area

The two study areas, NHRP and MHRP, were initiaetio69 and 1978, respectively. Both
located in Chiang Mai province share similar ecadabgconditions. Up to date, the two areas
encompass four districts with 30 villages, 4,038d&holds and 11,631 inhabitants. In these
areas, infrastructures including primary schoobluhealth centers and roads are in place.
However, additional public health care centers mmproved quality of drinking water are
still needed (surveyed village headmen 2005 and ®IRR). Major sources of agricultural
producers’ income are temperate fruit tree and cerial vegetable production. Off-farm
incomes are mostly from wage labour and trade.oth lareas, cabbage and other vegetable
in cabbage family can be grown throughout the yeat fruit trees are grown as intercrop.

Paddy, upland rice and maize are still grown fane@onsumption and for animal feed.

Regarding environmental situations in the two stwgas, producers generally initiate
shifting cultivation in the primary forest as watieed protection areas (SASWADI et al.
2005) and often grow their crops on the steepgres(dngkasith 2004). Intensive land use by
continued vegetable cultivation in the same lanmdaggravate the number of pests leading to
a heavy use of external inputs. As results of tHeFRn 2003 pointed out that the
environmental situation of these areas has a hegh of rehabilitation, especially for primary

forest, soil fertility and water quality (RPF 2003a
General background of the surveyed villages

Almost all vegetable producers are strong animiigever there is some Christian influence in
both areas, with Christian missionaries providingowledge about conservation of the
environment and different services such as pul@aith to those villages. Christian churches
were found in both areas and only one Buddhist kemvps found in V7. Infrastructures such as
nursery, primary school and high school have bastalled and improving by the RPF and
its collaborators. Three primary schools were foumtoth study areas — they are located in
V1, V4 and V7. Source of drinking water mostly camiegom mountain. Electricity and
telecommunication were found in every surveyedagdl. A net of paved roads connects the
surveyed villages to the two Royal Projects Develept Centres, which locate in V1 and V5
(see Table A.1).
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Table A.1: Infrastructures of the surveyed villages

_ MHRP NHRP
Indicator
V1 V2 V3 V4 V5 V6 V7
Religion institutions
(Located in the village « v v X v v v v
neighbouring village)
Public health centre v 4 4 v X X v
Children developme
v X X v v v
centre
Kindergarten v v X v v X X
Primary-secondary
school (9 years)
v v X v v v v
(Located in the village
neighbouring village)
High school v X X v X X X
Library v v X v v v v
Village pavilion 4 4 X 4 v v v
Public park v v v v v v v
Public telephone v v v v v v v
Water supply v v v v v v v
Credit institution
v X X X v X v
(cooperation)
Pave road within a
_ 6km. 05km. 1km. 3km. 6km. 19.15 kim50 km.
village
Gravel/soil road within
. 2km. 15km. 2km. 0 0 0.667 km. O
village
Distance access to mar
72 65 60 35 38 35

in province

Source: Own survey (2005)
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Livelihood activities

Major income sources for vegetable producers instimgey villages are cabbages, lettuce,
Chinese cabbage and temperate fruits tfePsaddy, upland rice and maize are grown in crop
rotation for own consumption and livestock feedm®mf vegetable producers work off-farm
at the MHRP and NHRP and some as wage labourertier cabbage growers with a large
farm size. The average income per household of gacteyed village in Thai Baht seems to

be indifferent. Unfortunately, primary data fortatsstical test is unavailable (see Table A.2).

Table A.2: Selected characteristics of the surveg a
MHRP NHRP
V1 V2 V3 V4 Average V5 V6 V7  Average
Number of househa” 127 183 71 122 126 137 162 148 149

Variable

Agricultural area
(Ha)”

Average income
(Thai Bath/year/HH)

Distance from village

305.6 261.8157.6 132.8 2144 1440 10291723 186.4
24,370 23,77014,15527,620 22,480 22,41022,46526,060 24,370

. 120 5.0 0.5 4.4 0.0 3.0 6.0 3.9
to the royal projeét

Source:'Rural Development Information Centre, Thailand @00

2 Own calculations

Selected demographic characteristics of vegetabldugers

Average household size is the same in both sumeagaThe comparison of age and education of
household heads, on average, insignificantly difstween the two areas. Almost all household
heads are male and the average age is about &}(gearTable A.3). Nearly 57% of heads of
household have no education; however they clairhatithey had participated in non-formal
school provided by Christian missionaries in thikages. Looking at farm assets, almost all
vegetable producers in the surveyed villages héer town equipments for vegetable
cultivation. The average number of equipments owigednsignificant when compare

between the study areas, except engine sprayeravidrage number of car owned, however,

25 Temperate fruit trees that are grown in the eysd villages are Japanese apricot, pears, pluch, an
persimmon.
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is significantly higher in NHRP than in MHRP (seable A.4).

Table A.3: Selected vegetable farmer charactesisti
MHRP NHRP

Vi V2 V3 V4 Tota/ V5 V6 V7 Total
Number of household mem! 4.9 8.9° 7.2%¢ 8.2 75° 64 9.7 66 75
(no.) (1.3) (5.7) (2.8) (5.0) (4.5) (2.7) (4.6) (2.4) (3.7)

A7 7 447 449 448 454" 41.3 46.F 42.8 43.4
Age of household head (years)

(15.3) (9.3) (11.9)(11.4) (11.9) (11.5) (12.3) (13.9) (12.6)
Education level of head of household (%)

e No school 58.6 56.3 51.7 625 580 455 717 48.8 b55.7

Variable

e Fourth grade in primary
172 219 31.0 146 203 218 7.5 293 188

school
e Primary school 6.9 125 103 16.7 123 273 113 146 181
e High school 172 31 69 63 80 55 94 73 74
e Certification 00 63 00 00 14 00 00 00 00
Farmers’ experience in cabbi 6.8 14.7 13.6 9.4 10.9* 10.6 15.7 13.1 13.1
production (4.8) (6.4) (8.9) (6.6) (7.4) (6.8) (5.9) (7.8) (7.1)

Note: 'Difference of mean between the two areas; ** intficgignificant at 5% an® isnon-
significant. Different letters a, b, ¢ indicategrsficant difference of mean between
the surveyed village at 5%; Numbers in parenthasestandard deviations.

Source: Own calculations
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Table A.5: Average number of asset per household

Mae Hae Nhong Hoi
Asset
Vi V2 V3 V4 Total V5 V6 V7 Total
Water pump 05 0.3 05* 05° 05° 04° 04° 03 04
(0.5) (0.5) (0.6) (0.8) (0.6) (0.7) (0.7) (1.00.8)
Sprinkler 15.8 76.5% 79.7% 457" 47.6° 285" 42.68 39.0* 44.0
(13.7) (106.8)(122.7) (88.7) (82.1) (28.5)(46.3) (77.7) (94.7)
Knap-sack 15 1.7 27 217 20¢ 1.7 24 16 19
(0.7) @.1) @5 (@1 (@18 (1.3) (1.8 (1.2) .51
Engine sprayer 0°1 0.5 0.2 0.5 04** 07° 1° 05 07
(0.7) (0.6) (0.4) (0.6) (0.5) (0.7) (1.4) (0.5) .9p
Cattle 34 34 1.0 01 17> 0° 01° 0 0
(45) (7.5) (2.3) (0.4) (45 (0) (0.6) (0) (0)
Pig 38 34 7 6.8 5.4v* 12° 33 44 29
(24) (4.2) (4.8 (38) (42 (21) (3.3) (4.1) 4B
Chicken 11.1 27.8°% 19.* 29.9 23.2¢* 11.7 13.F 13.5 12.7
(10.4) (29.2) (18.3) (28.4)24.8) (18.9)(13.1) (14.7) (15.8)
Pickup 03 09 08 08 o7 10° 1.2 1.0 11
(0.5) (0.8) (0.7) (0.8) (0.7) (0.7) (0.7) (0.7) .7p
Motorcycle 18 1.3 18 15 15+ 12° 08 07 09
(0.8) (0.9) (1.4) (0.8) (1.0) (0.9) (0.8) (0.90.9
Mobile phone 08 0.4 04 0.6 05 07* 09 0.6 0.8
(0.8) (0.6) (0.7) (0.7) (0.7) (0.9) (0.6) (0.7) .8p
Television 08 08 o8 08 08 09 09 08 09
(0.4)_(0.4) (0.5) (0.6) (0.5) (0.6) (0.7) (0.5) (0.6)

Note: 'Difference of mean between the two areas; ** intficgignificant at 5% an® isnon-

significant. Different letters a, b, ¢ indicategrsficant difference of mean between

the surveyed village at 5%; Numbers in parenthasestandard deviations.

