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ABSTRACT

The maize weevil,Sitophilus zeamaigMotchulsky) the lesser grain boreRRhyzopertha
dominica(Fabricius), and the Angoumois grain mogitotroga cerealellgOliver), are serious
pests of stom grain in KenyaThe control of these insect pests relies heavily on theotise
synthetic insecticideby better off farmersput there is an increasing cost of application and
erratic suppt in developing countriesin addition, smallscak farmers cannot afford these
commercial products and there increasing cases of resistance developmentpegtshi:n
contrast with synthetic pesticidethe traditionaluses of plantslerived pesticides aresually
simple, ecofriendly, cost effective and accessible to communities with minimal external input.
The major challenge imck of sufficient research on the efficacy of these products, epigenetic
(chemotypi¢ differences associated with a given plant species growing in different
environments Also there is lack oéffective downstream promotion of promising local plants
and their productsin this study,essential oils ofOcimum kilimandscharicumgrowing in
Limuru, Ngorg, Kasarani, Kakamega and TraNgoia regions ané@©cimumamericanumfrom
Machakos region were screened for their repellence and fumigant toxicity againstweevils.
The aerial part®f the plantswere hydradistilled usng Clevenger apparatus. Analgsef the
essential o collected, and identification of their constituentwas performed with Gas
Chromatograph (GQyith FID detectorand GGlinked Spectrometer (MS)Comparison of mass
spectraof individual constituents anwith NIST dataled to the identificion of prominent
constituents From the analyses, @nstituents wer identified in both O. kilimandscharicum
essential oilsand 9 from O. americanum Camphor wasthe major constituent inO.
kilimandscharicumgrowing in all areas. 1,&ineole, which was a minor component @
kilimandscharicumwas the major component f@. americanum Subtractive blendnortality
bioassays showed ahcamphor is responsible for @2activity of O. kilimandscharicumoils,
while 1,8cineole contributed 18% of the activity, with the other compounds contributing less
than 5%.Probit analysishowed thaessential oilof plants collectedrom Limuru and Ngong
regionswere more toxic against the maize weewWnts fromKakamega region had thewest
activity both in fumigationand damage assayEssential oils ofO. kilimandscharicumfrom
Trars-Nzoia and Ngong regions had the highest repellab@3%against the maize weevil®.
kilimandscharicumessential oilwas more repellent to maize weevil th@namericanumThe
germination of the mae seeds was not affectadienthe seedweretreated with the essential
oils of bothO. americanunandO. kilimandscharicumMaize graingreatedwith higher dosage
of O. kilimandscharicumhad the highest germination rate at 90¥he ground powdered
materials provided less protection agafisteamaisEssential oils could be used bynall scales
farmers as maizprotectars against maize weevils. Thgudy lays ground for using essential
oils by small scales farmers to control pbatvest pests.



CHAPTER 1

INTRODUCTION
1.1 Background information

For a long period of time humadeings have stockpiled foodstuff in times of plenty for use
during leaner periods or for sale at a later date. Equally, the gtovddcts are infested by
insects leading to food shortage. It is thought that between 5,000 and 10,000 BC, human society
comnenced settled agriculture and began to produce grains, fibres and skin. A vast new resource
then become available which attracted a selected band of insects that feed on dry materials of
animals and plant origin (Rees, 2004). Among this is the maize w&igyphilus zeamaiwhich

is one of the most serious pests of fastored grain and basket or bag stored grain in stores
under tropical and sutsopical condition. If left unchecked, infection 8f zeamaisan result in
devastating damage of stored cokn. annual posharvest loss bgitophilus speciesould meet

the minimum annual food required aif least 48 million people (FAQO011). The weevil causes
damages to stored maize grains by boring the grain and eating the inner part which reduces

maize weght and quality in terms of consumption and germination.

The loss of food grains caused by weevils has been a challenge to farmers. The most &mmon,
zeamaisand the resent coming d¢frostephanus trancatughe larger grain borer has given
farmers a loof problems. The huge post harvest losses and deterioration caused by thase pests
a major obstacle to food security in developing countries (Asawalam and Hassanali, 2006). Other
species of insect commonly found in stored corns and sorghurRtareopetia dominica
(Fabricius), Tribolium castaneum(Herbst), S. granaries S. oryzae all of the family,
Curculionidae (Peng, 1998). The main pest of corn in granaries in tropics is the maize weevils

(Kouninki et al.,2007)



Insects also play an important role facilitators of the aflatoxiproducing fungusAspergillus

flavus link and related fungi, in both pfervest and posharvest cornsNault, 1997. In
particular, naize weevils facilitate the growth &. flavus aflatoxin production in corn by
increasing surface area susceptible to fungal infection and increasing moisture contentlas a resu
of weevil metabolic activity The food insecurity is a global crisis and FAO has warned of
increase in food prices (Stacetyal., 2007). In Eastern and Sihern Africa alone, food losses

are valued at $1.6 billion per year, or about 13.5 percent of thevidted of grain production

(FAO, 2011). Worldwide, FAO estimates that 842 million people were undernourished in 1999
2001. The lossesaused by maize weids has great impact to the economy, resultindoio

prices and lack of access to market for poor quality grain, or nutritional, arising from poor
quality or contaminated food (FAQO11). Several methods of pest cohthave been used in
various fields. This includes application of insecticides to structural surface and grains,
temperature and moisture control, proper sanitation and integrated pest management and control

activities.(Dowdy and McGaughey, 1998

Thus, there is an urgentegk to come up with subtle insect control agents which will help to
substantially reduce the negative impact of g@st/est insects, but are less toxic or-hmxic to

man and nottarget animals, nepolluting to environment and readily degradable.

The plant-derived pesticides have low mammalian toxicity and can effectively prevent and/or
suppress insects pest esplgim storage (Golob and Hedges, 198BExtracts from a variety of
plants extracts have potent but subtle ahgmestcontrol modes of actioninsect pestontrol
properties have being found to affect the biology of target isseadtifferent modes such as
ovicides, repellerst anti-feedants, fumigants and contact toxissand insecticide (Watanabest

al., 1993).



Other plantderivedpesticidess theplant powder Many plant powders have been found to be

very effective in the control 0$. zeamaisittacking maize grains in the storage (Adedire and
Ajayi, 1996; Asawalam and Hassan&@0D06; Asawalanet al, 2006 Kabeh and Jalingo, 2@
Mulungu et al., 2007; Parugrug and Roxas, 2008; Ulethal., 2009 Danjummaet al., 2009).
However, studies on the effects of these powders on the insect pest attacking guimggaitsrn

have not been given much attention. Plant powders are cheap, easily biodegradable and readily
available and will not contaminate food products in acting as protectants inssadallstorage

systems (Ukelet al.,2009.

Herbal extract that are notahmful to the environment have shown to be effecthatural
preservatives (Se2001). In addition, planAbasedproductsare renewable in nature and cheaper.
Also some plants have more than one chemical as an active principle responsible for their
biological properties. These may be either for one particular chance of developing quick
resistance to different chemisa(Saxenaet al., 1989). Plantglerived pesticides can be
transferred into practical application in natural crop protection, which can helgnthlscale

farmers(Duke, 1990)

Repellents have been used in control of insect. One of the well known tsyrdtwmercial
repellents is N, Ndiethyltm-toluamide (DEET). Traditionally, use has been made of plants such

as Ocimum, spp(Labiatag@ (Chogo and Crank, 1981Artemisia (Asteraceae) andCalmus
species. These plants have been smouldered to produce smoke carrying chemical compounds
that repeinsects m the maize granariess&ential oil from plants is being used by man to control

maize veevils



1.2 Hypotheses

i. Essential oils fron®©. kilimandscharicumandO. americanumare toxic and repellent to

the maize weevil.

ii. The composition of essential oil of each plant species growing in different locations
varies and this may affect its performance.

1.3 General objective

To identify the constituents of essential oils ©f kilimandscharicumand O. americanunthat
contributes to their toxicity and repellence agaiBsizeamaisand chemotypic (epigenetic)

variations of these in plants growing in different ecologies that may impact their application.

1.3.1 Specific objectives

i. To undertake G@®IS (gas chromatogphylinked mass spectrometry) analyses of
essential oils and identify the major constitgent

ii. To undertake subtracticand blendcbioassays to identify the constituents responsible for
repellence and toxicity of oils against maize weevils.

iii. To determine reglent and toxicity of the essential oils through fumigation and
repellence assays

iv. To compare the activitiesf both O. americanum and O. kilimandscharicunthrough
fumigant toxicity repellence, and damage assesshteatcertain the best species.

v. To assess the implications of compositional differences between the chemotypes of the
two plant species through damage assay in downstream technology transfer initiatives.

vi. To determine thgermination yiability) of maize grains treated with essential oil$Dof

kilimandscharicunandO. americanum



vii. To determine the bioactivity of powdered plant materials of the two plénts

kilimandscharicunrandO. americanumagainst the maize weevils.



