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Abstract 

The experiments were conducted in the research Laboratory, of College of 

Agricultural Studies (Shambat), Sudan University of Science and Technology 

(SUST), during May, 2019.The average temperature is between 30-35°C and 

relative humidity (RH) is between 30 – 35 C %. 

The aim of this study is to verify the effectiveness of the clove plant, Syzygium 

aromaticum (water and oil extract), and basil plant Ocimum basilicum, 

an (oil extract) , a commercial botanical oil, branded al hawag, was used. 

Against larvae of culex (Culex quinquefasciatus) under laboratory condition. 

Four different concentrations were used for each single experiment(2%, 1%, 0.50,      

and 0.25). in the first experiment, using clove as water extract, and in the second, 

using clove and basil as oil extract, plus one drop of liquid soap was added as a 

surfactant, and the treatment was done on the second and fourth stages of the larva 

of the mosquito (Culex quinquefasciatus),except for the water extract of 

clove in the second star only. Each treatment was replicated three times in 

addition to the control, and mortality % was recorded after (1, 6, 12, 24, 48, and 72 

hour) respectively.  

The result showed different effects between extracts as well as between different 

stages of larva as insecticides. The water extract of clove gave mortality% (98.3%, 

43.3%) the clove oil in 2th and 4th start gave (96.6%, 58.3% and 96.6%, 66.6%) 

respectively. And basil oil in 2th and 4th start gave (85.0%, 41.6% and 58.3%, 46.7) 

respectively after 72h of treatment at the highest and lowest concentration.  

These results confirmed that the oil extract of clove has a greater effect than the 

water extract, and that clove oil has a  greater effect on Culex larvae  than basil oil, 

which can be used as a source of plant insecticides in the future.    
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 البحث ملخص 

 

 

، التجارب أجريت البحثي   السودان(شمبات)  الزراعية الدراسات كلية بالمختبر  جامعة   للعلوم ، 

بين    ,   9201 مايو شهر  خلال    (SUST)والتكنولوجيا ما  تتراوح  الحرارة  درجة    35  –  30كانت 

مئوية الدراسة  .درجة  هذه  من  التحقق  الهدف  القرنفل  هو  نبات  فاعلية   Syzygium من 

aromaticum    ان  ــــــــــــوزيتي( ونبات الريح  مائي)مستخلصOcimum basilicum مستخلص(

تصميم   زيتي(   ثم   , المختبر  ظروف  تحت  الكيولكس  لبعوض  والرابع  الثاني  العمر  يرقات   ضد 

, تم استخدام  Statistic – 8  التجربة بواسطة التصميم العشوائي الكامل وتم تحليل النتائج بواسطة  

)   أربعة مختلفة  ,  %2 , 1 , 0.50 , 0.25تركيزات  معاملة  لكل  مرات (  ثلًث  المعاملة  تكرار  تم 

بعد  الشاهد  الي      ضافةبالإ الموت  تسجيل نسب  علي  ساعة  (  1,  6,    12,    24,    48,    72)  وتم 

ان القرنفل )المستخلص المائي والزيت( والريحان)الزيت( فاعلية كمبيدات    النتائج    أظهرت,    التوالي

الكيولكس    بعوض  يرقات  للقرنفل    أعطيحشرية ضد  المائي  )المستخلص     نسبة موت%(  2تركيز 

% ضد  96.6نسبة موت    لقرنفللالمستخلص الزيتي    أعطي%  علي يرقات العمر الثاني , بينما  98.3

هذه التجربة ان زيت الريحان    أظهرتساعة من المعاملة ,    72كل من يرقات العمر الثاني والرابع بعد  

نسبة موت   أعطياقل فاعلية مقارنة بالقرنفل خاصة ضد العمر اليرقي الرابع لبعوض الكيولكس حيث  

ساعة  من  72بعد %( لكل من العمر الثاني والرابع علي التوالي  2% في اعلي تركيز )58.3% و 85

بيدات حيوية ضد يرقات البعوض ويمكن ان  , خلصت الدراسة ان القرنفل والريحان تأثير كم  المعاملة

   تستخدم كمبيدات يرقيه في المستقبل . 
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CHAPTER ONE 

INTRODUCTION 

Mosquitoes are among the most serious bloodsucking arthropods and insect pests 

of medical importance worldwide. They are vectors of various disease agents some 

of which cause millions of cases of illnesses and deaths in humans and animals 

each year. Among these diseases malaria, yellow fever, dengue, filariasis, and Rift 

Valley fever at endemic and epidemic areas in many countries (WHO, 1991 and 

Lerdthusnee, et al., 1995).  There are approximately 3200 known mosquito 

species, which vary widely in their habit and host range. Some mosquitoes are 

anthropophilic, feeding only on human beings, some are zoophilic, preferring 

animals, and some are opportunistic or generalist and feed on many different 

species (Service, 2000). Lymphatic filariasis (LF) is an important public health and 

socio-economic problem worldwide. It affects 120 million people in over 80 

countries (WHO, 2000). Lymphatic filariasis is endemic in Sudan, based on 

published and unpublished data from scattered spot surveys and hospital records 

(WHO, 2003). Different strategies have been developed to reduce the prevalence 

of mosquito– borne disease in many regions of the world. Mosquito control by 

continued applications of organophosphates, such as temephos, and fenthion, and 

insect growth regulator such as diflubenzuron, and methoprene is most common, 

and widely used (Gosh, 2008) Synthetic insecticides have created a number of 

ecological problems, such as the development of resistant in some insect species, 

ecological imbalance, and also are highly toxic to human, animals and   

environment (Abdul Rahuman and Venkatesan, 2008 and Karunamoorthi et al., 

2008a). Consequently, researchers and scientists are currently investigating natural 

substances to use as insecticides for controlling larvae of mosquitoes, as they are 

considered to be more environmentally biodegradable and considered safer than 

synthetic insecticides (Cetin et al., 2006).  

tel:120
tel:2000
tel:2003
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The main objectives of this study was to investigated through laboratory 

experiments the activity of two botanical extracts clove (Syzygium aromaticum), 

and Rehan (Ocimum basilicum) against mosquitoes )Culex quinquefasciatus).  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. Mosquitoes )Culex quinquefasciatus) 

2.1.1.Classification 

Kingdom  : Animalia 

Phylum  : Arthropoda 

Class    : Insecta 

Order  : Diptera 

Family  : Culicidae  

Genus   : Culex 

Species        : quinquefasciatus 

 S.N.: Culex quinquefasciatus Say  

2.1.2. Description and Morphology 

2.1.2.1. Eggs  

The Culex females lay their eggs in rafts comprising  several hundred eggs locked 

together in a boat-shaped  structure. During oviposition, the females stand on the  

water surface with the hind-legs in a V-shaped position.The eggs are released 

through the genital opening and grouped together between the hind-legs, forming a  

raft where the eggs stand vertically on their anterior  poles attached together by 

chorionic protrusions  (Clements, 1992). Their egg numbers per egg-raft depend 

upon the species and the quality and quantity of blood meal taken by them. A 

single gravid female may lay up to 5 egg rafts in its life time. This normally 

hatches at the optimum temperature of 250C to 300C within 24 to 30 hours after 

being oviposited (Barik et al., 2012).The egg-raft in position and when rafts drift to  

their aquatic boundaries they tend to remain there.  Immediately following 

oviposition, the eggs are soft  and white, but they sclerotize and darken within1–2h. 

(Norbert et al., 2010) 
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2.1.2.2. Larvae 

The legless (apodous) larval body is divided into three distinct parts: the head with 

mouth-parts, eyes and antennae; the broader thorax and abdomen which is 

composed of seven almost identical segments and three modified posterior 

segments. These posterior segments bear four anal papillae to regulate the 

electrolyte levels. At the abdominal segment VIII, a siphon in culicines, or only 

spiracular lobes in anophelines, are developed where the tracheal trunks open at 

spiracles for the intake of oxygen (Norbert et al., 2010).The larval head is short 

and stout, becoming darker toward the base. The mouth brushes have long yellow 

filaments that are used for filtering organic materials. The abdomen consists of 

eight segments, the siphon, and the saddle. Each segment has a unique setae 

pattern (Sirivanakarn and White, 1978). The siphon is on the dorsal side of the 

abdomen, and in Cx. quinquefasciatus the siphon is four times longer than it is 

wide with multiple setae tufts (Darsie and Morris, 2000). The saddle is barrel 

shaped and located on the ventral side of the abdomen with four long anal papillae 

protruding from the posterior end (Sirivanakarn and White, 1978). 

2.1.2.3. Pupae 

After the 4th larval instar completes its development, it moults into a non-feeding 

but highly mobile stage called the pupa. Similar to other mosquito species, Cx. 

quinquefasciatus pupae are comma shaped and consist of a fused head and thorax 

(cephalothorax and an abdomen). The cephalothorax color varies with habitat and 

darkens on the posterior side. The abdomen has eight segments. The first four 

segments are the darkest, and the color lightens towards the posterior. The paddle, 

at the apex of the abdomen, is translucent and robust with two small setae on the 

posterior end (Sirivanakarn and White, 1978). 

