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AN ABSTRACT OF THE THESIS OF 

 

Mira Akram Yehya   forMaster of Science 

Major: Plant Protection 

 

 

Title: Sustainable Biological Control Strategies for Growers of Greenhouse Cucumber in 

Lebanon 

 

Greenhouse farmers in Lebanon rely heavily on pesticide use for pest 

management.At present, they do not have access to biological control methods to control 

pests that threaten agricultural crops. Moreover, few if any field studies were conducted to 

assess the control efficacy of Amblesius swirskii, Aphidius colemani , Eretmocerus 

eremicusand Phytoseilus persimilis for the management of greenhouse cucumber arthropod 

pests in Lebanon. To test the efficacy of natural enemies, four trials were conducted at two 

different locations, one in Byblos and the other in Zahrani.The first three trials were done 

without having a control greenhouse. The fourth trial included a control greenhouse (GH) 

where the farmer followed his normal plant protection practices while in the other GH, IPM 

practices were implemented including natural enemy releases. Weekly monitoring of 

whitefly (WF),aphid, thrips and mitepopulations on cucumber leaves and/or flowers were 

conducted and data were recorded. Trial 1 conducted in Byblos during the fall and winter 

season showed very promising results. Only one release ofAmblesius swirskiiand 

Phytoseilus persimiliswas enough to keep the population of major insect pests at relatively 

low populations during most of the growing season. No single insecticide spray was 

used.The results of trials 2 and 3 conducted in Zahrani were less promising due to two main 

reasons. First, the experimental variety planted was very susceptible to downy mildew and 

the location was close to the sea with a RH thatremained high, between 80-90% during the 

growing season which forced the farmer to apply fungicide sprays at weekly intervals. 

Second, the close proximity of the greenhouses to a neglected eggplant open field, which 
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acted as a source of insect and mite pests mainly whiteflies.As for trial 4 which was 

duringthe spring cropping season, the predatory miteA.swirskii successfully maintained the 

thrips and whitefly populations at a low level similar to that obtained by the farmer who 

used six pesticide sprays with a mixture of pesticides during this period, one of the sprays 

included three insecticides. A. swirskii, P. persimilis maintained the thrips,whitefly and 

mites under Economic threshold level ETL for most of the season. However, for the mite 

Tetranychus sp. the population increased rapidly towards the end of the growing season. 

Hence, acaricide sprays should be planned starting mid-April, or more frequent 

releases/higher rates of natural enemies should be planned. Alternatively, more efficient 

natural enemies or a combination of natural enemies should be tried. In cucumber crops, 

Phaseolus bean does not seem to be a good indicator/trap plant for mites and WFs Both 

marigolds and alyssum may serve as habitat plants for A.swirskii, but during hot weather, 

marigolds are preferred. A laboratory study evaluated the efficacy of a local isolate of 

Beauveria pseudobassiana for the control of A.gossypii.The highest corrected mortality 

(CM), of more than 98%, was recorded on aphids treated with the highest conidial 

suspension (107 conidia mL-1) + 0.01% Tween .
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CHAPTER I 

ITRODUCTION 

 

 

Managing agricultural pests is one of the main concerns of farmers worldwide. 

Many farmers in Lebanon rely on the excessive use of chemical pesticides. The weekly or 

biweekly pesticide applicationslead to developing resistance of pests to many pesticides as 

well as to many environmental and health problems. The increase in theproblems related to 

the intensive use of pesticides will drive the farmers to adopt alternative approaches in 

plant protection. Integrated pest management emerges as a sustainable and effective 

solution to protect agricultural crops. 

Integrated pest management includes the use of beneficial living organisms to 

control other living pests, for example: the entomopathogenic fungus Beauveria spp., 

several predators like Ambleseius swirskii,Phytoseiulus persimilisand parasites like 

Aphidiusand Eretmocerus spp. each targeting specific insect or mite species.IPM thus 

includes the use of physical ,cultural and natural enemies to control pests. 

The main objectives of the present research were: 

1. To evaluate under normal greenhouse production conditions the efficacy of 

natural enemies, namely A. swirskii, E. eremicus,A.colemani and P. persimilis for the 

management of arthropod pests in greenhouse grown cucumber. 

2. To assessunder laboratory conditions the efficacy of a Lebanese 

fungalisolate; Beauveria pseudobassiana, against the aphid A.gossypii. 

 

 

 

 

 



 
 

2 
 

CHAPTER II 

LITERATURE REVIEW 

 

 

A. Implementation of Integrated Pest Management 

Cucumber farming whether in open field or in the green house is susceptible to a 

wide range of pests. However, the susceptibility is more critical in protected farming 

because of the warm temperature, high humidity and the increased soil exploitation                 

(Moussa, Haddad, Helan & Basal, 2008). The traditional chemical control is no longer 

effective because of the emergence of species resistant to a broad spectrum of pesticides. 

Hence, it is a must to implement an Integrated Pest Management (IPM) strategy using a 

combination of biological, physical and cultural control measures to keep the infection 

below the economic injury level (Castle & Naranjo,2009). Application of pesticides should 

be used as the last control measure when the physical, biological and cultural control 

measures fail to keep the infection/infestation below economic injury level (Moussa et al., 

2008). 

 

B. Cucumber Crop 

Cucumber (Cucumis. sativus L.) belongs to the botanical family Cucurbitaceae 

known as cucurbits and gourds (as cited in Huang, 2009).Nine million hectares of land is 

cultivated with cucurbits and 184 million tons of vegetables fruits and seeds are produced 
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annually (as cited in Huang, 2009). High tunnels are a form of protected agriculture that 

have been used as a method to extend the farming growing season of many vegetables 

including cucumber (Ingwell et al., 2017). One of the advantages of the green house in 

addition to the fact that it shields the crops from excessive heat and cold is that it protects 

the crops from unwanted pests. However, many pests can severely infest greenhouse-grown 

crops including cucumber (Ingwell et al, 2017).  

 

C. Cucumber Cultivation in Lebanon 

In Lebanon, cucumber is considered one of the most important crops and is 

planted in the open field in summer and in the greenhouse in winter with early spring 

production (Moussa et al., 2008).According to a report published by the Lebanese 

Agriculture Research Institution (LARI) in collaboration with the Agriculture development 

project funded by the European Union ( Moussa et al., 2008). The varieties of cucumber 

available in Lebanon are listed below. 

For spring production: 

 RAINBOW F1: for open field, early spring production in the coast, 

mountains, and Beqaa valley. 

 QUEENLAND F1: for open field, spring production in the mountains and 

coast. 

 NINGA F1: for greenhouse, spring and early autumn production. 

 TAREC F1: for greenhouse, early spring, late autumn ( end of September-

beginning of October)  
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Winter Production (only in the greenhouse): 

 Al GHADAC F1: is available for winter production (end of October) and 

spring cultivation (January –February).  

 STALONE F1 is cultivated for winter production ( End of October )  

The optimal temperature requirement of cucumber is between 20-22 0C and 

humidity around 85% (Sätra,2013). Land preparation in the green house should take place 

before transplanting. First, plant residues should be removed from the greenhouse and soil 

solarization or sterilizationfumigationshould take place (e.g by using Dazomet); 

alternatively, chemicalssuch as Chlorpyriphos –ethyl, propamocarb HCL and 

Dichloropropene may be used. Sometimes broad spectrum systemic herbicide is used to kill 

the weeds. Then, the soil should be tilled at a depth of 30-40 cm. Furthermore, the 

cucumber crop has high nutrient requirement and the production of 5-6 tons/dunom needs 

18-22 kg Nitrogen,13-15 kg phosphorous, 26-30kg Potassium and 10 kg Magnesium. The 

irrigation system is designed based on the plant density which is usually 2.2-2.5 plants/m2 

with an intra row spacing of 40 cm. The plants are planted in double rows with inter-row 

spacing of 80 -100 cm, with the distance between two adjacent rows of 60 cm. ( Moussa et 

al., 2008) 

 

D. Main Insect and Mite Pests on Greenhouse Cucumber: 

Insects and mites are a main threat in cucumber production because of the direct 

crop injury they cause by feeding on plants.  Insects can also cause indirect plant damage 

by acting as vectors for diseases (Savary et al, 2012). Moreover, 20-40% of worldwide 
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direct yield loss is due to pathogens, insects ,weeds and animals (Savary et al, 2012).The 

major pests on  greenhouse tomato and cucumber  are greenhouse whitefly (Trialeurodes 

vaporariorum.),silver leaf whitefly (Bemisia tabaci) ,cotton aphids(Aphis gossypii), 

tobacco and western flower thrips (Thrips tabaciand Frankliniella occidentalis), cotton 

bollworm (Helicoverpa armigera) and two spotted spider mite (Tetranychus urticae )  

(Yankova & Markova,2017).  

 

1. Bemisia tabaci 

a) Taxonomy & Classification 

Whitefly B. tabaci is comprised of 11 major genetic groups andis a cryptic specie 

complex of 34 species that are indistinguishable morphologically but are reproductively 

isolated. In other words, these species are not able to interbreed (“Cabi”, 2018). 

Bemisia tabaci (sliver leaf whitefly) belongs to the below taxonomic classification: 

 Order: Hemiptera 

 Suborder: Sternorrhyncha 

 Family: Aleyrodidae 

 Genus: Bemisia 

 Species: tabaci(“Cabi”, 2018) 

 

b) Damage  

Bemisia tabaci whitefly is one of the most damaging pests on vegetable, 

ornamental and field crops.This whitefly pest causes crop damage through phloem 

feeding,transmission of over 100 plant viruses, induction of phytotoxic disorders and 
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excretion of honeydew that can be correlated with development of sooty mold (Zhao et al, 

2014) . 

 

c) Morphology  

Adults are 2-3cm in length. Adults of both sexes of whiteflies are winged and the 

wings are opaque and covered with a white powder or wax (Thomson, 2011). Nymphs are 

yellow and flat (Frank & Skinner, 2008). Whiteflies have pear shaped eggs which are 0.2 

mm in length (“Cabi”, 2018).   

 

d) Life Cycle & Life Span 

Whiteflies go through 6 stages in about 3 weeks, depending on temperature. The 

whiteflyB. tabaci goes through the following life stages: eggs, first instar crawler, second 

instar, third instar  and fourth instar nymph +pupa  finally adult (Sohani &Shishehbor, 

2011).Hatching of the eggs takes place 5-9 days after the adult female whitefly lays them. 

The first instar is mobile and is oval and scale like, it moltsin the next 2-4 days to become 

immobile until the 3rd  nymphal stages are over. The last prepupa stage takes around 6 days 

after which the metamorphosis to adult occurs and the adult emerges from the pupa through 

a 'T'-shaped scar. The copulation occurs more than one time throughout the life of the 

adults and it starts within 12-20 hoursafter the adult emergence (“Cabi”, 2018). 

e) Severity Index&ETL 

The below shows infestation severity index for whiteflies: 
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 Light: Any adults seen when the plant is shaken  

 Moderate: 5-10 adults/plant seen on more than one plant 

 Heavy: 11-20 adults/plant seen on many plants 

 Critical: >20 adults/plant or sooty mould and  local discoloration present or 

a few adults on all plants 

Moreover, the economic threshold level of whitefly is 5 adults/leaf(Jeon et al., 

2009; Shen et al., 2005). 

 

f) B.tabaci Control  

Whiteflies are hard to control because of their high reproductive rate (300 

egg/female), movement among different crops (this whitefly has a wide host range of over 

700 species)(Salas & Mendoza, 1995) and habitation on the lower side of the leaves. 

