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Abstract 

 
The oriental fruit fly, Bactrocera dorsalis Hendel, is an economic tephritid that 

invaded Senegal in 2004 (Vayssières et al. 2011). This work determined 1) Impact of B. 

dorsalis on mango crop production and value, and marketing practices, 2) Effect of neem 

and kaolin on its behavior and development (laboratory and field), and 3) Effect of 

treated soil with neem seed cake (NSC) and neem seed powder (NSP) on the larval-pupal 

survival and development (laboratory and field). Results revealed crop value (price/kg) 

was associated with infestation levels. P<0.0001, crop value decreased in highly infested 

orchards. Southern Orchards were heavily infested than northern orchards. Early harvest, 

orchard sanitation, decreasing the purchase quantity, sorting infested mangoes and 

lowering prices were strategies used by growers and traders. Laboratory bioassays 

showed females landed and spent time on fruit identically on control and neem. On 

kaolin there were fewer landings and less time spent. P<0.0001, mean pupae was higher 

in control than in treated mangoes. In the field, percent of infested mangoes was higher in 

neem than in control and kaolin. However, the number of emerged flies was higher in the 

control than in either the neem or kaolin-treated fruit. Treated soil with NSC and with 

NSP did not have effect on pupation; all larvae pupated in the lab. However, treated soil 

decreased significantly the number of emerged flies. In the field, there were no 

significant differences between untreated and treated soil in number of emerged flies. 

Keywords: Senegal, oriental fruit fly, Bactrocera dorsalis, mango, marking practices, 
kaolin, Neem oil, neem cake, neem seed powder 
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General Audience Abstract 

 
Mango (Mangifera indica L. Anacardiaceae) is grown in Senegal for domestic 

consumption and for export. The mango supply chain generates many jobs from 

production, harvest, to postharvest. However, an economic and quarantine fruit fly, 

Bactrocera dorsalis Hendel (formerly Bactrocera invadens Drew, Tsuruta, and White), 

entered Senegal in 2004 (Vayssières et al. 2011). Since its invasion, B. dorsalis (oriental 

fruit fly) has caused severe losses a national increase in fruit production. This work 

determined 1) The impact of the B. dorsalis on mango crop value, production and 

marketing practices in Niayes zone and in Casamance (northern and southern parts of 

Senegal); 2) The effect of neem oil and kaolin clay on behavior and development of the 

fruit fly in the laboratory and in the field, and 3) The effect of treated soil with neem seed 

cake (NSC) and neem seed powder (NSP) on the immature stage survival and 

development in the laboratory and in the field. High infestation levels of mango orchards 

by the oriental fruit fly were associated with decrease of mango crop value (price/kg). 

Mangoes were heavily infested by the fruit fly in Casamance than in Niayes; and mango 

crop was less valuable in Casamance than in Niayes. In Niayes, mango growers adopted 

some strategy such as early harvest to deal with the fruit fly. Traders’ strategies were 

avoiding infested orchards, decreasing the quantity of purchase, sorting infested mangoes 

and lowing prices. Laboratory bioassays showed females landed and spent time 

identically on control and neem-treated mangoes while on kaolin-treated mangoes there 

were fewer landings and less time spent on them. The number of pupating larvae was 



 iv

lower in kaolin-treated fruit and neem-treated fruit than in the control. However, field 

results were different from laboratory results. In the field, infestation of neem-treated 

fruit and subsequent pupation of larvae was higher than the control and kaolin treatments. 

Kaolin was found to lose efficacy four weeks after application. There were no significant 

differences between kaolin and control in proportion of infested mangoes and number of 

pupae. However, the number of emerged B. dorsalis was higher in the control than in 

either the neem or kaolin-treated fruit. In the laboratory, soil treated with NSC and soil 

treated with NSP did not have effect on pupation as did the control. All larvae in 

untreated and treated soils pupated. However, treated soil with either NSC or NSP 

decreased significantly the number of emerged flies. In the field, there were no 

significant differences between untreated soil and treated soil in term of number of 

emerged B. dorsalis. 
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Chapter 1: Introduction and Literature review 

Introduction 

Senegal is a well-recognized exporter of quality mangoes. Among ECOWAS countries, 

Senegal ranks fourth in mango (Mangifera indica, Anacardiaceae) production and is the second 

largest mango exporter to the EU (ITC 2015). Its advantages are due to: a long export season, a 

short transit duration (six hours by air and six days by boat to reach European Union markets) 

and the appreciated quality flavor of Senegalese mangoes (Naray 2011). Senegal has a long 

mango season, six months (May to October), while its competitors Mali and Ivory Coast have 

seasons of only four months. Mango is the second internationally traded tropical fruit in quantity 

and value (Medina 2002). The mango tree, native to the Indo-Burma region, was introduced in 

Senegal in 1824 (Rey et al. 2006). Mango is grown in Niayes Zone (Dakar, Thies, and Saint 

Louis), Sine-Saloum (Fatick and Kaolack) and Casamance (Ziguinchor and Kolda) regions 

(Mbaye 2006) (Figure 1.1). The areas of greatest production areas are Niayes zone and 

Casamance. Mango is grown for family consumption, local market, export, and processing. 

Mango production has increased steadily over the years, from 65,840 tonnes in 2004 to 132,572 

tonnes in 2013 (FAOSTAT 2014). In 2014, 15,000 tonnes were exported to EU countries 

(Senegalexport 2014). However, the quantity of exported mangoes is only ca. 9% of the total 

mango production (FAOSTAT 2014). The mango supply chain supports 40,000 jobs, either 

directly or indirectly (FAOSTAT 2014).  

However, an economic and quarantine tephritid, Bactrocera dorsalis Hendel (formerly 

Bactrocera invadens Drew, Tsuruta, and White) (oriental fruit fly), invaded Senegal in 2004 

(Vayssières et al. 2011). Since its invasion, B. dorsalis has been causing severe losses despite the 

national increase in fruit production.  

The general objective of this work was to contribute to the management of the oriental 

fruit fly in mango production with two specific objectives: to determine impact of the oriental 

fruit fly on mango crop production and value, marketing practices and to assess the effect of 

neem oil, neem sake and Surround WP on the fly’s behavior and survival. 
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Literature Review 

1-Senegal 

Geographical position and horticultural produce 

Senegal is located on the west coast of Africa (Figure 1.1). The northern and the southern 

parts are largely separated by the Gambia (Figure 1.2).  

  

 

Figure 1.1: Location map of Senegal in 
the world (Freeworldmap 2016) 

Figure 1.2: Mango growing regions (WikiVoyage 2016)             

                                       

From 2000 to 2009, Senegalese horticultural exports increased from US $ 5 million to 30 

million respectively. Green beans, mangoes and tomatoes are the most important horticultural 

commodities in commerce (Colen et al. 2012). Senegalese mango exports have increased over 

the years. Senegal increased from the 17th  in 2000 to the fifth largest mango exporter to the EU 

in 2012. Among ECOWAS countries, Senegal is currently the second largest mango exporter to 

the EU behind Ivory Coast in (ITC 2015). 
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Mango production and commercialization 

Mango is grown in the Niayes zone (Dakar, Thies, and Saint Louis), Sine-Saloum (Fatick 

and Kaolack) and Casamance (Ziguinchor and Kolda) regions (Mbaye 2006) (Figure 1.1). The 

Niayes and Casamance are the main production areas (Landry 2009). These two localities have 

different orchard types, harvest time and rainy season duration (Table 1.1). There are three types 

of orchards: traditional, modern and mixed (traditional and modern). In the Niayes, orchards are 

mostly modern and mixed; in Casamance, orchards are mostly traditional and mixed. 

Table 1.1: Comparison of mango production between Niayes Zone and Casamance   
         

 

 

 

In traditional orchards, distances between trees are irregular; trees can reach 10 to 20 

meters; often these orchards are in backyard plantings (Diedhiou 2014) (Figure 1.3). Usually in 

such orchards, mango production is for family consumption and local market. Traditional 

orchard owners do not invest much money in managing pests, irrigation, and fertilizing soil 

(Landry 2009). Traditional orchards frequently have different fruit tree species and sometimes 

include vegetable gardening. 

In modern orchards (Figure 1.4), trees are planted with standard distance between trees 

and between rows (Medina 2002). Owners spend money on pest control, soil fertilization, 

irrigation system, and orchard sanitation. Mango production is for commercial sale. Fruit that 

does not meet export quality requirements are sold in local markets (Vannière et al. 2007, Landry 

2009). Trees are allowed to reach no more than 5 meters. These orchards are often pure planting 

Locality Rainy season Harvest  Type of orchard 

Niayes Jun -Sept Jun - Aug Modern and mixed 

Casamance May - Oct Jul - Oct Traditional and 
mixed 
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of mango or mixed citrus. Modern orchards are less infested by the oriental fruit than traditional 

ones (Ndiaye et al. 2012). 

Figure: 1.3: Traditional orchard, southern Senegal       Figure 1.4: Modern orchard, northern 
Senegal 

Mango varieties may be classified as either early or late-season. The early ones, which 

are harvested from May to July, are destined for local market and do not have a value for export. 

Late varieties are harvested from August to October and are primarily destined for export. Late 

mango varieties such as Kent and Keitt are sold in European markets (CTA 2007, Landry 2009).  

In the Niayes, the Kent export season is from July to September; the Keitt export season is from 

September to October (Rey et al. 2007).  

Mango pests: 

Mango fruits are susceptible to many diseases and pests. Pathogenic fungi are very 

common in the Casamance. Diedhiou (2014) determined causes of post-harvest mango (Keitt 

variety) decay in the southern part of Senegal. He found anthracnose, Colletotrichum 

gloeosporioides (Penz.), to be the main disease of mango, rotting up to 22% of fruit. Stem end 
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rot, Botryodiplodia theobromae, infested 2% of fruit. In the southern part of Ivory Coast, C. 

gloeosporioides was found to be responsible for anthracnose on Kent mangoes (N’Guettia 2014). 

Fusarium spp. are severe pathogens which cause mango malformation (vegetative and floral) 

(Iqbal et al. 2006). Fusarium tupiense was first found in mango orchards in the southeastern part 

of Casamance in 2012 (Senghor 2012). 

Vayssières et al. (2011) reported 10 Ceratitis spp., six Dacus spp and two Bactrocera 

spp. in Niayes orchards. The oriental fruit fly was frequently trapped in mango trees (Mwatawala 

et al. 2006). The oriental fruit fly, and the mango fruit fly, Ceratitis cosyra (Walker), are 

tephritid pests of Senegalese mango (Ndiaye et al. 2012). The Mexican fruit fly (Anastrepha 

ludens, L.W.) is also a tephritid pest of mango (Medina 2002). White scale (Cascardia 

destructor), mango hopper (Idoscopus niveosparsus, Leth.), citrus black fly (Aleurocanthus 

woglumi, Ashby), bark eating caterpillar (Indarbela quadrinotata, Wlk.), inflorescence midge 

(Erosomyia indica) citrus thrips (Scirtothrips aurantii), mango weevil (Sternochetus 

mangiferae), mango scale (Aulacaspis tubercularis), and (Medina 2002, Joubert et al. 2004) were 

reported to be insect pests on mango.  