CHAPTER 2
LITERATURE REVIEW

2.1 Weevils

Weevils belong to the family Curculiniodedost weevils have elongated heads which appear as
pronounced snout (rostrumjVeevils are the most common pest destrgyfood grains in the
tropics. The main insects causing destruction and losses to cereals ifclugeae, Szeamais,

T. castanium, Sgranariesand larger grain bord?. truncategDustan and Magazini981Peng

1998. Of major concern is the aze weevil
2.1.1 Maize weevil

Maize weevil is a cosmopolitan pest of stored product (LongstaBl). Adult S. zeamais
excavats a shallow pit in the seehd lays a single egg inside, sealing it with a waxy pling

eggs hatch in approximately 3 days, depending on the humidity ardune content of the
grain. The larvae, which are approximately 4 mm, white and legless, begin to feed within a
single grain while developingyhich takes approximately 18 to 23 dagspating inside it and
finally beginthe transformation into thadult we®il form, much like a butterflyAdult leaves
through an emergence hole. Other secondary pests feed through the same hole (Ltoktaff,
Like other Sitophilusspeciesfavourable condition such as 2C and 70% relative humidity
completes thdife cycle in about 35 days. The ad@&lt zeamaisakes 58 months before they die

(Walker and Farrell, 2003).
2.1.2 Generalbiology of S. zeamais

The maize weevilss the most important insect pest of stored maize in tropical antrepical
countries. The adults are small and brown to brown snout weevils aftomin3long. Theyave

a life span of several months to one year. Female select a spot on the graintbarfadsew



small hole in grain kernels and use their ovipositors to insert one egg per hole. Each hole is then
plugged with a gluey secretion usually knmoas egg plugUkeh et al., 2007). Eggs are laid
throughout most of the adult life, but the majornitiythe eggs are laid within the first 6 weeks

and more than 150 eggs may be laid per female. Eggs are laid at a temperat€eanfil365’C

and at grain moisture content over 10% but not above 32%.

The incubation period of the egg is betweef 8ays & 25 °C. Larvae are cannibalistic and
larger ones may prey upon less developed individual should they meet (Rees, 2004). There are
four larval instances all of which bore through the cavity hollowed out in the seed and develop
within the grain. Pupation kas place within the grain and the newly developed adult may spend
several days within the cavity before chewingritleaves a large characteristic emergence hole
called exithole. The total development period ranges from aboutd®#s under optimal

condtion to over 11Qdays in unfavorable conditions.

The actual duration of the IHeycle also depend upon the type and quality of grain that is
infected (Haines, 1991). An index of environmental suitability indicated that betwegd 25
and 6575% tempeature and relative humidity respectively are the optimal environmental
conditions for growth of maize weevils population stored maize (Throne and Clid894;
Bekeleet d., 1995). Mating of Szeamaisdoes not occur before the adult @neee days old

(Walgenbactet al.,1987) but the insects continuous to feed on grain throughout its life span.

2.2 Bioactivity of plants extracts againstS. zzamais

Insects damage in stored fogdhins may amount to 140% incountries where modern storage

technologies have not been introduced (Shaya., 1997). Among the stored produdssS.



zeamaisan important primary pest of stored maize in the tropics (Wakedtedd, 2005).1t is an
internalfeeder ad causes corderable loss to stored maize affecting thaliyiand quantity of

the grain More frequently, fumigation with appropriate chemical substance such as methyl
bromide and aluminum phosphide are the most economical and convenient tools for managing
the maizewneevils because of their case of penetration into the commodity while leaving minimal
residues (Bond, 1984). But safety and environmental impact concerns about the continuous
application of these chemical substances has prompted the research for marenmemial

sound andovel methods for the control of storage pests.

Globally, the management of stored products pests using plants products has been the subject of
much research (Isman, 2006), and there has been a growing interest in research concerning the
possible us of plants extracts as alternative of synthetic insecticidesed product protection
(Obengofori and Reichmuth, 1997; Shaagtal., 2007 Sahafet al, 2007). A large number of

plants species used traditionally as medicines have been reported to posses bioactives against
several insects species (lvbijaro and Agld®86; Singh and Upadhyay, 1993; Bekedeal.,

1995). Natural repellant produced by edible plants represents a vital approach for ecochemical
control of storedproducts insects pest (Adlet al., 2000; Rozmaret d., 2007).Plants essential

oil may a¢ as fumigants, contact insecticide, repellant, deterrent and antifeedant to storage insect

species (Hassanadt al, 1997)



2.3 Economic damage caused bygf S. zeamais

After harvest, growers generally store the product for various purposes such as providing food
throughout the year, future planting and sale at a later date when products prices might have
increased to make a profit (Demisg al., 2008). However, duringhis postharvest period,

stored crop products are usually liable to infestation and depreciation by variouspstatect

insects pestAppert (1987) reported total pesarvest crop losses of 40% in the hbtgmid

regions and more than 10% in the degion of the world. Other estimates of the crop losses
have been given as D% world wide and 280% in tropical region (Hill and Walter, 1990;
Larry, 2000). Maize weevil causes damage on stored maize grain by boring the grain and eating
the inner part Wich reduces maize weight and quality in terms of consumption and germination
(Addaet al.,2000. Damage caused 8. zeamai®n stored cereal can be extremely high. It is
reported that up to 18.3% weight loss occurred dug. treamainfestation when single maize
kernel were exposed to ovipositing adults and kept & 2hd 70% relative humidity for only

37 days (Adams, 1976%. zeamaifiave continued to persist and pose major problems to food
security in Africa (Markhanet al., 1994). These problems have increased in traditional crop
varieties and thus have been replaced by improved;yting varieties with shorter growth

cycles but which are generally more susceptible to insect damage

2.4 Sourcesof infestation

In Kenya fields infestation of standing crops and store to store infestation appears to be most
prevalent. This is common in the temperature climate where the majority of infestation
commence after maize is harvestéar example, if the store has not been clegmegerly,

cryptic weevils hidden in the storage structure could be left behind from the previous stock ready
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to infest the new intake commodi(¢ox and Colling 2002. Also grain residug in commercial

grain elevatorsboot pit and tunnel have been reported to contain large number of storage pests
including S. zeamaisnd emptybins areserving assources of infestation for new grains in the
United StategPomeranz, 1978)n elevators, the source of insects that infesv grain could be
previously infested grain present when the new crop is received, spills, truckaibamd used to

transport graingDowdy and M&Gaughey, 1998

It is also very likely that stored products insects like most phygpiainsects, usehemical
releasedor general pest species require finding their host plants in a patchy environment and
plants release hundreds of volatile organic compounds and many of these from grains have been
identified as shorchain alcoholsaldehydes, fatty acijsketonesester, terpenes and hetecyclic
compounds(Maarse, 1991 For example wheat germ contains about 15% lipid and 60%
triglyceride (Pomeranz, 1B8), and unsaturated triglyceride has been reported to elicit
aggregation responses from the granary wge8i granaries(Nawrot and Caplicks, 1982)S.
granariesis a sibling species @. zeamaishat is prevalent in temperature regions. The use of
carob pod in combination with wheat kernels has been reported to enhance trapftch
zeamaisand itssiblings specieS. oryzaaround traditibby 8nal African granaries (Likhayo and
Hodges, 2000)The main voléile compounds of maize graingamely hexanoic acid, nonanoic
acids, nonanal, decanal-phenylethanol and vanillin have been reported to be niaén

attachment fo5.zeamaisandS. oryzae(Pikeet d., 1994;Hodgeset al., 2000.

Infestation of stored maize 8. zeamaisan be visualized asprocesf invasion colonization
and populationchangesdriven by its response to grain degradation, intra and -specific

interaction and the arrivals and of new coloniz@mbogastand Throne, 1997 The behavioof
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the weevils on stored grains is affected by the iptay of different chemical, physical and
biotic factors. Factors such as store temperature, relative humidity, light intensity, grain size and
variety pests density and the presence of other insects including parasitoids and praslators,
well as micreorganisms such as fungi will greatly affebetbehavior of the maize weevils for

successful utilization of the environmd@ox and Collins, 2002).

2.5EXxisting control strategies

2.51 Manipulation of storage conditions
Physical control methods such as heat or cold can be manipulatedsioresproduct
environment to eliminate pest infestation or slow down their populations. Low temperatures are
commonly used to manage stogmduct insect because betweefCland 5°C, depending on
acclimation and the species, most stgpealduct pestare unable to move and reproduce. Insects
are killed at temperatures lower thaf@as the lower the temperature, the faster the insects will
succumb to cold injury (Beckegt al, 2007). Aeration of the grain bulks with ambient air is one
of the methodsxtensively used after harvest to cool the grain. The air is passed through the
grain at relatively low volume, thereby preventing grain quality by slowing down population
growth, minimizing moisture evaporation and limiting the buifnl of hot spot (Dang 1998).
Aerating the grain bulk with chilled or refrigerated air has also been reported to be very effective

in the prevention of g buildup in storage (Fieldst al.,1992; Burkset al.,2000).

The use of elevated temperatures in stored producegiimt has the advantage of giving
complete disinfection, being rapid and pests are not likely to develop resistance to it. Various
methods of applying heat have been developed that disinfect gré@mmmand in stores, as well

as in preessing facilitiesHeat disinfectiorin structuresnvolves raising the temperature of the
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facility to 50-60 °C and maintaining these temperatures foi384h (Dowdyand Fields, 2002;
Wright et al., 2002; Doslandet al., 2006). Heat treatment d@he structurs can be perfomed
using gas, electric or stream heaters. Depending on the size and nature of the facility, long
periods of heating may be necessary for adequate penetration of wall voids and equipment to kill

insects harboring in them (Beckettal.,2007).