Insect-proof nets and insecticides are the main control measures being taken to control 

whitefly population in Lebanon. However, this pest has been difficult to control with 

conventional and newer insecticides because of the rapid development of resistance, as a 

result of insecticides overuse/misuse. (Gerlinga, Alomart & Judit, 2001) 

 

g) Chemical Control 

The main IGR insecticides for controlling whitefly population include the chitin 

synthesis inhibitors buprofezin (thiadizine-like compound) and the juvenile hormone (JH) 

mimic pyriproxyfen.The pyrethroid class of insecticides (ex: lambda-cyhalothrin) are used 
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to control whitefly adults. The most used neonicotinoid insecticides are imidacloprid and 

thiamethoxam.Other new classes of insecticides include diafenthiuron, a thiourea derivative 

and pymetrozine, an azomethine pyridine insecticide. (Thomson, 2011) 

Ketoenols the novel insecticides for controlling B.tabaci are divided into the 

derivatives of Tetronic Acids (Spiromesifen) and Tetramic Acids (Spirotetramat). In 

addition to Ryanodine receptors based insecticides (ex: Cyantraniliprole) which are a class 

of ligand-gated calcium channels controlling the release of calcium from intracellular 

stores. (Thomson, 2011) 

However, different cases of resistance have been detected against the chemical 

insecticides used. Hence, it is much better to adopt an integrated pest management 

approach to control B. tabaci in greenhouse cucumber. (Thomson, 2011)  

Resistance of whiteflies to the main pesticides azadirachtin (IGR), spiromesifen 

(Ketoenols), and lambda-cyhalothrin (Pyrethroids) is increasing and getting very serious 

(Dângel, Michereff-Filho, Campos,da Silva& Guedes, 2017).  

 

 

h)  Biological Control 

B. tabaci natural enemies include fungi species which are Aschersonia, 

Beauveria,Metarhizium, Paecilomyces, and Verticillium (Thomson, 2011). Predators of  B. 

tabaci include Amblyseius sp (Acari) and Nesidiocoris tenuis (Hemiptira).As for 
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parasitoids of B. tabaci, the ones most commonly used belong to the generaEretmocerus 

and Encarsia (Hymenoptera) (Gerlinga et al, 2001). 

 

 i)   Physical and Cultural Control 

Insect-proof nets and optical barriers such as photoselective greenhouse cladding 

material which are very important because they act as filters that block part of the necessary 

light spectrum for the development of insects. UV-absorbing polyethylene films are highly 

efficient in the protection of greenhouse crops against infestation by different insect pests 

and viral diseases. Sticky Traps are used for monitoring and/or management purposes . 

Furthermore, the attraction of whiteflies to yellow sticky traps has been utilized as an 

important instrument in sampling and monitoring of whitefly populations (Thomson, 2011). 

 

2. Frankliniella occidentalis 

a) Taxonomy & Classification: 

 Order: Thysanoptera 

 Family: Thripidae 

 Genus: Frankliniella 

 Species: Frankliniella occidentalis (‘Cabi’ , 2018) 
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b) Damage  

The western flower thrips (WFT), Frankliniella occidentalis is a serious pest 

infesting 219 species of vegetables and ornamentals in the open field and in the 

greenhouse(Kumm & Moritz, 2009). F. occidentalis causes damage by acting as the vector 

of Tospoviruses of the family Bunyaviridae such as Impatiens necrotic spot virus (INSV) 

and Tomato spotted wilt virus (TSWV) which are among the most devastating plant viruses 

(Kumm & Moritz, 2009).It can also cause damage by the direct feeding which results in 

silvering,leaf curling and fruit scarring (Bielza, 2008). 

 

c) Morphology 

The adults are slender and about 1 mm in length with two pairs of fringed wings, 

carried lengthwise over the back (Western flower thrips: Frankliniella occidentalis and 

other species ,2017).Larvae are mobile spindle shaped and creamy-white to yellow in color 

(“Cabi”,2018).The pupal instars have the same color of the larvae with wing buds and a 

protruding antennae( Frank & Skinner, 2008).  

 

d) Life Cycle & Life Span 

The life cycle starts with the egg, first instar,second instar , prepupa , pupa into the 

adult stage (Kumm & Moritz,2009). The development time from egg to adult ranges 

between 22 days at 15 0C to  8 days at 32 0C (Kumm & Moritz ,2009). The total life cycle 

is 44.1 days at 15 °C till 15 days at 30°C (“Cabi”, 2018). 
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e) Severity Index & ETL 

 No damage 

 Slight damage:one typical tiny eruption or scar on the leaf 

 Moderate damage: two or three scars on the leaf and deformations (curling) 

are beginning to show starting in any part of the leaf 

 Severe damage: more than 3 scars on the leaf and severe curling(Aristizábal, 

2016) 

The economic threshold level of thrips is 3 to 7.5 adults per cucumber flower and 

20 to 50 adults per sticky trap per day (Shipp et al., 2000) and an ETL of 1.7 thrips adult or 

9.5 larvae per cucumber leaf (Jarošík et al., 1997). 

 

f) Chemical Control 

WFT resistance to many insecticides have been developed.  For example, among 

the organophosphates, resistance has been reported to chlorpyrifos, acephate, dimethoate, 

diazinon,malathion, methamidophos, dichlorvos and methidathion. Insecticide resistance 

has been reported to certain carbamates, such as to methomyl, methiocarb, 

bendiocarb,carbosulfan and formetanate. Insecticide resistance has also been documented 

to the pyrethroids permethrin, bifenthrin, fenpropanate, cyfluthrin, cyper-methrin, 

fenvalerate, deltamethrin, and acrinathrin. Finally, resistance has been demonstrated to 

abamectin, endosulfan, DDT, imidacloprid, amitraz, fipronil and spino- sad.(Bielza, 2008) 
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g) Biological Control 

As for biological control, A. swirskii and Neoseiulus cucumeris (Acari: 

Phytoseiidae) are the most commonly used natural enemies (Calvo, Calvo, Bolckmans & 

Belda, 2011). 

 

h) Cultural Control 

Cultural control includes disking weeds around the greenhouse before they flower  

which can lessen the attraction of thrips. Monitoring with yellow or blue sticky traps is very 

important to be able to approximate WFT population in the greenhouse (Natwick, 

Stapleton&Stoddard,2017). 

 

3. Spider Mites:Tetranychus sp 

a) Taxonomy & Classification 

These mites got their nomenclature because this family produce silk webs on host 

plants. 

 Class: Arachnida 

 Subclass: Acari 

 Superorder: Acariformes 

 Suborder: Prostigmata 

 Family: Tetranychidae 

 Genus: Tetranychus 

 Species: Tetranychus cinnabarinus&Tetranychus urticae (“Cabi”, 2018) 
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b) Damage  

Spider mites are the most critical mite pest on plants. Tetranychus urticae (Koch) 

and Tetranychus cinnabarinus (Boisduval) are of the few spider mites that attack protected 

crops and cause economic injury in greenhouses. Mites usually are found on the under 

surface of leaves and feed by drawing the content of parenchyma cells by their chelicerae 

which lead to the depletion of chlorophyll. This feeding behavior causes the appearance of 

small yellowish-white spots on the upper side of the leaf, which develop into irregularly 

shaped white or greyish-colored spots. The leaves might eventually turn yellow or bronze. 

Necrosis may occur in young leaves and stems. If the mites population was very high, 

leaves will show burning symptoms and plants will lose their leaves which might lead to 

plants death. (Zhang, 2003) 

 

c) Morphology 

Adult female spider mites are about 4 mm of length and have soft bodies. The 

spider mites are yellow, orange, green or red in color (Zhang, 2003). 

 

d) Life Cycle& Life Span 

The life stages of spider mites are respectively egg, larva, protonymph, 

deutonymph and adult.The development time from egg into adult is 1-2 weeks and males 

develop faster than females. There are more than one breeding generation at a time 
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(overlapping generations). The males fight for deutoronymph females which lay each 

several hundred eggs during her life which ranges from 2-4 weeks (Zhang, 2003). 

 

e) Severity Index and Economic Threshold Level 

 Light: any mites seen with  no shown  symptoms 

 Moderate: less than 5 mites/leaf (not leaflet) feeding patches present 

 Heavy: more than  5 mites/leaf feeding patches coalescing 

 Critical:  more than 25 mites/leaf shriveled leaves and webbing 

The economic thresholdlevel is 1 mite/leaf (Weihrauch, 2005). 

 

f) Chemical Control  

The two-spotted spider mite showed the highest number of resistance to pesticides 

among all arthropods. This is due to the fact that they are very fertile (more than 100 eggs 

female−1) and have a low generation time (about 10 days at 25 °C).The main 

insecticides/acaricides of different chemical families that are being used to control mites are 

tebufenpyrad, pyridaben, fenazaquin, fenpyroximate, pyrimidifen and tolfenpyrad. On the 

other hand, acaricides most currently used are  propargite, hexythiazox, clofentezine and 

etoxazole. (Van Leeuwen et al ,2012) 

 

g) Biological Control 

From the subclass Acari,  Phytoseiid mites are being commercially used mostly 

the speciesPhytoseiulus persimilis and Neoseiulus californicus. The predatory midge 



 
 

15 
 

Feltiella acarisuga, is also a common commercially available generalist predator of spider 

mites. On the other hand, there are many specialized predators of spider mites such as  lady 

beetles of the genus Stethorus, predatory Hemiptera (e.g.Macrolophus caliginosus) and  to 

some degree Lacewings . Thrips such as Scolothrips sexmaculatus are used as biological 

control agents of spider mites (Attia, 2013). 

If the temperature remained near humidity for a certain time in the 

greenhouse,entomophagous fungi E.thaxteriana and E. adjarica species can be used as 

biological control (Van Leeuwen et al,2012). 

 

h) Cultural Control 

Plant  varieties resistant to  mites is a way to reduce mite damage but it is hard to 

create a balance between varieties resistant to spider mites and varieties that give high yield 

at the same time. Misting plants can reduce mite population because mites like dry 

conditions. However, misting is critical since it may lead to the development of many 

fungal diseases. In addition to that, keeping the surrounding of the greenhouse clean from 

weed species that are hosts of spider mites is very important too (Van Leeuwen et al ,2012). 

 

4. Aphids: Myzus persicae & Aphis gossypii 

 

a) Taxonomy & Classification 

Aphids have a worldwide distribution and in the temperate regions there is the 

widest variety of species. There are 4700 species of aphids,out of them 450 have crop 
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plants as host from which 100 have been recorded as pests of economic importance  

(Blackman & Eastop, 2007). Aphis gossypii and Myzus persicae both attack cucurbits with 

Aphis gossypii being one of the most critical pests on cucumber (Webb, 2007). 

 Order: Hemiptera 

 Suborder: Sternorrhyncha    

 Unknown: Aphidoidea 

 Family: Aphididae 

 Genus: Myzus /Aphis 

 Species: Myzus persicae & Aphis gossypii (“Cabi”, 2018)  

 

b) Damage 

Aphids mainly damage cucurbit crops by transmitting many viruses including 

luteoviruses and potyviruses . Cucumber mosaic virus (CMV)(Bromoviridae) and Cucurbit 

aphid-borne yellows virus (CABYV) (Leuteoviridae) are transmitted by aphids. Papaya  

ringspot virus (PRSV-W), Zucchini yellow mosaic virus (ZYMV)  and Watermelon mosaic 

virus (WMV) or Watermelon mosaic virus 2 (WMV-2) are the major potyviruses 

transmitted by aphids (Webb, 2007). 

Another indirect damage caused by aphids is the formation of honeydew (Satar et 

al, 2005). Also, aphids feeding on the plant causes deformation of leaves and fruits. When 

aphids population increases, the aphids move to younger leaves, stems and flowers 

.Symptoms of direct damage caused by feeding vary between M. persicae  and A. gossypii. 

M. persicaecauses plant stunting and reduced root weight by feeding on the plants. On the 
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other hand, feeding of A. gossypii on the leaves causes their yellowing, puckering and 

curling. A. gossypii can further cause damage by causing the stunting and twisting of the 

stem even it can lead to killing the plant at high density (“Cabi”, 2018). 