Source: Own calculations
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Appendix E:  Results of model 1

Model 1 (Unrestricted)

probit particip health dpickup headeduc exp sqEXP |abourland nenber noccup markt |ocation

r obust
Probit regression Number of obs = 287
vald chi2(10) = 54. 99
Prob > chi 2 = 0. 0000
Log pseudol i kel i hood = -150. 86342 Pseudo R2 = 0. 1655
| Robust
particip | Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ o e f e e eeieeiiooo-
health | . 1258469 . 1667669 0.75 0.450 -.2010102 . 4527041
dpi ckup | . 0743427 . 1928322 0. 39 0.700 -.3036013 . 4522868
headeduc | . 0357435 . 0244421 1.46 0.144 -. 0121621 . 0836492
exp | . 0327612 . 0376161 0.87 0.384 -. 0409649 . 1064873
SqEXP | -.0022329 . 0013788 -1.62 0. 105 -.0049354 . 0004696
| abourl and | . 0136816 . 0191809 0.71 0.476 -. 0239123 . 0512755
menber | . 2006346 . 210306 0.95 0. 340 -. 2115576 . 6128268
nmoccup | . 6155151 . 2623051 2.35 0. 019 . 1014066 1.129624
mar kt | . 9399018 . 183201 5.13 0.000 . 5808344 1.298969
| ocation | . 1357257 . 1770852 0.77 0. 443 -.2113549 . 4828063
_cons | -1.430117 . 3762266 -3.80 0. 000 -2.167507 -.6927261
Model 1 (15" Restricted)
probit particip headeduc exp sqEXP | abourl and noccup markt , robust
Probit regression Nunmber of obs = 287
val d chi 2(6) = 52. 09
Prob > chi 2 = 0. 0000
Log pseudol i kel i hood = -151. 85037 Pseudo R2 = 0. 1600
| Robust
particip | Coef . Std. Err. z P>| z| [95% Conf. Interval]

headeduc | . 0392365 . 0239035 1 0.101 -.0076134 . 0860864
exp | . 033949 . 0377651 0 0. 369 -. 0400692 . 1079672

sgEXP | -.0023361 . 0014101 -1 0.098 -. 0050999 . 0004277

I abourl and | . 0129121 . 0188837 0. 68 0. 494 -. 0240992 . 0499235
noccup | . 5880041 . 2602048 2 0. 024 . 0780121 1. 097996

mar kt | 1. 008462 . 1704268 5 0. 000 . 6744319 1. 342493

3 0

_cons | -1.22884 . 3198038 - . 000 -1. 855644 -. 6020359



Appendices 175

Appendix F:  Results of model 2

Mbdel 2a

reg tcknowsc particip

Source | SS df MB Number of obs = 287
------------- b m e F( 1, 285) = 85.45
Model | 461. 249466 1 461. 249466 Prob > F = 0.0000

Resi dual | 1538.39513 285 5.39787766 R- squar ed = 0.2307
————————————— R Adj R-squared = 0.2280
Total | 1999. 6446 286 6.99176433 Root MSE = 2.3233
tcknowsc | Coef Std. Err t P>|t] [95% Conf. Interval]
_____________ o o e e e
particip | 2.708735 .2930287 9.24 0.000 2.13196 3.28551
_cons | 10. 60309 .1668056 63.57 0.000 10. 27477 10. 93142

reg tcknowsc particip, robust

Li near regression Nunmber of obs = 287
F( 1, 285) = 69.05

Prob > F = 0.0000

R- squar ed = 0.2307

Root MSE = 2.3233

| Robust

tcknowsc | Coef . Std. Err. t P>|t] [95% Conf. Interval]
_____________ o o f e e eeieeiioo-
particip | 2.708735 . 3259795 8.31 0. 000 2.067102 3. 350368

_cons | 10. 60309 . 1474389 71.92 0.000 10. 31289 10. 8933
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Model 2b (unrestricted)

reg tcknowsc particip sourcel headeduc exp sqgEXP | abourland nmenber noccup | ocation, robust

Li near regression Number of obs = 287
F( 9, 277) = 15.85
Prob > F = 0.0000
R- squar ed = 0.3298
Root MSE = 2.1995

| Robust
tcknowsc | Coef . Std. Err. t P> t| [95% Conf. Interval]
_____________ o o f e e eeieeiioo--
particip | 2.496971  .3555535 7.02 0.000 1.79704 3. 196901
sourcel | 1.903864 . 5295627 3.60 0. 000 . 8613851 2.946342
headeduc | . 1979149 . 0383921 5.16 0.000 . 1223375 . 2734923
exp | . 099987 . 034992 2.86 0.005 . 031103 . 1688709
SqQEXP | -.0023504 . 0011723 -2.01 0. 046 -. 0046581 -.0000428
| abourland | -.0213641 .0311407 -0.69 0.493 -. 0826666 . 0399385
menber | . 0360967 . 308294 0.12 0. 907 -.5708001 . 6429935
nmoccup | . 5341388 . 4843556 1.10 0.271 -.4193468 1.487624
|ocation | -.1635021 .2622922 -0.62 0.534 -. 6798414 . 3528371
_cons | 9. 529559 . 4578657 20.81 0. 000 8.62822 10. 4309

Model 2b (restricted)

reg tcknowsc particip sourcel headeduc exp sSqEXP , robust

Li near regression Nunber of obs = 287
F( 5~ 281) = 25.21
Prob > F = 0.0000
R- squar ed = 0.3250
Root MSE = 2.1917

| Robust
tcknowsc | Coef . Std. Err. t P>|t] [95% Conf. Interval]
_____________ e e e e e
particip | 2.535258 . 3346989 7.57 0. 000 1.876423 3. 194094
sourcel | 1.793424 . 5376307 3.34 0. 001 . 7351289 2.851719
headeduc | . 1939617 . 0374039 5.19 0. 000 . 1203344 . 2675891
exp | . 1016683 . 0359562 2.83 0. 005 . 0308906 . 1724459
SgEXP | -.0023279 . 0011897 -1.96 0. 051 -. 0046699 . 000014
_cons | 9. 316743 . 3506262 26. 57 0. 000 8. 626555 10. 00693
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Appendix G: Results of model 3

Unrestricted
reg tcknowsc particip sourcel headeduc exp SqEXP | abourl and menber noccup |ocation wheadeduc
wexp w | abour | and, robust