The pupa breathes through a pair of tube-like organs (trumpet) situated at the 

‘head’ end of the comma-shaped body. The duration of the pupal stage again is 
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dependent on temperature but is generally of the order of 2-3 days for Anopheles, 

Aedes and Culex species. Once the adult tissues have developed and it is time for 

emergence, the pupa swims to the water surface and stretches itself out to full 

length and the pupal skins splits along the back and the teneral adult mosquito 

emerges above the water surface After emerging from the pupal casing, the adult 

mosquito rests on the water surface for a short time, to allow its wings and body to 

dry, before flying off in search of nourishment and a mate. Male mosquitoes 

develop faster than females, and are usually the first to emerge. (Barik et al., 2012) 

2.1.2.4. Adult 

Adult Cx. quinquefasciatus vary from 3.96 to 4.25 mm in length (Lima et al., 

2003). The mosquito is brown with the proboscis, thorax, wings, and tarsi darker 

than the rest of the body. The head is light brown with the lightest portion in the 

center. The antennae and the proboscis are about the same length, but in some 

cases the antennae are slightly shorter than the proboscis. The flagellum has 

thirteen segments that have few to no scales (Sirivanakarn et al., 1978). The scales 

of the thorax are narrow and curved. The abdomen has pale, narrow, rounded 

bands on the basal side of each tergite. The bands barely touch the basolateral spots 

taking on a half-moon shape (Darsie and Ward, 2005). 

The wings are long and narrow, number and arrangement of wing veins is the same 

for all species .The veins are covered with scales. Scales also project as a fringe 

along the posterior border of the wings .The legs of Mosquitoes are long and 

slender also covered with scales .The tarsus usually terminates in a pair of toothed 

or simple claws. Culex has a pair of small fleshy pulvilli between the claws 

(Service, 2004). 

2.1.3. Distribution 

Mosquitoes have a worldwide distribution; they spread throughout the tropical and 

temperate region. There are some of 3300 species of mosquitoes belonging to 41 
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genera, all contained in the Family: Culicidae and about 100 species are vectors of 

some human disease (Rozendaal, 1997 and Service, 2004).  

Culex quinquefasciatus is a sub-tropical species usually found within the latitudes 

36° N and 36° S. However, in the United States between 36° N and 39° N there is a 

broad hybrid zone where Cx.quinquefasciatus freely mates with Culex pipiens 

Linnaeus, which is usually not found south of 39° N. Mating between these two 

members of the Culex pipiens complex produces viable offspring within the hybrid 

zone. Culex quinquefasciatus is found in North America, South America, 

Australia, Asia, Africa, the Middle East, and New Zealand.  

In the Sudan distribution of about thirty species of the genus Culex have been 

reported by Lewis (1954). Cx. pipiens has been collected from Malakal and from 

Jebel- Marra. Cx. Molestus Forskal occurs between Khartoum and Egyptian 

border. Cx. p. fatigans (Cx. quenquifasciatus Say) are recorded from coastal 

regions, 13parts of the Red sea hills and the neighborhoods of Kassala, Khartoum 

and various places in Upper Nile (Abu shama, 1974). But Mobozy (1977) notice 

that the species has spread thought out the Sudan closely following urbanization, in 

Khartoum province, Nile province (Atbara and Shendi), Kassala province, White 

Nile province (Duem and Kosti), Gezira province (Wad Medeni) and the Blue Nile 

province (Sennar).  

2.1.4. Biology and Life Cycle  

Mostly mating occurs after emergency (Service, 2004 and Harwood and James, 

1979). After mating, sperm passed into the female spermatheca. These usually 

serve to fertilize all eggs laid during life time, thus only one insemination are 

required to produce eggs, but at intervals. Cx. quinquefasciatus females fly during 

the night to nutrient-rich standing water where they will lay their eggs. They will 

oviposit in waters ranging from waste water areas to bird baths, old tires, or any 

container that holds water. If the water evaporates before the eggs hatch or the 
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larvae complete their life cycle, they die. the eggs are soft  and white, but they 

sclerotize and darken brown to blackish ≤1mm or less long within1–2h. (Service, 

2004, Rozendaal, 1997 and Norbert et al., 2010). Usually the culicine larvae hang 

head downwards from the water surface. Larvae moult four times at intervals, 

before reaching the pupal stage. At each moult, the head capsule is increased to the 

full size characteristic of the next instar, whereas the body grows continuously. 

Thus the size of the head capsule is a fairly good morphometric indicator for the 

larval instar. Each moult is coordinated by the relative concentrations and 

interactions of juvenile hormone and ecdysone, a molting hormone.The 

development of larvae is temperature dependent (Norbert, et al., 2010) .The larvae 

feed on biotic material in the water and require between five to eight days to 

complete their development at 30°C. The larvae progress through four larval 

instars, and towards the end of the fourth instar they stop eating and molt to the 

pupal stage. Larvae feed on yeasts, bacteria, protozoans and numerous other micro- 

organisms, and decaying organic material found in the water. Culex 

quinqueasciatus can breed prolifically in water contaminated with excreta or 

rotting vegetation (Service, 2004). Pupae do not feed and spends most of its time at 

the water surface, if disturbed it dives swiftly to the bottom. when mature the pupal 

skin splits at one end and a fully developed adult mosquito emerges. In the tropic 

the pupal period lasts 1-3 days Following 36 hours at 27°C the adults emerge from 

the pupal stage. The time of development under natural conditions for all stages is 

variable and dependent on temperature. Both males and females take sugar meals 

from plants. Following mating, the female seeks a blood meal. Culex 

quinquefasciatus are opportunistic feeders, feeding on mammals and/or birds 

throughout the night. Males survive only on sugar meals, while the female will 

take multiple blood meals. After a female mosquito digests the blood meal and the 

eggs develop, she finds a suitable place to lay her eggs, and the cycle begins again. 
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A single female can lay up to five rafts of eggs in a lifetime (Gerberg et al., 1994) 

the entire period from egg to adult take about 7-13 days. (Service, 2004 and 

Rozendaal, 1997).    

2.1.5. Medical importance  

Mosquitoes are a serious threat to public health, as they transmit many vector-

borne diseases and cause millions of deaths every year (Rozendaal, 1997and 

Service, 2004). Three genera of medically important mosquitoes are found in the 

Sudan (Anopheles, Culex and Aedes).  

Culex quinquefasciatus is a vector of many pathogens of humans, birds and both 

domestic and wild animals. It is the primary vector of lymphatic filariasis (LF), St. 

Louis encephalitis virus (SLEv), Western equine encephalitis virus (WEEv) , West 

Nile virus (WNv) , Rift valley virus and several protozoa like Plasmodium relictum 

that causes bird malaria (Dusek,1995 and Lanciotti et al.,1999) .  

2.1.5.1. Nuisance  

In the northern areas of temperate region; outdoor activities can be made 

impossible by swarms of biting Mosquitoes. Some Mosquitoes, cause painful bites 

some time followed by localized swelling and inflammation. Irritation may last for 

weeks (Rozendaal, 1997). Although Anopheles Mosquitoes may not be disease 

vectors in an area they may nevertheless constitute a biting nuisance. Usually, 

however, it is the Culicine mosquitoes, especially Aedes, Ochlerolatus and 

Psorophora species that cause biting problems (Service, 2004).  

2.1.5.2. Lymphatic filariasis 

Lymphatic filariasis (LF) is a widely distributed tropical disease with around 120 

million people infected worldwide and 44 million people have lymph edema of the 

upper or lower limb, breast, scrotum or genitals or hydrocele (Abdul Rahuman et 

al., 2008a).In the Sudan the disease was restricted to Kordufan, Darfur and the 
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Blue Nile states, but recently it is widely distributed to include most of the states 

(El-Rayah, 2007). 

Lymphatic filariasis caused by three species of parasitic worm Wuchereria 

bancrofti, Brugia malayi and Brugia timori which occur in the lymph vessels and 

may cause huge swellings of the limbs and genital organs. Lymphatic filariasis is 

one of the major public health problems over 90% of these infections are due to W. 

bancrofti (Ottesen, 2006). Although the disease causes much suffering and 

disability it is rarely life – threating (Rozendaal, 1997and Schmidt and Roberts, 

2005). Bancroftian filariasis is affecting people living in many tropical regions in 

old and new world. It transmitted mainly by Culex quinquefasciatus, and by some 

Anopheles and Aedes species. In contrast Brugian filariasis, caused by Brugia 

malayi and Brugia timori, is more rural disease and has a much more restricted 

distribution, occurring in Asian countries, it is absent from Africa and the 

Americas. It is the main vectors are the Mansonia species (Rozendaal, 1997; 

Service, 2004 and Schmidt and Robert, 2005). Both bancroftian and brugian 

filariasis occurs in two basic forms: nocturnal periodic and nocturnal sub-periodic. 

Anopheline together with certain culicine such as Culex quinquefasciatus, various 

species of Mansonia, and a few Ochlerotatus species, are the vector of the 

nocturnal periodic form. Culicine are vectors of sub periodic form in the nocturnal 

form most of the microfilaria-during the day- is in the blood vessels supplying the 

lungs (Ottesen, 2006). 

2.1.5.3. St. Louis encephalitis virus 

Saint Louis encephalitis virus (SLEV) is an arthropod-borne virus and a member of 

the Japanese encephalitis virus complex within the genus Flavivirus, family 

Flaviviridae (Calisher at el., 1989). SLEV prototype strain (Parton) was isolated in 

1933, in Saint Louis, Missouri, USA, from suspensions of brain specimens from 

deceased patients, by intra-cerebral inoculation of rhesus monkeys and white mice. 
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In 1941/42, Hammon et al. established the involvement of wild birds as reservoir 

hosts and Culex mosquitoes as vectors of the virus (Reisen, 2003). 