 

c) Morphology  

Adult aphids can be apterous (wingless) females ,apterous males, alate (winged) 

female and alatae male. The color of aphids depends on the temperature and on the host 

plant (Blackman & Eastop, 2007). The adult apterous life stage of M. persicae is small to 

medium in size and their color vary between green, pink, red, or almost black. Moreover, 

immature apterous males have always some shade of yellow or yellow-green. Winged 

(alatae) are red or pink with a shiny black dorsal abdominal patch (Blackman & Eastop, 

2007). As for A. gossypii which are small aphids, their color ranges from yellow to bluish 

green (Blackman & Eastop, 2007). Wingless A. gossypii females are 1-2 mm in length with 

light green, whitish, yellow, pale green, and dark green forms. Moreover, the oviparous 

female and the male are dark purplish green.Winged (alate) parthenogenetic females 

measure 1.1 to 1.7 mm in length with a black head and thorax and with a yellowish green  

abdomen and brown veins. (Capinera,2018) 

 

d) Life Cycle & Life Span 

Different species of aphids have different life cycles host alternating type  

(heteroecious) and non-host alternating type (monoecious or autoecious). Insects with 
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heteroecious life cycle alternate their host plant and they take a primary host in winter 

where they reproduce and leave overwintering eggs. Then in summer they will migrate to 

an unrelated plant species host then in autumn they will go back to their primary host. On 

the other hand, non-host alternating (monoecious or autoecious) stay on the same host 

species or might migrate to a closely related specie within the year .For the non-host  

alternating aphids the  sexual reproduction or egg laying occur on the same host. 

Aphids reproduce through parthenogenesis and they reproduce sexually on the 

primary host. Aphids that interrupt parthenogenesis with sexual reproduction in this way 

are termed holocyclic. Species that never produce eggs are called anholocyclic. Myzus 

persicae&Aphis gossypii are host alternating (heteroecious), holocyclic species. (Williams 

& Dixon, 2007)  

The life cycle through parthenogeneisis of both A. gossypii and M.persicae consist 

of the 1st instar ,2nd instar, 3rd instar, 4th instar and  adult . As for sexual reproduction, 

adult females and males mate to give overwintering eggs. At convenient environmental 

conditions, the egg hatches to give female stem mothers that start the parthenogenesis 

cycle. The life cycle of A. gossypii takes 27-28 days on cucumber at optimal conditions of  

25 0C (Tazerouni, Talebi, Fathipour & Soufbaf, 2018). 

 

e) Severity Index, ETL &EIL 

The below shows infestation severity index for aphids: 

 Light : Any adults seen often no symptoms present  
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 Moderate: <10 adults/leaf (not leaflet) feeding patches present 

 Heavy: 11-50 aphid/leaf feeding patches coalescing 

 Critical: >50 aphid/leaf shriveled ,discolored leaves and honeydew 

 

f) Chemical Control 

A.gossypii and M. persicae have  become resistant to organophosphates, 

carbamates, organochlorines and pyrethroids ( Bass et al., 2014). However, some 

neonicotinoid inseticides on cucurbits are still effective on aphids including (e.g. 

imidacloprid, thiamethoxam, anddinotefuran) (Foster, Devine & Devonshire, 2007 . 

 

 

g) Biological Control 

In natural ecosystem, the common green lacewing, Chrysoperla carnea (Stephens)  

coccinellid beetles, hover fly larvae, and braconid  have been recorded as effective 

predators of aphids on cucurbits, including A. gossypii . Commercially available biological 

control include, the braconid Aphidius colemani and the predatory midge Aphidoletes 

which is also recommended for aphid control in cucumber (Foster el al, 2007). 

h) Cultural Control  

 

New greenhouse plastic covering materials can be used safely in semi-arid 

climates and have a great influence on the productivity of both cucumber cultivars via 
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controlling UV radiation and aphid infestation. Resistant and tolerant varieties can provide 

excellent control of some aphid-vectored viruses (Foster el al, 2007). 

. 

E. Biological Control of Pests 

Around 10 species of insects and mites are present as commercially available 

biological control agents to control pests in the greenhouse (Lenteren, 2000). 

1. Aphidius colemani 

a) Taxonomy & Classification 

 Order: Hymenoptera 

 Family: Braconidae 

 Genus: Aphidius 

 Species: Aphidius colemani   (“Cabi”, 2017) 

 

b) Morphology 

Aphidius colemani is a slender, black insect with brown legs, long antennae and a 

suspicious wing venation. It is around 2 mm and the female has a pointed abdomen, while 

the male’s abdomen is round. ("The green peach aphid, the cotton aphid and the tobacco 

peach aphid are mainly parasitized", 2018) 
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c) Pests Controlled by Aphidius colemani 

Aphidius colemani is a solitary, koinobiont endoparasite and is the most effective 

biological control of aphids mainly M. persicae and A. gossypii .  A. colemani is also a very 

cost effective control method where the cost/test is 0.07 USD/adult (Prado, Jandricic & 

Frank 2014). 

 

d) Parasitization of Pest 

Aphidius colemani prefers to oviposit in young nymphal instars of A. gossypii and 

M.persicae, while having a higher parasitization rate on A. gossypii . A. colemani tends to 

have a preference in parasitizing 2nd instars of A. gossypii and 1st instars of M. persicae  

(Perdikis,  Lykouressus, Garatonakis & Iatrou, 2004).  The time needed for A. colemanito 

complete its development starting from oviposition to adult emergence is 10-11 days on A. 

gossypii and 9-11 days on M. persicae  at 250C  (Zaman et al, 2007). 

 

e) Introduction to Greenhouse  

Introduction of the parasitoid can be done by direct release or through banker 

plants. Direct release of A. colemani in the greenhouse at a rate of 5 mixed-sex adults/m2 

on a weekly basis for 5 weeks is able to successfully control aphids .The second method for 

the parasitoid introduction is through banker plants system at planting time before the 

appearance of aphids which is low cost alternative of several introductions in crops with a 

short season. The banker plant system consists of a monocot plant, an aphid specie which 

A. colemani can parasitize and initial colony of A.colemani. The monocot plant should be 
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chosen to be resistant to mildew such as rye and the aphid to be parasitized should be able 

to strive well on the monocot plant e.gRhopalosiphum padi. The commercial parasitoids are 

purchased to initiate the breeding colonies of future generations of parasitiods. (Driesche et 

al, 2008) 

 

2. Amblyseius swirskii 

a) Taxonomy & Classification 

 Class: Arachnida 

 Order : Mesostigmata 

 Super family: Phytoseioidea 

 Family : Phytoseiidae 

 Genus:  Amblyseius 

 Specie: Amblyseius swirskiiAthias-Henriot (“Encyclopedia of Life”, 2013) 

b) Morphology 

Amblyseius swirskii females are slightly bigger than males and both are pear-

shaped and 0.5 mm in length with an unsegmented body and eight legs (Doğramaci, 

Kakkar, Kumar,  Chen & Arthurs, 2013). 

 

http://eol.org/pages/165/hierarchy_entries/51556339/overview
http://eol.org/pages/253/hierarchy_entries/51623960/overview
http://eol.org/pages/15834259/hierarchy_entries/51624624/overview
http://eol.org/pages/3207485/hierarchy_entries/51624625/overview
http://eol.org/pages/3206579/hierarchy_entries/51625992/overview
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c) Pests Controlled by A. swirskii 

Being a polyphagous predator, Amblyseius swirskii is being intensively used as a 

biological control agent on vegetables and ornamentals mainly to control thrips and 

whiteflies (Xu & Enkegaard, 2010).It is considered a very important predator of Western 

flower thrips (WFT) and whiteflies on greenhouse cucumber (Bolckmans, “n.d”). However, 

Amblyseius swirskii is also capable of preying on other pests, including gall mites, spider 

mites, tarsonemid mites and citrus rust mites. Also, it is able to feed on pollen.(Xu & 

Enkegaard, 2010) 

 

d) Predation of Pest 

This predator predates on eggs and young instars of whiteflies (Nomikou, Sabelis 

& Janssen, 2009). It also feeds on the first larval instar of thrips but rarely on the second 

instar (Xu & Enkegaard, 2010). It consumes 5-10 preys/day and also feeds on pollen 

(Biobest: Swirskii Breeding system, “n.d”). At 25 °C the time needed for A. swirkii to 

develop from egg to adult by feeding on whiteflies or thrips is 7.8 days (Wimmer, 

Hoffmann & Schausberger, 2008).  

 

e) Temperature Range 

A.swirskii can develop and reproduce successfully over a range of temperatures 

from 15°C to 37°C, with the threshold being between 20 & 32 °C (Calvo et al, 2015). 
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f) Introduction to Greenhouse  

  The release rate of 75 mites/ m2 of A. swirskii provides rapid control of B. tabaci 

and thrips in cucumber. Moreover, A. swirkiipredation on both thrips and whiteflies 

increases swirskii survival and density (Bolckmans, n.d).A. swirskii can be realeased as 

preventive measure in the greenhouse when the pest density is low (Bolckmans, n.d). 

A. swirskii can be applied manually from bottles with wheat bran or released through 

mechanical blowers.They can also be applied using breeding sachets which contain a 

carrier material such as wheat bran, and a food source for the factitious prey mites. The 

latter method is a form of slow release and the mites feed and multiply in the sachet and 

can leave through a small hole that is punched into the sachets and disperse into the crop 

for several weeks. The prey mites are usually, Suidasia medanensis (Acari: Suidasiidae) or 

Thyreophagus entomophagus (Acari: Acaridae). Recently, a new combination of the two 

preys C. lactis and Lepidoglyphus destructor (Acari: Glycyphagidae) is used in the sachet 

which increases the lifetime of the breeding sachet significantly from 3–4 to 6–8 weeks 

(Calvo et al, 2015). 

 

3. Phytoseiulus persimilis 

a) Taxonomy & Classification 

 Class: Arachnida 

 Order : Mesostigmata 

 Super family: Phytoseioidea 

http://eol.org/pages/165/hierarchy_entries/51556339/overview
http://eol.org/pages/253/hierarchy_entries/51623960/overview
http://eol.org/pages/15834259/hierarchy_entries/51624624/overview


 
 

25 
 

 Family : Phytoseiidae 

 Genus:  Phytoseiulus 

 Specie: Phytoseiulus persimilis(“Encyclopedia of Life”, 2013) 

 

b) Morphology  

P. persimilis is around 0.5 mm in length and can be seen by the naked or 

through a hand lens. The eggs are oval and twice in size than those of TSM. Immature 

stages of P. persimilis are pale salmon in color and adults are orange to bright reddish 

orange. The adult is teardrop-shaped with long legs, and is slightly larger than its prey. 

(Hoffmann, 1993) 

 

c) Pest Controlled by P. persimilis 

Phytoseiulus persimilis (Acari: Phytoseiidae)is a specialist predator that feeds 

exclusively on Tetranychusspecies and whose survival depends on the presenceand the 

quality of its prey (Hoffmann, 1993). Phytoseiulus persimilis is one of the most produced 

biological control agents for the management of the two spotted spider mite (TSM) on 

vegetables and ornamentals (Van Leeuwen, 2013). 

http://eol.org/pages/3207485/hierarchy_entries/51624625/overview
http://eol.org/pages/3207586/overview
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d) Predation of Pest 

This mite feeds on all stages of TSM, withadults able to eat 34 eggs or 4.8 females 

and 10 juveniles ofT. urticae per day. P. persimilis can colonize 10 plants in 24 h,with only 

the ground and the connections between the plants influencing the movements of this 

predator (Attia et al, 2018). 

 

e) Temperature Range  

The effectiveness of P. pemisilis increases from 15 °C to 25 °C. However, this 

natural enemy becomes less effective at temperatures above 30 °C (Skirvin & Fenlon, 

2003). 