Li near regression Number of obs = 287
F( 12, 274) = 14.83
Prob > F = 0.0000
R- squar ed = 0.3439
Root MSE = 2.1882
| Robust
tcknowsc | Coef . Std. Err. t P>|t] [95% Conf. Interval]
_____________ o o e e e
particip | 2.380028 .3908323 6.09 0.000 1.610612 3. 149443
sourcel | 2.003389 .5456692 3.67 0.000 . 9291517 3.077625
headeduc | . 1597741 . 0486363 3.29 0. 001 . 0640257 . 2555225
exp | . 1433827 . 044496 3.22 0.001 . 0557852 . 2309802
SsqEXP | -.0030273 . 0013667 -2.22 0. 028 -.0057178 -. 0003369
| abourland | -.0116858 . 0335516 -0.35 0.728 -.0777376 . 054366
nenber | . 1056974 . 3112663 0.34 0.734 -. 5070801 . 7184749
nmoccup | . 4351178 . 4823189 0.90 0. 368 -.5144039 1. 38464
I ocation | -.211578 . 2599582 -0.81 0. 416 -.7233472 . 3001912
wheadeduc | . 1072502 . 077375 1.39 0.167 -. 0450748 . 2595753
wexp | -.0872011 . 0517864 -1.68 0. 093 -. 1891509 . 0147486
w andl abour | 1.428717 5.069049 0.28 0.778 -8.550515 11. 40795
_cons | 9.145594 . 5174432 17.67  0.000 8.126924 10. 16426
Restricted

reg tcknowsc particip sourcel headeduc exp sgEXP wheadeduc wexp , robust
Li near regression Number of obs = 287
F( 7, 279) = 22.23
Prob > F = 0.0000
R- squar ed = 0.3393
Root MSE = 2.176

| Robust

tcknowsc | Coef . Std. Err. t P>|t] [95% Conf. Interval]
_____________ o o e e e
particip | 2.398358 .3574975 6.71 0.000 1. 694623 3.102093
sourcel | 1.939114 . 558747 3.47 0.001 . 8392184 3. 039009
headeduc | . 1552031 . 046578 3.33 0. 001 . 0635142 . 2468921
exp | . 1449049 . 0450911 3.21 0.001 . 0561429 . 2336668
SqQEXP | -.0030414 . 0013883 -2.19 0. 029 -.0057743 -.0003086
wheadeduc | . 112416 . 0768714 1.46 0. 145 -. 0389056 . 2637376
wexp | -.0867263 .0513383 -1.69 0.092 -.1877859 . 0143332
cons | 9. 004472 . 4028971 22.35 0. 000 8.211368 9. 797577
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Appendix H: Results of model 4

Estination of the propensity score (PS)

pscore

particip headeduc exp sgEXP labourland rmenber noccup narkt

bl ocki d( nmybl ock) conmsup nunbl o(5) |evel > (0.005)
The treatnent is particip

particip | Freq Per cent Cum

____________ o e e e e

0| 194 67. 60 67. 60

1] 93 32.40 100. 00

____________ o e e e e
Total | 287 100. 00

Estimation of the propensity score

Probit regression Nunmber of obs = 287
LR chi 2(7) = 58. 71
Prob > chi 2 = 0. 0000
Log likelihood = -151. 42207 Pseudo R2 = 0.1624
particip | Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ o o f e e eeieeiiooo-
headeduc | . 0357693 . 0240518 1.49 0.137 -.0113713 . 0829099
exp | . 0325072 . 0372175 0. 87 0. 382 -.0404378 . 1054522
SgEXP | -.0022228 . 0014548 -1.53 0. 127 -. 0050742 . 0006285
| abourl and | . 0129349 . 0200366 0. 65 0.519 -.026336 . 0522059
menber | . 1809435 . 1952303 0.93 0. 354 -.2017008 . 5635878
noccup | . 604355 . 2892628 2.09 0. 037 . 0374105 1.1713
mar kt | . 9583602 . 1774976 5.40 0. 000 . 6104714 1. 306249
_cons | -1.249567 . 3093577 -4.04 0. 000 -1. 855897 -.6432375

Not e: the common support option has been sel ected

The regi on of common support is [.08288845, .88945645]

Description of the estimated propensity score

in region of common support

1%
5%
10%
25%
50%

75%
90%
95%
99%

Esti mat ed propensity score

Percentil es Snal | est

. 0859938 . 0828885

. 1095851 . 0848395
. 1194041 . 0859938 Gbs 267
. 1525799 . 0871211 Sum of Wt . 267
. 3228796 Mean . 344285
Lar gest Std. Dev. . 2001951

. 5075211 . 7847385
. 6171234 . 8078292 Vari ance . 0400781
. 6788585 . 8169539 Skewness . 4268419
. 8078292 . 8894565 Kurtosis 1.983489

pscore(myscore)
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L e R R

Step 1: ldentification of the opti mal nunber of blocks
Use option detail if you want nore detail ed output

IR SRR S EEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
The final nunber of blocks is 6

This nunber of bl ocks ensures that the mean propensity score
is not different for treated and controls in each bl ocks

DR e R R X X

Step 2: Test of bal ancing property of the propensity score
Use option detail if you want nore detail ed output

DR e R X X

The bal ancing property is satisfied

This tabl e shows the inferior bound, the nunber of treated
and the nunber of controls for each bl ock

Inferior |
of bl ock | particip
of pscore | 0 1| Tot a
___________ o e e e e
. 0828885 | 84 17 | 101
.2 40 12 | 52
4 | 37 46 | 83
6 | 12 8 | 20
71 8
8 | 2
___________ o n e e e eeieas
Total | 174 93 | 267

Not e: the common support option has been sel ected

End of the algorithmto estinate the pscore
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Appendix I: Results of model 5

Unrestricted

regress tcknowsc particip propensity, robust

Li near regression Number of obs = 287
F( 2, 284) = 35.79
Prob > F = 0.0000
R- squar ed = 0.2336
Root MSE = 2.3229

| Robust
tcknowsc | Coef Std. Err t P>|t] [95% Conf. Interval]
_____________ o o f e e e eeieeiioo-
particip | 2.557862 . 3639351 7.03 0. 000 1. 84151 3.274214
propensity | . 7763347 . 7731298 1.00 0.316 -. 745457 2.298126
_cons | 10. 40047 . 2552586 40.74  0.000 9. 898029 10. 90291

end of do-file

regress tcknowsc particip propensity wepscore, robust

Li near regression Number of obs = 287
F( 3, 283) = 25.92
Prob > F = 0.0000
R- squar ed = 0.2436
Root MSE = 2.3118

| Robust
tcknowsc | Coef . Std. Err. t P>|t] [95% Conf. Interval]
_____________ o o f e e e eeieeiioo-
particip | 2.370982 . 4104633 5.78 0. 000 1.563034 3.178931
propensity | -.2750872 .7714114 -0.36 0.722 -1.793519 1.243345
wepscore | 2.978044 1. 823861 1.63 0. 104 -.6120111 6. 5681

_cons | 10. 67489 . 2579696 41. 38 0. 000 10. 16711 11. 18267
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regress tcknowsc particip propensity sourcel headeduc exp sqEXP |abourland nenber noc
| ocation, robust

Li near regression Nunmber of obs = 287
F( 10, 276) = 14. 41
Prob > F = 0.0000
R- squar ed = 0.3310
Root MSE = 2.2015
| Robust
tcknowsc | Coef . Std. Err. t P>|t] [95% Conf. Interval]
_____________ o e e e
particip | 2.426768 . 3734445 6. 50 0. 000 1. 691607 3.16193
propensity | . 6593654 . 969955 0. 68 0. 497 -1. 250085 2.568815
sourcel | 1.91493 . 5378056 3.56 0. 000 . 8562079 2.973652
headeduc | . 1922437 . 0400448 4. 80 0. 000 . 1134117 . 2710757
exp | . 1016694 . 03449 2.95 0. 003 . 0337725 . 1695663
SqEXP | -.0022057 . 0011723 -1.88 0. 061 -.0045134 . 000102
..labourland | -.0233252 . 030797 -0.76 0. 449 -. 083952 . 0373017
menber | -. 080536 . 3458223 -0.23 0. 816 -.7613205 . 6002485
nmoccup | . 3996267 . 5047997 0.79 0. 429 -.5941202 1.393374
location | -.1930093 . 266057 -0.73 0. 469 -.7167682 . 3307496
_cons | 9. 374824 . 5338846 17.56 0. 000 8. 323821 10. 42583
Restricted

regress tcknowsc particip propensity sourcel headeduc exp sgEXP , robust
Li near regression Number of obs = 287
F( 6, 280) = 22.01
Prob > F = 0.0000
R- squar ed = 0.3269
Root MSE = 2.1924

| Robust

tcknowsc | Coef . Std. Err. t P>|t] [95% Conf. Interval]
_____________ o o e e e
particip | 2.424177 . 3701899 55 . 000 1. 695468 3. 152886