2.1.5.4. Western equine encephalitis virus 

Western equine encephalitis virus (WEEV) is a mosquito borne arbovirus and the 

causative agent of western equine encephalitis (WEE). Infections of humans and 

horses can be fatal, and survivors often suffer permanent neurological sequelae 

(Whitley and Gnann, 2002). WEEV is found in North and South America. In North 

America, it circulates enzootically among passerine birds and is transmitted by its 

primary mosquito vector, Culex (Culex) tarsalis. Mammals can participate in a 

secondary cycle (Hardy et al., 1983).  

2.1.5.5. West Nile virus 

West Nile virus was first isolated from a human in the West Nile district of Uganda 

in 1937 and later from many other vertebrate hosts including horses, dogs, rodents 

and bats (Eldridge and Edman, 2000). West Nile Virus is a mosquito-borne virus 

contracted through mosquito bites. All six species of mosquitoes mentioned above 

are potential vectors for West Nile virus. The bites generally happen at dusk and 

dawn, indoors, in shady areas, or when the weather is cloudy. People of all ages 

(including children) can contract the virus. About 20% of those who contract WNV 

will come down with what is called “West Nile fever”; the other 80% of those 

infected show none or only mild symptoms of the virus. Symptoms of West Nile 

fever can include: fever, headache, body aches, swollen lymph glands, tiredness 

and rash on the trunk of the body (Gouge, 2012). 
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2.1.5.6. Rift valley virus 

Rift Valley fever virus (RVFV) was first isolated in Kenya as a virus with the 

capacity to infect livestock herds of sheep and cattle, as well as humans (Elysse , 

and Desiree,.2020). Since its initial discovery, RVFV has been primarily contained 

within the African continent, with the exception of movement of the eastern coast 

of African to the island of Madagascar in 1990 (Morvan et al., 2000 ). Significant 

emergence into neighboring regions occurred in the early 2000s when outbreaks 

were reported in Saudi Arabia and Yemen (Ahmad, 2000). To this day, much of 

sub-Saharan Africa and Egypt is endemic for RVFV or has been detected by 

sporadic outbreaks (Davies, 2010). Transmission of RVFV utilizes mechanisms 

described by the “One Health” framework, wherein the health and conditions of 

the environment, animals, and humans intersect and influence each other. Animal 

transmission is driven by mosquito vectors, primarily Culex spp. and floodwater-

breeding Aedes spp. (Turell et al., 2007). Wild animals have been suspected to 

contribute to maintenance of RVFV, yet evidence driving such speculation is 

limited to the presence of antibodies in certain wildlife species. Amplification of 

the virus in mosquitoes, is linked to mosquito abundance and breeding behaviors 

that are expanded by periods of heavy rainfall following extreme drought (Gerdes, 

2004).Of the many competent vector species (Rostal et al., 2010), infected females 

of some mosquito species may transmit the virus to their offspring during 

oviposition, or transovarial transmission (TOT), readily allowing future 

generations of mosquitoes to transmit RVFV (Lumley et al., 2017). 

2.1.6. Mosquitoes control 

2.1.6.1. Environmental control  

2.1.6.1.1. Source reduction  

A simple by eliminating larval breeding sites such as water-filled tree-holes, septic 

tanks, ponds, small marshes can be filled in with rubble, earth or sand. Filling in 
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tree –holes can be difficult because many can be at great heights and difficult to 

locate. Various containers such as abandoned tin cans, metal drums, diffused water 

a storage pots and old tire can be removed. Elimination of breeding sites can lead 

to permanent control, but this approach is not always feasible (Service, 2004  and 

Rozendaal, 1997). ). Denying Mosquito Access to Urban Areas and into Homes 

Construction sites will often host a variety of water bodies, including water storage 

containers, water-filled excavations, flooded basements, wheel ruts, and temporary 

drainage systems. Such habitats will host a range of mosquitoes, including Aedes, 

Culex and Anopheles species (Norbert et al., 2010). 

2.1.6.1.2. Environmental manipulation and modification  

If it is not feasible to eliminate mosquito breeding places it may be possible to alter 

them to make them unsuitable as larval habitats. For example increase flow to 

prevent the buildup of static pockets of water. Other environmental modifications 

include the removable of overhanging vegetation to reduce breeding by shade –

preference mosquitoes. Intermittent flooding of fields to allow drying out every 3-5 

days can substantially reduce population of several important vectors (Service, 

2004and Rozendaal, 1997). Larval habitats can also be altered such as drainage 

operations, intermittent irrigation, and change in river discharge or configuration, 

removal water plants or algae, making habitats unsuitable. Few interesting results 

against Anopheles mosquitoes have been reported but they require massive 

engineering efforts (Mouchet et al., 2004) 

2.1.6.1.3. Personal protection 

Insecticide-treated bed nets (ITNs) are a form of personal protection that has 

repeatedly been shown to reduce severe disease and mortality due to malaria in 

endemic regions. In community-wide trials in several African settings, ITNs have 

been shown to reduce all-cause mortality by about 20%. Untreated bed nets form a 

protective barrier around persons using them. However, mosquitoes can feed on 
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people through the nets, and nets with even a few small holes provide little, if any, 

protection. The application of a residual insecticide greatly enhances the protective 

efficacy of bed nets. The insecticides used for treatment kill mosquitoes and other 

insects. The insecticides also have repellent properties that reduce the number of 

mosquitoes that enter the house and attempt to feed. There are several types of nets 

available. Nets may vary by size, material, and/or treatment. Most nets are made of 

polyester but nets are also available in cotton, polyethylene, or polypropylene. 

Currently, only pyrethroid insecticides are approved for use on ITNs. These 

insecticides have very low mammalian toxicity but are highly toxic to insects and 

have a rapid knock-down effect , even at very low doses. Pyrethroids have a high 

residual effect: they do not rapidly break down unless washed or exposed to 

sunlight. Previously, nets had to be retreated at intervals of 6-12 months, more 

frequently if the nets were washed. Nets were retreated by simply dipping them in 

a mixture of water 23 and insecticide and allowing them to dry in a shady place 

(Chavasse et al., 1999 and WHO , 2001).Repellents are the most common means 

of personal protection against blood seeking arthropods and for the prevention of 

arthropod-borne disease transmission. Previous work concentrated mainly on 

simple solutions of topical repellents and the chemical treatment of clothing to 

prevent blood-sucking arthropods (Rutledge et al., 1978). Current protection is 

based on controlled release personal use of controlled-release arthropod repellent 

formulations, and the impregnation of fabrics with permethrin. Repellents may be 

applied to the skin, clothing or in some cases, to screens to prevent or deter 

arthropods from attacking humans (Norbert et al., 2010). 

2.1.6.2. Physical control 

 Physical control may be defined as suppression of insects by physical or 

mechanical means. This contrasts with the use of insecticides, which kill insects by 

chemical or biochemical means, and with the use of environmental measures 
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which do not kill insects directly, but prevent their establishment, reproduction or 

impact by, for example, eliminating their larval habitat, or preventing their access 

to the host, for example, by better designed housing. In practice, there is some 

overlap between these various terms. Physical control techniques exist for control 

of both mosquito larvae (e.g. polystyrene beads) and adults (e.g. mass-trapping). 

Physical control may be used in isolation, but is often seen as a component of 

integrated vector management (IVM). In general, mosquitoes are considered 

unlikely to develop resistance to physical control techniques (Norbert et al., 2010). 

The more paraffinic oils have a largely physical interaction with the insect’s 

siphon, preventing effective oxygen uptake which resulting in drowning or 

suffocation. Oils with a higher aromatic content, parti cularly those with a higher 

volatility are considered to be toxic to mosquito larvae Several studies have 

determined the impact of oil treatments on non target aquatic life. When 

surfactants and monomolecular organic surface films are used against mosquitoes 

they exert their control by physicochemical modification of the air–water interface 

(Garrett and White, 1977). Larvae and pupae cannot penetrate the film at the water 

surface to obtain atmospheric oxygen, and newly emerged adults will drown on the 

treated water surface. Their effectiveness in controlling mosquito larvae and pupae 

is attributed to a reduction in water surface tension, with a subsequent wetting of 

tracheal structures resulting in anoxia, rather than chemical toxicity. Large 

numbers of film forming surface active agents were evaluated as mosquito 

larvicides ,and some of these were found to have potential for practical mosquito 

control programmes(Norbert et al., 2010). Kline (2007) reviewed progress and 

development in mass-trapping technology, and lists a number of commercially 

available mosquito trapping devices, using various combinations of light, carbon 

dioxide, water vapour, heat, and octenol as attractants. The mosquitoes are 

typically killed either by desiccation within the device, or by high voltage grids. He 
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describes operational use of mosquito traps on an isolated island surrounded by 

salt-marsh, in which Oc. taeniorhynchus was very abundant. Mosquito  Magnet Pro 

devices were placed around the island at a rate of one device/0.44ha. After about 2 

weeks trapping, mosquito numbers were reduced by >80%, and these results were 

repeated over several consecutive years. Other evaluations of mass trapping have 

not been  so successful (Henderson et al. 2006). 

There have been recent reports of the development of a laser device for mosquito 

control (Guth, 2009). The device is claimed to be able to detect individual flying 

female mosquitoes and destroy them with a burst of laser energy. It has been 

proposed that the devices could be mounted as a “fence” to protect residential areas 

against incoming mosquitoes. 

