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Abstract

Codjo Euloge, Togbé 2013. Cotton in Benin: govecgaand pest management. PhD thesis,
Wageningen University, The Netherlands. With sumesan English, Dutch and French, 201

pp.

Pests are one of the main factors limiting cottoodpction worldwide. Most of the pest

control strategies in cotton production rely heawah the application of synthetic pesticides.
The recurrent use of synthetic pesticides has laggesequences for the environment (air,
water, fauna, and flora) and human health. In cogmwing areas in Benin, targeted pests
develop resistance, and this resistance is extetmlenalaria mosquitos. Other negative
impacts are pest resurgence and secondary peseaksidue to the effects on the beneficial
insect fauna. This dissertation addresses the itadhand institutional constraints hindering

the wide-scale use of staggered targeted contratte étagée ciblée’ (LEC, in French) for

cotton production.

Wider adoption of LEC can only be achieved if sommitutional changes were to
occur, such as in the role of input suppliers ideorto improve the procurement of LEC
pesticides. This can only happen if farmers woudd dmpowered and better organised.
Locally available phytochemicals and biopesticidas be used to address problems related to
the difficulty in obtaining synthetic pesticides, &ell as their negative environmental impact.
Neem oil Azadirachta indica andBeauveria bassianare good candidates to be used in an
integrated pest management approach, as their tropabe beneficial fauna is minimal. We
tested whether the efficacy could be enhanced mgumixed formulations of neem oil and
bio-insecticides, but yields obtained with neemusied alone and mixed with biopesticides
were not different. This suggests an absence ghargistic effect between neem oil aBd
bassianaBb11) and between neem oil aBdthuringiensisThe combination of biopesticides
increased the cost of production more than thét@ftonventional treatments, compromising
the profitability of such formulations. Participati in the research process increased farmers’
knowledge on pest and natural enemy recognitioe. ifibrease in knowledge did not lead to
any modification in farmer practices with respexthe use of neem oil argkauveria but it
led to a significant change towards threshold-bassticide applications. Policy implications
for successfully changing farming practices areuised.

Key words: cotton, synthetic pesticides, neem dikédirachta indicy Beauveria bassiana
Bacillus thuringiensisfield experiment, farmers’ participation
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General Introduction

Importance of cotton production

This research on improving the cotton pest managesystem in Benin was done within the
framework of the Convergence of Sciences-Strengtigeinnovation Systems (CoS-SIS)
programme. The programme focuses on alleviatingitutisnal constraints; this could
potentially allow African farmers to double or eviable their production (Hounkonnou et
al., 2012; Rdling et al., 2012). The link betweenhnology and institutional constraints has
been reported in many studies conducted in theseoof the first phase of CoS-SIS (Adjei-
Nsiah, 2006; Ayenor, 2006; Dormon, 2006; Kudad¥@06; Nederlof, 2006; Saidou, 2006;
Sinzogan, 2006a; Vissoh, 2006; Zannou, 2006) ansl also shown in the recent work by
Mapfumo et al. (2013). By “institution” is meantettensemble of deeply embedded norms
and values, legal and regulatory frameworks, pedicgovernance, and negotiated agreements
that are inherent to structures, networks, andevahains determining individual behaviours
(Williamson, 2000).

In Benin, working groups of high-level experts (R@l et al., 2012) selected three
priority areas representing national and smallhwsidaterests, to participate in the CoS-SIS
programme (see for details of IS in the sectionh@oretical background). Cotton production
is one of these three areas, as this crop is didimakbnsional importance in the country.

From an economic point of view, cotton is the miogportant cash crop in Benin,
grown by 325,000 farmers and involving much comragm@ctivity. It generates 45% of the
national tax revenue, 80% of export revenues (R)6; Aprobes-Bénin, 2007; Midingoyi,
2008), and constitutes 13% of the Gross Domestidit (GDP) and 60% of the industrial
base (Performances, 2008) of the country. Approteime35% of farming households are
involved in growing this crop. It constitutes a smiof revenue for three million people and
represents about 2/3 to 3/4 of Benin’s agricultimabme (Glin et al., 2006; Ton et al., 2000).
Cotton farming therefore receives special attendiod attracts funding from the government.
Due to an increase in the cost of inputs driverthgyinternational market, the cotton sector is
subsidized, in order to permit farmers to accegsits at an affordable and uniform price
across the country. Moreover, all farmers have scte inputs on a credit basis. The cotton
produced is bought at a predetermined price agwgeth by ginners and farmers. At the
beginning of each season, government represesgaiparticipate in price negotiations
between all parties.

The contribution of cotton to the social developimeinthe country is evident. In the
cotton growing areas, production of this crop hastiibuted to the improvement of physical
and social infrastructures and facilities such @®lrroads, schools, warehouses for input
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Chapter 1

storage, water supply systems and hospitals. Aththesehold and individual level, cotton
provides a living for over 50% of the populationFE 2007; Glin et al., 2006), allowing
farmers to acquire motorbikes, build houses, andsghool and healthcare fees (OBEPAB,
2002), as well as for social events such as weddamgl ceremonies. Producing this crop is
very labour intensive and involves both male amddie workers. Bordering countries such as
Burkina Faso and Togo also supply labour for cofiooduction in northern Benin. These
migrants work under contract during the croppingsse, and local authorities are sometimes
involved in these arrangements.

Cotton production also plays a major role in sustag food security in the country
because it serves as a means through which fersilare provided to other food crops such as
maize, sorghum and rice. This relationship betweetton and food crop production is
sustained by the input supply system, which alldéarsners who accept to grow cotton to
receive an additional amount of fertilizers for doorops. Because this additional fertilizer
received by farmers as a bonus for their commitmentgrowing cotton is generally
considered to be insufficient, a certain amountedilizers intended for cotton production is
deviated to food crops. Furthermore, the maize clliomes to maturity before cotton, is
sold and the revenues are used to hire labourrt@siacotton.

From a political perspective, cotton productioniritgegrated in a vertical structure
linking farmers, input suppliers and ginners in iaterdependent network (Association
Interprofessionnelle du Coton, AIC), which is cafied by a handful of people appointed at
the national level. The governance and managenighisoorganization are often subjected to
criticism, protests and reforms that seem not tiregb the real problems faced by the sector.
Research is led by the Cotton Research Centre (CR)\-whose autonomy has become
increasingly limited by the growing power of theQAIThe extension is the responsibility of
the Ministry of Agriculture (MAEP). AIC and MAEP gern the whole sector, but their
collaboration is not without conflict and sometimgsnerates crises that undermine the
performance of the cotton sector. Farmers also @adkantage of the poor organization of the
cotton sector and bypass the institutions estadddisto control the input supply system.
Ginners and input suppliers are very powerful aolitipally integrated and they tend to exert
control over the other parties involved, especitdlyners and their organizations. This results
in an information asymmetry and lack of transpayemhich are the root cause of the current
crisis now facing the entire sector (Chapter 3).

The current government has had a pivotal role igisiten-making for cotton
production since 2006. Cotton has shifted from aketable commodity to a political one,
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General Introduction

because many farmer leaders are involved in municipal governments and compete for power
and wealth at the municipality level. Once these farmer leaders are elected, they have
connections with the central government, which considers cotton growers as an important
source of political support.

Cotton production in Benin

The environmental conditions prevailing in each region influence the contribution of cotton
production to the total output of the country. In this regard, Benin is divided into four zones
(Figure 1): North (Alibori and Atacora), North Central (Borgou and Donga), South Central
(Zou and Collines), and South (Ouémé, Plateau, Couffo and Mono). These four zones differ
in soil quality, rainfall, temperature and farming practices (Table 1). As a result of this
variation, the occurrence and abundance of pests also varies (Youdeowei, 2001).

Table 1. Growth conditions of cotton plants and characteristics of agro-ecological zones in

Benin

Agro- Cotton plant Prevailing conditions

ecological requirements

factors North North Central  South Central South

Average 26-28 24.9-32.5 24.9-32.5 25-30 25-28

temperatures

(©)

Rainfall (mm) >700 900-1100 1100-1300 851-1491 -2000

Dry season Well- One dry One dry Two unequal dry Two unequal
marked dry season season seasons dry seasons
season

Soil Sandy clay Sandyclay  Sandy clay Leached sandySandy clay
loam or clay scrap
sandy clay

Sunshinein  >12 >12 >12 >12 >12

hours per day

Land Deep Flat plowed Flat plowed Ridge Ridge

preparation  plowing field field

Planting ) 1-20 June 10 June-5July 25 June-10 July 25 June-10 July

calendar

Adapted from Matthess et al. (2005) and Sinzogan (2006a)
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General Introduction

In general, the level of cotton production in Bemnims parallel to the quantity of acreage
cultivated. The average production level of thesfitears before (1996-2000) and after the
liberalisation of the cotton sector (2001-2005)simiilar, or 348,363 and 340,293 tonnes,
respectively (Midingoyi, 2008). The highest prodoctlevel ever was reached during the
2004-2005 season (427,000 tonnes). Since themrdaeiction has hardly exceeded 200,000
tonnes and there has been an overall downward siend 2000. The lowest production level
was recorded in 2006, when the production fell 89,000, indicating a decrease of 56%
compared with 2005. This decline in production veae to decreased acreage (29%), a
reduced number of cotton growers, and lower yigRI&%) (Aprobes-Bénin, 2007). This
decrease in production weakened Benin’s positiotherworld cotton market and reduced the
export revenues of the country, thereby decreaséngontribution to the social economy of
Benin.

From the 1960s to the earlyl980s, the average ywlctotton was approximately
1500 kg/ha. At that time, extension services plagedmportant role in cotton farming and
large amounts of inputs in the form of fertilizensd pesticides were provided. The effect of
these measures did not last, as yields had fatldretow 1000 kg/ha by 1989. Schemes to
counter this downfall were implemented and yieldised to 1250 kg/ha in 1994. But since
then and until now, the downward trend has continaed since 1998 the average yield has
ranged between 1000 and 1100 kg per hectare. Tieat@d yield on-station is 3,000 kg/ha
and on-farm 1,800 to 2,500 kg/ha, for the recommdndariety H279-1, which is
predominantly used by farmers (Fadoegnon and Main@006). Therefore, it is necessary
to create a conducive institutional environmeniiprove cotton production. The Innovation
System (IS) approach is one such approach.

Background and statement of the problem
The recurrent crisis in the cotton sector is ilatd by fluctuations in production levels,
which are the results of technical, socio-economnd institutional factors. Among the
technical factors affecting cotton yields, pest disdase attacks have been ranked highest for
many reasons. Pests and diseases have a devasfitogon the crop. Moreover, pest
management has been associated with the misussstidides, the development of resistance,
pest resurgence and secondary pest outbreaksgeattt problems.

Cotton is subject to attacks by a wide range ofsplgem the seedling stage up to the
harvest (Matthews and Tunstall, 1994; Vaissayia.efl997). The susceptibility of the cotton
plant to pest attack is mainly due to the introdstuctand adoption of high-yielding varieties
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Chapter 1

and hybrids (Mancini, 2006). As a consequenceutieof synthetic pesticides has increased
exponentially. Pesticide treatments constitute @%4f production costs in Benin (Abate et
al., 2000; Akogbeto et al., 2005; Sinzogan, 20@bzogan et al., 2006). The nationwide pest
control strategy is calendar-based, which consibtsx fortnightly applications of synthetic
pesticides starting from day 45 after seedling gemce. In most cases, the number of
applications is higher than that because farmersneously expect a vyield increase by
spraying more than recommended. Synthetic pesticdatinue to be widely used in view of
their ease of application and quick effect (Dhalierad Arora, 2001). This strong dependency
of cotton production on external inputs makes potida costs high. Those costs have
increased and for that reason profits have dealeasearticular for resource-poor farmers
(Akogbeto et al., 2005).

The history of pest management strategies in Beaénjn other cotton growing
countries in West Africa, is closely linked to tbentrol ofHelicoverpa armigeraThis major
cotton pest occurs in varying levels of abundancehé four agro-ecological zones (Table 2).
The synthetic pesticides used to control the pestptex in cotton are acutely toxic to
humans, and there is a high likelihood of adverffeces on human health and the
environment, as well as development of pest resistaln the late of 1990s, insecticide
resistance inH. armigera emerged as a result of the widespread and continuse of
pyrethroid pesticides (Martin et al., 2002; Mawtinal., 2000; Ochou et al., 1998). Resistance
of H. armigerato pyrethroids had appeared in many other cottomimng countries in the
world before being noticed in West Africa (Afriqéggriculture, 1999; Martin et al., 2000;
Martin et al., 1997; Ochou et al., 1998; Sawiclk8a; Vaissayre, 1996). It became essential
to device a new strategy of pest control, with ®oam the management of resistancedof
armigerato pesticides. Thus, endosulfan was reintroduoetht first two applications of the
season. Endosulfan is an organochlorine belongirthe same family as DDT and Dieldrin.
It was used in the past for controlling cotton pebut was removed from the West African
Cotton system because of its high toxicity. Tholegs persistent, it was classified by the US
Environmental Protection as Class |, or pesticidils high acute toxicity. The World Health
Organization (WHO) classified endosulfan as moadydtazardous (class II).

The effects of this organochlorine insecticide wienenediately noticed after the first
season it was applied. Serious pesticide poisopiriplems emerged, especially in the
Borgou and Atacora departments in northern Benine Extension service in Parakou
(Borgou department) reported at least 37 deaths 7hdases of serious illness due to

pesticide poisoning. Following these reports, tlo@-governmental organization OBEPAB



General Introduction

conducted an independent investigation in the Borgieea, recording 137 cases of serious

poisoning and 10 confirmed deaths. Endosulfan veapansible for 60% of these cases,

affecting mostly young people, with 80% of the witd being less than 40 years old (Ton et

al., 2000).

Table 2 : Pests attacking leaves, flowers, and bolls obeootiants

Zones and Plant parts Pests Abundance
experimental
districts
North (Kandi) Leaves Syllepta derogata +++
Aphis gossypii +++
Nisotra sp, Podagricap. +++
Spodoptera littoralis +e
Squares, flowers Helicoverpa armigera +++
and bolls Eariassp +e
North-Centre Leaves Polyphagotarsonemus latus ++
(N'Dali) Syllepta derogata +++
Aphis gossypii +e
Nisotrasp & Podagricasp. +++
Spodoptera littoralis +e
Squares, flowers Helicoverpa armigera +e
and bolls Cryptophlebia leucotreta, Pectinophora +e
gossypiella
Diparopsis watersi +e
Centre Leaves Polyphagotarsonemus latus +++
(Djidja) Syllepta derogata +
Aphis gossypii +
Syllepta littoralis +e
Squares, flowers Cryptophlebia leucotreta, +++
and bolls Pectinophora gossypiella ++
Diparopsis watersiEariassp.,Helicoverpa +
armigera
South Leaves Polyphagotarsonemus latus +++
Syllepta derogate ++
Aphis gossypii +o
Spodoptera littoralis +e
Squares, flowers Cryptophlebia leucotreta +++
and bolls Pectinophora gossypiella +e
Diparopsis watersiEariassp.,Helicoverpa +
armigera
+ = Low infestations +e = Low to average Bifgions
++ = Average infestations +++ = High infestaso

Source : Adapted from MAEP/AIC (2009)
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Despite important awareness campaigns and extenspogts made on radio, 241 cases of
poisoning and 24 deaths were also recorded theWfirlj season, 2000-2001 (Tovignan et al.,
2001). The causes of endosulfan poisoning and slemth attributable to gross misuse of
pesticides by cotton farmers, who disregard infdimmareceived during training on the safe
handling of pesticides. Instances of endosulfarusgiganged from voluntary suicide attempts
by directly drinking pesticides, consumption of doitems that were contaminated with
pesticides during storage in homes, consumpticfoad crops grown within sprayed cotton
fields, consumption of stored grain treated witid@sulfan, and use of empty pesticide
containers for storing drinking water, soft drinksoking oil, or other consumables (Glin et
al., 2006; Ton et al., 2000; Tovignan et al., 200Throughout the country, many adverse
effects of endosulfan were also reported on snakdgnts, birds, frogs, and earthworms. The
scale of such threats to the environment, espgciallthe food web, can be appreciated
through these two following statements by farmeamported by Ton et al. (2000):
‘Earthworms emerged from the soil, and subsequetidgl. Then, birds came to eat the
earthworms and they died as welind ‘This year the product is very effective. It Kills
everything—even snakes. Earthworms appeared frensdil in large nhumbers immediately
after spraying, and subsequently died. Even theelea@f the cashew nut trees | planted next
to my cotton field turned brown due to the new pmd

In 1988, concurrent with the use of endosulfantfiermanagement of resistanca-bf
armigera,the Cotton Research Centre (CRA-CF), started exyering with a new method,
known in French as ‘Lutte Etagée Ciblée’ (LEC)cillaboration with researchers from the
‘Centre de Coopération Internationale en Recherfap@nomique pour le Développement’
(CIRAD). This method involves a basic protectiontlwé cotton plant using half the dose of
synthetic pesticides applied on a calendar-basis frotection security, as it was termed by
Silvie et al. (2013), has been maintained in otdereduce the risk introduced by the change
from a pre-set date spraying to threshold-basedniantions. This basic protection is
followed by the monitoring of the cotton field tetéct the threshold level of pests such as
bollworms {. armigerg D. watersj Earias spp.), leaf-eating caterpillar$.( derogataA.
flava S. littoralis) and aphidsA. gossypii The scouting begins 31 DAE and is carried out
every week until 122 DAE. When a pest thresholceached, additional treatments are then
carried out with half the recommended doses ofifipgiesticides. The choice of the active
ingredient and the quantity applied depends orpést density observed in the field (Silvie et
al., 2001). The scouting procedures are facilitdigda decision-making chart supplied to
farmers. This device, also called peg-board, gimésmation about the targeted pests, their

9
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thresholds, and the appropriate pesticides to abritem. Pyrethroids are used against
various species of bollworms, and organophosphegeist aphids, leaf-eating caterpillars,
and also mites (see Chapter 2). Each specific gigstis meant to target only one pest
species, because it contents one active ingredient.

The exploratory study conducted in 2009 (Adjei-Nst al., 2013) identified the LEC
strategy as a promising technology. This method seasidered the entry point of this thesis.
The many strong points of LEC include improvementaiton yields by providing effective
protection to the cotton crop and increase of farprefits by reducing production costs, as
LEC often requires fewer pesticide inputs than dbveventional strategy (Kpadé et al., 2008;
Silvie et al., 2001). However, two major techniaatl institutional constraints hinder its large
scale adoption: 1) the lack of competence amongdes in monitoring pests and diseases in
the field, and 2) problems in obtaining the LECemenended pesticides. The issue of field
monitoring falls into two categories. The first cigehe inability of some farmers to carry out
the scouting because of the intense knowledgeiarrequired. The second related category
is the lack of capacity to provide the necessainiing to a huge number of farmers at grass
root levels.

Problems in obtaining the specific pesticides ndedealue to the economic-threshold
principle in LEC, which makes it impossible to aately know beforehand the exact
quantity of specific pesticides that will be needsdfarmers. As a result, some amounts of
certain pesticides are not used, because the edotlomeshold of targeted pests is not always
reached. After two years, leftover pesticides carlonger be used, and this can trigger
conflicts of interest between farmers and inpufpieps.

The search for sustainable solutions to alleviaéseé constraints calls for interactions
among a wide range of stakeholders, including mhtand social scientists from various
backgrounds. During the last decade, there has &#egawing interest in building networks,
platforms, alliances, and so-called innovation esyst (Scoones and Thompson, 2009). All
these tools are derived from participatory appreacivhich intend to achieve sustainable
outcomes through multi-stakeholders processes.

Some NGOs and development projects have champianegiations by using one of
the participatory approaches taking into accountnéas’ needs. They co-generated, with
farmers, knowledge in a people-centred Innovatiodh leearning process (Chambers, 2009).
In such a context, farmers are considered as partoellaborators, and innovators, and are
empowered to set a demand-driven research andaogeneht (R&D) agenda with their
development partners (Scoones and Thompson, 2B0Bgnin, the R&D approach currently
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used resembles the Transfer of Technology (ToTesysusing demonstration plots. At most,
farmers are considered as end-users and are imvalveertain experiments. This pipeline
approach using technological packages is more edam the uniform and controlled

conditions of industrial and green revolution agltigre than most of the sub-Saharan African
agriculture, which has very diverse features (Chen$1b2009). The LEC strategy is a ToT
approach, but needs some adaptations in order twdokable and acceptable to farmers
(Nederlof and Odonkor, 2006; Réling et al., 2004liiy, 2002; Scoones and Thompson,
2009). This requires a paradigm shift in which tbkes of scientists, extension officers, and
other non-farming professionals are redefined fitiat of being innovators to becoming
technology intermediaries, translators, negotiatnsl facilitators. This also requires attitudes
and aptitudes beyond their traditional roles (Sescemnd Thompson, 2009).

Overall research objectives

The aim of this research was to identify and tedtteons for overcoming the barriers to
wider adoption of LEC and Integrated Pest Managengd#iM), through technical and
institutional innovations. The research attempteddévelop in a collaborative way with
farmers an ecologically well-grounded IPM with afi&tives to synthetic pesticides. These
alternatives should not only be effective but assy to access by farmers and at affordable
prices. By creating a conducive environment for sply of these alternative products,
farmers could become less dependent on importeitides. As a result, the adverse effects
on human health and the environment could be reooesiderably, while improving returns
to farmers. Specifically, this thesis explores andlyses

- opportunities to address or bypass the constrdivats limit large scale adoption of
LEC;

- the rapid changes that occurred under the refoitiatied in 2009 in order to identify
the opportunities for alleviating the constraint$ BC;

- the effectiveness of a pest management stratedyigheompletely need-based and
using only biopesticides or botanicals, from a @g¢al and socio-economic point of
view

- the contribution of participatory research in chesgccurring in farmers’ knowledge
and farming practices in integrated pest management

11
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Theoretical background

Integrated Pest M anagement: Concept and principles

According to Dhaliwal et al. (2004), the first d@fion of IPM was proposed in 1956 by Stern
and co-workers (Stern et al.,, 1959). Since thenentban 67 IPM definitions have been
suggested (Bajwa and Kogan, 2002). A broad dedfimitvas adopted by an FAO Panel of
Experts (FAO, 1967) : thtegrated pest control is a pest management systam in the
context of associated environment and populatiomadhcs of the pest species, utilizes all
suitable techniques and methods in as compatibleaaner as possible and maintains pest
populations at levels below those causing econamucy”.

Taking into account the large variability in IPMagtices, Benbrook (2002) proposed
a new term: the IPM continuum. According to thehawt IPM systems exist in almost
limitless varieties along an IPM continuum. It mdés four major zones/levels: no, low,
medium and high or biointensive IPM. Farmers in the-IPM’ zone manage pests with
routine pesticide applications. Low-level IPM deggmon basic field sanitation, scouting and
pesticide applications linked to thresholds. Medilevel IPM shifts a portion of the control
burden to largely preventive measures and reqdiémsers to bypass most applications of
pesticides because of the greater degree of reliandeneficial organisms. High-level IPM
systems manage pests largely through multi-tactievegntion-based interventions.
Biointensive IPM (or Bio IPM) lessens pest presgtreugh management of ecological and
biological processes and interactions. Despitever@tion in the definitions proposed, the
core element that always remains is the judiciose af pesticides based on economic
threshold levels (ETL) (van Huis, 2009).

More recently, societal and economic consideratisege added to the technical and
environmental dimensions of IPM. The definition Kbgan (1998) encompasses these
emerging aspects and provides an overall pictul®if “IPM is a decision support system
for the selection and use of pest control tact&gegly or harmoniously coordinated into a
management strategy, based on cost/benefit anatlgaesake into account the interests of
and impacts on producers, society, and the enviemtimThis definition suggests to address
pest management issues in an interdisciplinary fvagn various perspectives. One thing that
all IPM promoters should keep in mind is the pivotde of farmers as end-users of IPM. The
success of IPM depends on them, so they shouleieat to IPM program implementation.
Hence the need for empowerment of farmers (vars,H2009), which constitutes the core
motive of this study.
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What is economic threshold level?

The concept of economic injury economic threshadel (ETL) was developed to help
farmers identify when the benefits of applying astpmanagement practice (a pesticide)
exceed the costs, so that it pays to apply it (Eosis1987; Pedigo et al., 1986). In other
words, the ETL is the pest population level thatrests control. Economic thresholds are
usually considered as a critical component of IBMgtems (Bottrell, 1979). The concept is
employed in regulating most key insect pests. Thiecept has been applied not only to
insects but also to weeds (Marra and Carlson, 1983)

In practice, the application of economic threshoidspest management involves
identifying when incremental pest damage is equéhé cost of preventing it (Norton, 2007).
Thus, the success of this method depends maintlgeoreliability of the established threshold
and the sampling procedure.

Some authors have expressed concerns about céegirpoints when using the
threshold. Horne and Page (2008) indicated thathiesholds elude many variables that can
influence the ability of pests to cause actual ecain damage. They embedded this reflection
in a question:given a number of pests (n) how much damage wbelgddause with (x, y or
z) beneficial species present, at different plaptiates (and so different growth rates), with
different planting rates, different weather conalits, different value of crops at different
times and in different years with the crop wortffedtent amounts?That is why Hutchins
(1995) suggested dynamic thresholds that accountcianging economic or biological
variables, in preference to traditional, statie#frolds. Concerning the sampling procedure, it
is important to seek the best option that will elithe workload of the farmers while
remaining accurate. But prior to the applicatiorttoksholds, the farmers’ knowledge about
the biology of pests and their natural enemied wcial importance.

What about the sampling?

Whatever the accuracy of the established thresimldts success also depends on the
adequacy of the sampling procedure and the eageofidbe farmers to apply it. Failure to
accurately estimate arthropod abundance can leadappropriate selection and timing of
management tactics, such as insecticide applicat{gvade et al., 2006). Two important
factors need to be taken into account with regtodbhe sampling: the sample size and the
sample procedure. For the LEC and IPM strategi®einin, the established sample size is 40
plants selected at regular intervals along thediggonals of the field measuring between 0.5
and 1 hectare. This implies a heavy workload fomfxs, resulting in a number of them
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refraining from applying it. However, Dhawan et @009) assessed the jassid and whitefly
population correctly by observing the number of pys and adults on three fully formed
leaves in the upper plant canopy from 12 randoralgcted plants (three plants/quarter) in an
1l-acre field (0.40 hectare). This shows the pokiyibdf reducing sampling size without
losing accuracy in estimation of pest populations.

Various methods have been used to sample arthropadB as the beat bucket, beat
sheet, fumigation cage, pitfall trap, sweep-nettisn or D-Vac, visual examination, and
whole plant bagging (Wade et al., 2006). The choicthe method is dependent on several
interrelated variables, such as plant species,t mlhanology and condition, target species,
accuracy, ease of use, speed, and cost. In getiegealbest’ method should detect all key
arthropods and be suitable for use over the whobtevigg season. Although no single
sampling method has been unanimously identifiedhas‘liest’, the beat sheet has often
ranked highly (Deighan et al., 1985; Hillhouse aPire, 1974; Shepard et al., 1974;
Studebaker et al., 1991; Turnipseed, 1974; Wadé,e2006). The beat sheet involves beating
or shaking a plant, or group of plants, to dislotlye arthropods in the foliage onto a sheet
spread on the ground, where they can be quicklyteou The beat sheet is considered fast,
inexpensive, easy to use, and accurate comparad/isital inspection. However, it is limited
to dry conditions, upright plants grown in rowsddior sampling arthropods that are easily
dislodged, slow moving, and rapidly distinguishaBechinski and Pedigo, 1982; Kharboutli
and Allen, 2000; Pyke et al., 1980; Shepard etlQi74; Wade et al., 2006). Visual inspection
was felt to be preferred on cotton plants in WefsicA for the LEC implementation (Silvie et
al., 2001; Silvie et al., 2013).

Technology, innovation and interface with | PM

Technology can be defined as knowledge or scienceeyed in a ready-made product, a
practical way of “doing things” or in the form ofpplied knowledge or service to be
delivered to the community. Economic growth hasnb#ee aim of many technologies
(Hekkert et al., 2007; Rangnekar, 1999). As suethriologies can be successful in the short
run, but may fail to deliver convincing resultsthre long term (Smits, 2002) because of the
negative side effects that may accompany their(Heékert et al., 2007). The use of DDT
after the World War Il is illustrative of the thteathat a technology can represent to the
environment and society in the long term. Smits0@0 indicates that scientific or
technological constraints are rarely the main besrin developmental issues. Most of the
time, the constraints are ethical, social, manafjeorganizational and institutional. On the
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other hand, the development of a sustainable téagpa@an be beneficial to the environment
and society as a whole. In that sense, managenietg@clonological change is necessary
(Hekkert et al., 2007). This technological chang#iscfor a process in which stakeholders
from various backgrounds interact to reshape aratlept the existing technology to match
the societal needs. This also implies changes @mlkdimensions such as user practices,
regulation, and networks (Geels, 2002). The sooiauizational arrangement emerging as
the outcome of such an interaction is what is dal@ovation.

Innovation is thus asuccessful combination of hardware, software angware,
viewed from a societal and/or economic point ofWié€Smits, 2002). Hardware refers to the
technical artefact (material and equipment), whessdtware relates to the skills, knowledge
and capacity that accompany the technology. Orgwalastes to the organizational and
institutional context that enables or constraires itinovation process. In a dynamic process,
the technological innovation co-evolves with thgweare dimension so that the outcome is
better aligned with other components of the system.

The cotton sector in Benin is subject to continuch@snges and reforms that transform
its organizational and institutional conditions. #sch, it offers a dynamic environment to
define changes that could be supportive to LECIBNML. As stated above, the LEC strategy
can be classified as low-end IPM because it inwlgecombination of calendar-based and
threshold-based applications and some amount dhsija pesticides. As such, this pest
control strategy embodies the software dimensiontt@ technology. The other two
dimensions - hardware (required pesticides) and/amg (socio-organisational arrangements)
- are missing for this pest management strategyetbme a successful innovation. In this
thesis we are looking for an effective combinatifrihese three dimensions to support LEC
in becoming a widely used innovation in the cotseotor in Benin.

Innovation System (I S) approach

Emerging through policy debates in developed coemtin the 1970s and 1980s, the
innovation systems concept (World Bank, 2006) sidguished from théinear' or 'transfer

of technology‘'model byrecognizing innovation as an interactive process.idnovation
system (IS) can be defined as a network of org#pizs, enterprises, and individuals that
focuses on bringing new products, new processed, reaw forms of organization into
economic and social use, together with the insbitgtand policies that affect their behaviour
and performance (Rajalahti et al., 2005).
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The IS approach has been mentioned as a tool faneing knowledge and skills for
problem solving (Ortiz et al., 2009) as well as dorproduction of technology (Ashby, 2009).
For instance, this approach has been found ta elioiore rapid uptake and wider spread of
new varieties of potato and rice, suited to lowdds (Ashby, 2009) and could be expected to
bring about a rapid adaptation of LEC to suit farmemands. This presupposes that farmers
are empowered to make valuable contributions inptagg and innovating technologies
(Rasheed Soulaiman, 2009) to suit their needs.otSonly helps to create knowledge; it
provides access to knowledge, shares knowledge famters learning (Agwu et al., 2008;
Hall et al., 2005). This was the reason why the S¢f$ programme put much emphasis on
such an approach to the benefit of farmers.

We started with a broad multi-stakeholder consiolteprocess that led to the selection
of some relevant learning needs that offered oppdrés for research. After having identified
the learning needs, a multi-stakeholder platforhe €onsultation and Innovation Group
(CIG), was set up and field experiments were cdrdat at the local (village) level. The
platform and the experimental communities enabled ta identify, develop and test
innovative solutions to address constraints ang kétit changes in policies based on the
findings emerging from this IS network (Figure Rjoreover this ‘new way of doing things’
would hopefully inspire members of the CIG platfoton raise some funding in order to
support farmer-to-farmer diffusion of tested opsion
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A!C'State D Platform of actors lobbying for
National level policy change

Multi-stakeholders
Platform & CIG
Regional Level

Experimental space for identifying
D developing and testing innovations that
address the identified constraints

Experimental
communities
Local level

Other cotton growing

communities
lT Interaction between level

AIC: Association Interprofessionnelle du Coton

(D) Platform of actors supporting farmer-td-
farmer spread of tested options

CIG: Consultation and Innovation Group

Figure 2: The overall innovation pathway

Resear ch design and methodology

The research started with an exploratory study goted in 2009 in all cotton growing areas
in Benin (Figure 3). To validate the findings ofetlexploratory study, a workshop was
organised in which farmers, extension agents, reBees, and representatives of donor
agencies participated. After discussing at lendth tonstraints and opportunities that
emerged from this study, the LEC approach came®at promising technology that could be
used to decrease production costs and improve fatineomes, and as such was selected as
a starting point for this research. A diagnostidsgtfollowed, aimed at identifying constraints
in the large-scale adoption of LEC and IPM, as wslthe practical issues to be addressed in
order to make the LEC approach operational. Anotherkshop was organised after this
diagnostic study to discuss the findings with farsnand extension agents in Benin, which
resulted in a request to test phytochemicals aogesticides as alternatives to synthetic
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pesticides. This experiment was carried out inlkloorative way with farmers and extension
agents. The results were discussed and new suggestiere made for the second-year

experiment.
In order to assess the contribution of farmersblagment in such an experiment on

their own learning process, a baseline study waslucted with two groups of farmers: (1)
those who were involved in the experiment, callearticipating farmers’ and (2) those who
were not involved, as a control group. At the efthe study, another evaluation was made
and the Difference-in-Differences (DiD) methodologgms used to assess the effect of the

farmer participatory research on the farmers’ owawdedge and practices.

Exploratory study

Entry point validation
LEC

Diagnostic study

Experiments L ——

Technical and socio-economic solutions to
address the constraints of LEC

Control group of
farmers

Farmers in learning
process

Exploring the socio-organizational
arrangements for LEC success

Control group of
farmers

Farmers in learning
process

Assessment of
changes over tim

-———— No intervention was implemented with control graffarmers

Figure 3: Overall research design
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Outline of thethesis

The core of this thesis is formed by five empiricabpters (Chapters 2-6). These chapters
report research on the constraints affecting thgelacale adoption of LEC. The last chapter
(Chapter 7) contains a synthesis.

Chapter 2 identifies the technical and institutlar@nstraints hindering the wide-scale
use of the LEC strategy in Benin as well as howse¢heonstraints can be addressed.
Arrangements between input suppliers and farmerhomanagement of LEC pesticides and
setting up a mechanism for empowerment of farmerkay institutional changes that could
lead to a wider adoption of LEC. Locally availalpleytochemicals and biopesticides can be
used to address problems relating to the use dhsfia pesticides, such as the difficulties in
obtaining them and their negative environmentalaotp

Chapter 3 analyses how the various actors havemdsp to the 2009-2012 reform in
the cotton sector. The so-called policy arrangenagmroach was used to understand the
impact of the reform on farmers at the grassroevell There was a transformation in the
management of inputs (fertilizers, pesticides) #redprotection of cotton. In this chapter, is
shown that policy arrangements emerging from tlierme may still need adjustment to be
able to solve the crisis generated by the reform.

Chapter 4 evaluates the effectiveness of some Jocalailable alternatives to
conventional practices and the LEC method for @ity targeted pests. In this chapter,
neem oil Azadirachta indica alone and in combination with the entomopathogénngus
Beauveria bassianéisolate Bb11) are compared with synthetic pedtisj applied either in a
conventional calendar-based setting or in the LEGtegy. Bio-insecticides were not as
effective as conventional and LEC methods. The tEe&tment provided better protection to
the squares, flowers and bolls and delivered beitdds than the conventional approach.
However, neem oil andB. bassianacan be used in an IPM strategy to maintain a high
population of natural enemies. The efficacy of insecticides can be enhanced by testing a
mixed formulation of neem oil and other bio-inseictes.

Chapter 5 explores the synergistic effect of a ohif@mulation of neem oil anB.
bassiana and neem oil an®acillus thuringiensigBt). The chapter indicates that the yield
obtained with the mixed formulation and neem oédisalone and separately wBh bassiana
were not different, suggesting an absence of sistergeffects between neem oil aml
bassianaBb11) and between neem oil aAdthuringiensisThe combination of biopesticides
increased the cost of production more than th#te@fonventional treatments, compromising
the profitability of such formulations, especialiyien there is no synergistic effect. The study
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of the compatibility of plant-based products andpleisticides is essential for a successful
application of their combination in the IPM strageg

Chapter 6 describes the learning process in whighdrs were involved in 2011-2012
and assesses the effect of such a participatosards on IPM knowledge and farming
practices. Difference-in-Differences methodologyswased to document the changes in
farmers’ knowledge and practices during the follogvseason. Participation in the research
increased the knowledge of farmers on pest andalanemy recognition and the knowledge
on threshold use and biopesticide application. ifbeease in knowledge did not lead to any
modification in farmer practices with respect te thse of neem oil and Beauveria, but it led
to a significant change towards threshold-basetqgides applications. Policy implications for
successfully changing farming practices are diggiss

Chapter 7 discusses the advantages and challefigesing the economic threshold
level concept for pest management in agricultur@ iancotton production. It also discusses
the importance of and the constraints associatddtive use of phytochemicals and biological
agents in agriculture, either alone or in comboratiFinally, in this chapter are some
reflections on how to make the cotton sector iniBennovation-prone and how to make
collaborative research with farmers a success.
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Alleviating technical and institutional constraimisa cotton pest
management strategy in Benin
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Abstract

A pest management strategy entitled Staggered Eatgeontrol (in French, Lutte Etagée
Ciblée or LEC) has been promoted in Benin sinceBl&8an alternative to the conventional
spraying strategy, in order to reduce the costroflpction and improve cotton yield and
quality. Many cotton growers are eager to use L&@] although many projects have been
promoting it, the strategy is not yet widely apgliem cotton growing areas. This study
identifies the main factors hindering the adoptanLEC. It appears that LEC cannot be
considered a viable innovation in its current fobecause certain key factors within the
cotton sector are not well aligned. Better managerogpesticide leftovers and empowering
farmers are key institutional changes that coulft stop protection towards a wider adoption
of LEC. Actors involved in the cotton sector hawgygested that a transition towards a
participatory approach would improve farmers’ exigerin LEC implementation, at the same
time bypassing existing sources of LEC pesticided @romoting alternatives such as
botanicals and biopesticides.