2.52 Sampling and trapping

The presence d.zeamaisn stored maize is not easily noticeable except when infestation has
become very high, but this disadvantage can be overcome though a mixture of sampling,
inspection and trapping to detect low level in&sins. Grains are sampled at kea during
transportationfor the presence of insects mainly for assessment of grade and quality. In the
developed world, hand probes which have been replaced with pneumatic sample probe can be
inserted into the back of ¢htruck using a mechanical arm. Maize moving through a handling
system can be sampled using a diverter system where a small percentage of the grain is
continuously diverted into a sampling system. To check for insect, the sample seeds are passed
through amechanical system attended by a specialist. Probes can be developed to detect noise
made by insects when infesting bulk grain, and there are electronic sensors which detect
chemical odours released by stomdduct insects. Hidden infestations are detbdie radio
photography using soft Xay and neamfrared (NIR) spectroscopy (Rees, 2004; Toewsl.,

2006; Neethirajaet al.,2007). Use of traps has also been employed to monitor and detect insect

population and distribution in stored products (Deatlgl.,1991).
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2.5.3 Synthetic fumigants

The preharvesting grain management strategies are quite involving and most farmers fail to
adhere to it. The practices like timely harvesting, proper drying and cleaning of pedire
storage are some of tlpgecautions farmers are yet to follow. ®®rare expected to be swept
and disinfected using pest control chemicals following the recommended residual spray
fumigation or by contact insecticides. This is the process of hplthe stored commodity with

phosphine (P§) in order to kill any infesting organism (Walker and Farrell, 2003).

Contact insecticides may also be used to support fumigation. The fumigant gases were in
common usage: methyl bromide and phosphine. Methyl tens a very effective fumigant,
although more dangerous to use than phosphine. It penetrates the insect body through the
respiratory system, causing death (Walker and Farrell, 2008)hyl bromide acts rapidly,
controlling insects in less than 48 h imasp fumigations and it has a broad spectrum of activity,
controlling not only insects but also mites, nematodes and-p&hbgenic microbes. Phosphine
from metal phosphines such as aluminum phosphine is formulated as solid tablets, pellets
powder in salets or used in phosphine generators to control insect in all development stages;
also mites and rodents. The combination ofl80 ppm phosphine with heat at-36 °C and

carbon dioxide at -3% concentrations, exhibited 100% inseointrol in 2436h (Fietls and

White, 2002). Fumigation may reach all part of the storage and stored commodity, and usually be
effective in all stage of the pest species while leaving minimal residues. Methyl bromide has
been declared an ozodepleting substance and was bannechmetely in 2005 in western
countries. However, methyl bromide is still used in the fumigation of granaries for the protection

of stored product commodities in developing countries. It is expected that developing counties
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will follow suit by drastically educing their consumption of methyl bromidad completely

phase out its application by 2015 (Fields and White, 2002).

2.54 Contact insecticides

Several contact insecticides such as Pirimipmeshyl (1), Permethrin (2), Malathion (3) and
Chlorpyrifos (4)have been widely used as grain protectants against gtooddct pest (Snelson,
1987). Pirimiphosmethyl (1), a powder, is in combination with permethrin (2) (trade name
Actellic Super) or with deltamethrin (trade name Sofagrain). Pirimiphethyl (1) & a fast

acting broaespectrum insecticide with both contact and vapour action (Walker and Farrell,
2003). Others are; Chlorpyrifos (3), which has an advantage over the insecticide products as it is

effective against a wide range of insect pests and Mafati) (Chai, 2008).
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Continuousapplication of these chemicals has led to the development of insect resistance
throughout the world (Subramanyam and Hagstrum, 2000). These insecticides were favored for
stored grain protection because of their relatively low mammalian toxicity andlsuigdés of
degradéion, but are currently natonsidered safe to be sold on the market based on toxicological

re-evaluation (Fields and White, 2002; Beckedttal.,2007).
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Contact insecticides contain substances which can penetrate through the inslecentéring
tissues and @isoning leading to death (Ch&008). The problem associated withs chemical
insecticides includegnvironmental pollution, high skill required for useful application, coupled
with development of resistant strain has led to the reintroduction of thendaioticides.
Attempts have been even made to use natural compounds as template in the synttiesis of
pesticides. Structural manipulation could lead to improvement of activity, toxicological
properties, altered environmental effects, or discovery of an active compound that can be
economically synthesized (Dukd,990). Such attempt has been used in s$kmthesis of
pyrethroid insecticides. Pyrethroids are amade pesticides similar to the natural pyrethrins,
which are produced by chrysanthemum flowgrgrethrum). Pyrethriods insecticides are safe
and biodegradableThe pyrethrum, being one of the mostportant plants used as safe
insecticide, has in fact given hope to explore on more plants. Pyrethrins are insecticides derived
from extract of Chrysanthemum flowers. The plant extract pyrethrins are used to control various

insect pests (Duke, 1990).

2.6 Essential oils

Essential oilsare often found in plants, in the sabticular space of glandular hairs, in cell
organelles in idioblast, in excretory cavities and canals or exceptionally in heart woods (Kilgore,
1967).Theyare odourous plants companiethat can be separated from the plants materials by
steam distillation. 8me oil bearing plants are attractive to certain animal and plants where as
other are repellents (McGraMill, 1987). Essential oils hava wide and varied application

They are ued in the manufacture of perfumes, cosmetics and toilet soaps (Sheath and
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Reinnescius, 1986), as flavoring material in candy, chewing gum, ice cream and for flavoring

alcoholic properties and are valuable in medicine and dentShiyabraet al, 1990.

2.6.1 Composition of essential oll

Each type of essential oil is generally a mixture of variety of chemical compounds ranging from
two to three major constituents and to over a hundred for rare constituehédb(aet al.,1990).
Chemical analysis has shio that essential oil are chiefly liquid and more or less volatile
components of many classes of organic substances which includes acrylic, cyclic, aromatic and

heterocyclic compounds (Pinder, 1960), which may be broadly classified as:

(a) Nitrogen and sulphucontaining compounds such as alkyl isothiocyanate which is found
in mustard oil Brassica nigraf (Guenther, 1975).

(b) Terpene hydrocarbons, alcohols, aldehydes, ketones and lactones (Arcander, 1960)

(c) Aromatic compounds such as eugenol, the main constitwéntfove oil (Simonsen,
1953).

(d) Miscellaneous compounds including unbranched 4cimgn compounds of the terpenes,
monoterpenes and sesquiterpenes are the most abundant components of essential oil

(Pinder, 1960Q)

2.7 Plants under investigation

2.7.1 Ocimum kilimandscharicum

O. kilimandscharicun{Labiatae) is one of the native plants in East Africa and was introduced in
India and some parts of Turkey. It is an evergreen aromatic perennial under shrub belonging to
the lamiceae family. It thriveas a natural rounded woody shrub that can reach 2m high in warm

temperature regions of the tropics but can be propagated both by seeds and vegetative. The plant
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has pubscent quadrangular banchlets with srgdves that are opposite dodg narrow at the

base and deeply serrated (Warmgral., 1994. The leaves contain aromatic oil which is the
essence of the plant. The oil is removed by either distillation or solvent extraction methods. The
oil constitutes liquid diand white solid crystal Ae pure crystal possesses a characteristic odour

and taste of natural camphor. The seeds are black and very small, oval shaped and about 1mm in
the middle and 2mm long. Once thabs are established it can be harvested three times per
annum for more tharhtee years. The plant is not grazed or browsed by animals but has a rooting

system and perenni al habits which prevent soi

Plate 2.71: Succulent stems and leaved®ikilimandscharicunplant

2.7.2 Ocimum americanum

Commonly known as hoary basil. ltéds an -erect,
100cm tall, with opposite light green, silky leaves. The flowers are small, white in colour and
arranged in a terminal spike. It is distinguished from the othmesies by its fruiting calyx

which has a dense cluster of hairs on the inside. Its cultivated in Afictéropical Asia whilen

Kenya, it is found in dry areasn@ mostly in north easteand parts of WedPokot region | t & s
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often found growing on roa&tles, in fields, in teak forest and open waste place. It prefers sunny,

wind-sheltered spots. It occurs at elevations between sea level and 500m or even up to 2000m.

Recently, there has been much research into the health benefits conferred by thd essentia
found in it. Scientific studies have established that compounds in the oil have potent antioxidant,
antiviral and antimicrobial properties. It is traditionally used for supplementary treatment of
stress, asthma and diabetes in India. A 1989 studiieokssential oil showed antifungal and
insectrepelling propertiesA similar studyalso confirmed that extract from the plant are very

toxic to mosquitoes and maize wee\lgeaveret al, 1991)

Plate2.72: Succulent stems and leavesoamericanunplart



20

CHAPTER 3
MATERIAL SAND METHODS

3.1 General procedures
3.1.1 Solvens for assay
Both solvents écetoneand hexanelused were Gé&jrade analytical reagent obtained from

Aldrich chemical co. Inc.

3.1.2 Glassware preparatio

All glassware used in the study were soaked in concentrated nitric acid for 24 hours, rinsed with

distilled water and dried in an oven at%Dfor 12 hours.