 

f) Introduction to Greenhouse 

P. persimilis application in the greenhouse is done by a mechanical blower and by 

hand dispersal (Lanzoni et al, 2017). In protected agriculture, the recommended P. 

persimilis release rate  is 2.5-5 female/m2 in outdoor field and 5 female/m2 in protected 

agriculture. However, this  release rate is a general recommended rate and it might change 

between crops . SinceP. persimilis survival is dependent on the prey, the timing of 

introduction is extremely important. The release of spider mites when sufficient TSM is 

present leads to the best control since there will be enough prey that will allow P. 
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persimilisto achieve a high population growth before the mite population destroys the 

plants (Stavrinides, 2010 ). 

 

4. Eretmoceruseremicus 

a) Taxonomy & Classification 

 Order: Hymenoptera 

 Superfamily: Chalcidoidea 

 Family : Aphelinidae 

 Genus:  Eretmocerus 

 Specie: Eretmocerus eremicus(“Encyclopedia of Life”, 2013) 

 

b) Pests Controlled by Eretmocerus eremicus 

The parasitoid E. eremicus of the genus Eretmocerus is a whitefly parasitoid (Qiu 

et al, 2004) 

 

c) Morphology 

E.erimicus are small parasitic wasps. Females are pale lemon yellow and males are 

yellowish brown.Females have clubbed antennae and males elbowed antennae (Hoddle, 

n.d). 

http://eol.org/pages/648/overview
http://eol.org/pages/692/overview
http://eol.org/pages/737/overview
http://eol.org/pages/35312/overview
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d) Parasitization of Pest 

Female E. eremicus parasitize whiteflies by laying eggs in their host .Maximum 

oviposition rate is shown in young E. eremicus females shortly after they emerge and then 

decrease through time .After the parasitoid develop in its host, it exits the exploited host 

body by chewing a circular exit hole (Hoddle, n.d). Parasitized whitefly pupae turn form 

white or pale yellowto beige (Hoddle, n.d) 

. 

e) Temperature 

Development time on parasitizedB. tabaci on cucumber at 29 0C is 16 days. 

Female adult longevity when host is present is 19 days and when host is absent 10 days 

(Qiu et al, 2004). 

 

f) Introduction to Greenhouse 

E.eremicus is an aggressive searcher, covering around 1.3 mm/s on some plants. It 

is applied manually in the greenhouse as parasitized whitefly pupae with a carrier material 

which is usually sawdust (Biobest: Eritmex System, “n.d”). 
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F. Trap & Habitat Plants 

1. Marigold 

The marigold plant with its nectar and pollen is considered as both and indicator, 

habitat and trap plant (Silveira, Filh, Pierre, Peres & Louzada, 2009) (Skinner & Sullivan, 

2013). Moreover, it attracts pests such as thrips and the natural enemies of thrips at the 

same time so it can be used as an indicator plant to count for natural enemies (Skinner & 

Sullivan, 2013). Marigold serves a habitat of arthropod species including Orius (Hemiptera: 

Anthocoridae), which is the main thrips predator around the world (Silveira et al, 2009).  

 

2. Bean Plant (Phaseolus vulgaris): 

The bean plant serves an indicator plant that attracts mites five weeks earlier than 

its appearance on tomato crops. Indicator plants are more prone to insects so it allows 

farmers to monitor the pests in the greenhouse and release natural enemies specific for 

these pests at the same time as part of IPM (Parolin et al,2012).  

 

3. Alyssum (Lobularia maritima): 

Sweet Alyssum provides nectar and pollen to parasitoid wasps and act as a 

flowering insectary plant. It is a part of biological control since it sustains a population of 

natural enemies by acting as a source of food (Parolin et al,2012). 
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G. Scouting Methods for Pests: 

Reliable sampling methods are critical to understand insect pest population 

dynamics and for the effective use of control tactics. It is usually performed for the below 

reasons: 

 Detection of the initial presence of insects 

 Locating "hot spots" in the crop 

 Predicting disease/pests outbreaks 

 Determine the timing of control measures 

 Assess the effectiveness of control measures 

 

 Scouting for whiteflies 

Whitefly scouting is usually done when the light is still not very strong when the 

adults are still inactive. Different stages of whitefly are monitored on different leaf stages 

whereas leaves 8–12 are scouted for adults, 8–11are scouted forpupae, 6–12 are scouted for 

nymphs, and 6–9 are scouted for eggs. The minimal sample size is also different for every 

stage. The minimal leaf sample size for pupae on leaves 8–11, is from 3 to 12. The minimal 

leaf sample size for leaves 6–12, is 2–17leaves to estimate densities of one nymph per leaf. 

The minimal leaf sample size for eggs when sampled on leaves 6–9, is 4–22 leaves to 

estimate densities of one egg per leaf .(Hou, Lu & Wen, 2007) 

Yellow sticky traps are also used to monitor for the presence of whitefly in the 

greenhouse (Moussa et al., 2008). 
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 Scouting for Thrips 

Thrips monitoring is performed on a weekly basis. The larvae and the adults of 

thrips are mainly present in the middle leaves of cucumber.The sample size of middle 

leaves in 2000m2 is 50 leaves when the thrips density is low and 25 leaves if the density is 

high. 

In addition to that, thrips monitoring is also performed by scouting for thrips on 

cucumber flowers at a rate of 12 flower /78 plant. Blue sticky traps are the best traps color 

used to attract thrips in the greenhouse (Shipp J.,L.,“n.d”). 

 

 Scouting for Aphids 

Scouting for aphids is done randomly by choosing 10 groups of 10 plants across 

the field. Aphid monitoring is done on the developing fruits and the underside of the leaves 

from the top, middle and bottom of plants (Aphids, 2009). 

 

 Scouting for Mites 

The scouting is done on low, middle and top leaves from 10 randomly selected 

plants (Sandeer et al, 2010). 
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H. Management of Aphids by the Entomopathogenic Fungus 

Since 1970 entomopathogenic  ascomycete fungi of the anamorphic genera like  

Beauveria, Metarhizium, Isaria, and Lecanicillium(Verticillium) (Sordariomycetes: 

Hypocreales) have been used as biopesticides to control aphids. The fact that Beauveria is a 

production friendly microorganism, mass produced and formulated made it a successful 

biopesticide to use on aphids. Two of the Beauveria species are agronomically important 

entomopathogenic fungi of insects which are B. bassiana and B. brongniartii. (Jandricic,  

Filotas, Sanderson & Wraight, 2014) 

 

1. Taxonomic Classification 

Beauveria sp. belong to the Kingdom Mycota, Subdivision Deuteromycotina, 

Phylum Deuteromycota, Class Hyphomycetes, Order Moniliales, and Family 

Clavicipitaceae (Boucias and Pendland 1998). The major species are B. amorpha , B. 

asiatica, B. australis , B. bassiana , B. brongniartii , B. caledonica, B. malawiensis,B. 

pseudobassiana, B. sungii &B. varroae  (Rehner, 2012). 

 

2. Lebanese Isolate of Beauveria 

Based on the molecular study of four genes, the Lebanese Beauveriaislolate was 

identified asB.cf bassiana (B.pseudobassiana) (Abou-Jawdah et al., 2008; Abdo et 

al.,2008). The Lebanese isolate of Beauveria was proven effective on two forest pests in 

Lebanon so far: Thaumetopoea wilkinsoni and Cephalcia tannourinensis (Abou-Jawdah et 
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al 2008; Abdo et al 2008), Bemisia tabaci (order Homoptera) and Pieris brassicae (order 

Lepidoptera) (Baroudi et al, 2018). 

 

3. Habitat and Distribution 

B. pseudobassiana is a generalist soil borne emtomopathogen with a wide host 

range (Rehner, 2012). The Lebanese isolate of Beauveria was discovered infecting the third 

larval instars of Cephalcia tannourinensis, the first reported hymenopterous insect causing 

serious damage to cedar forests (Abdo, 2008). 

 

4. Morphology 

The conidiogenous cells of the Beauveria species are globose to flask-shaped from 

which one-celled, terminal holoblastic conidia are produced in sympodial succession on an 

indeterminate, denticulate rachis. The conidia are the key feature of the genus Beauveria  

and are typically smooth-walled, hyaline, 1.5-5.5 µm and globose to cylindrical vermiform 

(Rehner, 2012.B. pseudobassianna is very similar in shape to B.bassinana only slightly 

smaller in size (Rehner, 2012).   

 

 Beauveria Infection Mechanism of Aphids 

Beauveria bassiana was proven to be effective on aphids and it has the below 

infection mechanism on aphids:  
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 First: Fungal conidia attachment to the insect body immediately after 

inoculation. 

 Second: Conidial germination by 12-24 hours. 

 Third: Penetration of germ tubes and hyphae through the less-sclerotized, 

less-resistant intersegmental membrane of the legs or through natural openings such as the 

buccal cavity or spiracles. After 48-72 hours, aphids stop feeding and produce less off-

springs. 

 Fourth: Production of a small number of hyphal bodies inside the host. 

 Firth: Increase in the population of hyphal bodies until the insect start dying 

72 h after inoculation. Several internal organs and tissues of some aphids become heavily 

colonized by B. bassiana. 

 Sixth: Switching into mycelial phase; hyphal bodies produce thin, long 

hyphae, which grow to form an extensive hyphal network in the insect cavity. After 96-120 

hours  most aphids are dead and dense mycelia colonize the interior of aphids . At or near 

aphid death the mycelia and conidia colonize mouthparts and aerial conidia emerge from 

cadavers.  (Amnuaykanjanasin et al ,2012)  

 

 Beauveria Metabolites 

 Bacterial-like toxins: Unlike other entomopathogenic fungi, Beauveria 

bassiana have bacterial toxin-antitoxin system to control cell stasis or death. However, it 

has an advantage over entomopathogenic bacteria because it has the ability to penetrate the 

insect. 
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 Proteases: Which suggests this is an adaptation to a broad host range. 

 Carbohydrate active enzymes: more specifically chitinase is important to 

degrade chitin, the second most abundant polymer in insect cuticle. 

 Cytochrome P450s (CYPs): CYPs enzymes are involved in many essential 

cellular processes and play diverse roles in detoxification, degradation of xenobiotics, and 

the biosynthesis of pathogenesis related secondary metabolites for signaling and secondary 

metabolism in fungi. 

 Small secreted cysteine-rich proteins (SSCPs):As with other fungi, most of 

the entomopathogen SSCPs are of unknown function. 

 Secondary metabolism: B. bassiana produces insecticidal and other 

bioactive secondary metabolites such as the cyclopeptides beauvericin, bassianolide and 

beauverolide, the yellow pigment pyridines tenellin and bassiatin and the dibenzoquinone 

oosporein ( Xiao et al, 2012 ). 

 

 Beauveria Commercial Formulations 

Compatibility of Beauveria bassiana was studied in the laboratory condition with 

twelve commonly used insecticides for cotton pest management by poisoned food 

technique. The result showed that chlorpyriphos, spinosad (45 % SC), econeem (1%), 

quinalphos (25 EC), acetamprid (20%), endosulfan (35 EC) and thiodicarb (75 WP) were 

slightly toxic. Imidacloprid (17.80Masarra% SL) and triazophos can be used with 

Beauveria.However, profenophos, indoxacarb and methyldemeton, cannot because they are 

toxic. (Masarratt et al., 2009) 
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In addition to that, a study conducted to know the effect of adjuvants to improve 

the effectiveness of Break-thru (polyether-polymethylsiloxane-copolymer, a silicone 

surfactant) and oil emulsion (Paraffin) showed that mortality increased. The mortality with 

Break-Thru was more than that with oil since it is an adjuvant and surfactant while the 

latter is only an adjuvant (Gatarayiha, Laing & Miller, 2009). 
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CHAPTER III 

MATERIALS AND METHODS 

 

A. Evaluation of the Efficacy of Arthropod Predators and Parasites for the 

Management of Greenhouse Cucumber Pests 

 

1. Planting Sites 

Three field trials were done at two different locations, the first in Byblos and the 

second in Zahrani between September 2015 till June 2016. 