Key words: Pesticides, cost reduction, socio-organisationahovation, farmers’
empowerment, Benin
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Introduction

The cotton sector in Benin has experienced a $gmif crisis over the last five years, which
has resulted in a drastic decline in productiome&k production of 427,709 tonnes of cotton
(lint and seed taken together) was achieved d&@gg-2005 (AIC, 2009), mainly as a result
of an increase in acreage (Midingoyi, 2008; Sinnoghal., 2006a; Sinzogan et al., 2004).
The average yield per hectare was greater than &§00 the 1980s but decreased steadily
thereafter, reaching approximately 1100-1200 kgresent. This yield is about 25-75% of the
optimum obtainable (Matthess et al., 2005). Reseatation yields of the recommended
variety H279-1 are about 3000 kgfhaut the maximum yield on farm varies from 1800 to
2500 kgh#d (Fadoegnon and Midingoyi, 2006). Since 2004-2G05 ncreasing number of
farmers have left the sector, leading to a redaoctio areas growing cotton and thereby
contributing to a steady decrease in overall pridocThe decline is related to falling world
market prices as well and, as a consequence, causdacrease in farmers’ incomes;
moreover, the decline is attributed to high pestuoence, depletion of soil fertility, low and
erratic rainfall, and disregard by farmers of taeammendations of the Benin cotton research
centre (Centre de Recherche Agricole Coton et FIBRA-CF).

Cotton production in Benin depends on high amowfitexternal inputs, leading to
high production costs. The input costs have ine@aand so profits have decreased, in
particular for resource-poor farmers (Akogbetolet2005). The low world market price for
cotton, when added to the increase in input pricas,affected the performance of the entire
cotton sector. Pesticide prices are predicted twease further because they are strongly
related to the international price of fossil fuels.this context, reducing pesticide costs,
improving cotton yields, and ensuring higher padditity of cotton production for resource-
poor farmers, is a challenge.

Many studies (Budak and Budak, 2006; Hofs et @062 Mancini et al., 2007;
Prudent et al., 2007; Swezey et al., 2007; Zaletldl., 2009) have been conducted into how
to reduce production costs in order to improve fghprofits. Conventional pest control
practices rely on calendar-based spraying, usigblhhitoxic chemicals for the purpose of
both prevention and treatment of infestations. Tal@rnatives to conventional spraying
practices have been introduced for cotton prodndgtidBenin: organic cotton, which does not
allow the use of any synthetic pesticides, and qieeyl Targeted Control (Lutte Etagée
Ciblée), known by the French acronym LEC, whichpartly based on estimating the
economic threshold of targeted pests (CRA-CF, 200Bg economic threshold is the pest
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population level at which control is warranted (fBeit, 1979; Cousens, 1987; Pedigo et al.,
1986).

An exploratory study conducted from March to Sefitem2009 (Adjei-Nsiah et al.,
2013) indicated that LEC remains a technically geamg strategy that could boost cotton
production in Benin, both quantitatively and quatlitely. Farmers in Central to Northern
Benin, where many farmers have dropped out of dutos, have indicated that if conditions
would allow the implementation of LEC, they woukturn to cotton production (Adjei-Nsiah
et al., 2013). The LEC strategy consists of castypapplying full or half the recommended
dose of a pyrethroid (Cypermethrin) on a calendssidy followed by the use of specific
pesticides applied only when the economic thresimligtached (CRA-CF, 2009). The LEC
calendar in practice, as recommended followingarse involves the use of Tihan 175 O-
Teq (Flubendiamid 100 - Spirotetramate 79dbr the first two treatments (exactly as in the
conventional crop protection strategy); the founaaing treatments use Sherphos 370 EC
(Cypermethrin 70gt - Triazophos 300d) in northern Benin, and Sherphos 320 EC
(Cypermethrin 70g}- Triazophos 250d) in central and southern Benin. Monitoring for the
incidence of targeted pests in the cotton fielddgied out on a weekly basis from the'31
day after planting (DAP) until the 1Z2DAP. A specific pesticide is applied to lower the
population of a targeted pest when the thresholceékhed. Calendar spraying has been
retained in the LEC to ensure minimum cotton pridecin order to avoid significant losses
when farmers move from the conventional calendaetaspraying strategy to threshold-
based intervention (Silvie et al., 2001). The thaodd is determined by scouting 20 plants
along two diagonals of a field (i.e., 40 plantstatal). These plants are selected at regular
intervals along each diagonal. LEC can be appbepldts of 0.5 -5 ha in which plants are at
the same growth stage (CRA-CF, 2009).

The LEC strategy is an intermediate step betweerctimventional and an Integrated
Pest Management (IPM) strategy. It shares with Holshe common practices, such as the use
of an economic threshold (Bottrell, 1979), but LEGuld be located at the lower end of the
IPM continuum (Benbrook, 2002) because it remaiesvily reliant on chemical treatments
and uses an established threshold for specifisgEgjure 1). A shift from conventional crop
protection to the LEC strategy would entail a chaimgmany practices and relationships, as
shown in Figure 2.
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This figure indicates that LEC requires a sociditecal reconfiguration that would transform
the existing cotton value chain, a reconfigurattbat would involve both hardware and
software (Smits, 2002). For instance, LEC requttes use of hardware such as synthetic
pesticides and a peg-board, which is a small dgwoard used by farmers to assess whether
the threshold of targeted pest is reached or no¢. deg-board is a didactic tool that helps
farmers to identify the various targeted peststlineshold level, and the pesticides to be used
when the threshold level is reached, i.e., Gaz2llé SL (Acetamiprid 200g) for Aphis
gossypii Hostathion 400 EC (Triazophos 408gfor mites,Polyphagotarsonemuatus, and
Cypercal 85.7 EC (Cypermethrin 85.7 gfor bollworms Diparopsis watersiEarias spp.,
Pectinophora gossypielland Cryptophlebia leucotreda Tihan is also used as specific
pesticide forHelicoverpa armigeraThe application of LEC also entails the acquisitof a
certain amount of location-specific and genericvdealge (software). Farmers have to know
how to scout their own fields in order to assesetiwr the threshold has been reached. The
learning involved in LEC is a challenge for bothnfi@rs and extensionists. The challenge to
the farmer is the time needed for scouting and rd#eg, activities not performed in
conventional cotton management. The challenge reayrd&ater for extensionists because it is
they who have to train the farmers to acquire #riswledge. The very success of LEC
depends on the reliability of the scouting and the absence of a professional scouting
service - this rests on the intrinsic performaniceach farmer, i.e., on individual competence.

An innovation such as LEC clearly needs delibesdterts to create effective links
between technologies, people, and socio-organigdtiactivities (indicated in Figure 2). The
process of building coherent links and networksiadba novel idea or technical device such
as LEC has been called a process of alignment (®®5), meaning that the various aspects
and dimensions of an innovation are brought in Viith each other. Leeuwis (2004) suggests
that innovations that are effective at local levalsy fail to spread because of an insufficient,
partial or unbalanced alignment at higher levels. &amine this proposition in this paper.

This study analyses the overall cotton value chairidentify factors that prevent
large-scale adoption of the LEC strategy, and darsiinterventions that might remove or
by-pass the identified constraints. Specificallye ffollowing questions are addressed: are
conditions in place for the LEC technology to beecarviable innovation? If not, how can the
constraints be addressed in order to make thisitdafy a viable innovation? And what are
possible alternatives?

26



Chapter 2

Methodology

Study area

The district of N'Dali lies in the north-easternrpaf Benin. It was selected for the diagnostic
study partly because it is a transition zone betvtbe highest and a medium cotton growing
areas in terms of their contribution to nationadurction, and partly because between 1998
and 2003, farmer based organizations (FBOs) hage betively involved in LEC promotion
and implementation on three occasions. Furthernmibiey gained experience through the
multi-organizational platform set up by Sinzogaraktduring an earlier phase of the COS-
SIS programme (Sinzogan et al., 2006b).

N’Dali is located in zone Il among the four zonéstidguished in Benin in relation to
pest pressure. In the hot dry northern zone (I) following pests are predominanti.
armigera (Lepidoptera: Noctuidae)Syllepta derogataFabr. (Lepidoptera: Pyralidae),
Dysdercus volkeri Schmidt (Heteroptera: Pyrrhocoridae), awgbhis gossypii Glover
(Homoptera: Aphididae). MitesPolyphagotarsonemus latuBanks (Arachnida: Acari:
Tarsonemidae) are generally absent from this Zdakcoverpa armigeramites,S. derogata
andD. vdlkeriare prevalent in the north-central zone (11), whil the south-central zone (lll)
the key pests are miteB, gossypiell&Saunders (Lepidoptera: Gelechiidad),armigerg and
C. leucotretaMeyrick (Lepidoptera: Tortricidae). The most imfaot cotton pests in the
humid southern zone (IV) ai®. derogata H. armigera andC. leucotreta This pattern of
distribution confirms that the cotton bollwori. armigera attacks cotton throughout the
country and is recognized as the major pest (Yowde®001).

Three out of N'Dali’s five sub-districts have exjggrce in applying LEC. The
diagnostic study was carried out in 11 villages ofitthe total of 13 involved in LEC
implementation in these three sub-districts; twoevemitted because no LEC farmer was
available for interview in these villages during time of the study (April-September 2010).

First, an inventory was made of the local FBOs, dtxealledGroupement Villageois
de Producteurs de Coton (GVPC) that have been\vadoln LEC, which generated 15
GVPCs in the 11 villages. Two or three key infortsawere identified in each of these LEC
villages to identify all the farmers who still gresstton and had been involved at least once in
LEC implementation. In total, 155 farmers and 1%evkers were identified (Table 1). By
observers, we mean farmers who were directly iredhn giving LEC training to other
farmers together with the technician appointedHerdistrict.
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Table 1: Farmers within GVPC involved in LEC implementatiorN’'Dali

GVPC PADSE AlC? AIC Number of Number of
(2000-2004)  (2005-2007) (2009-2012) LEC observers
farmers
Warikpa X X 6 0
Suanin X X X 6 1
Wobakarou X X X 6 2
Kori X 26 2
Sirarou | X 14 5
Sirarou I X 0 0
Gounin X X 32 1
Sakarou X X 8 2
Tamarou X 26 2
Kakara X 5 0
Sinisson X X 18 2
Yermarou X 8 0
Gah Débou X 0 0
Quénou | X X 0 0
QOuénou I X X 0 0
155 17

TProjet d’Amélioration et de Diversification des 8ymes d’Exploitation
2Association Interprofessionnelle du Coton

x=villages involved in the LEC program

Source: Diagnostic study, 2010

Focus group discussion and individual interviews

Focus group (FG) discussions (Krueger and Casé)9;Z&ewart et al., 2007) were organised
with 10 willing farmers (male and female) in eadht® 11 villages. Emphasis was placed on
the willingness to participate, because most fasmesre not available in this period, having
left the villages to settle temporarily in fields faway from their homes. The FGs were held
at the date and time preferred by the farmers dmstroers. The discussions focussed on
farmers’ and observers’ enrolment in the LEC precdbe reasons underpinning their
acceptance of LEC, and the reasons for abandohingttategy. The organisation of training
in support of LEC implementation also was discusfathlly, LEC constraints were analysed
by the FG participants in four of the villages,adamly selected from among the 11.

Individual in-depth interviews (Creswell, 1997; Heaand Brinkmann, 2008;
Seidman, 2006) were conducted with the LEC farraads observers who were still growing
cotton in the 11 villages. The interviews focuseadheir motivation for implementing LEC,
their opinions after LEC implementation, the coaisits experienced, and options for
overcoming the LEC constraints.

There are some limitations to this approach. Thermmation collected through focus
group discussions is about what farmers say tleat do and think, not what they actually do
and think. Farmers may base their responses amnmnargs on what was said during earlier
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discussions or on the opinions of the leaders eif troup. We used a skilled moderator to
keep the discussion as naturally free and flowisgassible and to ensure that participants
were contributing equally.

Regarding the individual interviews, we found teatme farmers were uncomfortable
discussing sensitive topics. Despite assurancesoafidentiality given to them at the
beginning, they refrained from talking about somecific issues. Other farmers, particularly
those who were accustomed to individual intervieused the opportunity to express the
experiences that they had accumulated over a liomg and even went beyond the actual
topic. Our interviewer did some cross checkingetedt possible biases.

Results

Process of LEC development and implementation

LEC was initiated in 1988 to deal with developmehtesistance b¥i. armigeraagainst the
insecticides used, which had resulted from oveamek and on misuse of pesticides by
farmers. The process of LEC implementation flowexnvia to farmers from the national
research service via the public extension senkogu(te 3). The development of the strategy
unfolded in two stages. The first took place ortigta under the entire control of CIRAD
(Centre de Coopération International en Recherchmromique pour le Développement)
and the Cotton Research Centre (CRA-CF) in 1988inQuhe second stage, the technology
was refined by carrying out on-farm experimentsbgdesearchers but in collaboration with
the extensionists from CARDER (Centre d’Action Régile pour le Développement Rural)
and farmers.

In 2000-2001, a technically important change oamliin the LEC strategy: the first
field monitoring was brought forward from the"™48ay after planting (DAP) to the 3DAP,
thereby increasing the number of observations. Bexdhe frequency of observations was
increased, the sampling size was reduced from @ tplants. The dosage of pesticides was
differentiated based on the frequency and abundahbellworms with an external feeding
regime (exocarpic) and bollworms with an interregéding regime (endocarpic). In northern
Benin where exocarpic feeders are abundant, alba# of pyrethroid was recommended and
in the central and southern part, where the engacéeeders are abundant, the full dosage of
pyrethroid was recommended.
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Research
CIRAD in collaboration
with CRA-CF

Extension services at
national level
DICAF

Extension services at
Municipal level CeCPA
PARFCB

Opinion leaders
Farmers who get easily in contact
with the technology and others
outsider organizations

Input market
dominated by
SDI's company

Other organisations
and NGOs

/ Better yield and
/ cotton of first grade

Better yield but
second grade

Farmers at the arass root level makina various exmnces with LEC

Low yield
experiences

Pesticides no longer
supplied

Figure 3: Process of LEC implementation from national tarfars’ level
Source: Diagnostic study, 2010

During the second stage, LEC technicians wereddhand they in turn trained farmer
observers to monitor the fields of their fellowrfaars; the observers received 1500 FCFA
(2.29 Euros) for this service, which covered theréase in the price of one litre of Sherphos
that year. The selection of the observers was basetheir ability to speak and write in
French. They were provided with a peg-board aniditrg in LEC over two or three cotton
seasons. Eleven LEC technicians were initiallynedi by CRA-CF; they were hired by the
extension service to train the LEC observers. B§72@& total of 1193 observers had been
trained in Benin (DICAF, 2007).

Most of the LEC farmers in N'Dali (89% of our sugveample; n=155) first came into
contact with LEC through the observers’ activitidsformation from the individual
interviews indicates that most of these farmer84ywere illiterate (Table 2) and thus did not
themselves meet the criteria to become observensthis reason, they were not directly
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involved in the training process and were not mtediwith the didactic material (peg-board).
Their understanding of the technology thereforeaieed limited.

Table 2: Characteristics and knowledge of individual farsnietterviewed with regard to the

LEC (n=155)

Characteristics of individual Percentages Knowledge about the various aspects of

farmers (n=155) LEC

Non- Do not know how to 74 [66.4-80.7] .

observers write and speak Limited knowledge about targeted pest
French Lack of knowledge about the threshold

) Lack of knowledge about specific
Know how to write 15 [9.8-21.7] pesticides and calculation of dose
and speak French

Observers Know how to write 11 [6.7-17.2] Good knowledge on targeted pest and
and speak French threshold level
Ability to determine the dose of
specific pesticide

2Values in brackets: 95% confidence Interval
Source: Diagnostic study 2010

Farmers’ motivations and opinions about LEC

During interviews, the LEC technicians listed numes reasons why farmers were motivated
to implement the LEC strategy, such as input cesduction, effectiveness in controlling
pests, environmental protection, and improvementsdld and cotton quality. These benefits
were also listed during the focus group discussamtsthe individual farmer interviews. The
most important benefits, mentioned by all farmexgre input cost reduction and yield
increase. The higher effectiveness of LEC pestiideompared to those used under
conventional spraying, were cited by 80% of thenkrs. Farmers were less aware of the
impact of the technology on the environment; ttenpwas highlighted by only 20% of the
farmers. Farmers also believed that the cottonitgyuéd better under LEC, a benefit
mentioned by 51% of respondents as one of the mesashy they accepted to be involved in
LEC.

Besides these intrinsic factors directly associatdth the technology, it is the
presence of extension agents and LEC techniciarneirfield that makes it possible for
farmers to use the strategy. The focus group dssons made it clear that in the absence of
such support and guidance many farmers lackeditridEC, and did not completely abandon
the conventional treatments - they stayed in cantétb producers from non-LEC villages to
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obtain conventional pesticides. This has creatednegative feedback, resulting in
misapplication of LEC and sustaining distrust seffectiveness.

Moreover, farmers who had been involved in the LiE(plementation reported that
their opinions had changed concerning claims alisubenefits, especially with regard to
yield effects. About half the farmers interviewe®%) had experienced little change in the
yield and a quarter reported that their yield hadrdased (Table 3). Overall, only half of the
farmers interviewed indicated that the LEC strategg more effective than the conventional.
Nevertheless, all the farmers interviewed were supge of LEC’s contribution to input cost
reduction, cotton quality, environmental protectiand to knowledge improvement.

Table 3: Farmers’ motivations and opinions after LEC impéeration in percentage of
respondents

Farmers motivations Farmers’ opinions after

LEC properties Modalities for LEC in percentage LEC implementation in
(n=155) percentages (n=155)

Cost reduction Agree 100 [97.0-160] 100 [97.0-100]
Not agree - -

Cotton quality Grade | 51 [42.9-59.03] 100 [97.0-100]
Grade Il - -

Yield compared to Higher yield 100 [97.0-100] 26 [19.3-33.6]

conventional Similar - 49 [41.0-57.1]
Lower yield - 25[18.7-32.9]

Pest management Agree 80 [72.7-85.8] 51 [42.7-59.0]1

effectiveness Not Agree 20 [14.2-27.34] 49 [41.3-56.8]1

Environmental

Better protection

20 [14.2-27.34]

100 [97.0-100]

protection
Knowledge Improved - 100 [97.0-100]
improvement Not improved - -

values in brackets: 95% Confidence Interval
Source: Diagnostic study, 2010

Typology of LEC villages

The focus group discussions held in the villageseatd that while the experiences of
farmers within a given village were similar, thewried across the 11 villages. Their
experiences were influenced by the willingnessngiut suppliers to deliver LEC inputs to
their villages. Four categories of LEC villages lcbioe distinguished (Table 4).
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Table 4: Typology of villages involved in the LEC implematibn in N'Dali

Categories Villages Criteria
I Kakara Villages that experienced a low cotton yield
Sinisson
Yermarou
Il Kori A village that experienced poor cotton gty(grade I1)
11} Warikpa

Villages that still produce cotton with LEC basedpwsitive

Suanin experiences with respect to yield and quality
Wobakarou

\ Sirarou | Villages that were still motivated to produce catteith LEC (based on
Gounin positive experiences with respect to yield andiggabut were not
Sakarou adequately supplied with LEC pesticides by inpyipdiers
Tamarou

Source: Diagnostic study, 2010

Category I: Villages that experienced low cottoelgi The low yields experienced by
Kakara, Sinisson, and Yermarou were directly linfegoor application and/or abandonment
of the LEC strategy, especially the failure to gpptonomic pest thresholds, because of a
total lack of training and observers. The farmeasl mesorted to calendar-based spraying
using Endosulfan (banned for use in Benin and ogplan LEC by Tihan) and Sherphos.
They did not monitor thresholds and did not apply LEC pesticides at the right time. They
had experienced severe pest outbreaks, and reastitgndamage and low yields.

Category II: A village that experienced poor cottauality (grade 11). A
misunderstanding of the technology was at the obtite poor quality of the cotton harvest in
Kori. According to the LEC farmers in this villagéaeir LEC cotton is always classified as
grade Il because of the yellowish colour and stieks of the lint. This was caused by the
development of fungi on the honeydew produced bydsp This grade lowered the revenue
of the cotton growers enormously. According to fbeus group discussions, there was an
insufficient number of observers in the village ghts prevented regular monitoring of the
fields. Moreover, the observers had not been padithis did not stimulate them to do the
scouting well for their peers. In addition, Gazdikhich is used for controlling aphids) is sold
in packages of 1 | and the recommended applicattm is 1 | for 25 ha. Each pack costs
41,000 FCFA (€62.54) and this cannot be affordecy farmer. Thus the aphids were not
controlled and the quality of cotton was compromisehe impact of aphid attack was only
mentioned in this village because of the high Issseurred.
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Category It Villages that still produce cotton with LEC. LE@rfers in Warikpa,
Suanin and Wobakarou were all motivated to apptydinategy and agreed that LEC should
be widely applied. However, they experienced delaythe delivery of Sherphos and non-
availability of the other pesticides. They tried got maximum pressure on the local sales
representative assigned by the SDI in N'Dali inesrtb acquire the appropriate pesticides in
time. They also mentioned that they had not beeplmd with sufficient quantities of
Sherphos since 2008. Although they belong to theumrof villages selected for
implementation of the triennial LEC plan (2009-2D1Bey still had not been adequately
supplied with the required chemicals.

Category IV Villages where farmers would still be motivatedptmduce cotton with
LEC. These four villages Sirarou, Gounin, Sakarod damarou had obtained a good vyield
and good quality cotton when using the LEC stratéfpt their experience is limited to the
lifespan of a project that implemented the LEC tbge with the farmers. The farmers
indicated that once the project had ended they wmerdonger supplied with the LEC
pesticides and for this reason had returned toamtisnal treatments to control pests.

Constraints

Tension around LEC: conflicts of interest

The tensions around LEC arose as soon as thegstraias launched because it threatens
input suppliers with a loss of revenue becausdefdifficulties in managing the demand for
specific pesticides, the lower overall cost priéeLBC chemicals, and the decrease in the
amount of pesticides used in LEC. Demand manageisi@atticularly difficult. According to
the CRA-CF and the extension organisations (CeCRé& RICAF), it is the threshold
application in LEC that leads to fluctuations i #mount of the specific pesticides required
for each season, because it is related to the digpability of pest abundance from year to
year and across regions. Thus the exact quantigpe€ific pesticides cannot be established
with certainty before the start of the croppingssea In a calendar-based strategy, the needs
are calculated in advance based on the predictezh@e for the cropping season ahead.
Moreover, suppliers’ revenues decreased becaustheothigh concentration of specific
pesticides meant little was required to control tdigeted pest if it surpassed the threshold
level. For instance, one litre of Gazelle is recaanded for 25 ha but the cotton acreage per
farm rarely exceeded 3 ha.
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The unpredictable demand, in particular for thecjepesticides, is a big challenge
for all stakeholders in the cotton value chain, asgdecially for farmers and input suppliers.
The input suppliers have expressed their dissatisfaby first increasing the price of LEC
pesticides and ultimately ceasing to supply thentes2007, no LEC specific pesticides have
been imported into Benin. Farmers in turn haveaerdpd to this situation first by applying
the LEC strategy without using the specific pedési and finally returning to the
conventional strategy. The success and wider anfopfi the LEC strategy depends crucially
on solving the demand estimation problem and mtitigathe input suppliers to supply the
appropriate inputs.

The monopolistic position of the SDI (Société dstbbution Intercontinental) within
the cotton value chain may be responsible for tigomg conflict of interest. It is the Talon
Group of input suppliers, through the SDI, thatdbodeliver the pesticides to the main
cotton production area, comprising the communeBanfikoara, Kandi, Bembereke, Sinende,
N'Dali, Pehunco and Kouande. This area is the miaf€ production area and accounts for
about 40% of all inputs needed by cotton farmeanin.

Constraintsto LEC adoption, as perceived by farmers

Farmers identified three main constraints: fieldnitaring, availability of Sherphos, and
availability of the specific pesticides (Table 5Jhe constraints associated with field
monitoring (75-91% of respondents) were perceiedd: lack of training, the difficulty to
pay for the field scouting service, and the amafrknowledge required for scouting. The
delay in the supply and the insufficient quantifyStnerphos were seen as major obstacles by
72-80% of the respondents. The non-availability tbé specific pesticides and the
management of the leftovers was mentioned by &U%) of the respondents.

The problems related to Sherphos have emergedrgeently and they have enlarged
the scope of the LEC constraints. The trienniahpiar disseminating LEC made by the
Interprofession (AIC) aimed to reach 50,000 farmeys2012. However, in 2009, the first
year of plan implementation, an insufficient amoohiSherphos was supplied. As a result,
the willing farmers selected for the implementatadrthe plan were discouraged and forced
to decrease the LEC acreage, and to use convehpiesiicides instead for controlling cotton
pests. In the 2010-2011 season, Sherphos was latdgain nearly all the municipalities
selected for the implementation of the trienniampllt is indeed remarkable that the rules
established to regulate pesticide supplies wereasgected. The lack of sanctions for poor
performance will most likely perpetuate these ctiads.
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Misapplication of the LEC strategy

Technical constraints related to the field scoutiage led to the misapplication of LEC. This
misapplication had to do with the expertise reqliby the technology and the extension
model used for its large-scale adoption. Becausestitategy is difficult, farmers at the grass-
root level did not know much about the principleshind the application of LEC and they
depended to a great extent on the observers ttheet what to do. Moreover, the number of
observers was insufficient to cover the large aed numerous plots in the zone. It was
impossible to guarantee that monitoring of pestgholds was well performed for each plot
and farm. The effect on cotton yield and qualitysweticeable: low yield within GVPCs
belonging to category | and poor quality in thoselohging to category Il. Farmers’
experiences in these villages - quite reasonaliiave led them to abandon the strategy
(Figure 4).

Abandon of the
LEC strategy

*

Decrease in farmers’
revenue

Low yield Low quality

Inefficacy of LEC

strategy
Misapplication of the LEC strategy
*

Complexity of the Insufficient number of Nonpayment of

technology observers observers
_Knowl_edge Time Pipeline Lack of money Low commitment of
intensive consumin strategy to train farmers FBO

) t
Education Level of Political will

farmers/llliteracy

Figure 4: Analysis by farmers of the technical constraimading to misapplication of LEC
strategy
Source: Diagnostic study, 2010
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Non-delivery of appropriate pesticides by input suppliers

The non-delivery of an adequate type and quanfityesticides to implement LEC remains
probably the biggest institutional issue to be owere for LEC to work, because it involves
actors other than farmers: notably, the input Sepphlnd to some extent also the government.
Three reasons were identified in the survey andriigws as persistent causes of this
constraint (Figure 5): the absence of political wille weak FBOs, and the reluctance of input
suppliers to overcome the challenges.

The absence of political will might be considered the one hand as a strategic
avoidance by government bodies to challenge tleeasts of input suppliers, and on the other
hand, a reluctance to invest in LEC as a natiotrategy before knowing the benefit to the
country. The FBOs’ weakness was evidenced by glesr management performance and the
influence of ginners and input suppliers on farmergresentatives within the AIC. The main
reason for the reluctance of input suppliers tovigl® LEC pesticides, apart from potential
loss of income, is difficult management of the kmowhich is a direct consequence of the
unpredictable demand. Farmers try to return anyseml EC pesticides to the suppliers, but
the latter demand payment for taking them backriteioto cover stocking costs and the risk
of the pesticides becoming obsolete. As the pestichave not been used, the farmers and
their organizations feel that this is unfair. Th#ficulty of managing pesticide leftovers no
doubt could explain in part the reluctance of thput suppliers, although they themselves
tend to focus more on the problem of demand estimalhe farmers interpret the suppliers’
behaviour more cynically, citing the decrease iofiprfor input suppliers and the power
imbalance within the cotton supply chain, which emlt easy for the input suppliers to act
only for their own benefit.

Options for alleviating the constraints

Field monitoring Among the options to ensure payment for the segigervice provided by
the farmer-observers that have emerged from ogndistic study are: (i) payment by farmers
themselves, and (ii) sharing the payment amongouaristakeholders, including input
suppliers, ginners, government, and the AIC. Oudtsuggests that farmers are not willing
to pay directly for this activity. The LEC farmebservers we interviewed suggested that the
price increase of Sherphos 370 EC imposed by tpplisu could be used for the scouting
service instead. There is a precedent: during teeeptension of the LEC by PADSE, the
price of Sherphos 370 EC was increased from 570200 FCFA (from €8.69 to €10.98) to

cover the costs of the services provided by themisss.
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Abandonment of
the LEC strategy
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Figure 5: Analysis by farmers of the institutional consttaithat cause the non-delivery of
LEC pesticides by input suppliers.
Source: Diagnostic study, 2010

The extension agents and staff at the CRA-CF reBeeentres at Parakou and
Cotonou suggested that the best solution to thetisgpissue is to train each farmer to
become an expert in order to be able to monitorohiser own field. They argued that the
illiteracy of some of the farmers would not be admance in developing such expertise
among farmers. This solution is questionable, hastbeen reported that even some extension
agents (CPV) working in the field do not have tlxpestise to identify all pests in order to
monitor the field as recommended. Some farmers @mfhat they do not benefit from these
agents’ advice when the need arises.

Specific pesticideOur study indicates that the following options feanaging the issue of
leftovers would be welcomed by all the relevantypta: (i) training farmers to estimate
demand; (ii) packaging the specific pesticides nmalier containers affordable by farmers;
(i) finding other uses for the specific pesticddéy introducing alternative crops; (iv)
establishing aggregated blocks of land to allowmfers to apply the specific pesticides
collectively; (vi) developing a mechanism for famnéo pay for the leftovers; and (vii) cost-
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sharing among key stakeholders (Table 6). The apgien of actors for each of these
options varies according to their position in thaio. The least favoured option was cost-
sharing among actors such as the AIC, input supplend farmers (vii). In the interviews,
high scores were recorded for training farmer titelestimate their needs. However, training
farmers was indicated by only 22% of the farmeembelves. According to the other 78%,
even if farmers were well-trained they could nefeeesee the precise level of pest infestation.
The proposal to introduce alternatives crops fangisip any leftovers was favoured by 30%
of the farmers. The other 70% thought that the ldgwveent of this option would take too
much time. The establishment of blocks to clustemers’ fields together seemed unfeasible
in the current context because of a lack of landexivat village level and the restriction this
practice might impose on the rotation of crops.yO20% of the farmers agreed with this
option. Farmers strongly favoured the packagingpafcific pesticides in small bottles (78%)
and also the use of a rebate to cover the costedéftovers (74%).

Seeking alternative options

During the last two decades, new arenas have bgplored by various projects and
organizations for the implementation of IntegrafRest Management, ranging from the search
of botanicals to the use of biopesticides. Botdsiage aqueous extracts obtained from leaves,
seeds, fruits, and roots of various plants sucKhres/a senegalensi€areca papayaHyptis
suaveolensAllium sativum Capsicumspp. andeucalyptusspp. Sinzogan et al. (2006d) were
able to reduce the number of treatments in cottomf6 to 4 by applying the mixture of
Azadirachta indica(Neem) plant extract with half the recommended doBesynthetic
pesticides on a threshold basis.

Our interactions with farmers indicated that thieparation of botanicals is a time-
consuming activity. It implies a lot of work forrfaers, who are already overwhelmed by
other farming activities in cotton and food cromquction. Thus the search of ready-made
products has received attention and has led t@mmd that is locally produced and available
around the “cotton growing belt”.

The effectiveness of neem oil has been exploresr ¢hve last four years by the
International Institute of Tropical Agriculture TIA), yielding meaningful results for control
of pests on cotton (IITA, 2010). IITA also has besgaged in many experiments on the use
of the biopesticidedetharizium anisopliaeand Beauveria bassiandt is reported thaM.
anisopliaeis too specific foH. armigeraand cannot be used for other lepidopteran species
damaging the cotton, whil. bassianacan target a wide range of species in this group.
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Other experiments based on the bio-efficacy of é#mtomopathogenic formulations of
Bacillus thuringiensigBt) and Saccaropolyspora spinog&pinosad) applied on a threshold
basis were conducted by Sinzogan et al. (2006cg. BERL treatments proved to be less
harmful for predators such as ants, spiders andirelids. It should be taken into account
that each agro-ecosystem has the ability to sgliteee pest abundance through the action of
natural enemies (Deguine et al., 2008). An intergsavenue for future research is to develop
an Integrated Pest Management (IPM) strategy cdntpithe use of ETL with botanicals or
entomopathogens, and refraining from the use ahgyit pesticides.

Discussion

Many farmers have stopped using LEC because thiesitt characteristics of the strategy
render it too complicated to apply without the supf farmer-observers. However, because
the selection criteria for the observers have mestringent, many farmers did not qualify
for training and the number of observers has reethinsufficient to support the large-scale
adoption of the strategy.

The fact that most observers have never receivatingat indicates there is an
institutional problem. The prevailing extensioragtigy is probably responsible. This is based
on a Transfer of Technology (ToT) approach that @figss the view that knowledge emerges
from research activities carried out in a protecspdce, and reaches the users through a
pipeline as a ready-made product. The researchuitesait the beginning of the pipeline is
seen as the exclusive source of innovation (Sinzagaal., 2006c). The job of extension
workers is not to co-develop the innovation tarfgtitutional conditions in an actual context
but only to spread a finished product (Ruthenbeidy Zahnke, 1985). This top-down strategy
has not worked in the case of LEC because it irdghat while some farmers were to become
experts, others were excluded unless they boughgstpertise from the former. The illiteracy
of the majority of farmers was used by researcharsextensionists to justify this choice of
strategy. However, in the villages studied, thenfans did not accept this as a justifiable
reason for excluding them.

The insufficient number of observers gave rise teglect of the field monitoring, on
which the effectiveness of LEC depends. As a regigdids were low and the quality of cotton
was affected due to poor control of pests suchphsda. Farmers’ expectations that LEC
would increase yield (Djihinto et al., Undated; lEED2009;Kpadéet al., 2008; Michel et al.,
2000; Nibouche et al., 1998; Silvie et al., 200d)prove quality (Djihinto et al., Undated),

and protect the environment were compromised. lingl farmers more closely in field
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testing LEC under their own conditions may be reggliin order to make the strategy
effective.

All farmers in this study agreed that LEC could ré@se production costs, as it
requires fewer pesticides. The quantity of pestisidaved by LEC ranges from 44 to 54%
compared with conventional spraying strategieshibio et al., Undated; Michel et al., 2000;
Nibouche et al., 1998). However, the IFDC (Inteioral Center for Soil Fertility and
Agricultural Development) (IFDC, 2009) has indichtbat the application of LEC as a cotton
pest control strategy does not automatically lead teduction in the amount of insecticides
and therefore also the costs. When the pest peesshigh, the application of LEC may cost
more than conventional pest control. However, iuldcstill be the case that the additional
cost generated by the high pest pressure woulcdbbpensated for by the higher yield that
result from effective LEC application than from tt@nventional regime (IFDC, 2009).

The decrease in the amount of pesticide used hers dmee of the important reasons
that has shaped opinions about LEC as an envira@atheifriendly strategy Kpadé et al.,
2008). The specific nature of pesticides used thmeshold basis enables farmers to target the
specific pests without affecting the rest of théoemfauna and in particular the beneficials.
Floquet and Mongbo (2003) indicate that the higherdegree to which farmers master LEC,
the lower the risk of poisoning, giving one veryigdaeason to promote the LEC strategy and
thereby decrease the injudicious use of pestidigdarmers.

The uncertainties associated with the effectivernédsEC have made many farmers
suspicious with regard to its application. Somé¢heke farmers continue to seek conventional
pesticides in order to reduce the perceived rigksged to LEC. As a result, many adaptations
have occurred during LEC implementation, rangirgrfrabandoning the use of economic
thresholds to using conventional as well as spegiéisticides. An Innovation System (IS)
approach, which from the beginning assumes thakegfll actors need to work together to
make systemic change happen, favours the quickwadd uptake of an innovation first
developed in a niche at local level because albrachave contributed to the process.
However, for this to happen, extension officers ldobiave to shift from their traditional
routine towards a new role as facilitators, negotgor co-developers of LEC.