2.1.6.3. Genetic Control  

Population Elimination via the Sterile Insect Technique (SIT) The potential 

success of the SIT hinges around the fact that female mosquitoes are monogamous, 

i.e. they mate once only, and use the sperm stored in their spermatheca to fertilize 

each successive batch of eggs. If that mating happens to be with a sterile male, then 

that female will lay only sterile eggs, and will not contribute to the next generation 

of mosquitoes. If sterilized male mosquitoes can be released in sufficient numbers 

and over a sufficiently extended period, so that they out-compete the indigenous 

males in terms of mating with the females, then the population should decline to 

extinction(Norbert et al., 2010). Sterilization of the male pupae has been achieved 

by a variety of techniques: Chemosterilization is typically carried out by 

immersion of the pupae for a fixed period of time in a standard solution of an 

alkylating aziridinyl compound, such as thiotepa or bisazir. High levels of sterility 

may be achieved, with minimal loss of fitness (Seawright et al., 1977). However 

use of large-scale chemosterilization has largely ceased now, partly due to 

concerns about safety to staff working with these potentially mutagenic chemicals. 



16 

 

Irradiation is now the most commonly used technique. It is typically the pupal 

stage that is exposed to the gamma rays, but work has also been carried out on 

adults. The gamma source used is typically cobalt-60 with a dose in the range 70–

120Gy. The exposure induces dominant lethal mutations in the sperm of the male 

mosquitoes. The lower doses cause partial sterilization, while higher doses induce 

a more complete level of sterilization but are associated with damage to other cells 

within the male mosquito, causing a in fitness and competitiveness (Helinski and 

Knols, 2009). It has been suggested that when using lower radiation doses, the 

benefits of higher fitness may outweigh the drawbacks of partial sterilization 

(Helinski et  al., 2006). 

2.1.6.4. Biological control  

Presence of Insecticide resistance and greater awareness of environmental 

contamination leads to interest in biological control methods. They are however, 

usually more difficult to implement and maintain than insecticidal methods. 

Moreover, biological control dose not lead to rapid control, it takes some days, or 

weeks. Larvivorous fish are the most widely used biological control agents, the 

most common being the mosquito fish Gambusia affinis. This is a warm- water 

fish originally native to the southern USA but which has been introduced to over 

60 countries worldwide. (Service, 2004 and Walton, 2007). Essential to study the 

biology of predacious organisms with special reference to prey selectivity, 

reproductive potential, and their benefit as predators in relation to costs and the 

environmental damage they might cause, before they are actually released. The 

ecosystem must also be carefully evaluated to determine the potential effect of the 

released organisms on the existing biota. This process is even more important if 

non-indigenous species are to be released (Hurst et al., 2006 and Chandra et al., 

2008). There are numerous pathogens, such as viruses, bacteria, protozoa and fungi 

that cause larval mortality, bacteria, Bacillus thuringiensis var israelensis is the 
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most useful pathogen as it can be easily mass-produced, is toxicologically safe to 

humans and, and is more or less specific in killing mosquito larvae, moreover it 

can also kill Simuliids larvae. It is commonly formulated as a powder that after 

mixing with water is sprayed on breeding places, but because of no multiplication 

of the bacterial there to be repeated application, as with most chemical larvicides. 

Other species of bacteria, Bacillus sphaericus, differ in that in some situations it 

can recycle in larval habitats. This species is also more effective in organically 

polluted waters and is especially effective against Culex species. Resistance to 

both B.t.i and B. sphaericus has been observed in laboratory colonies of a few 

mosquitos’ species (Service, 2004  and Rozendaal, 1997). Genetic control is 

considered as a form of biological control. The most common methods of genetic 

control involve the release in the field of sterile male mosquitoes that have been 

reared in the laboratory. Sterilization can be achieved by ionization radiation, 

crossing closely related species to produce infertile hybrid males, or more usually 

by introducing chemosterilant into larval breeding which makes the emerging 

adults sterile. The aim is to introduce large numbers of healthy and sterile males 

into field population that will compete with natural fertile males for female mates, 

resulting in large number of infertile insemination. (Service, 2004).  

2.1.6.5. Chemical control  

 Chemical insecticides are commonly considered to be the most effective control 

strategy against mosquitoes. However, public concern has increased significantly 

regarding their negative effects, such as potential health hazards, water 

contamination, environmental pollution, toxicity to non-target organisms, the 

development of resistance in insects, and residual effects (Lee et al., 2001; Azmi et 

al., 2009; Zacharia, 2011; Bilal and Hassan, 2012 and Ndakidemi et al., 2016). 
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2.1.6.5.1. Chemical control directed against aquatic stages 

Most control directed against mosquitoes, consists of applying larvicides. Adults 

are highly mobile flying insects that can readily detect and avoid many 

intervention measures whereas mosquito eggs, larvae and pupae are confined 

within relatively small aquatic habitats and cannot readily escape control measure 

(Killen et al., 2002).  

Oils is the one of the oldest control methods consists of spraying mineral oils onto 

the water surface of breeding places to kill mosquitoes larvae by poisoning and 

suffocation. Diesel oil and kerosene have been used for over 100 years, but 

because of environmental concerns smaller dosage of lighter mineral oils are 

recommended. Such oils are still used, mainly in tropical countries (Service, 2004)  

Paris- green another old control method is application of a fine dust of Paris- green 

(Copper acetoarsenite) to breeding places. It acts as a stomach poison, when 

ingested by surface feeding larvae, such as Anopheles species. Although mosquito 

larvae have not developed resistance to Paris- green, this insecticide has largely 

been replaced by the organophosphates and carbamate insecticides. Recommended 

larvicides include organophosphates (Malathion, pirimiphos methyl, fenitrothion 

and temephos), carbamates (e.g. propoxur) and pyrethroids ( permethrin and 

deltamethrin) but they tend to kill great numbers of other aquatic insects. In 

organically polluted waters insecticides are less effective and so either higher 

dosage rates must be used or the more effective organophosphates, such as, 

fenthion or chlorpyrifos applied. All insecticides usually have to be sprayed on 

breeding places in tropical areas every 10-14 days, and more frequently on highly 

polluted waters. Temphos had very low mammalian toxicity and briquettes, 

granules or microencapsulated formulations which slowly release the insecticide 

over days or even weeks, can be placed in containers holding potable water to 

control Aedes aegypti (Rozendaal, 1997 and Service, 2004). Insect growth 
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regulators (IGRs) are compounds, such as, methoprene and pyriproxyfen, that 

arrest larval development of insects, or compounds, like diflubenzuron, which 

inhibit chitin formation in the immature stages. These chemicals have the benefit 

of being environment friendly because they are more or less specific in killing 

mosquitoes and possess extremely low toxicity to humans. Methoprene is 

considered by the WHO to be safe for use in drinking water. It is the most 

commonly used IGR for mosquito’s control. However, the relatively high cost of 

IGRs limits their use in poorer countries (Service, 2004).  

2.1.6.5.2. Chemical control directed against adults  

Some mosquitoes, such as many malaria vectors and Culex quinquefasciatus rest in 

houses before and/or after blood-feeding. Their population can be reduced by 

insecticidal spraying of houses. Residual house –spraying is the spraying of water 

dispersible (wettable) powders of residual insecticides to the interior surfaces of 

walls, ceiling and roofs of houses. Even in highly endemic areas houses need to be 

sprayed only at six-monthly intervals, and where malaria transmission is very 

seasonal, a single spraying before the rains may be sufficient to give good control. 

If mosquitoes are resistant to DDT, then organophosphate such as Malathion, 

fenthion or fenitrothion or the carbamate propoxure can be used, usually at rates of 

1.5-2 g/m2- Bendiocarb, another carbamate, has a lower dosage rate of just 0.4 

g/m2. Alternatively, lambda-cyhalothrin at 0.02-0.03g/m2 or permethrin at 

0.5g/m2 can be used. However, the effectiveness of spraying houses in malaria 

control programmes depends on the mosquitoes resting indoors. There is also 

evidence that house-spraying may promote the selection of exophilic population of 

a species, that is population that before spraying rested in houses now rest out of 

doors. Such population changes have been recorded in the An. gambiae complex in 

Zimbabwe, An. nuneztovai in Venezuela, An.minimus in Thailand and in a few 

other species (Rozendaal, 1997 and Service, 2004). Nets that are impregnated with 
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insecticides such as permethrin (200-500 mg/m2), deltamethrin (15-25mg/m2) or 

lambda –cyhalothrin (10-20mg/m2), all of which repel and kill mosquitoes, will 

protect people against bites even if they are torn or people sleep up against them. 

Nest impregnated by dipping in insecticide remain effective only for 4-6 months 

before they need re-impregnated. The latest development involves impregnating 

the fibers used to make nets with permethrin during their manufacture. Net made 

with insecticide- impregnated fibres apparently remain effective for 4 years. In 

West Africa and Kenya child mortality in large-scale trials has been reduced by 17-

36%. It appears that if used on a large scale impregnated nets can have a mass- 

killing effect on vector population which can benefit the whole community, even 

those without nets. It also give protection against filariasis vectors, but will not be 

effective against any vector that bites out of doors in the early evening before 

people have gone to bed (Service, 2004 and Rozendaal, 1997).  