3.2Experimental procedures
3.2.1 Collection and Preparation of plants materials

Based on their ethno botanical informatiolme fplants ofO. kilimandscharicumwere collected

from five differentregons in Kenya (Kakamega, Trah&oia, Ngong, Kasarani and Limuru),
while O. americanumwas collected in Machako#t wasidentified by a botanistMr. Karimi

Lucas of Kenyatta University and specimens deposited in the microbial sciences herbarium, at

Kenyatta UniversityTable2.1).
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Table2.1: Plant specimens

S/No Specimen Name of plant Region Parts used
1 MD 01/2011 | O. kilimandscharicum | Kasarani Succulent stem and leaves
2 MD 02/2011 | O. kilimandscharicum | Limuru Succulent stem and leaves
3 MD 03/2011 | O. kilimandscharicum | Ngong Succulent stem and leave:
4 MD 04/2011 | O. kilimandscharicum | Kakamega Succulent stem and leave:
5 MD 05/2011 | O. kilimandscharicum | TransNzoia | Succulent stem and leave:
6 MDO06/2011 O. americamum Machakos Succulent stem and leave:

Thedriedplants were crushed to fine powder usiriglaratory mill. The powders were weighed

and stored in aitight containers at room temperature. For the extraction of the essential oll,

fresh plant materials (consisting of sulesud stem and leaviesvere colected and hydrodistilled

for 8 hours (Jemberet al.,1995)

3.2.2Extraction of the essential o

The essential oils from the plants samples were extracted by steam distillation using modified

Clevenger apparatus. Various quantities €1800g) of each of the plant material were put eto

5 litre roundbottom flask and 1500ml of water added. The flask was then be fitted with the

Clevenger apparatus and a double pocket condenser. Thenalaials weresteamdistilled for
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8 hours. Eaclessential oil was collected on water layer in the Clevenger apparatus. It was
separated, dried with anhydrous sodium sulphate and the solvent removed using rotary

evaporator and stored in amirioured vials at 6C in fridge for bieassay

3.3 Maize grains for bioassay

Untreated maize grains, were purchased locally from Kiminini in Tamsa County, Kenya
and disinfected in an oven at 40 for 4 hours and kept in open jars before use. Temperature
above 40°C has been shown to reduce moistaontent of the seeds and interfere with the

normal reproduction of the storage insect fed on such seed (Asaetzdn2006).

3.4 Rearing of weevils

S. zeamaisvere obtained from International Centre for Insect Physiology and Ecology (ICIPE)
laboratory and reared in a glass jars at room temperature in whole maize grains maintained at
temperatureg7+2°C, 6570% relative humidity and 12 hours: 12 hours liglattkdregime. After

three weeks of oviposition, the parent adBtszeamaisvere removed by sieving the grains
(mesh size 2.0 mm). The maize weevils were transferred to another jar for further rearing. The

fully grown adults were used for bioassays (Adjoetpl.,2007).

3.5Analyses of theessentialoils

3.5.1 Gas Chromatography (GC)
Gas chromatographic separation was performed on a 6890N Gas chromatography (GC) (Agilent
Technologies) equipped with spfiplitless injector (236C andflame ionization detector (FID),
53mm i .d., 2. 65 ¢ mverf terhperaturehprogr&mmeerapsisel . of initial e

temperature of 30C for 0.5 min, ree to 150C at 5°C/min, held at 15FC (0.1min) and further
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to 250°C at 10°C/min and findly held at 250°C for 45 min. Results was obtained with an

enhance integrator (HP Chemstation).
3.52 Gas Chromatography-Mass spectrometry (GGMS) analyses of essential oils

GC-MS analyses wagerformed using a fused silica capillary column (50m x 0.32mm i.d., film

t hi ckness -10Jam®W ScrantificlbaBached to a cool on column injector, wiah
directly coupled to HP 5972 MSD. lonization waselectron impact (70 eV, source temgera
250°C). Helium wasghe carrier gas. The oven temperature wasntained at 36C for 5 min,

and programmed at %/min to 250°C. The calculation of retention indexes waade through
co-injection with an ralkenesseries (Van Den Dool and Kratz, )6 Tentative identification of

the oil constituents wabased on the retention indexes (Adams, 1995) and by comparison of

mass spectra with databases (NIST, 2005).

3.6 Toxicity of individual constituents and blends of the essential oils iRetri dish

assays

In a minimum dose of 1.0 mg per tof the filter paperO. kilimandscharicunessential oil
caused 100% mortality & zeamais Each major compound from the essential oil (camphor,
1,8-cineole, limonene, caryophyllene, linalodtterpineol, comphene) in the amount present at
that dose of the oil (1.0 mg per &was tested against the maize weevils. The number of the
dead weevils were counted after 24 hours. The blends of the constituents compounds of the oil

were alsadone to ertain the effects of combined compounds.
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3.7 Comparative fumigant toxicity tests ofthe essential oils

These were conduatein a pyrex glassatri dishes 10 cm diameter(Weaveret al., 1997). A

sample of each essential oil was weighdi$solved in 1 ml of acetone and delivered to a
Whatman No 1 filter paper (9 cm diametérfarious doses of the essential oil (0.425 mg cm

?) for O. kilimandschecum andessential oil (3.6.0 mg cn?) for O. americanumwere used to
identify the mininum doses which gave 100% mortality against the maize weBath dose of

the essential oil was mixed with one ml of acetone solution and then sprayed into the filter paper.
It was then left for 20 minutes for acetone to evaporate. 10 pairs of maizdsasfawviixed sex

were introduced into the petro dishes and kept for 24 h in the laboratory maintaineB78C26

and 6065% relative humidity.

The number of insects wemduntal after 24 hoursinsects were consided dead if they were
immobile and did not react to the three probing with a blunt dissecting probesxperimerst

were repeated for different concentratafressential oilform the different regions.

3.8 Repellence test using ¥shaped olfacbmeter

The method developed at the International Centre of Insects Physiology and Ecology (ICIPE)
Nairobi, Kenya was used in this experiment (Hassaatlel, 1990). A Y shaped glass
olfactometer was used for bioassay repellancy oketsential oils on maize weevd, zeamais

20 weevilsere introduced at the base of thetibe and left to move freely towards the Y
junction. Airflow was maintained and the excess test material removed by an aspirator. Different
guantities of the esseatioil (0.52 micro-litres) in acetone was applied on the test filter paper
discs (1.8 cm diameter) while the control contained only acetone. A 60 watts bulb was placed 15

cm from the entrance. This was due to the fact that the maize weevils were photo tasture.
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The maize weevils migrated on either the control or the treated part of the olfactometer. Five
replicate per corentration of the test sample wemnen and scoring done where the number
movedto eitherthe control or treated. The scoring wime 20 minutes after the introduction of

the weevils.
3.9 Toxicity and damage assessmeiatssay for weevils

Based on Awonyinkat al (200§ method, which is a modificatn of Scott and Mackiben

(1978 method essential o wereapplied to the giias at the rate of 0.96, 4.84 and 96mg/20g

of grain dissolved in 1 ml of acetorier O. kilimandischaicum and O. americanum 20 g of
disinfested grains werneeighed and treated by spraying with the different concentration of the
tes sample. The treated grains were allovieddry for about 30 minutes thdransferred into

glass vials (50ml). Five blank controls were run periodically consisting of acetone treated grain.
Five replicates of each concentration were run. 10 weevils wem@duced in each vial. The
assay was incubated at %2and relative humidity of 70%t a photoperiod of 12:12 hours. After

30 days damage assessment was carried out on treatedtegated grain®0 grains were taken

from each jar and the number undamaged and damaged (grains with characteristic holes) grains
were counted and weighed. Percentage weight loss was calculated, using FAO (1985) method

(Bekele, 1994).
3.10 Effect of es®ntial oil on the germinationpotential of the maize seeds

Germination of the maize grains treated with hexame essential oils (Limuru) was determined
in petri dishes (cm diameter) lined with moist filter papers. Ten grains were randomly selected
from everyreplicate of eah treatment and placed in the petri dish for 96 hours. €hédgishes

were watered for 48 hours to maintain maximum humidity. Germination was determined by
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observing the emergence of the radical. Each of the experiment was replicatiudséLaw

Ogbomo and Egharevba, 2006).
3.11Effect of plant powdered materials on mortality of S. zeamais

Exactly one gram and two grams of each plant material were weighed and thoroughly mixed
with 20 g of maize grains in a glass jar so as toiol% and 10% dosesespectively. Twenty
adult S. zeamaisvere introduced into each of the glass jars. Five replicates of each dose level
were prepared for the two powdered plants material. The number of dead and alive weevils was
recorded daily for a p&d of two weeks. AdultsS. zeamaiswere considered dead where no
response was observed after probing with a soft brush (Aranrgiealg 2006). Untreated maize

was used as control.
3.12Data analyss

The percentage repellence values were computed as

~
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Where NcNumber in the control
Nt=Number in the treated

The percentage repellence data were analyzed using analysis of variance (ANOVA) after arcsine

transformng them The results were presented in various forms of tables and graphs.

The damage analysibrough weight lossvas determined using tmeethod adopted from FAO,

(1985) where,

"Q 0)6
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Where U= weight of undamaged grains,
Nu= number of undamaged grains,
D= weight of damaged grains,

Nd= number of damaged grains

The experimerst wereset up in a randomized design, replicated five times for the laboratory
tests The data obtained in different levels and treatments were analyzed using analysis of
variance (ANOVA) Rstatistical package and significant different means (&0.@ere
separated using StudeNewmanKeuls (SNK) testThe results were presented in vasdorms

of tables and graphs.
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CHAPTER 4
RESULTS AND DISCUSSON

4.1 Characterization of the constituents of plant essential oil

Based on the G profiles of the oilsamplesthe plants constituents present were identified by
GC-MS and ceinjections with the standards. The identification of the constituents was based on

NIST libraryof mass spectra data against the standards.

4.1.1 Essential oil compositiorof O. kilimandscharicumplant

From the GC profiles(Appendix 1l.e to 1.d) and (Figure 4.Bf essential oils ofO.

kilimandscharicumtotal of 9 major compounds were identified.