Even if LEC is well applied and farmers are weditied, adequate quantities and
types of pesticide need to be supplied in order6€ to work. The reluctance of input
suppliers to deliver the appropriate pesticidesLi6€ is based on the difficulty of managing
the stocks of the specific pesticides. Indeed uttygredictability of how many leftovers there

may be at the end of a season because of unptatitgtaf local pest pressures and threshold
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applications, poses a serious problem for bottonagtowers and input suppliers. The lack of
competition in the pesticide market also hinderssalution of this problem. The market is at
present controlled by a single company, which ispoasible for all pesticide imports.
Furthermore, in many districts it has been assighedexclusive right to deliver pesticides,
representing in total 40% of the cotton growingaar€his company in effect controls the
ginners and the individual input suppliers and &lslils power over other actors in the cotton
sector.

The resilience of the constraints that hinder thgliaation of LEC is proof of a lack
of alignment among the actors in the cotton vah&rcand between the chain and the socio-
technical configuration. Among all the suggestéddtsans, only the packaging of the specific
pesticides in quantities affordable by a singlenir, and the use of a rebate to pay the
observers, received high scores from both farmes ether participants in our study.
However, with the decline of the cotton sector@loate has been returned to farmers and the
packaging option still needs to be agreed uponhkyitiput suppliers. Evidence of political
will to bring the concerned actors together to dedh such institutional constraints may be
required.

There is clearly a divergence of opinions and sdey among the social groups
involved in the LEC. In order for the strategy ®cbme a viable innovation embedded in the
higher-level rules of the game, a new socio-orgditaal arrangement would be required to
put the LEC to work. Farmers would also need telmpowered to increase their influence
vis-a-vis the other stakeholders in the cottonmect

Conclusions

The intrinsic characteristics of LEC are not suéfit to allow or drive a shift from the
conventional treatment to threshold-based sprayif@ny constraints still exist and would
need to be alleviated to create the conditionswiuaitid favour the large-scale adoption of the
strategy. Such barriers are related to the illdgraf farmers, their lack of the expertise
required by LEC, the labour costs of the stratetyg involvement of a large range of
pesticides, the management of the leftovers ofiBpgiesticides and, to a large extent, the
reluctance of input suppliers to deliver the spegksticides. The input suppliers hold great
financial and political power over the whole cottiodustry, which enables them to bypass
the institutions set up for the regulation of tlwtan sector and thwart the intentions of the
LEC strategy.
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Given the nature of the barriers identified, itiearly a big challenge to remove all
the constraints simultaneously in order to creatén@al conditions for LEC to work. Farmers
could play key roles in the process through thejanizations, but farmers’ organizations are
too weak at present to have sufficient power in m@gotiations to bring about such changes.
Moreover, the trends occurring in the cotton indusire not supportive of FBOs. The
problems indicated in this study lie mostly beyahd farmers fields. It seems they would be
most likely to be resolved by using an Innovatiorst8m (IS) approach in which all actors
come together to reflect on and seek solutionsfiercommon problem they are facing; such
an approach at present lacks any compelling driiee. input suppliers in particular are not
interested in being a part of any discussion rdl&te EC.

In such a context, the search for alternativesE€ land its specific pesticides might
be a better option. Given the promising resultexberiments with alternatives, it seems
technically possible to control cotton pests byngsentomopathogenic formulations and
botanicals only and at the same time avoiding @&rrtlevelopment of resistance, while
safeguarding the natural enemies. An ecologicalgll-grounded IPM strategy in cotton
should therefore be possible, provided the sodititirtional issues elucidated in this study
also could be addressed.
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Abstract

The immediate consequences of the 2009 reformettiton sector in Benin are assessed
from the farmers’ perspective. Using a policy agements approach, we analyse how
farmers experienced the transformations broughtitabg the reform and how it influenced
their day-to-day activities. The new farmer coopiees established after the reform were
trusted by farmers. Many farmers returned to thetose increasing cotton output.
Nevertheless productivity remained low, around R§(er ha, probably because the reform
addressed mainly institutional constraints. Techingonstraints relating to varietal choice,
improvement of soil fertility, and pest managemeete neglected. The policy arrangements
emerging from the reform still generate discussionparticular about the way actors and
coalitions are organised. The top-down approadhefeform process has a limited capacity
for problem solving, especially where the interestthe various parties collide. Adjustments
made under the reform regarding FBOs and represageaof public services, theaution
solidaire’, and farmers’ supervision proved to bappropriate, thereby further undermining
the cotton sector. A mix of technological and igitonal reforms may offer a more effective
option for the future.

Key words: Cooperatives, natural experiment, policy arrangets) coalitions, resources,
discourses, institutions
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Introduction

The cotton sector makes an important contribut@mménin’s national economy, providing
70% to 80% of its export earnings, 35% of its taxenues, and 13% of the Gross Domestic
Product (AIC, 2006; Midingoyi, 2008). The cottonlu@ chain is the most structured and
organised of all commodities. Crops such as magamefit from this commodity as well,
because cotton growing opens farmers’ access teidised fertiliser (Gergely, 2009;
Kaminski et al., 2009). The health of the cottoateeis of prime concern to the government
and the reason that it receives political and fomarattention (Matthess et al., 2005).

Over the last five years, the cotton sector has lballenged by a series of crises
leading to a decline in productivity and a retrefffarmers from cotton farming. National
production of seed cotton decreased from 427,00@iannnes in 2004-2005 to about
200,000 metric tonnes in 2012. This low volume adisfies approximately one-third of the
ginning factories’ capacity (Gergely, 2009). Anadysf the causes of this poor performance
reveals two types of constraints that affect théirencotton value chain: 1) technical
constraints related to the production process;rgamisational and institutional constraints
related to the management of financial flows, ttenagement of inputs, and the calculation
of farm gate prices. The latter category also idekithe group solidarity guaranteaution
solidaire’ (Togbé et al., 2012) that has been agpbiver the last 30 years. This guarantee
allows micro-credit to be granted to small farmeithout physical or material warranty, and
they jointly commit themselves to repay the loantm basis of mutual trust (Sinzogan et al.,
2007). The disadvantage of this system is thatyewer is responsible for all loans. If one
farmer defaults, the whole group is held accoumtabl

In line with the national policy to revive the agritural sector in Benin, theProjet
d’Assainissement et de Relance de la Filiere CawrBénin’ (PARFCB) was launched in
2009, and this national reform is the focus of gtisdy. This project aimed to improve the
governance of farmer-based organisations (FBO#f)dncotton sector and build trust within
these organisations, as well as to guarantee prpayhent to farmers on delivery of their
seed cotton to the ginneries. It was expected tthetmeasures proposed by the PARFCB
would increase cotton production and lead to aebetilization of the capacity of the ginning
factories.

This reform was an important external event duthrgtime of our research, a natural
experiment that opened an unexpected opportunitstudy institutional transformation in
action and understand the complexities of the ootsector. We anticipated that the
transformation initiated by the reform would leadniew interactions of the key actors in the

49



Evaluation of the 2009 reform of the cotton sector in Benin

sector, that may in turn have an effect on themute of the research conducted at the local
level.

In this article we document and analyse by meares pdlicy arrangements approach
(PAA) the dynamics that were initiated by the 20@8rm, taking into account technical,
socio-economic and organisational dimensions.

Theoretical framework: a policy arrangements appro&h
The policy arrangements approach (PAA) was choseause it is appropriate for short time
frames. The framework suggested by this methodoisdyased on four interdependent and
interwoven dimensions that are considered to bartbst relevant for analysing any policy
domain (Arts et al.,, 2006; Van Tatenhove and Lei2300). These are (i) the actors and
coalitions involved in the policy domain; (ii) tlefesources (money, knowledge, skills,
competences, power); (iii) institutions, seen as ght of ‘rules’ (both formal and informal)
currently in use, that guide and constrain the Wielia of individual actors; and (iv) the
current policy discourses, which refer to the vieamsl narratives of the actors involved in
terms of norms and values, the definition of prolsleand approaches to solutions (Arts and
Van Tatenhove, 2006; Arts et al., 2000).

For Benin, coherent relationships between the fiinrensions would be desirable.
This is a challenge because the sector has begacsub misguided and uncoordinated
transformations: policy incoherence as coined bffe8a(2003). Fok (2008) indicated that
instability and uncertainty of the cotton sect@nfieworks in francophone African countries
are translated into decreasing and fluctuating yectidn. Actors and coalitions in the cotton
sector are influenced by the prevailing discourddsey deploy their resources (especially
political and financial power) and apply or by-p&sssting rules to achieve their own goals.
Thus changes in one area may have consequencethé&rareas, and even for the policy
arrangements as a whole (Van Tatenhove and Ler@§3)2 The driving forces behind
stability and change in policy arrangements areefgential points of the analysis (Arts et al.,
2006). For instance, in some cases changes haveifiidated by new coalitions; in other
cases they are provoked by innovative discourse®imforced by rules and resources, setting
off a chain reaction of change. This chain reactiay lead in turn to a change in the entire
set of policy arrangements.

The reforms examined in this study were imposeddbgisions taken at a high
administrative level. The ‘Association Interprofiessielle du Coton’ (AIC) then initiated
further changes in the arrangements among thedteysaand policy practices at lower levels.
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We will apply a PAA approach to examine how intéicats among actors instigated by the
reforms led to a transformation of the cotton secto

Methodology

Study area

This study was carried out in three villages in tistrict of N'Dali. The villages were
randomly selected from a list of cotton growinglagles based on the following criteria:
whether there already existed a cooperative asd,ifvhether its level of indebtedness was
high or low, or if there was a newly created coagiee. This resulted in three villages, each
having a cooperative (CVPC) responding to the alogationed criteria, viz. Wobakarou,
Kori, and Bouyérou (randomly selected from a lis16, 11 and 6 villages):

Type I: cooperative derived from former Groupemufitageois de Producteurs de
Coton (GVPC), with high level of indebtedness: Warau

Type I cooperative derived from the former GVRAth low level of indebtedness:
Kori

Type Il new cooperative that emerged after #fenm: Bouyérou

The level of debt was taken as a criterion becdlnseeform was prompted by the
accumulating debts of the former GVPCs (caused Iyndip the ‘caution solidaire’). We
chose to distinguish among the categories in tlaig because we hypothesised that the debt
experience of the three categories of CVPCs woiffdrd One of the direct effects of the
implementation of the reform was the emergence el mooperatives, which motivated
farmers to return to cotton production. Therefdahe nature of the cooperatives (former or
new) was selected as the second criterion.

The district of N'Dali was selected for the followi reasons. First, the district was
highly affected by the pre-reform crisis, exemplifiby the creation of unofficial farmers’
networks for producing and selling cotton. Seconthny farmers in the district were
dissatisfied with the official cotton value chairahework (Sinzogan et al., 2007). Third,
many farmers in the district had abandoned cottowigg (Totin, 2004). Fourth, and related
to this, the district experienced an enormous dutpash from 11,390 metric tonnes in 2004-
2005 to 792 metric tonnes in 2009-2010 (Ganda, ROCbnsequently, N'Dali attracted
particular attention of the decision makers and was of the catalysts of the PARFCB
reform.
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Methods of data collection

Data were collected in two ways. First, semi-suitedtl group interviews were held with the
members of the Board and the steering committezacfi CVPC. The interviews focused on
how the decisions taken under the reform affedtednternal governance of the cooperative
in terms of input management, marketing procedusss] strategies to ensure prompt
payment to each farmer. Second, a survey (n=158)omaducted with individual producers
who had returned to the sector after the 2009-2@B80n (in 2010-2011, and 2011-2012; see
Table 3). The survey focused on the motives foir theturn to cotton production. Newly
recruited extension officers working in the studgeaawere also interviewed individually
(n=9), as well as those actors working in higheel®rganisations, such as representatives of
the AIC, PARFCB, the input suppliers, and the gisn@=4). These interviews focused on
the responsibilities, roles, and coalitions emeagdirom the implementation of the reform.
The interviews aimed at understanding how resouveere released and deployed (e.g.,
power and money) and also at clarifying the charnigggower relations among stakeholders
(winners and losers), and how they pursued thein @wals given the emerging policy
arrangements.

Archival research and retrospective inquiries fa tountry as a whole were made, to
investigate the initial situation in 2008. Thisg&her with the collected data enabled us to
make abefore and after’ comparison. Cause/effect relatiqps were established by real time
monitoring (from 2009-2010 to 2011-2012) in orderttace the actual effects of the reform
on FBOs in N'Dali. The monitoring started with thdentification of causes (various
measures taken under the reform), followed by dingrthe effects. This was done by non-
participant observation (Kumar, 2005) which medret tve only recorded what happened,
without being further involved.

Findings
The reform was initiated in 2009, at a critical ¢éimvhen cotton output had fallen to
historically low levels. Despite government suppamd significant public financial
investments, the entire cotton sector was perfagnpioorly, in particular with regard to the
‘caution solidaire’, supervision, input managemant marketing.

We present first the process of the reform inttiatand implementation. Second, the
core findings from our archival research and reteative inquiries are presented along the
four dimensions distinguished by the policy arranget approach, as well as change that
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occurred in these four areas. Lastly, we reporttlom effects of this reform on cotton
production, farmers’ motivations for returning ttton production and finally debt decrease.

The reform: perspectives and implementation

Any reform is a political process that compriseteast three steps (Crabbé and Leroy 2008):
(i) agenda setting or problem definition; (ii) fonration of the policy or reform; and (iii)
implementation of the policy or reform.

The first step, agenda setting, was carried otthetnational level during encounters
between the AIC and actors from the public servickscording to the AIC and the
government, the main reasons for the poor perfocear the cotton value chain prior to the
reform were

» lack of trust among farmers and between farmerstleid representatives in various
structures from district to national level,
» lack of competence by farmers to handle all thkstassigned to them;

A\

corruption and embezzlement by their Board repitesers;
» lack of an organised information flow from higherlbwer hierarchical levels.

The second step was then taken: policies were fatauibased on the various points
identified as the causes of underperformance ofctitton sector. The dissolution of the
farmers-based organisations (FBOs) at district aational was the core decision of this
policy formulation that was expected to improve thiernal governance of the FBOs. As a
result, the AIC was to interact directly with famaet the local level. Several other measures
were taken to motivate farmers, such as supplyihgrT (a conventional pesticide, of which
the import was controlled by a single supplierefed charge, reducing overall input costs,
increasing the cotton price, allowing for timelyypegents, and tightening the supervision of
farmers by means of more regular extension suppdgasures to improve internal
governance of the FBOs ranged from transition td®C\Mo enforcement of the rules (Table
1). Measures were also taken to improve the manegeof the input supply chain and the
management of the group-based guarantee.

The third step, implementation, started at the r@gg of March 2010. An
information memo was widely disseminated, focusinmgthe rationale of the reform and its
objectives. This was followed, in mid-March 201§, the training of PARFCB employees
and the extension service (CeCPA). This trainirigtee to the implications of the reform in

terms of tasks, missions, and responsibilities, avak meant to pre-empt any local
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interpretation of the measures. Subsequently, teation of farmers’ cooperatives was
initiated and this was completed by the end of M&610. At the beginning of April 2010,
general meetings of the new cooperatives were lag¢ldhich the members of the boards of
directors were elected. Representatives and asditere trained until the end of April. The
training, information, and dissemination sessioeseAfollowed at the beginning of May 2010
by a second round of general meetings at whichdesraffirmed the acreage they intended to
plant that season and expressed their input regeints.

Table 1: The reform measures and the respondents’ viewBeoflegree of implementation

(n=28)

Purpose of Measures Level of implementation

measures

Change in New eligibility criteria for members of CVPC +

governance Renewal of Board members by a third each yearr{dutiree years) +
Removal of FBO umbrella from district to nationewvél +
Training of Board of Directors +
Organization by each CVPC of two general meetinigs abligatory +
minutes
Election of new representatives of CVPC +
Certificate issued by PARFCB to approve eligibilifyfarmers to -
become representatives
Creation of new positions for representation at C\l&vel +
New eligibility criteria for members of CVPC +

Better Establishment of acreage using GPS to assessdemands +

management of  Establishment of local committee for better inpanagement +

Inputs Providing each warehouse with two padiocks +
Demand expression by farmers during general asgembl +
Delivery of inputs according to demand +
New tools and documents for managing the CVPC +

Improved Establishment of the interdependent guarantee &Cvel +

management of  Establishment of small groups of solidarity witiGvPC +

““Caution

solidaire”

Improved Strengthening the supervision of farmers by indrepthe number of +

supervision of extension agents

farmers

Non-permanent Access to Tihan free of charge +

measures directly |ncreased cotton price +

linked to cotton g4 cial separation of the new CVPC from the debtaimulated by +

production

the GVPCs

Level of implementation: - none; * partial; + full
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Approximately 50% of these reform measures wereptetaly implemented; the remaining
ones were only partially implemented or not at(@lble 1). The measures were not applied
in the same way in all zones and cooperatives. ithplementation of the reforms required
conditions that could not be met by the CVPC itsalfif the CVPC lacked sufficient internal
capacity to implement them, the measures were @dppeveral reasons were given by the
extension agents we interviewed to explain therdEncies observed between the intention
and the implementation of the measures. Thesedadlthe high rate of illiteracy in the rural
areas of N'Dali, the insufficient number of age(eg., for establishing the acreage by means
of GPS), a lack of resources for implementing theasures (GPS, warehouses, printing
certification forms), the excessive novelties idtroed by the reform and, finally, the large
number of tasks assigned to the extension agettis@gpect to farmer supervision.

Discourses

Beforethereform

The central philosophy ruling discourses on cotentor was liberalization. It implied the

transfer of competencies from government to noregawient actors (Ton and Wankpo,
2004; Tschirley et al., 2009). Liberalization wasrmoted and supported by the World Bank
and other developmental institutions through a&umal Adjustment Programme (Minot and
Daniels, 2005). The discourse assumed that the RBQ8d be able to take over input

management as well as cotton grading and cottorketiag. These tasks were formerly
carried out by the public extension services anduasi-autonomous agency called the
‘Société Nationale de Promotion Agricole’ (SONAPRA)

The liberalization discourse in the 2000s was fedd gradually by the privatization
of public enterprises (Baffes, 2005). This stimedathe entrance of private actors into input
supply and ginneries, and allowed their coexistemitle public actors. Nine companies began
to supply inputs and eight companies started cotfimmeries. The total capacity of the
ginneries grew to approximately 600,000 metric gmper year, i.e., higher than the levels of
seed cotton production reached during the pealsyear

Thereform
Two important measures of the leading programmth@f2009 reform (PARFCB) give full
understanding of the discourses behind the ragopélthis political decision. The first is

“assainissement” which literally means to improtlee sanitary status of cotton sector.
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Embedded in this is the idea of improving govermaand management. Unfortunately, the
focus was only directed towards FBOs. The secordeiance” which literally implies the
revival of the cotton sector by increasing produttiThis objective was to be attained by
improving the productivity and increasing the cottacreage, which was at its lowest level
since 2004 due to the withdrawal of many cottonwgns. To improve governance, the
concept of a new type of cooperative was introduaamphasising the importance of
solidarity as a guiding principle for farmers, atite importance of transparency of new
procedures. The concept of participation was prechdd ensure transparency in the input-
demand procedures. In addition, a view of coopezatias commercial enterprises having
responsibility for managing significant financiapital to which each farmer contributes, was
emphasised. An awareness-raising campaign amongeffarunderlined the importance of
paying membership fees and social contributionsredeer, the role of solidarity groups
within the cooperatives and the principle of mutimérest between and within these groups
were emphasised. It was thought that solidarity ld/r@nsure mutual control among farmers,
so that rules, procedures, and tasks encoded watimis measures would be followed.

The group-based guarantee established earliepatistrict level was relocated to the
cooperative level. As mentioned above, to beconmaember of a CVPC, a farmer was
obliged to provide two passport photos and pay mibeeship fee. Only farmers belonging to
the same solidarity group became responsible to etéher for debt reimbursement.

Actors and coalitions

Beforethereform
In line with the privatisation in the early 200@ise¢ FBOs, the input supply companies and the
ginneries formed the AIC that was put in chargeth®/ government of regulating the whole
cotton sector. To facilitate financial flows amotigese three actors, the ‘Centrale de
Sécurisation des Paiements et des RecouvremerB®RL was established. Farmers were
organised from local to national levels into a ‘Bédion des Unions des Producteurs’
(FUPRO). This remained the only network among FB@gil some farmers left the union
and started dealing separately with dissident gg@ad input suppliers (Sinzogan et al.,
2007).

At this time (2001, 2002), no private company whswaed to perform the technical
tasks of extension, research, and cotton gradimgenSion was left to the government’'s
‘Direction du Conseil Agricole et de la Formatiopéationnelle’ (DICAF) and its offices at
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departmental and district levels (Centre Régior@ii@unal pour la Promotion Agricole,
CeRPA and CeCPA). DICAF was placed in charge oftithi@ing intended to strengthen the
capacity of extension agents. DICAF operated umdeontract with the AIC to identify the
training needs of extension agents in responsarnoers’ concerns. The resulting mix of
public and private organisations is illustratedrigure 1.

Private sector Public sector

Financial

(A ){ et S MAEP )
/ > Cotton grading service

Input suppllers / DPQC

Extension services:
CSPR Ginners 7' DICAF, CeRPA, CeCPA

A

A
Research CRA-CF

o /

}

Farmers

\\\

-

/\

Services &
subsidies

C Regulation of physical and financial flows

—» Flow of services

Figure 1: Arrangements among actors of the cotton sectBeinin before the reform
MAEP: Ministere de I'Agriculture de I'Elevage et tePéche

CeRPA: Centre Régional pour la Promotion Agricole

CeCPA: Centre Communal pour la Promotion Agricole

AIC : Association Interprofessionnelle du Coton

CRA-CF : Centre de Recherches Agricoles Cotonlaesi

DICAF : Direction du Conseil Agricole et de la Fation Opérationnelle

DPQC : Direction de la Promotion de la Qualité @Gbnditionnement

Liberalization of the sector meant the separatibraciors involved into two categories,
private and public services. It has given powepitwate services to have control over the
entire cotton sector but this power was given trttwithout ensuring that all the conditions
were met to handle all the prerogatives assignédeim. Also, the risk of hijacking power by
only one category of actors existed but was ov&ddp as farmers did not have the same
level of education, political anchorage, and finahpower to influence further process of the
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liberalization. This had affected the resultantrgdes that occurred in the cotton sector from
2009. The disengagement of the State was alsowetloby a decrease in attention to
extension services, leading to a decrease in thmebaeu of extension agents, as retiring

employees were not replaced.

Thereform

The new measures of the 2009 reform introduced cemcerns and responsibilities that
brought in new actors, but also excluded otherbl€r2). Among the excluded actors were
the previous representatives of the FBO organisalistructure from district to national level,
and the cotton grading officers. Among the new &cteere the PARFCB agents, who were
recruited to supplement those of the extensionsesy

The dismantling of the previous FBO organisatiothiewaed the PARFCB agents to
take over some of the tasks formerly carried outhieyFBOs. Prior to the reform, CeCPA had
carried out cotton extension. Under the reform, shepe of its mission was extended to
include many aspects of governance such as cangatiput delivery, establishing the level
of debt, supervising primary marketing, and paythg farmers. For this purpose, new
partnerships were set up between the AIC and Ce&ltbetween PARFCB and CeCPA to
strengthen the capacity to supervise farmers aredsee the governance of the CVPCs.
Cotton advisors drawn from both CeCPA and PARFC&abeworking closely with farmers
under tight supervision of their directors. Farmalso could request assistance from the
supervisory staff when needed.

Many of the newly recruited agents had managemahiaacounting experience. The
supervision of input delivery, carried out by thdemsion services through the new agents,
encouraged the agents to work closely with inpyip$iars at district level. For instance,
information related to pesticides and fertilizeraswchanneled to farmers through the
extension services via the PARFCB agents. This patlependency gave much power to the
extension agents and opened the door to collusstbmden the agents and input suppliers, at
the expense of farmers. In addition, feedback onagement performance and on compliance
with the defined rules was conveyed to the AlCHry same PARFCB-appointed agents.
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Evaluation of the 2009 reform of the cotton sector in Benin

Resources

Beforethereform

The vertical structuring of farmers was meant tsuea that their interests were defended
within the AIC. This structure gives great powed aome advantages to farmers appointed in
the FBOs over their fellow farmers. Thus, thoséhatnational level had power over those at
departmental level, for example. Most farmers wiiterate but nevertheless responsible for
appointing representatives to the AIC. Some leVeleducation was required for these
representatives to be able to handle the taskgressito them. As a result, many
representatives were appointed who were not catowers, defeating the purpose of their
appointment. The cotton setting is a political aremhere power relationships play an
important role, in particular within the AIC. Oncepresentatives reached the national level,
they were no longer accountable to the grass no@mbers. Moreover, the AIC became
dominated by input suppliers and ginners, who ojténed forces to overrule the farmers’
representatives.

The market for inputs gradually lost its compettiess. Among the nine companies
that competed for a licence to supply inputs ew&gson, the same company, the 'Société de
Distribution Intercontinentale' (SDI), won the bédch time. In turn, it built a network of
dependent distributors among the losing compaiiies.bidding process lacked transparency
and SDI rapidly became a monopoly supplier. It &eglia number of ginneries whereby the
ginning sector too, slowly fell under SDI's contrtl began to influence the reform process
and regulations to advance its own interests.

A part of the research activities were funded ey MC. Consequently, research and
extension had to comply with AIC’s requirementsdoefbeing carried out. The development
of the cotton sector mostly came to serve the éstsrof the powerful groups represented in
the AIC and largely neglected the broader interesfarmers. Farmers also complained about
the variety they had to plant, arguing that it proetd fewer and lighter seeds than the earlier
one used (cotton seed is paid on weight basis).

Thereform

Control of the AIC over only part of the extensicedre, coupled with the power accrued by
other actors at various levels as their resourpetelims of power and money increased,
created two poles of authority in the extensiondtrre (Figure 2). These centres of authority
were meant to be complementary; the one under tingstny was meant to improve the

60



Chapter 3

supervision of farmers in terms of application bé trecommendations for better cotton
production, while the one under AIC was expecteddep the amount of debt lower than
before the reform by watching over the governanéeFBOs, especially their input
management. Each pole of decision involved a setctdrs hierarchically related to each
other through a vertical network. The extensiowiserCeCPA depended on the CeRPA and
DICAF, both under the control of MAEP. The AIC-apmted technicians worked within the
pre-reform extension framework, but were diredihkéd to PARFCB, and thus embedded in
the AIC.

...... L. |
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! AGENCIES | | AGENCIES i CeRPA
L ) beccccsscccccns
L CeCPA CeCPA
-...-...-...-.. e
o TSPC/TSPV - ittt :
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Y fecccccccceeaa .
..... bt
i cPv !
ﬁ...-]/..-...
[ \ CaGe ;
120 households 120 households i AAGC E
directly supervised indirectly supervised| ~ TTTTRTTTTYTY
t Average a.credage J Supervision of
supervise
600 to 1000 ha 4108 CVPCs
(@ (b)

Figure 2 : Extension schemes that emerged after the reform
(a) under the ministry in charge of agriculture

(b) under the Association Interprofessionnelle duo@

Note: Dashed rectangles include the new agents

Source: AIC, 2012

AAGC : Agent d’Appui a la Gestion Coopérative

AIC : Association Interprofessionnelle du Coton

CCPC: Conseil Communal des Producteurs de Coton

CDPC : Conseil Départemental des Producteurs de Coton
CeCPA: Centre Communal pour la Promotion Agricole

CeRPA: Centre Régional pour la Promotion Agricole

CNPC : Conseil National des Producteurs de Coton

CPV: Conseiller en Production Végétale

CRA-CF : Centre de Recherches Agricoles Coton et Fibres
CSPR : Centrale de Sécurisation des Paiements Bedesivrements
CVPC: Coopérative Villageoise de Producteurs de Coton

GVPC : Groupement Villageois de Producteurs de i€oto

MAEP: Ministére de I'Agriculture de I'Elevage et tlePéche
PARFCB : Projet d’Assainissement et de Relance ddiéad-Coton au Benin
TSAGC: Technicien Spécialisé en Appui a la Gestionpg@oative
TSPC: Technicien Spécialisé en Production Cotonniere

TSPV: Technicien Spécialisé en Production Végétale
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The success of the cotton value chain came to depanhow activities and resources
(subsidies, money, and knowledge) were coordinaed how power was exercised to
support production at the local level. The PARFC&svgiven a pivotal role in coordinating
the reform. Over time, it took over - together wille AIC - all the prerogatives of the FBOs
and public services such as CeCPA and the cottadirgy service. The specilist cotton
quality grading officers were dismissed during 2@11-2012 season, and replaced by
PARFCB agents and ginners, who were, however, mgied for this work. The PARFCB
employees interviewed indicated that the decisias t@ken to avoid the corrupt behaviour of
the former cotton grading officers. Respondentsiun interviews indeed indicated that in
order to have their cotton graded as grade |, fesmged to pay significant amounts of money
to the grading officers, because grade Il recealgat 50 FCFA (0.1 US$) less than grade |.
The grading officers were not consulted before deeision was taken and vigourously
expressed their disappointment to the government.

Overall, the AIC came to hold great power in th&tawo chain, power that had been
formerly shared by FBO organisations. The absem¢bd new arrangements of strong FBOs
at departmental and district levels broke the comination flow and feedback channels to
farmer members at local level. Despite the estaflent by AIC of a national council
‘Comité Consultatif National Transitoire’ (CCNPQ) tepresent farmers at the national level,
the committee failed to establish itself as a grtaxmers’ voice. This was because it was not
a grass roots organisation. The farmers we interdewere indeed not aware of the existence
of this organisation. One of the main complaintpressed by them was the lack of a body
that could represent their experience and viewssthnand firmly at the national level.

Institutions

Beforethereform
Three arrangements are important for successftdrc@roduction: input management (from
bid launching to input delivery to farmers via infnid winning), cotton allocation to supply
ginning factories, and governance of FBOs at varitavels. In all three domains, actors
failed to comply with the rules and regulationsttbaverned these domains, due to lack of
enforcement.

Prior to launching the input tender, a commissioith wepresentatives of input
suppliers, ginners, and farmers, together with tsgépm public services, had to decide on
the input prices for the coming season and on theeglures for selecting input suppliers and
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distributors. This commission also had to ensuee dblivery of inputs of good quality to
farmers. Farmers had to express their input reoqérgs by September of the on-going season
in order to be able to get inputs in time for tldwing season, which generally starts in
May. In practice, the expression of input demarmsebich season often came late. Farmers
argued that they need to complete the growing sebstore talking about the next season.
This was one of the reasons given by input supplierjustify the delay of input delivery.
Another procedure specified that, when it was clifi to agree on input prices, additional
meetings would need to be held by the commissioreach consensus. Farmers indicated,
however, that input suppliers deliberately delayteel moment of consensus. According to
farmers, input suppliers were speculating thatrivggonal input prices would increase if they
waited long enough, which would enable them to thalinputs, which they had acquired at
lower prices earlier and stored, for a substamtiafit. All these strategies increased the cost
of production for farmers. Our diagnostic studyeaed that input suppliers preferred to sell
conventional pesticides, and ensured by various\mtaat the pesticides needed for applying
the recommended lower-dose LEC strategy did nateawn time or in sufficient quantity
(Togbé et al., 2012). Farmers further stated insouvey that even if the right chemicals were
available in sufficient quantity and at officialiges, they often turned out to be outdated. Fok
(2008) also indicated the delay in cotton inpuivaly in Benin.

Cotton ginners had to comply with a number of ridpscified by the CSPR, such as
respecting the seed cotton allocation plan anddwvance in currency of 40% of the value of
the seed cotton allocated to them. The remainirtg 60 the value of the seed cotton that
ginners were to pay sometimes came into the hahésrmers only after great delay. The
allocation plan defines the quantity and the prewee (villages and districts) of the seed
cotton to which each ginning factory can lay arolain practice, when total cotton production
decreased, the gap between the ginning capacityhenduantity produced and allocated to
the ginnery became wider. Ginners responded bydsypa the rules. They hijacked the seed
cotton attributed to other ginning factories andated confusion and embezzlement. This
practice was also due to the long distance thatetoms separates the ginning factories and
the cotton growing areas. Furthermore, cotton pariers were also involved in such
manipulations.

A set of rules was also established for the bgteernance of FBOs. Each farmer had
a mandate to participate in the election of FBOrasentatives. Once elected, farmers’
representatives were to serve a term of two yeangwable only once. Insufficient numbers
of farmers were willing to become representativtegaaious levels of the FBO structure. Thus
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politically ambitious people who were not cottorrnfi@rs were appointed as farmers’
representatives to the Board of Directors, hijagkihe prerogatives pertaining to farmers’
representatives. The governance of the GVPC wasadesized by (i) farmers’ low
awareness of existing regulations and their low gé@nce, allowing a handful of individuals
to monopolize the key positions (President, Senyedad Treasurer) within the GVPC over
the years; (ii) lack of control by external aud#tofeading to embezzlement; and (iii) poor
information flow because of farmers’ lack of knodde regarding the tasks ascribed to the
positions occupied by the so-called farmers’ regméstives on the Board of Directors. The
necessary documentation procedures were incorrbatigled by these individuals and as a
result, farmers were deprived of much information.

These conditions created an environment for engangdebt. Debt increased when
the value of farmers’ seed cotton production was than the amount of input credit received.
It became one of the main reasons why farmers wathdrom the cotton sector. Not only did
the acreage cultivated decrease, but also thesypdd hectare. As already noted, the decline
in production led to an under-utilization of theging capacity.

Thereform

In line with the 2009 reform, several steps weketato follow and monitor the management
of inputs in order to reduce embezzlement. Thespsstvere supposed to be based on the
accurate expression of the types and quantitiéiseoinputs needed, ahead of the next season,
so as to allow effective monitoring and control ioike inputs delivered to each FBO.
Requirements were first expressed during a gemeegdting in the presence of all farmer
members of the cooperatives (Sekloka, 2010). Eacmer was expected to declare the
acreage he or she intended to cultivate in the mgnsieason and other farmers were
encouraged to add their comments on the claims made acreage was subsequently
supposed to be verified by means of GPS by an sixtemgent. Several documents were then
to be supplied to each cooperative: one to recbedinputs ordered, another for inputs
delivered and further receipts indicating the am@irinputs received by each farmer.
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Immediate outcomes of the reform
The policy arrangements brought about by the refobed some immediate effects on the
production volume, the motivation of farmers, ahelit debt ratio.

Cotton production

Production in N’'Dali increased from approximatel @etric tonnes during the 2009-2010
season to nearly 300 metric tonnes during the ZDM0d- season. This is a direct result of the
increase in acreage planted, caused by the refumany cooperative members to cotton
production (Figure 3). A strong increase in productivas also observed for the country as a
whole with a doubling of output over the same pa(igigure 4).

Productivity (kg cotton per ha) remained low in theee CVPs included in this study,
although it increased by about 12% over 2009-2(Higjufe 3). This is somewhat of a
surprise, given the tight supervision of farmersthgy CPV, the control exerted through the
verification of acreage planted before deliveringuts, and the mutual control by farmers
themselves.
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Figure 3: Effect of reform on (A) the size of the cotton pecatives, (B) area cultivated, (C)
output, and (D) productivity in the cooperatives Kidri, Wobakarou and Bouyérou from
2009-2010 to 2011-2012.

CVPC: Cooprative Villageaoise de Producteurs du Coton.
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Figure 4: Evolution of cotton acreage (ha) and productiont(im¢éonnes) from 2000 to 201

in Benin

Source: AIC, 2012

Motivations of new cotton farmers

The shift from the GVPC to CVPC and the various soe initiated with regard to th
governance of FBs had a positive effect on the number of CVPCsfaasiers becam
motivated again and more confident that cottonddod a viable crop for them. In the th
villages we identified 158 farmers (% of the total number of farmers) who retur to
cotton poduction along with the implementation of the refo Table 3 lists various reasc
for their return. About 369%mentioned the confidence brought by the new remergs for
registering as a cotton farmer, and for eligibilitybecome farmers’ represeiives. About
26% indicated not having to pay for Tihan and experhean increase in cotton farm g
prices. Note that thesevtd benefits were only tempor: measures, so the effect of th
measures disappeared over time. Fumore, almost 25% of thefmers were attracted |
the timely and regular payment for their cottonvieat. About 1% mentioned the need

generate cash savings, perhaps indicating théimréadf doing this through other cash crt
such as soybeans and maize.

The 77 farmers belwing to the cooperative in Bouyérou, one of thecsioperative:
established in N'Dali during the reform, were atperienced producers who had abandc
cotton production because of bad governance arfdrpence of the cotton sect In this
CVPC, thefarmers returned to cotton production because @firibentives brought about
the reform (27%and the quick and regular payments%).
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Table 3: Farmers’ main reason (in percentages) for returtongptton production in 20-11
and 2011-12

Reasons Kori Wobakarou Bouyérot Altogether
n=58 n=23 n=71 n=158

Better revenue (Tihan free of charge 42 36 0 26

increased cotton price)

More stringent requirements for farmertoj 38 46 27 36

CVPC, farmers being more account:

Availability of cash 20 18 0 13

Quick and regular payment 0 0 73 25

Total 100 100 10C 100

Debts among cotton farmers

To evaluate the effect of the reform on the managerof inputs, we calculated the ratio
debt per CVPC, obtained by dividing the total antafrinput credit by the total value of tl
production in the same season. In all three vilaglee debt ratio fell strongly and by 2C
ranged between 48 and %0 A similar trend in the decline of the debt ratias beel
estimated for the whole country 00\2009-2011 (Figure 5).