Repellent are among the most commonly used methods to prevent mosquitoes and 

other blood-sucking pest from biting. They are applied directly to the skin or to 

clothing and other fabrics such as bed nets and anti-mosquito’s screens. Repellents 

act by preventing human-insect contact and do not knockdown or kill. The duration 

of protection by a repellent applied to skin may range from 15 minutes to 10 hours; 

on clothing and other fabrics the effect lasts much longer. In the first half of this 

century, were dimethyl phthalate, indalone and ethyl hexanediol, these substances 

are still among the active ingredients of some commercial repellent. A 

breakthrough came in 1954 with the discovery of N, N-diethyl 3- toluamide or 

Deet, acolour less, oily liquid with a slight odour. It is still the best available 

product, repelling a wide variety of insects and generally lasting longer than the 

other repellents Data from India suggest that N,N- diethylphenyl acetamide 

(DEPA) is as effective as Deet but less expensive. Citronella is often used because 

it is inexpensive and some people think that it has a more pleasant smell (Service, 
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2004). Motorized knapsack mist-blowers, carried thermal fogger or vehicle – 

mounted machines that generate insecticidal aerosols <50μm, or mists 50-100μm 

can be used to kill outdoor resting (exophilic) adult mosquitoes. Indoor resting 

(endophilic) adults are also occasionally killed by mist-blower or thermal foggers. 

Several insecticides can be used, including malathion, fenitrothion, pirimiphos- 

methyl, bendiocarb and pyrethroids. In emergency situations aerial spraying gives 

the fastest and most effective control of vectors, and has been used to stop 

transmission of haemorrhagic dengue, Japanese encephalitis and North America 

encephalitis viruses (Service,  2004 and Takken, 2002). 

2.1.6.5.3. Insecticides resistance  

Resistance is a common result of insecticide use and selection pressure on the 

insect population. Resistance to insecticides has appeared in the major insect 

vectors from every genus. As of 1992, the list of insecticide – resistant vector 

species includes 56 Anopheline and 39 Culicine mosquitoes. Resistance has 

developed to every chemical class of insecticide including microbial drugs and 

insect growth regulators, insecticide is expected to directly and profoundly affect 

the reemergence of vector –borne diseases, and it is expected to threaten disease 

control. The six different toxin types in the Bacillus thuringiensis-israelensis strain 

used for vector control were expected to retard or prevent development of 

comprehensive resistance mechanism; however, multitoxin resistance to 

B.tisrealensis has already appeared (Brogdon and Mc Allister, 1998).  

2.1.6.6. Integrated Mosquito Management (IMM) 

The most successful approach for controlling mosquitoes is when an Integrated 

Mosquito Management (IMM) strategy is implemented, in which all appropriate 

technological and management techniques are utilized, to bring about an effective 

decline of target-species populations in a cost-effective manner (WHO, 2004). An 

IMM strategy could include biological, chemical, genetic, physical, environmental 
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management, and educational components However, the utilization of a range of 

control and management methods within an IVM approach may be more cost 

effective, cause less environmental damage, be effective for a longer period of 

time, and be better suited at the community level (Rafatjah ,1982). For this reason, 

the IVM concept was developed, which incorporates the application of sound 

ecological principles to maintain mosquito populations below the nuisance and 

health injury threshold. It is more precisely defined as follows: “Integrated vector 

control is the rational combination of all available control methods in the most 

effective, economical, and safe manner to maintain mosquito vector populations at 

acceptable levels” (Norbert et al., 2010). 
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2.2 Clove plant (Syzygium aromaticum) 

2.2.1 classification 

Kingdom    : Plantae 

Phylum       : Angiosperms 

Clade          : Eudicots 

Clade          : Rosids 

Order          : Myrtales 

Family        : Myrtaceae 

Genus         : Syzygium 

Species       : S. aromaticum 

           Binomial name Syzygium aromaticum (L.)  

2.2.2. Morphology and description  

Clove is an aromatic spice tree. The term clove is taken from French word ‘clove’ 

and ‘clou’ which means ‘nail’. Clove is conical myrtle, medium sized tree with 

straight trunk which grows up to 10 to 12 m in height. The branches are semi erect, 

grayish in color and dense. Leaves are large oblong to elliptic, simple obovate 

opposite, glabrous and possess plenty of oil glands on the lower surface. Tree 

begins flowering in about 7 years and continues flowering for 80 years or more. 

Flowers are small, crimson in color and are hermaphrodite (bisexual) borne at the 

terminal ends of small branches. Each peduncle carries 3 to 4 stalked flowers and 

inflorescence length remains between 4 to 5 cm. Initially flower buds are pale 

yellow in color with glossy appearance and turn green to bright red at maturity. 

(Kamatou et al. 2012) These are 1-2 cm long with cylindrical thick ovary 

consisting of four fleshy sepals. Buds are divided into elongated stem and a 

globose bulbous head which stimulates into nail. Commercially cloves used are 

air-dried unopened flower buds, 2.5 cm in length and 1.25 cm wide. Fruit matures 

nine months after flowering and the red ovary gradually turns to reddish purple. 



24 

 

The fruit nearly contains one or two seeds known as ‘mother of clove’. The 

cultivated trees are rarely allowed to reach fruit stage. These are harvested when 

they develop dark red ellipsoid berry (Ortes-Rojas et al., 2014). 

2.2.3. Ecology and distribution  

Syzygium aromaticum (Clove) belongs to family Myrtaceace, a taxon of 

dicotyledon plants is one of most valuable and second most important spice in the 

world trade. Various synonymes used for the clove are Caryophyllus aromaticus, 

Caryophyllus silvestris, Eugenia caryophyllus, Jambosa caryophyllus and Myrtus 

caryophyllus (Soh and Parnell, 2015). Clove is commonly used in cultivation and 

indigenous to North Maluku Islands in Indonasia. Major cultivator countries of 

clove are ,Zanzibar, Indonesia, Madagascar and some of wild clove varieties are 

found in Iran. In India cultivation of clove is restricted to three states Karnataka, 

Tamil Nadu and Kerala. India becomes second largest consumer of clove after the 

Indonesia (Board, 2010) Cloves are available throughout the year due to different 

harvest seasons in different countries. The different varieties of clove tree vary in 

canopy shape from pyramidal to cylindrical. The clove tree can live up to 100 

years and above. The tree prefers to grow in well drained soil with sufficient soil 

moisture. Clove tree requires heavy sunlight with high atmospheric temperature 

(25 to 35°C), well-distributed rainfall above 150 cm and high humidity above 70% 

(Danthu et al., 2014). The crop cannot withstand water logged conditions. In India 

clove grows well in deep black loamy soil of humid tropics and successfully grows 

in the red soils of midlands of Kerala and in the hilly terrain of Western Ghats in 

Karnataka and Tamil Nadu (Byng, 2016). 

2.2.4. Economic importance and uses  

Cloves have many uses ranging from culinary to medicine. Clove is a valuable 

kitchen spice which can be used for studding onions, tomatoes, salads, herbal teas, 

and soups. It is also used to flavor meat products, cookies, chewing gums, spiced 
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fruits, pickles, chocolates, soft drinks, puddings, sandwiches, pastries, and candies. 

Volatile oil is used to impart essence to perfumes soaps, toothpastes, and 

pharmaceuticals. In Indonesia, mixture of clove and tobacco in a ratio of 1:2 is 

used to make a special cigarette “Kretek”. Clove possesses antibacterial potential 

and is used in a variety of mouth washes, dental creams, throat sprays, and tooth 

pastes to kill pathogens. It is also used to relive sore gums. Mixture of eugenol 

(major bioactive constituent of clove) and zinc oxide is used for short-term filling 

of dental cavities ( Cai and Wu1, 996).Clove and its main constituents possess 

antimicrobial, antioxidant, anti-inflammatory, analgesic, anticancer & anesthetic 

effects. Moreover, they showed insecticidal, mosquito repellant, aphrodisiac, and 

antipyretic activities (Hussain et al., 2017). 

2.2.5. Chemical constituents  

Clove oil is a powerful agent against oxidation, with inhibition of per oxidation 

and hydroxylation equal to or greater than the commonly used synthetic 

antioxidants butylated hydroxyanisole (BHA) and butylated hydroxytoluene 

(BHT), as well as isolated eugenol and quercetin (Jirovetz and Buchbauer, 2006). 

It consists of 82-88% eugenol, little amount of eugenyl acetate, and other minor 

constituents. A major component of clove taste is imparted by the chemical 

eugenol . Eugenol is the main bioactive compound of clove, which is found in 

concentrations ranging from 9 381.70 to 14 650.00 mg per 100 g of fresh plant 

material (Yadav et al., 2020). The chemical composition of the essential oil from 

the bud of clove (Syzygium aromaticum)  are as follows: eugenol (87.00%), 

eugenyl acetate (8.01%) and β-Caryophyllene (3.56%).This essential oil comprises 

in total 23 identified constituents, among them eugenol (76.8%), followed by β-

caryophyllene (17.4%), α-humulene (2.1%), and eugenyl acetate (1.2%) as the 

main components (Alfikri and Pujiarti ,2020).   
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2.2.6. Pesticidal properties  

Clove oil is effective against a broad range of acid-fast, gram-positive and -

negative bacteria, as well as against yeasts and fungi (Khan and Ehab, 2010). 

Various aflatoxin producing fungi are susceptible to clove oil (Hussain et al., 

2012). 

      The insecticidal properties of clove oil and its derivatives have been studied 

since the 1940s (West, 1944). Clove oil toxicity varies among different insects 

because of different insect susceptibilities, variability in the concentration of 

eugenol and other active substances in the clove oil, and feeding behaviors. 

Susceptible arthropods include mites, termites and mosquitoes. A set of 

experiments involving 38 essential oils found that clove oil gave the longest 

duration of 100% repellency (2–4 hr.) against three species of mosquitoes: Aedes 

aegypti, Culex quinquefasciatus, and Anopheles dirus (Trongtokit et al., 2005). 