2- Bactrocera dorsalis 

History in Senegal 

A species of fruit fly belonging to the Bactrocera dorsalis complex (Diptera: Tephritidae) 

was first found in Kenya (East Africa) in 2003 (Lux 2003). The fruit fly was identified as B. 

invadens Drew, Tsuruta, and White from Sri Lanka (Drew 2005). Since its introduction into East 

Africa, B. dorsalis quickly sprayed throughout Sub-Saharan Africa (Drew 2005, Correia et al. 

2008, Goergen et al. 2011, Manrakhan et al. 2011). Bactrocera invadens was found in Senegal in 
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2004 (Vayssières et al. 2011). The fruit fly caused high losses on mango in Casamance (Ndiaye 

2006). More recent, taxonomic study determined that B. invadens, B. papaya Drew & Hancock, 

B. philippinensis Drew & Hancock, and B. dorsalis Hendel sensu stricto are one and the same 

species: B. dorsalis (Schutze et al. 2012, San Jose et al. 2013, Schutze et al. 2013, Bo 2014, and 

Boykin et al. 2014).  

Biology and ecology 

The oriental fruit fly is a multivoltine species having four to five generations per year in 

Yunnan Province (China) (Zhiying 1995). Female can be distinguished from male by presence of 

an ovipositor at the extremity of their abdomen (Drew 2005) (Figure 1.5). The oriental fruit fly 

life cycle features complete metamorphosis (Figure 1.6). The average generation time is 30 days. 

One female may lay approximatively 800 eggs over a 73-day oviposition period (Ekesi 2006). 

Gravid females lay eggs in fresh fruits. There are three instars. Larvae feed on fruit pulp where 

their feeding causes internal breakdown of the fruit tissue (Devi et al. 2011). At the end of the 

last instar, larvae leave the fruit and pupate in soil. From pupae emerge immature adults. 

    
Figure 1.5: Pair of the oriental fruit                  
fly (Left to right: Male, female)                           
                                                                          Figure 1.6: The oriental fruit fly’s life cycle 

Gravid female 

Eggs  
(in fruit) 

Larvae  
(three instars, in fruit) 

Pupae 
(in soil) 

Adult 
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Ekesi (2006) observed higher infestation of the oriental fruit fly in lowland orchards than 

highland orchards in Kenya. In the past decade, detections of the oriental fruit fly increased in 

California and Florida (USDA APHIS 2016). The oriental fruit fly could find suitable habitat in 

10 US states (USDA 2016). Yang (1994) evaluated the effect of temperature on the oriental fruit 

fly development and fecundity. They found a larval development of 30.4 days at 19°C while a 

shorter duration of 17.5 days was obtained at 28°C. Females laid 11.4 eggs per day at 28°C but 

only 4.3 eggs per day at 19°C. Similar results were recorded by Vargas (1996). The duration of 

immature stages were 38.9 days at 18°C and 15.7 days at 29°C. 

The oriental fruit fly is a polyphagous species. Its larvae have been found in fourteen 

plant species in Kenya. Mango was the most often infested (Rwomushana 2008). In Senegal, 

there are approximatively 34 species of host plants including cultivated and wild plants (Ndiaye 

et al. 2012). Ripe fruits were more vulnerable than unripe fruits (Diatta 2013). In Benin, the 

oriental fruit fly host plants are 35 fruits species, while the native fruit fly, mango fruit fly, has 

15 host species (Vayssières 2015). In the USA, the oriental fruit fly could infest more than 400 

species of fruits and vegetables (USDA 2016). Gravid females use different cues to locate their 

hosts. Four plant volatiles, γ-octalactone, 1-octen-3-ol, benzothiazole and ethyl tiglate, were 

found to be cues used by females to locate suitable oviposition sites (Kamala Jayanthi et al. 

2014). 

Damage 

In Senegal, B. dorsalis caused 40% to 50% loss of mango production in the Niayes 

region and 80% to 100% in the Casamance (Ternoy 2006). In 2014, 73,000 tonnes of mango 

were reject from EU countries (DPV 2016).  In Asia, the oriental fruit fly causes up to 90-100% 



 8

yield losses in individual orchards. As a result, most importing countries impose strict quarantine 

regulations (Asian Institute of Technology 2014).  

Pest management 

Parasitoids: Parasitoid wasps belonging to the Braconidae are widely used to manage 

fruit fly populations. Fopius ceratitivorus Wharton, originating in West Africa, was found to be a 

good parasitoid of all important tephritid pests (Mediterranean fruit fly (medfly), Ceratitis 

capitata Wiedemann, the oriental fruit fly, the melon fly, Bactrocera cucurbitae Coquillet and B. 

latifrons Hendel) in Hawaii (Bokonon-Ganta et al. 2005). Vayssières et al. (2012) identified 

parasitoids of Tephritidae in Casamance. Seven species of braconids were found on six fruit fly 

species. Fopius caudatus Szepligeti was the most abundant. No parasitoids were found on 

Bactrocera dorsalis. F. arisanus Sonan was introduced and well established in Haiti (Vargas 

2012). This parasitoid was one IPM tactic used for a successful suppression of the oriental fruit 

fly and C. capitata populations in Kamuela (Hawaii) (Vargas et al. 2010). In Senegal, F. 

arisanus is being imported and released in some mango orchards. From their field trials in 

Casamance, Ndiaye et al. (2015) reported the oriental fruit fly’s populations were higher in 

control orchards than in orchards where F. arisanus were released. 

Entomopathogens: Ekesi et al. (2011), used Metarhizum anisopliae Metschn 

(Hypocreales: Clavicipitaceae) as a soil treatment to decrease the percentage of B. dorsalis 

emergence to 25-36%. They recommended a combined soil treatment of M. anisopliae with 

foliar treatment of GF-120 (spinosad) as an efficient IPM package. In his laboratory trials 

Mahmoud (2009) assessed the pathogenicity of three fungal entomopathogens (Beauveria 

bassiana Bals. -Criv, Metarhizum anisopliae and Lecanicillium lecanii (Zimm.) Zare W. Gams) 
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on adults of the olive fly, Bactrocera oleae (Gmelin). He found that oral bioassay caused more 

death than contact bioassay.   

Predators: The African weaver ant, Oecophylla longinoda Latreille (Hymenoptera: 

Formicidae) has been reported to have an effect on B. dorsalis population in Niayes zone. Mango 

orchards in which O. longinoda colonies were present had lower infestation of B. dorsalis than 

orchards where the African weaver ant was absent (Diamé et al. 2015). However, weaver ants 

were found to be associated with insect trophobionts, insects such as scales which produce 

honeydew; weaver ants may complicate harvest operation by biting harvesters (Lim, 2008). In 

mango orchards in North Benin, damage due to the oriental fruit fly was significantly reduced by 

weaver ant colonies (Mele et al. 2007). 

Cultural control: Infested fruits are collected and sequestered in a tent (augmentorium) 

with a mesh which allows parasitoids to escape when they emerge while fruits flies cannot 

escape from the tent (Jang et al. 2007). To disrupt the fruit fly life cycle and reduce the 

population of the fruit flies, infested, fallen, damaged, over-ripe fruit must be collected, buried, 

or placed into an augmentorium (Klungness 2005). In Guinea Bissau (West Africa), combination 

of GF-120 and sanitation was more efficient to decrease B. dorsalis infestation than GF-120 used 

alone, 42% and 19% respectively (Ousmane 2014). Vargas et al. (2010) used sanitation, 

chemical and biological control to eradicate Ceratitis capitata and the oriental fruit fly in a wide 

area of Kamuela, Hawaii.  

Chemical control: Spinosad has been tested, evaluating impacts on fruit flies’ 

survivorship. Vargas (2003) determined potential to replace organophosphate with spinosad in 

“attract-and-kill” traps. Spinosad was likely to kill as many B. dorsalis and B. cucurbitae as 

naled (organophosphate). However, spinosad efficacy decreased 10 days after application. 
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N'depo (2015) found no significant difference in capture from orchards treated with Success 

Appat (spinosad) as a protein bait spray and untreated control orchards. However, Proteus 170 

O-TEQ (deltamethrin) was effective on B. dorsalis; captures showed fewer flies in treated 

orchards than in control ones. N'depo (2015) found also the percent attack rate and infestation 

rate were significantly higher in control orchards than treated orchards. 

3- Selected organic insecticides 

A- Neem insecticides 

Neem tree (Figure 1.7a), Azadirachta indica Juss. (Meliaceae), is native to India and is 

grown in tropical and subtropical areas of Africa, America, and Australia (Schmutterer 1990). 

The neem tree has an active ingredient, azadirachtin, which has been found to have multiple 

modes of action acting on behavior and physiology of insect pests. Azadirachtin is an insect 

growth regulator (ecdysis inhibitor), feeding deterrent, repellent, ovicide, and inhibitor of 

fecundity (Ascher 1993, Mordue (Luntz) 2000). From the fruit seed (Figure 1.7b and 1.7c), oil 

(Figure 1.7d) is extracted and the remainder is called cake (Figure 1.7e).  

 

Figure 1.7: Neem tree (a), neem fruit (b), neem seed (c), neem oil (d), and (e) neem cake. 
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In their semi-field trial, Bockmann et al. (2014) found neem formulations (NeemAzal-T® 

and NeemAzal-T/S®) were more efficient in decreasing European cherry fruit fly population, 

Rhagoletis cerasi L. (Diptera: Tephritidae), than pyrethrins (Spruzit Neu®).  

Singh (1998) determined the effect of five different extracts of neem seed kernel (NSK) 

and pure azadirachtin on oviposition of the oriental fruit fly and the melon fly. At 20 ppm, all 

five extracts of NKS had significantly decreased the number of eggs per female in both species. 

However, pure azadirachtin did not have any effect on the number of eggs in both species. He 

concluded that in neem extracts there are compounds other than azadirachtin that inhibit 

oviposition. Silva (2013) assessed effects of neem extracts on reproduction and longevity of the 

medfly. They used three different solvents: water, methanol and dichloromethane to extract from 

seeds, leaves, and branches respectively. The concentration of azadirachtin differed according to 

nature of extract, 2.2 ppm, 5.3 10-4 and 0.0 ppm seeds, leaves and branches extracts respectively. 

Extracts were added to the flies’ water source. Neem extracts reduced longevity of flies. Branch 

extract in dichloromethane (88 ppm) was the neem extract most effective at reducing females’ 

fecundity. Moreover, branch extract significantly inhibited fertility.    

  Stark (1990) tested the effect of sand treated with neem seed extracts on third instar 

larvae of the oriental fruit fly, the melon fly and the medfly. The melon fly was found to be more 

sensitive to azadirachtin than the two other species a LC50 of 1.39, 2.02 and 2.29 ppm 

respectively. All larvae pupated but few flies emerged from these pupae. The lifetime of emerged 

flies was short. The survival, fecundity and fertility of C. capitata decreased significantly when 

flies are fed with a diet containing neem (Di Ilio 1999).  
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To determine the effect of neem cake on third instar larvae of C. capitata, Silva et al. 

(2011) mixed different percentages of neem cake with vermiculite (substrate for pupation). 

Neem cake did not affect the transformation of larvae to pupae. However, neem cake caused 

pupal mortality; the percent mortality of pupae was 100% for mixture higher or equal to 75% of 

neem cake. Neem cake contains salannin, an active ingredient different from azadirachtin, which 

has a larvicidal effect on larvae of Aedes albopictus Skuse (Nicoletti et al. 2012). 