Benin sssess Bouyéroy == =Kori ====Wobakarou
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Figure 5: Evolution of the debt ratio from 2003 to 2011 imBeand from 2009 to 2011
Bouyérou, Kori and Wobakar
(Source: CSPR, 2012)
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The estimated decrease in the debt ratio in treethillages could be considered a positive
consequence of the new procedures for input delieed credit recovery. The assistance
provided by the AlC-appointed agents, the tracloh@reas cultivated by means of GPS for
assessing the amount of inputs required, and theofis warehouse with two padlocks (in
two out of the three villages) led to transpareang better management of inputs, avoiding
overestimation and embezzlement. The falling trienithe debt ratio can also be attributed to
the ‘caution solidaire’, which was relocated to twoperative level. Thus, unlike the period
before the reform, when the cotton revenue of aliage could be used to offset the debt
incurred by farmers in another village, only farewéelonging to the same solidarity group
within a cooperative, became responsible to eawobrdor debt reimbursement.

Nevertheless, there is still work to do in orderathieve a debt ratio between 35 to
40%, the target set by the reform. An improvemenprioductivity seems to be the key for
this. Matthess et al. (2005) indicate that yieldsrev25 to 75% below the optimum. This
suggests that there is still potential for achigvihe target of the reform through increasing

productivity in the cotton sector.

Second-generation problems created by the reform
Apart from the positive effects that were noticecbatcomes of the reform, many unexpected
problems emerged:

» Mistrust in production statistics communicated lhe tAIC. The statistical data
collected through GPS were sent directly to the AlGe RCPA did not receive the
data of the 2011-2012 season, so the real acradtjeated was not known by the
extension services, but only by the AIC agentsoAmany farmers complained that
their actual production was not recorded accuradelg that the agents colluded to

understate the amount and thus reduce paymentstoméuem.

> Lack of transparency in the calculation of the tebeturned to farmers and in the
effectiveness of all the money collected for perfance of critical functions. This
suspicion arose because of the exclusion of thdirggaagents by the AIC. The rebate
is based on the weight of seed cotton delivered. Wwights that were recorded raised
some doubts about the accuracy of the weighingesca#ls mentioned earlier, an
amount of 30 FCFA was collected for each kg of semitbn sold. This amount was
paid by both ginners and farmers to finance roasstaction and maintenance (to
provide easy access to cotton growing areas, sepplysand delivery), research
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activities, and other tasks the government werepssgd to take care of. Our
interviews indicate that, after four years of exgece, many farmers thought that the
money collected in this way had not led to any ceteimprovement. For instance,
the seed germination rate each year (40-50%) resddow (the percentage should be
higher or equal to 75%), indicating poor quality thie planting seed. This was
probably related in turn to ineffective pest mamaget in the production and storage
of the seed to be distributed for planting.

» Bad management of subsidies. The research, exteastbcotton grading officers that
were interviewed cited numerous instances of alaumk cheating by the AIC. The
AIC has not reported data on the management dfuhsidies and is widely suspected
of misusing the funds (Nounagnon, 2012).

As the complaints and pressures from the field famich public services built up, the policy

arrangements set up under the reform were brooghm tabrupt halt. Increasing exposure of
the inefficiencies and abuses at public meeting$ ianpress, radio, and television led to
intervention by the President. Before the 2012-2@E2son opened, the AIC lost all

responsibility for the sector and was abolishece Tonopoly input supplier lost its licence,

and the sector relied on the army to distributeuispfor the 2012-2013 season. Today,
intensive and wide-ranging debate is ongoing oveaitvypolicy arrangements would serve the
sector best as a whole and sustain farmers’ intgérggowing cotton.

Discussion

Neglected areas of the reform

From an analysis of what has been the focus ofdfeem, it appears that the main problem
was considered to be the capacity and behaviouheffarmers and their representatives.
Indeed, little attention was paid to the consteaimimpering farmers. This is always the case
when the arrangements are imposed abruptly, by mindmt player, and without
experimentation (Fok, 2008). The reform focused niyaion adjusting the relationship
between the AIC and the FBOs and on the internaéigmnce of FBOs. The behaviour of
others, in particular of the input suppliers (doamt player), was neglected because of
political power, whereby the difficult relation eten farmers and input suppliers continued.
Some other constraints neglected by the reformclmviere mentioned by farmers, were:
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> Light weight of the official variety of seed cottdn use. The ginneries buy the
farmers’ harvest of seed cotton by the weight ef thles. The AIC and other agents
involved in seed improvement and promotion intragl@ new variety that yielded
much higher proportion of lint at a lower seed vitidAt first farmers welcomed the
new variety because it grew well, until they readighat they would have to deliver
considerably more seed cotton in order to recdieesame price as that of the earlier
variety;

» Lack of nationwide soil fertility recommendatiorfsarmers suggested that fertilizer
brands should be adapted to each region, as pei tgre not the same everywhere;

> Ineffective pest control. Farmers suggested that fibesticide package should be
adapted according to the pest regime in each zadesaason. Pest damage was
increasing and the crop was becoming unprofitableany areas. Fok (2008) related
farmers’ complaints about pesticide quality to ptgesistance.

Various measures taken for keeping farmers motivetegrow cotton were meant to mitigate
the effect of the dissolution of FBOs. There wedvamtages and power attached to the
position of farmers’ representatives, which weljadked by semi-illiterate or literate people
who, in most cases, were not professional farniBns. cotton rebate meant for farmers at
local levels transited through all the various esgntatives at national, departmental and
district levels before farmers received them. Thanagement of these rebates lacked
transparency, as no accountability was given tméas at the grass-roots level. Moreover,
some meetings and training sessions were orgarigebtehalf of farmers and only the
representatives attended them before the fellomdes had been informed. There was a
financial compensation related to their attendaBmsides, the management of inputs gave
the farmers’ representatives opportunities to hHheeamount needed for cotton and food crop
production. Following this decision, there was tal over the country that these
representatives were planning to cause cotton ptmofuto fail in order to claim their
importance in the sector. But, these threats seemoetb decrease farmers’ motivations, as
AIC foresaw these reactions and countered themiigggsome incentives such as providing
Tihan free of charge and increasing the price tbco Many awareness campaigns were also
organised to give explanations to farmers during ptanting period. As a result, many
farmers returned to cotton production definitelpesting to see their efforts being rewarded.
All the decisions taken under the reform were etgue¢o be implemented, but the
realities on the ground had limited the extentlef implementation of some of them. This
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suggests the importance of a pilot phase, whicHdchave been conducted to refine the
whole programme. Although a pilot phase would natehguaranteed complete success, it
would have increased the likelihood of attaining goals of the reform (van Teijlingen and

Hundley, 2001). Also, the reform was too ambitiboigshe extent of the results it was meant
to achieve. The implementation revealed its linota in meeting all the required conditions

for reaching the expectations.

The appointment of new recruited agents with actamtrexperience thus far has not
solved completely the problem of corruption and md@sagement. It was reported in some
districts that an important amount of cotton seedrided for planting was sold in Nigeria, a
bordering country. Also, those agents planted tbein cotton and maize, preventing farmers
from receiving the required amount of fertilizensdapesticides for their production. This
indicates that these agents did not understanattent of the responsibilities attached to
their appointment.

The short time frame from the launch to the estabhment of the cooperatives:
linear approach
The methodology underlying the reforms in Benin lyed a linear approach with pre-
written policies and procedures formulated and ennted at levels higher than the farmers’
level. Some basic weaknesses and inadequacieslofasuapproach can be identified. First,
the setting up of the CVPC was neither desireddeaided on by cotton farmers themselves,
but was prompted by the PARFCB. There was indeeawareness or positive desire among
farmers to adopt a cooperative form of organisat®econd, the reform was brought to the
attention of farmers as late as March 2010, anchg implemented immediately afterwards.
The short time frame between informing the farnayeut the reform and the establishment
of the cooperatives (less than one month) showsféimers were not prepared, nor were
their representatives, to bear all the burdenscéstea with the reform. Thus, farmers did not
participate in the design of new measures thatdcsalve their problems. Despite the training
and meeting sessions they were given in order ttenstand the reform, these awareness
sessions appear to have been insufficient to lhem to the full knowledge of the intent of
the reform. Overall, the formulation and impleméiotaused a top-down approach conducted
by a small elite group of self-interested partibsittmainly ignored the interests and
participation of farmers.

The imposition of the reform measures on the sestas possible because of the
powerful position of the AIC. The AlC-farmétpartnership” largely reduced the autonomy
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of farmers, especially with the removal of the FB@brella. It is as if the proponents of the
reform had stepped back in time to abandoned marfeksansfer’ in which farmers were
considered as passive receptors of other peopteisidns. In order to benefit from the input
credits and extension supervision, farmers wereefbrto comply with measures imposed
unilaterally by the AIC. Such a change in behaviamould be interpreted as an
‘accommodating acceptation’ ofconformism’ (Tossou, 1995). According to these
researchers, such changes in behaviour are ndirsalsie and will soon disappear if the
source of pressure is withdrawn.

Sustainable cotton production through stable configration

Critical for a successful and sustainable cottondpction is the support by a socio-

organisational arrangement of actors who have hinggrest in cotton production. This

implies that ‘sustainability’ cannot just be lookatlin biophysical or ecological terms; the
state of ‘hard systems’ depends crucially on irdgoas between people (the ‘org system’)
(Berkes and Folke, 1998; Leeuwis, 2004; Rdling &ddgemakers, 1998). In Benin, for

example, sustainable cotton production is unlikelybe realized without fostering new

agreements, new modes of coordination, and new sfa@morganisation among farmers

themselves, and between them and other stakehol@ars requires a redistribution of

resources (power) and may also call for a new dismand approach. Stability of these new
arrangements (the four dimensions distinguishethbyPAA) subsequently is, in our view, a
prerequisite for the sustainability of the cottectsr.

Convenient arrangements among actors and coalitande created by applying the
Innovation System (IS) approach, which is promdigdeveral developmental organisations
(e.g., World Bank, CTA). An innovation system is advanced participatory approach,
defined as a network of organisations, enterpriand, individuals focused on bringing new
products, new processes, and new forms of orgamisgito economic use, together with the
institutions and policies that affect their behavi@and performance (Hall et al., 2006; The
World Bank, 2012). Innovation is no longer seefa aseasurable output (e.g., a technology or
product), but as a process through which knowlesigerges from various sources to achieve
desired social or economic outcomes (Hall et &0Q12 Hall et al., 2007; Smits, 2002;
Tesfaye, 2009). Mbétid-Bessane and Havard (2008) tiee same view point. Analysing
cotton policies in Central Africa, these authorggasted technical (hard and soft systems)
and organisational (org system) innovation in wHaatmers, extensionists and researchers are
bound in alliance in searching for appropriate sohs to decrease farmers’ vulnerability.
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This alliance can also include those stakeholdgsk as input suppliers and ginners who play
significant roles in policy agenda development amglementation in the cotton sector in
West Africa (Fok, 2008). Many experiences using 18e approach for research and
development are now conducted in Africa by manyeaesh programmes such as the
‘Convergence of Sciences-Strengthening Innovatigeteé®ns’ (CoS-SIS programme), the
Forum for Agricultural Research in Africa (FARAR@ Joint Learning in Innovation Systems
in African Agriculture (JOLISSA). Their results alld be capitalised upon by decision
makers to help avoid making continuous mistakes.

Conclusions

The cotton sector in Benin, like in many countiie$Vest Africa, is subject to multiple policy
adjustments that hardly address the real probleanedf by actors and stakeholders. The
reform that took place in the cotton sector fron@2@intil the crisis of 2012 can be credited
for establishing some degree of trust within farsherooperatives. However, the policy
arrangements that emerged from the reform creaedfrustrations and abuses. This has led
to great tension, challenging the stability of tHesigned arrangements and thus the
sustainability of the sector. We have suggestetititeatop-down nature of the policy process,
from problem definition to implementation, is préibato a large extent responsible for the
final breakdown. A wider consultation involving adtakeholders, such as used in an
innovation approach, may be more appropriate. Adstgrger and more important role of
farmer based organisations is also required taeaeta viable cotton sector in Benin.
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Abstract

Neem oil @Azadirachta indica alone and combined with the entomopathogenic dang
Beauveria bassianésolate Bb11) was applied to control cotton pebtsed on surveys to
determine pest thresholds. The efficacy of thesatiments was compared with that of
synthetic insecticides applied either in a calefmmed application or in the “Lutte Etagée
Ciblée (LEC) strategy, consisting of using firstieralar-based (half dose) followed by
threshold-based applications. The experiment wasedaout in collaborative research with
farmers in three cotton agro-ecological zones difte in rainfall, pest prevalence, and
farming practices. The neem oil and neem oil-Bh&attments required 2 to 6 applications,
while conventional and LEC received 6 to 8 appiwad. The percentage of damaged bolls in
plots treated with neem oil and neem oil plus Blds higher than that recorded under
conventional and LEC, resulting in yields being 2&Aa 39% lower, respectively. However,
no significant difference was observed in yieldamged in the agro-ecological zone with the
highest rainfall. Yields in the biopesticide plotere 26-42% higher and in the conventional
and LEC plots 44-59% higher than those in the obptiots. Overall, the LEC regime scored
best, both in yield and profitability. The incidenof natural enemies was highest in the
control and in the plots treated with biopesticidsi¢hough the use of entomopathogen Bb11
and neem oil avoids many problems associated Wéhapplication of synthetic insecticides,
their efficacy needs to be enhanced by improvechfitation or by combining them with
other pesticides.

Key words: biopesticides; neem oil; synthetic pesticidesiured enemies; thresholds;
Integrated Pest Management
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Introduction

Pests are one of the main factors limiting cottawdpction in Benin. Despite pest
management strategies, yield loss can reach 30¥ké@ad Dehne, 2004), resulting from the
combined effects of arthropods (12%), pathogen8s]lhnd weeds (7%). In the absence of
pest control, yield loss caused by arthropods at@rereach 62%, while the cotton quality
may decrease by an estimated 40% (Gnimassou, Z0@8; 2003). Of the overall production
costs including labour, between 25 and 45% are faeprotection against pests. There is a
large diversity of insect species attacking cottomgst species are cosmopolitan and
polyphagous. Cotton damage is inflicted by lepidogn, coleopteran, heteropteran, and
acarian species at each growth stage. More tha@ 86t species have been identified on
cotton, of which almost 500 in Africa (Matthews, 989 Vaissayre and Cauquil, 2000;
Vaissayre et al., 2006). In Benin, pest specieslanginated by phyllophagous insects such as
Syllepta derogataFabr. (Lepidoptera: Pyralidge)Aphis gossypiiGlover (Homoptera:
Aphididae) Bemisia tabaciGennadius (Homoptera: Aleyrodidaelolyphagotarsonemus
latus Banks (Arachnida: Acari: Tarsonemidae), and canpgpus insects such Barias spp.
(Lepidoptera: Noctuidae)Diparopsis watersiRotsch (Lepidoptera, Noctuidad)ysdercus
volkeri Schmidt (Heteroptera: Pyrrhocoridae)Pectinophora gossypiellaSaunders
(Lepidoptera: Gelechiidaegryptophlebia leucotretdeyrick (Lepidoptera: Tortricidae) and
Helicoverpa armigeraHubner (Lepidoptera: Noctuidae), the latter onéndpethe most
important (Youdeowei, 2001).

For a long time, synthetic pesticides have been aredstill being sold using ‘fast
moving customer goods’ marketing strategies in nuesteloping countries (Islam et al.,
2012). Their application has become a systematit esy solution to control these pests.
Almost a quarter of the synthetic pesticides preduglobally per annum is used on cotton
(Ferron et al., 2006), for a total of 30 billion Udllars (PAN, 2008). In Benin, the
production of cotton has grown by 38.1% between31&8d 2000 (from 272,371 to 376,141
tons), while the amount of pesticides used incredse 17.3% (from 1,972,764 litres to
2,314,127 litres) (OBEPAB, 2002).

The overreliance on synthetic pesticides for cotpwaduction is associated with
financial, human and environmental costs (OBEPABOZ PAN, 2000; Reddy and
Manjunatha, 2000). The nationwide cotton pest @bntegime in Benin is still the
conventional treatment using calendar-based sphagsnsists of six fortnightly applications
using synthetic pesticides, starting 45 days afésdling emergence (DAE). The number of
applications is often higher because farmers eauslg expect that using extra pesticides can
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increase yields. The synthetic pesticides usedotdral the wide range of pest species in

cotton are acutely toxic. The continuous use ofttstic pesticides has resulted in the

development of pest resistance (Martin et al., 2@hou and Martin, 2002) and has trapped

farmers in a pesticide treadmill (Nicholls and Aitj 1997). The higher amount of pesticides

thus required results in increasing productionsdstrthermore, the subsequent use of other
pesticides such as organochlorines, organophosphatebamates, and pyrethroids to

circumvent the resistance has not been successfsiifar (Castella et al., 1999; Grzywacz et

al., 2010; Peshin et al., 2007; Pree et al., 2001).

Alternative pest management options are availableh as “"targeted staggered
control" (Lutte Etagée Ciblée - LEC). In 1988, tkisategy was introduced in Benin by the
Cotton Research Centre (CRA-CF) and is based @ndal spraying of certain pesticides
using half the normal dose, complemented by thilddhased applications of specific
pesticides. However, many constraints have hindénedlarge scale adoption of LEC, in
particular the non-availability of the specific fiegles (Togbé et al., 2012). It has become
necessary to find alternative pesticides in oradereduce dependency on input suppliers
(PADSE, 2005; Togbé et al., 2012). Also, it wast fidat these alternatives should be
sustainable, economically viable, and less damaginipe environment than the pesticides
used in LEC (Togbé et al., 2012).

Neem oil andBeauveria bassian@merged as possible alternatives for farmers to
compare with the conventional treatment and LEGer®il was reported to be effective (as
a repellent or insecticide) in controlling more rh&00 pests (Erler et al., 2010) including
armyworms, leafminers, aphids, and whiteflies (IsmB®@99; Schmutterer, 1990; Walter,
1999). The efficacy and profitability of neem-baggdducts have been evaluated on several
pest species of cotton, vegetables, rice, and n{éizesta et al., 2009; Lima et al., 2010;
Roobakkumar et al.,, 2010; Tang et al., 2002). Th®wreopathogenic funguBeauveria
bassianais also a potentially effective candidate for adevirange of pests, and works by
ingestion and contact (Inglis et al., 2001; Wraighal., 2010). It proliferates in the host, and
all growth stages (egg, larvae, and adult) of naests are susceptible (Espinel et al., 2008;
Gatarayiha et al., 2011; Pires et al.,, 2010; Pogkawt al., 1999). Prasad at. (2010)
recorded a mortality of 76% of fourth instarstbfarmigerain a bioassay, starting 2-3 days
after the treatment, mainly because of the rapiphagation of the infection within the host.
The fact thaBeauveriais not toxic to non-targeted organisms makesgbad candidate for
use in an Integrated Pest Management (IPM) strategy
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Little research using neem oil afd bassianehas been conducted on cotton in Benin, and
most results are unpublished. This study aimssditntg the efficacy of neem oiRgadirachta
indica) alone and combined with the entomopathogenic dafgauveria bassianéisolate
Bb11) for controlling major pests targeted by tHe(_regime in cotton. These pests include
S. derogataA. gossypii, P. latuand carpophagous species suchlaarmigera,Eariasspp,

D. watersi, P. gossypiellaand C. leucotreta Furthermore, data were also collectedBn
tabaciandD. volkeri.

Materials and methods

Experimental sites

The experiment was carried out in 2011 in thre&ridis (Kandi, N'Dali, and Djidja) that are
characterized by differences in rainfall, period pdfinting, and pest infestation. Kandi is
located in the hot dry northern zone of Benin, vétinual rainfall ranging between 900 and
1000 mm. Cotton is recommended to be planted fram2D June. The dominant pests are H.
armigera, S. derogata, and A. gossypii. In N’Datinual rainfall ranges between 1000 and
1200 mm and planting is recommended from 20 Jurteoly. The prevailing pests are the
same as those present in Kandi, but here the migu? is most dominant. In Djidja, rainfall
is the highest with 1200 to 1400 mm, and the recemdrd planting period is between 25
June and 10 July. Major pest species are mitego$aypiella, H. armigera, and C. leucotreta.
The farming practices are similar in Kandi and NiPhut differ from those in Djidja. For
example, land preparation is minimum tillage inéhgdox-drawn plow in Kandi and N’Dali,
whereas ridges are used in Djidja.

Experimental design

The experimental design was a randomised completk besign with 15 villages as blocks.
Five villages were selected within each distriad afl five treatments (Table 1) were applied
in each village, resulting in five replicates otkdreatment in each of the three districts. The
treatments were applied to plots of 608 (80 x 20 m). Plants were spaced 0.8 m between
and 0.4 m within rows, resulting in a total of 34dants per plot.

The experiment was managed and conducted in aboodiive way with farmers,
extension workers, and a researcher who facilittttedprocess. In each village, 10 farmers
were randomly selected to participate. They med @reekly basis at the experimental site for
data collection and decision-making about treatnapplications. The weekly scouting of the
plots with threshold-based applications was camigtfrom 31 to 122 DAE.
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The neem oil was obtained by cold-press-extraciisnazadirachtin content was determined
at 0.087ug/ml using High Performance Liquid Chrargetphy (HPLC).

In treatment T4, neem oil ar8l bassianaBbl1) were applied separately: neem oil
for controlling aphids and mites and Bbfbt bollworms (Pires et al., 2010; Wraight et al.,
2010). Bb11 is an oil-based formulation (see TdBlevhich allows the suspension of conidia
in water because they are hydrophobic (Gatarayihal.e2010).Beauveria bassianavas
provided by the International Institute of Tropiéajriculture (IITA-Benin).

Table 1. The five treatments carried out in each of 15 d@rpental villages

Treatments Calendar-based application Thresholdebas
application
TO: Control None None

T1: Conventional Six fortnightly applications starting 45 DAE ~ None
spray method First & second application: Tihan (Flubendiamid
100 — spirotetramat 75 g/l
Third & fourth: Nurelle (cypermethrin 36 -
chlorpyriphos ethyl 200 g/l)
Fifth & sixth: Thunder (Betacyfluthrin 45 -
imidacloprid 100 g/l)

T2: LEC as Six fortnightly applications starting 45 DAE  Specific pesticides such
recommended by First & second application: Tihan (Flubendiamids Gazelle 200 SL
research 100- spirotetramat 75 g/l (Acetamiprid), Hostathion

Third to sixth application: Sherphos 370 EC 400 EC, (Triazophos) and
(Cypermethrin 70g/l - Triazophos 300g/l) in  Cypercal 87,5 EC

Kandi and N'Dali, and Sherphos 320 EC (Cypermethrin) (Silvie et
(Cypermethrin 70g/l - Triazophos 250g/l) in  al., 2001a; Silvie et al.,
Djidja (Prudent et al., 2006) 2013)
T3: Cotton None Aqueous formulation of
treated with neem neem oil: (neem oil 10%
oil on threshold and water 90%), applied
basis at 10 | per ha
T4: Cotton None Oil-based formulation of
treated with neem B. bassiana
oil andB. 50 g/ha (50x18
bassianaBb11) conidia/ha), kerosene
on threshold basis (70%) and peanut olil
(30%) (Douro Kpindou et
al., 2011)

"Days after emergence of cotton plants
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Data collection

Weekly scouting involved counting the numbers aghdged squares, flowers, and bolls on 10
plants in each of the two diagonals of the plote Whole plant was examined, from bottom to
top and from leaves to bolls via the buds and flswBoth sides of the leaves were inspected.
The numbers of plants infested By derogataA. gossypii andP. latuswere counted by
checking for the presence of the pest on the leaMes numbers of the bollworntsarias
spp.,D. watersi,andH. armigerawere carefully counted on the pre-squares, squiioegers,
and bolls. The bracts of squares and bolls weremepeand examined and the number of
larvae and nymphs were recorded and pooled for geshspecies. In order to assess whether
the threshold had been reached (Silvie et al., 20Bllvie et al., 2013) (see Table 2), farmers
were provided with a decision-making chart to ftatié the recognition of pests. The
appropriate pesticide was applied when the threstoola given pest was reached.

During the scouting, natural enemies such as spidmts, and coccinellids were
counted and collected as well. Due to the high fitgbdriven by their vigorous prey
searching behaviour (Islam et al., 2012), natunainges were counted first, before sampling
for pests.

Cotton was harvested in an area of 10 x 10m detdda the middle of each plot.
Yields were estimated in kg per ha and per treatmen

Table 2: Targeted pests and their thresholds

Targeted pests Threshold for 20 plants
scouted

Aphis gossypii 17 plants infested

Syllepta derogata 5 plants infested

Polyphagotarsonemus latus 2 plants infested

Helicoverpa armigera 3 bollworms

DiparopsiswatersiandEariassp. 5 bollworms

CumulHelicoverpaand other bollworrds 5 bollworms

TOther bollwormsEarias sp.,D. watersj C. leucotreta P. gossypiella
Source: adapted from (CRA-CF, 2002; Silvie et2001a)

Statistical analysis and profitability assessment

Analysis of variance (ANOVA) was performed with SA%c GLIMMIX procedure (SAS
9.2, SAS Institute, Cary, NC, USA). Cotton yielddathe average number of insect pests,
natural enemies, and damaged reproductive orgatie &nd of season were analyzed with
treatments, districts and their interactions asnnediects. Village nested within district was
included as a random factor. Whenever the F-testsfiked effects were found to be
significant, a Tukey's testof 0.05) was performed for multiple comparisons agion
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treatments. Furthermore, temporal dynamics of cativd phyllophagous, carpophagous,
damaged organs and natural enemies were graphiepligsented.

To assess the profitability of each of the fivetpotion treatments, a cost-benefit
analysis was carried out (Table 7). Costs aregeltd expenditures on labour and inputs, and
do not take into account the use of land. Costalaiur are those related to farming activities
such as land clearing, tillage, planting, thinningeding, ridging, pesticide applications, and
field monitoring These costs were calculated using the number ofdags per ha required
for each farming activity, multiplied by the daillyage rate. One man-day corresponds to 8 h
of work by one person. The average daily wage wete set at 3 US$, which is close to the
government-mandated minimum wage of 31,625 CFAcEgrer month (2.88 US$ per day).
Input costs consisted mainly of fertilizers andtjpédes. Revenues were obtained by using a
cotton price of 0.52 US$/kg. Profit per ha was ghldted as revenue minus the costs of labour
and inputs.

Farmers established their own criteria for the atifeness of treatments. In the three
districts, they considered yield to be the mostangmt factor for comparison. They also
made a visual assessment of the sanitary stathe glants in all plots.

Results

Impact of treatments on pest populations

The array of pests observed during the scoutingedrom one district to another. Nine pests
were recorded in total and all of them were obsimeN’Dali, whereas eight were observed
in Kandi and Djidja (Tables 3b & 3c). The effecttodatment on infestation by the targeted
pests differed among the districts, as shown bysigaificant interaction of treatment by

district (Table 3a), except f@. leucotretaandD. volkeri There was a significant difference,

however, in the level of infestation B volkeriamong the districts. The highest population
of this pest was recorded in Kandi (Table 3d).

There is no clear pattern of treatment effect ost peestation. The infestation 3.
gossypiiwas reduced significantly by conventional, LECemeoil, and neem oil-Bb11 in
N’'Dali, whereas it was only reduced significantly bonventional and LEC in Kandi and
Djidja (Table 3b). Also the infestation . gossypiiwas significantly higher in N'Dali than
in Djidja and Kandi for all five treatments tested.

Infestation byS. derogatawas reduced significantly by all treatments in #iaand
N'Dali. In Djidja, the infestation bys. derogatavas significantly reduced by LEC and neem-
Bb11, but not significantly by conventional treatrhand neem oil (Table 3b).
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The total average of infestation I8y derogatain N'Dali was significantly higher for each
treatment compared to that of the same treatmdgaii and Djidja.

The infestation byP. latuswas quite low in the season 2010-2011 (Table Bhyer
the various treatments, the infestation by thisersjpecies was not significantly different in
Kandi and N'Dali, but in Djidja its infestation wasgnificantly reduced by all treatments,
compared to the control (Table 3b). The total ayeraf infestation byr. latusunder each of
the various treatments was significantly higheDijidja than that of the same treatments in
Kandi and N'Dali.

The infestation byB. tabaci under the various treatments was not significantly
different in the three districts except for neemBii11 which shows significant efficacy in
Kandi, compared to the control (Table 3b). The stdéon byB. tabaciunder the various
treatments across districts was higher in Kandi thahe other districts.

The infestation byH. armigeraunder the various treatments was not significantly
different within Kandi and Djidja (Table 3c). In Nali, the infestation byd. armigerawas
significantly reduced by the conventional treatmemtem oil and neem oil-Bbll. The
infestation byH. armigeraunder each treatment was not significantly différacross the
districts, except for the control in which the hégh infestation was recorded in N'Dali and
the lowest in Kandi.

The infestation byEarias spp. & D. watersi was significantly reduced by the
conventional treatment and LEC compared to neernaral neem oil-Bb11 in Kandi, and by
the conventional treatment, LEC, neem oil and neéBb11 in N'Dali (Table 3c). There is
no clear pattern for the infestation Bgrias spp. &D. watersiunder the various treatments
across districtsPectinophora gossypiellavas absent in Kandi and Dijidja. In N'Dali, its
infestation was significantly reduced by all treatits (Table 3c).

The fluctuation observed in pest infestation dutimg season has led to a variation in
the number of thresholds reached per treatmentpandlistrict, and has also affected the
number of spray applications (Figure 1). The nundfethresholds reached was considered
only for the targeted pests of LEC. No threshold weached foEarias spp. &D. watersi
and these species were taken into account in tieshbld of the other pooled carpophagous
(bollworms) (Table 4). The mit@. latusandH. armigeradid not reach the threshold in
Kandi. In N'Dali and Djidja, the threshold was metiched by aphids. Thresholds 8yllepta
derogataand other bollworms were mainly reached in Kanttile those foIS. derogataand
P. latusmainly in N'Dali and Djidja.

84



Chapter 4

JUSWIEA} [EUONUSAUOD Ul paysem ploysaiys ay) uaym paijdde sem apionsad oNi
ejjo1dAssob "de1anoona) 'O Isialem "q*-ds seegsuwIom|og Jayio,

9 0 9 0 14 4 0 1149 -|I0 WasaN
14 0 14 0 0 € T 0 10 WaaN
8 9 z 0 0 z 0 0 o= efpila
9 9 %€ 0 € 0 0 |euonusAuoc)d
- 0 4 Z Z 9 Z 0 0Jjuo)
€ 0 € 0 T 4 0 1794 -|I0 WaaN
Z 0 4 0 0 T T 0 10 WaaN
8 9 4 0 0 T T 0 o =N red.N
9 9 *T 0 T 0 0 [euonuaAuo)
- 0 ET Z T 14 9 0 0JJuo)
4 0 4 0 0 T 0 1144 -|I0 WasaN
€ 0 € 4 0 0 T 0 10 WasaN
9 9 0 0 0 0 0 0 oal puel
9 9 0 0 0 0 0 |euonusAuoc)d
- 0 14 T 0 0 Z T 0JJUo)
suoneoidde suonesldde
suoneaydde 4o paseq Jepuajed ploysaiyx FUUOMIIOQ IBUIO 5 e H SMie| ereboiap 'S 1dAssob 'y juswieal| umsIq
JaquinN [elo wedlanodljaH : d = A
J0 JaquinN Jo Jaquinu [e1o |

"011SIp Yoes wieei) Jad payoeal alem spjoysalyl Sawli Jo JaquinN 7 a|ge L

159} S9N 160gp1022e GO'0<d Je JuaIayIp Apuediubis 1021@uN|0d B Uly)IM J8N8] swes ay) Aq Pamo||o} SUesiy

126'T 1000 elpilg
197'T 2000 Irea.N
290y 2000 Ipuey|
usia
e G0E ®Q0'0  TTOd -|lo WasN
26T'E 2000 10 waaN
eog'T e 000 o
2G6'T 2000 2UOIUBAUOD
21E°2 2€0°0 onuod
Jawieal|
uayon "q 121100Nn9| 'O 10]0€} Ure|y

Z2T0Z-TTOZ uoseas ay) buunp juswuadxs
31} ay) ul sjue Jo uonendod pue Jax0A ‘g “194100N9] "D Ag®ISajUl BY) UO 10UISIPp pue Juswieal) JO S109i8 U\ :PE 3|qel

85



Evaluating alternatives toonventional cotton pest cont

4
¥
"
4

m

|
|
i

'
|

|

1

1

Y

P

Total nurnber of bollwarms
w

Total number of bollwarms

)

Yor

m o
vl

n

Figure 1: Temporal dynamics of total number of infested @aoy phyllophagous (A) ar
total number of bollworms (carpophagous) (B) obedron 20 plants during 20-2012,
starting from day 31 after seedling emergence (DidaEandi, N'Dali and Djidja

The number of times thethresholds were reachedaried from 0 to 3 for th
conventional treatment and from 0 to 2 for L, while it varied from 3 to 4 for neem oil a
from 2 to 6 for neem oiBb11 The lowest number of thresholdgs obsend in Kandi while
the highest number was recorded in Djidja. total number of applications made or
calendar and thresholhsis varied from 2 to 6 for neem oil and neer-Bb11, and from 6 t
8 for conventional and LEC treatments (Tabl¢

Impact of treatments on cotton reproductive organs
The dynamics of damage reproductive organresulting from pest infestatioduring the
2011-2012 season differédm one district to another (Figure .Damage started earlier
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Kandi and Djidja than in N'Dal The number of damaged reproductorgans in the contrc
plots was higheduring the entireseason in the three districts. Furthermore, theachjts of
the damagén plots treated with the calen-based treatments and LE¢&re similar, as well
as those observed under neem oil and -Bb11.

Tot. nh. of

Tot. nb. of da

"
[
0
F:
J
ul

Figure 2: Temporal dynamics of the total of damaged repradecirgans observed on |
plants during 2012012, from day 31 after seedling emergence (DAEandi, N'Dali and
Djidja. TO= control,T1=conventional treatment, T2=LEC; T3=neem oil, idem oi-Bb11.

87



Evaluating alternatives to conventional cotton pasttrol

As reflected by the significant interactions, tlfleet of treatments on the number of damaged
squares, flowers, and bolls varied from one distigcanother (Table 5a). The number of
damaged squares was significantly reduced by the tfeatments compared to the control,
the decrease being higher under the conventiombLBE treatments than under neem oil and
neem oil-Bb11 (Table 5b). The same pattern was rebdewith the average number of
damaged flowers in Kandi. In N'Dali, there was ngngficant difference between the mean
number of damaged flowers, while in Djidja the memmber of flowers was significantly
reduced only by the conventional and LEC treatmektsthe three districts, these two
treatments significantly reduced the number of dgedabolls, more so than neem oil and
neem oil-Bb11l. There is no clear pattern for théeea$ of treatment on the damaged
reproductive organs across districts.

The effect of the treatments on yields also vaped district (Table 5a &5b). The
decrease in the average number of bolls observeeruhe conventional and LEC treatments
was followed with the yields being higher than thabtained under the neem oil and neem
oil-Bb11l in N'Dali. In Kandi, LEC resulted in theighest yield, although not significantly
different from the conventional, while the yieldbtained under the conventional treatment
and neem oil and neem oil-Bb11 were not signifigadifferent. Overall, the yields in the
biopesticide plots were 26-42% higher and in theveational and LEC plots 44-59% higher
than in the control plots. Yields obtained with meeil and neem oil-Bb11 were 25% and
39% lower than those of LEC and conventional in dlaand N'Dali. In Djidja no significant
difference was observed in the yields of the tibgilts. Across districts, the yield of a
specific treatment was not significantly differeekcept in the case of LEC in N'Dali and
Djidja.
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Impact of treatments on populations of natural enemies

Both predators and parasitoids were observed iexperimental plots. Predators belonged to
the families Coccinellidae, Pentatomidae, ChrysapjdReduviidae, Lygaeidae, Salticidae,
Formicidae, and Araneidae. Data were recorded dotythree families: Coccinelidae,
Formicidae, and Araneidae, because they were présdarge enough numbers to allow
comparison between treatments. Five Coccinellidsewdentified: Cheilomenes vicinia
(Mulsant), C. propinqua (Mulsant), C. lunata (Fabricius), C. sulphurea(Olivier), and
Exochomus trobertfMulsant), and five Formicidae species were almiified: Camponotus
maculatus(Fabricius),C. sericeus(Fabricius),C. acvapimensidMayr, C. flavomarginatus
(Mayr), andDorylus burmeister{Shukckard).

The conventional treatment and LEC had a similéecefon natural enemies, and
neem oil, neem oil-Bb11, and the control were alsailar (Figure 3). The influence of the
treatments on ant populations was similar from disérict to another (Table 6a), while the
populations of spiders and coccinellids differedtwsen districts (Table 6a). The
conventional and LEC treatments reduced the pdpulaff ants, while the population of ants
under neem oil and neem 0il-Bb11 and control weteaffected. The highest number of ants
was observed in Djidja, while the lowest was reedrith Kandi (Table 6c).

