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ABSTRACT
Sitophilus zeamais Motschulsky is the major insect pest seen damaging stored maize in
Zimbabwe. The environmental hazards of synthetic insecticides, the unreliability supply and
high costs of these chemicals resulted in the search for cheaper and safer use of the naturally
available plant material to control this pest. This study evaluates effective rates for L.
javanica leaf powder. Bioactivity of Lippia javanica leaf extracts was evaluated under
average room temperature, at three dosage levels (0. 5g, 10g and 15g),negative control of
untreated grain were mixed with 1kg of disinfested Pannar 413 maize variety in plastic
containers. A positive control of Actellic Gold Dust was also used at label rates and the effect
on grain damage, weight loss, insect mortality; progeny production was assessed. The leaf
extract showed significant difference between 0.5g and 10g on one hand and 15g and the
positive control showed no statistical difference. The 15g that recorded the highest mortality
inflicted 85.25%. The maize grain treated with 10g and 15g dosage levels of the leaf extract
showed much promise by significantly reducing the number of damaged grains by the maize
weevil, reproduction of the maize weevilas well as reducing weight loss in stored maize
compared with the negative control. Grain weight loss in leaf powder treated grains was dose
dependent ranging from 4% in the highest dose to 44.6% with untreated grain at 59% in

untreated maize grain showing significant differences in 21 days.
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CHAPTER ONE

1.1 INTRODUCTION AND JUSTIFICATION

Maize (Zea mays), is a staple food in Zimbabwe and is greatly relied on in the achievement of food
security. Besides being used as food for human consumption, maize can be used for livestock feed
and as raw material in the confectionary industry as it has basic ingredients for local drinks e. g
maheu, food products like cereals, spaghettis, cornflakes, meal rice, maize flour and maputi FAO
(2007). The crop is dominantly grown in natural regions1, 11A, and11B where 50-70% is attained and
40-50% is grown in region lll, IV and V. National Early Warning unit Agritex (1994). Globally in terms
of importance, maize come worlds third after wheat and rice, Morris (2001).

Zimbabwe maize production trends vary on output, providing no significant yield improvement, yield
declining, yield stagnation and or moderate yield improvement. In the 2014/2015 season, maize
production went down to 35%, which was one third lower than the previous season, FAO,
Agribusiness World Zimbabwe (2015). Currently average maize yield is at 0.8t/ha which is far below
the expected average of 4t/ha MAMID (2016). The decline is attributed to late planting due to
unavailability of seed on the market on time, unaffordable prices of inputs e.g. fertilizers by most
farmers, shortage of draft power and erratic rainfall. According to FAO STAT, (2010) Zimbabwe
needs 1; 7 million tonnes of maize for direct human consumption per year and according to WHO,
maize consumption per day per person is 241g. There is therefore great need to guard against losses
that may befall maize grain in storage. Between 20-40% losses in grain is caused by insect pest in
the tropics ,Nuepane (1995). This is cause for concern on guarding against post harvest losses mainly
caused by insect pests. In Zimbabwe, grain damage of 92% in stored maize was reported due to
insect pests, Mutiro et al.. (1992). Quality of grain, weight and nutritional value are lost, threatening
food security globally if insect pests are left unattended, Rouanet (1992). Major insect pests
threatening food security include the maize weevil (S. zeamais) and the larger grain borer
(Prostaphanus truncutus).

The maize weevil (S. zeamais) is one of the most important insect pests to attack pre and post
harvested maize Warui et al (1990). It is an invader pest contributing post harvest losses of 20 to
90% if grain is left untreated, Dhiwayo and Pixley (2003). Zimbabwe farmers currently rely on
synthetic chemicals in controlling this pest. Some of these chemicals due to continuous use are being
resisted by the insect pest. Most Zimbabwean farmers are also poor resource farmers who cannot
afford buying the chemicals which are expensive and not readily available in most rural markets,
besides they are a health hazard to applicators, consumers and the environment, Mabbet (2007).
The destruction of non target species as well as pesticide resistance is cause for concern in using
these synthetic chemicals. It is at this juncture that locally available botanicals are under research to
replace or supplement the chemical control method.

Research technologies seeking protection of stored products include development of non-target
chemicals to abrogate the use of synthetic insecticides and have economic and health benefits for
applicators, consumers and the environment, Murdock et al (1997), Elhag, (2000); Talukdfr and
Howse, (2000). The use of natural methods of protecting harvested crops from insect damage is not
only gaining prominence, Golob et al (1999) but are also generating positive results. Some botanical
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control methods researched include the use of eucalyptus leaves, Tagetes minute leaves and
according to Musundire et al (2014), plant powder of E. gandis and T. mimuta can be used as natural
pesticides in maize storage and can successfully limit grain damage.

Lippia javanica, fever tea tree/lemon bush of Verbenceae family known as zumbani in Shona and um
suswane in Ndebele is an aromatic woody shrub. It grows up to a height of 5m and is widely spread
in many parts of Zimbabwe. It is used in various ways including repelling and controlling insects e.g.
bark beetle, used in pre and post harvest management, used against rape aphids and tomato red
spider mites Van Wyk et al (2000). According to Souza et al (2005), L. javanica contain essential oils
that inhibit insect growth.