6 0
propensity | . 7060069 . 8364195 0 0. 399 -. 940462 2. 352476
sourcel | 1.802115 . 5463711 3 0. 001 . 7265989 2.877632
headeduc | . 1874174 . 0388955 4.82 0.000 . 1108527 . 2639822
exp | . 1031789 . 0352549 2 0. 004 . 0337805 . 1725773

SQEXP | -. 002117 . 0011855 -1 0. 075 -. 0044506 . 0002167
_cons | 9. 080003 . 4472873 20.30 0.000 8. 19953 9. 960475
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Appendix J: Results of model 6

Unrestricted nodel

Boot st rappi ng of standard errors

command: atts tcknowsc particip sourcel headeduc exp sqEXP | abourl and nenber
l ocation , pscore(nyscore) bl ockid(nybl ock) consup

statistic: atts =r(atts)

note: |abel truncated to 80 characters

Boot strap statistics Number of obs = 287
Repl i cations = 100

Vari abl e | Reps Observed Bias Std. Err. [95% Conf. Interval]
_____________ e e e e e e e e e e e e e e e e e e e e e e e e e me e mmm e e e e e mm e mmmm— =
atts | 100 2.594554 -.0063792 . 367553 1.86525 3.323859 (N

| 1.948681  3.255168 (P)
| 1.948681  3.255168 (BC)

Note: N = nornal

)
|

= percentile

BC = bias-corrected
ATT estimation with the Stratification nethod
Boot st rapped standard errors

Restricted nodel

Boot st rappi ng of standard errors

noccup mar kt

conmmand: atts tcknowsc particip sourcel headeduc exp SQEXP , pscore(nyscore) bl ocki d(nybl ock)

comsup
statistic: atts =r(atts)
Boot strap statistics Number of obs = 287
Repl i cations = 100
Vari abl e | Reps Observed Bias Std. Err. [95% Conf. Interval]
_____________ o o e e
atts | 100 2.594554 -.0485715 .3267602 1.946191  3.242918 (N
| 1.889034 3.109818 (P)
| 2.058062  3.192248 (BOQ)
Note: N = nornal
P = percentile

BC = bias-corrected

ATT estimation with the Stratification nmethod
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Boot st rapped standard errors

85 182 2.595 0. 327 7.940

Appendix K: Results of model 7

Unrestricted nodel

Boot st rappi ng of standard errors

comrand: attnd tcknowsc particip sourcel headeduc exp sqEXP |abourland nenber noccup
markt | ocation , pscore() consupstatistic: attnd = r(attnd)

note: |abel truncated to 80 characters

Bootstrap statistics Nunber of obs = 287
Repl i cations = 100

Vari abl e | Reps oserved Bias Std. Err. [95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmm o mmmm o —— - =
attnd | 100 2.150538 .3263478 .5523701 1.054516 3.24656 (N

| 1.317647 3.509615 (P)
| 1.195402  2.892857 (BO)

Note: N = nor nal
P = percentile
BC = bias-corrected

ATT estimation with Nearest Nei ghbor Matchi ng nethod
(random dr aw ver si on)
Boot st rapped standard errors

93 53 2.151 0. 552 3. 893

Note: the nunbers of treated and controls refer to actual
near est nei ghbour natches
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Restricted nodel

Boot st rappi ng of standard errors

comrand: attnd tcknowsc particip sourcel headeduc exp sqEXP , pscore() comsup
statistic: attnd = r(attnd)
Bootstrap statistics Nunber of obs = 287
Repli cations = 100
Vari abl e | Reps oserved Bias Std. Err. [95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmm o mmmm o — o — - -
attnd | 100 2.854677 -.1638671 .3635622 2.133291 3.576064 (N

| 1.973202 3.331668 (P)
| 2.288176  3.618448 (BO)

Note: N = nor nal
P = percentile
BC = bias-corrected

ATT estimation with Nearest Nei ghbor Matchi ng nethod
(random dr aw ver si on)

Boot st rapped standard errors

93 159 2. 855 0. 364 7.852

Note: the nunbers of treated and controls refer to actual
near est nei ghbour natches
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Appendix L: Results of model 8

Unrestricted nodel

Boot st rappi ng of standard errors

command: attr tcknowsc particip sourcel headeduc exp sgEXP | abourl and nenber noccup narkt
|l ocation , pscore() comsup radius(.001)

statistic: attr =r(attr)

note: |label truncated to 80 characters

Boot strap statistics Number of obs = 287
Repl i cations = 100

Vari abl e | Reps oserved Bias Std. Err. [95% Conf. Interval]
_____________ e e e e e e e e e e e e e e e e e e e e e e e e e e mm e mmm e e e mm e mm e mmm—m—— -
attr | 100 2.572917 -.3395345 1.044565 . 5002738 4.64556 (N

| 3351352  4.400922 (P)
| .8309404  4.489286 (BO)

Note: N = nor nal
P = percentile
BC = bias-corrected

ATT estimation with the Radius Matchi ng nethod
Boot st rapped standard errors

Note: the nunbers of treated and controls refer to actual
mat ches wi thin radius

Restricted nodel

Boot st rappi ng of standard errors

command: attr tcknowsc particip sourcel headeduc exp sgEXP , pscore() consup radi us(.001)
statistic: attr =r(attr)

note: |l abel truncated to 80 characters

Bootstrap statistics Nunber of obs = 287
Repl i cations = 100

Vari abl e | Reps Observed Bias Std. Err. [95% Conf. Interval]
_____________ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmm o mmmm o —— - =
attr | 100 2.577262 -.1862827 .3814043 1.820473 3.334051 (N

| 1. 746266 3. 147696 (P)
| 1.985723 3.371578 (BQ)
Note: N = nor nal
P = percentile
BC = bias-corrected



186 Appendices

ATT estimation with the Radius Mtchi ng nethod

Boot st rapped standard errors

Not e: the nunbers of treated and controls refer to actual

mat ches within radi us
Appendix M: Results of model 9

Unrestricted
Boot st rappi ng of standard errors

comrand: attk tcknowsc particip sourcel headeduc exp sgEXP | abourl and nenber noccup narkt
|l ocation , pscore() consup bw dth(.06)statistic: attk = r(attk)
note: |abel truncated to 80 characters
Bootstrap statistics Nunber of obs = 287
Repl i cations = 100

Vari abl e | Reps oserved Bias Std. Err. [95% Conf. Interval]
_____________ o o e e

attk | 100 2.483347 .1680708 .4106482 1.668532 3.298163 (N

| 1.981613 3.601333 (P)
| 1.463126  3.087583 (BO)

Note: N = norna

T
1

percentile

BC = bias-corrected
ATT estimation with the Kernel Matching nethod
Boot st rapped standard errors
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Restricted node

Boot st rappi ng of standard errors

comrand: attk tcknowsc particip sourcel headeduc exp sqEXP
statistic: attk = r(attk)
Boot strap statistics Number of obs

Repli cations

pscore() consup bw dth(.06)

287
100

Interval]

3.308168 (N
3.366115 (P)
3.376707 (BQ)

Vari abl e | Reps oserved Bias Std. Err. [95% Conf.
_____________ o o f e e e eeieeiioo-
attk | 100 2.629004 -.0441648 .3422829 1.94984
| 1.983453
| 2.162234
Not e N = normal
P = percentile
BC = bias-corrected