In the three districts, the conventional and theCLifeatments significantly reduced
the populations of spiders and coccinelids. In gan@opulations of spiders and coccinelids
recorded in the plots treated with neem oil andmed-Bb1ll and the control were not
different (Table 6a & 6b).

Table 6a: Analysis of variance of the effect of treatmentspiders, ants and coccinellids

Effect df Spiders Ants Coccinellids
Treatment 4 981.05***  11.56*** 27.86***
Village(District) 12 2.71** 0.76ns 1.58ns
District 2 8.51%** 4.93* 7.99*
District*treatment 8 2.76* 0.91ns 2.78*

NS, ¥, **, ¥* non significant or significant at P9.05, 0.01, or 0.001, respectively.
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Table 6b: Mean numbers of spiders and coccinellids durinl22012 based on 14
observations on 20 plants

Treatment Spiders Coccinellid

Kandi N’Dali Djidja Kandi N’Dali Djidja
Control 11.00 Aa 10.48 Aa 11.30 Aa 7.13 Aa 13.70 Aa 8.94 ABa
Conventional 0.06 Ba 0.46Ba 0.23Ba 0.59 Aa 0.40Ba 0.91 Ba
LEC 0.72Ba 0.83Ba 0.74Ba 0.94 Aa 0.74 Ba 1.58 Ba
Neem oil 10.18 Aa 9.86 Aa 11.66 Aa 6.39 Aa 10.30Aa 11.63 Aa

Neem oil- Bb11 10.71Aa 9.60Aa 11.27Aa  7.03Aa 19.20 Ab 10.06 ABab

Means followed by the same uppercase letter witgnlumn are not significantly different and metoiowed
by the same lowercase letter within a row and ehememy are not significantly different at P<0a@%ording
to Tukey’s test.

Table 6¢: Main effects of treatment and district on the dapian of ants in the field
experiment during 2011-2012

Main factors Ants
Treatment
Control 3258 A
Conventional 11.64B
LEC 4.66 B
Neem oil 2891 A
Neem oil- 33.66 A
Bbil1l
District
Kandi 16.41 B
N'Dali 20.86 AB
Djidja 29.60 A

Means followed by the same letter within a colum ot significantly different at P>0.05 accordioglukey’s
test.
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Total number of n

Total number of natural

Figure 3: Dynamics of natural enemies during 2-2012 starting from day 31 after seed|
emergence (DAE) in Kandi, N'Dali and Djidja. TO=ntoml, T1l=conventional treatmer
T2=LEC; T3=neem oil; T4=neem -Bb11l
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Profitability of the protection systems
The costs of labour in the application of LEC, neailnand neem oil-Bb11l were the same

Chapter 4

(Table 7). These costs were slightly higher thaa thbour costs in the control and

conventional treatments because of the scoutingspralying activities. The costs of inputs

also differed, and these were highest under theardional treatment. The difference in input

costs between LEC and bio-insecticide treatmemstisiterd from the variation in the amount of

insecticides used, which depended on the numhtimes the threshold was reached.

Profits per ha of the five cotton protection stgis were very different. The highest

profit was obtained with LEC, followed by the contienal treatment. Profitability of neem
oil is higher than that of neem-oil-Bb11 in KandidaDjidja, but in N'Dali it was the other
way around. The control had a positive profit imka but not in N'Dali and Djidja.

Table 7: Profitability of the five cotton protection strgtes

District Treatment Seed cot;on Average Costof  Total pesticides and Profit
yields (kg/hd) revenue labour(US fertilizers costs (US
(US$  $perhd $ per ha) (US $ per ha)
per haj

Kandi  Control 900 451 228 96 126
Conventional 1,585 794 236 168 389
LEC 1,645 824 242 132 450
Neem oll 1,217 610 242 126 241
Neem oil- 1,219 611 242 136 233
Bbll

N'Dali  Control 714 358 238 118 1
Conventional 1,668 836 248 190 397
LEC 1,794 899 254 156 489
Neem oll 1,010 506 254 138 114
Neem oil- 1,104 553 254 168 131
Bb11

Djidja  Control 675 338 220 118 -0.5
Conventional 1,300 651 238 190 222
LEC 1,340 671 244 172 255
Neem oll 1,180 591 244 158 189
Neem oil- 1,160 581 244 198 139
Bb11l

The costs indicated above are the actual costsrattby farmers in the experiment for the 2011 seas
Average revenue is obtained by using a seed cptioa of 0.5US $ per kg.
1US $=499 FCFA during the cotton harvest in Decerabd 1.
FCFA :““Franc de la Communauté Francaise d'Afrique”.

2scouting and spraying included.

93



Evaluating alternatives to conventional cotton pasttrol

Farmer appreciation

In all three districts, farmers preferred the LE@lowed by the conventional, neem oil, and
neem oil-Bb11 (Table 8) treatments. Farmers ratedstanitary state of the control plots as
poor, that of the LEC and conventional plots ay\g®od, and that of the neem oil and neem
oil-Bb11 plots as good. Farmers reported that tipeits used for LEC treatments and Bb11l
were less available in Kandi and N'Dali, and natitable in Djidja.

Table 8: Ranking (by consensus) of treatments accordirigrtoers’ appreciation

District Treatments Sanitary stateAvailability of Rank
of plots input
Control Bad n.a. 5
Conventional Very good Yes 2
Kandi LEC Very good Moderate 1
Neem oil Good Yes 3
Neem oil- Bb11l Good Moderate 4
Control Bad n.a. 5
Conventional Very good Yes 2
N’Dali LEC Very good Moderate 1
Neem oil Good Yes 3
Neem oil- Bb11 Good Moderate 4
Control Bad n.a. 5
Conventional Very good Yes 2
Djidja LEC Very good Not 1
Neem oil Good Yes 3
Neem oil- Bb11l Good Not 4

Bb11l: Isolate oB. bassiana
n.a. not applicable

Discussion and conclusion

This field experiment evaluated the efficacy of wamtional treatment, LEC, neem oil, and
neem 0il-Bb11 in controlling cotton pests. The ipibf such treatments to protect cotton
reproductive organs was assessed. This study alderlined the importance of economic
thresholds in managing pests while safeguardingraenemies. Finally, the yield and the
profitability of cotton production were evaluated.

Efficacy of treatmentsregarding pest control

Differences in the composition of pest species whbgeshold were mostly reached indicated

that discrepancies exist between the three agrogical zones considered in this study. The

number of times the threshold 8f derogatawvas reached was higher than in case of other
carpophagous pestSyllepta derogateattacks leaves, but its presence may not affext th
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productivity of the plants because it occurrs edying the vegetative stage. Cotton plants
have considerable ability to compensate for eadynage and loss of foliage and early
squares (Matthew, 1996).

Even if the threshold is not reached, pest insetg occur and inflict some level of
damages. The threshold bf. armigerais set at three bollworms per 20 plants. But the
number ofH. armigerawas often two or lower, and no pesticides werdiegppDamage may
have occurred when the infestation did not quitehethe threshold level, but remained just
below it long enough to cause economic damage [(idatd, 1996). Also, the work by
(Nibouche et al., 2003) indicated that there is H%6r in determining economic thresholds.
The multiple losses that may occur in cotton prdéidacsuggest that it may be wise to
reconsider the scouting method used and which ipssar to consider. The eggs bf.
armigera hatch in 2-3 days and larvae can emerge severastiwithin the same week
(Wilson, 1993; Matthew, 1996). Scouting only onoeeek would allow some larvae to enter
the squares and bolls, where they would be lesssexpto the action of spray deposits, and a
larger dose of insecticide would be required totmrthem (Matthews, 1996). Scouting
should thus target the pest eggs in order to ptetlem damage caused by the larvae,
especially when bioinsecticides are used. The tleteof the miteP. latusin Djidja and
N'Dali occurred before 20 weeks after cotton sewflemergence. This was crucial and
required a quick treatment because early infestatity mites have a great effect on the yield.
However, after 20 weeks, the effect of mite inféstes becomes beneficial as it can aid
defoliation which makes harvesting easier (Wilst®93).

The diversity of treatment effects from one didttiw another shows that the specific
climatic conditions and pest species abundancea@h egro-ecological zone can alter the
efficacy of control actions. The number of calendased applications recommended in the
conventional treatments is 6; but the number ofiegiions on plots treated with LEC was
higher or equal to 6. Moreover, under the conveuticspraying method, the threshold was
reached a certain number of times in N'Dali anddaji without affecting the number of
applications as under this regime, pest abundanoeticonsidered. This result indicates that
calendar-based sprayings may not be applied atighetime, and that a certain amount of
pesticides has probably been released into theamaent without having had an effect on
the pests targeted. Besides, these sprays mayenecdnomically profitable and can be
harmful to natural enemies, causing pest resurgensecondary pest outbreaks (Vaissayre et
al., 2006). Using synthetic pesticides on a thrieshasis would increase the efficiency of the
conventional treatment and may probably improvepttoeluctivity of cotton.
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The number of sprays varied from 2 to 6 for thersecticides (neem oil and neem
oil-Bb11). Application of the economic thresholdosted a decrease in the number of
treatments to an average of three applicationshenptots treated with neem oil and four
applications in the plots treated with neem oil-BbSimilar results were also found by Silvie
et al. (2001b) Naranjo et al. (2002). The work lxyyz8gan (2006) in northern Benin tested the
bio-efficacy of the entomopathogenic formulations Bacillus thuringiensis(Bt) and
Saccaropolyspora spinosgspinosad), and a mixture @zadirachta indica(neem) plant
extract with half the recommended dose of syntheissticides. By using economic
thresholds, the number of applications was reddiced 6 to 4. This provides evidence for
considering the threshold-based applications afranpathogenic fungi and botanicals for an
IPM strategy.

The applications of synthetic pesticides in LEC #imel conventional treatment were
more effective in protecting the reproductive orgahan were the bio-insecticides. These
results are similar to those found by many othéhas (Patel and Vyas, 2000; Verghese et
al., 2005) who highlighted the poor efficacy of meextracts compared with synthetic
pesticides. Lipa (1985) demonstrated that foliapligptions of entomopathogenic fungi
provided slow and inadequate control of high-denkitval populations and of late-instars
and adults of Colorado beetlegptinotarsa decemlineataAlso, Inglis et al. (2001) indicated
that the application of entomopathogenic fungi alamder field conditions, does not always
provide adequate control of pests. As indicatedSloyli et al. (2009), biological pesticides
require more time to act, and, within the time kesw application to when the insect is killed,
serious plant damage may occur. However, variohsrdtiological effects of the microbial
pesticides, such as repellency, may compensatthifordelay (Gouli et al., 2009). Further
research (Faria and Wraight, 2007; Godonou et2@09) revealed that bio-insecticides in
their wild-type form are seldom as effective asratoals. To overcome this drawback, many
studies have been conducted to seek for compatjbilsynergism, efficacy of
entomopathogenic fungi with botanicals, plants aitsl synthetic pesticides used sometimes
at a sub-lethal dose. The combinatiorBobassianawith synthetic insecticides increased the
toxicity more than the effect obtained by using theecticides alone (Huang et al., 2013).
Islam et al. (2010) indicated that biological cohtagent B. bassiana or botanical
insecticide (neem) used alone were moderately teffeagainsB. tabaci But adding neem
to a B. bassianatreatment increased mortality 8f tabaci Also, using azadirachtine (an
important component of neem oil) on lepidopteroastp was demonstrated to be beneficial
for IPM strategies (Leskovar and Boales, 1996). ddrabined formulation or application of a
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fungal entomopathogen and a botanical insecticiday nenhance the efficacy of
mycopesticides beyond their individual effects (@rest al., 2004). In such cases, the slow
action of mycopesticides may be efficiently compaeed for, resulting in good protection of
bolls, and subsequent good yield. Therefore, tiaeckefor appropriate formulations to reach
this goal is pivotal (Cazorla and Morales Moren@]@).

Effect of treatments on the population of natural enemies

Populations of spiders, ants, and coccinelids wigificantly higher in the plots treated with
neem oil and neem o0il-Bb11. The decrease of theralaénemies in LEC shows that LEC is
less environmentally friendly than the bioinsect&s, suggesting that bioinsecticides have the
ability to safeguard natural enemies. This is imelwith results from many other studies
(Hohmann et al., 2010; Mancini et al., 2008) . Tigh mobility of the foraging natural
enemies make them more susceptible to pesticidespbsts, in particular when pests have a
cryptic behaviour, like bollworms. Neem extractale@s mainly pests but not natural enemies,
because the active ingredients in the extractdgeady after ingestion. Guertin et al. (2004)
showed haB. bassiands highly pathogenic on sucking buds/gus lineolarisL.), but does
not harm certain natural enemies such as coccs€lide work by Polanczyk et.gR010)
demonstrated that biopesticides did not affécichogramma atopovirilias far as the
following parameters are concerned: longevity, fdnobrtality, total parasitism, progeny
emergency, number of individuals per egg, and s#bo.r This work concluded that the
entomopathogenic fungd. bassianaand M. anisopliaecan be used witirichogramma
atopovirili in an IPM strategy.

Effect of treatments on theyield and profitability

The total production cost (including that of laboper hectare did not vary much across
treatments. The input costs of the conventional meem oil-Bb11 were similar and higher
than those of LEC and neem oil. The input costiEE€ and neem oil were also the same.
The profitability of LEC and that of the conventarreatment were higher than those of
neem oil and neem oil-Bb11l. The pattern of profiigbis similar to that of the yields,
indicating that yields are the major determinanpmaffitability. The profitability of the control
without pesticide was positive in Kandi. In N'Daind Djidja, the control did not give a
profit, meaning that under such conditions farnsrsuld provide a minimum protection for
cotton.
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As stated above, the efficacy of bio-insecticidemsviower compared to that of synthetic
insecticides used in conventional and LEC. Thiged#nce in yield can foster the reluctance
of farmers to adopt the bio-insecticides. Howetlee, return to farmers who adopt them could
be compensated if the real value of the bio-insites on the preservation of the environment
were to be estimated, giving farmers a price irigertb grow organic cotton.

It is well-known that yield obtained from organiotton is far lower than that using
conventional treatments (Mensah et al., 2012). Eesrim northern Benin continue to produce
this type of cotton because they receive 50 FCFAUB8$) more for each kg than for
conventional cotton. Without such an incentiveyfars may not be motivated to adopt the
bio-insecticides despite their relative advantafygsthe preservation of the environment
compared to conventional cotton.

In the three districts, farmer groups ranked LECihes most cost-effective system,
followed by the conventional treatment. Given tlsitive performance of LEC, the difficulty
for farmers to obtain LEC pesticides is an impdriasue to address. As long as this problem
is not solved, it can compromise the use of LECgPEoet al., 2012). Neem oil aril
bassianaare available, but their impact was smaller thB€LFarmers suggested to use these
products on a calendar basis in order to be abfeake a better comparison with LEC and
conventional treatments. Such a suggestion shoeldaken into account, considering the
reluctance of the farmers to conduct the scoutiefprie each application. Sinzogé2006)
emphasized this point by acknowledging that IPMtstyy is more labour-intensive, requiring
investment by farmers in learning to recognise fileet complex and scouting while also
monitoring for the presence of natural enemiessThay be by far the main reason why
farmers always revert very easily to conventiopahging methods, despite the advantages of
an IPM strategy.
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Field evaluation of synergistic effectsB®éauveria bassianand
Bacillus thuringiensisvith neem oll
Togbé C.E., E.T. Zannou, G. Gbehounou, D.K. Kossowan Huis

A slightly modified version of this chapter will lgublished in an international journal as:
Togbé C.E., E.T. Zannou, G. Gbehounou, D.K. Kosgowan Huis.Field evaluation of synergistic effects of
Beauveria bassianandBacillus thuringiensisvith neem oil
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Synergistic effects of Beauveria bassiana and Bacihuringiensis with neem oil

Abstract

The synergistic effect oBeauveria bassianand Bacillus thuringiensisvith neem oil was
evaluated in three agroecological zones in Benihes€ zones differ in rainfall, pest
abundance and farming practices. Five treatmente wempared with a control with no
insecticide: a calendar-based treatment using stintinsecticides and four bioinsecticide
treatments on a threshold basis. The bioinsecticelments were: neem oil; neem oil and
Beauveria used separately for different targetgpestem oil mixed wittB. bassianaand
neem oil mixed witB. thuringiensisin the three districts, the number of damagedtstzoid
cotton yields did not differ under the four bioindeide formulations, suggesting an absence
of synergy between neem oil aBd bassiangBb11) and neem oil ar8l. thuringiensigBt).
Also, the number of natural enemies in all bioinséte treatment plots was similar and not
different from that in the control plot. The codtambining the biopesticides was higher
than that of the conventional treatments. Ovetalt highest yield and profitability were
obtained with the conventional treatment. Screenirg compatibility of both plant-based
products and biopesticides through bioassays engatsfor a successful application of their
combination in any IPM strategy.

Key words: biopesticides; neem oil; synthetic pesticidesture enemies; thresholds;
Integrated Pest Management

100



Chapter 5

Introduction

In agriculture, pest control remains a matter @ity to ensure the productivity of various
crops (Wahab, 2009). The use of bioinsecticidesatmtrol pests has increased over recent
decades due to the detrimental effects of chemigsticides on humans and the environment.
The widespread and continuous use of chemical giéssi causes environmental problems
(pest resurgence and secondary pest outbreaks)eadd to the development of insect
resistance (Dhaliwal and Arora, 2001; Vijayaraniatt 2009). Many studies have been
conducted to find natural alternatives to synthetiemicals (Casida and Quistad, 1998;
Devanand and Rani, 2008; Gahukar, 2000; Kelm ¢t1807). As such, plant derivatives
commonly used in the tropics (Casida and Quist@881 Salako et al., 2008; Schmutterer,
1990) are promising. Nearly 2000 to 2400 plant ggeof various families have been
identified as possessing insecticidal propertiessik&ran and Narayanasamy, 1995; Klocke,
1987) and are successfully used to control overit®€cts belonging to 10 different orders,
as well as 100 non-insect pests (Gahukar, 201@ht®hare rich sources of bioactive organic
chemicals and offer an advantage over synthetitigidss because they are less toxic, less
prone to cause resistance and easily biodegra@Bbigiwal and Arora, 2001; Parmar and
Walia, 2000; Ravensberg, 2011; Smirle et al., 2000)

Essential oils are one category of plant-deriveatipcts that are readily biodegradable
and less detrimental to non-target organisms tlyathstic pesticides (Dubey et al., 2008).
This property of essential oils is ascribed to bive organic chemicals. Most of these active
compounds are specific to particular insect groapd not to mammals (Isman, 2000).
Among plant-based products, neem is most commoebd.uNeem products have been
identified as better alternatives to toxic pestsid(Sateesh, 1998), and are effective in
controlling a wide range of insect species of ddfa families (Isman, 2000; Schmutterer and
Singh, 1995). The mode of action can be repelleheyto odour and bitterness, antifeedant
action, growth inhibition, delay in oviposition, darchemosterilisation (Ananthakrishnan,
2000; Parmar and Walia, 2000).

Microbial insecticides such as entomopathogenigifuapresent another alternative
having less environmental impact than synthetidigides. The fungueauveria bassiana
(Bals.) Vuill. has been reported as a promisinddgjiezal control agent that can be used to
maintain a variety of insect pests under the ecandhreshold level (Coates et al., 2002;
McGuire et al., 2005; Rehner and Buckley, 2005).

However, limitations in the efficacy of bioinsedties have also been demonstrated.
The efficacy of bioinsecticides can be lower thiat tof synthetic pesticides (Ahmed et al.,
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2002; Faria and Wraight, 2007; Gouli et al., 200&aight et al., 2001) and this has been
shown for neem extracts (Patel and Vyas, 2000; Raetal., 2002; Sarode et al., 2000;
Sinzogan, 2006). We confirmed this in an experinoemiducted in 2011-2012, which showed
that the percentage of damaged buds, flowers altgl\sas higher in plots receiving neem oil
and neem oil-Bb11 than plots in which synthetictipetes were used (conventional treatment
consisting of calendar-based spraying and the LEkitgé Ciblée (LEC) treatment consisting
of calendar-based spraying followed by thresholgliegtions of specific pesticides), yields
being 25 and 39% lower, respectively (Toghé etGhapter 4). Under field conditions, the
application of entomopathogenic fungi alone doesahways provide effective pest control
(Inglis et al., 2001), probably because controhigh-density larval populations and of late-
instar larvae and adults is slow and inadequatpa(L1985). Bio-insecticides in their wild-
type form were seldom considered as effective ashsyic pesticides (Ahmed et al., 2002;
Faria and Wraight, 2007; Wraight et al., 2001).I8gical pesticides require more time to act,
and, within the time between application and thathlef the insect, serious plant damage
may have occurred (Gouli et al., 2009). Howeverious other biological effects of the plant
derivatives, such as repellency, may compensathiodelay (Gouli et al., 2009). Islam et al.
(2010) indicated that the biological control agéBt bassianpand the botanical insecticide
(neem) used alone were moderately effective agd@estisia tabaciGennadius). But the
biological formulation of neem anB. bassianatogether increased mortality &:. tabaci
Azadirachtine (an important component of neem wo#gd against lepidopterous pests has
been demonstrated to be beneficial for IPM strate@ieskovar and Boales, 1996). We then
assumed that the combined effect of entomopathodenigi and the botanical insecticide
would have a larger effect than using the prodsegarately.

In this study, we evaluated the synergistic eftdateem oil with eitheB. bassianar
Baccilus thuringiensivar. kurstaki (Berliner)n the field. Our research questions were: Do
combinations of neem oil with eithBr bassianar B. thuringiensiglecrease pest occurrence,
thereby providing better protection to buds, flosvand bolls, and have less effect on natural
enemies than neem oil applied alone or neem oilBarithssianapplied to specific insects?
and how profitable is each treatment within eacridit?

Material and methods

The experiment was carried out during the 2012-Z&E3on in three districts (Kandi, N'Dali,
Djidja). These districts differed in terms of ralf pest diversity, pest abundance and
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farming practices. The experiment involved farmeestension agents and researcher
scientists in a participatory manner.

Experimental design

Three villages (see Table 1) were selected withtheof three districts. Within each village,
experimental units were arranged using a randondaatplete block design with four blocks.
A control without pesticides was compared to firgatments, a conventional treatment of
calendar-based spraying with synthetic pesticided, four treatments applied on a threshold
basis as follows: neem oil, neem oil and Beauvesad separately for different target
pests,and neem oil mixed with eith&eauveria or B. thuringiensis (Table 2). An
experimental plot of 12 x 10 m (120°hwas allocated to each replicate. Plants wereespac
0.8 m between rows and 0.4 m within rows. A buffiistance of 10 m was established
between plots and blocks to limit contaminatiorpegticide drift.

Table 1. Villages selected for the experiment

Districts Villages

Kandi Sonsoro, Kpede, Fafa,
N'Dali Bori, Yermarou, Suanin,
Djidja Zinkanme, Lakpo, Slovegni

Data collection

Working with farmers, 40 plants were scouted fastpdor each treatment in each village on a
weekly basis, viz, 10 plants per plot, from 31 uffi2 days after plant emergence (DAE).
The whole plant was screened starting from theobmtupper and lower side of leaves, buds,
flowers, and bolls.

The numbers of plants infested I8yllepte derogataFabricius), Aphis gossypii
(Glover) andPolyphagotarsonemus latBanks) were counted by checking for the presence
of the pest on the leaves. For the bollworigarias spp., Diparopsiswatersi (Rothschild),
Helicoverpa armigergHubner), the buds, flowers and bolls were exathiaed the number
of larvae recorded. The aim of these observatioas @ verify whether thresholds were
surpassed (Table 3).

Monitoring of plant damage started from floweringn@rds and included the number
of damaged squares, flowers and bolls. While sogutnatural enemies such as ants,
ladybirds and spiders were counted as well. Therwbtions were made before spraying and
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7 days after spraying. Cotton yield per hectare gstsnated by harvesting each plot twice,
excluding the border lines. At each experimenté, sihe labour and input costs were
calculated for each farming activity.

Table 2: Description of the six treatments used in the eixgerimental villages

Treatment Calendar -based application Thresholdebapplication

TO: Control No calendar-based application None

T1: Conventional Six fortnightly applications starting None
spray method 45 DAE
First & second applications: Phoenix
(cypermethrin 72 - acetamiprid 16
g/l); Third & fourth applications:
Califos (Profenofos 500 g/l)
Fift & sixth applications:
Emamectine super
(Emamectinebenzoate 24 —
acetamiprid 32 g/l)

T2: Cotton treated No calendar-based application Aqueous formulatfomeem oil:

with neem oit on a (neem oil 10% and water 90%)

threshold basis supplemented with a small quantity of
soap detergent, applied at 10 | per ha

T3: Cotton treated None Oil-based formulation &. bassiana

with neem oil andB. 50 g/ha (50x18 conidia/ha), kerosene

bassianaBb11) on (70%) and peanut oil (30%) (Douro et

a threshold basis al.,, 2011)

T4: Cotton treated  None Mixture of neem oil and Bb11

with the mixture of 50 g/ha (50x1 conidia/ha), kerosene

neem oil and. (70%) and neem oil (30%)

bassianaBb11) on
a threshold basis

T5: Cotton treated  None Mixture of neem oil an8.

with mixture of thuringiensis

neem oil and. 20 g of Bt added to neem oil 10% and

thuringiensison a water 90% supplemented with small

threshold basis quantity of soap detergent, applied at
10 | per ha

'Neem oil was obtained by cold-press-extraction. Tamadirachtin-content was detected by HPLC at
0.087pg/ml.

2Neem oil and Bb11 were applied separately; neerwasl applied when pests other than bollworms rehitte
threshold level, and Bbldnly when the bollworms reached the threshold level

DAE: Day After Emergence
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Table 3: Threshold of targeted pests

Targeted pests Thresholds for 40 plants
observed

Aphis gossypii 33 plants infested

Syllepte derogata 10 plants infested

Polyphagotarsonemus latus 3 plants infested

Helicoverpa armigera 5 bollworms

Diparopsiswatersi andEarias spp. 10 bollworms

Accumulation ofH. armigera and other 10 bollworms

bollworms

Other bollwormsEariasspp., D. watersj Cryptophlebia leucotretéPectinophora. gossypiella
Source: adapted from CRA-CF (2002)

Statistical analysis and profitability assessment

Analysis of variance (ANOVA) was performed with SA%c GLIMMIX procedure (SAS
9.2, SAS Institute, Cary, NC, USA). The analysisvafiance (ANOVA) of the different
response variables was conducted with a model dimgu district, treatment, and their
interaction treatment-district as fixed factorss@| blocks nested within villages by districts,
and villages nested within districts were consideas random factors. Whenever the F-tests
for the interaction were found significant, the €wls test ¢ = 0.05) was performed for
multiple comparison among treatments.

Cost and margin analysis was performed per disif& considered one-man-day as a
unit of labour which corresponds to the work acclished by a man in 8 hours. These data
were pooled together and the mean was calculatediptrict. The profitability of each
system was assessed in each district by usingsrage value of the yields per treatment.

Results

Effectiveness of treatments on pest infestation

The effect of the treatments on infestationsAbygossypii S. derogataH. armigera Earias
spp., D. watersj D. volkeri and P. gossypiellawas dependent on the districts where the
experiment was conducted, as reflected by thefgigni interaction of treatment with district
(Table 4a).

Infestation byA. gossypiiwas significantly reduced by conventional treattaeamd
neem oil in Kandi; and by the five treatments indizj (Table 4b). In N'Dali, there was no
significant difference in the infestation By gossypiunder the various treatments, including
the control. Moreover, the infestation By gossypiirecorded under the various treatments
was the lowest in N'Dali, whereas the highest it#fien was found in Kandi. Infestation by
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S. derogatawas significantly reduced by all the treatmentsegt neem oil*Bt in Kandi; in
N'Dali, the infestation by this lepidopterous pestas significantly reduced by the
conventional treatment and neem 0il*Bb11, whereaBjidja its infestation was reduced by
the conventional, neem o0il-Bb11l and neem oil*Bbiéatments. The infestation bS.
derogataunder the various treatments across districtsneasignificantly different in Kandi
and N'Dali except for the conventional and neentRBiil In Djidja, infestations bysS.
derogatawere lower than in Kandi, except under the coneeal treatment. Infestations by
P. latus were the same under the various treatments in iKamdi N'Dali; in Djidja, the
infestation by this mite was only reduced by thevemtional treatment. Across the districts,
infestation by this mite was higher in Djidja, egtainder the conventional, neem oil and
neem oil*Bt treatments.

Infestation byH. armigerawas significantly reduced by the conventional tirent
and neem oil*Bb11 in Kandi (Table 4c), by the bg#@nticides except neem oil in N'Dali; and
by the conventional, neem 0il*Bb11 and neem oiltBtDjidja. Infestation ofH. armigera
under the various treatments was lower in Djidgntin Kandi and N’Dali. The infestation by
Earias spp. &D. watersiunder the various treatments was significantlyuced in N'Dali
and only by neem oil*Bt in Djidja. The infestatitwy these carpophagous pests was generally
higher in N'Dali than in the other districts. Theweas no significant difference in the
infestation byP. gossypiellaunder the various treatments in Kandi and N'Délie same is
true with regard to the infestation Df volkeri except in Djidja under neem oil-Bb11, neem
oil*Bb11, and neem oil*Bt where a reduction in tinéestation by this pest was noticed. The
extent of the infestation was the same acrossittgotls, except under neem oil-Bb11, neem
oil*Bb11 and neem oil*Bt where a significant redoct was noticed in Djidja compared to
N'Dali.
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The population oB. tabaciwas not significantly different under the contneéem oil, neem
oil-Bb1l and neem o0il*Bt; whereas the conventioresid neem oil*Bbl1l1l reduced
significantly its population (Table 4d). The highesimber ofB. tabaciwas recorded in
Kandi and the lowest in Djidja. The infestation®yleucotretavas not significantly different
under the various treatment and also across distric

The thresholds for various pests were reached B6nDAE in Kandi and from 73
DAE in N'Dali and Djidja (Table 5, values in bradke This period corresponds to the
flowering and fructification phases, when the higtheumber of buds, flowers and bolls are
present on the cotton plants. The number of thidshdecreased noticeably at 122 DAE,
when most of the bolls were already open, indicattimat food availability for many pests
attacking cotton had decreased. The highest nuofbiresholds was recorded in plots that
received no treatment. No threshold was recordetiarplots treated with the conventional
treatments in Kandi and Djidja. Likewise, the lotvesmber of thresholds was recorded with
the conventional treatment in Djidja.

In Kandi and N’Dali,H. armigera S. derogataand other carpophagous species such
asEariasspp. andD. watersiwere the main pests that reached the threshaldritrast to the
mitesP. latusin Djidja (Table 5). The number of times that #ireld levels for various pests
were reached was higher in Kandi than in N'Daligl @m N’Dali higher than in Djidja. In the
three districts, the number of applications usimg bioinsecticide treatments was lower than
in conventional treatments. Likewise, the numbeaygdlications on the plots treated with bio-
insecticides was lower in N'Dali than in Kandi, aindDjidja lower than in N'Dali.
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Effects of treatments on the protection of squares, flowersand bolls

The effect of the treatments on the average numibéamaged squares, bolls and yields was
different per district, as indicated by the sigrefit treatment-district interaction, except for
damaged flowers (Table 6a). The number of damalysdefs in Kandi was lower than in
N'Dali and Dijidja (Table 4d).

The number of damaged squares under the varioasneats was not significantly
different in N’Dali (Table 6b). In Kandi and Djidjanly the conventional treatment reduced
the number of damaged squares. The number of daimsgeares recorded under each
treatment was significantly higher in Kandi thanDjidja and N’Dali where similar effects
were obtained under each treatment (Table 6b).jioljd) the number of damaged bolls was
significantly reduced by the various treatments garad to the control; while in Kandi it was
reduced significantly only under conventional, negitrand neem oil*Bb11 treatments, and
in N'Dali by conventional and neem oil*Bb11 treatm® Moreover, the number of damaged
bolls under each treatment across the districthigtser in Kandi than in N’'Dali and Djidja.

As shown by the interaction of treatment with dist{Table 6a), the effect of the
treatments on the vyields was different per distrlot the three districts, the yield was
significantly increased under the five treatmemspared to the control. Moreover, the yield
obtained under the conventional treatment was feggnily higher than that obtained from
the four bioinsecticide treatments in Kandi and AliDIn Djidja, the yields obtained from
neem oil, neem oil-Bb11 and neem oil*Bb11 were sighificantly different, nor were those
obtained under conventional treatment and neenBbi& comparison across the district with
regard to each treatment indicates that the yibtdined by the control and neem oil*Bb11
was not significant different from one district amother one. The pattern of the yield with
regard to other treatments across the districtstieasame, with Kandi and/or N'Dali having
the highest yields.
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Effects of treatments on activity of natural enemies

Many natural enemies (predators and parasitoidsg wbserved in the experimental plots.
Predator families such as Coccinellidae, Pentataei€Chrysopidae, Reduviidae, Lygaeidae,
Salticidae, Formicidae and Araneidae were seera date recorded only for three families,
viz., Coccinellidae, Formicidae and Araneidae beeathey were present in large enough
numbers to allow comparison between treatments.

The coccinellids were more abundant in Kandi threthé other districts (Table 4d).
The average number of coccinellids was not sigaifity different under the control and the
bioinsecticide treatments. Moreover, the populatibooccinellids decreased significantly
under the conventional treatment compared to the¢rwed under the three bioinsecticide
combinations (Table 4d).

The effect of the treatments on the populationpflers and ants was different per
district (Table 7a). The number of spiders under\thrious treatments was not significantly
different in N'Dali (Table 7b). In Djidja, the pofation of spiders in the bioinsecticide and
the control plots was not significantly differefithe conventional treatments reduced the
population of spiders significantly. In Kandi, teels no clear pattern of the effect of the
treatments on the population of the spiders. Sigjlano significant treatment effect was
observed on ant populations in N’'Dali, while in d)#, the conventional treatment showed a
significant difference. No clear pattern of theeeff of the treatments was noticed on ant
populations in Kandi.

Profitability of thetreatments

The total cost of labour remained the same in eligthict for each treatment, as well as the
cost of scouting for the bioinsecticide treatmdiable 8). However, the costs of insecticides
were different, even when only bioinsecticide tneamts were considered, and this was due to
variations in the number of times the pest thredhealere reached. The costs of bioinsecticide
mixtures Neem oil*Bb11l and Neem oil*Bt were highttran that of the conventional
treatment, especially in Kandi and N’Dali. In Dadjthe cost of insecticides was lower than
that of the conventional treatments.
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Table 7a. ANOVA of the effect of treatment on the populatiginspiders, ants and coccinellids

Effect df Spiders  Ants Coccinellids
Treatment 5 15.07*** 16.00*** 2.97*

Block (Village (District)) 27 0.96ns 0.64ns 2.67%*
Village (District) 6  7.28%* Q. 74rrx 0.57ns
District 2 80.12%* 123.33*** 14.21***
District*treatment 10 6.51***  6.95*** 1.39ns

ns, *** *** non significant or significant at P<.05, 0.01, or 0.001, respectively.

Table 7b: Mean number of spiders and ants during the 20133 3@ason, based on the mean
of 14 observations on 10 plants

Treatments Spiders Ants

Kandi N'Dali  Djidja Kandi N'Dali  Djidja
Control 1.11 ABCab 0.68 Ab 1.54 Aa 1.81 ABCh 1.04 Ab 2.82 Aa
Conventional 0.80 Ca 0.72 Aa 0.53 Ba 1.40 Ca 1.05Aa 0.93Ba
Neem oil 1.32ABa  0.78Ab 150Aa  2.22ABa 1.12Ab 273Aa

Neem oil-Bb11 1.52 Aa 0.68Ab 148Aa  247Aa  1.06 Ab 2.66 Aa
Neem oil*Bb11 0.98BCab  0.64Ab 1.40Aa  1.64BCb 0.94Ab 2.55Aa
Neemoi*bt ~ 1.18 ABCb 0.72Ab 166Aa  2.09ABCb 1.10Ac 292 Aa

Means followed by the same uppercase letter witgnlumn are not significantly different and metoiowed
by the same lowercase letter within a row and pEgtsot significantly different at P<0.05 accogiio
Tukey's test.