Clove oil (50%) combined with geranium oil (50%) or with thyme oil (50%) 

prevented biting by Anopheles albimanus mosquitoes for 1¼ to 2½ hours (Barnard, 

1999). 

Clove oil (0.3%) combined with the other active ingredients 1% peppermint oil and 

1.3% sodium lauryl sulfate caused over 90% mortality of bed bugs (Cimex 

lectularius) (Singh  et al., 2014). Commercially available Rescue® traps with two 

known stink bug pheromone attractants were used to test the potential repellency 

of essential oils to the brown marmorated stink bug (Halyomorpha halys). Traps 

treated with 14 mg/day of clove oil repelled over 95% of the insects (Zhang et al., 

2014).. Clove oil reduced oviposition and adult emergence of the cowpea weevil 

(Callosobruchus maculatus) on a variety of seeds (Ajayi and Lale 2001). Common 

bean (Phaseolus vulgaris) treated with clove oil grew less and resulted in increased 

mortality of the bean weevil, (Acanthoscelides obtectus. Applications of clove oil 

at 43.6 μL/kg beans resulted in a 50% mortality of bean weevil (Viteri et al., 
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2014). Clove oil is generally more effective when delivered orally than as a contact 

insecticide.Clove bud oil killed 100% of Formosan termites (C. formosanus) in 2 

days at 50 μg/cm2 (2 kg/ha) (Zhu et al., 2001). And also produced 100% mortality 

in Japanese termites (Reticulitermes speratus) at 0.5 μL/L of air (Park and sang, 

2005). 

Clove oil can be effective against soft-bodied insects. Pear psyllid (Cacopsylla 

chinensis) treated with clove oil had a contact LD50 of 0.730 μg/adult and 1.795 

μg/nymph (Tian et al., 2015). An experiment that compared the efficacy of 92 

essential oils for the control of sweet potato whitefly (Bemisia tabaci) found clove 

oil to be one of the more effective, with an LC50 of 0.22 mL/cm3 for clove bud 

oil, 0.26 mL/cm3 for clove leaf oil and 100% mortality at a rate of 2.4 mL/cm3 for 

the oil from both species (Kim et al., 2011).Experiments in Korea showed that 

clove oil is effective as an acaricide as well. A formulation of 20% clove oil, 40% 

cottonseed oil and 10% garlic oil (GC-Mite) was the most effective of 12 natural 

treatments for two spotted spider mite (Tetranychus urticae) with nearly 100% 

mortality after 21 days (Cloyd  et al., 2009). In a test with adults of two species of 

dust mites, Dermatophagoides farinae and D. pteronyssinus adults, the clove oil 

resulted in 100% mortality at 12.7 μg/cm2 against both species (Kim et al., 2003). 

The copra mite (Tyrophagus putrescentiae) was also 100% susceptible to clove 

bud oil at a dose of 12.7 μg/cm2 (Kim et al., 2003).         

Greenhouse trials showed that clove oil drenches had inconsistent results in 

reducing southern root knot nematode (Meloidogyne incognita) populations before 

transplant of cucumber (Cucumis sativus), muskmelon (Cucumis melo), pepper 

(Capsicum annuum), and tomato (Solanum lycopersicum) seedlings (Meyer et al., 

2008). 

         Clove oil exhibits phytotoxicity, which means it has herbicidal activity that 

can also make it undesirable as a foliar insecticide or fungicide for some plants at 
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certain growth stages (Bainard et al., 2006; Boyd and Brennan ,2006; Cloyd et al., 

2009 and Meyer et al., 2008).  

Because of the relatively high application rate, clove oil-based 25 exempt 

herbicides such as Matran® 2 and Burnout II® EC are often not seen as cost-

effective herbicides, even in high value vegetable systems (Dayan et al., 2009). At 

the lowest recommended rate, clove-based herbicides were estimated to cost about 

$600/ha (Brainard et al., 2013) 
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2.3. Sweet basil (Ocimum basilicum L.) 

2.3.1. Classification 

Kingdom     : Plantae 

Unranked    : Asterids 

Order           : Lamiales 

Family         : Lamiaceae 

Genus          : Ocimum 

Species       : basilicum 

                   S.N.  Ocimum basilicum L.  

2.3.2. Description  

Sweet basil is indigenous to Persia and Sindh and lower hills of Punjab in India. ( . 

Nadkarni, 2005). The plant is widely grown as an ornamental and field crop 

throughout the greater part of India, Burma, Cylone ( Kirtikar and Basu , 2003) and 

several Mediterranean countries including Turkey.Basil species are lower growing 

annual herbs or shrubby plants, forming dense tuft of 20-30cm in height. Leaves 

are pale green oval and slightly toothed, and the flowers are white or purple, 

lanceolate, located in the axils of the leaves. Upper lobe of calyx is rounded and 

spreading (Bailey and Bailey, 1976). An erect branching herb, 0.6 to 0.9 m high, 

glabrous, more or less hispidly pubescent. Stems and branches are green or 

sometimes purplish. Leaves of Ocimum basilicum are simple, opposite,( Jayaweera 

,1981). 2.5-5 cm or more long, ovate, acute, entire or more or less toothed or lobed 

with a cuneate and entire base. The petiole is 1.3-2.5 cm long. The leaves have 

numerous dot like oil glands which secrete strongly scented volatile oil. Whorls 

densely racemose, where the terminal receme is usually much longer than the 

lateral ones. The bracts are stalked, shorter than the calyx, ovate and acute. Calyx 

is five mm long, enlarging in fruit and very shortly pedicelled. Its lower lip with 

the two central teeth is longer than the rounded upper lip. Corolla being 8-13 mm 



30 

 

long are white, pink or purplish in colour, glabrous or variously pubescent. The 

upper filaments of slightly exerted stamen are toothed at the base. Nutlets are about 

two mm long, ellipsoid, black and pitted. .( Kirtikar and Basu , 2003).  Sepals of 

flower are five and remain fused into a 2-lipped calyx. Ovary is superior and there 

is a 2-carpellary, 4-locular and a 4-partite fruit of four achenes. (Jayaweera , 1981). 

2.3.3. Ecology and distribution 

The plant originated in Central America, but it has wide distribution throughout the 

world, from central Africa through Asia, America, and part of Australia, it grows 

to a height of approximately 50cm.. Ocimum basilicum commonly known in the 

Sudan as ‘’Rehan’’ is one of the commonest weeds in Gezira area. However it is 

cultivated in some parts of the tropics. It looks very similar to the previous sp., but 

grows little bit taller (50-80cm) (Cobley, 1956) The crop was brought from India 

to Europe through the Middle East in the sixteenth century, and subsequently to 

America in the seventeenth century (Muenscher et al., 1978). 

The plant prefers light (sandy) and medium (loamy) soils, and requires well-

drained soil. It requires moist soil and can grow well in acid, neutral and alkaline 

soils with pH ranges between5-8, but it can’t grow in the shade. The plant 

commonly grows as an aromatic and medicinal her in worm temperate and tropical 

climates. In tropics the plant is perennial, but it is frost tender and needs to be 

grown as half-hardy annual in temperate zones (Bown, 1995).  

2.3.4. Economic importance and uses  

Among the aromatic herbs, basil has economic importance, and its consumption 

occurs both in nature and added for industrial processing. The essential oil is 

valued in the international market and widely used in condiments, cosmetics and 

medicinal industries of (Carvalho, 2006). The Basil oil has high economic value 

due to the presence of specific substances such as estragol, lineol, linalool, 
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eugenol, methyl cinamato, limonene and geraniol (Sifola and Barbieri, 2006). 

Studies of the oils from aromatic and medicinal plants is growing because these 

species are known specifically for possessing biological activity, such as 

antibacterial, antifungal and antioxidant properties (Politeo etal., 2007). The 

antioxidants can be classified as any substance, present in low concentration, 

compared with a oxidizable substrate, delays or inhibits oxidation of the substrate 

effectively (Babovic, 2010) 

Dalzeil (1937) revealed that O.americanum was used for rselieving fever, 

dysentery, and as mouth wash to release toothache. Basil is useful in diseases of 

heart and blood, biliousness kapha and Vata, leucoderma etc. The juice relieves 

joints pain, gives luster to eyes, is good for toothache, earache and cures epistaxis 

when used with camphor. .( Kirtikar and Basu ,2003) The warm leaves juice of this 

plant along with honey is used to treat croup. It also forms an excellent nostrum for 

the cure of ringworm. It is used as a lotion for sore eyes too. In Guinea, the 

decoction of leaves and stem are given to treat fever, neuralgia, catarrh, renal 

troubles and burning micturation.( Chopra etal.,2002) The seeds washed and 

pounded are used in poultices for unhealthy sores and sinuses. An infusion of seeds 

is given in fever. The seeds are chewed in case of snake-bite, one portion is 

swallowed and the other portion is applied to the bitten part. A cold infusion of it is 

said to relieve the after pain of parturition. They are also given internally to treat 

cystitis, nephritis and in internal piles. (Nadkarni , 2005). 

2.3.5.Chemical constitutes              

The chemical composition of essential oil from Ocimum basilicum was studied by 

Brophy and Jogia (1986). Chemical analysis indicated the presence of two chemo 

types, one rich in methyl cinnamate (80%) and the other containing significant 

quantities of linalool and methyl eugenol. Guenther (1961) and Gildemeister and 

Hoffmann (1961) reviewed that Ocimum basilicum oils contain methyl chavicol, 

tel:1986
tel:1961
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anethole, methyl cinnamate, linalool, cincole, champhor, terpenes, and 

sesquiterpenes. AI-Magboul (1981) reviewed that Sudanese Ocimum basilicum 

var. Lthyrsifolum essential oil contains linalool, cineol and 'methyl chavicol. 