ATT estimation with the Kernel Matching nethod
Boot st rapped standard errors

Appendix N: Results of model 10

Unrestricted

treatreg tcknowsc sourcel headeduc exp sqEXP |abourland nenber noccup
treat(particip = health dpi ckup headeduc exp sgEXP | andl abour nenber
| ocati on) r obust
Treatment-effects nodel -- ME Nurmber of obs = 287
val d chi 2(9) = 98. 97
Log pseudoli kel i hood = -778.93133 Prob > chi 2 = 0. 0000
| Robust
| Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ o o f e e e eeieeiioo-
t cknowsc |
sourcel | 1. 898568 . 5285301 3.59 0. 000 . 8626676 2.934468
headeduc | . 1931009 . 0386787 4. 99 0. 000 . 1172921 . 2689097
exp | . 101176 . 0340141 2.97 0. 003 . 0345097 . 1678424
SgEXP | -.0022213 . 0011481 -1.93 0. 053 . 0044716 . 000029
| abourland | -.0233469 . 0306195 -0.76 0. 446 . 0833599 . 0366662
menber | -.0660604 . 3269599 -0.20 0. 840 . 7068901 . 5747693
noccup | . 4164642 . 4985953 0. 84 0. 404 . 5607647 1. 393693
location | -.2123251 . 2665491 -0.80 0. 426 . 7347518 . 3101015
particip | 3.012821 . 7307526 4.12 0. 000 1. 580572 4. 44507
_cons | 9. 410427 . 4947048 19. 02 0. 000 8. 440824 10. 38003

| ocation
noccup narkt
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particip |
heal th | . 1360753 . 1651502 0. 82 0. 410 -.1876132 . 4597639
dpi ckup | .104891 . 1991359 0.53 0.598 -.2854082 . 4951902
headeduc | . 0345467 . 0243854 1.42 0.157 -.0132477 . 0823411
exp | . 0346464 . 0381671 0.91 0. 364 -. 0401599 . 1094526
SQEXP | -.002387 .0014651 -1.63 0.103 -. 0052585 . 0004845
| abour | and | . 0130486  .0192131 0.68 0.497 -. 0246084 . 0507056
menber | . 1980301 . 2108231 0.94 0. 348 -. 2151756 . 6112357
noccup | . 6048949 . 2607894 2.32 0.020 . 0937571 1.116033
mar kt | . 934215 . 1832214 5.10 0. 000 . 5751076 1.293322
| ocation | . 1456248 . 1776458 0. 82 0.412 -. 2025547 . 4938042
_cons | -1.445208 .3685025 -3.92 0.000 -2.167459  -.7229562
_____________ o o e e e
/athrho | -.1583282 .1915901 -0.83 0.409 -.5338378 . 2171814
/1 nsigma | . 7760551 . 0541997 14. 32 . 000 . 6698256 . 8822846
_____________ o o e e e
rho | -.1570184 .1868664 -. 4883093 . 2138299
sigma | 2.172884  .1177697 1.953897 2.416414
lanbda | -.3411827 . 412862 -1.150377 . 4680119
Wal d test of indep. egns. (rho = 0): chi2(1) 0. Prob > chi2 = 0. 4086
Restricted
treatreg tcknowsc sourcel headeduc exp sqEXP, treat(particip = health exp sqEXP I abourl and
menber noccup markt | ocation)robust
Treatment -effects nodel -- ME Nunber of obs = 287
val d chi 2(5) = 80. 01
Log pseudol i kel i hood = -781. 11709 Prob > chi 2 = 0. 0000
| Robust
| Coef Std. Err z P>| z| [95% Conf. Interval]
_____________ o o e e e
t cknowsc |
sourcel | 1.781627 . 5409369 3.29 0. 001 . 72141 2.841844
headeduc | . 1950114 . 0369543 5.28 0. 000 . 1225824 . 2674404
exp | .102298 . 0352104 2.91 0.004 . 0332868 . 1713092
SqEXP | -.0021399 . 0011783 -1.82 0. 069 -.0044492 . 0001694
particip | 3.002031 . 625529 4.80 0. 000 1.776017 4.228045
_cons | 9.11819 .4146652 21.99 0.000 8. 305461 9. 930919
_____________ o o e e e
particip |
heal th | . 1306136 . 1654402 0.79 0.430 -. 1936432 . 4548704
exp | . 0363575 . 0368311 0.99 0. 324 -. 0358301 . 1085451
SQEXP | -.0023989 .0013918 -1.72 0.085 -. 0051269 . 000329
| abourl and | . 0089322 . 0191607 0. 47 0.641 -.0286221 . 0464866
menber | . 2474399 . 2065966 1.20 0.231 -.157482 . 6523619
noccup | . 5826276 . 260596 2.24 0.025 . 0718688 1. 093386
mar kt | . 9144277 . 1820865 5.02 0. 000 . 5575446 1.271311
| ocation | . 0972763 . 1689517 0.58 0. 565 -. 2338629 . 4284154
_cons | -1.238644 .3430213 -3.61 0.000 -1.910953 -.5663345
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_____________ o m e e
/athrho | -.1518734 . 1739479 -0.87 0. 383 -. 492805 . 1890582

/1l nsigna | . 7789757 . 0549336 14.18 0. 000 . 6713078 . 8866436
_____________ o m e e
rho | -.1507164 . 1699966 -. 4564399 . 1868374

sigma | 2.179239 . 1197134 1. 956795 2.42697

lanmbda | -.3284471 . 3779683 -1.069251 . 4123571

Wal d test of indep. egns. (rho = 0): chi2(1) = 0.76 Prob > chi2 = 0.3826

Appendix O: Calculation of ATET

The calculation of average treatment effect onttbated (ATET) is divided into 4 steps as

follow:
(1) Predict the probability of the positive outcomepafticipation,IPM >0;
(2) Calculate the probability density function (pdf) dPM >0 that is equal the

numerator of the Inverse Mill Ratio(l/\/(z*ﬂ))*exp(—0.5*IF3M2) where

7 =3.141593.
(3) Predict ATET by using all predicted values from ginevious steps

ATET= ATE+2*( lambdet ((  pdf IPM(Pr( 1PN 0))
=3.01282% 2*(-.3411827)*(¢df M )/(PIPM > O
where the termlambdaand ATE can be taken from the estimated results of thestricted

model shown in appendix M.

(4) sum ATETU ATETR

Vari abl e | Gbs Mean Std. Dev. Mn Max
_____________ o o e e e e e
ATETU | 287 2.184582 . 3388859 -.0750905 2.830176

ATETR | 287 2.215498 . 326236 . 0401745 2.836993
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Appendix P:  Test of collinearity between the IMRdahe independent

variables

reg invml| sourcel headeduc exp sgEXP |l abourand nmenber noccup | ocation
Sour ce | SS df M5B Nunber of obs = 287
------------- g F( 8  278) = 22.95
Model | 326.374718 8 40.7968398 Prob > F = 0.0000
Resi dual | 494.169909 278 1. 7775896 R- squar ed = 0.3978
————————————— R L LR P Adj R-squared = 0.3804
Total | 820.544627 286 2.86903716 Root MSE = 1.3333
invm Il | Coef . Std. Err. t P>t [95% Conf. Interval]
_____________ o o e f e e e eieeeia-
sourcel | 2.893781 . 4020689 7.20 0. 000 2.102295 3. 685268
headeduc | . 2271109 . 0234314 9.69 0.000 . 1809854 . 2732364
exp | . 1026155 . 0249249 4.12 0. 000 . 0535499 . 1516811
SgEXP | -.0031801 . 0008363 -3.80 0. 000 -. 0048263 -. 0015339
| abourl and | . 0055993 . 0191782 0.29 0.771 -. 0321535 . 0433522
menber | . 5433438 . 1897465 2. 86 0. 005 . 1698213 . 9168662
nmoccup | . 7417368 . 2743447 2.70 0. 007 . 20168 1.281794
| ocation | . 2731024 . 1595547 1.71 0.088 -. 0409864 . 5871912
_cons | 9. 785462 . 2761153 35.44 0. 000 9. 241919 10. 329
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Appendix Q: Results of unrestricted model of made(unrestricted model)

Q1: Unweighted model

reg NI PM tcknowsc headeduc sourcel exp sqEXP |abourland menber noc nmarkt |ocation , robust