The profitability of the various systems varied ;s treatments and across districts. The
highest profit was obtained with the conventiomahtments in Kandi and N’'dali while in
Djidja the highest profitability was obtained withe bioinsecticide mixture neem oil*Bt.
Moreover, the profits of neem oil*Bb11 and mixtureem oil*Bt were 42% lower
than that of the neem oil and neem oil-Bb11 in KaldN’Dali, the profit obtained from the

untreated plots was negative and very low in Djidja

113



Synergistic effects of Beauveria bassiana and Bacihuringiensis with neem oil

TOZ Arenuer) 1santeyuonoso pouad ayl U404 €8 =$SNT

‘papnjoul

Jou Bwps ‘elpilg ul $SN ¥9°Z pue Ired.N Ul $SN ST B3R SN$9E 2 obelane ue s1s02 1] "sinoy g ul ueoukg pawloyad Jnoge| ay) 0 spuodsaliod Aep uew T
'uoseas £T02Z-2T0Z U1 10} $SN S0 semnod Jo By T 1o} Jaonpoid o) pred aoud aseyaind

3¢¢ 26T 0T 8L¢ Z J9°S0T 29 3¢T 869 162'T 194/10 WasN
1199 +/10
37T 5GT 0T 5.¢ Z J9°G0T TE 3¢T 98G 060'T wesN
r1ag
[274% 5GT 0T 5.¢ Z J9°G0T T 3¢T 288 [80'T -10 WasaN
[274% 3E€T 0T 5.¢ Z J9°G0T 0T 3¢T T9S Y0'T |10 UBSN
39T £0¢ 5.¢ J9°G0T SL 3¢T 259 102'T 2UOluUsaAU0)D
6 3¢T 1L9¢ 9910T 0 3¢T S50¥ 413 |01JU0D elpila
I | Y44 L 88¢ S’ 39°GET €6 3¢T 529 [9T'T 19+/10 WaaN
1799410
S6 J¢¢ L 58¢ 4 39°GET 143} 3¢T 09 2eT'T wasN
11ag
STT 5.T A 58¢ S'¢C 39°GET 18 3¢T £89 780'T -10 WasaN
1748 69T L 58¢ S'¢ 39°GET 144 3¢T ¢09 3TT'T |10 WBaN
J29¢€ £0¢ 58¢ 39°GET SL 3¢T 198 28S'T 2uolusAu0D
Z1- 3¢T VX4 8EVET 0 3CT 16 9ZL |01JU0D led.N
3.1 ree 4% vle £e'e 3¢9TT 5¢T 50T 889 8/2'T 19+/10 WasN
11949 «/10
20T 8¢¢ 4% vle €€ 3¢9TT £¢T 30T 509 GZT'T wasN
11049
Rle14 T T vl £E€'E 52911 1374 50T LL9 8G¢'T -10 WasN
ree T 4% vlc £€'€ 3¢9TT 144 50T 599 12T |10 WBSN
1oy 28T [ /X4 3¢°91T SL 50T 568 68G'T 2U0IUsAU0D
€9 50T S9¢ 6C5TT 0 30T 444 88/ |0JJU0D Ipuey|
3ndul JupnNodS  SemANOe SUnNo09S SONIAIOE 3p 3pRIgIay
($sn) BuLureq Buwre Joasu|l  919zZIja4 ($sn)ey  (eu/b) wewgeall  jousig
Woid anuanal abesany PIAIA st

($5N) 1500 [B101.

(14 skep uew) Joqe

($5n) ndunsod

Jiuag JodIsIp 9a1y) Ul uononpoid Uonod Ul susIsAso.1u0d Jsadsnolien Jo siyold pue;so) g a|qel

114



Chapter 5

Discussion and conclusions

Effect of treatments on the thresholds and number of sprayings

The threshold level of various pests was reachewh fihe 66-73 DAE in the three districts
regardless the pest species. This period coincidhsthe blooming and fruiting stages of
cotton, when availability of food was largest fbetcarpophagous pests. This period is critical
for the productivity of the crop and requires spkeittention from farmers to prevent pest
attack on squares, flowers and bolls. Moreover, gbak ofH. armigeraoccurs at early
fruiting stage (90-120 DAE) (Achaleke et al., 200Becision-making regarding treatment
application is largely based on the insect lan@RA-CF, 2002; Nibouche et al., 2003; Silvie
et al., 2001) which are visible because of thae sBut at this stage, most of the damage has
already occurred. It would perhaps be more usefutaout for the pest eggs in order to
prevent the damage caused by the larvae, espegihfin bioinsecticides are used. Farmers
need to be trained to monitor and control pestsctffely. EspeciallyEarias spp, D. watersi
andH. armigerashould be targeted, as they cause much damafgener$ and bolls in Kandi
and N’'Dali. Special attention should be givenHo armigerg the most harmful species,
which is able to infest farmers’ fields at the sipmand blooming stage (45-90 DAE). The
high mobility and voracious feeding habitldf armigeralarvae (Nibouche et al., 2007) make
it difficult to control effectively. Moreover, it®ggs hatch in 2-3 days and the larvae can
emerge several times the same week. For this refisms been recommended to increase the
frequency of scouting (twice weekly), at least dgrithe flowering period of the crop -
namely from weeks 8 to 16 after plants emergencatfidws, 1996; Wilson, 1993). Scouting
only once a week would allow the eggs to hatch, @k the larvae are inside the squares or
bolls, they are less vulnerable to the spray dépomind a larger dose of insecticide would be
required to control them (Matthews, 1996).

In general, the protective effect of the converdidneatments on squares, flowers and
bolls was similar to that obtained with the bioictsgdes. This result is different from those
obtained from the experiment carried out during2B&1-2012 season (Togbé et al., Chapter
4) in which the lowest number of damaged squatesjefs and bolls were recorded with
conventional treatments throughout the three distriThis change in the efficacy response
can be explained by the modification that occuiiredhe composition of the conventional
treatment in 2012-2013. Protection of the bollm&nly required during the third and fourth
treatments and a binary (pesticide with two aditiggedients) is often recommended to tackle
pests in this period. This was done in the 201122Hason by using Nurelle (cypermethrin
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36 - chlorpyriphos ethyl 200 g/1), while in the 202013 season in the official prescription for
the whole country this was replaced by Califos watily one active ingredient (Profenofos
500 g/l) (Tablel). Although Califos was recommenétadcontrollingH. armigera the active
ingredient may not have provided protection to teproductive organs as much as the
Nurelle did. Throughout the country, the low penfiance recorded in this season may have
been an evidence of this effect.

The protection of reproductive organs provided Ime tfour treatments using
bioinsecticides, neem oil alone, neem oil-Bb11med*Bb11 and neem oil*Bt did not show
a clear difference in the effectiveness of thettnest. This suggests the absence of a
synergistic effect between neem oil aBd bassiana and between neem oil anB.
thuringiensis The combination of entomopathogens with othetigides may not always
lead to an enhanced effect (Ravensberg, 2011) r&8aesearch studies show that, at a given
temperature, certain concentrations of neem oieHasen found compatible and synergistic
when combined with an entomopathogenic fungi sucB. dbassianaandMetharizium. spp
However, beyond such concentrations, spore vigboit colony growth is delayed and
sometimes suppressed. showing that neem oil casedass of potency or inhibition of the
entomopathogenic agents (Araujo Janior et al., 20@ieri et al., 2005; Haroon et al., 2011;
Mohan et al., 2007; Shah et al., 2008). For thésoe, a trade-off should be sought between
the concentration of phytochemicals that would rope the activities of the
enthomopathogens (Shah et al., 2008). On the otmemnd, the quality of the
entomopathogenic agents needs to be investigatdoe Tuality parameters of
entomopathogenic agents are related to the numbarfertive propagules (viability and
virulence), physical and chemical properties (ptaisstability, chemical stability, shelf-life)
and microbial purity (microbial contaminants andesg (Ravensberg, 2011). Even when
these conditions are met, the efficacy of such peted is not always guaranteed. The efficacy
is related to the product’s field performance (Resleerg, 2011) which depends on a number
of factors such as environmental and agronomiofactemperature, humidity, sunlight, soil
type, rainfall, and interactions among these emvirental factors (Inglis et al., 2001). The
case of Bt might be a bit different because thisrafiial product behaves almost like a
chemical and is less influenced by the crop andrenmental parameters. Ravensberg (2011)
explained that ingestion of Bt by a pest usualliofes quickly after application and therefore
environmental factors influencing survival of Bt &es critical than with fungi. As neem oil
has an anti-feedent effect (Devi and Prasad, 166l et al., 1990; Mayabini, 2005; Mondal
et al., 1995) this may have prevented the ingestiobBt by pests and affected its impact
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(Elzen and James, 2002). For this reason, the cmtibh of neem oil with any microbial
agents acting by ingestion may not be recommend@deensberg, 2011). These results
indicate that, prior to the combination of a midedtpest control product with other crop
protection components, the compatibility of bothtenials has to be established. If possible,
this should be taken into account with regard t® timing of the treatments. The mixed
formulation may not be appropriate in this case.

Effects of treatments on the population of natural enemies

The diversity of natural enemies existing in theiaas systems tested gives evidence that
beneficial arthropods offer possibilities that denused in a cotton IPM strategy. Therefore,
understanding the role and compatibility of theatural enemies with biopesticides can play
a determinant role in managing the cotton pest dexnSrinivasan (2012) indicated that
biopesticides are very compatible with other peshagement techniques such as natural
enemies and resistant varieties. He also repdnegdiie application dB. thuringiensisbased
biopesticides enabled parasitoids suchDeasdegma semiclausuynCotesia plutellaeand
Diadromus collaristo establish in several countries, and providggigtant control of the
diamondback mothRlutella xylostella on brassicas in South and Southeast Asia. Also,
enhanced effects were found on the mortality ofndiadback moth when entomopathogenic
fungi were combined with the parasitoi@domyzus sokolowsk{dos Santos et al., 2006).
Further research assessing the effects of thegedtioides in cotton production can allow a
decrease in the amount of synthetic pesticides, ugite relying on the potential found in the
environment.

In general, the number of ants, coccinellids aridesp in the control plots and in the
plots treated with bioinsecticides were not différesuggesting that neem oil and the
bioinsecticidesB. bassianaand B. thuringiensisdid not harm natural enemies. This
safeguarding property of neem oil and biopesticidéh regard to the natural enemies has
already been demonstrated in previous studies. N®enfucts were reported far safer than
chemicals for predatory coccinellids (Sakthivel &pddri, 2010; Tavares et al., 2010) and
spiders (Joseph et al., 2010) and both predatoinyogods (Sakthivel et al., 2012). Neem oill
was also found safer for ants (Mancini et al., 208®zogan, 2006). Moreover, its efficacy
against a broad spectrum of pests, minimal mammai@icity, minimal impact on
pollinators and rapid disappearance from the enuwirent are important attributes that can
favour the adoption and success of neem-based @=ontulPM strategies (Isman, 2000).
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Effect of treatments on theyield and profitability

The effects of the treatments on the protectiorthef reproductive organs of cotton plants
have been shown through the yield of the crop. Bmeafandi and Dijidja, where significant
difference in the yields was obtained with the h$eicticides, this difference does not provide
clues to rank the effectiveness of the treatmernith wegard to the yield. Overall, the
conventional treatment provided the highest yidldKandi and N’Dali, suggesting that
bioinsecticides are not as effective as the syittipetsticides (Ahmed et al., 2002; Faria and
Wraight, 2007; Gouli et al., 2009; Wraight et &Q01). This result also confirms that the
combination of entomopathogenic fungi with phytaoimals such as neem oil does not
always lead to a synergistic effect. Knowing thim-assays related to the compatibility of
such treatments need to be conducted before figitication of such mixtures takes place.

The cost of labour did not vary across treatmeats] or within each district.
However, in Kandi and N’'Dali, the input costs ohtnined treatments are higher than that of
conventional treatments and neem oil applied a{@2¢ and separately witB. bassiangT3:
neem oil-Bb). This was due to the fact that theshold of pests was reached many times,
increasing the number of treatments and hencedsieof bioinsecticides. The increase in the
cost of input of combined treatments (T4: neem Bhl* T5: neem oil*Bt) affected their
profitability negatively. These results show théte tcost of biopesticides can play a
determinant role in the adoption to use a bioinsiget. Knowing the high value that farmers
place on the financial return of their cotton proiiton, special attention should be given to
input costs. In Djidja, the highest profitabilityas realised by the combined treatment of
neem oil*Bt because in the 2012-2013 season, thmebeu of thresholds was decreased,
greatly lowering the cost of insecticides and ottedaited costs.

The threshold-based applications of bioinsecticided their combinations did not
perform as effectively as the calendar-based cdiomal treatment. However, the large
differences in pest incidence between districtécate that the use of economic thresholds is
justified. Several questions remain, such as whetieefarmers were sufficiently trained to do
the scouting, and whether outsourcing to profesdsorshould be considered. The other
question is whether the methodology of scouting a@surate enough and whether sufficient
parameters (such as frequency of scouting, expsasdds, price of inputs, etc.) have been

taken into account.
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Chapter 6

Effect of participatory research on farmers’ knadge and practice of
IPM: the case of cotton in Benin

Togbé C.E., R. Haagsma, S.D. Vodouhé, A. Ahoud;ji

A slightly modified version of this chapter will lpblished in an international journal as:

Togbé C.E., R. Haagsma, S.D. Vodouhé, A. AhoudfedE of participatory research on farmers’ knovgedand
practice of IPM: the case of cotton in Benin.
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Abstract

This study assesses the effect of participatorgaret on farmers’ knowledge and practice of
Integrated Pest Management (IPM) in Benin. Of tB8 totton growers sampled, 150 took
part in the research, while 30 served as contrbk participatory field experiments were
carried out during the 2011-2012 cotton growingsseaand focused on the development and
application of pest management knowledge. A ‘Dédfare-in-Differences’ methodology was
used to document the changes in farmers’ knowleatgk practices across the following
season, 2012-2013. Participation in the researieased farmers’ ability to recognise pests
and natural enemies and how to use thresholdsgpid biopesticides. Increase in knowledge
did not lead to any modification in the farmerseusf neem oil and the entomopathogen
Beauveria but it did lead to a significant change in thiddkhbased pesticide applications.
Farmers seemed to want to reduce pest managem&ist edhatever the type of pesticide
recommended (conventional or bio-based). The mladdicy implications are discussed.

Key words: field experiment, farmer learning, pest managemests, biopesticides, neem
oil.
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Introduction

We assessed the effect of farmer participatoryarebeon the knowledge and practice of
Integrated Pest Management (IPM) in cotton farmim@enin. During the last few decades,
farmer participatory research has been conductedhiious agricultural domains such as
plant breeding, plant production, crop protectiand soil fertility (Ashby, 2009; Dawson et
al.,, 2011; Joshi et al., 2012; Nederlof et al., ZORannestad et al., 2013; Williams et al.,
2012). By now it is widely accepted that farmera gday an important role in agricultural
research, development, and extension (R&D&E). Aditay to Gonsalves (2005), farmers can
help R&D&E to respond to their specific problemseds and opportunities; to identify and
evaluate technology options that build on local Wiealge and resources; to ensure that
technical innovations are appropriate for locali@@ronomic, cultural and political contexts
and desirable given farmers’ goals; and to promaitder sharing and use of agricultural
innovations.

This study reports on a project during which farsneollaborated with researchers to
investigate alternatives to conventional cottont ppanagement. We evaluated the joint
learning process that took place during the pradnceason of 2011-2012, and assessed the
immediate outcome on farmers’ knowledge of pestagament at the onset of the 2012-2013
season, against baseline data collected at thearbirgi of the 2011-2012 season. During
2012-2013, we also recorded changes in the praaticthe participating farmers in their own
fields. The outcomes of the field experiment conddcwith farmers in 2011-2012 was
reported in separate paper (Togbé et al., Chajpter 4

The methodological challenge for assessing the éingiaparticipatory research in the
context of Farmer Field Schools in Integrated Rdashagement has been discussed by Van
den Berg and Jiggins (2007). Two types of methddsomparison can be distinguished: the
latitudinal (with-and-without) design and the lohgiinal (before-and-after) design. The
latitudinal method consists of comparing a treated a control group, on the assumption that
groups are the same in every relevant aspect ekueftte treatment (Tripp et al., 2005; Van
den Berg and Jiggins, 2007; Van Duuren, 2003).rhctice, it is advisable to ensure the
similarity of the groups before the experiment tstainstead of trying to make an ex-post
statistical correction (Van den Berg and JiggirB)7). A major drawback of the latitudinal
design is the danger of ‘contamination’ of the cohgroup. For this reason, many studies
have preferred a longitudinal design (FAO, 1993 Tban, 2002; Pincus, 2002). This method
has the merit of being able to assess any chamglesed by the treatment over time, but
cannot control for other factors that might conité to the same achievement. The

121



Effect of participatory research on farmers’ knodde and practice

Difference-in-Differences (DiD) or Double Delta dgs corrects this shortcoming. Being a

combination of latitudinal and longitudinal desigdiD has been considered the most robust
(Feder et al., 2004a, b; Khan et al., 2005; Maneiral., 2006; NAESC, 2003; Praneetvatakul
and Waibel, 2002). In the current study, we usedRID design to evaluate the immediate

effects of the participation of farmers on theiptedge and farming practices.

Background

Agricultural research continues to face the chagkemf helping to feed a growing and

increasingly demanding world population. Initiallthis challenge was met by creating
effective input services and introducing high-yegli varieties, leading to the Green

Revolution of the 1960s and 1970s. Many areas ofamusociety were impacted by the Green
Revolution as a result of only technological changehe other dimensions of agricultural

innovation such as socio-economic, cultural, ingtinal and political were neglected (Biggs,
2007; Gonsalves, 2005). Along with dramatic impraeats in agricultural production, new

problems emerged in terms of pests, diseasesentgriand water management (Price, 2001).

The technology transfer paradigm proved to be irgmate for dealing with new
problems affecting many aspects of human existeswad) as the environment, human health,
rural community economy and livelihood and the awstbility of crop productivity. With
hindsight, the principal weakness of the technoldmgnsfer paradigm is the lack of
interaction between researchers and farmers. IrSaihlaran Africa, the Green Revolution has
failed to take off (Djurfeldt, 2005). Unlike Asiasountries, African countries failed to create
the supportive institutions, including input sees¢ extension, and pricing policies that would
have created realistic opportunities for smallhofdemers. Van Huis et al. (2007) concluded
from a comparison of eight experiments with pagpétory technology development with
West African farmers that, given the small windosfsopportunity faced by those farmers,
approaches that rely on technology transfer alcaee hmarginal impact. The adoption of
technologies produced by agricultural researchostathas been disappointing. Farmers need
reasons and incentives to innovate. In Benin, xangple, cotton farmers often do not follow
the recommendations of the Cotton Research Ce@RA{CF, 2002) because of the
accompanying constraints.

As a result, innovation pathways have started towemaway from generating and
transferring science-based technologies to passideusers, and have begun to embrace a
learning process that includes activities for gatieg, sharing, and utilizing knowledge. This
learning process draws upon various sources of leuge, from community based-systems
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to formal science, and yields a wide range of kmeolgk products, from technological to
socio-institutional innovations. It implies a shift the role of farmers from being merely
recipients and beneficiaries to actors who areigefitly empowered to play a major role in
determining the direction of the process (Gonsal2665; Rdéling, 2010).

Giving an active role to farmers is not undisputtchas been reported that some
scientists are sceptical about the innovative dapa¢ farmers, considering it sub-optimal
and unscientific (Eshuis and Stuiver, 2005; Gup889; Gupta, 1995). The consensus today,
however, is that the strengths of farmers and thtdtions of researchers have been
generally overlooked (Chambers, 2010; Hoffmann let 2007; Richards, 1989). Selener
(2005) indicated that by working in isolation, stists at research stations tend to generate
inappropriate technologies, thereby wasting money ttme. Farmers’ inputs are needed in
research because they have knowledge and skills atea complementary to those of
professional researchers (Hall, 2005; Lyon, 1996h&ds, 1989; Roling, 1990; Sumberg and
Okali, 1997). By working together, the two groupaynihave more impact on innovation than
by working separately (Ashby and Pretty, 2006).

In cotton farming in Benin, the key problems fadsdfarmers since 2005 are high
input costs, decline in yields, and low qualitytloé lint produced. Most prominent among the
proposed solutions are the application of goodcagtiral practices (as recommended by the
Cotton Research Centre) and an improved pest mareadestrategy (Togbé et al., 2011).
Implementing an integrated pest management strateqyires considerable knowledge on
the part of farmers (Orr, 2003).

We organized a participatory research experimeringwhich farmers were trained
in good agricultural practices, including the remitign of pests and natural enemies,
determining thresholds, and adequate applicatioappfopriate pesticides. This experiment
was designed to enable interaction between farntéss, researcher and extensionists,
concerning the knowledge and skills that are neddebetter manage cotton production.
During each working session, farmers were requestedontribute freely in their local
language. The involvement of farmers in the leagrpnocess allowed them to interact with
fellow farmers in their aim to improve cotton quyland yield. The researcher helped to
create space for interaction and to facilitatewthele process.
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The learning process

Overall set up
The learning experiment was carried out in the 20012 season in three cotton-growing
districts of the country: Kandi, N'Dali and Djidj@hese districts are located in three agro-
ecological zones differing in cotton pest infestatirainfall, acreage cultivated, and cotton
production (high, medium and low cotton-growingaae In each of these three districts, five
villages were selected for treatment and one \éll&@ control. In each village, 10 farmers
were randomly selected. Hence, the experiment desppi5 experimental villages and three
control villages; 150 farmers participated, whikfarmers served as control.

The field experiment was designed as follows. Tihe sf each experimental plot was
600 nf (30 x 20 m). A buffer distance of 10 m was createiween plots to limit
contamination by pesticide drift. According to tlissign, the space occupied by the buffers
was 70 % of the 1 ha allocated to the field expentmMost of the weeds growing in this
space were annuals, which dried at the end ofébhsa® and could have constituted a source
of contamination for the seed cotton. We therefigeided to weed this space. At first, the
farmers disagreed and refused to spend their tieaminig a non-planted space, but they were
convinced by the arguments of the extension agémtsreasons of comparison, the same
field experimental design was applied to all 15ageés.

Developing trusting relationships with farmers

In each district, we randomly selected five cotgpawing cooperatives in different villages to

host the experiment. Before establishing contadh viarmers, a number of steps were
followed in order to build a trusting relationshifith them, as suggested by Haagmann et al.
(2003). First, meetings were arranged with extenaigents in charge of each cotton growing
area to share with them the findings from the distjc study (Togbé et al., 2012) and to

obtain their agreement on carrying out experimemits farmers in the selected villages.

These meetings included farmers’ representatives ware contacted by extension staff.

Second, other meetings were arranged with farntemesentatives of selected cooperatives
to introduce the “Convergence of Sciences: Stremgily Innovation Systems” (CoS-SIS)

programme to farmers, as well as informing themthe objectives of the experiments

(http://cos-sis.org/; Roling et al. (2012)). Farsierepresentatives agreed to host the
experiments in their respective villages, and niated with farmers in their communities to

dedicate 1 ha of land to the experiment. Feedbaskprovided to the public extension officer

at district level, the so-called'Responsable Communal pour la Promotion Agricole”
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(RCPA). Third, meetings were held with the farmeiling to participate. Among these

farmers, 10 were randomly selected to be direatlyolved in the experiment (with no

financial compensation). These 10 farmers agreethdake contribute labour for farming

activities such as planting, thinning, weeding, Igiogg fertilizers, spraying and harvesting.

All necessary inputs (fertilizers and pesticidegyavprovided by the CoS-SIS program. Their
acquisition was facilitated by the Extension Sex\(itable 1).

Table 1: Expected contributions of the members of a legrgroup to the learning process
and the resulting expected outputs

Members of a Contributions to the learning process Direct basefi
learning group
Farmers - Perform farming activities - Knowledge
- Perform weekly observations - Cotton harvested
- Decide to spray when pest threshold is reached
Extension - Facilitate provision of inputs - Reports about the
agents - Provide farmers with the decision-support charts experiment
- Appoint one agent per village
Researchers - Provide the required inputs - Data collected
- Facilitate the learning process - Reports
- Report and document on the learning process - Publication

In each village, a learning group was establisheshposed of farmers, extension
service agents, and the researcher. This grouplimked to the relevant Consultation and
Innovation Group (CIG) initiated by the CoS-SIS gnaamme. The aim of CIGs is to address
institutional constraints at a high level (Hounkounret al., 2012; Nederlof and Pyburn, 2012).
The cotton CIG encompasses input suppliers, ginnesgarchers, extension services, private
organizations and farmers’ representatives locatelistrict and national levels.

Selection of pest control strategies

The pest control strategies were derived from aleealiagnostic study (Togbé et al., 2012),

which aimed at alleviating the technical and insiitnal constraints of a pest management
strategy entitled LEC. One major constraint was rtba-delivery of the specific pesticides

required for LEC by input suppliers, and this piolgaprevented the strategy from being

applied nationwide. As a possible solution, thedgtsuggested the use of botanicals and
biopesticides. Moreover, as biopesticides and lcatnare less harmful to the environment
and health than are conventional pesticides, tbejdaeplace the latter.
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Farmers suggested using neem oil as an alterntdiv&y/nthetic pesticides. Their
awareness of the potentials of neem oil was raisednany documentaries on television.
Farmers were already familiar with the applicatmhagueous extract of neem leaves on
cowpea. The extract is made by grinding the leawekssoaking them for 24 h in water before
filtering. The preparation of this extract is labdaotensive, and comes on top of the effort of
growing food crops, which explains why neem extiactot used for cotton despite its proven
effectiveness (Sinzogan et al., 2006).

Therefore, learning experiment also included a pestrol strategy that makes use of
neem oil. For this we investigated where we couly the large amounts of neem oil needed
for large-scale applications. Although there arem&o’s associations and some private
enterprises that produce neem oil in the countgychose to buy the neem oil from only one
company (Cobeneem/Benin) to be sure of a uniforodyet quality. The entomopathogenic
fungal pesticidesMetarhizium anisopliaeand Beauveria bassian&ave been produced and
tested with farmers in northern Benin by the Inational Institute of Tropical Agriculture
(IITA, 2010). Through our interaction with IITA, o biopesticides were suggested as
alternatives because of their low toxicity for hureaand low impact on the environment.
These naturally occurring entomopathogenic fungimgeate within the insect body,
proliferate rapidly and kill the host (Acosta et, &009; Er et al., 2007; Espinel et al., 2008;
Pires et al., 2010; Prasad et al., 2010; Wraighal.et2010). The mode of action of these
biopesticides would allow farmers to conserve tbeidia by collecting and storing the dead
bollworms, and applying them to their crops thédieing year.

Finally, the application of neem oiBeauveriaand Metarhiziumwas expected to
decrease production costs and thereby increaseeffermevenuesBeauveriahas a wide
spectrum and is known to be effective in controlbwglworms in cotton. UnlikdBeauveria
the isolate oMetarhiziumsuggested was too specific and was therefore rdisddy farmers
during meetings (Table 2).
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Table 2: Summary of criteria used for treatment validation

Treatments suggested duringCriteria Validation for being
diagnosis tested in the field
Neem aqueous extract Self-made Discarded
Neem oll Ready-made products Accepted

Effective on many pests
Locally available

Beauveria Effective on many cotton caterpillars  Accepted
Locally available
Self-production by collecting dead
bollworms

Metarhizium Self-production by collecting dead Discarded
bollworms
Very specific

LEC Reference for comparison Accepted

Conventional treatments Reference for comparison cepied

Organisation of the learning process

The first author served as facilitator for the whgrrocess. Farmers met one day a week.
During each training session, farmers shared ttr@mledge about pests and practices. We
emphasised the major pests that damage cotton.ugrmteraction, farmers themselves
learned to recognize each pest and the damageu#teda Farmers were provided with
pegboards (Brévault et al., 2009; Silvie et alQP0and decision-support charts to facilitate
training on pest recognition and threshold deteatiom. Additional information was given to
them concerning thresholds, the scouting method appiopriate pesticides. During such
trainings, we raised the farmers’ awareness onrdke of natural enemies and the waste
incurred by spraying pesticides on a calendar pdsigespective of whether spraying
thresholds were reached.

Regular field monitoring by farmers started on @4dyafter plant emergence. Before
the first observation, farmers agreed to counttimaber of healthy and damaged bolls on 20
plants to evaluate the effectiveness of the treatsnelhey also agreed to conduct a visual
inspection. Finally, farmers considered the yieldoe the most important factor that would
enable comparison with regard to the efficacy efttleatments.

Regarding the farmers’ autonomy, decision makingsfiraying was always based on
the farmers’ own observations. In practice, decisiovere always based on consensus and
made during the weekly meetings. The first authas mvolved as facilitator in this process;
his main role consisted in reminding the groupha threshold for the various pests, when
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asked. The weekly meetings were held in the farnecal language. For this purpose, we
used the common language of Batonou (in Kandi ahly and Fon (in Djidja) to refer to
the targeted pests and plant parts (Table 3).

Table 3: Pests and plant parts in Batonou (Kandi, N'Datijl &on (Djidja)

Item Name in local language
Batonou Fon

Pests

Aphis gossypii Gaaniku Chéké

Sylepta derogata Naareku Wanfou amanwoloto

Mites (Polyphargotarsenemus lafus Kparoru Yéyé

Helicoverpa armigera Birerudi Tongloe houewenon

Earias spp. Koko sansu Tongloe ounon

Diparopsis watersi Koko bakaru Sanmian

Dysdercus volkeri Direkokonu Lissebossu

Bemisia tabaci Sonsu kpika Not present

Plant parts

Leaves Wurussu Ma

Buds Binu Kpater

Flowers Wiinsu Se

Boll Bireru Gloe

Evaluation of the participatory research and learnng process

Data collection

Various data were collected about the joint-leagnjprocess, and before and after the
experiment.

Variables measured before the learning proc&stor to the participatory experiment in the
2011-2012 season, baseline data were collected thithl50 farmers selected to join the
experiment and the 30 farmers selected as corilifwd. baseline study gathered general
information regarding level of education, past eigee, and farming practices, with special
attention paid to pest management practices. Farmere asked to take a specific-knowledge
test about pests and natural enemies, pest thosshiobEC pesticides in general, specific
pesticides in particular, and the harvest procede®ded to obtain good quality cotton. A
scale ranging from O (lack of knowledge) to 3 (ktlowledge) was used: 0 = no knowledge
about the pest; 1 = recognizes the pest by the glaih@auses; 2 = can describe the pest and
the damage; 3 = knows about the pest, the damagedaand how to deal with it. The
remaining questions were treated as follows: Irifgt response; 0 otherwise. The number of
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right answers relative to the total number of goest defined the knowledge score for each
farmer.

Variables measured during the learning proce&uring the learning process, group
dynamics were monitored and evaluated, taking astmount (1) the level of commitment to
the work as reflected in the presence of the fasnaethe experimental site each week, and
(2) the involvement of farmers in the decision mgkior spraying.

Variables measured after the learning proceBise same questions asked before the learning
experiment were answered again by farmers afterettgeriment. Changes in farming
practices that occurred after the experiment weraitored by independent researchers, who
followed participating and control farmers throufigld visits during the following season
(2012-2013). The aim of this monitoring was to idfgrany innovation introduced in the pest
management techniques by farmers. The followingt peanagement methods were
considered as innovative: 1) use of neem oil; 2) afsBeauveria; 3) use of threshold-based
decisions on spraying. If no innovation was introglly farmers were questioned why not.

Analytical methods

Assessment of changes in farmers’ knowledge
Following Liebenehm et al. (2009), the impact o€ tharticipatory research on farmers’
knowledge was measured by grouping the outcomablas into categories:

- knowledge on pests and their natural enemies (maxiscore: 30);

- knowledge on thresholds and bio-pesticides, indgdheem oil and Beauveria

(maximum score: 20);
- knowledge on harvest conditions needed to obtaind gguality cotton (maximum
score: 4).

- total score was the sum of the points from themsetbategories (maximum score: 54).
Difference-in-Differences (DiD) procedures were dige estimate the impact on farmers’
knowledge scores. With this approach, the impact pblicy on a variable can be estimated
by computing a double difference, one over timddieeafter) and one across subjects (e.g.,
between beneficiaries and non-beneficiaries, setddel et al. (2004)) . This approach, also
referred to as thé&natural-experiment approach”, ensures that any sewkd variable that
remains constant over time but is correlated wht@ $election decision and the outcome
variable will not bias the estimated effect (Bugkésnd Shang, 2003).

The knowledge gained by farmemfter participating in the experiment is modeltadthe
following regression equation:
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Kii—Ko=0+pX+)Ti+¢ 1)

Ki1 —Kio is the difference in the knowledge of farnndrefore and after the treatmekKi.is a

set of farmeili’s personal characteristics, including gender, agleication level, household
size, farm acreage, and earlier involvement in L(B&st experiencel;is a dummy variable
for treatment; it equals 1 if farmertook part in the learning process and O otherwise.
Parameteyp captures the effect of participation on knowledye test the null hypothesis that

y = 0. That is, involvement in the participatory rasd does not improve farmer knowledge.
(The regression analysis was done with SPSS 16.0.)

Assessment of changes in farmers’ practices

Difference-in-Differences (DiD) procedures werecasmployed to assess the impact of the
learning experiment on changes in pest managemaatiges. The latter were measured by
whether or not a farmer adopted an innovative pestagement strategy as learned during the
participatory research, namely the use of neemBajuveria and pest thresholds. The null
hypothesis is that involvement of farmers in thetipgatory research did not affect their
practices about cotton pest management in thewollpseason.

Results

Farmers’ socio-demographic characteristics and paitipation rate

Farmers’ characteristics are summarised in TablEh4. experimental group was dominated
by males, and there was no significant differeneevben participating and control farmers
with respect to the gender balangé ¢ 0.012; p>0.05). Women are highly involved in
farming activities in cotton, but mostly in theiugband’s field. The average age of farmers
was between 36 and 37 years; household size ateigH&.9 persons; and the farm acreage
ranged between 6.2 and 6.5 ha. These three vaiablewed no consistent difference
between participants and control farmers. The okemming majority of farmers were
involved in agricultural production as principatiaity (98.7% of participants and 96.7% of
the control group). Education background showed aomsistent difference between
participants and control farmers (Table 4).

The participation rate of farmers in the experimeat 60.1%, 58.4%, and 55.3% in
Kandi, N'Dali, and Djidja, respectively. A farmeras considered to have participated in the
experiment if he had attended at least 50% of teekly meetings. Various reasons were
stated by farmers to justify their absence fromugravork. These included social matters such
as illness and funerals of close relatives or comitpueaders. Involvement in their own
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farm, or other associative activities, such as mgstof the board of farmer organisations,
was also reported as a reason for not attendingydle&ly group work.

Table 4: Farmers characteristics

Variable (Parameter) Participating Control farmers Test statistic
farmers (n=30) and p value
(n =150)
Gender
Male 92.7% 93.3% ¥?=0.02; p=0.898
Female 7.3% 6.7%
Age (years) 36.3 37.2 t =-0.039; p = 0.969
Household size (number) 5.9 5.5 t=0.31; p=0.759
Farm acreage (ha) 6.5 6.2 t=0.42; p=0.675
Education
lliterate 49.3% 53.3% x’=7.50; p = 0.058
Alphabetised 16.7% 33.3%
Primary 16.0% 3.3%
Secondary 18.0% 10.0%
Principal activity
Agriculture 98.7% 96.7%
Other 1.3% 3.3%

Farmers’ knowledge acquisition through the learningprocess

Before the experiment, participating and controifars had a comparable level of knowledge
on cotton pests and their natural enemies, pesshbtds and bio-pesticides and on harvest
conditions to obtain good quality cotton (Table 5).

Participation in the learning process led to a ifitant increase in farmers’
knowledge on cotton pests and their natural ene(fii@sles 5 and 6). Being male positively
affected the amount of knowledge gained, while atlan background (number of years of
schooling) had a negative effect (Table 6). Thesotlariables of the model (age, household
size, involvement in LEC, and farm acreage) did affect the increase in farmers’
knowledge.

The involvement of farmers in the learning prociesseased their knowledge about
cotton pest thresholds and bio-pesticides (Tableslale gender and previous involvement in
LEC also contributed to more knowledge, while larfgm acreage decreased farmers’
knowledge score on thresholds and bio-pesticidablér7).

Farmers’ involvement in the learning process ditl mave significant effect on the
knowledge regarding harvest conditions to obtaimdgauality cotton (Table 5). This
knowledge was positively influenced by farm acreage past involvement of farmers in
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LEC programmes. However, the explanatory powehefmodel is weak given the very low
value of R-square (Table 8).

Table 5: Difference-in-differences estimates of the effe€tparticipation in the learning
process on farmers’ knowledge

Difference between categories Difference-in-

Knowledge categories Before the learning After the learning differences

experiment experiment
Knowledge of pests and their 0.1 9.2%* DIiD = 9.1**
natural enemies (max.
score=30)
Knowledge on thresholds of 0.4 10.1** DiD = 9.6**
pests and bio-pesticides
(max. score = 20)
Knowledge on harvest 0.1 0.24* DiD =0.2
conditions to obtain good
quality cotton (max score =4)
Total knowledge score (max. 0.6 19.5%* DiD=18.9**

score is 54)

*: Denotes statistical significance at 5% levelu@®nt’s t test).
**: Denotes statistical significance at 1% levelu@ent's t test).

Table 6: Regression of changes in farmers’ knowledge ots@exl their natural enemies on
participation in the learning process and farmerabteristics

Variable (Parameter) Coefficient t value P

Constant time effecty 1.298 0.831  0.407
Participation f) 9.663** 13.499 0.000
Gender g,) 2.675* 2.238  0.027
Age (32) -0.039 -1.336  0.183
Education £5) -.253** -3.150 0.002
Household sizes) -0.091 -1.366  0.174
Involvement in LEC £s) -0.775 -0.729  0.467
Farm acreages§) -0.023 -0.539  0.590

Regression model summary R?=0.544, F = 28.133**
*: Denotes statistical significance at 5% leveld &h statistical significance at 1% level.