B- Surround. 

Surround WP (Tessenderlo Kerley, Inc. USA) is made of 95% kaolin clay and 5% of 

inactive ingredients (Figure 1.8a). When sprayed, Surround WP forms a white barrier around 

fruits (Figure 1.8b). Surround WP was found to be a deterrent, a repellent, and an insecticide of 

apple maggot, Rhagoletis pomonella Walsh (Diptera: Tephritidae). On fruits treated with kaolin, 

apple maggots spent less time and had short life span (Leskey et al. 2010). Surround had been 

found to be as effective as spinosad and azinphosmethyl (organophosphate) on apple maggot 

infestation by Villanueva (2007). 

 

Figure 1.8: a) Surround WP, a kaolin preparation, and b) Visible residue following application to a 
mango fruit. 
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 Pascual et al. (2009) evaluated the effects of Surround WP on olive fruit fly, B. oleae, 

olive black scale, Saissetia oleae Olivier, olive psyllid, Euphyllura olivina Costa, and the 

arthropod community of olive trees including natural enemies. They found that Surround WP 

significantly decreased injury caused by olive fruit fly and olive black scale. The medfly 

infestation and postharvest decay were diminished on citrus and stone fruits with Surround 

treatments. Fruit loss was significantly lower in Surround treatments than in the controls, 17% 

and 57% respectively. Surround prevented decay of fruits (D’Aquino 2011). 

Clay and copper products have been used to manage olive fruit fly and medfly 

populations. Surround has been reported to decrease infestation relative to cooper products. 

Surround was better than BPLK, a commercial kaolin preparation (100% kaolin), in heavy 

rainfall. BPLK kaolin was washed off by rain (Caleca et al. 2010). Saour and Makee (2004) 

compared efficacy of Surround and Perfekthion (dimethoate) on B. olea. They found Surround 

was significantly more effective than Perfekthion. Plants treated with Surround had decreased 

infestation with fewer fallen olives. 

Mango pests (citrus thrips, coconut bugs, mango scale, mango weevils, and mealybugs) 

have been managed with Surround an IPM program in South Africa (Joubert et al. 2004). 

Surround was effective on decreasing thrips, coconut bugs and scale infestation. This result was 

much better when Surround was combined with sulfur and lime sulfur. Mealybugs were not 

susceptible to Surround; Surround increased the population of mealybugs on mango. However, 

the combination of Surround with sulfur and lime sulfur decreased mealybugs’ infestation. 

The general objective of this work was to contribute to the management of the oriental 

fruit fly in mango production with two specific objectives: to determine impact of the oriental 

fruit fly on mango crop value, production and marketing practices and to assess effect of neem 



 14

oil, neem cake, neem seed powder and Surround WP on the fly’s behavior and survival. Chapter 

2 focuses on the impact of the oriental fruit fly on mango crop value, production and marketing 

practices in Senegal. Chapter 3 looks at the effect of neem oil and kaolin (Surround WP) on the 

oriental fruit fly in the laboratory in the field. Chapter 4 examines the effect of soil treated with 

neem seed cake and neem seed powder on larval-pupal survival and development in the 

laboratory and in the field. 
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Chapter 2:  Impact of the oriental fruit fly, Bactrocera dorsalis, on mango crop value, and 
marketing practices in Senegal. 

Abstract 

Mango (Mangifera indica L. Anacardiaceae), a valuable crop in Senegal, is grown for 

domestic consumption and for export. The mango supply chain generates jobs from production, 

harvest, to postharvest. However, the oriental fruit fly (Bactrocera dorsalis, synonym of 

Bactrocera invadens, Tephritidae), invaded Senegal around 2004. The present study addressed 

the impact of B. dorsalis on mango crop value, production and marketing practices in Senegal. A 

survey was conducted among growers, wholesalers and retailers in the Niayes zone, Kaolack, 

Touba and the Casamance regions. Data from the survey revealed that high infestation levels 

were associated with decreased mango crop value. In the Casamance region, the oriental fruit fly 

infestations were high and mango prices were low. In Niayes, the reverse was seen. Casamance 

wholesalers spent an average of three days getting to market (northern regions) and had greater 

losses than Niayes wholesalers who got mangoes the day of harvest. Growers, wholesalers and 

retailers changed some behaviors, adopting strategies to deal with fruit fly infestation. In Niayes, 

early harvest was the strategy adopted by growers. Wholesaler avoided infested orchards, 

decreased the quantity of purchase, sorted infested mangoes and lowed prices. Retailer increased 

sorting of mangoes (increasing processing time), and decreased the quantity purchased periods of 

high risk. 

Introduction 

Mango, Mangifera indica L. Anacardiaceae, is a valuable crop in Senegalese horticultural 

commerce. Horticultural exports increased from US $ 5 million to 30 million, from 2000 to 2009 

(Colen et al. 2012). However, the quantity of exported mangoes was only ca.  9% of the total 

mango production in 2011 (FAOSTAT 2014) (Figure 2.1). In 2014, 15,000 tonnes of mangoes 
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were exported to EU countries (Senegalexport 2014). Mangoes are grown in the Niayes zone 

(Dakar, Thies, and Saint Louis), Sine-Saloum (Fatick and Kaolack) and the Casamance 

(Ziguinchor and Kolda) regions (Mbaye 2006) (Figure 2.2). The Niayes and Casamance are the 

areas of greatest production (Landry 2009).  

Mango orchards may be classified in three types: traditional, modern and mixed 

(traditional and modern). In traditional orchards, the distance between trees is irregular. Trees 

can reach 10 to 20 meters tall. Often this type of orchards is in backyard plantings (Diedhiou 

2014) (Figure 2.3), and mango production is mainly for family consumption and local market. 

Traditional orchard owners do not invest much money in managing pests, irrigation, and 

fertilizing soil (Landry 2009). Traditional orchards frequently have diverse fruit tree species and 

sometimes include vegetable gardening (Ndiaye et al. 2012). In modern orchards (Figure 2.4), 

trees are planted at a standard interval (Medina 2002). Owners spend money on pest control, soil 

fertilization, irrigation, and orchard sanitation. Mango production is primarily for commercial 

sales.  Fruit that does not meet export quality requirements is sold in local markets (Vannière et 

al. 2007, Landry 2009). Trees are allowed to reach no more than 5 meters. These orchards are 

often pure plantings of mango or mixed with citrus. 

Regardless of market place, there are: exporting producers, non-producing exporters, and 

small growers Ndiaye et al. (2012). Exporting producers are growers who have at least 60 ha 

(orchard acreage) and Kent variety in their orchard. Their production is primarily for export. 

Non-producing exporters do not have mango orchards but acquire their produce from small 

growers.  Exporters should be certified by GlobalGAP (Global Good Agricultural Practice, 

private standard) in order to be able to export mangoes to European Union. Small growers sell 
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their products to wholesalers who sell mangoes in local markets. In Niayes, some small growers 

organized a group in order to get GlobalGAP certification (Colen et al. 2012). 

Local mango markets involve several thousands of men and women. Actors are growers, 

wholesalers (bana-bana), coxeurs, retailers and customers. Bana-bana buy mangoes at orchard 

gate from the growers. They transport produce to urban marketplaces (Landry 2009). Coxeurs 

are necessary intermediates between bana-bana and retailers in places market. Some of the 

coxeur duties are to inform bana-bana about prices and volume of mango in the market, to pay 

municipal taxes or transportation fees when bana-bana have a small budget and to sell the 

produce on behalf of the bana-bana. Retailers receive mangoes from either coxeurs or 

wholesalers. Retailers sell mango to consumers.  

The mango supply chain generates many jobs from production and harvest to postharvest, 

conditioning, packing, retail sales, and processing. In 2010, Niayes mango export companies 

hired more than 15,000 workers involved in sorting, processing, packaging and labeling. The 

daily wage was 2,000 Fr CFA in certified companies, and 1,904 Fr CFA non-certified companies 

(Colen et al. 2012). However, a tephritid fruit fly of quarantine significance, the oriental fruit fly, 

Bactrocera dorsalis Hendel (Syn. B. invadens Drew, Tsuruta, and White), invaded in Senegal in 

2004 (Vayssières et al. 2011). The oriental fruit fly is a multivoltine species (Zhiying 1995), with 

an average generation time of 30 days (Ekesi 2006). Peak population occurs during the rainy 

season, which coincides with mango production. In 2006, the oriental fruit fly caused 40% to 

50% loss of mango production in the Niayes zone and 80% to 100% in the Casamance (Ternoy 

2006). The present study examined the impact of the oriental fruit fly on mango crop value in 

Niayes and Casamance, and as well as in production and marketing practices to determine if 
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grower, wholesaler and retailer’s behavior changed because of the presence of the oriental fruit 

fly. 

Materials and methods 

 The survey described below was conducted to understand how stakeholders in the mango 

value have adapted to the presence of this pest. For two growing seasons in 2014 and 2015, a 

questionnaire survey was conducted in Niayes, Casamance, Kaolack, and Touba (Figure 2.2). 

The survey was carried out among grower, wholesaler, and retailers. Table 2.1 summarizes 

participation numbers by locality. Data were not available on the total number of mango 

producers, wholesalers or retailers per region. Sampling was not random because we did not 

know in advance the available population of growers, wholesalers and retailers in Niayes, 

Casamance, Kaolack and Touba from which to sample.  However, effort was made to ensure that 

the samples were representative of the localities being compared. For the grower survey, thirty-

one locations were sampled in the Niayes, of which only six locations provided more than four 

interviews. Thirty-six locations were sampled in Casamance of which only one location supplied 

more than four interviews.  

Grower survey: In the Niayes and Casamance, the survey was conducted in villages 

where mango was grown (Table 2.2 and 2.3). Growers were met in their orchard or at home 

(Figure 2.5). In the grower survey, the main questions were about orchard characteristics, pest 

management, strategies to deal with fruit fly infestation, mango production and 

commercialization, and loss caused by B. dorsalis (Table 2.4). We evaluated the relationship 

between: 

1. Infestation level and crop value (price/kg). 

2. Zone and infestation level. 
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3. Zone and crop value. 

4. Type of mango orchard and infestation level. 

5. Infestation level and orchard area. 

6. Infestation level and harvest time. 

Data were analyzed using JMP software (SAS Institute 2012). Oneway Analysis and Chi-square 

were carried out for relationships 1, 2 and 5. A contingency analysis was utilized for 3, 4, and 6. 

Wholesaler survey (Tables 2.5, 2.6, and 2.7): In Niayes zone, wholesalers were met in 

main rural and urban marketplaces (Figure 2.6). In Casamance, wholesalers were met returning 

with truckloads of mango on their way back to the northern part of Senegal or in orchards 

(Figure 2.7). From wholesalers’ responses we learned that wholesalers from Casamance could be 

found in Kaolack and Touba (Figure 2.8), so we added interviews of wholesalers in those two 

cities. Questions from the survey dealt with mango marketing practices, costs, sale destination, 

number of days to reach markets (transport time) and number of days required to sell the produce 

(time to sale), percent of loss, and how the respondent has adapted to the presence of B. dorsalis 

(Tables 2.8). We evaluated the relationship between: 

1. Mango source and value. 

2. Mango source and percent loss. 

3. Crop value (price per kg) and percent loss. 

4. Transport time plus time to sale (days) and mean percent of loss.  

5. Mango source and transport time plus time to sale (days) 

6. Wholesaler location and mango source. 

7. Wholesaler location and gender 

8. Wholesaler location, gender, and number of years in business. 
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9. Group, awareness of fruit flies, and cease trading during periods of high 

infestation. 