Li near regression Nunber of obs = 287
F( 10, 276) = 6. 24
Prob > F = 0.0000
R- squar ed = 0.1695
Root MSE = 1.5131

| Robust
NI PM | Coef Std. Err t P> t| [95% Conf. Interval]
_____________ o f e e eeieeiioo-
tcknowsc | . 1241581 . 0362627 3.42 0. 001 . 0527715 . 1955447
headeduc | . 0367013 . 0280051 1.31 0.191 -.0184296 . 0918321
sourcel | . 175921 . 4845463 0. 36 0.717 -. 7779551 1.129797
exp | . 0305149 . 0310066 0.98 0. 326 -.0305246 . 0915544
SqEXP | -.0005148 . 0010213 -0.50 0. 615 -.0025254 . 0014957
| abourl and | . 0575865 . 020645 2.79 0. 006 . 0169448 . 0982281
menber | -.0194598 . 2402585 -0.08 0. 936 -.4924318 . 4535121
nmoccup | . 3002004 . 2919505 1.03 0. 305 -. 2745322 . 8749331
mar kt | . 7115351 . 1910214 3.72 0. 000 . 335491 1. 087579
location | -.5615241 . 1812903 -3.10 0. 002 -.9184115 -. 2046367
_cons | 1. 683542 . 492359 3.42 0. 001 . 7142861 2.652798

veg wpp tcknowsc headeduc sourcel exp sqEXP |abourland nenber noc nmarkt |ocation, robust

Li near regression Nunber of obs = 287
F( 10, 276) = 4.76
Prob > F = 0.0000
R- squar ed = 0.1306
Root MSE = 11.112

| Robust
wpp | Coef . Std. Err. t P> t| [95% Conf. Interval]
_____________ o o f e e eeieeiiooo-
tcknowsc | . 7752605 . 2634346 2.94 0. 004 . 2566642 1. 293857
headeduc | . 2735615 . 2011734 1.36 0.175 -. 1224677 . 6695906
sourcel | . 4424366 3. 441862 0.13 0.898 -6.3332 7.218073
exp | . 2150279 . 1973244 1.09 0. 277 -.1734241 . 6034799
SQEXP | -.0029741 .0061491 -0.48 0.629 -. 0150792 . 0091311
| abour | aand | . 3196019 . 1552735 2.06 0. 040 . 0139309 . 6252728
menber | -.5628604 1.783037 -0.32 0. 752 -4.07294 2.947219
noccup | 2.806696  2.288961 1.23 0.221 -1.699344 7.312736
mar kt | 4.854186 1. 420796 3.42 0. 001 2.057213 7.651159
location | -2.978369 1. 343334 -2.22 0. 027 -5.622852 -.3338861
_cons | 15.21341  3.574356 4.26 0.000 8. 176947 22.24988
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reg NIPM | anbda tcknowsc headeduc sourcel exp sgEXP |abourland nenber noc markt |ocation
r obust
Li near regression Nunber of obs = 287
F( 11, 275) = 6.55
Prob > F = 0.0000
R- squar ed = 0.1807
Root MSE = 1.5056
| Robust
NI PM | Coef Std. Err. t P>|t] [95% Conf. Interval]
_____________ o o e e
| ambda | 4.250033  2.148917 1.98 0.049 . 019616 8. 48045
tcknowsc | .1164919 . 0363551 3.20 0.002 . 0449222 . 1880616
headeduc | . 1581618 . 066851 2.37 0. 019 . 0265571 . 2897665
sourcel | 3.187486  1.597648 2.00 0.047 . 0423111 6. 332661
exp | . 0907103 . 0430751 2.11 0.036 . 0059115 . 1755092
SqQEXP | -. 005799 . 0028747 -2.02 0. 045 -.0114582 -.0001397
| abour | and | .0718555 . 0213098 3.37 0.001 . 0299044 . 1138066
menber | . 3942053 . 3257155 1.21 0. 227 -. 2470073 1.035418
nmoccup | 2.204743 1. 003775 2.20 0. 029 . 2286834 4.180802
mar kt | 3.662277  1.494528 2.45 0.015 . 7201074 6. 604446
location | -.3204498 . 2171714 -1.48 0.141 -. 7479795 . 1070799
_cons | -5.396652 3.575798 -1.51 0.132 -12. 43607 1. 642764
reg wpp |anbda tcknowsc headeduc sourcel exp sqEXP |abourland nenber noc markt |ocation
r obust
Li near regression Number of obs = 287
F( 11, 275) = 5.50
Prob > F = 0.0000
R- squar ed = 0.1462
Root MSE = 11.032
| Robust
wpp | Coef Std. Err. t P>|t] [95% Conf. Interval]
_____________ o o e e
| ambda | 35. 99648 15. 70007 2.29 0. 023 5.088889 66. 90407
tcknowsc | . 7103298 . 2644371 2.69 0.008 . 1897515 1.230908
headeduc | 1. 302295 . 4868911 2.67 0. 008 . 343788 2.260803
sourcel | 25.94947  11.67993 2.22 0.027 2.956034 48. 94291
exp | . 7248647 . 2970216 2.44 0.015 . 1401396 1.30959
SqQEXP | -.0477292 . 0208346 -2.29 0. 023 -.0887447 -.0067136
| abourl and | . 4404564 . 160209 2.75 0.006 . 1250644 . 7558484
menber | 2.940756 2.432746 1.21 0. 228 -1.848416 7.729928
nmoccup | 18. 93759 7.3035 2.59 0. 010 4.559712 33. 31546
mar kt | 29.84606  10. 90497 2.74 0.007 8.378244 51.31388
| ocation | -. 936544 1.604073 -0.58 0. 560 -4.094366 2.221278
_cons | -44.75367 26. 0794 -1.72 0. 087 -96. 0943 6. 586966
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Stage 1 (Unrestricted nodel)
ivreg2 N PM (tcknowsc= headeduc sourcel) |anbda exp SgEXP | abourl and menber noc markt
location if particip==1,first robust
Fi rst-stage regression of tcknowsc:
OLS regression with robust standard errors
Nunber of obs = 93
F( 10, 82) = 4.13
Prob > F = 0. 0001
Total (centered) SS = 725.9569892 Centered R2 = 0. 2220
Total (uncentered) SS = 17206 Uncentered R2 = 0.9672
Resi dual SS = 564.7940838 Root MSE = 2.624
| Robust
tcknowsc | Coef Std. Err t P> t| [95% Conf. Interval]
_____________ o o f e e e eeieeiioo-
| ambda | 5.625814  6.009224 0.94 0.352 - 6.328447 17.58008
exp | . 2980639 . 1330477 2.24 0. 028 . 0333896 . 5627382
SqEXP | -.0170654 .0088058 -1.94 0.056 -. 034583 . 0004522
| abourl and | -.038854 . 0599233 -0.65 0.519 -. 1580606 . 0803526
menber | . 3346276 . 7868955 0. 43 0.672 -1.230758 1.900014
noccup | 2.429512  2.501745 0.97 0.334 -2.547257 7.406281
mar kt | 4. 455289 3.907024 1.14 0. 257 -3.317025 12. 2276
location | -.1939723 . 7386259 -0.26 0.794 -1. 663334 1. 27539
headeduc | . 42154 . 1582123 2.66 0.009 . 1068054 . 7362746
sourcel | 5. 155989 3.809433 1.35 0.180 -2.422188 12. 73416
_cons | 2.510189  9.939809 0.25 0.801 -17. 26326 22. 28364
Test of heteroskedasticity
Partial R-squared of excluded instrunents: 0.1005
Test of excluded instrunents
F( 2, 82) = 6. 29
Prob > F = 0.0029
Summary results for first-stage regressions
Shea
Vari abl e | Partial R2 | Partial R2 F( 2, 82) P-val ue
t cknowsc | 0. 1005 | 0. 1005 6. 29 0. 0029
NB: first-stage F-stat heteroskedasticity-robust
Test of identification
Underidentification tests
Chi -sq(2) P-val ue
Anderson canon. corr. likelihood ratio stat. 9.85 0. 0073
Cragg- Donal d N*m nEval stat. 10. 39 0. 0055

Ho: matrix of reduced formcoefficients has rank=K-1 (underidentified)
Ha: matrix has rank>=K (identified)
Weak identification statistics

Cragg-Donal d (N-L)*m nEval /L2 F-stat 4.58
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Test of endogeneity
Ander son- Rubi n test of joint significance of
endogenous regressors Bl in main equation, Ho:B1=0
F(2,82)= 1.95 P-val =0. 1482
Chi -sq(2)= 4.43 P-val =0. 1090
NB: Ander son-Rubin stat heteroskedasticity-robust