Overall, the involvement of farmers in the learnipgcess contributed substantially to the
increase in their total knowledge score (TableG@nder (being male) resulted in an increase
of knowledge, while more education and a largemfacreage resulted in a decrease of
knowledge (Table 9).
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Table 7: Regression of changes in farmers’ knowledge osstiolds of pests and bio-
pesticides on participation in the learning procass farmer characteristics

Variable (Parameter) Coefficient t value P

Constant time effect -1.732 -1.002 0.318
Participation ) 10.090** 12.722  0.000
Gender £1) 4.300** 3.247 0.001
Age (32) 0.007 0.227 0.821
Education £s) -0.100 -1.118  0.265
Household sizef) -0.080 -1.089 0.278
Involvement in LEC £5) 2.557* 2.171 0.031
Farm acreagesf) -0.171** -3.591  0.000

Regression model summary R?=0.534, F = 27.064**
*: Denotes statistical significance at 5% leveld &hstatistical significance at 1% level.

Table 8: Regression of changes in farmers’ knowledge onhtrgest conditions to obtain
good quality cotton on participation in the leamjprocess and farmer characteristics

Variable (Parameter) Coefficient t value P

Constant time effectj 0.045 0.186 0.853
Participation ) 0.199 1.813 0.072
Gender ;) 0.257 1.404  0.162
Age (32) -0.003 -0.699  0.485
Education g3) -0.012 -1.002 0.318
Household sizes) 0.018 1.796 0.074
Involvement in LEC £s) -0.402* 2466  0.015
Farm acreagesf) -0.017** -2.589 0.010

Regression model summary  2R0.102, F = 2.677*
*: Denotes statistical significance at 5% leveld &h statistical significance at 1% level.

Table 9: Regression of changes in farmers’ total knowledgere on participation in the
learning process and farmer characteristics

Variable (Parameter) Coefficient t value P

Constant time effecf -0.390 -0.137 0.891
Participation ) 19.952** 15.327  0.000
Gender £1) 7.233** 3.328 0.001
Age (62) -0.034 -0.655  0.513
Education g5) -0.365* -2.498  0.013
Household sizes) -0.152 -1.263 0.208
Involvement in LEC £s) 1.379 0.714 0477
Farm acreagesf) -0.211* -2.703  0.008

Regression model Summary R’ =0.607, F = 36.365**
*: Denotes statistical significance at 5% levell &hstatistical significance at 1% level.
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4.4. Change in farmers’ practices

We investigated whether in 2012/2013, the year #fielearning experiment, farmers applied
the practices they had learned during the collagh@aesearch on their own plots. Although
the use of Beauveria was one of the pest managemetitods implemented during the

experiment, it was not applied by farmers (bothtipigiating and control farmers) on their

own plots in the following year. Lack of time wdsetmain reason for not using Beauveria
(about two-thirds of the respondents) (Figure lisTwas followed by farmers’ perception of

this method as being complex and ineffective (2%2@f respondents). Other reasons
included high cost and farmers’ having more traostanventional pesticides (Figure 1).

Neem oil was not used by control farmers on thein glots. Among participating
farmers, the proportion of cotton farms using nemhon their plots did not significantly
increase. Only 4.6% of them used neem oil in cotiartection in their own fields during the
season 2012-2013. The main reasons for not adop&am oil by was the unavailability of
the product (more than three-quarters of resposjleribllowed by farmers’ trust in
conventional pesticides (one-fifth of respondent®nly few respondents mentioned
complexity (1.4%), poor effectiveness (3.5%), aighttost of this product (2.8%) (Figure 1).

Using thresholds of various pests to make a spgag@tision was encountered among
both participating and control farmers. Before #wgeriment, the proportion of cotton
farmers using thresholds on their own fields wasilar (3%) among experimental and
control farmers.

After the learning process, 56.4% of the experimleriarmers effectively used
thresholds on their own fields during the 2012-28&38son (Table 10a). The involvement of
farmers in the experiment contributed significaritlyan increase in the proportion of cotton
farmers using threshold methods (Tables 10b). Bemade and farm acreage also had a
positive effect on using thresholds.

Among the participating farmers who did not useesholds to make spraying
decisions in the 2012-2013 season, the main reamottioned was time constraints (almost
two thirds of the respondents). About 35% of thead Forgotten how to use the thresholds,
11% of them complained about the complexity of tiethod, and 20% of them perceived it

as irrelevant.
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Figure 1: Reasons underlying the non-use of Beauveria aechrodl by participating farmers
on their own plots.

Table 10a: Difference-in-differences estimate of the effe€tparticipation in the learning
process on the proportion of cotton farms usingshold methods

Category of farmer Before the After the experiment .
; Difference
experiment
Participating farmers 3.6% 56.4% 52.8%
Control farmers 2.7% 4.7% 2.0%
Difference between groups 0.9% 51.8%** DiD = 50.8%**

*: Denotes statistical significance at 5% leveld &h statistical significance at 1% level.

Table 10b: Regression of changes in the proportion of cotéoms using threshold methods
on participation in the learning process and faromaracteristics

Variable (Parameter) Coefficient t value P

Constant time effectj -0.406* -2.459 0.015
Participation {) 0.510** 6.741 0.000
Gender £1) 0.435** 3.440 0.001
Age (62) 0.005 1.485 0.139
Education £3) -0.003 -0.349 0.728
Household sizef) 0.008 1.097 0.274
Involvement in LEC £s) 0.182 1.616 0.108
Farm acreagesf) -0.031** -6.878  0.000

Regression model Summary R°=0.334, F = 11.801**
*: Denotes statistical significance at 5% leveld &h statistical significance at 1% level.
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Discussion

Farmers’ characteristics and participation in the experiment

Before the learning process took place, partiajgatfarmers and control farmers had
statistically equal knowledge scores. When lookia the main socio-demographic
characteristics (age, gender, education, housedipéd and principal activity), no significant
differences between participating farmers and obférmers could be found.

Between 40 and 45% of the farmers who were seldctethe experiment did not
participate fully in it, attending less than hal the weekly group meetings. Individuals
missed group sessions because they had to wotkedorotvn farm, or were engaged in hiring
workers or in off-farm activities. This is consistavith the reluctance of farmers to weed the
experimental fields without any remuneration, asiomed above, although they agreed to
participate in the learning experiment without dimancial compensation. This suggests that
before the experiment, farmers underestimated ieuat of work involved in taking part in
it. Opportunity costs of farmers will be especidiigh during the cropping season.

In the literature, sub-optimal participation is aleeported for farmer field school
sessions, which take half a day. For most farmtrs, time devoted to these sessions
depended on the time left after household actwiti@odtland et al., 2004; Tripp et al., 2005).
Likewise, Hoffmann et al. (2007) found that whennfars are engaged in research or
extension programmes, there is a tendency to ugerthe contract when the return on
investment is not as promising as expected.

This raises the issue of what could motivate fasmir engage in participatory
research. Ortiz et al. (2011) argued that the iitgbof participatory research methods
depends greatly on the potential benefits farmers gain, i.e., their expected increase in
financial, human and social capital. However, iasas these expected gains in production
knowledge are spread among farmers, including tds® did not participate, this poses a
free-rider problem. Farmers know that even if tdeynot take part in the learning, they still
can benefit from it. Financial compensation midtert be required to get farmers on-board. In
our initial discussions with farmers, they brouglt the idea of financial compensation,
arguing that when they attend meetings in othejepts, they receive a daily amount as a
compensation for their time. Financial compensatiauld raise the costs of participatory
research programmes. More importantly, it coulds ltke results: one does not come for the
schooling but for the money. This point needs ferrihvestigation.
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Farmers’ knowledge acquisition through the participatory research

Farmers who took part in the learning process as®d their knowledge about cotton pests
and their natural enemies, pest thresholds angdsticides. There was no effect, however,
on the knowledge dealing with the relation betwharnvesting practices and cotton quality.
This is probably because farmers initially alreaklyew a lot about this, making the
opportunity for learning smaller.

Personal characteristics of farmers also influerleathing. We looked at the role of
gender, education level, farm acreage, and pastvement in LEC. Men learned more than
women. Being a minority in the group, female p@paats may have received less attention
during the weekly meetings, perhaps due to shyaedseluctance to ask questions. During
our supervision, they did not express themselvesas farmers did; they were sometimes
teased by the latter during on-going discussiomsréspond better to the needs of female
farmers, it is probably important to include fematéentists in the facilitating team.

The number of years of schooling that participdratd, generally had a negative effect
on learning. This unexpected result might be ergldiby the fact that higher-educated
farmers often have more off-farm work. For thiss@a the frequency of their attendance was
low. Interests outside agriculture are likely taduee their interest in farming issues,
especially in labour-intensive threshold techniques

Farmers with more land learned less than those switaller farms. This is surprising
because farmers with more land have a potentigllyeln return to their learning investments.
The negative relation is in line, however, with tihequent absence of farmers with large
acreage in the weekly group activities. Most ohthgere also members of the board of local
and regional farmers associations, and the weeaklymsessions coincided sometimes with
the meetings of these organisations. An alternakmanation is that, as large farmers often
use hired labour, they rely particularly on thellskof the workers they hire rather than on
their own skills.

Having experience in LEC did not have any significaffect on learning. The passage
of time may have caused an “erosion of knowledg&his knowledge decrease may have
occurred because of unavailability of the specffesticides needed for the LEC method
(Silvie et al., 2001; Silvie et al., 2013; Togbé at, 2012). Farmers who had previous
experience in LEC may have taken the learning m®odightly, perhaps because they had
previously experienced the challenges of obtainpesticides during similar training
programmes.
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Overall, the participatory research programme wifsctive in transferring knowledge to

farmers about cotton pest management. Our resiligsatith many previous studies regarding
the positive impact of farmers’ participation irsearch activities on their knowledge levels
(Erbaugh et al., 2002; Erbaugh et al., 2001; Gadtlet al., 2004; Liebenehm et al., 2009;
Nuntapanich, 2012; Thiele et al., 2001).

Changes in farming practices in the 2012-2013 coticseason

Many studies showed that the gains in knowledge fparticipatory research or farmer field

school lead to a more judicious use of pesticidkeslér et al., 2004a; Godtland et al., 2004;
Hussain et al., 1994; Price, 2001). The resulthefcurrent study are more ambiguous in this
respect. On the one hand, we found that, aftedgaming process, there is a significant
increase in the proportion of cotton farmers makimgshold-based decisions on spraying.
On the other hand, the learning experience didremilt in significant changes in the use of
neem oil and Beauveria.

Our results suggest that changes in farmers’ pasagement practices depend on the
kind of innovation dealt with during the participat research. Beauveria was applied by
farmers on their own plots neither before nor affteir learning activity. The clear rejection
of this pest management strategy has to do withigh labour demands; using Beauveria
requires the collection of dead bollworms and thleinservation until the next season. Our
finding result is in agreement with previous stgdtbat highlight the rejection of labour-
intensive and complicated integrated pest managestrettegies by farmers (Orr, 2003).

The main reason stated by farmers for not usingin@ewas the unavailability of this
product. The real reason may be financial condsaihowever, which are critical for
smallholder farmers (Jama and Pizarro, 2008; Poukb al., 2006). Because of cash
constraints, even farmers preferring neem oil mighforced to use conventional pesticides,
which are available to all cotton growers on a itréasis. In Benin, the advantage of
conventional pesticides over neem oil is exacethaty subsidies provided by the
government. Under these circumstances, the cafiebitf farmers and the effectiveness of
innovations are not enough to induce adoption ofemenvironmentally compatible pest
control technologies. In addition, proper instibmi@l arrangements such as credit services are
needed to facilitate adoption, as suggested byl&igtgal. (2012) on the sustainability of the
rodent control in wheafT¢iticum aestivuni.) and rice Qryza satival..) production in India.

After participating in the learning experiment, mdarmers applied threshold-based
spraying. The interest of farmers in using theghodd values for the occurrence of various
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pests as the basis for decision making about sggahas to do with their motivation to reduce
pest management costs, regardless of the spedifit &f pesticide (conventional or bio-
pesticides). Yet most farmers still refrained freaouting the field before applying pesticides.
The complexity of the threshold-based strategy &l responsible for this - 40 plants need
to be sampled to evaluate the infestation levet Jdarch for reliable alternative methods that
require fewer plants to be sampled can be of gnertest for farmers.

Conclusions and lessons learnt

In our participatory research, farmers were invdlviroughout the process from the
definition of the research agenda through to pesearch monitoring. However, the
significant level of absenteeism during the weakigetings suggests that farmers’ interests
must be taken into account to ensure their effectiwolvement in participatory research
projects. To this end, financial compensation f@irt time could be a proper solution. From
the perspective of research organisations, theigioovof financial incentives will lead to
increased intervention costs. Therefore, futureliesimight go beyond the effectiveness of
participatory research in knowledge development ahdnge in practices to assess the
efficiency from the perspective of costs and baseWe suggest that such studies include an
estimate of the eventual reduction in the amounpegiticides used and the increase in the
yields on the farmer's own fields. One-season itrgimight not be sufficient for sustained
behaviour change. There is a need for a comparstixy of programs which used a similar
approach over longer time periods to establistiithe required for cost-effective impact.

Overall, our participatory research has been éffectn increasing farmers’
knowledge about cotton pest management. An ambgymoture emerged from the
assessment of changes in farmers’ practices indogdtle involvement in the participatory
research. Significant progress was made in implémgrthreshold-based application of
pesticides. However, no significant change occuaar as the use of bio-pesticides (neem
oil and Beauveria) is concerned. The study confiftiee reluctance of farmers to adopt
labour-intensive strategies of integrated pest mament.

Besides the proven effectiveness of technologiets inoreased knowledge among
farmers, policy makers and project managers mustet} look at the proper institutional
arrangements (incentives) to support the adoptigmnovations. A conducive environment in
which farmers may have easy access to the testetligts is thus a matter of high priority.
Such products may be delivered on a credit basis e case with the synthetic pesticides.
Knowing the willingness of farmers to produce neaifrthemselves, a further step needs to
be taken by the CoS-SIS programme to provide trgirgither to farmers or women'’s
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organizations to produce such a product. By domgwse expect great changes to occur in
pest management in the cotton sector in the expetahareas.
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Introduction
An editorial in Nature (Anonymous, 2008) discussied power of innovation to shape and
transform society. The linear model of innovatioosits that new ideas and technologies
originate in the nursery of basic research. Theogdl states: “A more accurate picture is that
of a nonlinear 'ecosystem’, in which innovationdisven by multiple players, forces and
feedback loops working simultaneously. Such an ystesn cannot be managed — at least,
not in the conventional sense of top-down con®olt it can be cultivated, in the way that a
gardener can try to create the right conditions gtamts to grow, while accepting that
unforeseen elements ultimately dictate the outcbrimovation development has been
pursued in the cotton sector in Benin, focussingniyan innovation processes rather than
their outcome. We tried to create an institutioralvironment favourable to innovation
development by involving all the stakeholders ie t#totton sector from the onset of the
process (Roling et al., 2012). The rational wasatoid failures attached to the linear
approach. In this transfer of technology (ToT) moflee linear approach) scientists are
considered as the single source of innovation @&ri994; Chambers and Jiggins, 1987,
Clark, 1995). Failures using such an approach ogpeuticularly when the technological
knowledge is complex (Baptista, 1999; Clark, 1988} the technology must function in a
non-uniform context (Chambers and Jiggins, 1987utbwaite et al.,, 2001). Innovation
development is then likely to take place when ip&formed by multiple actors, including
public agencies, universities, the private sectand non-profit and intermediary
organisations.

In the programme “Convergence of Sciences, strengtly innovation system” (CoS-
SIS), we devoted research time and resources tareertsat choices about focus, design,
experiments, partners, beneficiaries, etc., werdem@s much as possible on the basis of
(some) knowledge of the domain and an understandfnthe perspectives of the actors
(Roling et al., 2012). We also used an interdisegyly approach by involving scientists from
various backgrounds to guarantee that process aridoroe fit with scientific and
developmental requirements concerning the techyotbgt will emerge. An exploratory
study (Adjei-Nsiah et al., 2013) led to the selattof the entry point and the circumscription
of the study. Integrated pest management emergidansgpecial focus on the “Lutte Etagée
Ciblée”, known as LEC in French. The LEC stratégya low-end IPM (Benbrook, 2002),
which consists of the use of a basic protectiofe(mar-based) followed by the application of
threshold-based tactics using specific pestici&dsié et al., 2001; Silvie et al., 2013; Togbé
et al., 2012). The scope of application of thistpeanagement strategy is still limited. This
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led to an important question: what are the reasamsthe LEC strategy is not widespread,
despite its numerous advantages? This question rigevéo the overall issues addressed in
this study.

Main points emerging from the thesis
The IS approach was used in this study by involtiregknowledge and interests of actors and
stakeholders during each phase, from exploratoputih implementation.

This study posits the LEC approach (calendar-bapealying followed by threshold-
based applications) as a technological artifact aedrches the alignment of the socio-
organisational arrangements in the cotton sectonake this work. We used the framework
provided by Geels (2002) to establish the currecicstechnical configuration of the LEC
strategy. Any transformation requires addressinglware, software and orgware issues
(Smits, 2002). Many organisations, research ceraecs projects focus on the hardware
(developing technology), but neglect to build thecis-organisational framework that
supports, sustains and makes the technology wogkvése).

By using a Policy Arrangement approach the instgbthat was brought about by the
reform implemented in the cotton sector, was cagtyChapter 3). In this reform a top-down
approach was used, in which actors did not intexadttherefore were unable to influence the
process. The outcome of the process of implementaif reform depends on whether the
process is goal-oriented or iterative (Crabbé aatby, 2008). The goal-oriented approach
was used in which political decisions did not taki® consideration the existing framework
of actors and coalitions, discourses, resourcedratidutions. The exclusion of farmer based
organisations (FBOs) and actors from public sesyitke ‘caution solidaire’, and farmers’
supervision proved to be inappropriate for solvimng institutional problems posed at the four
nodes of the policy arrangement, thereby furtheleamining the cotton sector.

Field experiments (Chapters 4 and 5) were baseth@riechnical recommendations
made in the diagnostic study (Chapter 2). The impmdcfarmers participating in IPM
experiments was analysed with regard to their IRldwedge and the use of that knowledge
in practice (Chapter 6). The fact that practicesried were not always implemented on their
own farm was partly due to the absence of a cordusinvironment. In particular the failure
of the institutional environment to provide the essary pesticides compromised the chance
of innovation to occur for IPM in the cotton sectoBenin.
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Conventional calendar-based spraying in sub-SaharaAfrica

Cotton is one of the most important cash cropsimSaharan Africa, involving 1.67 million
smallholder farmers. This crop is cultivated ongloly 3.17 million ha in sub-Saharan Africa,
which corresponds to approximately 1.55% of alli@agtural land (Peltzer and Réttger,
2013). Conventionally grown cotton is by far thesndominant production system, which
accounts for about 98% of the total acreage cuéila

The advantage of conventional calendar-based tesdatmis that no specific
knowledge about pests and natural enemies is egtjltris not even necessary to be familiar
with the mode of action of pesticides. This is alvamtage for farmers in developing
countries where the majority of them are illiterated often lack knowledge about the agro-
ecological conditions. The conventional treatmesgsinot require scouting, and saves labour,
which is often in short supply. Labour shortagegehlaecome even more acute, as increasing
numbers of children are being enrolled in schoopnggrammes. This was strengthened by
governmental politics exempting parents from thgnpent of primary school fees.

However, conventional (calendar-based) treatmean® la number of drawbacks, the
first being the environmental effects. This relaieshe effect on wildlife, birds, fishes, and
the soil fauna (Ton et al., 2000). Second, safeégcautions are often disregarded, due to a
farmers’ illiteracy, causing intoxication and humdeath (Glin et al., 2006). Also pesticides
are often used as a means to commit suicide (Tah,€2000; Tovignan et al., 2001). Third,
the use of synthetic pesticides is responsiblerdsurgence and secondary pest outbreaks.
This is because the natural enemy complex is malreevable to the impact of pesticides than
the pest itself (Croft and Brown, 1975; Pimentell &dwards, 1982) (Chapters 4 & 5). This
means that natural control is no longer effectivequiring more frequent pesticide
applications at higher dosages. Fourth, pests becmereasingly resistant to pesticides,
requiring more pesticide applications at even higtlesages. A side-effect of increased
pesticide applications is that the malaria-carryimgsquito is becoming increasingly resistant
to pesticides. The resistance Ahopheles gambiae to pyrethroids has been noticed in
northern Benin, where farmers use insecticidesnatjabtton pests (Akogbeto and Yakoubou,
1999; Akogbeto et al., 2005; Yadouleton et al.,0The implications of agricultural use of
pesticides in the selection for vector resistanag been clearly established in many other
countries in West Africa, such as Burkina Faso Kate et al., 2002), Mali (Fane et al., 2012),
Nigeria (Djouaka et al., 2008) and Cote d’lvoireligga et al., 1993). Cross resistance
(Chandre et al., 1999) caused a decrease of thekidawn effect of pesticides when they are
used to impregnate bednets. This may have beeredisens for the adoption of the new and
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updated vector control plans by the World Healtia@isation (WHO), reverting to the use of
Dichloro-diphenyl-trichloroethane (DDT) in 2011 (VZH 2011). Knowing the impact of
malaria on infant and pregnant women mortalitygatedeveloping countries, alternatives to
conventional treatments in the cotton growing asrasurgently needed.

Regulation and internalization of these exterregitof synthetic pesticides (costs
involved in mediating environmental quality and ramhealth issues) would be desirable, but
could increase farmers’ production costs. Howekiegause price adjustments would occur,
farmers’ income will increase due to possible welfahifts from consumers to producers
(Koleva and Schneider, 2009; Koleva et al., 2011).

Essential criteria for biopesticide production anduse for experiment
Decisions to choose a pest management strategyvéneonumber of issues, in particular
when botanical or entomopathogenic pesticidesra@ved.

Many of the biopesticides have not been successftihe market, and companies
failed to achieve profitability of the product (Ransberg, 2011). At present, there is no
universally acceptable registration procedure fmpésticides as there is in the case of
synthetic pesticides. This gives rise to a poor emdtic quality of biopesticides (Butt et al.,
2001). As a consequence, sales of microbial pdsScare limited. Evans (2008) reported the
annual sales of biopesticides to be $750 millioobglly, amounting only to 2.5% of the
chemical market. Three stages are critical for enguhe desired quality of the biopesticides:
the selection of the microbial agent, its mass petidn and product development. The
selection parameter for an effective microbial agerthe percentage of pests killed in the
shortest time possible, at affordable costs (Rawengs 2011). During mass production and
product development, the main focus is to obtastadle product that is cost-effective and
able to deliver effective pest control. The devaiept of the product entails a set of steps that
consists of ensuring that the final product is lstabas a long shelf life, and provides an
effective pest control in the field at the lowesisd. This requires a formulation which is
meant to: (i) maintain the infective propagulesblgaand virulent during a long period of
storage after the final product has been packafjgdenhance the desired effect on the
targeted pest; (iii) protect the propagules frondesired effects of the environment and
increase its persistence on the targeted pestnthans protecting against desiccation, high
temperature, de-activation by sunlight, and waslifiglue to irrigation or rain (Wraight et
al., 2001); (iv) minimise the risk of exposure dgrihandling and application. The type of
formulation used depends on the mode of actiorhefrhicrobial agents, the nature of the
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propagules, and the type of applications eithéafar soil applications. Various formulants
are then used to comply with these requirementsh s8 stimulants, surfactants, spreaders,
stickers, and humectants. The stimulants modify ittsect behaviours in such a way to
increase the uptake of propagules by the pestlifirfarmulations are used that prevent
contaminants from germination and growth. This isant to avoid any harm to the active
ingredients during storage and interference wightidological activity once applied.

Field experiments remain the ultimate tests in Whige real efficacy of a selected
microbial isolate will be revealed. All this infoation is important for the registration of the
product and crucial for the success of the producthe ground. We therefore suggest that
actors at the international level initiate a unsadly accepted regulation for the registration of
microbial pest control agents.

Importance of stabilization and standardization inbotanical insecticide
production and experimentation

As in the case of biopesticides, the quality of gigtochemicals needs improvement in
stabilization and the standardization of the produibe stabilization of the phytochemicals is
important because of their rapid degradation/tiamsétion when they are in contact with the
atmosphere. This transformation occurs throughfréee radical chain reaction that leads to
oxidation and hence the rapid loss of activity lné botanical insecticides. Factors such as
temperature, UV and sunlight, pH, rainfall, humydiind other environmental factors have a
negative influence on the stability of botanicastp@des (Johnson et al., 2003; Parmar and
Walia, 2000; Stokes and Redfern, 1982). Two waystalilizing the botanical pesticides can
be explored: first by using stabilizers, includiagti-oxidants and UV-screens as with
pyrethrins (Miskus and Andrews, 1972; Pieper andgR@port, 1982) and second by replacing
the photolabile sites in the molecules with phatbkt moieties. The second method was
successfully used to obtain the photostable modscin the pyrethroids (Parmar and Walia,
2000) and can be explored with other botanicaledtisides. The use of various stabilizers
was trialed by several authors to enhance thelisyabi azadirachtin and azadirachtin neem
oil. The increase of 26-60% in the stability of dizachtin and azadirachtin neem oil was
observed by incorporating anthraguinone or epicdtgdrin as stabilisers (Kumar and
Parmar, 1999). Also the stability of azadirachti @zadirachtin neem oil was enhanced by
using stabilizers isolated frourcuma longa such as curcumins, turmeric oil and neem oil in
various proportions (Choudhury, 1996). These respliovide evidence for the possible
enhancement of the stability of such botanical dtiseles. However, the value added might
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increase the cost of production and therefore beradicap in the development of such
products.

Variations in the physico-chemical, chemical, plegimpatibility, toxicological and
other related parameters of botanical insecticltlese always been a matter of concern and
call for a profound reflection on the standardizatof the product. The agro-climatic zones
and the plant growth stage contribute to such tiarialt has been reported that the content of
azadirachtin is at a maximum when the fruit tunsrf green to yellow. Also, Parmar and
Walia (2000) indicated that the bioactive efficao§ neem-based products may not
necessarily be the result of a high content of imaeldtin, emphasizing the importance of
other compounds such as meliacins in conferring thieactivity to these products. These
authors also highlighted the necessity of prevgntieem-based pesticides from physical,
chemical and microbial contaminants such as afiatoky improving handling, processing
and storage conditions of neem seeds.

Overview of the LEC evolution since its launchingn 1988 in Africa

Apart from Benin, many countries were involved iBQ implementation in Africa, such as
Burkina Faso, Cameroon, Cote d’lvoire, Guinea, M8lenegal and Togo. Based on the
specific conditions prevailing in each country amdthe expertise available, some alterations
and adaptations have taken place, making the LE@di local conditions. In Benin, two
different types of LEC were tailored, based ondbeurrence and diversity of carpophagous
pests with cryptic regime: partial LEC and compleieC. Partial LEC was adopted in the
southern and central regions. It consists of th@iegtion of the full dose of pyrethroid while
the complete LEC uses half the dose of pyrethoidli,MCameroon and recently Senegal
adopted the full threshold-based application, dalferue threshold-based” programme.
Moreover, in Cameroon, a sequential plan for irdlial decision programme or LOIC (Lutte
aprés observation individuelle des chenilles — mbnafter individual monitoring of
caterpillars) was developed. LOIC is based on obafiter sequential sampling of bollworms.
Togo adopted calendar sprayings followed by somestiold-based applications made after
scouting done foH. armigera. In Cote d'lvoire, the true threshold was limitéal the
beginning of cotton growth; while in Burkina-Fasthe true threshold followed the
application of two calendar-based sprayings (Siitieal., 2013). The variation in the LEC
methodology may have been the result of its coniflewith each country trying to fine-tune
it, but also the lack of coordination across theotss countries.
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The acreages under LEC and its derivatives vary gears and tend to not go beyond a
certain limit (Table 1). These figures show thant@eoon, Mali and Benin were mainly the
countries where the LEC was implemented. The higha®age in these countries was 92,643
ha (70%), 101,796 ha (22%) and 21,234 (12%) recbriote 1994, 2006 and 2010,
respectively. Benin was able to reach this level 28 under LEC because of the Competitive
African Cotton Initiative (ComPACI programme) antkettriennial plan of LEC promotion
(Chapter 1) which put special emphasis on incrgasiC acreage. This result was not really
consistent, as the acreage in LEC dropped thewoilp year with about 30%. In Cameroon
and Mali, the decrease in LEC acreage from theente years of highest acreage (1994 and
2006 respectively) to 2010 are 98 and 34%, resgdygtiand may have decreased drastically
since then.

This provides evidence of the difficulty for thech@mology to thrive and diffuse.
Farmers were empowered but it seems that onlyethm-kterate ones became skilful enough
to conduct the scouting by themselves. This sitmatixplained the recourse to an outsourced
workforce to handle the scouting. This hired lahalso called LEC observers, monitored
infestation levels, and assisted fellow farmersriaking appropriate and timely pesticide
applications. The outsourced expertise for scoutiagsformed the knowledge from being a
public good into a private service that farmersdngearly (Moussa, 2006). This implied for
extension services to hand over some of their gegives to private actors. The farmers in
the scouting service are able to speak and wrikgench, as they also serve as intermediaries
between researchers and their fellow farmers. Hewethis was not a success because the
fellow farmers often did not accept to pay the obses after the scouting was done (Togbé et
al., 2012).

Input supplier companies negotiated from a powesebas they are politically
anchored and have the mono/oligopoly in supplyimguis. They supply cotton inputs in all
the countries where LEC is implemented. HoweveBémin they only provided inputs for
the conventional and not for the LEC strategy, Whieriously hampered its implementation.
As a consequence, the acreages using LEC dragtaedlined. Some farmers still monitor
their cotton field before applying pesticides (Ctea®), but their number is not enough to
have a substantial impact. Also, the diffusion ok tknowledge of threshold-based
applications by farmers used as LEC observers imgtet to their direct friends (Moussa,
2006; Togbé et al., 2012).
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Table 1: Evolution of LEC acreages and its derivativesanaus countries

Years Cameroon Mali Benin Togo Senegal
LEC LoIC LEC TTP LEC LEC TTP
1988 - - - - 30 - -
1989 - - - - 25 - -
1990 407 - - - 30 - -
1991 3720 - - - 30 - -
1992 13002 - - - 55 - -
1993 35386 - - - 92 - -
1994 92643 - 104 - 96 - -
1995 85266 - 259 - 606 50 -
1996 71043 - 2117 - 1273 1023 -
1997 50314 - 5313 - 736 2942 -
1998 39122 - 7351 - 100 5833 -
1999 2593 - 19821 - 3000 6089 -
2000 5214 - 16578 - 3991 7000 -
2001 5214 - 36521 611 9784 - -
2002 3028 - 28980 2515 10605 - -
2003 1647 - 36985 6297 17440 - -
2004 490 - 39496 38683 8895 - -
2005 143 - 71812 15133 8174 - -
2006 418 132 101796 24026 10674 - -
2007 - 312 63599 15640 11157 - -
2008 - 838 52232 14248 10954 - -
2009 - 1170 65286 15722 17223 - -
2010 - 1783 66945 25551 21234 - 4259
2011 - Not available 15000 Not available 1722

LEC: Lutte étagée ciblée (targeted staggered chntro

LOIC: Lutte aprés observation individuelle des rilies (sequential plan for individual decision kiray).
TTP: true threshold-based program

Sources: adapted from Silvie et al. (2013)

Integrated Pest Management: burden or tool for revaue increase to

farmers

The success of the integrated pest managementresqai set of conditions which seem
difficult to meet in the context of smallholdertaing in the developing countries.

The scouting methods used in our experiment wesedban the thresholds established
since the late 1980s by the cotton research c€@R&-CF). The threshold indications were
provided only for the larvae of the bollworms, thain one beingdfelicoverpa armigera, but
not for the eggs. Given that the eggsHfarmigera can hatch twice a week (Matthews,
1996), and that scouting is done only once a wee&,may consider including the egg stage
in the threshold. Horne and Page (2008) also dssclishe problems of thresholds, which
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often elude many variables such as the presencatofal enemies, the influence of planting
date, the planting rates, the weather conditiors the value of the crop. This prompted
others to develop the concept of dynamic thresh@tigchins, 1995) whose application is
more difficult than the existing one. However, e tcotton production context in Benin, the
planting date may no longer be appropriate consigehe possible effect of climate change
on the distribution of rainfall, plant growth andnsequently productivity. At the beginning
of each season, farmers expect the first rainsrégfoughing the land. Due to the late arrival
of rainfall major delays occur in the executionadifthe activities of cotton growing (Chapter
3). It has been noticed that the planting calesdaup by past research no longer matches the
distribution of rainfall. Also, the rainfall appesato stop earlier than in the past. Farmers are
requesting a revision of the planting period (Gdile al., 2010). Also an increase in input
costs has lowered the net revenue to farmers. ®heept of a dynamic threshold may better
fit the context of cotton production in Benin. Bdsen the above, one could question the
reliability of the thresholds and the scouting noeth used in cotton production. The
integration of eggs in the scouting may be recondable but would increase the workload to
farmers and this may be a reason for them not pdydap Farmers need incentives to do so,
such as an increase in producers’ price. This weoaldpensate the extra scouting effort or
the cost of outsourcing the scouting. Hutchins B)%&rgued that for IPM to be successfully
implemented, the scouting activity should be acd@hed by someone other than farmers or
by an enterprise whose performance would be shdwough the increase in quality and
quantity of the final product. He differentiatedtlween “idealistic IPM” where societal
values are assumed (e.g., reduce pesticides) aedlistic IPM” where farmers clearly
consider their goals and personal values. Hutchiss posited IPM service within the
economic perspective and suggested that farmersleweloping countries should be
empowered to make decisions based on a cost-banéfijsis. Is the reluctance of farmers to
apply IPM based on such rationale? It seems thateiss have too little control over the
framework conditions such as the producers’ priceatton, the variety to be sown or the
timely delivery of specific inputs (Baffes, 2007).

Besides IPM being more labour intensive, farmegam IPM as more risky. Cotton is
produced in an erratic environment characterized ubgven rainfall, fluctuating pest
occurrence and unpredictable yields. Under suchditions it may be difficult to arrive at
meaningful thresholds. If external factors can batwlled better than under the current
regime the outcome would be more predictable. Rarlmder such conditions, IPM would
stand a better chance to strive and compete wiikr gtest control strategies. Such conditions
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are met with high-value crops produced in greenbarenditions with multiple harvests a
year (Orr, 2003). Van Huis and Meerman (1997) erpibat the IPM concept of economic
threshold was not initially developed for resoupmmr farmers, such as those involved in
cotton production in developing countries, but fonarket-oriented agriculture in
industrialized countries with large contiguous ardavoted to a single crop with predictable
yields and stable prices. They argued that resepmoe farms “are very different, being
small, and having crops in different developmergtiges, often planted in mixtures”.
Although, cotton is planted in monoculture, mosttted cotton fields are “adjacent to non-
cultivated area and thus forming ‘islands’ in thitkdwegetation”.

These features may have an important effect omlyhamics of pest populations and
may greatly affect the long-term success of IPM.sMof the countries such as the
Philippines, Indonesia and Laos, where the adomifd®PM methods reduced the application
of synthetic pesticides, nhow seem to experiencéifiing back to non-IPM practices, in
particular by relying on the use of pesticide aggtions (Islam et al., 2012). As a result, the
rich biodiversity of natural enemies, being theibas$ any IPM strategy, is being endangered
and compromised. Besides field characteristics landtion, the reasons might also be the
lack of political support from the central governmheo sustain the IPM programme
(Williamson, 2005) and the aggressive marketingtsgies of pesticide companies using
synthetic pesticides as ‘fast moving customer go@dlam et al., 2012). Changing the view
of IPM from idealistic to realistic would have heltpfarmers to build their own motivations
and prevented them from returning to non-IPM pragi

Influence of the international landscape on cottofiarmer’ revenue
Geels (2002, 2005) analysed the conditions of sscoé technology and came up with the
assumption that the further success of a new téogynas not only governed by processes
within the niche (micro-level), but also by develognts at the level of the regime (meso-
level) and the sociotechnical landscape (macrobleMéiche is a space of radical innovation
(seed for change) and as such very relevant. Niabegs “incubation rooms” for radical
novelties (Schot, 1998), and need to be protectesheltered from the assaults of outside
forces such as ‘normal’ market selection in themeg From the niche, an innovation enters
the sociotechnical regime (ST-regime) at the mesel The ST-regime represents a site of
dominant practices, interests, rules, shared ediend assumptions (Rotmans et al., 2001).
The world market price and the cotton quality reguients are two factors that exert a
great effect on the cotton value chain. Although world price for cotton is the result of the
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interaction between the supply and demand, the eh&ldistorted by subsidies and exchange
rate fluctuations. Cotton production increased dtierlast two decades due to technological
improvements including the introduction of improwetieties, the increased use of irrigation
and chemical fertilizers. Also, many developing mivies implemented the genetically
modified (GM) seed technology. The acreage plantéth GM cotton varieties globally,
accounting for one quarter of the total acreage.aA®sult, the world average yield has
increased, while the world consumption of cottongapita remains stagnant. This resulted in
declining world cotton price. The most importardade distortion comes from the domestic
support provided by the United States (USA) tortleeiton growers. The West and Central
Africa (WCA) cotton producing countries receive kmprices because of these subsidies.
Nearly $150 million in potential export earningsnaally are lost by these countries due to
this support (Baffes and Estur, 2009). Baffes (30&culated that the share of the world
market price paid to farmers would increase bydl03% in the absence of USA subsidies to
American cotton growers. Moreover, cotton is tradadUS dollars and therefore its
fluctuation has an effect on prices paid to thenfas in other countries. Due to the fixed
exchange rate between CFA frammd the Euro, an appreciation of the Euro agahestUS
dollars implies a collapse of the cotton price i€/ on the other hand a depreciation of this
currency raises the cotton price in these countries

When the international cotton price increases.eénss logical that farmers expect
more revenue for their cotton sold. This would waté farmers to produce more. Innovations
are then also more likely to occur. However, famfars the producer price of cotton has
remained almost constant (Figure 1) and does rwh $e relate much to world market price
(Baffes, 2007). The slight increase noticed dutimg last years in Benin was ascribed to the
“philanthropy” of the government toward cotton fars, and seems to be related to election
campaigns (2011). The establishment of produceegrby government bodies is not very
transparent.