Oneway Analysis and Chi-Square were carried out for 1, 2, 5, and 8. In 2, percent of loss 

mangoes was Box-Cox- transformed to homogenize the variances. A contingency analysis was 

utilized to analyze data from 6, 7, and 9. A Bivariate Fit Analysis was carried out for 4.   

Retailer survey: Retailers were met in marketplaces in Niayes zone and Casamance 

(Figure 2.9, and Tables 2.9 and 2.10). The questionnaire mainly dealt with mango source, crop 

value, days required to sell fruit, percent of mangoes lost, and strategies to avoid or minimize 

loss (Tables 2.11). We determined the relationship between: 

1. Mango source and mean crop value (price/kg). 

2. Mango source and mean percent loss. 

3. Crop value and mean percent loss. 

4. Time to sale (days) and mean percent loss.  

5. Retailer location and time to sale. 

6. Retailer location and percent loss. 

7. Retailer location and gender. 

8. Retailer location and mean years in business. 

9. Retailer location and awareness of fruit fly. 

Data were analyzed using JMP software (SAS Institute 2012). Oneway Analysis and Chi-square 

was carried out for 1, 2, 5, 6, and 8. A Bivariate Fit Analysis was utilized to analyze data from 3 

and 4. CA was carried out for 7 and 9. 
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 Results and discussion 
  

Growers: Results showed that the oriental fruit fly infestation could have an effect on 

crop value (Price/Kg in Fr CFA). Mean crop value was greater in low infestation than in high 

infestation (P< 0.0001), 199 Fr CFA/kg, and 63 Fr CFA/kg respectively (Figure 2.10). Mango 

orchards in Casamance had higher infestation level than orchards in Niayes (P< 0.0001) (Table 

2.12). Mango price was 55 CFA/kg in Casamance (n= 39) and 140 CFA/kg in Niayes (n= 69) 

(P< 0.0001). The type of orchard could be a factor in infestation level. High infestation was 

greater in traditional orchards (84%) than modern (9%) or mixed ones (7%), (P < 0.0001) 

(Figure 2.11). In addition to mango trees, traditional orchards have other types of fruit trees 

and/or vegetable species and they are more suitable to the infestation of Bactrocera dorsalis than 

modern ones (Ndiaye et al. 2012).  Area of orchard was associated with infestation levels (P= 

0.0497). Infestation was higher when an orchard’s area was less than 5 ha and lower when area 

was at least 13 ha (Figure 2.12). It could be due to the fact that often traditional orchard are 

backyard plantings and small in area (Diedhiou 2014). In large modern or mixed orchards 

owners invest in pest management (Vannière et al. 2007). Modern orchards are less infested by 

B. dorsalis because of their growing system and their production mainly for export (Landry 

2009, Ndiaye et al. 2012). Early harvest was a strategy used by some growers in Niayes to avoid 

loss caused by the oriental fruit fly. Early harvest decreased infestation level (Figure 2.13).  

Wholesalers: Wholesalers were met at orchard gates in Casamance, and in marketplaces 

in Kaolack, Touba, and Niayes. In Kaolack and Touba, wholesalers bought mangoes from The 

Gambia and from Casamance. In the Niayes, mangoes were bought locally and in Casamance 

orchards (Figure 2.14). P value was less than 0.0001; mango value was significantly different in 

Niayes, Casamance, and in The Gambia. Niayes mangoes were more expensive than Casamance 
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and The Gambia mangoes (P< 0.0001) (Figure 2.15). Number of days to reach marketplaces 

(transport time) was associated with where mango was bought (Figure 2.16), and number of days 

required to sell the entire produce (time to sale) depended on multiple factors: demand, quality 

and quantity of mango, and period of season. Wholesalers who bought mangoes in Casamance 

used land and sea routes, 89% and 11% respectively, to reach marketplaces in the northern part 

of Senegal (Landry 2009). The land route passes around The Gambia or through Tambacounda 

(eastern part of Senegal). Bypassing The Gambia was a big challenge for truckers. There are two 

ferries for crossing the River. No one could predict how many hours or days one must wait to 

cross the Gambia River where Gambian vehicles have the priority to cross first. Mango trucks 

from Casamance have to wait in a long line in order to cross the river (Figure 2.17). The survey 

revealed that mango trucks from Casamance spent an average of 3 days to reach markets (Figure 

2.16). Transport time plus time to sale was associated with percent loss. When mean transport 

time plus time to sale increased, mean percent loss increased too (Figure 2.18). Mango loss could 

be due to fruit flies, anthracnose, and other pathogens. Wholesalers from Casamance spent more 

time to transport and to sell their produce, and they had higher percent loss than wholesalers 

from Niayes and the Gambia (Figure 2.19 and 2.20). In marketplaces (Kaolack, Touba and 

Niayes), some coxeurs participated in the survey. Coxeurs were not at all aware of fruit flies. 

Nevertheless, they noticed that mangoes were rotten during rainy season, and they were seeing 

larvae in rotten mangoes. A small number of wholesalers was aware of fruit fly’s infestation on 

mango. However, few of them had adopted the strategy of stopping trading in order to avoid 

loss.  

Retailers: Retailers were met in marketplaces in Casamance and Niayes. The retailer 

survey showed mango was more valuable in Niayes than in Casamance (Figure 2.21). Percent 
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loss was not related to mango crop value (Figure 2.22). However, percent loss was associated 

with time to sale (P< 0.0001, R2 = 0.138). An increase of time to sale increased the percent loss 

(Figure 2.23). In Niayes and Casamance, retailers spent an average of three days to sell their 

whole stock. There were no significant differences in percent loss between retailers in Niayes 

(32.4%) and retailers in Casamance (26.4%) (Figures 2.24 and 2.25). Proportion of retailers that 

were aware of the oriental fruit fly was higher in Niayes than in Casamance. 

Strategies (or how human’s behavior changed) to adapt to the presence of Bactrocera 

dorsalis were not quite the same among actors and among localities. In Casamance, some 

growers cut their mango trees (Figure 2.26) to replace them with citrus or papaya trees. Some of 

them were planning to graft early varieties (eg. Diourro, Papaye, and Mango) to replace late-

bearing Keit trees. In Mangocounda and Djifanghore, growers stated it has been four to five 

years since their produce was purchased by bana-bana. If they had a chance to see bana-bana, 

they sold the mango very cheaply. In Niayes, the most common strategy to avoid fruit fly 

infestation was early harvest. Tillage, irrigation, sanitation, biological control (Fopius arisanus), 

chemical control, and inducing flowering were among the strategies used by a minority of 

grower. Wholesalers that bought mango in Casamance adopted strategies such as decreasing 

quantity purchased, avoidance of infested localities or orchards, and increased sorting at the 

truck. In Niayes, wholesalers also sorted infested mango and decreased the quantity purchased. 

In the retailer sector, strategies were: to sort infested mangoes before buying, to decrease the 

quantity purchased during periods of high risk, to use insecticides, to soak mangoes in bleach (in 

Bignona (Casamance)), to cut price, and stop purchasing mango during infestation. These 

strategies mentioned in the three sectors of mango trade were not adopted by the majority. 
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From the survey we noticed the majority of mango growers were men (Figure 2.27 a). 

Wholesalers were ca. 85% men and 15% women in Casamance, Touba and Kaolack. However, 

wholesaler were 81% women in Niayes (Figure 2.27 b). In Casamance, retailers were 100% 

women while in Niayes there was a small percent of men, 12% (Figure 2.27 c). Men were more 

likely to have spent more years in the mango business than women in wholesaler and retailer 

sectors (Figure 2.28 a and b). In Senegal, like other African countries, women have to “stay at 

home” to take care of the family and educate kids. Some women are not able to work far from 

home, so women wholesalers worked where they lived in Niayes instead of in Casamance.  

Conclusion 

 The oriental fruit fly infestation was associated with mango crop value. Mango was less 

valuable in highly infested orchards than in lightly infested orchards. Orchards in Niayes were 

less infested than orchards in Casamance. Mango was cheaper in Casamance than in Niayes and 

The Gambia. Gambian mango was cheaper than Niayes mango. In the markets of Kaolack and 

Touba there were Gambian mangoes competing with Senegalese mangoes. Wholesalers from 

Casamance spent an average of three days to reach markets. They had higher percent loss than 

wholesalers from Niayes.  

 When each group of stakeholders is examined, it can be seen that practices were modified 

in response to the presence of B. dorsalis.  Growers in Niayes adopted early harvest to avoid 

infestation of B. dorsalis.  This was not seen in Casamance growers, because of the different 

marketing situation.  In Casamance, there were a small number of growers who removed mango 

trees because of control difficulties for B. dorsalis.  Among wholesalers, strategies to deal with 

B. dorsalis were to: 1) avoid infested orchards, 2) sort infested mangoes at purchase, and 3) run 

fewer trucks during periods of high risk. In the retailer sector, strategies were rarely adopted. 
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When there were changes in behavior, these included: 1) use of insecticides, 2) reduction in 

price, and 3) soaking mangoes in bleach. 

More sensitizing should be done in Niayes and in Casamance in all sectors to make actors 

aware of the presence and infestation of B. dorsalis. Senegalese government should negotiate 

with Gambian government to facilitate the crossing of the River Gambia by mango trucks from 

Casamance. A national program of Integrated Pest Management (IPM) of the oriental fruit fly 

should be a priority of the government. This program should involve all sectors of the mango 

production system, from growers to consumers and researchers.   
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Figure 2.1: Mango production and export in Senegal (FAOSTAT 2014) 
 
 

 

Figure 2.2. Mango production areas and survey sites (WikiVoyage 2016). 
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Figure 2.3: Traditional orchard in Casamance 
(southern Senegal)     

Figure 2.4: Modern orchard in Niayes (northern 
Senegal)    
 

                                                                                      

Figure 2.5: Meeting with growers at home (a and b) and in the orchard (c and d) 
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Figure 2.6: Meeting with wholesalers in rural markets (a and b), and in urban markets (c and d) in 
Niayes 
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Figures 2.7: Meeting with wholesalers in Casamance orchards (a and b) and on the road (c and 
d) in Casamance  
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Figure 2.8: Meeting with wholesalers in principal urban market in Kaolack (a and b), and in 
Touba (c and d) 
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Figure 2.9: Mango retailers in Niayes (a and b) and in Casamance (c and d) 
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Figure 2.10: Effect of oriental fruit fly infestation on mango crop value in Senegal (Grower’s 
sector). High infestation level (n= 35); low infestation level (n= 75). Infestation levels with 
different letters are significantly different. 
 

 
Figure 2.11: Percent of highly infested mango orchard by Bactrocera dorsalis per type of 
orchards (Grower sector). Mixed orchard (n= 57), modern orchard (n=20), and traditional 
orchard (n=72). Orchard types with different letters are significantly different. 
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Figure 2.12: Relationship between Bactrocera dorsalis infestation level and mean (±SE) area 
(ha) of mango orchards (Grower sector). Infestation levels with different letters are significantly 
different. 
 