7
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Figure 4.1 Representative GC profile f@. kilimandscharicunessential oil from Tranrblzoia
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Table 4.1 List of identified compounds fror®. kilimandscharicunessential oil from Trans
Nzoia

Compound Retention time | % peak Area
1 | Camphene 13.02 13.57
2 | Limonene 14.73 3.435
3 | 1,8Cineole 14.77 0.609
4 | Ocimene 15.02 0.905
5 | Camphor 16.79 45.51
6 | Linalool 16.93 4.926
7 | Myrtenol 17.54 4.525
8 | 4-Terpineol 17.26 4.625
9 | Caryophyllene 20.73 0.238

All the essential oils from the five regiohad the9 majorcompounds but initferent percetage
compositionsnamely campho5), campheng6), limoneneg(8), linalool (7), caryophylleng10),

4-terpineol(12), 1 8-cineok (13) and ocimene (11) (Table %.1
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4.12 Essential oil compositions ab. kilimandscharicumfrom the Kasarani

Comparison of mass specwéindividual constituents andith NIST datathrough GGMS led

to theidentification of9 major compound§Table 3. The compound witlhe highestpercentage
peak areavas camphor (5) with 36.1 %while the least compmd from Kasarani region was
1,8-cineole (13) with below 1%. Thessnpounds were compared with the other 9 major

compounddgrom the five other regions (Tablg.5

Abundmmes
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Figure 4:2: GC-MS profile for O. kilimandscharicum essential oil from Kasarani
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Table 4.2: ©@mpoundsgdentified from essentiabil of O. kilimandscuricunfrom Kasarani

Compound Retention time| % peak Area
1 | Camphene 10.42 5.65
2 | Limonene 11.82 21.2
3 | 1,8Cineole 11.88 0.80
4 | Ocimene 12.13 1.27
5 | Camphor 13.90 36.1
6 | Linalool 13.12 2.00
7 | Myrtenol 14.66 2.43
8 | 4-Terpineol 14.37 4.82
9 | Caryophyllene 17.84 2.48

GC and GGMS analyse showed that the essential oils ©f kilimandscharicumin all the

regions contained different proportions of terpenes, monoterpenes, oxygenated monoterpenes,
sesguiterpenes hydrocarbons aldohols. Among the aonoterpenegompoundsare ocimene

(11), camphen€6), andlimonene(8). Oxygenated monoterpenes coounds wereamphor(5),

linalool (7) and 18-cineole (13) while sesguiterpenes contained compound like caryophyllene
(10). Terpenes, monoterpenes andjeésrpenes are the most abundant components of essential

oils (Pinder, 1960Q)

Terpenes are the mostdespread and important secondary plant compounds and can exert toxic,
deterrent, antifeedant and repellent effect on insect herbivores. They are dominant compounds of
many natural volatile blends aradte responsible for many of the characteristic smelplaint

oils, resins, fruits and flowers. Terpenoids chemistry may vary among plants due to factors
which may include environmental and genetic influences (Langenheim, 1994; Powell and Raffa,
1997; Wang and Lincoln, 2004)This is evident in this researchwhere the percentage

composition of all major compounds varies.
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4.13 Essential oil composition ofO. americanumfrom Machakos

From the GC profiles of essential oils (figure 3), constituents present were identified-BAsGC
and co-injection with the standard® major ® mpounds a rnang(15), mephend
(6), 1,8cineole (13), linalool (7), camphor (5), myrcene (14}terpineol (12),b-pinene(16),

caryophylleng10) (Table 9.

2400000

Time—s 0D 1100 A2.000 13.00 1400 1500 1600 1700 18.00 1500 2000 21.00

Figure 4.3: GEMS profilefor O. americanunessential oil from Machakos

1,8-cineole (13) was the major compounddnamericanunessential oil with 38.39%. This was
followed by linalool (7) which had 22.25%. The level of campheneM® the lowest at 0.1%

(Table 43). Camphor (5) which was more abundanOnkilimandscharicumwas quite low in
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O. americanumwith below 1%. Like in O. kilimandscharicum the constituents ofO.
americanumare a mixture of monoterpenes and sesquiterpenesacliv@ies of both plants are
mostly attributed tahe presence dheir major compoundalthough the combinedffect of all

the constituentslays a big part in its activitfAsawalam and Hassanali, 2006).

Table 43: List of compounds identified froi®. americanunessential oil

Compound Retention time % Peak
Area
1 Pinene(alpha) 9.85 0.94
2 Camphene 10.75 0.10
3 1,8 Cineole 11.84 38.39
4 Linalool 13.03 22.25
5 Camphor 13.82 0.36
6 Myrcene 14.33 0.91
7 4-Terpineol 14.54 3.87
8 Pinene (bta) 16.80 0.82
9 Caryophyllene 17.83 2.54
=
(14)
Myrcene (15)

U-Pinene
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(16)
b-Pinene

4.14 Percentage composition of major compourslof O. kilimandscharicum
growing in different regions

Essential oils oD. kilimandscharicunfrom the five regions had all the nine major campds
but in different percentagaroportions namely camph@s), camphené6), limoneng(8), linalool
(7), caryophylleng10), 4-terpineol(12), 1,8-cineole (13) and ocimene (1able 4.4.

Table 4.4 Percentage compositi@f major compoundef O. kilimandscharicungrowing in
different regions

Camphor (Camphene [Limonene [Linalool |[Myrtenol [Caryophyene | 4-Terpineol [1,8-Gneocle | Ocimene

Trans
Nzoia 45.51% | 13.58% | 3.44% | 4.93% | 4.52% | 0.23% 4.52% 0.60% | 0.90%

Limuru 40.09% | 23.51% | 1.73% | 0.41% | 1.25% | 0.97% 2.14% |1.73% | 0.84%

Ngong 37.92% | 28.73% | 0.47% | 0.14% | 1.08% | 1.02% 0.62% | 1.51% | 0.39%

Kasarani | 36.16% | 5.65% | 21.21% | 2.00% | 2.43% | 2.48% 4.82% |0.80% |1.27%

Kakamega| 32.78% | 24.15% | 20.86% | 0.84% | 0.29% | 0.18% 1.71% | 0.15% | 0.18%

The percentage composition of camphor (5) in all the regions was quite high, more thah 30%
all the compounds present in all timdividual regiors with TransNzoia having the highest

compositionat 45.51% Plants fromKakamegahad the lowestcompositionof camphorat
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32.78%. Compheng) was highin all the regions exceptasaraniwith below 10%.Kakamega
had the highg composition of comphené6) at 24.15% while Kasarani had the highest
composition of limoneng8) at 21.21% 1 8-cineole (13) was less than 1% all the regions
exceptLimuru and NgongThe percentage composition of the major compouindsn Limuru
and Ngong regionsssential oilslid not differ much in their chemical composition.iFtcould
be attributed tahe same climatical conditianin the two regions with both the regions having a
constant temperature throughout the year ranging betwe28 A0, The two regions also share

thesame deep reddish brown clay soil with soil pH ranging from 5 to 6.5.

Regions with high altitude favourddgher percentageompostionof camphor(5). Limuru and
Ngong regions have high altitudes with Limuru havat®Om above the sea level aidongis
2460m above the sea lev@lransNzoia which boarders Cherengani hills and Higon has a
high altitude of1900m above the sdavel. The other two regions havwew altitudes with
Kakamega having the lowest at 1500m above the sea level while KasaraiiOfaal dbove the

sea level.

Generally the composition of essential ®ilof the same plants differseggraphically.
Terpenoids chemistryariesamong plants due to factors which may include environmental and
genetic influences (Langenheim, 1994; Powell and Raffa, 1997; Wang and Lincoln, 2004)
Chemical analysis has shown that essential oil are chiefly liquid and more or less volatile
components omany classes of organic substances which includes acrylic, cyclic, aromatic and

heterocyclic compounds and the ecosystem affects the genetic control of a plant (Pinder, 1960).
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4.2 Effect of individual constituents and blends of the essential oil on mortality of
S. zeamaidn Petri dish assay

In relative amounpresent in th minimum lethal dose of essential oil from Kasaraone of the
seven individual components (camphor8-g¢ineole, limonene, caryophyllendinalool, 4
terpineol, camphengthat were tested had significant toxic effect aga$steamais However,

the mixture of these compoundave 100% mortality (Table 4.5

Table 4.5 Effect of individual constituents and blends of the essential oil on mortali§y. of
zeamaisn Petri dish assay

%Mortality
Compunds Mean+SE
1 | Essential oi{Kasarani) 100.0+0.6
2 | Camphor 0.0+0.G
3 | 1,8-Cineole 0.0+0.0
4 | Limonene 0.0+0.0
5 | Caryophyllene 0.0+0.0
6 | Linalool 0.0+0.0
7 | 4-Terpineol 0.0+0.0
8 | Camphene 0.040.0°
9 |2t08 100.0+0.6
10| 3 to 8 minus 2 18.0+3.7
11| 2 to 8 minus 3 82.05.8
12| 2 to 8 minus 4 94.0+4.¢
13| 2 to 8 minus 5 98.0+2.0
14| 2 to 8 minus 6 96.0+2.4
15| 2 to 8 minus 7 94.0+2.4
16| 2 to 7minus 8 96.0+2.4
17| 2 plus 3 42.0+3.7
18| 2 plus 4 12.0+3.7
19| 2 plus 3 plus 4 48.0+3.7
20 | Hexane 0.0+0.0
p-value <0.001

Mean mortality (+SE) followed by different small letter(s) within the same coluransegnificantly
differentand p<0. 05, U=0.05, SNK)

When one compound frothe total combinedvas removed, there was a reduction in percentage

mortality with the highest drop observedhencamphor was absengiving 18% mortality When
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1,8-cineole wasabsent from the total mixturéhere was 82% mortality of the maize weeuvils.
When imonene was removed, the mortalitgs 94% same applies td-terpineol Subtraction of
individual compounds otaryophyllene campheneand inalool from the mixture resulted to
more than 95% mortalityThus subtractive assays provide additional insight into the relative
contributions of these components to the mortality of the full blend. Absence of camphor in the
blend resulted in the largest dropthe toxic action of the resulting blend, identifyiingas the

most important component of the activerd followed by B8-cineole as the second most active

compound.