Nunber of observations N = 93
Nunber of regressors K = 10
Nunber of instrunents L = 11
Nunber of excluded instrunents L2 = 2

Stage 2 (Unrestricted nodel)
IV (2SLS) regression with robust standard errors

Nunber of obs = 93
FC 9, 83) = 3.56
Prob > F = 0.0009
Total (centered) SS = 241. 2258065 Centered R2 = 0. 3029
Total (uncentered) SS = 2111 Uncentered R2 = 0. 9203
Resi dual SS = 168. 1560572 Root MSE = 1. 345
| Robust

NI PM | Coef . Std. Err. z P>| z| [95% Conf. Interval]
_____________ o o f e e eeieeiioo--
tcknowsc | . 2703112 . 148052 1.83 0. 068 -. 0198653 . 5604878
| ambda | 1.322702 .6940681 1.91 0.057 -. 037646 2. 683051
exp | . 1440098 . 0587578 2.45 0.014 . 0288467 . 259173
SqQEXP | -.0068239 . 0024415 -2.80 0. 005 -.0116091 -.0020387
| abour | andl | . 1102191 . 03366 3.27 0.001 . 0442466 . 1761915
nenber | . 3914668 . 3269518 1.20 0.231 -.249347 1.032281
nmoccup | . 9913649 .3919814 2.53 0.011 . 2230954 1.759634
mar kt | 1.386214  .4679032 2.96 0.003 . 4691407 2.303288
location | -.3184255 . 3291729 -0.97 0. 333 -. 9635925 . 3267414
_cons | -2.89811 2.686527 -1.08 0. 281 -8.163607 2.367386
Ander son canon. corr. LR statistic (identification/IV relevance test): 9. 849
Chi-sq(2) P-val = 0. 0073
Hansen J statistic (overidentification test of all instrunments): 0. 759
Chi -sq(1) P-val = 0. 3838

I nst runent ed: t cknowsc

I ncluded instrunents: |anbda exp sqEXP | abourl and nenber noccup narkt |ocation
Excl uded instruments: headeduc sourcel

Stage 1 (Restricted nodel)
ivreg2 NI PM (tcknowsc= headeduc sourcel) |anbda exp sqEXP |abourland noccup mar kt if
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particip==1,first robust
Fi rst-stage regression of tcknowsc:
OLS regression with robust standard errors

Nunber of obs =

F( 8, 84) =
Prob > F =
Total (centered) SS = 725.9569892 Centered R2 =
Total (uncentered) SS = 17206 Uncentered R2 =
Resi dual SS = 567.2798165 Root MSE =
| Robust
tcknowsc | Coef . Std. Err. t P>|t] [95% Conf. In

4.664924 3. 356877
. 2857997 . 1102408
-. 0157288 . 0064337 - . 017 -. 0285229 -
| abour | and -. 0460594 . 0549033 - . 404 -. 1552406

| 1 0.168  -2.010595 1
| 2 0
| 2 0
| 0 0
noccup | 2.000441 1. 4916 1.34 0.183  -.9657688
| 1 0
| 3 0
| 2 0
| 0 0

. 011 . 0665737

3.788408 2.427224 . 122 -1.038394
. 4004258 . 1033602 . 000 . 1948828
4.561262 2. 248375 . 046 . 0901221 9
4.061659 5.534411 . 465 -6.944123 1

mar kt
headeduc
sourcel
_cons
Partial R-squared of excluded instrunents: 0.1219
Test of excluded instruments
F( 2, 84) = 8.38
Prob > F = 0.0005

Test of heteroskedasticity

Summary results for first-stage regressions

Shea
Vari abl e | Partial R2 | Partial R2 F( 2, 84) P-val ue
t cknowsc | 0.1219 | 0.1219 8. 38 0. 0005

NB: first-stage F-stat heteroskedasticity-robust

Test of identification

Underidentification tests

Chi -sq(2) P-val ue
Ander son canon. corr. likelihood ratio stat. 12.09 0. 0024
Cragg- Donal d N*mi nEval stat. 12.91 0. 0016

Ho: matrix of reduced formcoefficients has rank=K-1 (underidentified)
Ha: matrix has rank>=K (identified)

Weak identification statistics

Cragg-Donal d (N-L)*m nEval /L2 F-stat 5.83

93
5.06
0. 0000
0. 2186
0.9670
2.599

terval]

1. 34044

. 5050256

0029346

. 0631218

4.96665
8. 61521

. 6059689

. 032401
5.06744
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Test of endogeneity

Ander son- Rubin test of joint significance of
endogenous regressors Bl in main equation, Ho:B1=0
F(2,84)= 1.29 P- val =0. 2800
Chi-sq(2) = 2.86 P-val =0. 2390
NB: Ander son-Rubin stat heteroskedasticity-robust

Nunber of observations N = 93
Nunmber of regressors K = 8
Nunber of instruments L =

Nunmber of excluded instrunents L2 =

Stage 2 (Restricted nodel)
IV (2SLS) regression with robust standard errors

Nurmber of obs = 93

F( 7, 85) = 3.91

Prob > F = 0. 0010

Total (centered) SS = 241. 2258065 Centered R2 = 0.2919

Total (uncentered) SS = 2111 Uncentered R2 = 0.9191

Resi dual SS = 170. 8093827 Root MSE = 1. 355
| Robust

NI PM | Coef . Std. Err. z P>| z| [95% Conf. Interval]

_____________ o o f e e eeieeiiooo-

tcknowsc | . 2404497 . 1359287 1.77 0.077 -. 0259656 . 506865

| ambda | 1.045371 . 591001 1.77 0.077 -. 1129695 2.203712

exp | . 144561 . 05678 2.55 0.011 . 0332743 . 2558477

SqQEXP | -.0063692 . 0023585 -2.70 0. 007 -.0109918 -.0017465

| abourl and | .1015936 . 0320435 3.17 0.002 . 0387896 . 1643977

noccup | . 8348072 . 3848462 2.17 0.030 . 0805226 1.589092

mar kt | 1.187832 . 4637572 2.56 0. 010 . 2788845 2.096779

_cons | -2.109722 2. 25456 -0.94 0.349 -6.528578 2.309134

Anderson canon. corr. LR statistic (identification/IV relevance test): 12.092

Chi -sq(2) P-val = 0. 0024
Hansen J statistic (overidentification test of all instrunments): 0. 127
Chi -sq(1) P-val = 0.7219

I nstrunent ed: t cknowsc
I ncluded instrunents: |anbda exp sqEXP | abourl and noccup narkt

Excl uded instrunents: headeduc sourcel
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Q2: Weighted model

Stage 1 (Unrestricted node)

ivreg2 wpp (tcknowsc= headeduc sourcel) |anbda exp SqEXP

particip==1,first robust
Fi rst-stage regression of tcknowsc:

OLS regression with robust standard errors

| abourl and narkt

Nunber of obs = 93
F( 10, 82) = 4.13
Prob > F = 0.0001
Total (centered) SS = 725.9569892 Centered R2 = 0. 2220
Total (uncentered) SS = 17206 Uncentered R2 = 0.9672
Resi dual SS = 564.7940838 Root MSE = 2.624
| Robust
tcknowsc | Coef . Std. Err. t P> t| [95% Conf. Interval]
_____________ e e f e e e eeieeiiooo-
| ambda | 5. 625814 6. 009224 0.94 0. 352 -6.328447 17. 58008
exp | . 2980639 . 1330477 2.24 0. 028 . 0333896 . 5627382
SqEXP | -.0170654 .0088058 -1.94 0.056 -. 034583 . 0004522
| abourl and | -.038854 . 0599233 -0.65 0.519 -. 1580606 . 0803526
nenber | . 3346276 . 7868955 0.43 0.672 -1.230758 1.900014
noccup | 2.429512  2.501745 0.97 0.334 -2.547257 7.406281
mar kt | 4. 455289 3.907024 1.14 0. 257 -3.317025 12. 2276
|ocation | -.1939723 .7386259 -0.26 0.794 -1.663334 1.27539
headeduc | . 42154 . 1582123 2.66 0.009 . 1068054 . 7362746
sourcel | 5. 155989 3.809433 1.35 0.180 -2.422188 12. 73416
_cons | 2.510189  9.939809 0.25 0.801 -17. 26326 22. 28364
Test of heteroskedasticity
Partial R-squared of excluded instrunents: 0.1005
Test of excluded instruments
F( 2, 82) = 6. 29
Prob > F = 0.0029
Summary results for first-stage regressions
Shea
Vari abl e | Partial R2 | Partial R2 F( 2, 82) P-val ue
t cknowsc | 0. 1005 | 0. 1005 6. 29 0. 0029
NB: first-stage F-stat heteroskedasticity-robust
Test of endogeneity
Underidentification tests
Chi -sq(2) P-val ue
Anderson canon. corr. likelihood ratio stat. 9.85 0. 0073