 
 

 
Figure 2.13: Effect of early harvest on level of Bactrocera dorsalis infestation on mango orchard 
(Grower sector). N= 52 (Early) and 97 (Late), ChiSquare, P<0.0001. Harvest times with different 
letters are significantly different. 
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Figure 2.14: Source of mango according to wholesaler location. N= 30 (Casamance), 32 
(Kaolack), 107 (Niayes), and 21 Touba. Contingency Analysis and Chisquare, overall average in 
bar on right. 
 

 
Figure 2.15: Mean mango value (price/kg) in Fr CFA per source of mango orchard (Wholesaler 
sector). N= 51 (Casamance), 99 (Niayes), and 26 (The Gambia). Orchard localities with different 
letters are significantly different. 
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Figure 2.16: Mean (±SE) number of days required to reach marketplaces 
(transport time) according to mango orchard locality (Wholesaler sector). 
N= 57 (Casamance), 101 (Niayes), and 27 (The Gambia). Mango sources 
with different letters are significantly different. 

 
 

 

Figure 2.17: Waiting line to cross the Gambia River (Senoba side). 
On the right side, truck’s line (Wholesaler sector). 

 
 
 



 47

 
Figure 2.18: Relationship between mean percent loss and transport time plus time to sale. Mean 
percent loss= 2.69+5.31(DM+DS), R= 0.79 (Wholesaler sector). 
 

Figure 2.19: Mean (±SE) number of days required to 

reach market and sale according to mango source 

(Wholesaler sector). N= 57 (Casamance), 101 

(Niayes), and 27 (The Gambia). Mango sources with 

different letters are significantly different.                     

Figure 2.20: Mean (±SE) percent loss according to 

mango orchard locality (Wholesaler sector). N= 57 

(Casamance), 101 (Niayes), and 27 (The Gambia). 

Mango sources with different letters are 

significantly different. 
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Figure 2.22: Evaluation of the relationship 
between mango value and percent loss in retailer 
sector. R= 0.029 

Figure 2.23: Evaluation of the relationship 
between number days to sell and percent loss in 
retailer sector. % loss=18.91 + 3.82*time to sale. 
R= 0.31 

 
 
   
 
 

Figure 2.21: Mean (±SE) crop value (price/kg) in Fr CFA  
in retailer’s sector according to mango source.  
Mango sources with different letters are significantly different.  
N= 36 (Casamance), 40 (Niayes) 
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Figure 2.26: Mango tree cut down because of high infestation of Bactrocera 
dorsalis in Casamance. 
 

 

Figure 2.24: Evaluation of the relationship 
between Mean (±SE) number of days to sell 
mangoes in retailer sector and mango orchard 
source. N= 36 (Casamance), 40 (Niayes). 
Mango sources with different letters are 
significantly different. 

Figure 2.25: Evaluation of relationship 
between Mean (±SE) percent loss in retailer 
sector and mango orchard source. N= 36 
(Casamance), 40 (Niayes). 
 Mango sources with different letters are 
significantly different. 
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Figure 2.27: Gender percent in a) grower’s sector, b) wholesaler’s sector and c) retailers 
sector by location. 

Figure 2.28: Mean (±SE) of years spent in mango trade by gender in a) wholesaler’s sector 
and in b) retailer’s sector. Different letters show significant differences 
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Table 2.1: Number of participants per sector and per locality 

 

               Locality 

        Sector 

Casamance  Kaolack  Niayes  Touba 

Grower 
68  ‐  84  ‐ 

Wholesaler 
20  32  108  31 

Retailer 
37  ‐  41  ‐ 
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Table 2.2: Localities, number of participants, and GPS coordinates (Niayes grower survey)  
Niayes zone  Participants  GPS coordinates 

Bayakh  1  14°50'12.17"N 17°07'47.1"W 

Beity Bacar  3  14°52'12.4"N 17°04'4.58"W 

Daff  1   

Diadere  5  14°52'30.9"N 17°04'59.9"W 

NDiar  1  14°50'57.1"N 17°06'21.1"W 

Dieuleuk Wolof  1  14°58'21.5"N 17°01'35.3"W 

Gorom 2  3  14°48'52.4"N 17°10'19.3"W 

Gouye Diama  1   

Kerry  2  14°57'11.3"N 17°01'54.4"W 

Keur Lat Diop Fall  1  14°55'54.0"N 17°02'00.1"W 

Keur Male  2   

Keur Mame Mbaye Kary  1   

Keur Mbir Ndao  6  14°56'13.7"N 17°03'04.2"W 

Keur Moussa  1  14°46'31.2"N 17°07'30.8"W 

Keur Sega  1  14°48'01.42"N 17°07'04.5"W 

Mbayene  2   

Minam  5   

Ndam Lo  2  14°51'42.5"N 17°05'42.4"W 

Ngadiaga  2   

Guedj  1  14°52'28.6"N 17°04'58.5"W 

Niakul Rap  1  14°47'23.5"N 17°15'36.3"W 

Noto Gouye Diame  6  14°58'22.0"N 17°00'09.5"W 

Pout  5  14°46'53.4"N 17°03'45.2"W 

Santhiou Mame Gor  1  14°52'35.5"N 17°06'11.8"W 

Sebikotane  2  14°44'39.1"N 17°07'53.9"W 

Seguel  15  14°58'33.4"N 17°00'14.1"W 

Sindia  1  14°34'10.9"N 17°02'36.4"W 

Taiba Mbaye  2  15°01'19.6"N 16°52'36.1"W 

Taiba Ndiaye  3  15°02'18.2"N 16°52'52.1"W 

Thor  3   

Wakhe Mbam  3  14°48'56.8"N 17°12'58.3"W 
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Table 2.3: Localities, number of participants, and GPS coordinates (Casamance grower survey) 
Casamance regions  Participation  GPS coordinates 

Abene  2  12°59'50.7"N 16°43'22.2"W 

Adeane  2  12°37'42.5"N 16°00'48.9"W 

Agnak  2  12°35'00.5"N 16°06'46.6"W 

Badiana  2  12°54'56.6"N 16°26'07.2"W 

Bafican  1  12°28'30.4"N 16°22'16.9"W 

Baganha  2  12°36'23.9"N 16°03'20.2"W 

Baila  3  12°54'29.2"N 16°24'07.8"W 

Boukitimgo  1  12°26'49.6"N 16°35'25.9"W 

Boukote Mankaye  2  12°28'08.4"N 16°22'16.5"W 

Dar salam  4  12°30'06.4"N 16°20'57.4"W 

Diakhene diolla  1  12°26'32.0"N 16°37'40.1"W 

Diana Banakantakolin  1  12°58'54.4"N 16°42'44.6"W 

Diana  1  12°58'10.8"N 16°42'50.6"W 

Djibelor  2  12°32'58.9"N 16°19'11.6"W 

Djibonker  1   

Djifaghore  2  12°34'23.2"N 16°12'25.7"W 

Essome Silathia  3  13°03'59.9"N 16°24'00.1"W 

Ebinnkine  7  12°56'06.8"N 16°29'52.0"W 

Ebinako  1  12°58'01.3"N 16°28'59.4"W 

Etome  1  12°28'53.7"N 16°21'45.6"W 

Fandan  2  12°34'36.4"N 16°08'29.8"W 

Kabar  2  13°02'40.5"N 16°39'49.6"W 

Kabrousse  1  12°21'02.0"N 16°43'00.6"W 

Kaparan  1  12°51'32.7"N 16°19'13.3"W 

Kataba 1  1  13°01'36.4"N 16°34'37.5"W 

Kataba 2  2  13°01'23.8"N 16°34'28.4"W 

Kolonba  1  13°00'10.0"N 16°40'25.0"W 

Koubanak  1  13°01'58.0"N 16°38'23.3"W 

Madina Birasso  2  13°02'16.7"N 16°39'43.9"W 

Mangakounda  3  12°35'25.3"N 15°56'53.6"W 

Niaguiss  3  12°34'07.8"N 16°10'21.3"W 

Niassia  1  12°28'08.4"N 16°22'16.5"W 

Sinndone  2  12°35'31.9"N 16°04'43.7"W 

Tambacounda  1  13°08'32.9"N 16°31'49.5"W 

Tobor  2  12°39'35.6"N 16°15'44.7"W 

Wangara  2   
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Table 2.4: Questionnaire survey in grower sector. 
 

  

Information Source 
(M = Surveyor;  

P = Grower) 
Sample # M 1 2 3 n 

Time and 
location 

Year M 

Month M 

Zone M 

Location M 

Personnel 

Group M 

Gender P 

Years in Business P 

Horticultural 

Mango Orchard Type P 

Orchard area (ha) P 

Age of Trees P 

No. of Cultivars P 

Early / Late Varieties P 

Other Crop Types P 

Pests on Mango P 

Major Pest P 

No. Fruit Fly Hosts P/M 

OFF Infestation Level P 

Management 

Insecticide (Yes/No) P 

Biocontrol (Yes/N0) P 

Male Trapping (Yes/N0) P 

Orchard Sanitation (Yes/N0) P 

Irrigation (Yes/N0) P 

Pruning (Yes/N0) P 

Tillage (Yes/N0) P 

Bagging Fruits (Yes/N0) P 

Inducing flowering (Yes/N0) P 

Economics 

Type of Market (Local/Export) P 

Production (tonnes) P 

Total Price P 

Strategies to 
deal with fruit 

flies 

Early harvest P 

Cut price P 

Replace Mango with other Fruit trees P 

Others Strategies P 
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Table 2.5: Localities, participants, and GPS coordinates (Niayes wholesaler survey)  
Niayes zone  Participants  GPS coordinates 

Bambilor  1  14°47'58.6"N 17°11'01.2"W 

Diender  2  14°52'30.9"N 17°04'59.9"W 

Ndiar  3  14°45'54.7"N 17°06'29.3"W 

Keur Mbir Ndao  11  12°53'47.4"N 16°20'47.2"W 

Km50  22  14°45'54.7"N 17°06'29.3"W 

Noto Gouye Diame  39  14°59'24.5"N 17°00'27.2"W 

Pikine  22  14°47'58.6"N 17°11'01.2"W 

Pout  3  14°45'44.4"N 17°03'50.5"W 

Sebikotane  2  14°44'37.7"N 17°08'07.7"W 

Tivaoune  2  14°57'23.9"N 16°49'2.9"W 

 
Table 2.6: Localities, participants, and GPS coordinates (Casamance wholesaler survey) 

Casamance  Participants  GPS coordinates 

Abene  1  12°54'29.1"N 16°24'07.8"W 

Albadar  5  13°00'33.5"N 16°41'49.4"W 

Baila  4  12°54'29.2"N 16°24'07.8"W 

Bandjikaty  4  13°01'27.6"N 16°41'28.6"W 

Bignona  1  12°48'11.0"N 16°14'26.5"W 

Boukitimgo  1  12°26'49.4"N 16°35'31.5"W 

Kolonba  1  13°00'10.0"N 16°40'25.0"W 

 
Table 2.7: Locality, participants, and GPS coordinates (Kaolack and Touba wholesaler survey) 

Locality   Participants  GPS coordinates 

Kaolack  34  14°07'51.0"N 16°04'18.3"W 

Touba  24  14°55'02.4"N 15°52'25.3"W 
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Table 2.8: Questionnaire survey in wholesaler sector. 
 