From the results, camphor was responsifle 826 within the blend while B;cineole
contribued 18% activityin relative amount present in the oilA blend between the two
compounds resulted to 42% relative to the proportion of the essential oil from Kagdétharihe
addition of limoneneeombined with both camphor and icBede, there was an increase in the

activity by 6% to 48%.

From these results, addition of each individual majoompound resulted tan increase in the
activity of the essential oil on the maize weevils. This shthat more active compounds gain
synergism between themselves resulting to increase in mortality. In the presentheuajor
component irD. kilimandsharicumis camphomhile the major component i®. ameri@anumis

1,8-cineole.

These results stresiset importance of evaluating plants components in blends to elucidate their
full potency in a given bioactivity. A number of previous studies on the effect of essential oil on
postharvest and other pest focused on the identification of active componéms tlaan

mixtures (Weaveet al., 1991; Secket al., 1993). Bekele and Hassang?001) found that m



39

relative amounpresent in tB minimum lethal dose of essential oil from Kakamega, camphor in
the blend containingimonene, 4terpeneol, 1,&ineole, camphere and caryophylleimed the

highest dropwith 22%. This value is close to what is found in the present study.

From the present studyie toxic effect of the essential @l. kilimandstaricum is attributed to
higher percentagef camphorwhile the toxicity of O. ameri@anumcan be attributed thigher
percentagef 1,8cineole. ObengOfori et al (1997) found 18-cineole to be highly repellent and

toxic to S. granaries, Szeamais, TcastaneumandP. truncates.

The implication of these results in practice is that blend as a whole rather than specific
components could constitute a control agent with sufficient broad spectrum of bioactivity to be

deployed in storegroduct pest control.
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4.3 Toxiceffect of essential ogin petri dish assag

From the resultgTable 4.6, essential oilbbf O. americanumand O. kilimandscharicumfrom
different regions are both toxic to the mameevils but with varyingdegrees of activity.
Essential oil ofD. kilimandscharicunfrom Limuru had the lowest L§ ata dose 00.30mgcm
2 and0.63mgcm? doseat LCgs. This was closely followed by Ngong with 0.87gcm? at LCso

and 0.64mgcm? at LCos.

Table 4.6 Doseresponse effects elssential oils oD. kilimandscharicungrowing in different
regionsandO. americanunfrom Machakosn mortality of maize weevil

LCso LCos
Kakamega 0.77+0.049 1.59+0.104
Limuru 0.30+0.02% 0.63+0.05%
Kasarani 0.43+0.02% 0.74+0.05¢'
TransNzoia 0.42+0.027 0.80+0.064
Ngong 0.370.027¢ 0.64+0.044
Machakos 3.55+0.065 4.73+0.139"

Mean mortality (xSE) followed by different small letter(s) within the same columen a
significantly differentand p <0 . 05, U=0.05, SNK)

O. kilimandscharicumfrom Limuru had high concentrations of the magmmpounds that were
responsible for the toxicity of the essential oil, wit@©.09% camphor, 1.73%,8-cineole and
23.51% camphengTable 4.4. Ngong region had the second highest level of activity. This can
also be attributed to the high level of the major compouvitts 37.92% camphor, 1.51%,8-
cineoleand 28.73%campheneHowever there was no significant differenbetween the levels

of activities of the oilfrom the two regionat LCys. This meangssential oils from Limuru and
Ngong regions provided the best activatyainst the maize weevil compared to the plants of the

same species in the different regions.
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Kakamega had the lowesivid of activity with0.77 mgem? at LGso and 1.59mgcm? at LGCos.

This iscould be attributed ttow levek of the two major compounds camphor and8l cineole
TransNzioa region had the highest level of camphot®61% but with low level of 8;cineole

at 0.60%.This shove that more active compounds gain synergism between themselves resulting
to increase in mortality and toxicity effedD. americanumfrom Machakos region had high

values of both th€Cso andLCgs. This could be attributed to low level camphor in that region.

TheLCso result found fronKakamega isimilar to Bekele and HassangR2001) who found that

0. kilimandscharicumfrom thatregion, had an activity of 0.74mg per éragainst 0.77mg per

cnt from this study.

The toxicity, fumigant and repellent effect of some of these main constituents of essential oll
have been demonstrated by other researchers. Five mosmoiglp namely terpinefol, 18-
cineole, linalool, limonene and camphor have been reported to elicit directyt@ci fumigant
activity against 3ay old eggs, third instar larvae and pupad.odofusunm(Stamopoulust al.,

2007).
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4.4 The repellent effect of essential oil

4.4.1The repellent effect of the essential oils dD. kilimandscharicum from the five
regions

O. kilimandscharicunessential oil was found to lvepellent againsk. zeamaiswith repellence
level varying with percentage of active compounds and also the dogsge.5 pl/disc dose,
Limuru and Kakamega had thewest repellency level. Increase in dosage to 1.0 pl/disc in all
the regons resulted t@n increase in repellenceith the highestepellenceat 1.0 pl/discbeing
Ngong at88%. When the dose was increased by 50% tqlldisc, TransNzoiaregon had he

highest repellence &3%, with the otheregions registering an increase in repellefieble 4.7.

Table 4.7 Repellent effects of different doses Of kilimandscharcum essential oils from
different regions using a-ghaped olfactometer

Dose

Site 0.5uldisc | 1.0pl/disc 1.5 ul/disc p-value
Limuru 72.00+4.40 | 78.20+3.56° | 88.40+3.50 0.043

Kakamega 72.40+2.18 | 80.40+4.07° | 86.40+4.07 0.036

Kasarani 76.00+3.77 | 80.80+4.08" | 86.20+4.08 0.028

Ngong 78.80+4.39° |88.40+4.1% |91.20+4.11 0.024

TransNzoia 74.00+3.78 |86.60+2.62 | 93.60+2.62 0.007

p-value 0.702 0.290 0.578

Mean values followed by the same small letter(s) within the same row are not significantly different

From the results, there is no significance differencerapellence fordos of the same
concentration witim the region The high repellence rate in both Ngong and THdmgia regions
could be attributed to the high levelsoaimphor (5) and 1;8ineole(13) (Table 4. TransNzoia
region has the highest compositiohcamghor (5) at 45.51% while Ngong region has the second
highest composition of 1;8ineole (B) at1.5%. The high presence of linalool (highest at 4.98%)

in TransNzoiaregion also played part in repellence. Plants that constitutively produce high levels
of linalool proved to be&a major compound of the essential oils conferring repelletiviges

(Ryan and Byngl1988).
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The effect of different plant materials on the maize weevil may depend on several factors such as
chemical composition of the crude oil, paftthe plant extracted, geographical location of the
plant, variation in insect behavior and species susceptibility (Casida, B296¢. of these factors

may have contributed to the variation in repellenceiwithe same dose response.

4.4.2 Repellenteffect of essential oil®f O. americanumfrom the Machakos region
The essential oil 0©. americunumwas repellent t&& zeamaisfor all the dosesanging from
0.5-1.5pl/disc(Table 4.9.

Table 4.8 Repellent effect of essential oils Gf americanumusing a ¥shaped olfactometer
from the Machakos region

Dose 0.5pl/disc 1.0 pl/disc 1.5ul/disc p-value

Repellence 42.80+4.78 61.80+2.3% 65.00+4.16 | 0.003

At a minimal dosage of 0.al/disc, O. americanunhad 42.80% repellence. Increases in dosage
response by 50% resulted to an increase in repellence. The highest dosagd/dist Gavethe
highest repellence at 65%. Analysis of variance indicate significance difference (p<0.05)

between the dose resporgginst thes. zeamais

4.4.3 Mean repellence ofO. americanumand O. kilimandscharicumplants from
different region against maize weevil$s. zeamais

The bar graph ifFigure 4.4), indicate an increase in the mean repellence with dose resjponse
both O. ameri@anum and O. kilimandsdaricum plants However, at equalconcentration te

mean percentage repellerafed. ameri@anumis lower than that oD. kilimandsharicum.

This could be attributetb thehigh concentration of camphd@s) which is has more than 30%
compositionin all O. kilimandsharicum plantsessential oihgainst 0.3% i©. ameri@num.The

activity of essential oil mainly depend upon the major components they posses such as linalool
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(7), 1,8cineole(13) and campho(5) (Asawalam and Hassanali, 200&hese results show that
terpenoids blends o©. kilimandsdaricum are highly repellentto maize weevilsthan O.

amerianum

Figure 44: A graph of Mean repellence @ americanunandO. kilimandscharicunplant from
different regions against maize wee#lszeamais
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1,8-cineole atappropriate doses was found to be intrinsically toxic and repellent tdhaosst
pests (Oben@fori et al., 1997. In a study with different blends, camphor was foundbé@
major active compound responsible for the highest activity of the essentiBebiéle and
Hassanali, 2001)This has also been demonstrated in the present sHatlfer studies by
Jembeleet al, (1995) on repellence of different test mater@i©. kiimandscharicunindicated
that 0.3g /250 g of grains showed@d9% repellence o1$. zeamaisThis value togetherwith

values from this research shows t@atkilimandscharicunis highly repellentagainstS. zeamais



45

4.5 Damage assessment infestecize grainstreated with essential oils

4.5.1 Assessment of the weight logs the maize grains treated with essential oils of
O. kilimandschaicum

Maize grains treated with essential oils@fkilimandscharicunfrom the different regions were
monitored after every two days for a period of 30 days to ascertain the level of damage to the

grains caused by tH& zeamaijsusing the international method of weight and count FAO, 1985.