 

2. Cultural Practices 

The cucumber plants were grown in two plastic tunnels at each locationaccording 

to normal/conventional cultural practices (irrigation, fertilization, pruning) adopted by each 

of the farmers. No intervention from the research team took place except in the IPM 

greenhouse,where the intervention took place only on integrated pest management. 

 

3. Trial 1 in  Byblos 

Fall and Winter Season from September 2015 to February 2016. 

 Planting site and planting material 
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Transplanting of cucumber seedlings, Cv. Hiba at the first true leaf stage took 

place on September 14, 2015. The planting density was of 5-6 plants/ m2 in a plastic tunnel 

greenhouse of about 500 m2 (62 X 8 m). A total of 11 rows of cucumber were planted, the 

space between rows was 75 cm.  A total number of 24 marigold plants (habitat and trap 

plant) and 27 bean plants  (trap plants)  were planted (near entrance door), in the middle 

and at the end (near the exit door) of the greenhouse.Seven alyssum plants (habitat plants) 

were also planted in the greenhouse (fig 2). Six pots, 25 cm in diameter , containing a 

mixture of alyssum, ornamental pepper and dill seedlings were evenly distributed in the 

greenhouse (fig1 &fig 4).  Seven yellow sticky cards were placed in the greenhouse (fig 3). 

An Ebro EBI temperature humidity data logger was placed in the greenhouse (fig 6) to 

monitor temperature and humidity every 30 minutes. 
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Figure 1: Trial 1 greenhouse in Byblosshowing the habitat plants pot and the yellow sticky 

card 
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Figure 2: Trial 1 greenhouse in Byblosshowing the habitat plant Alyssum 

 

 

 

Figure 3. The yellow sticky card hanged from the top of the green house in the Trial 1 

greenhouse 
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Figure 4.The habitat plants pot containing ornamental pepper, alyssum,dill and marigold in 

trial 1 in Byblos 
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Figure 5.  Marigold planted in the soil in Trial 1in Byblos 

 

Figure 6. Data logger hanged from the top of the greenhouse in Trial 1 in Byblos 
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 Physical control methods  

The greenhouse was equipped with 50 mesh insect proof nets at the doors and 

ventilation sides. Two days before transplanting a total of 22 sticky yellow traps were 

hanged in the greenhouse. However, the total number of sticky yellow traps was reduced to 

7 traps before the release of natural enemies. 

 Natural enemies and their release 

 One release, on Nov 18, 2015 was done during the growing season.  

 Amblyseius swirskii  sachets were hanged on the stems of the cucumber 

plant(1 sachet /m2) (fig. 7).Each sachet contains at least 250 predatory miteswith bran as 

carrier. 

 Eretmocerus eremicus cards were hanged on the stems of cucumber plants 

(0.25 infected nymphs/m2) (fig. 8). Each card contains 100 pupae/card. 

 Phytoseiulus persimilis (10 mites/m2) were sprinkled by hand mainly in 

hotspots from a 250 ml plastic bottle containing 2.000 predatory mites and vermiculite as a 

carrier. 

Nutrimite (500 g package) (fig. 9) from Biobest which is a highly nutritious pollen 

based supplement was randomly sprayed on the cucumber plants at the time of the release 

of the natural enemies to enhance the viability of Amblyseius swirskii . 
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Figure 7.A. swirskiisachethanged on a cucumber plantin trial 1in Byblos 

 

Figure 8.Eretmocerus eremicuscard  hanged on cucumber plants in trial 1 in Byblos 

 



 
 

45 
 

 

Figure 9. Spraying Nutrimite pollen on cucumber plants in trial 1in Byblos 

 

4. Trials 2 and 3 in Zahrani 

Winter Season from Early September to End of May Beginning of June. 

 Planting site and planting material 

Trials 2 and 3 that mimic a long season farming were conducted in Zahrani region, 

80 Km south of Beirut. Two greenhouses were used in the experiment, the first is a 320m2 

single span greenhouse (Trial 2) and the second is a 640 m2 double span greenhouse (Trial 

2) (fig 10). At the beginning of the season, the nearby 0.6 ha field was planted with 

eggplants at10 m distance from the greenhouses, no proper control measures were taken, 

and thus egg plants served as a huge source of pests, mainly whiteflies and mites. A coded 

experimental cucumber variety was transplanted at the first true leaf stage to the 

greenhouses on the last week of September. The single span included 10 rows and the 

double span 20 rows; the cropping density was 3seedlings/m2. In the double span, 6 large 

pots containing dill, ornamental pepper, marigold and alyssum were distributed inside the 

greenhouse. Ten alyssum plants were also planted directly into the soil. Half that number 

were planted in the single span.  
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Figure 10:Trial 3 Zahrani double span greenhouse 

 

 Physical control methods  

The greenhouses were equipped with 50 mesh insect-proof-nets at the sides and 

ventilation openings, and a double door at the entry site. Two days before transplanting a 

total of 40 sticky yellow traps were hanged in the double span and 20 in the single span. 

Before the natural enemies were introduced, the sticky traps were reduced to 8 in the 

double span and 4 in the single span. 

 Natural enemies and their release 

First natural enemy introduction:18/11/2015 

 Amblyseius swirskii (1 sachet /m2) 

 Eretmocerus eremicus (0.25 infected nymphs/m2) 
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Second natural enemy introduction: 9/03/2016 

 Amblyseius swirski (1 sachet /m2) 

 Eretmocerus eremicus (0.25 infected nymphs/m2) 

 Phytoseiulus persimilis (10 mites/m2) 

 Aphidius colemani (1.5 mummies/m2) poured from a 100 ml plastic 

containing 1000 mummies tube on a cardboard hanged from the ceiling 

 

5. Trial 4 in Byblos 

Spring Season from March to June 2016. 

 Planting site and planting material 

Trial 4 was conducted in the same farm where Trial 1 was conducted .However, in 

this two greenhouses were under study. In the first greenhouse, natural enemies were used 

to control pests. In the second greenhouse which is the control greenhouse, pesticides were 

used instead of natural enemies.The plastic tunnel greenhouses were of 192 m2 (8m x 24m) 

equipped with insect-proof nets at the doors and side openings (fig 11).  Seeds of the 

cucumber Cv. Hiba were sown during the last week of February, 2016 at a planting density 

of 3 plants/ m2. A total of 9 pots of habitat plants and trap plants, (only alyssum, only 

marigolds or a mixture Marigold, ornamental pepper and dill) were distributed in the 

greenhouse. In addition, 19 marigold plants, 5 ornamental peppers,10 beans and 5 alyssum  

were planted in the soil (fig 11). 

 Natural enemies and their release 

The following natural enemies were released based on the guidelines provided by 

the technical officers at Biobest (fig 11). 

First natural enemy introduction: 09/03/2016 

 Amblyseius swirskii (1 sachet /m2) 
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 Eretmocerus eremicus (0.25 infected nymphs/m2) 

 Aphidius colemani (3 mummies/m2)  

 Phytoseiulus persimilis (10 mites/m2) 

 

 

Figure 11. Release of  natural enemies in trial 4 (Aphidius colemani  is released from a 

bottle in a cardboard box that is hanged from the top of the greenhouse ) 

 

Second natural enemy introduction: 10/04/2016 

 Amblyseius swirskii (1 sachet /m2) 

 Eretmocerus eremicus (0.25 infected nymphs/m2) 

 Aphidius colemani (3 mummies/m2)  

 Phytoseiulus persimilis (10 mites/m2) (fig 13). 
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Figure 12. A. swirskii sachet hanged on  cucumber stem in trial 4 in Byblos 

 

Figure 13. Phytoseiulus persimilis on bean in trial 4 in Byblos 
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Figure 14. A. swirskiisachet hanged on Alyssum plant in trial 4 Byblos 

 

Third natural enemy introduction: 11/05/2016 

 Ambylseius swirskii (2 sachet/m2) 

 Phytoseiulus persimilis (20 mites/m2)  

 Phytoseiulus persimilis (10 mites/m2) 

 

B. Assessment &data Collection 

After transplanting, data were recorded once a week in the IPM greenhouse and 

the control greenhouse. The recording was done from randomly chosen leaves from the 

lower ,middle and upper part of the plant and from flowers in full bloom. The underside of 

the leaves was scouted for natural enemies and pests. 

For Trial 1 in Byblos : 

Scouting was performed on three leaves and three flowers per cucumber plant and 

ten cucumber plants per row i.e. in total 330 cucumber leaves and 330 flowers/greenhouse.  
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For Trial 2 in Byblos: 

Scouting was performed on three leaves and three flowers per cucumber plant and 

five cucumber plants per row i.e. in total 150 cucumber leaves and flowers.   

For Trial 3 in Zahrani: 

Scouting was performed on three leaves and three flowers per cucumber plant and 

10 cucumber plants per row i.e. in total 600 cucumber leaves and flowers in the double 

span and half that number in the single span.  

Scouting of trap and indicator plants: 

The same methodology of scouting was performed on the indicator bean plants 

which were used as trap plants during the growing season (3leaves/plant, total 25 plants). 

Scouting of habitat plants (Marigolds and Alyssum) was performed by tapping three 

flowers from marigold plants and three inflorescences of alyssum plants and the number of 

insects and mites that fell on a white paper were counted. 

Temperature and humidity: 

Temperature and humidity data were collected from a Ebro temperature and 

humidity data logger placed inside the greenhouse a an altitude of 2.5 meters. Data were 

collected every 15 or 30  minutes and the graphs analyzed using Excel program.  
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C. Identification of Natural Enemies 

Since it was the first trial of using natural enemies as biological control for pests 

on cucumber, the natural enemies were further identified under the microscope and their 

viability was assesses in the laboratory. 

 

D. Management of Aphids by the Entomopathogenic Fungus 

1. Fungi & Conidia 

B.pseudobassiana was cultivated on PDA or Sabourad’s agar at 25 0C and conidia 

were  harvested from 7-10 days old cultures by adding 12 ml of 0.01% tween 

20/Petridish.Conidia were scraped from the plate by a loop.The spore suspension was 

pipetted and filtered through five layers of cheese cloth.The resulting spore suspension was 

used as a stock solution; the spore concentration was calculated from spore counts using an 

improved Neubauer haemocytometer.Appropriate dilutions were conducted to obtain the 

desired spore concentrations: 105,106 and 107 spores per ml. Dilutions to desired 

concentration were done with 0.01% tween 20 . 

 

2. Aphids Rearing 

Aphids were maintained on potted cucumber plants  in insect-proof cages in the 

greenhouse under  normal conditions in the winter and the AC was turned on in the summer 

so that the temperature doesn’t exceed 35 0C. 
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3. Bioassay Procedure:The non-touch method 

A filter paper was placed on a sterile petri dish and wetted by distilled water to 

preserve the young cucumber leaves that were placed on the filter paper, the upper surface 

facing downward.7-10 adult apterous female aphids were placed on the leaves and left for 

48 hours to produce 30-40 instars.After 48 hours the adult females were removed and the 

first aphid instars were left on the cut leaves.The below treatments were performed with 3 

replicates of each treatment: 

 107 spore/ml+oil+tween 

 106 spore/ml+oil+tween 

 105 spore/ml+tween 

 107 spore/ml+tween 

 106 spore/ml+tween 

 105 spore/ml+tween 

 Oil+tween 

 Tween 

 Water 

The Petri dishes containing the leaves and the aphids instars were placed in an 

incubator at 25 0C with 16 hours of artificial light (fig 18). 
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Figure 15. The Petri dishes containing the leaves and the aphids instars placed in an 

incubator at 25 0C 

 

E. Assessment & data collection 

The number ofdead and live insects was taken using a stereomicroscope 7 days 

post treatment (fig 20). The mycelial growth of B. pseudobassianaon different aphid instars 

and on the adult was seen under the microscope .  
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Figure 16. Detached leaf taken outside the incubator to take dead and live insect counts 

 

F. Statistical Analysis 

Statistical analyses using IBM SPSS 16.00 one way ANOVA were conducted to 

evaluate the relative efficacies of control measures against total pest and individual pest 

problems. Average number of insects and mites per leaf and thrips per flower of each plant 

was calculated. Statistical analysis was divided into the following parts:  

1. The efficiency of pest control program adopted at each greenhouse (IPM 

strategy or conventional pest control strategy), in regards of all arthropod pests, was 

evaluated using one-way ANOVA at each location.  