  

Information 
Source (M = 

Surveyor; P = 
Wholesaler) 

    

Sample M 1 2 3 n 

Time and 
location 

Year M 

Month M 

Zone M 

Location M 

Personnel 

Group P 

Gender M 

Years in business P 

Economics 

Mango orchard (source) P 
  

Produce weigh (metric ton) P 
  

Total price P 

Price/kg M 

Transport time (days) P 

Time to sale (days) P 

Percent loss P 

Fruit fly 
 

Strategies to avoid loss P 
    

Awareness of fruit fly P 
    

 

Table 2.9: Localities, participants, and GPS coordinates (Niayes retailer survey) 
Niayes  Participant  GPS coordinates 

Diamniadio  7  14°43'13.5"N 17°11'05.1"W 

Pikine  9  14°47'58.6"N 17°11'01.2"W 

Pout  9  14°45'44.4"N 17°03'50.5"W 

Thies  17  14°46'04.8"N 16°53'21.8"W 
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Table 2.10: Localities, participation, and GPS coordinates (Casamance retailer survey) 
Casamance  Participant  GPS coordinates 

Badjoure  5  12°51'22.9"N 16°07'39.6"W 

Bignona  14  12°47'44.5"N 16°13'50.2"W 

Boutoute  1  12°33'29.3"N 16°13'57.7"W 

Diabire  3  12°53'33.5"N 16°02'45.4"W 

Diokher  1   

Djiguinoume  1  12°40'26.9"N 16°11'44.9"W 

Djilakoune  1  12°39'57.8"N 16°12'05.8"W 

Manpalago  2  12°54'52.4"N 16°00'35.5"W 

Medina Walifa  3   

Tobore  4  12°39'33.5"N 16°15'45.3"W 

Ziguinchor  2  12°33'50.5"N 16°16'57.6"W 

 

Table 2.11: Questionnaire survey in retailer sector 

  
Information Source (M = 
Surveyor; P = Retailer)      

Sample M 1 2 3 4 n

Time and 
location 

Year M 

Month M 

Zone M 

Location M 

Personnel 

Group P 

Gender M 

Years in Business P 

Economics 

Mango orchard (source) P 

Produce weigh (metric ton) P 

Total Price P 

Price/kg M 

Transport time (days) P 

Time to sale (days) P 

Percent loss P 

Fruit fly 
Strategies to avoid loss P 

  
Awareness  of fruit fly P 
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Table 2.12: Percent of low and high infestation orchards by Bactrocera dorsalis in Niayes and 
Casamance (Grower sector). Niayes orchards (n= 81), Casamance orchards (n=68) (P<0.0001). 

 
Percent of High infested 

orchards 
Percent of lowly  

infested orchards 

Niayes 11 89 

Casamance 85 15 
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Chapter 3: Assessment of efficacy of kaolin (Surround WP), and neem oil on Bactrocera 
dorsalis behavior and reproduction in the laboratory and in the field 

Abstract 

The effect of two organic products, neem oil and kaolin (Surround WP), on the behavior 

and development of the oriental fruit fly, Bactrocera dorsalis (Hendel) (Tephritidae), was 

evaluated in the laboratory and in the field. Laboratory bioassays showed females landed and 

spent time identically on control and neem-treated mangoes while there were fewer landings and 

less time spent on kaolin-treated mangoes. The number of pupating larvae was lower in kaolin-

treated fruit and neem-treated fruit than in the control. However, field results were different from 

laboratory results. In the field, infestation of neem-treated fruit and subsequent pupation of 

larvae was higher than of control and kaolin-treated fruit. Kaolin lost efficacy four weeks after 

application. There were no significant differences between the kaolin treatment and controls in 

the proportion of infested mangoes and number of pupae. However, the number of emerged B. 

dorsalis was higher in the control than in either the neem- or kaolin-treated fruit. 

Introduction 

Neem tree, Azadirachta indica A. Juss (Sapindales: Meliaceae: Melioideae: Melieae), is 

native to Asia and is grown in tropical and subtropical areas of Africa, America, and Australia 

(Schmutterer 1990). A plethora of studies have been carried out on neem products to test their 

pesticidal effects. The neem tree has an active ingredient, azadirachtin, which has been found to 

have multiple modes of action acting on behavior and physiology of insect pests. Azadirachtin is 

an insect growth regulator (ecdysis inhibitor), feeding deterrent, repellent, ovicide, and inhibitor 

of fecundity (Ascher 1993, Mordue (Luntz) 2000). Two azadirachtin baits (NeemAzal-T and 

NeemAzal-T/S) significantly decreased infestation by European cherry fruit fly, Rhagoletis 

cerasi L. (Diptera: Tephritidae), in semi field trials (Böckmann et al. 2012, Böckmann et al. 
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2014). Neem’s repellency is related to concentration of neem in the formulation (González-

Gómez et al. 2012). Low concentrations of neem could not prevent bee pupae from being 

infested by Varroa destructor. Singh (1998) found neem extracts including neem oil have other 

compounds in addition to azadirachtin that disrupt oviposition of the oriental fruit fly and the 

melon fly, Bactrocera cucurbitae Coquillett. The LC50s of neem oil were found to be 

significantly different on B. dorsalis and B. cucurbitae by Stark (1990). The oriental fruit fly was 

less sensitive than the melon fly. Neem extracts showed an ovicidal activity on Spodoptera 

litura, Helicoverpa amigera, H. puera, and Earias vitelli (Ignacimuthu 2012). Neem oil has been 

used in IPM packages to control spider mite, Tetranychus ludeni, on eggplant in India. Plants 

that received the IPM package had lower infestation and higher yield than plants treated with 

dicofol acaricide (Reddy 2001).  Silva (2013) assessed effects of neem extracts on reproduction 

and longevity of the medfly. The concentration of azadirachtin differed according to nature of 

extract, 2.2 ppm in seed extract, 5.3 10-4 ppm in leaf extract and 0.0 ppm in branch extract. Neem 

extracts reduced life span of flies when fed on extracts. Branch extract in dichloromethane (88 

ppm) was the neem extract most effective at reducing females’ fecundity and inhibiting fertility. 

Number of eggs laid and number of eggs hatching decreased when females of B. zonata laid eggs 

on neem-treated fruit (Mahmoud and Shoeib 2008). 

Surround WP is based on 95% kaolin clay and 5 inactive ingredients. When sprayed, it forms 

a physical barrier on the plant surface. Kaolin is an inert chemical that makes leaves and fruits 

colored in white which tends to mask visual cues and repels arthropod pests (Glenn 1999). Pests 

are uncomfortable on kaolin which affects negatively their feeling on hosts. Consequently, pest 

infestation decreased with kaolin treatment and yield improved. Surround WP was found to be a 

deterrent, a repellent and an insecticide of apple maggot (Rhagoletis pomonella (Walsh) 
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(Diptera: Tephritidae)). Flies spent less time on kaolin-treated fruit (Leskey et al. 2010). 

Bactrocera oleae (Gmelin) and Ceratitis capitata (Wiedemann) populations have been reduced 

using Surround treatments (Caleca 2010). Surround was more efficient than copper products and 

was better in heavy rainfall than a commercial kaolin (BPLK kaolin, (100% kaolin). Diarra 

(2013) evaluated the effect of kaolin on Bactrocera dorsalis and Ceratitis cosyra in the 

laboratory and in the field. Kaolin significantly decreased fruit fly infestation in laboratory and 

field trials. 

The objective of this research was to evaluate effect of neem oil and kaolin (Surround WP) 

on B. dorsalis behavior and development in the lab and in the field. The null hypothesis was that 

B. dorsalis’ behavior and development are not affected by neem oil and kaolin treatments. 

Materials and Methods 

Laboratory bioassay: 

The laboratory experiments were conducted at the Direction de la Protection des 

Végétaux (DPV), in Dakar Senegal. Mangoes, three per treatment, were treated randomly with 

neem oil, Surround or left untreated. Neem oil was locally produced in Senegal (Neemland 

Ecosystem SARL, Thies; Neemland oil: 95% neem oil and 5% neem soap).  Neem oil solution 

was made from 2 ml of Neemland oil mixed with 200 ml of water according to the label rate (10 

ml neem oil per liter of water). Surround WP was obtained from Tessenderlo Kerley, Inc. (USA).  

A kaolin suspension was made from 4.19 g of Surround mixed with 100 ml of water (label rate: 

25 to 50 Lb. per 100 gallons of water). An adjuvant, a wetting agent from Niayes Sarraut Dakar, 

helped kaolin to adhere to the surface of mangoes. Two to three applications were made to 

ensure that the entire surface of the mango was covered with neem oil or with kaolin followed by 

a 1-hour drying time.  
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Three groups of 10 gravid females were put in separate cages (30 cm×30 cm× 30cm), one 

group per cage, the day before the trial (24 hours) to acclimate. Then, into each cage was placed 

one of each treatment (neem oil, kaolin and control). A Latin square design was used in order to 

have each mango placed in all three positions in the cages (Figure 3.1) (five replicates). Right 

after placing treated mangoes in the cage, the behavior of females was recorded with a digital 

camera (Panasonic, DMC-TS6) for a period of 5 minutes. The number of landings and time spent 

on fruit were recorded. 48 hours later, mangoes were removed from cages and incubated 

individually in containers filled with sand for pupation. 

After a further two weeks, the number of pupae per mango for each treatment was 

recorded. Number of landings, time spent, and pupal development on fruit were log-transformed 

to homogenize the variance. An analysis of variance (ANOVA) was carried out to analyze mean 

number of landings per treatment and mean number of pupae per treatment. Data on time spent 

on fruit were analyzed with analysis of covariance (ANCOVA) in which the covariant was 

landing. Treatment means were separated using LSM Means Differences Student’s t with JMP 

software (SAS Institute 2012). 

Field trial:  

Field experiments were conducted in Niayes and Casamance (northern and southern 

Senegal, respectively) (Figure 3.2). In Niayes, orchards were located in the village of Notto, 

Kery and Keur Mbir Ndao (Thies region). In Casamance, orchards were located in Djibelor 

(Ziguinchor region). In each locality three orchards were selected. A nested design was 

employed. In each orchard, four trees were selected. Each tree was divided into three parts which 

were randomly treated with neem oil, kaolin, or left untreated. There were buffers between 
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treatments (Figure 3.3). Backpack sprayers, hand-pumped (Figure 3.4), were used to apply 

treatments; label rates were followed.  

In Niayes, the first treatment was applied on 10 June 2015 and the second on 25 Jun 

2015. Data were collected on 22 Jul 2015 when 10 mangoes were randomly harvested in each 

treatment from each tree and put in a plastic bag with a tag. A total of 36 treatment group (10 

mangoes/ treatment group) were returned to the laboratory, and each treatment group was 

incubated in a 15-liter bucket quarter-filled with sand for pupation. Buckets were covered with a 

transparent fabric to prevent escape of emerged flies. Tree weeks later, samples were examined 

to determine percent of infested mangoes, number of pupae, and number of emerged flies 

In Djibelor, the first treatment was on 17-18 Jun 2015 and the second on 2-3 Jul 2015. 

Data were collected on 28 Jul 2015; 10 mangoes were randomly harvested in each treatment 

from each tree and put in a plastic bag with a tag. The following day, samples were brought to 

Ecole Nationale Supérieure d’Agronomie (ENSA) laboratory in Thies and incubated in the same 

manner as samples from Niayes zone. Tree weeks later, data were collected in the same manner 

as samples from Niayes zone.  