Table 4.9 Mean weight loss of #famaize grain treated with essential ollO. kilimandscharicum

Dose(mg/20g)

0.96mg 4.8 mg 24 mg
Limuru 3.29+0.49%° 2.56+0.38° 1.46+0.37
Kasarani 3.30+0.8%° 2.01+0.%%° 1.45+0.25
Kakamega 5.52+0.65" 4.05+0.47°° 2.56+0.35
Ngong 3.33:0.48" 2.01+0.35"° 1.46+0.2f
TransNzoia 3.31+0.2%° 2.19+0.47° 1.64+0.34
p-value 0.021 0.009 0.078

Untreated control 8.28+0.65 Hexane treated7.36+0.65

Mean values followed by the same small letter(s) within the same row are not significantly different from
one another while mean values withireteame celmn followed by same apital letters are not
significantly di@néway ANOVA sh@viida, highly=signifi@ast yariation of the %
weight loss between various doses (P<0.001)

After 30 days, the maize grain treated with On9¢ of the essential oil in all the regions showed
significantweight loss.The essential oifrom Kakamegaad the highest weight loss at 019§
doseof 5.52 %. There was no significant difference in weight logkérother regions at 0.96g
dose Whenthe dose was increased4@ mg in 20g of the maize seedbere was a decrease in

the weight loss in all the regioifable 4.9.

A further increase in doge 24mg of O. kilimandscharicunmessential oils led to a more decrease

in the weight loss acrosdl the regionsAt this dose Kakamega region hatthe highest weight
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loss of all the regionollowed by TransNzoia This could have been attributed to the low levels

of camphor and 8;cineole in theessential oil from theegion (Table 4.1

Figure 45: Mean weight loss of the maize grain treated with essential @iflsO.
kilimandscharicumn the five regions
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From these results, there is a higignificant variation in the percentage weight loss between
various dosegp<0.001). The grains treated with essential fsiden the different regions had

less level of damage compdre both the untreategrainsand hexane treated control(=0) 0 5
(Figure 4.5. There was no significant difference in the untreated control and hexane treated

control.

The maize weevitauses damage on stored maize grain by boring the grain and batingdr
part which reduces maize weight and quality in terms of consumption and germinatiore(Adda

al., 2000. Damage caused 8. zeamaiss stored cereal can be extremely high. It is reported
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that up to 18.3% weight loss occurred dueStazeamaisnfestation when single maize kernel

were exposed to ovipositing adults and kept at@@nd 70% reitive humidity for only 37 days

(Adams, 1976; Adamst al,.1995. The behavioof the weevils on stored grains is affected by

the interplay of different chemical, physical and biotic factors. Factors such as store
temperatur e, relative humidity, Il i ght I ntens
presence of other insects including parasitoids and predasovell as micrabrganisms such as

fungi will greatly affect the behavior of the maize weevils for successful utilization of the

environmeni{Cox and Collins, 2002).

4.5.2 Assessment of the weight loss to the maize grains treated with essential oils of
O. americanum

Maize treatd with O. americanunwas monitored for a period of 30 days to a certain the level of
damage through weight loss by tBe zeamaijsusing the international method of weight and
count FAO, 1985. After 30 days, the least concentration of @@®&fO. americanunessential

oil in 20 g of the maize seeds had thgheist mean weight loss at 6.99%he weightloss
dropped slightly to 6.91%ith a dose of 4.8 mglrhere was no significant differenae weight

loss between the four doses of hexane treated:eated conmbl, 0.96 mg and 4.8mg (Table

4.10.

But when the concentration was increase®4ang, the weight loss redad tremendously to
3.3% from the prewus 6.9%. At a concentration 06 mg, there was a further decrease in

weight loss to 2.2%.
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Table 4.10 Mean weight loss of the maize grain treated with essential oils ainericanum

Treatment Mean +SE
Untreated 8.28+0.68
Hexane 7.36+0.68

0.96mg/20g  6.99+0.80
4.8mg/20g  6.91+0.5%
24mg/20g 3.30+0.48
96 mg/20g 2.20+0.80

p-value <0.001
Mean values followed by the same dinetter(s) within the same colunare not significantly different

from one anothef S N K= 0.0%).

Weight loss caused b$. zeamaisvas significantly higher in the control compared with the
grains treated with the essential oils @f americanumwith high dosageThe essential oll
enhances feeding activity of the maize weevils with no noticeable feeding on grainswidated

the highst dosgFigure4.6).



49

Figure4.6: Mean weight loss of the maize grain treated with essentiadb@ americanunfrom
Machakos
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Results from this study demonstrate practically that the toxic and repellent effe@s of
americanunmcould be used to preveft zeamaiso stored maize by masking the odours from
grains in order to make the weevil utato detect the presence of the food and oviposition site.
The use of locally available plants materials for stored products protection is a common practice
and has more potential in substance and traditional farm storage conditions, in developing and
uncer-developing countes (Weaver and Subramanyam, 20R&kpay, 2007).This study also
showsthat essential oil fron®. kilimandscharicumplant is better tha®. americanumin the

protection ofmaize against the maize weevils over a period 30 days.
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4.6 Effect of O. kilimandscharicum (Kasarani) and O americanum (Machakos)
essential oils orthe germination of maize grains.

Treatment of the maize graimwith essential oils 0®. kilimandscharicumand O. americanum
did not affect the viability of the grains. Maize seerkated with the least concentration of
0.96mgin both plantsshowed no signifiant difference wittboth untreated anthexane treated

control (Table 4.1

Table 4.11 Mean percentage germinatiomn fmaize grain treated witB. kilimandscharicum
(Kasarani)andO. americanum(Machakos)essential oils

0.96mg/20g 4.8 mg/20g 24 mg/20g 96 mg/20g
Treatment MeanzSE Mean+SE Mean+SE MeanzSE
Untreatectontrol 54.00+4.00 54.00+4.00 54.00+4.00 54.00+4.00
Hexane(control) 46.00+5.10 46.00+5.10  46.00+5.10 46.00+5.16
Ocimum kilimandscharicum 48.00+3.74 56.00+5.16° 64.00+6.78 90.00+3.18
Ocimum americanum 60.00+4.47 70.00+4.47 72.00+5.83 78.00+5.83
p-value 0.140 0.018 0.022 <0.001

The germination rate of bot. kilimandscharicumand O. americanumincreased with an
increase in concentratiqirigure4.7). Themaize grains with thé@ighestgermination rate were
whentreatedwith the highestloseof 96mgO. kilimandscharicurnmil, with a germination rate of
90%. With the same dose, maize seeds treatdth O. americanumessential oil had a
germination rate of 78%The high rate of germination from the two plants at higher
concentrationscoud have been attributed tiheir effectiveness in killing the maize weevils
hence no mojar damage occuredon the maize grainsFrom the present studyQ.
kilimandscharicunoil contains high concentration of camphor whiin synergisnwith other

compoundsgesulting to anincrease imortality and toxicity effect.
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Figure4.7: Mean percentage germination for maize seed grain treate®with
kilimandscharicunandO. americanunessential oils
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The germination of the untresl seeds was poor since the grains were largely affect&l by
zeamais S. zeamaiscauses damage on stored maize gray boring the grain and eating the
inner part which reduces maize weight and quality in terms of consumption and germination

(Addaet al.,2000.

The germination of maize seeds wer@ much affected with the maize graimeated withO.
kilimandscharicumrandO. americanunof high concentratiofFigure4.7). This shows that it can

be used to treat seeds for germination.
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4.7 Mortality effect of dried and grounded powde of O. kilimundscharicum on
maize weevil

Results in this study indicate that the effect of dried and grounded powdeD. of
kilimandschaicum as contact insectidesn maize weewd is notvery effective 1 g of O.
kilimandscharicumn 20 g of the maizeseeds dased 6%mortality after 48h while 2y caused

10% mortalityafter the two dayéTable 4.12.

Table 4.12 Mortality effect of dried and grounded powderGfkilimundschaicum on maize weevil

19/20g 2 g/20g
Days | %Mortality(MeantSE)| %Mortality(Mean+SE) control | p-value
2 6.0+4.0 10.0+4.5 0.0+0.0 0.118
4 4.0£2.8 16.0+5.8| 0.0x0.0 0.006
6 14.0+3.7 180+5.7| 0.0x0.0 0.005
8 10.0+4.5 10.0+4.5 0.0+0.0 0.082
14 12.0+2.6 14.042.4| 0.0£0.0 | <0.001
p-value 0.075 0.716 -

% (mearrSE ) Mortality followed by the different small letter(s) within the same row are significantly
different and (p<0.08) = 0 .SBIK) ,

There was a progressive increase in mortality with increase in the exposuresozgamaim

the grounded mixture for both concentratiams to day 6 The highest mortality rate was
experinced after 6 days for both concentrations with the higtaés being 18% with 2g
concentration and 14% when 1g concentration was. usier 6 days, the rate of mortality
reduced in both concentrationBhe activity of the essential oils decreases with time because
they are highly volatile. Oils with high contents of hydrocarbons monoterperpenes compounds
lose activity quicker than those containing oxygenated monoterpenes compound (@ivalgbi
2009).From the results, it is evident thaetefficancy of grounded powder as protectant against
the maize weevil was dose depent@&rith higher dose providing better protection with higher
mortality on theS. zeamaisResearch finding from several countriesfion that some plants

powders, essential oils or their constituents not only repel insects but also have contact and
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fumigant insecticidal action against specific stepedduct pests (Isman, 2000; Rajendran and
Sriianjini, 2008).