2. The efficiency of control of each beneficial organism to its corresponding 

pest was determined by comparing the population of each insect in the IPM greenhouse to 

its population in the control greenhouse, at each location, using one-way ANOVA. 
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3. The insects populations trapped on cucumber leaves and YSC , in the IPM 

greenhouse, were compared to those attracted to cucumber leaves and/or flowers using two-

way ANOVA. 

4. The insects populations trapped on cucumber leaves and flowers and 

marigold flowers, in the IPM greenhouse, were compared to those attracted to cucumber 

leaves and/or flowers using one-way ANOVA. 
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CHAPTER IV 

RESULTS AND DISCUSSIONS 

G. Evaluation of the Efficacy of Arthropod Predators and Parasites for the 

Management of Greenhouse Cucumber Pests 

 

1. Temperature and RH Variations Recorded at the Two Experimental Sites 

In all the greenhouses, the temperature was inversely proportional to the RH. For 

Trial 1 in Byblosin the Fall and winter season (September 2015 to February 2016), the 

temperature ranged between 4-38°C and relative humidity between 18-90 % (Figure 41, 

Appendix II) . For Trials 2 & 3in Zahrani in the winter season (September 2015 to March 

2016), the temperature ranged between 3-41°C and  RH between 18-90 %(Figure 

42,Appendix II). For trial 4 in Byblosspring season (March to June 2016), the temperature 

and RH  at the greenhouse in Byblos were 9-49°C and 3-93 %respectively (Figure 43, 

Appendix II) .It should be mentioned that the data logger calibration certificate was expired 

and that the values might not be very accurate.  
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2. Population Dynamics of Whitefly Adults and Nymphs  in the Four Trials 

The population dynamics of whiteflies, thrips and mites and their corresponding natural enemies, in the four trials are 

presented in Figures 20 to 33. 

 

Figure 17.Average whitefly adult and nymph populations recorded on cucumber leaves throughout the growing period in the 

experimental greenhouse of trial 1,Byblos. Avg. WFA/L: Average Whitefly Adults per Leaf; .Avg. WFN/L: Average Whitefly 

Nymph per Leaf; ETL: Economic threshold level 
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Figure 18.Average whitefly adult and nymph populations recorded on cucumber leaves throughout the growing period 

in the experimental greenhouse of trial 2 at Zahrani single span greenhouse Avg. WFA/L: Average Whitefly Adults per 

Leaf; .Avg. WFN/L: Average Whitefly Nymph per Leaf; Avg. S/leaf: Average Swirskii/leaf; ETL: Economic threshold 

level 
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. 

Figure 19.Average whitefly adult and nymph populations recorded on cucumber leaves throughout the growing period in the 

experimentalgreenhouse of trial 3 at Zahrani double span greenhouse. Avg. WFA/L: Average Whitefly Adults per Leaf; .Avg. 

WFN/L: Average Whitefly Nymph per Leaf; Avg. S/leaf: Average Swirskii/leaf ; ETL: Economic threshold level 
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Figure 20.Average whitefly adult and nymph populations recorded on cucumber leaves throughout the growing period in the 

IPM greenhouse of trial 4 at Byblos. Avg. WFA/L: Average Whitefly Adult per Leaf;Avg. WFN/L: Average Whitefly Nymph 

per Leaf;  Avg. S/leaf: Average Swirskii/leaf ; ETL: Economic threshold level 
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Figure 21. Average whitefly adult and nymph populations recorded on cucumber leaves throughout the growing period in the 

IPM control greenhouse of trial 4 at Byblos.Avg. WFN/L: Average Whitefly Nymph per Leaf;  Avg. S/leaf: Average 

Swirskii/leaf ; ETL: Economic threshold level 
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Trials 1,2 and 3 included only IPM greenhouses. However, trial 4 included an IPM 

greenhouse where natural enemies were introduced and a control greenhouse where the 

farmer usedsix pesticide sprays during the trial period (more or less at biweekly intervals)  . 

For trial 1 in Byblos, no insecticide/acaricide application was needed and whitefly 

adults and nymphs were controlled only through the introduction of natural enemies.A. 

swirskiiwasn’t recorded in this trial because the population was very low. In trial 1, an 

increase to 2.36 adults/leaf  was observed towards the end of December but the population 

dropped rapidly (fig.17 ).This drop in the population is attributed to the introduction of  A. 

swirskii during mid-November since no other control measures were used and the average 

temperature was around 25 0C which is suitable for whitefly growth.The number of nymphs 

remained low at less than 0.5 nymphs/Leaf during the growing season and 0.5 nymphs/leaf 

Nymphs parasitized by E. eremicus were observed. Unlike in trial 1,in trials 2 and 3 that 

took place in Zahrani at the same time insecticide/acaricide applications of phytosoap 

andspirotetramat that aren’t toxic for natural enemies were necessary to control the pest 

population at the beginning of the season. A week after transplanting it was clear that a 

high population of whitefly adults from nearby eggplant field succeeded in entering the 

greenhouse. In the single span and double span greenhouses, an increase in the whitefly 

population took place during the month of November with a peak of 2.28 adults/leaf and  

3.63 adults/leaf respectively and dropped after this period  (fig. 18 & fig. 19).Two 

consecutive sprays with insecticidal soap (Phytosoap) were done in order to reduce the 

whitefly population  until reception of the natural enemies’ shipment on Nov 20, 2015 

which were able to control the pest population for three months. However, this decrease in 
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population may also be correlated with the minimum temperature dropping to less than 

100C and maximum temperature dropping to less than 300C during this period.Other 

insecticides/ acaricides not targeting whitefly were applied throughout the season 

.However, at the end of the season the farmer did a mistake in the  insecticide/acaricide and 

he applied Abamectin to control mites. Abamectin had a negative effect on A. swirskii 

tooand it made the WF population increase to a peak of 2.28 adults/Leaf and 3.63 

adults/Leaf in trials 2 and 3 respectively until another introduction of natural enemies was 

done.Then the temperature increased and was followed by an increase in WF population  

during the months of February and March with a maximum of 2.25 adults/Leaf  and 3.9 

adults/Leaf  in single span and double span greenhouses respectively. The number of 

nymphs remained low at less than 0.5 nymphs/Leaf during the growing season and 0.5 

nymphs/Leaf  nymphs parasitized by E. eremicus were observed in trial 3 which shows that 

A.swirskii is capable of controlling both whitefly adults and nymphs.Trial 4 included an 

IPM greenhouse where the whitefly reached its peak of 0.9 adults/leaf during the first week 

of June(fig. 20).  In the control greenhouse the whitefly population was also maintained at 

low levels normally at less than 0.5 whitefly adult during most of the trial period, but 

reached a peak of about 1 adult whitefly/leaf in the first week of June (fig 2).  No 

parasitized nymphs were observed suggesting that E. eremicus was not active which further 

shows that A.swirskiiwas more effective in controlling whitefly  than E. eremicus. 

The results of the above trials are in agreement with the results reported by 

Bolckmans and  Belda (2011) who stated that even  75 A. swirskii m-2 compared to 250 
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swirskii m-2 used in the above trialsshould be an adequate rate for controlling whitefly 

population in cucumber greenhouses.



 
 

66 
 

3. Population Dynamics of Mites & Aphids in the Four Trials 

 

Figure 22.Average mitepopulations recorded on cucumber leaves and beans throughout the growing period in the IPM 

greenhouses of trial 1 in Byblos. Avg. M/leaf: Average Mites/ leaf : Average P/Leaf: Average phytoseiulus persimilisper 

leafAvg. S/leaf: Average swirskii/leaf ; ETL M/Leaf: Economic threshold level of mites/leaf 
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Figure 23.Average mites populations recorded on cucumber leaves and beans throughout the growing period in the single span 

IPM greenhouses of trial 1 at Byblos greenhouse. Avg. M/Leaf: Average Mites per leaf : Average P/Leaf: Average phytoseiulus 

persimilis/leafAvg. S/leaf: Average swirskii/leaf ; ETL M/Leaf: Economic threshold level of mites/leaf 
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Figure 24.Average mites populations recorded on cucumber leaves and beans throughout the growing period in the IPM 

greenhouses of trial 3 at Zahrani greenhouse. Avg. M/Leaf: Average Mites per leaf;Avg. A/Leaf: Average Aphids per leaf;  ETL 

M/Leaf: Economic threshold level of mites/leaf 
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Figure 25. Average Mites and P.persimilispopulations recorded on cucumber leaves and beans throughout the growing period in 

the IPM and control greenhouses in Byblos. Avg. M/Leaf: Average Mites per leaf;Avg. A/Leaf: Average Aphids per leaf;  ETL 

M/Leaf: Economic threshold level of mites/leaf 
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In all trials mite population exceeded ETL of 1 mite/leaf towards the end of the 

season. In trial 1, the mite population was maintained below ETL until mid-December. 

During mid-December, the population dropped to 0.5 mites/Leaf on the first of January and 

surged again to 3.16 mites/Leaf on January 21, 2016 (fig.22).  At this time P. persimilis 

was observed at 0.54 predatory mites/Leaf. It seems that P. persimilis was present at low 

population level but increased upon a significant increase in the pray population (fig.22).  

The population of mites on beans which were used as trap plants was very low with less 

than 0.1mite/leaf until the end of December then it increased to reach a peak of 2.5 

mites/leaf in mid-January(fig.22). The increase in the population of mites was parallel to 

the increase in the population of the predatory mite P. persimilis which was detected on 

mid-January  and reached about 0.5 predators/Leaf .The increase in P. persimilis have 

contributed to the drop in the mite population one week later. Again the average number of 

mites/leaf on the bean plants was less than that on cucumber, suggesting that beans may not 

be effective trap plants for mites in a cucumber crop. In trial 2 and 3, the mites population 

was maintained below ETL until the end of the growing season where it reached 1.9 

Mites/leaf and 1.28 Mites/leaf towards mid-March (fig. 23& fig. 24). In Trial 4, in the 

control greenhouse, the Tetranychus mite population was maintained to a low level, below 

1 mites per leaf during most of the trial period, however during the last spray on May 26, 

the farmer forgot to add an acaricide and the population increased up to 9mites/leaf on June 

2 (fig. 25).  In the IPM greenhouse where P.persimilis was introduced, the mite population 

was maintained at less than an average of 1 mite/leaf until early April. Then the population 

increased rapidly. Even though on the end of April, there were an average of 0.5 P. 

persimilis and 2.5 mitses per leaf that is an average of 5 mites to 1 predator, the predator 
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was not able to suppress the increasing mite population. The increase in population is 

partially contributed to the increase in temperature towards the end of the season with a 

maximum temperature of 500C . This contradicts with the results stated by Opit et Al 

(2004) that ratios of 1:4 and 1:20, P. persimilis are enough toreduce T. urticae populations 

1 week after release and to keep them at low levels. It is also contributed to the mites 

invasion to the greenhouse from nearby weeds. In this situation it is recommended to 

complement biological control by acaricides that are safe to the predatory mites such as 

growth regulators ex.  Hexythiazox. 