A contingency analysis of proportion by treatment (CAPBT) was used to analyze data. 

To separate significant differences, three more CAPBT (excluding one treatment) were 

performed: control/neem, control/kaolin, and kaolin/neem. The number of emerged and non-

emerged flies in each treatment was determined. The numbers of pupae were log transformed to 

homogenize the variance, and data were analyzed using Mixed Model and ANOVA. Treatment 

means were separated using LSM Means’ Differences Student’s t with JMP software (SAS 

Institute 2012). 
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Results  

Laboratory bioassays: 

The efficacy of neem oil and kaolin on the behavior and development of oriental fruit fly 

was evaluated in terms of landings and time spent on fruit over a 5-minute period. There were 

significantly fewer landings on kaolin-treated fruit than in the control (P= 0.0189). The mean 

number of landings on neem-treated fruit was not significantly different from the control (Figure 

3.5). Females spent more time on the control and neem than on kaolin (P= 0.0082) (Figure 3.6). 

Despite females spending as much time on neem as on the control fruit, the number of pupae was 

significantly lower than on control (P< 0.0001). The oriental fruit fly developed better on control 

than on either neem or kaolin (P< 0.0001) (Figure 3.7). 

Field Experiments: 

In Niayes, no infested mangoes were found in any of the treatments including control in 

our three orchards. As a result, there were no pupae or emerged flies. Perhaps at harvest, 

Bactrocera dorsalis population was very low in orchards in this zone which is less optimal for 

fly survival and development. The population dynamic was not monitored, but we observed low 

population of B. dorsalis and C. cosyra species in some orchards. 

In Djibelor, results differed from the laboratory results. Mangoes treated with neem were 

more heavily infested by B. dorsalis than the control (Figure 3.8), and the number of pupae was 

greater on neem-treated fruit (Figure 3.9). Kaolin was not significantly different from either 

control or neem. The number of pupae was similar to that of the control. However, the mean 

number of emerged flies was lower in neem and kaolin treatments relative to the control (Figure 

3.10). In Djibelor, there was an average of 1.5 ml of rain after the first application and 28.25 ml 
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of rain after the second application (Table 3.1). The kaolin was washed off on some treated 

fruits. 

Discussion  

Neem’s repellency is related to the concentration of neem in the formulation (González-

Gómez et al. 2012). Low concentrations of neem could not prevent bee pupae from being 

infested by Varroa destructor. Vanranden and Roitberg (1998) reported that neem insecticide 

was not an ovipositional deterrent for the western cherry fruit fly, Rhagoletis indifferens Curran 

(Diptera: Tephritidae), under laboratory conditions. It may be that the neem oil concentration 

used in our laboratory and field trials was low and could not repel B. dorsalis, or deter 

oviposition. The oriental fruit fly was found to be less sensitive than the melon fly to neem oil by 

Stark (1990). The number of eggs laid and the number of eggs hatching decreased when females 

of B. zonata laid eggs on neem-treated fruits (Mahmoud and Shoeib 2008). Their laboratory 

results conform to our laboratory results where the number of pupae in the neem treatment was 

lower than in the control and field results where the number of emerged flies was lower in neem-

treated fruit than in the control.  

In their laboratory and field trials, Vijayalakshmi (2014) reported that efficacy of neem 

oil depends on the source of manufacture and doses. In addition, they found neem oil was less 

efficient in the field than in the lab. In the field, there was no significant difference between 

treated fruits and controls in percent infestation by coffee borer, Hypothenemus hampei Ferrari 

(Curculionidae).  

Glenn (1999) assessed the effect of kaolin on pear psylla, Cacopsylla pyricola (Foerster). 

He found that particles of kaolin fixed on pest’s body and caused decrease of infestation. Glenn 

(1999) state: “They become entangled by the particle film and fall from the plant…”. The adult 
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flies in our study spent less time on kaolin-treated fruit. Leskey et al. (2010) observed that apple 

maggot spent less time on kaolin. They concluded that the white coating from kaolin diminished 

visual attractiveness and served as a tactile deterrent. However, Surround WP efficacy decreased 

in high insect populations. Lo Verde et al. (2011) found C. capitata infestation was not 

significantly different in kaolin-treated versus untreated clementines at high pest densities and 

when there were no host plants beside clementine. Actually, the infestation rate was numerically 

higher in kaolin that in the control. Similar results were obtained in the Djibelor field experiment 

where percent of mango infestations was not significantly different in kaolin and control. In 

2013, Diarra (2013) evaluated kaolin on B. dorsalis and C. cosyra in the laboratory and in the 

field in Thies, Senegal, Surround was efficient and significantly decreased fruit fly infestation in 

lab and field trials. Yet, Thies and Djibelor are different in terms of weather conditions, orchard 

type, and population pressure. Thies has less rain fall and less population pressure than Djibelor 

(Ternoy 2006). 

Conclusions 

In the laboratory bioassay, females made a similar number of landings, and spent an 

equivalent amount of time, on neem-treated versus control mangoes. Neem oil was not an 

ovipositional deterrent. However, B. dorsalis development was impaired on neem. In contrast, 

neem was less efficient in the field; mangoes were heavily infested and the number of pupae was 

higher than in control and kaolin-treated mangoes. Nevertheless, neem-treated fruit showed 

fewer emerged flies than the control. 

In the laboratory bioassay, kaolin (Surround WP) –treated mangoes were landed upon 

less by female B. dorsalis for landing of the oriental fruit fly, and there was less larval pupation. 

However, kaolin was found to be less effective in the field than in the laboratory. There were no 
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significant differences between kaolin and control in percent of infested mangoes and mean 

number of pupae. However, number of emerged flies from kaolin-treated fruits was low. 

In the future, neem oil and kaolin field trial should be improved to find out the best 

treatments and frequency that will negatively impact Bactrocera dorsalis behavior and 

development. Research may focus on the shortness of period between applications in the field. 

The harvest time could be less than one week after the last application. Lab and field 

experiments showed that these two organic products could decrease infestation and population of 

the oriental fruit fly but that work remains to be done to make field application effective. 
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Figure 3.1: Latin square design: Assessment of efficacy on neem oil and kaolin (Surround) 
on Bactrocera dorsalis behavior and development in the laboratory (5 replicates). 

 

 

Figure 3.2. Mango production areas (WikiVoyage 2016). 
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Figure 3.3: Experimental design of field trials in Niayes zone and Djibelor to test efficacy of 
kaolin and neem on Bactrocera dorsalis development. 

 

 
Figure 3.4: Mean (±SE) number 
of landings by Bactrocera 
dorsalis on untreated and treated 
mangoes for 5 min observation in 
cage assays. N=15, Latin Square 
ANOVA. Letters denote 
significant differences at  
P = 0.0189 
 

Figure 3.5: Mean (± SE) time 
spent by Bactrocera dorsalis on 
untreated and treated mangoes 
with neem oil and kaolin per 
landings in cage assays. N=15, 
Latin Square ANCOVA. Letters 
denote significant differences at 
P=0.0082 

Figure 3.6: Mean (± SE) number 
of Bactrocera dorsalis pupae per 
untreated and treated mangoes in 
cage assays. N=15, Latin Square 
ANOVA. Letters denote 
significant differences at 
P<0.0001 
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Figure 3.7: Percent of infested 
mangoes treated with neem and 
kaolin, compared with untreated 
control (Djibelor field). N= 120, 
Nested ANOVA. Letters denote 
significant differences at  
P= 0.044. 

Figure 3.8: Mean (± SE) number 
of Bactrocera dorsalis pupae in 
10 mangoes per treatment 
(Djibelor field). N= 120, Nested 
ANOVA.  Letters denote 
significant differences at P=0.030 

Figure 3.9: Mean (± SE) number 
of emerged Bactrocera dorsalis 
in treated and untreated mangoes 
(Djibelore field). N= 120, Nested 
ANOVA Letters denote 
significant differences at 
P<0.001. 

                                                    
 

A 

C 



 73

Table 3.1: Amount of rain following treatment applications in Djibelor field. First application: 
17-18 June; and second application: 1-2 July 2015. 

Raining day Rain  in ml  

20 Jun 0.5 Average rain (ml) 

22 Jun 3 

1.5 29 Jun 2 

30 Jun 0.5 

6 Jul 16 Average rain (ml) 

7 Jul 3 

28.25 

8 Jul 75 

9 Jul 11 

11 Jul 19 

12 Jul 4 

14 Jul 16 

18 Jul 27 

24 Jul 6 

25 Jul 95 

26 Jul 23 

27 Jul 44 
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Chapter 4: Assessment of treated soil with neem cake and neem seed powder on the 
oriental fruit fly, Bactrocera dorsalis Hendel (Diptera: Tephritidae), larval-pupal survival 
in the lab and at the field 

Abstract  

The oriental fruit fly, Bactrocera dorsalis, is a quarantine and devastating pest. In its life 

cycle, last instar larvae leave host fruits to pupate in soil. This present work assessed the effect of 

neem seed cake (NSC) and neem seed powder (NSP) on the survival of the larval-pupal stage 

(pre-pupal stage) in the laboratory and in the field. Three treatments were used in the laboratory 

and field trials: treated soil with NSC, treated soil with NSP and untreated soil (control). In the 

laboratory, soil treated with NSC and soil treated with NSP did not have an effect on pupation. 

All larvae in untreated and treated soils pupated. However, soil treated with either NSC or NSP 

decreased significantly the number of emerged flies. In the field, there were no significant 

differences between untreated soil and treated soil in terms of number of emerged B. dorsalis. 

Introduction 

A species of fruit fly belonging to the Bactrocera dorsalis complex (Diptera: Tephritidae) 

was first found in Kenya (East Africa) in 2003 (Lux 2003). The fruit fly was identified as B. 

invadens Drew, Tsuruta, and White from Sri Lanka (Drew 2005). Since its introduction into East 

Africa, B. dorsalis quickly spraed throughout Sub-Saharan Africa (Drew 2005, Correia et al. 

2008, Goergen et al. 2011, Manrakhan et al. 2011).  Bactrocera invadens was found in Senegal 

in 2004 (Vayssières et al. 2011). More recent, taxonomic study determined that B. invadens, B. 

papaya Drew & Hancock, B. philippinensis Drew & Hancock, and B. dorsalis Hendel sensu 

stricto are one and the same species: B. dorsalis (Schutze et al. 2012, San Jose et al. 2013, 

Schutze et al. 2013, Bo 2014, and Boykin et al. 2014). In the past decade, detections of the 

oriental fruit fly increased in California and Florida (USDAAPHIS 2016). Bactrocera dorsalis 

could find suitable habitat in 10 US states (USDA 2016). The oriental fruit fly is a multivoltine 
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species having four to five generations per year in Yunnan Province (China) (Zhiying 1995). 