The cotton lint quality is another important factom the cotton landscape.
Increasingly, there is a stringent demand for beftrlity fiber. The cotton quality determines
the price that manufacturers are willing to paymére stringent demand for quality cotton
opens windows of opportunities for the LEC cottaoveers, which always provide first
standard quality (Chapter 2). Thus, ginners at rfgime level could promote the LEC
application by paying a bit more to encourage higjuality.

! FCFA :““Franc de la Communauté Francaise d'Afrique”.
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Among the actors in the cotton value chain, ontynfers bear the risks associated with cotton
production; ginners and input suppliers are alwsgfe. One risk is the decrease in cotton
yield during the last 10 years. Although this may gartly due to climate change, farmers
doubt the efficacy of pesticides (Chapter 3).

Does Fairtrade cotton offer opportunities for farsfelmplementing fair trade cotton
addresses fundamental inequities at national aedniational levels. Mali and Burkina-Faso
have had experiences with a fair trade cotton progne. Another experiment with fair trade
was established in Benin within some cotton growdmgas through the ‘Cotton made in
Africa’ (CmiA) initiative. In this initiative, theLEC strategy was one of the practices that
were promoted to improve incomes and livelihoodasmers. Apart from CmiA, Helvetas
and OBEPAB are also actively involved in fair tradetton production. OBEPAB was
reported to have a significantly longer historyoiganic cotton in Benin (Peltzer and Rottger,
2013). These three programmes have the followinggdmmon: to improve the living
conditions through increase in price paid to fasnand/or the productivity using good
agricultural practices. They are successful forifgueontributed to the increase in women’s
participation in cash crop cultivation, higher oattquality, the diffusion of organic farming
techniques (Bassett, 2010) and the exclusion dd tdbour (Peltzer and Rottger, 2013).

However, most of the fair trade cotton organisatiane still operating in the same
commodity chain as conventional cotton (Basset,02@nd are unable to pay a rewarding
price to farmers. Shreck (2005) already warned taattrade may not be the appropriate
recipe to go against the conventional commodityesys if qualitative transformation is not
made in the former setting. The lesson learnt fsoich experiences is that the implementation
of fair trade initiatives necessitate the transfation of the existing setting and the changing
view of actors toward farmers’ interests. Anothdteraative would be to establish a
completely new chain, in which the effort of farmean be highly valued and rewarded. In
this regard, an effort should be made by farmetstheir organisations to adhere to the fair
trade initiatives, in order to improve the fairdeaproduction that currently represents only
1% of the total seed cotton in West Africa (Bass2tl0).
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Chapter 7

Creating conducive space for innovation in pest magement

In order for a policy to be successful in the cotsector, many conflicting interests and
powers need to be considered. This can be achiévaul interaction process is followed
instead of thriving for goal-oriented solutions.eTetting up of a stakeholder platform is a
means of arriving at collective decisions.

One of the major problems has been input delivefiatmers. The company that won
the input bidding virtually has a monopoly. Farmare bound by these rules and cannot
approach other companies to acquire the inputs kear, there are great delays in the supply
of some inputs during the season, causing thelityatm prevent pest attack and resulting in
yield loss. Also, farmers complain about the ireflly of some inputs, and this refers in
particular to the insecticides provided. Input digsp also were accused of repackaging
obsolete pesticides, which they can sell due tartheopoly arrangements (Chapter 3). These
conditions seem to be reflected in the steady dseref cotton production.

Extension agents monitor whether farmers use infpoits other companies. Inputs are
also supplied on a credit basis. Resource-poordegrare trapped in such arrangements and
depend on the appointed input suppliers, and oinfhe supplied whatever the quality is.

In the organisation of the cotton sector in Bertimere are many actors that are
powerful. On the other hand, farmers are very waadk are in a dependent position. Under
the reform initiated in 2009, FBOs were abolisheairf national to the district level. New
cooperatives were set up with new regulations, hed the regulatory body (Association
Interprofessionnelle du Coton, AIC) could conneicgctly to farmers. Also, actors from the
public sector such as a cotton research centrigrcgrading service, and extension service
were removed from the cotton sector. This exclugenerated conflicts which ended up with
the abolition of AIC. Currently, the government hasestablished all the actors under this
reform. Also, the ‘Société Nationale de Promotiogridole SONAPRA', formerly in charge
of the cotton sector activity, took over prerogasivof AIC. The exact configuration that
should lead the cotton sector is still under dismrs Farmers’ initiatives need to be
encouraged by involving them in the definition @hstraints, the research agenda and the
implementation of solutions in the field. The Inatien System approach represents an
appropriate tool to reach this goal. Will the ink@nent of farmers in such innovation
platforms be rewarded?

The CoS-SIS programme tried to mediate these issyesetting up a Consultation
and Innovation Group (CIG) in which different sthkéders, including farmers, are
represented. The CIG was facilitated by a postdat®esearch Associate (RA) in charge of
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General discussion

creating an enabling environment for innovationseteerge. Neem oil was identified as a
potential solution to the problem of input deliveBased on the encouraging results from the
field with this product in our experiment (Chaptd), women's associations in the
experimental villages expressed the need to beelain producing neem oil themselves. A
training proposal was written by farmers and fundgdhe CoS-SIS project at the national
level (Zannou, 2013). Women’s associations produl@@Dd litres of neem oil packaged in
small bottles appropriate for small-scale use. Titg@tive, which is the result of IS approach
shows that such an innovation platform (the CIGa) be a good driver for innovation
development and poverty alleviation. Women’s asg@mis would increase not only their
revenue, but also contribute to the developmeth@®ftotton revival in their region. Neem oil
could be used when the delay of pesticide occuwisthe scope of its application can also be
extended to vegetable production. By using neenmsiead of synthetic pesticides, they can
furthermore contribute to safeguarding the envirentmnand human health. Farmer
empowerment is a key for the development of theéooosector. The re-establishment of
FBOs from district to national level will be of mital interest to reach this goal.

The recurrent changes in policy (policy incoherénbat occurred in the cotton sector
indicate that the actors were not well preparethke over the responsibilities given by the
liberalization of the cotton sector. This is thesean all east, west and central African
countries in which cotton is produced. The entrasfcmany private companies in the cotton
sector has affected pest management, researcitiastand the governance of the sector as a
whole. Farmers remain the weak point of the sebtrause of the high illiteracy rate.
Literacy rate is one of the common criteria for emsing human development. Cotton
production could go differently if the majority &drmers were well-educated and empowered
by themselves to play the role to which they arétled. This may balance the power
relationship in favor of the farmers and contribgteatly to an increase in cotton production,
resulting in the improvement of their livelihood.
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Summary

In cotton production in Benin, the key problemsef@dy farmers since 2005 are high input
costs, decline in yields, and low quality of thetlproduced. Most prominent among the
proposed solutions are the application of goodcattiral practices (as recommended by the
Cotton Research Centre) and an improved pest marsadestrategy (Togbé et al., 2011).
Implementing an integrated pest management strategyires considerable knowledge on
the part of farmers (Orr, 2003). An exploratorydstwvas made which led to the entry point
for the thesis and determined the scope of theystGdtton integrated pest management
emerged with a special focus on staggered targetetol, or “Lutte Etagée Ciblée”, (LEC in
French). The LEC is a low-end IPM strategy (Benkrd002), consisting of an initial basic
protection (security protection, applications coetply calendar-based) followed by
threshold-based tactics using specific pesticiddswever, the adoption of this pest
management strategy has been limited. This letgauestion: why is the LEC strategy not
widespread, despite its large number of advantages?

A diagnostic study was conducted to understand cheracteristics of the LEC
strategy and the technical and institutional camsts that hinder its widespread adoption.
First, we used the framework provided by Geels 2200 determine the current socio-
technical configuration around the LEC strategy aodidentify the socio-organisational
factors hindering its widespread adoption. TecHrdoastraints related to field scouting led to
LEC being wrongly applied. This misapplication haglo with the expertise required by the
scouting and the extension model used for its taggde adoption. Also, because the
applications are need-based, the amount of pessicietjuired are normally less than with the
conventional treatments and this lowers the profitinput suppliers. This explains the
reluctance of input suppliers to deliver LEC pedtise and this has generated conflicts with
farmer-based organisations (FBOs). The socio-teehmeconfiguration needed to transform
the existing cotton sector would involve hardwaaftware and orgware (Smits, 2002). The
lessons learned were that many organisations, ndsegntres and projects focused on
developing technology (hardware) but neglected toildb the social-organisational
arrangements (orgware) that can support, sustaimetually put the technology to work.

In line with the national policy to revive the agritural sector in Benin, théProjet
d’Assainissement et de Relance de la Filiere CatworBénin’ (PARFCB) was launched in
2009. This project aimed to improve the governasfdarmer-based organisations (FBOSs) in
the cotton sector and build trust within these pigmtions, as well as to guarantee prompt
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payment to farmers upon delivery of their seedorotb the ginneries. This reform during the
time of our research provided an opportunity tadgtinstitutional transformation in action
and to understand the complexities of the cottatoseThe goal of this natural experiment
was to identify the opportunities brought abouttbg reconfiguration of actors, favourable
for the wide-scale application of LEC (alignmerithe policy arrangements approach (PAA)
(Arts et al.,, 2006) was used. The PAA provides anldical framework based on four
interrelated factors which enables one to analysengrete policy domain. Such factors are
() the actors and their coalitions (including theppositions); (ii) the resources which refer to
the knowledge, personnel, expertise, financial @her sources of power; (iii) the institutions
including formal and informal laws, norms, valuesdaroutines; and finally (iv) the
discourses which refer to the interpretative schémae confers meanings and understanding
of the way problems and solutions are framed (Sdhr2D08). The reform initiated change at
the node of actors and coalitions, followed by aichieaction at the other nodes of the policy
arrangements. Until 2012, the reform failed to grabout a new and stable reconfiguration,
suggesting disagreement of actors with regard tisigs underpinning the reform. There
was a lack of consultation concerning problem diéfin and agenda setting (solution
formulation). The reform was goal-oriented and awtiterative process (Crabbé and Leroy,
2008).

Was there another way to address the non-delivelyE€ pesticides? Two field-
experiments were conducted in 2010-2011 and 2012-Zlhe first was to test the efficacy of
neem oil alone and combined with the entomopathodengusBeauveria bassiana (isolate
Bb11) for controlling major pests targeted by tHeC strategy. The second was to evaluate
under field conditions the synergistic effect oemeoil with eitherB. bassiana or Bacillus
thuringiensis (Bt). In the first experiment, the neem oil usddna or together withB.
bassiana (neem oil-Bb11) did not perform to the extent thia¢ LEC and conventional
treatment did: yields under the conventional tresits and LEC were 25 and 39% higher,
respectively, than those obtained in the plotstédkavith neem oil and neem oil combined
with Bb11. This difference may be explained by pheducts themselves or by environmental
conditions. As with other phytochemicals, neemi®ihot persistent in the environment and
disappears shortly after application. This prop&tsssociated with the presence of bioactive
organic chemicals which offer to phytochemicals advantage over synthetic pesticides
because they are less toxic, less prone to thelafwent of resistance and easily
biodegradable (Dhaliwal and Arora, 2001; Ravensbe2p11). Following the
recommendations from the first experiment, we itigated in the second experiment the
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synergistic effect of a mixed formulation of neethand B. bassiana, and neem oil an@.
thuringiensis. Yields obtained with the mixed formulations angem oil used alone and
separately withB. bassiana were not different, suggesting the absence ofnargystic effect
between neem oil anB. bassiana and between neem oil ar®l thuringiensis. Also, the
combination of bio-insecticides increased the potidn costs more than that of the
conventional treatment, compromising the profiipibf such formulations, especially when
there is no synergistic effect. These results stimat the combination of entomopathogens
with other pesticides do not always lead to an robd effect, and may even lead to a
reduced impact (Ravensberg, 2011). These two erpats were managed and conducted in
a collaborative way with farmers, extension ageats] a researcher who facilitated the
process. We were finally interested in the chartgas occurred in farmers’ knowledge and
farming practices due to their participation in finst year experiment.

Difference-in-Differences methodology was used tcuwment the changes. This
methodology is a combination of the longitudinatldhe latitudinal designs and was applied
to measure the contribution of farmers’ participatin the change in their knowledge and
practices (Van den Berg and Jiggins, 2007). Thégizetion in the research increased the
knowledge of farmers on pest and natural enemygrétion and their knowledge on
threshold use and biopesticide applications. Howete increase in knowledge did not lead
to any maodification in farmer practices with respiecthe use of neem oil afBkauveria, but
it led to a significant change towards thresholddoh pesticide applications. The clear
rejection of usingB. bassiana can be related to its high labour demand. In fasing
Beauveria requires the collection of dead worms and theirseovation until the new season.
The non-application of neem oil by farmers in thmim fields may be associated to financial
constraints, which are critical for smallholdernfears. Conventional pesticides are subsidised
and available to all cotton growers on a creditihawhile neem oil is not. Under such
circumstances, the capabilities of farmers anceffextiveness of innovations are not enough
to induce the adoption of more environmentally catilpe pest control technologies. In
addition, proper institutional arrangements such asedit service may be needed to facilitate
the adoption, as suggested by (Singla et al. (20h2he sustainability of rodent control in
wheat {Triticum aestivum L.) and rice Qryza sativa L.) production in India.

The widespread adoption of the LEC approach hadeeh successful in the cotton
sector in Benin, mainly due to institutional coasits. The reforms of the cotton sector were
top-down, and proved inappropriate for solving itmgibnal problems between stakeholders.
A wider consultation involving all actors, suchwsed in an innovation approach, may have
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been more appropriate. Furthermore, a larger ande nroportant role of FBOs is also
required to achieve a viable cotton sector in Benin
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Samenvatting

Sinds 2005 zijn de belangrijkste problemen van d@boeren in Benin de hoge
productiekosten, daling van de opbrengst en de lkagaliteit van de katoen. De meest
veelbelovend oplossingen zijn het toepassen vadegpemductiemethoden (zoals aanbevolen
door het Cotton Research Centre) en een verbestrategie van gewasbescherming (Togbé
et al.,, 2011). Het toepassen van een strategiege#mtegreerde bestrijding heeft wel als
nadeel dat het veel kennis van de boer vereist @QD3). Een verkennende studie leidde tot
het thema van het proefschrift: geintegreerde ifisty van plagen in de katoen met als
speciale focus " Lutte Etagée Ciblée" (LEC in hetrB). LEC is een strategie van bestrijding
(Benbrook, 2002), die bestaat uit een aantal vguoggammeerde behandelingen met
insecticiden, gevolgd door bespuitingen met spalaifi pesticiden die alleen worden
uitgevoerd als een zekere plaagdichtheid wordt smbeeden. Echter, deze LEC strategie
kwam niet echt van de grond. De vraag was waarcam Weze benadering heeft een groot
aantal voordelen.

Een diagnostisch studie werd uitgevoerd om de kekenevan de LEC-strategie te
begrijpen alsmede om de technische en institutomeperkingen te identificeren die de
grootschalige invoering ervan belemmeren. We gktemihet kader van Geels (2002) om de
huidige socio-technische configuratie rond de LE@tsgie te bepalen. Het bleek dat de LEC
strategie verkeerd werd toegepast doordat het &epain de insectendichtheid niet goed
werd gedaan. Dat komt omdat er nogal wat kennisgnedom dit goed te doen en de
voorlichtingsdienst was niet voldoende toegerust dimgrootschalig aan te pakken. Een
ander probleem is dat bij de LEC strategie allestipelen worden toegedient als de
plaagdichtheid boven een bepaalde drempel komthd@weelheid pesticiden nodig in een
LEC strategie is om die reden over het algemeerdenidan bij de conventionele strategie
(bespuitingen volgens de kalender onafhankelijk kahfeit of het plaaginsect voorkomt).
Dat betekent dat LEC minder interessant is vooipésticide leveranciers, die bij adoptie
hiervan hun winsten zien dalen. Dit verklaart degboudendheid van deze leveranciers om
de LEC pesticiden te leveren en dat leidde oplmjurt tot conflicten met boerenorganisaties.
Er is een socio-technische reconfiguratie nodig am bestaande katoensector te
transformeren volgens de ‘hardware’, ‘software*@gware’ theorie zoals door Smits (2002)
beschreven. De les, die we hebben geleerd is dahisaties , onderzoekscentra en projecten
zich over het algemeen richten op het ontwikkelen technologie (hardware), maar vergeten
om de noodzakelijke sociaal-organisatorische voarden (orgware) hiervoor te creéren.
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In lijn met het nationale beleid om de landbouwsedt Benin nieuw leven in te
blazen, werd in 2009 het 'Projet d' Assainisseraede Relance de la Filiere Coton au Benin'
(PARFCB) gelanceerd. Dit project is erop gerichtlomerenorganisaties in de katoensector te
versterken, meer vertrouwen te kweken binnen degandsaties, en tevens om te garanderen
dat boeren direct worden betaald bij het leverand& katoen aan de verwerkingsbedrijven.
Deze hervorming (PARFCB), die plaatsvond tijdens onderzoek was een gelegenheid om
deze institutionele transformatie te bestuderewrande complexiteit van de katoensector te
begrijpen. Het doel van dit ‘natuurlijke experimiewas om de kansen te identificeren die
ontstonden bij de nieuwe configuratie van actorenmet name of deze gunstig was voor de
grootschalige toepassing van LEC. De “policy areangnts approach” (PAA) van Arts et al.
(2006) werd hiervoor gebruikt . De PAA benaderigdb een analytisch kader gebaseerd op
vier onderling samenhangende factoren die het rijogelaakt om een beleidsdomein
concreet te analyseren. De factoren zijn: (i) ddesp en hun coalities (met inbegrip van hun
opponenten); (ii ) de bronnen die betrekking hebbprkennis, personeel, deskundigheid,
financién en andere bronnen van macht; (i )ragituties, waaronder formele en informele
wetten, normen, waarden en routines; en (iv) derpmnetaties, betekenissen en inzichten van
hoe problemen zijn ingekaderd (Schmidt, 2008). Bevdrmingen initieerden veranderingen
in de interacties van de spelers en hun coaliti¥t.leidde tot een kettingreactie van
veranderingen op andere onderdelen van het bdletd2012 was de hervorming niet in staat
om een nieuwe en stabiele configuratie tot starlitéagen. Dit suggereert dat er onenigheid
was onder de belanghebbenden ten aanzien vantbasldie ten grondslag liggen aan de
hervorming. Er was een gebrek aan overleg met Wentg tot de identificatie van de
problemen en de manier om het aan te pakken. Detmeing was doelgericht en niet een
iteratief proces (Crabbe en Leroy, 2008).

Was er een andere manier om de niet-levering va béstrijdingsmiddelen aan te
pakken? We deden twee veldexperimenten in 2010-2012011-2012. De eerste was om de
werkzaamheid van neem olie (een botanisch pes}itédiesten, alleen en in combinatie met
de entomopathogene schimmBéauveria bassiana (isolaat BB11) om de belangrijkste
plagen, waarop de LEC strategie zich richt, terij@sh. Ten tweede wilden we evalueren of
onder veldomstandigheden er een synergetischet effezou treden van olie vareem (een
botanisch pesticide) met zowBl bassiana als Bacillus thuringiensis (Bt). In het eerste
experiment, bleek dat de neemolie alleen of sameinBmbassiana (neem olie - Bb11) het
niet zo goed deed als de LEC en de conventiondgbanueling: de opbrengsten van de
laatsten waren respectievelijk 25% en 39% hogédrv@&ischil kan worden verklaard door de
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aard van de producten zelf of door het optredenbegaalde omgevingsfactoren. Zoals met
andere fytochemicalién, is neemolie is niet pegaisin het milieu en verdwijnt kort na de
toepassing. Deze eigenschap wordt in verband dgetbnaet de aanwezigheid van bioactieve
organische stoffen die juist fytochemicalién eenrdeel geven ten opzichte van synthetische
pesticiden , omdat ze minder giftig zijn, mindewvgelig voor resistentieontwikkeling en
gemakkelijk biologisch afbreekbaar (Dhaliwal en kx,02001; Ravensberg, 2011).

Op grond van de resultaten van het eerste expetinoeilerzochten we in een tweede
experiment het synergetische effect van een memgidering van zowel neemolie €.
bassiana als neemolie em. thuringiensis. De opbrengsten van de mengformuleringen en
neemolie alleen of samen m8t bassiana waren niet verschillend. Dit suggereert de
afwezigheid van een synergistisch effect tussemoke enB. bassiana en tussen neemolie
en B. thuringiensis. Het samenvoegen van de bio-insecticiden verhoogt#tede kosten ten
opzichte van die van de conventionele behandelidgze resultaten tonen aan dat de
combinatie van entomopathogenen met andere bésgsjtiiddelen niet altijd leiden tot een
verbeterde werking, en dat het zelfs kan leidere¢ot verminderd effect (Ravensberg, 2011).
Deze twee experimenten werden beheerd en uitgewszangn met boeren, voorlichters, en
een onderzoeker die faciliteerde. We waren geisdesrd of er veranderingen waren
opgetreden in de kennis van de boeren die aanxpetiment hadden deelgenomen en of dat
ze hun bedrijfsvoering hadden veranderd.

De methode genaamd “Difference-in-Differences” widoggepast om te evalueren of
deelname van boeren een verandering heeft teweemgtelin hun kennis en de toepassingen
ervan (Van den Berg en Jiggins, 2007). Het resultas dat de deelname aan het onderzoek
de kennis van boeren over de herkenning van plagemun natuurlijke vijanden heeft
vergroot. Dit gold ook voor hun kennis over hetgdbvan economische schadedrempels en
het toepassen van biopesticiden. De toename v&erdes leidde niet tot wijzigingen in het
toepassen van neemolie en Beauveria, maar leidd®treen significante verandering in het
gebruik van economische schadedrempels. De dlkdedifwijzing van het gebruik vaB.
bassiana is waarschijnlijk terug te leiden op de hoevealaibeid, die voor de toepassing is
verreist, nl. rupsen besmet mi&t bassiana moeten worden verzameld en bewaard tot het
volgende seizoen. Het niet toepassen van neemadieltberen in hun eigen velden kunnen
worden herleid tot voor boeren cruciale financiééemmeringen. Conventionele pesticiden
zZijn gesubsidieerd en beschikbaar voor alle katers op een krediet basis; neemolie is dat
niet. Onder dergelijke omstandigheden, is de effieeit van innovaties niet genoeg om meer
milieuvriendelijke methoden van plaagbestrijding itéroduceren. Daarnaast zijn betere
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institutionele voorwaarden nodig, zoals krediewmeing, zoals toegepast bij de
knaagdierbestrijding in tarwdi(iticum aestivum L.) en rijst Oryza sativa L.) in India (Singla
et al., 2012).

Grootschalige invoering van de LEC strategie isngseicces geweest voor de
katoensector in Benin en dit is vooral te wijtem aastitutionele belemmeringen. De
hervorming van de katoensector was top-down, eekbtsgeschikt voor het oplossen van
problemen tussen belanghebbenden. Een breder gkadier met alle belanghebbenden,
zoals gebruikt in een innovatie platform benaderzay beter zijn geweest. Verder is er een
grotere en belangrijkere rol van boerenorganisatieg om katoen in Benin levensvatbaar te

maken.
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Depuis 2005, les producteurs de coton sont corésoatix probléemes d’augmentation du prix
des intrants, de chute des rendements, et de fauialété du coton fibre. Les plus importantes
solutions proposées sont entre autres I'applicaties bonnes pratiques agricoles comme
recommandées par la recherche et 'améliorationtéesniques de gestion des ravageurs
(Togbé et al., 2011). L'adoption de la lutte inmexige assez de connaissance de la part des
producteurs (Orr, 2003). Une étude exploratoirdéangéenée et a permis de sélectionner le
point d’entrée et de cerner les contours de I'étuddutte intégrée est ressortie de cette étude
comme un atout important pour les producteurs awex attention spéciale sur la “Lutte
Etagée Ciblée” (LEC). La LEC est une variante ddutte intégrée (Benbrook, 2002), qui
consiste en l'utilisation d’'une protection de fondalisée de fagcon calendaire, suivie par une
utilisation des pesticides spécifiques dont I'apgdiion se fait sur seuil. L'étendue de
I'application de la LEC est encore trés faible ;g souléve une question importante a
savoir : quelle sont les raisons pour lesquelled BE&C a toujours des difficultés d'étre
généralisée, malgré les avantages qui s'y ratta¢hen

Une étude diagnostique a été conduite et a pernidentifier les contraintes
techniques et institutionnelles qui freinent I'atiop de la LEC & grande échelle. Le cadre
conceptuel proposé par Geels (2002) au sujet derliguration socio-technique a été utilisé
a cette fin. Les contraintes techniques sont kadatid I'observation des ravageurs pour la
détermination des seuils. Ceci exige de I'expedizet les producteurs ne sont souvent pas en
possession, du fait de la complexité de la tectyielet des connaissances nécessaires sur les
ravageurs et les ennemis naturels. Aussi, du tetlgmplication des seuils, les quantités de
pesticide utilisées sont souvent inférieures aesellu traitement conventionnel. Ce qui
explique la résistance des importateurs et digilis d'intrants a fournir les pesticides de la
LEC ; et est a la base des conflits de ces deraiggs les organisations de producteurs. Il est
aussi ressorti que la reconfiguration socio-teammiqqui pourrait transformer le secteur
cotonnier aura nécessité la combinaison de techigoém tant matériel (hardware), mais aussi
un certain niveau de connaissance (software) egalgsation (orgware) qui pourrait prendre
en charge par exemple les questions de gestiopedtigides spécifiques de la LEC (Smits,
2002). Les legons tirées sont que la plupart dedre® et organisations de recherche se
focalisent de développer des technologies, négligea arrangements socio-organisationnels
(orgware) qui doivent les accompagner pour garéguirsucces.

En rapport avec la politique nationale de relanes filieres agricoles au Benin, le
‘Projet d’Assainissement et de Relance de la Filotn au Bénin’ (PARFCB) a été lancé
en 2009. Ce projet visait & améliorer la gouverrae sein des organisations paysannes en
suscitant le regain de la confiance mutuelle an des producteurs, et garantir le paiement
rapide aux producteurs apres la vente du cotorcdeapendant la période de cette these, cette

185



Résumeé

réforme nous a offert I'opportunité d’étudier learisformations institutionnelles au sein du
secteur coton. Le but d'étudier cette expériencrirabe, est de saisir les opportunités
générées par cette réforme dans le domaine desrsaocte coalitions afin de réaliser
I'alignement nécessaire pour que la LEC soit adoidr une grande échelle. Le ‘policy
arrangements approach (PAA) (Arts et al., 2006)té wdilisé. Le PAA offre un cadre
analytigue basé sur quatre dimensions qui constities piliers essentiels qui sont affectés
par toute décision politique. Il s'agit (i) des ets et coalitions (et aussi des oppositions) ;
(il) des ressources qui se référent aux connaissafiexpertise, des ressources financiéres
qui conférent un pouvoir a celui qui les détienit) [es institutions formelles et informelles
incluant les normes, régles, valeurs, routinesratiques et finalement ; (iv) les discours qui
se référent au schéma d’interprétation qui donreesignification et une compréhension a la
facon dont les problemes et les solutions sontndéfiSchmidt, 2008). Les changements
essentiels ont été produits au niveau des actéweabtions, et il s’en est suivi une réaction
en chaine au niveau des autres piliers du PAA. B4l 2, la réforme peine a aboutir a une
stabilité au niveau de la filiere. Ce qui impligitexistence d'importants désaccords au sujet
des décisions prises par la réforme. Ceci montssid& manque de consultation pour la mise
en place de I'agenda de la réforme et de la fortimmades solutions. La réforme est restée
trop directive ; elle aurait pu étre un procesdésaiif impliquant 'ensemble des acteurs
(Crabbé and Leroy, 2008).

Y a-t-il une autre maniére de régler les problémesnon approvisionnement des
pesticides utilisés dans la LEC ? Pour répondra @uestion, deux expériences ont été
conduites en champs pendant les saisons 2010-2@D1L£-2012. La premiére était de tester
I'efficacité de I'huile de neem seule ou combinéeale champignon entomopathogene
Beauveria bassianésolate Bb11) pour le control des ravageurs sible la LEC. La seconde
experience était d'évaluer en champs l'effet syéegge de I'huile de neem soit avec
bassianaou avecBacillus thuringiensigBt). Dans la premiere expérience, I'huile de neem
utilisée seule ou de fagcon combinée n’ont pas é$8i&fficace que la LEC et le traitement
conventionnel. Le rendement de traitement conventib et de la LEC sont supérieurs
respectivement de 25 et 39% au rendement obtenlesparcelles traitées a I'huile de neem
et huile de neem pluB. bassiangneem oil-Bb11). Cette différence peut étre die @Bature
des produits utilisés ou aux conditions environreles qui ont prévalues pendant
I'expérimentation. Comme dans le cas d’autres @idss botaniques, I'huile de neem est trés
peu persistante et de ce fait disparait de I'emvieznent peu de temps apres son application.
Cette propriété de I'huile de neem est associ@epaiélsence des radicaux libres trés sensibles
qui donnent aux pesticides botaniques I'avantagdesupesticides chimiques puisque non
toxiques, moins enclin au développement de la tegsie et rapidement biodégradables
(Dhaliwal and Arora, 2001; Ravensberg, 2011). Suives recommandations de la premiére
expérience, nous avons évalué dans le deuxiémg l&=ffat synergétique de la combinaison
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de I'huile de neem eB. bassianaet I'huile de neem eB. thuringiensis Les rendements
obtenus avec I'huile de neem seule et combinée Bvbassiana et B. thuringiensise sont
différents ; ce qui indique I'absence de synergitesl'huile de neem dB. bassianaet entre
I'huile de neem eB. thuringiensis Aussi, I'association des bioinsecticides augmantes
colts de production au-dela de celui du traitermenventionnel, compromettant la rentabilité
de ces formulations, surtout en I'absence de Eeftigitionnel. Ces résultats montrent que la
combinaison des entomopathogénes avec d’autrasigestne conduit toujours pas a un effet
additionnel (Ravensberg, 2011). Ces deux essaiséthtconduits et gérés de fagon
participative avec les producteurs, les agentseduice d’encadrement et un chercheur qui a
facilité le processus.

Nous nous sommes enfin intéressés aux changemanss ld connaissance et les
pratiques des producteurs dus a leur participationpremiers essais. La méthodologie de la
double différence, ‘double delta design’ a étéisédé pour documenter lesdits changements.
Cette méthodologie est la combinaison du dispeditifigitudinal et latitudinal et a été utilisé
pour évaluer la contribution de la participatiors d@oducteurs dans les changements du
niveau de connaissance et dans les pratiques (éan Bkrg and Jiggins, 2007). La
participation des producteurs a permis une augrtientde leur niveau de connaissance sur
les ravageurs, les ennemies naturels et de le@aunide connaissance sur I'utilisation des
seuils et des biopesticides. Cependant, I'augnentdu niveau de connaissance n'a pas été
accompagnée d’'un changement dans les pratiqugsatiiscteurs en rapport avec I'utilisation
de l'huile de neem et dB. bassiana mais elle est suivie de fagon significative d’'une
augmentation des traitements basés sur l'utilisaties seuils. Le rejet de I'utilisation &
bassianapeut étre relié & son exigence élevée en mainwteein effet, I'utilisation deB.
bassianaexige que soit collectées et conservées les dbemibortes jusqu'a la prochaine
saison. La non application de I'huile de neem pargroducteurs serait due aux contraintes
financieres qui auxquelles les producteurs sontesticonfrontées & chaque début de saison.
Les traitements conventionnels sont subventionhdsponibles a crédit, alors que I'huile de
neem ne l'est pas. Dans de pareilles circonstariesscapacités des producteurs et les
performances des innovations ne sont pas suffisgoater induire I'adoption de technologies
de protection plus compatibles avec I'environnemebe plus, des arrangements
institutionnels appropriés tels que l'octroi de ditépeuvent étre souhaités pour faciliter
I'adoption, comme I'a suggéré Singla et al. (2042)ce qui concerne la durabilité de la lutte
contre les rongeurs dans la production du Bt&i¢um aestivuni..) et le riz Oryza satival..)
en Inde.
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Annex : What is CoS-SI S?

1. Definition and Purpose

Convergence of Sciences-Strengthening Innovaticte®ys is an action research programme
in Benin, Ghana and Mali. It carries out scopingl aliagnostic studies, agrarian system
analyses and participatory field experiments withovation platforms at the local, district
and national levels. Its purpose is to identify hpatys for creating opportunity for
smallholder farmers in West Africa. Focusing on énabling conditions at levels higher than
the field and farm, the Programme supports sudtkriatensification of smallholder farming
for food security.

2. Partners and Funding

CoS-SIS is a partnership among thaiversité d’Abomey-Calavat Cotonou, Benin; the
University of Ghanaat Legon, Ghana, and thestut Polytechnique Rural de Formation et
RechercheAppliquée at Katibougou, Mali; andVageningen Universityand theRoyal
Tropical Institutein the Netherlands. It is funded to a total of.B rhillion for six years (end
2008-mid 2014) by Dutch International Cooperation.

3. History and future

CoS-SIS is the second phase of CoS. CoS1 (2001)}266ésed on participatory technology
development (PTD) in Benin and Ghana. It showetlshmallholders can capture only limited
benefits from even the best-adapted and approfgeatmologies because of their constrained
opportunities. Hence CoS1 researchers started pgeriexent with institutional change (in
addition to their agronomic work). Their early rksuinspired CoS-SIS in that they
convincingly demonstrated that institutional chargeoth important and feasible. CoS-SIS is
currently supporting CORAF in implementing its IABR4strategy with its West African
partners.

4. Personnel

CoS-SIS employs eight post-doc Research Associ@®éss), recruited part-time from
national research organisations and universitied,réne African Ph.D. researchers. Some of
the RAs are graduates of the COS1 programme. The faéilitate Concerted action and
Innovation Groups (CIGs) (multi-stakeholder platier composed of key actors in an
agricultural domain) at the district and natiorealdls to experiment with institutional change.
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What is CoS-SIS?

The Ph.D. researchers work at community level vgthups of local people to analyse
constraints and experimentally develop livelihogupartunities. The doctoral research feeds
into the deliberations of the CIGs. The work is @een by National, Regional and
International Programme Coordinators, who togettoem the Programme Management
Committee (PMC). Responsibility for each countmnpgramme rests with a Programme
Management Team (PMT) composed of senior reprebesgaof universities, ministries,
R&D organisations, the private sector, NGOs and &BThe PMTs and coordinators are
proving to be high-level networkers and importadvacates of the institutional change
initiated by the CIGs and PhDs.

5. Domains reflect national priorities

* Benin cotton, oil palm (inter-cropping oil palm and amah crops, and the oil palm seed
system) and integrated water management (agrorphgtams in the North, and rice
production in valley bottoms in the South);

* Ghana palm oil and cocoa (work in the domain of smalhinants ended when the RA
was promoted to another location by his home osgdiuin);

e Mali: integrated water management, integration of enog livestock production (both in
the Office de Niger), and shea buttiar(té).

6. Key activities

» Identifying key constraints that specific categsri¢ smallholder farmers and processors
experience when trying to improve their livelihooalsd incomes through productive or
value adding activities.

» |dentifying and researching the institutional reesdor the constraints at the local and
higher system levels.

* |dentifying key actors, networks and mechanisms ti@intain the constraints, as well as
entry points for action to by-pass, or transform ithstitutional context to overcome them.

» Assembling multi-stakeholder platforms of key astatho can be expected to engage in
institutional change in their respective domains.

« Enabling platform actors to experiment with indtinal arrangements.

» Institutionalising achievements in university couala, the programmes of research
institutes, government policies, the structure grfiaultural industries, and arrangements
among enterprises and services and in value chains.

190



What is CoS-SIS?

Researching the processes of change and the watheo€IGs by means of real-time
monitoring and a form of modified causal processitrg, based on two declared theories
of change (intervention theory focused on intearal external activities and relationships
of the CIGs; and power theory, focused on netwdhat have power to change or
maintain institutional contexts linked to each dampha

Ensuring that the outcomes of the action reseamhpublished and disseminated through
international scientific media, and shared witbalp national, and regional government
agencies and political decision makers.
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