Aphids weren’t detected in Trial 1 andA. colemani wasn’t introduced. In trials 2 

and 3, A.colemani was introduced on the first week of March and wasn’t seen throughout 

the growing season. Hence, we cannot assess if the parasite is efficient in controlling 

Aphids (fig.22).  The aphid population increased significantly in March to reach 2.17 

Aphid/leaf in trial 2 (fig.23)and 1.17 in trial 3(fig.24). In trial 4, Aphids andA. colemani 

wasn’t detected throughout all of the growing season (fig.25).  . 
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4. Population Dynamics of Thrips Adults in the Four Trials 

 

 

Figure 26.Average thrip populations recorded on marigold flowers throughout the growing period in the IPM greenhouses of trial 

1 at Byblos. Avg. T/Marigold : Average thrips/Marigold flowers 
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Figure 27.Average thrips population recorded on cucumber leaves, flowers and marigold throughout the growing period in the 

IPM greenhouses of trial 2 . Avg. T/L: Average thrips/leaf; Avg. T/F: Average thrips/flower ; Avg. T/Marigold : Average 

thrips/Marigold; Avg. S/leaf: Average Swirskii/leaf ; ETL T/L: Economic threshold level of thrips/leaf; ; ETF T/F: Economic 

threshold level of thrips/ flower 
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Figure 28.Average thrips population recorded on cucumber leaves, flowers and marigold throughout the growing period in the 

IPM greenhouses of trial 3 at Zahrani double span greenhouse.Avg. T/L: Average thrips/leaf; Avg. T/F: Average thrips/flower; 

Avg. T/Marigold : Average thrips/Marigold; Avg. S/leaf: Average Swirskii/leaf ; ETL T/ L: Economic threshold level of 

thrips/leaf; ; ETF T/F: Economic threshold level of thrips/ flower 
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Figure 29. Average thrips population recorded on cucumber leaves, flowers and marigold throughout the growing period in the 

IPM greenhouses of trial 4 at Byblos IPM and control greenhouses.Avg. T/L: Average thrips/leaf; Avg. T/F: Average 

thrips/flower; S/leaf: Average Swirskii/leaf ; ETL T/L: Economic threshold level of thrips/leaf; ; ETF T/F: Economic threshold 

level of thrips/ flower 
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Figure 30. Average thrips population recorded on cucumber leaves, flowers and marigold throughout the growing period in the 

IPM greenhouses of trial 4 at Byblos greenhouse. Avg. T/Marigold : Average thrips/Marigold; Avg. S/leaf: Average 

Swirskii/leaf ; ETL T/L: Economic threshold level of thrips/leaf; ; ETF T/F: Economic threshold level of thrips/ flower 
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For trials 1 and 2,habitat plants were better attractants to thrips .In trial 1, thrips 

were only observed on marigold plants where the population fluctuated during most of the 

season between 0.5 and 1 Thrips/Flower (fig. 26). However, in trial 2 thrips were first 

observed on marigold during the month of November and on cucumber leaves during the 

last week of December and increased to reach a peak by March.  The population of 

Thrips/leaf and Thrips/Flower were maintained below the ETL of 1.7 Thrips/Leafand 3 

Thrips/Flower in trials 2 and 4 (fig.27). In trial 2, the thrips reached a peak of 1.6/leaf  and 

1.7 Thrips/Flower by March 19 (fig. 27).In trial 4, the thrips population was maintained at 

low levels at an average of less than 0.5thrips /leaf or 0.02 Thrips/Flower in both the 

control and the IPM greenhouse (fig. 29) . A. swirskiiwas present in very a small amount in 

trial 2 but showed an increase 2 weeks after the date of their release. In trial 3, the thrips 

population was maintained below ETL for Thrips/leafand for Thrips/Flower for most of the 

growing season but reached a peak of 2.4/leaf at the end of the experiment on March 19 

(fig. 28). Marigolds detected thrips through all of the season but in  February, the marigolds 

seemed less attractant because the marigold plants weren’t in good conditionand thus were 

removed and replaced by new ones during the last week of February. The predator A. 

swirskii was detected on cucumber leaves at low numbers between one and two months 

after their release. However their numbers dropped to undetectable levels after a spray with 

spirotetramat. The spirotetramat spray did not affect thrips population but the abamectin 

spray slowed down thrips population for about 2 weeks and then the thrips increased at a 

rapid rate.In trial 4, the number reached a maximum of 1.75 thrips/leaf  about 2 weeks after 

the second and third release respectively(fig. 29). These observations on the number of 

thrips on cucumber leaves and on habitat plants suggested that the A. swirskii release may 
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have a potential to reduce thrips populations for about 2 months if the temperature is 

suitable. 

 The release of A. swirskii 2 weeks after the abamectin spray may have been 

negatively affected by the residues remaining on the leaves. The results of the above trials 

are in agreement with the results reported by Bolckmans and  Belda (2011) who stated that 

even  75 A. swirskii m-2 compared to 250 swirskii m-2 used in the above trials should be 

an adequate rate for controlling thrips population in cucumber greenhouse.
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5. Total Pests 

The results of the statistical analysis conducted to compare the efficacy of the IPM 

strategy to that of the conventional plant protection strategy, in terms of all arthropod pests, 

are presented in figure 31. There is a significant difference (P=0.076) among the average 

insects/mite population, in the IPM greenhouse which was 0.6342 ±1.46057 insects/mites 

per leaf and flower and that in the control greenhouse; 0.2656 ± 1.14338 insects/mites per 

leaf and flower. However, P=0.076 is slightly different that P=0.6 .Therefore, natural 

enemies introductions have very similar effect as that applying pesticides. 

 

Figure 31. Average population of insects/mite in the IPM greenhouse compared to that in 

control greenhouse at Byblos. Different letters indicate statistically significant difference 

(P<0.05). IPM:  Integrated pest management strategy; Control: Conventional pest control 

strategy 
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6. Specific Pests 

The averages of specific pests problems whitefly, thrips, and mite populations in the IPM and control greenhouses are 

presented in Figure 35. 

 

 

Figure 32.Averages of insects/mite populations in the IPM greenhouse compared to those in the control greenhouse. Different 

letters indicate statistically significant difference (P<0.05). WFA/L: Whitefly adult per Leaf; WFN/L: Whitefly nymph per Leaf; 

T/L: Thrips/Leaf; T/F: Thrips/Flower; M/L: mites/Leaf
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There is no significant difference between the number of whitefly adults/leaf in the 

IPM greenhouse (0.3860 ±0.32239) and that of control greenhouse (0.3220 ± 0.22788 

(p=0.735) (Fig.32) . Also, there isn’t a significant difference in the population averages of 

whitefly nymph/leaf and in the IPM greenhouse (0.0930 ±0.17576) and control greenhouse 

(0.2032 ± 1.14310) (p=0.764) (Fig. 32).These results prove that A.swirski was as efficient 

as pesticide application in controlling whitefly nymphs and adults. 

As for thrips population averages,there is a significant difference among thrips 

population in the IPM and control greenhouses (P=0.005). The population averages were 

maintained at 0.3190 ± 0.`16829 thrips/leaf in the IPM greenhouse and  0.048 ± 0.06426 

thrips/leaf in the control greenhouse (Fig. 32).  However, this doesn’t mean that the IPM is 

less efficient in controlling pests because the population average was maintained below the 

ETL of 1.7 T/L. Concerning thrips per flower population, 0.0230± 0.0230 thrips/ flower 

were present in the IPM greenhouse and 0.010 ±0.01298 thrips/ flower were present in the 

control greenhouse with no significant difference among the two treatments (P=0.084)(Fig. 

32).These results show that A.swirskican help in reducing the number of thrips and 

maintained them under the ETL even though the level of control was slightly lowerthan 

that of insecticides. 

Concerning mites population, there is no significant difference among the  mites 

population in IPM greenhouse which is averaged 2.35  ± 2.69446 mites/leaf and that in 

control which is averaged 0.938  ± 2.45401 mites/leaf(Fig.32). However, P.persimilis at the 

rate and frequencyusedwasn’t effective enough to keep the mites average population below 

the  ETL of 1mites/leaf in the IPM greenhouse.  
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7. Comparison between Marigold Plants and Cucumber Leaves/Flowers in Attracting Thrips, in IPM Greenhouses 

 

 

Figure 33. Averages of whitefly adult populations trapped on yellow sticky cards (YSCs) and cucumber leaves in the IPM 

greenhouse  at Byblos. 
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The average of WFA on YSC is 4.35 ± 5.67079 higher than that on cumber leaves 0.386 ±0.32239 with no significant 

difference (p=0.041). The higher average of WFA on YSC show that YSC can be a good indicator for whitefly population inside 

the greenhouse (Fig. 33). 
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8. Comparison between Marigold Plants and Cucumber Leaves/Flowers in Attracting 

Thrips, in IPM Greenhouses 

The averages of thrips populations trapped on potted marigolds and cucumber 

leaves/flowers are presented in Figure 5.  

 

Figure 34.The averages of thrips populations trapped on potted marigolds and cucumber 

leaves/flowers, in the IPM greenhouses, at both location 
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flowers than cucumber leaves/flowerswhich makesthe marigold plant good banker/habitat 

plant and/or monitoring tool for thrips infestation in greenhouse grown cucumber. 

 

H. Identification of Natural Enemies 

Laboratory tests showed that the viability of the E. eremicus did not exceed 20 

%.In the greenhouse, only one Eretmocerus eremicus adult was seen and few parasitized 

nymphs were detected (fig 35). P. persimilis(fig 36)and A. swirskii (fig 37)were both 

identified under the microscope after taking samples from the field from trial 1. 

 

Figure 35. Parasitized whitefly nymphs on cucumber leaf in Trial 1 in Byblos 
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Figure 36.Phytoseiulus persimilis identified under the microscope after a sample has been 

taken from trial 1 in Byblos 

 

Figure 37.Amblyseius swirskii identified under the microscope after a sample has been 

taken from trial 1 in Byblos 
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I. Evaluation of the Efficacy of Beauveria pseudobassiana Against  A.gossypii 

Under Laboratory Conditions 

A total of 107 first instar aphids were used in this preliminary bioassay to evaluate 

the efficacy of B. pseudobassiana .The mean percent mortalities are presented in table 6.  

Abbott’s Formula can’t’ be used in both trials since the mortality in the control is above 

20%. 

The effect of the applied treatments Beauveria pseudobassiana against A.gossypii was 

clear 3 days post application (dpi),  where the second instar aphids started showing white 

fungal growth (Fig. 38). The sporulation was present on most of the aphids in all Beauveria 

treatments but was more obvious on some aphids . The sporulation increased through time 

as is shown on the aphid adult in (Fig. 39). The final data were recorded 7 dpi. 

 

Figure 38.Detached cucumber leaf with A.gossypii. sprayed with 107 conidia mL-1 + 0.01% 

Tween showing fungal sporulation 3 days post-inoculation 
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Figure 39.Detached cuumber leaf with A.gossypii. sprayed with 107 conidia mL-1 + 0.01% 

Tween showing fungal sporulation 7 days post-inoculation 
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Treatment # Treatment Corrected mortality (%) *  

1 Water control 25.6a 

2 Tween+ water 35.2a 

3 Tween + Corn oil+ water 46.37a 

4 105 spore/ml+Tween 80.33b 

5 106 spore/mL+ Tween 95.00b 

6 107 spore/ml+ Tween 99.23b 

7 105 spore/ml+ oil+ Tween 84.07b 

8 106 spore/ml+ oil+ Tween 91.4b 

9 107 spore/ml+ oil+ Tween 98.3b 

Total number of instars 107 

Table 1.Preliminary bioassay: Efficacy of the B. pseudobassiana conidial suspensions, with 

and without adjuvants, against A.gossipy instars, 7 days post-inoculation. Mean percent 

mortality (%) of three replicates, each consisting of different number of instars ranging 

between 17 and 51 , is calculated for each treatment 

* Mean mortality with different letters indicate statistically significant differences 

(LSD test, P < 0.05) 

 

The percentage mortalities recorded in the three negative controls were not 

significantly different from one another and varied between 25.6, 35.2 and  46.37 for 

treatments 1, 2, and 3, respectively. These results show that the adjuvant used did not 

improve efficacy of Beauveria on aphid mortality. The highest percentage mortalities of 

99.23 % and 98.3 % were recorded on aphids sprayed with the highest conidial 

concentration, 107 conidia mL-1, without or with 1% corn oil, respectively. These results 

comply with the research done by Nazir et Al(2018) who proved that mortality of aphids 

increase with increasing conidial concentration. 
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The linear regression analysis showed a positive correlation between fungal 

conidial concentration and mortality rate but wasn’t significant (P=0.079) with an R-

squared of 0.375. 