Females can be distinguished from males by presence of an ovipositor at the extremity of their 

abdomen (Drew 2005) (Figure 4.1). The oriental fruit fly life cycle features complete 

metamorphosis (Figure 4.2). The average generation time is 30 days. One female may lay 

approximatively 800 eggs over a 73-day oviposition period (Ekesi 2006). Gravid females lay 

eggs in fresh fruits. There are three instars. Larvae feed on fruit pulp where their feeding causes 

internal breakdown of the fruit tissue (Devi et al. 2011). At the end of the last instar, larvae leave 

the fruit and pupate in soil. From pupae emerge immature adults. Ekesi (2006) observed higher 

infestation of the oriental fruit fly in lowland orchards than highland orchards. In the laboratory, 

the duration of larval development was 30 days at 19°C and 17 days at 28°C. Females laid 11.4 

eggs per day at 28°C, but only 4.3 eggs per day at 19°C (Yang 1994). Similar results were 

recorded by Vargas (1996). The duration of immature stages was 38.9 days at 18°C and 15.7 

days at 29°C. 

Neem tree, Azadirachta indica Juss. (Meliaceae), is native to India and is grown in 

tropical and subtropical areas of Africa, America, and Australia (Schmutterer 1990). Neem 

products impair development and survival of insects. In their semi-field trial, Böckmann et al. 

(2014) found neem formulations (NeemAzal-T® and NeemAzal-T/S®) were more efficient in 

decreasing European cherry fruit fly population, Rhagoletis cerasi L. (Diptera: Tephritidae), than 

pyrethrins (Spruzit Neu®). The survival, fecundity and fertility of C. capitata decreased 

significantly when flies are fed with a diet containing neem (Di Ilio 1999). Singh (1998) 

determined the effect of five different extracts of neem seed kernel (NSK) and pure azadirachtin 

on oviposition of the oriental fruit fly and the melon fly (B. cucurbitae Coquillett). At 20 ppm, 

all five extracts of NKS had significantly decreased the number of eggs per female in both 



 76

species. However, pure azadirachtin did not have any effect on the number of eggs in both 

species. He concluded that in neem extracts there are compounds other than azadirachtin that 

inhibit oviposition, “volatile organosulphur compounds including dipropyl disulphide”. Neem 

seed kernel extract had no effect on the pre-pupal stage of B. dorsalis and B. cucurbitae, but 

decreased percent of emerged adults (Singh 2003). 

Stark (1990) tested the effect of sand treated with neem seed extracts (containing 7.3g 

azadirachtin per liter of ethanol) on third instar larvae of the oriental fruit fly, the melon fly, and 

the medfly (Ceratitis capitata, Diptera: Tephritidae). The melon fly was found to be more 

susceptible to azadirachtin than the oriental fruit fly and the medfly with a LC50 of 1.39, 2.02 and 

2.29 ppm respectively. Neem extracts did not interrupt the transformation of larvae to pupae. All 

larvae pupated but few flies emerged from these pupae. The lifetime of flies emerging from 

neem treatments was short compared to flies emerging from the control.  Neem seed powder was 

successful in causing mortality of adults and emergence of maize weevil (Sitophilus zeamais 

Motschulsky, Coleoptera: Curculionidae) on stored wheat grains (Ileke 2011). 

Neem cake is the solid waste of pressed seed after oil extraction. To determine effect of 

neem cake on third instar larvae of the medfly in the laboratory, Silva et al. (2011) mixed 

different percentages of neem cake with vermiculite (substrate for pupation). Neem cake did not 

affect the transformation of larvae to pupae. However, neem cake caused pupal mortality. The 

percent mortality of pupae was 100% for mixtures higher than or equal to 75% of neem cake. 

Neem cake contents salannin, an active ingredient different from azadirachtin, which has a 

larvicidal effect on the Asian tiger mosquito (Aedes albopictus, Diptera: Culicidae) (Nicoletti et 

al. 2012). Vijayalakshmi (2014) assessed the effect of manufactured neem extract on 

management of the coffee berry borer, Hypothenemus hampei Ferrari (Coleoptera: 
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Curculionidae). He found efficacy of neem extracts was lower in the field than in the laboratory. 

In the present study, we assessed effect of neem seed cake and neem seed powder on larval-

pupal survival and development of the oriental fruit fly in the laboratory and in the field. 

Materials and Methods 

Neem products used in this study were Neemland Rakkal (neem seed cake (NSC)) and 

Neemland Sol (neem seed powder (NSP)). These products were locally made by Neemland 

Ecosystem in Senegal. Label rates were: 30 - 50 g/plant or 50 - 100 g/m2 (field) for NSC and10 

g/plant or 100 g/m2 (field) for NSP. Plant was referring to nursery plant. 

Laboratory bioassay 

 The trial was conducted at the entomology laboratory of Direction de la Protection des 

Végétaux (DPV), in Dakar Senegal. Three treatments were used to assess effect of neem products 

on larval-pupal survival and development. Soil sample treated with either NSC or NSP were 

compared with untreated soil. Soil (30 g) were mixed with 30 g of NSC, and 30 g of soil for 10 g 

of NSP. Each replicate consisted of one treatment container (either NSC or NSP) and an 

untreated container (control). A group of 17 randomly selected larvae (third instar) was placed in 

each container. The experiment was replicated 6 times. Containers were covered with a 

transparent fabric to prevent escape of larvae or emerged flies. Two weeks later, percent of 

emerged flies was recorded. 

Data analysis: A Contingency Analysis Chi-square (CAC) was carried out with JMP Pro 

version 11 (SAS 2014, SAS Institute, Cary, NC). A second CAC was carried out between NSC 

and NSP to determine differences. 
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Field trial 

The field trial was conducted in a mango orchard in Djibelor (Casamance, southern part 

of Senegal). Emergence cages (50cm×50cm×50cm) were used to test the effect of NSC and NSP 

on the oriental fruit fly larval-pupal survival and development. Cages were covered with a black 

fabric; a transparent bottle was inserted at the top of the cage. At emergence, flies follow the 

light and are captured in the bottle. Three cages (NSC, NSP, untreated) were placed randomly in 

the shade of a mango tree. A hole was dug to place the emergence cage. The cage was placed 

into the hole and the bottom 10 cm filled with the soil from the hole (figure 4.3). At the top of 

the soil (inside cage), 100g of NSC (4 × field label rate) were poured and mixed gently. 

Likewise, 100g of NSP (4 × field label rate) were poured at the top of the soil (inside cage) and 

mixed gently. Larvae were obtained by introducing mangoes into cages full of gravid females of 

the oriental fruit fly for 48 hours for infestation (in the laboratory of DPV). Females were 

obtained from a colony maintained at DPV. The next day after infestation, three mangoes were 

placed randomly in each emergence cage in the field: soil treated with NSC, soil treated with 

NSP and untreated soil (3 replicates). Ten days later, emerged fruit flies were collected daily 

over two weeks. An analysis of covariance was used to analyze the data. 

Results  

Laboratory bioassay: NSC and NSP did not prevent larval transformation into pupae; all 

groups of 17 larvae either in control or in neem products transformed into pupae. However, NSC 

and NSP significantly decreased the mean number of emerged oriental fruit flies (P < 0.0001) 

(Figure 4.4). Mean numbers of emerged flies were 15.6 in the control, 0.3 for NSC, and 0.2 for 

NSP.  
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Field trials: Results showed no significant differences between untreated soil and 

retreated soil (NSC and NSP) (Figure 4.5). In Djibelor, soil treated with neem products had more 

emerged fruit flies than the control, even there were no significant differences between untreated 

soil (control) and retreated soil (NSC and NSP). However, weaver ants, Oecophylla longinoda 

Latreille (Hymenoptera: Formicidae) were found in control cages (Figure 4.6), but not in the 

treated cages. The experiment was conducted again in Dakar at DPV. The result was the same, 

no significant differences between control and neem treatments. Ants were not seen in either 

treated or untreated cages.  

Discussion 

 In the laboratory, neem cake did not affect the transformation of the medfly larvae to 

pupae, but did cause pupal mortality Silva et al. (2011). Pupal mortality was 100% for mixtures 

higher or equal to 75% of neem cake.  Neem cake contains salannin, an active ingredient 

different from azadirachtin, which has a larvicidal effect (Nicoletti et al. 2012). Singh (2003) 

found neem seed kernel extract (NSK) had no effect on the oriental fruit fly pupation. However, 

NSK significantly decreased the percent of emerged oriental fruit flies. Sand treated with neem 

seed extracts decreased emerged adults of the oriental fruit fly, the melon fly and the medfly in 

the laboratory (Stark 1990). In the present laboratory bioassay, NSC and NSP had no effect on 

pupation. However, NSK and NSP were associated with a large decrease of adult emergence 

compared to the control. 

 In the field trials, there were no significant differences between untreated soil (control) 

and treated soil in percent of adult emergence. In the Djibelor trial, weaver ants were seen inside 

the bottle that was supposed to collect emerged adult (Figure 4.5). Weaver ants are predators of 

larvae and adults of the oriental fruit fly. Diamé et al. (2015) found low population of the oriental 
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fruit fly in mango orchards associated with presence of weaver ant colonies.  Neem was found to 

be a repellent on red ants, Oecophylla smaragdina (Formicidae: Formicinae) by Vishwakarma et 

al. (2012). Perhaps, cages treated with NSC and NSP discouraged the predation of emerged flies 

by weaver ants. Even we did not see ants in the DPV (Dakar) trial, it could be that there was 

predation of ants on larvae and emerged flies. The fruit fly colony had been attacked by weaver 

ants in the DPV laboratory in 2014 and 2015. Vijayalakshmi (2014) found neem efficacy 

decreased rapidly in the field due to sunlight. Another hypothesis could be neem products used in 

this study broke down in the field.  

We did not know how many eggs were laid in each mango for each treatment like in the 

laboratory trial. It is difficult to determine to what extent field results were related to NSC and 

NSP efficacy in the field or to weaver ants’ predation.  

Conclusion 

 In the laboratory, neem seed cake and neem seed powder had no effect on B. dorsalis 

pupation. However, adults’ emergence from treated soil (NSC and NSP) decreased significantly 

relative to the untreated soil (control). In the field, NSC and NSP had no effect on adults’ 

emergence. NSC and NSP could be promising organic insecticide to manage oriental fruit fly’s 

population while in the soil.  This would aid in control independent of tree size, unlike foliar 

treatment. Future research may focus on the efficacy of NSC and NSP in the field by excluding 

ants, the effect of NSC and NSP on weaver ants, determine effect of temperature and sunlight on 

efficacy of NSC and NSP, and the number of application of NSC and NSP that should be 

efficient to cause a decrease of emerged flies in the field.  
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Figure 4.1: Pair of Bactrocera 
dorsalis (Synonym of B. invadens)  

Figure 4.2: The oriental fruit fly life’s cycle  
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Figure 4.3: Emergence cage used to test efficacy of neem seed cake and 
neem seed powder on larval-pupal survival of Bactrocera dorsalis in the 
field 

 

 
Figure 4.4: Effect in the laboratory of treated soil with neem seed cake (NSC), neem seed 
powder (NSP), and untreated soil (control) on number of emerged Bactrocera dorsalis. N=102 
larvae. Letters denote significant differences with P<0.001. Bars denote standard error. 
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Figure 4.5: Effect in the field (Dakar and Djibelor) of treated soil with neem seed cake (NSC), 
neem seed powder (NSP), and untreated soil (control) on number of emerged Bactrocera 
dorsalis. N=9 mangoes. Letters denote no significant differences. Bars denote standard error. 
 
 

 

Figure 4.6: Presence of weaver ants, Oecophylla longinoda Latreille on control cage (a) and in the 
collected bottle (b). 

 

 