Deshpandae and Tipins (1977) obtained by TLC, the fractions of ocimene, cineol, 

linalool, methyl cinnamate and methyl chavicol from essential oil of Occimum 

basilicum. 

2.3.6. Pesticidal properties 

The efficacy of certain Ocimum basillicum extracts against aphid (Aphis gossypii) 

was investigated at different concentrations i.e. 0.1, 0.5 and 1%. Depending on the 

concentration, the extract of mature seeds of the plant was shown to give 45.4-

56.22 mortality (Pandey et al., 1983).  

Malaka (1972) mentioned that preparation from O. basilicum L. leaves had been 

used among other many methods to protect against termites. Deshpande and Tipnis 

(1977) tested the activity of different Rehan fractions against stored grain insects 

Tribolium castaneum, Sitophillus oryzae, and Bruchus chinensis. Methyl chavicol 

and methyl cinnamate were found to be the most effective components. Bower and 

Nishida (1980) isolated two compounds with highly potent juvenile hormone 

activity from 0. basilicum L. oil. The two identified fractions were named 

juvocimene I, and juvocimene IL respectively. The later was found to induce 

nymph-adult intermediates at concentration as low as 10 picograms in the 

milkweed bug. Hassan (1988) and Gubara (1983) reported that 0.basilicum had an 

anti-feeding and growth retarding effects against the African melon ladybird 

beetle, migratory locust adults, khapra beetle, and red flour beetle. 

        Dalzeil in (1937) reported that Ocimum vividae Wild, has been named the 

mosquito plant and it was used to repel mosquito in West Africa. The herbivorous 
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animals refused to eat O.canumsims, a perennial which had not suffered from any 

disease. Malaka (1972) stated that a preparation of the leaves of O. basilicum L. 

Has been used against termites. 

  Shah and Patel (1976) found that O. sanctum contained methyl eugenol and had 

been used to attract the mango fruit fly. Deshpande and Tiphis (1977) obtained by 

TLC eight fractions from the essential oil of Ocimum basilicum .They tested the 

activity of each fraction against stored grains insect pests, namely Tribolium 

castaneum ,Sitophilus oryzae ,Stagobium paniceum and Bruchidiuus chinensis. 

From bioassay tests methylcinnamate and methylcharicol were found to be the 

components mainly responsible for the insecticidal activity. Rajendran and 

Copalan (1978) found that O. sanctum showed no clear juvenile- hormone like 

activity. The same authors, Rajendran and Copalan (1979) reported that, the 

extracts of four plant species including Ocimum sanctum Linn. caused mortality in 

Dysedercus cinqulatus Fabr. Spodopter liturales Fabr and Pericalla ricini. They 

concluded that, these plants have not only juvenile-hormone mimicking substance 

but also have insecticidal properties. Kamararj et al,(2008) reported that Ocimum 

canum, Ocimun sanctum have larvicidal activity against fourth instar larvae of 

Spodoptera liturales (Lepidoptera: Noctudiae). 

Acetone extract of Ocimum basillicum essential oil killed 95 % of the larvae of 

Culex quinquefasciatus at concentrations 50 and 100 ppm (Hartzell and Wilcixon, 

1941). Essential oils of Ocimum basillicum and two sub-species of Ocimum 

sanctum possess some insecticidal action against flies and mosquitoes, but are 

much less effective than pyrethrum (Chopra et al., 1942). Guenther (1961) 

reported that Ocimum viridae was used as mosquito repellant. Watt and Breyer 

(1962) revealed that there is a practice of burning Ocimum americanum in rooms 

to repel mosquitoes in West Africa.  

http://0.canumsims/
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Jain and Jain (1973) found that steam distilled volatile oil of O. basilicum  

exhibited remarkable anti-wormal properties. The active principle from O. canum 

obtained by steam distillation inhibited the growth of mycobacterium tuberculosis 

at dilutions of 1:5000, and 1:125000, (Gubta and Wiswanathan, 1956). Suri and 

Sind (1978), reported that the essential oil extracted from O. kilimandscharicum 

exhibited potent anti-bacterial activity against Staphylocoecus aureus, and 

Escherichia coli, it has also antiseptic activity against Proteus vulgaris and 

Bacillus subtilis, and it has antifungal activity against Candida albicans, 

Penicillum notatum and Microsporcum gyseum. (Wiswanathan, 1956). Essential 

oil from O. basilicum and their components showed different inhibition effect 

against Fusarum oxysporum, and Rhizopus nigricans (Rewni et al., 1984).  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1. Study location 

The experiments were conducted in the Research Laboratory, College of 

Agricultural Studies (Shambat), Sudan University of Science and Technology 

(SUST), during May, 2019.The average temperature is between 35-40°C and 

relative humidity (RH) is between 30 to 35 %. 

3.2. Insect collection and rearing 

           The Mosquitoes  )Culex quinquefasciatus) was collected from Alamab Naser 

North Khartoum, Sudan. Larva of Culex mosquitoes collected from different water 

drainage places(Plate 1) and kept in plastic containers(Plate 2) and then taken to 

the laboratory and left for 24 hours at normal room temperature till experiment. 

3.3. Experiment materials 

The commercial clove oil, basil oil (Al hawaj® products - Plate 3) and clove buds 

were brought from local market. Clove buds (Plate 4) was washed and dried for 24 

hours under room conditions, and then powdered by electric blinder and preserved 

in plastic container till used (Plate 5). 

3.4. Preparation and extraction method 

Forty grams of clove powder were mixed with 100 ml of water to obtain 40% 

concentration as stock solution, the mixture placed in a shaker for one hour, then 

left to settle for 30 minutes, after which the solution was filtered using filter paper 

in a conical flask .Four concentrations (2%, 1%, 0.50% and 0.25%) were prepared 

by diluting the stock solution.  

Two ml of each clove and basil oil were added to 100ml of water plus one drop of 

liquid soap (0.01 ml) to obtain 2% concentration, and other concentrations (1%, 

0.50% and 0.25%) were prepared. 
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 3.6. Bioassay tests  

A total of 20 Culex larvae introduced into 100 ml dechlorinated tap water in each 

plastic cup. Four concentrations (2 %, 1 %, 0.50% and 0.25 %) of each clove water 

extract, clove oil and basil oil were tested against the 2nd and 4th larval instars of 

Culex mosquito. All treatments were replicated three times; each replicate set 

contained one control. The numbers of dead larvae were counted and recorded 6 

hrs, 12 hrs, 24 hrs, 48 hrs, and 72 hrs after exposure. The mortality percentage 

values were calculated from the average of four replicates. The experiments were 

conducted under Lab conditions. 

3.7. Statistical analysis  

The experiment was designed in a Complete Randomized Design (CRD) and the 

data was statistically analyzed according to analysis of variance (ANOVA) using 

Statistic 8.0 program. LSD test was used for means separation. 
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Plate 1. Larvae collecting site 

 

 

                                          Plate 2. Larvae rearing cage 
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Plate 3. Clove and basil oils 

 

 

 

 

Plate 4. Buds of clove 
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Plate 5. Clove Powder 

 

 

                                       

Plate 6. The Treatments 
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CHAPTER FOUR 

RESULTS 

4.1. Mortality (%) of clove (Syzygium aromaticum) water extracts against 2ed    

instar larvae of Culex quinquefasciatus mosquito 

Results in table (1) and figure (1) showed that clove water extract was highly 

effective against 2ed instar larvae of Culex quinquefasciatus mosquito at  highest 

concentration (2%) which caused mortality of 98.3% after 72 hrs post treatment, 

while the other concentrations (1%, 0.5% and 0.25%) showed moderate effect 

(61.6, 51.6 and 43.3 %), respectively. The statistical analysis showed that there are 

a significant difference between all concentrations and control and also between 

the highest concentration and other concentrations. 

4.2. Mortality (%) of clove (Syzygium aromaticum) oil against 2ed in star larvae 

of Culex quinquefasciatus mosquito 

Results in table (2) and figure (2) showed that clove oil was very effective against 

2ed instar larvae of Culex quinquefasciatus mosquito. The highest two 

concentrations (2% and 1%) caused mortality% of (96.6 and 91.6) after 72 hrs post 

treatment. The statistical analysis showed that there is a significant difference 

between all concentrations and control. 

 4.3. Mortality (%) of clove (Syzygium aromaticum) oil against 4th in star 

larvae of Culex quinquefasciatus mosquito 

Results in table (3) and figure (3) showed that clove oil was more effective against 

4th instar larvae of mosquito Culex quinquefasciatus when compared to 2nd instar 

larvae, which they gave mortality % of (88.3 and 81.3) at two highest 

concentrations (2% and 1%) after only 12 hrs post treatment. The highest 

concentration (2%) caused mortality of 96.6% after 72 hrs post treatment, while 

the third concentration (0.5%) achieved mortality  of 83.3%. after the same period 

of exposure. The statistical analysis showed that there are a significant difference 
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between all concentrations and control but there are no significant difference 

between concentrations them self. 

4.4. Mortality (%) of Basil (Ocimum basilicum) oil against 2edin star larvae of 

Culex quinquefasciatus mosquito 

Results in table (4) and figure (4) showed that basil oil was effective against 2ed 

instar larvae of Culex mosquito. The highest concentrations (2% and 1%) caused 

mortality of (85% and 76.6%) respectively after 72 hrs post treatment. The 

mortality (%) was gradually increased by increasing of concentration and exposure 

time. The statistical analysis showed that there are a significant difference between 

all concentrations and control. 