Cragg- Donal d N*m nEval stat. 10. 39

0. 0055

| ocation

if
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Ho: matrix of reduced formcoefficients has rank=K-1 (underidentified)
Ha: matrix has rank>=K (identified)

Weak identification statistics
Cragg-Donal d (N-L)*m nEval /L2 F-stat

Test of endogeneity

4.58

Ander son- Rubi n test of joint significance of

endogenous regressors Bl in main equation

F(2,82)= 2.78
Chi -sq(2)= 6.31

P-val =0. 0679
P-val =0. 0427

Ho: B1=0

NB: Ander son-Rubin stat heteroskedasticity-robust

Nunber of observations N
Nunmber of regressors K
Nunmber of instruments L

Nunmber of excluded instrunents L2 =

Stage 2 (Restricted)

IV (2SLS) regression with robust standard errors

93
10
11

2

Nunber of obs 93
F( 9, 83) 3.32
Prob > F 0.0017
Total (centered) SS = 12990. 53305 Centered R2 0. 2607
Total (uncentered) SS = 115023.9799 Uncentered R2 0. 9165
Resi dual SS = 9603.457773 Root MSE 10. 16
| Robust

wpp | Coef Std. Err z P>| z| [95% Conf. Interval]
_____________ o e e e
tcknowsc | 1.865267 1.082356 1.72 0.085 -. 2561125 3. 986646
| ambda | 9.681772  5.121262 1.89 0.059 -. 3557161 19. 71926
exp | . 8998517 . 4390561 2.05 0. 040 . 0393176 1. 760386
SQEXP | -.0433048 .0181848 2.38 0.017 -.0789465 -.0076632
| abourl and | . 674821 . 2676119 2.52 0.012 . 1503113 1.199331
menber | 2. 304955 2.530735 0.91 0. 362 -2.655194 7.265105
noccup | 8.927167  2.913862 3.06 0.002 3.216103 14. 63823
mar kt | 10. 26798 3.450631 2.98 0. 003 3.504871 17. 0311
location | -2.878813 2.428149 1.19 0. 236 -7.637898 1. 880271
_cons | -17.46232 19.95195 0.88 0.381 -56.56743 21.64278
Anderson canon. corr. LR statistic (identification/IV relevance test): 9. 849
Chi -sq(2) P-val = 0. 0073
Hansen J statistic (overidentification test of all instrunents): 1. 600
Chi -sq(1) P-val = 0. 2059

I nstrunent ed: t cknowsc
Included instruments: |anbda exp sqgEXP | abourl and nmenber noccup narkt | ocation

Excl uded instrunents: headeduc sourcel
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Stage 1 (Restricted node)
ivreg2 wpp (tcknowsc= headeduc sourcel) |anbda exp SqEXP | abour

partici p==1,first robust

Fi rst-stage regressions

Fi rst-stage regression of tcknowsc:

OLS regression with robust standard errors

Nunmber of obs

F( 8, 84) =
Prob > F =
Total (centered) SS = 725.9569892 Centered R2 =
Total (uncentered) SS = 17206 Uncentered R2 =
Resi dual SS = 567.2798165 Root MSE =
| Robust
tcknowsc | Coef . Std. Err. t P> t| [95% Conf. In
_____________ o o f e e eeieiio-
| ambda 4.664924  3.356877 .39 . 168 -2.010595 1
exp . 2857997 . 1102408 .59 . 011 . 0665737
SqQEXP -.0157288 .0064337 -2.44 . 017 -.0285229 -
| abour | and -. 0460594 . 0549033 -0.84 . 404 -. 1552406

3.788408 2.427224 . 122 -1.038394
. 4004258 . 1033602 . 000 . 1948828
4.561262 2. 248375 . 046 . 0901221 9
4.061659 5. 534411 . 465 -6.944123 1

| 1 0

| 2 0

| 2 0

| 0 0
nmoccup | 2.000441 1.4916 1.34 0.183 -.9657688

mar kt | 1 0

headeduc | 3 0

sourcel | 2 0

| 0 0

_cons
Partial R-squared of excluded instrunents: 0.1219
Test of excluded instruments

F( 2, 84) = 8.38

Prob > F = 0.0005

Test of heteroskedasticity

Summary results for first-stage regressions

Shea
Vari abl e | Partial R2 | Partial R2 F( 2, 84) P-val ue
t cknowsc | 0.1219 | 0.1219 8. 38 0. 0005

NB: first-stage F-stat heteroskedasticity-robust

Test of identification

Underidentification tests

Chi -sq(2) P-val ue
Ander son canon. corr. likelihood ratio stat. 12. 09 0. 0024
Cragg- Donal d N*m nEval stat. 12.91 0. 0016

Ho: matrix of reduced formcoefficients has rank=K-1 (underidentified)
Ha: matrix has rank>=K (identified)

Weak identification statistics

Cragg-Donal d (N-L)*m nEval /L2 F-stat 5.83

| and

terval ]

1. 34044

. 5050256

0029346

. 0631218

4.96665
8. 61521

. 6059689

. 032401
5.06744

noc

mar kt

if
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Test of endogeneity

Ander son- Rubin test of joint significance of
endogenous regressors Bl in nmain equation, Ho:B1=0

F(2,84)= 1.75 P-val =0. 1792
Chi-sq(2)= 3.89 P-val =0. 1433
NB: Ander son-Rubin stat heteroskedasticity-robust
Nurmber of observations N = 93
Number of regressors K = 8
Nunber of instrunents L = 9

2
IV (2SLS) regression with robust standard errors

Nunmber of excluded instrunents L2

Nunber of obs = 93

F 7, 85) = 3.51

Prob > F = 0. 0023

Total (centered) SS = 12990. 53305 Centered R2 = 0. 2446

Total (uncentered) SS = 115023.9799 Uncentered R2 = 0.9147

Resi dual SS = 9812.897232 Root MSE = 10. 27
| Robust

wpp | Coef . Std. Err. z P>| z| [95% Conf. Interval]

_____________ o o f e e eeieeiioo-

tcknowsc | 1.789807 . 9899445 1.81 0.071 -.1504483 3. 730063

| ambda | 8. 763347 4.251214 2.06 0. 039 . 4311207 17. 09557

exp | . 8795618 . 4353409 2.02 0. 043 . 0263093 1.732814

SqEXP | -.0391112 . 017817 -2.20 0. 028 -.0740319 -.0041905

| abourl and | . 6251733 . 2511154 2.49 0.013 . 1329961 1.11735

noccup | 8.230229 2.938909 2.80 0. 005 2.470073 13. 99038

mar kt | 9. 284372 3.330721 2.79 0. 005 2.756279 15. 81246

_cons | -15.50662 16. 29077 -0.95 0. 341 -47. 43593 16. 4227

Ander son canon. corr. LR statistic (identification/IV relevance test): 12.092

Chi -sq(2) P-val = 0. 0024
Hansen J statistic (overidentification test of all instruments): 0. 754
Chi -sq(1) P-val = 0. 3851

I nst runent ed: t cknowsc
I ncluded instrunents: |anbda exp sqEXP | abourl and noccup narkt
Excl uded instrunents: headeduc sourcel