 

 

Figure 40.Log Beauveria conidial concentrations with respect to percent mortalities of 

A.gossypii instars 
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CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

 

Cucumber is one of the main protected crops grown in Lebanon.Cucumber plants 

are threatened by many pests which impose on the farmer the use of chemical control 

measures to protect their crops. However, farmers in many countries are shifting to 

biological control measures because they are aware that the old pesticides are becoming 

less effective and not many new pesticides are being released into the market (Hajek& 

Eileinberg,2018).Moreover, two of the most used natural enemies in IPM strategies are 

A.swirskii and   P.persimilis(Hajek& Eileinberg,2018).Also, Beauveriais the most widely 

used biocontrol agent against many major arthropod pests (Singh et al, 2016). 

This research included two major parts: Laboratory evaluation of the efficacy of a 

local isolate of an entompathogenic fungus for the control of aphids and field trials under 

normal  greenhouse conditions used by farmers for the evaluation of the efficacy of four 

natural enemies for the management of insect and mite pests..  

The laboratory study focused on the application of B. pseudobassiana as an 

alternative control measure of A.gossypii, through in-vitro infection of 107 first instars . 

Infected aphids turned red in color and became covered with white mycelial growth after 

few days ofapplying the treatments. The results of the experiment showed that B. 

pseudobassiana was highly effective in controlling the aphid instars.The addition of  1% 
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corn oil didn’t increase the efficacy of the treatments.The best results were obtained  

with107 spore/ml+ Tween and107 spore/ml+ oil+ Tween with 99.23% and 98.3% mortality 

respectively.However,lower condial concentration of 105 spore/ml and 106 spore/ml also 

showed promising results that weren’t significantly different from 107 spore/ml treatments. 

 Four trials were performed in  Jbeil and Zahrani , two of them were performed at 

the same time while the rest during different periods. The purpose of the trials was to 

determine the efficacy of four natural enemies to control the main arthropod pests present 

in Lebanon during different seasons. The effect of the introduction of 

A.swirskii,P.persimilis, A.colemani and E.erimicus  to cucumber greenhouses was assessed 

to determine the of natural enemies able to control whitefly, thrips, mites and aphids. In 

trials 1 and 4 , introduction of natural enemies by itself was suficient to control the pest 

population . In the other trials, the introduction of natural enemies was supplemented with 

insecicide/acaricide sprays  applications.In all trials, the whitefly population and the thrips 

population was present throughout the growing season. For the winter seasons of trials 1,2 

and 3 effective management of the whitefly is needed season long, even though their 

numbers decrease during the period December and January. However for thrips, it seems 

that the real threat starts from January onwards. Aphids may create localized problems in 

January and February, while mite population may start alarming levels in February and 

increase rapidly in March.  The observations suggest that one release of the predatory mite 

A. swirskii provides good control of the whitefly Bemisia tabaci and the thrips for a period 

of about 2 months, as long as moderate temperatures prevail. The E. eremicusand the A. 

colemani used in this study were not effective due to poor quality of the commercial 

preparations. E. eremicus emerged only from up to 20% of the parasitized nymphs 
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received, and when they were placed in an insect-proof cage, with plants infected with 

whitefly nymphs, no parasitized WF nymphs were observed . Concerning A. colemani, only 

a limited number of parasitized aphids were observed. 

During the spring cropping season that started at the end of February and stopped 

in the first week of June, the predatory mite A.swrirskiisuccessfully maintained the thrips 

and whitefly populations at low level similar to that obtained by the farmer who, during this 

period used 6 pesticide sprays with a mixture of 2 to 3 insecticides/spray. E. eremicus was 

not effective because no parasitized WF nymphs were observed. The efficiency of control 

of Thrips and WF was attributed to A. swirskii, reported to feed on WF eggs and on thrips.  

At the beginning of the season P. persimilis maintained the Tetranychus infestation below 

an established threshold level of 1 mites/leaf, however starting from mid- April, the mite 

population increased at a steady rate to reach an average of 8 mites/leaf in early June 

despite the presence of the predator at a rate of 1 predator to 5 mites /leaf. This may be 

explained by the more rapid rate of population growth of Tetranychus during this period 

and probably by the invasion of the greenhouse by mites leaving the desiccating weeds 

surrounding the greenhouse area. In Lebanon massive Tetranychus mite migrations were 

reported in May and June. Therefore, during the spring season, using biological control 

alone may be possible to maintain the thrips and WF populations below threshold levels of 

1.7-2 insects/leaf. However, for mite management, complementary acaricide sprays should 

be planned starting mid-April, or more efficient natural enemies should be tried. In 

cucumber crops, Phaseolus bean does not seem to be a good trap plant for mites and WFs 

as it was reported on tomato. Both marigolds and alyssum may serve as habitat plants, but 
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during hot weather, marigolds are preferred because they were more tolerant to temperature 

increase. 

In conclusion, this study shows that A.swirskii and P.persimilis are efficient to 

control threearthropod pests in cucumber greenhouses in Lebanon. Based on the results of 

the in-vitro study, B. pseudobassiana, applied at a concentration of 105 conidia mL-1 + 

0.01% tween-20, is very effective in controlling A.gossypii. 

Recommendations: 

i. Monitoring of pest population at weekly interval is recommended during the 

fall and winter season, however starting from April or May, monitoring may be needed 

twice a week. Rapid interventions sometimes may be required. The use of sticky traps and 

habitat plants for monitoring is important to detect the presence of the pest, but once 

detected crop monitoring is essential, since often there is no direct correlation between the 

number of insects caught on the traps and their number on cucumber leaves.  

ii. The natural enemies should be of good quality. We observed variations in 

performance of natural enemies between shipments. Quality tests are recommended for 

each shipment. 

iii. Among the natural enemies used A. swirskii was very efficient for the 

control of WFs and thrips and it is believed at this stage that introductions at bi-monthly 

intervals are appropriate if the thrips populations remain at acceptable levels. While for 

Tetranychus mites, P. persimilis introductions may be needed at higher frequencies 

especially from March onward In May and June, it may be advised to use mite growth 

regulators in conjunction with the predatory mite.  
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iv. Move the B. pseudobassianatothe field to determine its efficacy 

v. Try to look for local strains of A. swirskii and P.persimilis an test their 

efficiency  

vi. The Ministry officers should be convinced of the need to implement IPM 

and approve registration of natural enemies imported from reliable sources.  

vii. The cost of natural enemies is acceptable; however the transportation cost 

and the custom costs are extremely high which may hinder adoption. Governmental support 

or local production may be considered. 

viii. The location of the greenhouses is of great importance. It should not be 

close to large sources of pests, an example is proximity to open vegetable production areas 

where no appropriate control measures are taken and this will act as a continuous 

source/supply of pests. The area surrounding the greenhouses should be maintained as 

much as possible weed free and some habitat plants may be grown. 

ix. Physical Control is a must unless natural enemies are expected to come from 

the natural environment (not the case in most greenhouses), proper coverage of the doors 

(preferably double doors) and the side aeration openings with insect-proof nets is highly 

recommended. All precautions should be taken to keep the doors were closed during 

horticultural operations, pruning and harvesting. A special insect proof tunnel may be used 

to move the harvested crop outside the greenhouse, especially when inflow of pest from 

neighboring area is expected.  

x. The use of sticky traps before transplanting and during the early crop stages 

is highly recommended.  However, their number must be reduced after introduction of 

natural enemies.    
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xi. Careful selection of the type and varieties of habitat and trap plants should 

be considered in relation with the crop.  

ii. Apply pesticides that aren’t harmful to naturally occurring beneficial 

organisms. 

iii. Use data loggers with non-expired calibration certificate 
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PESTICIDE SPRAYS 
\ 

Table 2: Date and active ingredients of pesticides and fertilizers sprayed in the Zahrani 

greenhouses during 2015-2016 growing season 

 

Date of 

application 

Pesticide applied Purpose 

21/10/2015 Phytosoap High WF population 

26/10/2015 Spirotetramat High WF population 

20/11/2015 Azoxystrobin  Downy mildew/powdery 

mildew 

28/11/2015 Cymoxanil Downy mildew  

12/12/2015 Metalaxyl Downy mildew  

19/12/2015 Metalaxyl Downy mildew 

29/12/2015 Dimethomorph Downy mildew 

29/12/2015 Iprodion Botrytis grey mold 

7/1/2016 Iprodion Botrytis grey mold  

7/1/2016 Cymoxanil  Downy mildew 

7/1/2016 Trainer Amino acids 

10/1/2016 Siapton 
Amino acids with 

micronutrients 

10/1/2016 Magnesium nitrate Fertilizers 

15/1/2016 Trainer Amino acids 

15/1/2016 Siapton 
Amino acid with 

micronutrients 

22/1/2016 Trainer Amino acids 

22/1/2016 Amergerol Organic growth enhancer  

22/1/2016 Thiophanate Botrytis/sclerotinia 
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methyl 

30/1/2016 Trainer  Amino acids 

30/1/2016 
Movento 

(Spriotetramat) 
Aphids  

30/1/2016 
Forest 

(Pyrimethanil) 
Botrytis 

10/2/2016 Trainer  Amino acids 

10/2/2016 Iprodione Botrytis 

10/2/2016 Dimethomorph  Downy mildew  

25/2/2016 Trainer Amino acids  

25/2/2016 Spriotetramat  Aphids 

25/2/2016 
Thiophanate 

methyl 
Botrytis 

25/2/2016 Abamectin Mites  
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Table 3. Date and active ingredients of pesticides and fertilizers sprayed in Byblos 

greenhouse during 2015-2016 growing season 

Date of 

application  

Pesticide applied Purpose 

19/3/2016 Spinosad (Tracer) Thrips 

19/3/2016 Abamectin (Diva) Mites 

25/3/2016 Spinosad (Tracer) Thrips 

25/3/2016 
Clorantraniliprole and 

Abamectin (Voliam Targo) 

Lepidoptera & 

Mites 

25/3/2016 Phosgard Thrips 

1/4/2016 Copper Hydroxide 
Wide range 

fungicide 

1/4/2016 
Indoxacarb (Avaunt) 

No selective 

insecticide 

1/4/2016 Thiophanate methyl  Botrytis 

20/4/2016 
Azoxystrobin  

Downy 

mildew/powdery mildew 

20/4/2016 Spirotetramat  Aphids 

6/5/2016 Abamectin (Diva) Mites 

6/5/2016 Sulfoxaflor Aphids 

6/5/2016 Spinosad (Tracer) Thrips 

22/5/2016 Iprodion  Botrytis grey mold 

22/5/2016 Clorantraniliprole Lepidoptera 
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TEMPERATURE AND RH 

 

 

Figure 41.Temperature variation in Trial 1, Byblos during the growing season 2015-2016 

 

 

Figure 42.Humidity variation in Trial 1,Byblos during the growing season 2015-2016 
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Figure 43.Temperature variation in Trial 2&3, Zahrani during the growing season 2015-

2016 

 

 

Figure 44.Humidity variation Trial 2&3, Zahrani during the growing season 2015-2016 
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Figure 45.Temperature variation in Trial 4, Byblos during the growing season 2016 
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