4.5. Mortality (%) of Basil (Ocimum basilicum) oil against 4th instar larvae of 

Culex quinquefasciatus mosquito 

Results in table (5) and figure (5) showed that basil oil was less effective against 

4th instar larvae when compared to 2nd instar larvae of Culex mosquito. The four 

concentrations (2%, 1%, 0.5% and 0.25%) gave mortality ranged between (58.3 % 

and 46.7%) after 72 hours post treatment. The statistical analysis showed that there 

are no significant differences between all concentrations but a significant 

difference was observed between concentrations and control.  
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Table 1. Mortality (%) of clove (Syzygium aromaticum) water against 2ed instar 

larvae of Culex quinquefasciatus mosquito 

Means followed by the same letter (s) are not significantly different at 

(P<0.05). 

 

Figure 1. Mortality (%) of clove water extracts against 2ed instar larvae of 

Culex quinquefasciatus mosquito.  
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2 3.3a 35.0 a 55.0 a 80.0 a 86.6 a 98.3 a 70.4 a 

1 0.0 a 6.6 b 11.6 b 30.0 b 43.3 b 61.6 b 25.5 b 

0.50 0.0 a 8.3 ab 15.0 b 18.3bc 31.6 c 51.6 bc 20.5 bc 

0.25 1.6 a 8.3 ab 11.6 b 11.6cd 18.3 d 43.3 c 15.8 bc 

Control 0.0 a 0.0 b 3.3  b 3.3 d 3.3 e 10.0 d 3.3 c 

C.V% 16.9 13.3 8.85 4.83 4.10 3.84 8.2 

L.S.D 2.4 26.9 27.6 12.2 11.5 14.3 21.7 

S.E± 5.3 12.1 12.4 5.4 5.0 6.4 10.5 
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Table 2. Mortality (%) of clove (Syzygium aromaticum) oil against 2ed instar 

larvae of Culex quinquefasciatus mosquito 

Means followed by the same letter (s) are not significantly different at 

(P<0.05). 

 

Figure 2. Mortality (%) of clove oil against 2ed instar larvae of Culex 

quinquefasciatus mosquito 
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1 3.3  b 11.6 b 31.6 b 40.0 b 75.0 b 91.6 a 42.21 ab 

0.50 1.6  b 6.6 bc 21.6 c 33.3 b 65.0 b 78.3 b 34.4abc 

0.25 1.6  b 1.6 c 13.3 c 18.3 c 41.6 c 58.3 c 22.5 bc 

Control 0.0  b 0.0 c 3.3 d 3.3 d 3.3 d 10.0 d 3.34 c 

C.V% 9.3 6.65 4.74 4.23 3.64 3.10 9.1 

L.S.D 7.4 9.4 9.6 10.2 13.3 11.7 31.7 

S.E± 3.3 4.2 4.3 4.6 5.9 5.3 15.4 
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Table 3. Mortality (%) of clove oil against 4th instar larvae of Culex 

quinquefasciatus mosquito 

Means followed by the same letter (s) are not significantly different at 

(P<0.05). 

 

Figure 3. Mortality (%) of clove oil against 4th instar larvae of Culex 

quinquefasciatus mosquito  
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0.50 3.3 b 33.3 b 70.0 a 73.3 a 78.3ab 83.3 a 59.73 ab 

0.25 3.3 b 31.6bc 60.0 a 60.0 a 61.6 b 66.6 a 47.2 b 

Control 0.0 b 0.0 c 0.0 b 3.3 b 5.0 c 5.0 b 2.225 c 

C.V% 7.33 6.5 5.47 5.2 5.2 5.0 6.7 

L.S.D 12.4 32.4 32.7 31.2 32.4 32.0 28.4 

S.E± 5.5 14.5 14.6 14.0 14.5 14.3 13.8 
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Table 4. Mortality (%) of Basil (Ocimum basilicum) oil against 2ed instar 

larvae of Culex quinquefasciatus mosquito 

Means followed by the same letter (s) are significantly different at (P<0.05). 

 

Figure 4. Mortality (%) of Basil oil against 2ed instar larvae of Culex 

quinquefasciatus mosquito 
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0.25 0.0  a 3.3  c 11.6  c 16.6  c 23.3 c 41.6  c 16.3  bc 

Control 0.0 a 0.0  c 3.3  c 3.3  c 3.3 c 10.0  d 3.34  c 

C.V% 19.6 6.4 4.9 5.2 5.3 4.3 8.6 

L.S.D 4.7 10.5 13.9 19.4 24.2 18.6 27.7 

S.E± 2.1 4.7 6.3 8.7 10.8 8.4 13.5 
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Table 5.  Mortality (%) of Basil (Ocimum basilicum) oil against 4thin star 

larvae of Culex quinquefasciatus mosquito  

Means followed by the same letter (s) are not significantly different at 

(P<0.05). 

 

Figure 5. Mortality (%) of Basil oil against 4thin star larvae of Culex 

quinquefasciatus mosquito 
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1 6 12 24 48 72 Means 

2 18.3  a 38.3 a 43.3 a 50.0 a 51.67 a 58.3 a 43.4 a 

1 11.6 a 33.3  a 45.0 a 46.6  a 48.33 a 51.6 a 40.5 a 

0.50 8.3  a 28.3 ab 23.3 ab 43.3  a 45.0 a 46.7 a 35.3a 

0.25 1.6  a 23.3 ab 30.0 ab 33.3 a 40.0 a 46.7 a 29.2 a 

Control 0.0 a 0.0 b 0.0 b 3.33 b 5.00 b 5.0  b 2.2 b 

C.V% 11.4 8.2 7.8 6.8 6.8 6.7 6.6 

L.S.D 18.7 31.7 30.8 29.4 32.4 33.6 15.8 

S.E± 8.4 14.3 13.8 13.2 14.5 15.0 7.7 
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CHAPTER FIVE 

DISCUTION 

Phytochemicals derived from many different plant species are important source for 

safe and biodegradable chemicals (Mittal and Subbarao, 2003).More than 2,000 

plant species contain different compounds used in preventing or killing insects, or 

known to possess some insecticidal properties. Those compounds fall into several 

groups, including toxins, anti-feedants, repellents, and growth regulators (Maia and 

Moore, 2011).  

This study was carried out to investigate the activity of two botanicals, Clove 

(water and oil) and Basil oil   against the larvae of Culex quinquefasciatus 

mosquito under laboratory condition.  

The mentioned results showed that, Clove and Basil oils have insecticidal activity 

against larvae Culex quinquefasciatus. 

The clove water extract at highest concentration (2%) posed mortality of 98.3% 

against 2nd instar larvae, while clove oil gave mortality of 96.6% against both 2nd 

and 4th instar larvae after 72 hrs post treatment. These results agreed with Tian et 

al. (2015) how found that clove have insecticidal properties against psyllid 

(Cacopsylla chinensis). Also Trongtokit et al. (2005) found that clove oil have 

potent repellency effect (100%) against three species of mosquitoes: Aedes aegypti, 

Culex quinquefasciatus, and Anopheles dirus. Clove oil (50%) combined with 

geranium oil (50%) prevented biting by Anopheles albimanus mosquitoes for 1¼ 

to 2½ hours (Barnard, 1999). Kim et al. (2011) reported that clove oil was very 

effective against sweet potato whitefly (Bemisia tabaci) at LC50 of 0.22 mL/cm3 

for clove bud oil and 0.26 mL/cm3 for clove leaf oil. 

The basil oil at highest concentration (2%) caused mortality of (85% and 58.3%) 

against 2nd and 4th instar larvae respectively after 72 hrs post treatment. That means 
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2nd instar larvae was more susceptible to basil oil when compared to 4th instar 

larvae. These results agreed with Hartzell and Wilcixon (1941) how reported that 

acetone extract of Ocimum basillicum essential oil killed 95 % of the larvae of 

Culex quinquefasciatus at concentrations 50 and 100 ppm. Chopra et al. (1942) 

found that essential oils of Ocimum basillicum and two sub-species of Ocimum 

sanctum possess some insecticidal action against flies and mosquitoes, but are 

much less effective than pyrethrum. Dalzeid (1937) and Guenther (1961) reported 

that Ocimum viridae was used as mosquito repellant. Watt and Breyer (1962) 

revealed that there is a practice of burning Ocimum americanum in rooms to repel 

mosquitoes in West Africa. 
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CONCLUSION 

• Based on the above mentioned results, buds powder water extract and 

oil of clove (Syzygium aromaticum) was very effective against 2nd and 

4th instars larvae of Culex quinquefasciatus mosquito especially at 

concentration of 2%. 

• Basil (Ocimum basilicum) oil was effective for controlling larvae of 

Culex quinquefasciatus especially against 2nd instar larvae. 

• Basil oil (Ocimum basilicum) extract was less effective when 

compared to clove water and clove oil (Syzygium aromaticum). 
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RECOMMENDATIONS 

• Clove water extract and clove oil is a promising botanical insecticides 

and it can be considered as alternative biochemical used to control 

mosquito larvae. 

• Basil oil is the one of effective bio-insecticide and it can be used 

against mosquito larvae 

• Further comparative studies should be conducted to evaluate the 

effects of these botanicals against other insect pests. 

• Field experiments are needed to confirm the activity of clove and basil 

oils. 

• Future studies and efforts should be made for identifying the active 

ingredients and formulation of these botanicals pesticides. 
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