4.7 Mortality effect of dried and grounded powder ofO. americanumon maize

weevil

From the results, the effect gfoundedpowder on the maize weevils was daependenwith
the higher dose of 8 O. americanunproviding greater protectn than the corresponding 1g of
O. americanumdose.At a dosage of Iy of O. americanumthere was a 2% mortality 3.
zeamaiswhile the corresponding g dosehad killed 10% of the magz weevils after 2 days
(Table 4.13. There was a progressive increase in mortality with increase in the period of

exposire for both dose

Table4.13 Mortality effect of dried and grounded powderGf americanunmon maize weevil

19/20g 29/20g

Days % Mortality(Mean+SE) %Mortality(MeantSE control p-value
2 2.002.06° 10.00+4.47 0.00£0.00  0.044

4 4.00+2.45 10.00+4.47 0.00+0.00 0.064

6 8.00+2.00 8.00+2.4% 0.00+0.00  0.012

8 10.00+4.47 11.00+4.47 0.00+0.00 0.082

14 6.00+2.48 14.00+2.45 0.00£0.00 <0.001

p-value 0.194 0.297

Mean values followed by the same small letter(s) within the same row are not significantly different from
one another (SNKJ=0. 05)

Although the mode of action of these plants powders is not clearly understood, it was observed
that the repellent and pungent odours from these plants caused the insects to climb to the wall of
the containers soon after introduction thereby limiting adegdeeding. Also the physical
abrasion of the insect cuticle with the resultant loss of body haemolymph or partial blockage of
the spiracles (Ogunwolet al., 1998; Oparaeka and Kuhiep, 2006) may have contributed to
mortalities in suffocation and death. & bbservation that higher dosageXfkilimandscharicum

and O. americanunpowders caused higher mortality could be due to either repellent or feeding
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deterrence effects on the weevils or a combination of theRwemn the two results on theffect
of dried and grounded powder on maize weel@l kilimandscharicumessential oil provided better

protection against the maize weevil tfanamericanumat equal dosage.

Bekeleet al, (1995) also reported that the repellent effect of dried ground leavegd28g of

maize seeds) d@. kilimandscharicunagainstS. zeamajR. cbminica and S. cerealell@sultirg

in lower weight loss and nureb of damaged maize seeds compared with untreated grains. In
Tanzania, 10% (w/w) leaf powdeof eucalyptusEucalptusmacrorhynch® pawgaw (Carica

papayg, neem(Azadirachta indicaand lantana(lLantana camarawere toxic to maize weevils

and significantly reduced grain damage and weight loss (Mulebgl., 2007). Under small
farmer scale condition as in the case of this study, powder treatment may protect stored grains

for some time Bekele,2002)



55

CHAPTER 5
CONCLUSIONS AND RECOMMENDATION
5.1 CONCLUSIONS
Several researches have been done in different countries to determine the efficacy of botanical
plants for the protection of stored products against pests. This research was conducted to
determine thecomposition and activiés of essenal oils of O. kilimandscharicumand O.
americanunfrom different geographical regiorisr the protection of stored grains against maize
‘ weevils. Tke overall goal isto develop alternatives to the highly toxic and persistent pesticides
being used today. The two plants from the different regions Wernelimandscharicunfrom
(Ngong, Kasarani, Kakamega, Limuru and Tr&z®ia) andO. americanunirom Machakos, all

‘ in Kenya.The study reealed several important facts

(i The composition of essential oils in a plant species growing in different location varies
and this therefore affects its performance. The essential o8 kifimandscharicum
from Limuru and TrafNzoia regions had the highest mortality rate against the maize

‘ weevils over a period of 24 hours, whileat from Kakamega region sheed the least

activity at both LG and LGs. This could be attributed to low levels of the major
conpounds responsible for toxicity and mortality.

(i) The level of maize damage dependsddygn the dose applied and partly on the region
as reveded in the damage assessmemid fumigationassay From the five regions,
essential oils of0. kilimandscharicumfrom Kakamega region had the highest mean

percentage weight loss after a period of 30 days.



56

(i) Essential oils oD. kilimandscharicunirom different regions an@®. americanunirom
Machakos showed significant repellent activities agethsteamaisThis demonstrated
‘ potency in repellence againSt zeamaisind could beone ofthe basis of their use in
traditional methods of grain protection. There was no significant difference in repellence

between the. kilimandscharicunplants with the same dof®m different regios but

‘ the maize weevilsvere more stronglyepelled by O. kilimandscharicumthan Q

americanunplant.

(iv) Ground powdered materials provided less protection against the maize weevils
compared to the essential oils. The essential oildaih O. americanumand O.
kilimandscharicumcaused high mortality to th®. zeamaishan the ground powdered
plant materials. This therefore demonstrates the potential of the plants for the use against

theS. zeamais

(v) Subtractivebioassag showedthe relativeroles of different constituents and tleasons

underlying differential activities othe essential oils from the different regions. The

activity of essential oils from the two plan®s americanunandO. kilimandscharicum
differed significantly with that of O. kilimandscharicumproving to be a better

protectantagainst the maize weevil thdahat of O. americanumMany of the major

compounds found i®. kilimandscharicunare found inO. americanunwith camphor

being the major compound i®. kilimandscharicumand 1,8-cineole being the major

compound ifD. americanum

(vi) The subtractive bioassayvith different blendsprovided an additional insighin an

optimum combination forprotection against the maize weevilThis was best
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demonstrated bycombining both camphor and B-cineole which proved to be

effective against the maize weevils.

(vii) The seed viability of the maize treated with essential oifS.dfilimandscharicunand
O. americanunwere determined. It was noted that the germination (vigbbf the
maize seeds was not affected with the maize seed treated with the essential oils of both
O. americanumand O. kilimandscharicumThese therefore can be used to treat seeds

grains for planting.

5.2 RECOMMENDATION SFROM THE STUDY

() Materialsfrom plants could be used to control pests and thus substitute other expensive

synthetic pesticides.

(i) Farmers can improve their traditional methods of maize protection by using the oil

extracts rather than the ground plants powder.

(i) Plant essential oils cédibe used by farmers as maize prdtet against maize weevils.

This could best be enhanced by tleelopment of a simple hydudistillation devicefor

use byfarmers

(iv) Through further research,appropriate combinations from different plamtsed to be

identified for improvedprotectionagainst posharvest pests
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5.3 RECOMMENDATION FOR FURTHER STUDY

From the research, the following recommendations for further investigations are suggested:

(i) Further studies on the activities of the pu@mpounds and different blends are

recommended to identify the compounds responsible for repellei®&ezemais

(i) A research study should be carried out to determine the effect of essential oils on the

aflatoxin producing fungu#spergillus flavus

(i) More work needsto be carriedin_elucidating the chemical composition of thesoil

under different seasons of the year.
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Appendix 1.aGC trace for essential oil from Kakamega
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Appendix 1.b

GC trace for essential oil from TransNzoia
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Chrom Perfect Chromatogram Report
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Appendix 1.c

GC trace for essential oil from Limuru
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Chrom Perfect Chromatogram Report

— C)\CPData\XCheseto Data\MD17042012-2.0001 RAW

OK LIMURU GC Spectra

4000

z
0

4

i

4

-17.05

3500
3000
o 2500
=l
=
= ™
- ~
2000 =
2 |
Z el
2 4 o =t 2
@ o o ~ g
@ ] ~f !
o 4 ©
e 15004 - - o o
- ! ) ; m cl\‘l-n
I [ @' 0
1 SIS PR i
- = &
¢ 8slle o[ O
; & L
0004 8 =a&ll= = o =8 38
AR | = . 2 L2
o TR TR - d8 33
] 4 8IE 5 1Fg 8V o
: N @ @ ©
el el F o BoB U~ B ®
can ol - ! o™ N e o«
ol — T ,,',“— | Ny N N EA S S
T ! ]
o Rl Ll e w® Ol S ol w
J s g ] = - o i~ © o &
o ] =R v I e
- ] -— o~ o~ NK;\"J
o Al . Y AES S e S
T I T T T T T T i T T T i T T T t 7 == T T
20 22 24 26 28 30

Sample Name = OK LIMURU

Instrument = 5890-52-GC-1
Heading 1 =
Heading 2 =

Time - Minutes

Raw File Name = C:\CPData\XCheseto DatalMD17042012-2.0001.RAW
Method File Name = C:\CPMethod\BTorto Methods\Btorto-GC1-35 to 280 Deg 40vietHbid ekl F 2

Method Description = 40 min run for Volats 35 to 280 Degree

Calibration File Name =
Internal/External = [No data]

Run Time = 50

Amount Injected =1
Sample Weight=1
Peak Width =0.05

Operator = XC

Date Taken (end) = 4/17/2012 10:21.15 PM

Method Date = 4/17/2012 8:12-59 PM
Calibration \Version = 0
Calibration Date = [No data]

Data Sampling Rate = 10
Dilution Factor = 1
Int Std Amount =0

Peak Threshold = 5

Manual Integration = manually integrated



71

Appendix 1.d

GC trace for essential oil fromNgong

Chrom Perfect Chromatogram Report
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Appendix 1.e

GC trace for essential oil fromMachakos
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