1.2 Overall objective
e To determine the effects of Lippia javanica leaf powder in controlling Sitophilus
zeamais in stored maize.
e 1.2.1 Specific objectives
e To evaluate the effect of L. javanica leaf powder on mortality of S. zeamais in stored

maize.

e To determine the effects of L. javanica leaf powder on grain damage by S. Zeamais in
stored grain.

e To determine the effects of L. javanica leaf powder on reproduction of S. zeamais in
stored maize

e To determine the effects of L. javanica on weight loss of stored maize.

1.2.1Hypotheses

e There is no significant effect of L. Javanica leaf powder in mortality of S. zeamais in
stored maize.

e There is no significant effect of L. javanica leaf powder on grain damage by S.
zeamais in stored maize

e There is no significant effect of L .javanica leaf powder on reproduction of S. zeamais

in stored maize
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e There is no significant effect of L. javanica leaf powder on weight loss on stored

maize.

14



CHAPTER TWO

LITERATURE REVIEW

2.1 Maize production and economic importance

According to Ashworth, (1990); Roth, (1990); and Masters, (1991), maize is a dominant crop
across all agricultural ecological zones in Zimbabwe occupying 50-70% of the cropped area
in natural regionl, 11A, and 11B, and 40-50% of the cropped area in natural regions 111, 1V
and V. Maize area is uniform across the communal areas in natural regions 11A and 11B with
an average of 1.7 ha ,Natonal Early Warning Unit, Agritex (1994). Maize production is
largest in relation to other crops in natural regions 11A, 11B and 111. Maize can be grown
successfully in soils whose pH ranges from 5.5 to 7.5. Maize requires considerable moisture
and warmth from germination to flowering. It is a warm weather plant. Minimum soil
temperature requirement of 10 to 13°C is needed for maize germination and seedling growth.
The ideal temperature for germination is 16°C to 32°C (Rouanet 1987). There is significant
decline in yield of maize in all regions of Zimbabwe and this is triggered by temperature and
precipitation as physical variables (BEAP, 2007), unavailability of labour, seed, fertilizer as
well as irrigation on time leading to late planting. Irregular rainfall distribution has made
maize production a very risky endeavour for many small holder farmers who rely on rainfall.
Drought reduces maize yields by an average of 15% each year in Sub-Saharan Africa. This is
equivalent to US$200 million in lost grain (http/www.iita.org).

Pests and diseases add problems in the production of maize. They include rust, maize streak
virus, leaf blights, stalk and ear rots, leaf spot, downy mildew and weeds such as the
problematic witch weed (striga). However maize production has been at the helm of
employment creation in farms, GMB, industry and the current Zimbabwe Agenda for Socio-
Economic Transformation (Zim Asset) has seen people making brisk business in the brewing
and selling of maheu, maputi and maize meal. In farms people are hired for land preparation,
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planting, weeding, harvesting and even storage. At the GMB maize is the main crop and
people get different forms of employment from stacking, to record keeping. Globally maize is
ranked third after wheat and rice in terms of importance. To minimize losses in storage,
farmers need to observe sanitation, possibly cropping of natural resistant varieties, practice
hermetic storage and use botanical methods to repel or kill insect pests to reduce use of
synthetic chemicals

2.2 Storage and Postharvest Pests

Farming is all in vain if farmers fail to store the harvested produce. Storage of maize is a
constant priority so as to bridge seasons. It is done to ensure household food and nutritional
security. Impelling maize grain storage is more critical at this time of climate change where
associated weather vagaries adversely affect crop yields. Whatever has been produced must
be well managed as research has proved grain storage loss due to moisture, insect pests,
moulds and mildew costing farmers 25 t030% of their yield each season. (Manica Post 2014
July 25).

Most rural farmers store their maize in the traditional granaries which have no guarantee of
grain safety against major storage insects. Polythene sacks are also not insect and fungus
proof. Improvised galvanized metal silos and the use of airtight hermetic bags have been put
in place to reduce weevil and fungus damage. However new types of hybrids have shorter
and loser husks and need to be stored shelled and in closed store with the use of pesticide and
30% moisture content. Insect pests in the fields include stem and ear borers, army worm,
cutworm, grain moth weevils, grain borers, rootworms, and white grabs.

2.2.1 Post harvest pests in maize

Among the insect pest which attack stored maize are the rust —red flour beetle (Tribolium
castaneum Herbst), angoumois grain moth (Sititroga cerealla Oliv.), larger grain borer

(Prostephenus truncates), and the maize weevil (Sitophilus zeamais) (Warui et al 1990).
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2.2.1.1 Rust-red flour beetle ( Tribolium castaneum)

Very common in Zimbabwe, it is very small3-4mm long and reddish in colour. Lays eggs
outside kernels which are sticky causing them to become covered with flour and stick to
containers. Adult and larva feeds mainly on the germ of the cereal. It is a major pest of maize,
groundnuts, oats, rice, beans wheat and sorghum at post harvest and in storage. It damages
seed and grains through internal feeding, contaminates grain with faeces and it promotes
moulds making grain unfit for human use.

2.2. 1.2 Angoumois grain moth

Infestation by moth starts in the field. Maize infested in the field may harbour larvae feeding
within the kernels, the adult continue to develop, pupate and emerge as adults which in turn
deposit eggs on un-infested kernels. By feeding, moth causes reduction on weight and
quality. Heavily infested grain produce bad odour. Cribs infested by this pest will contain

ears with small holes on individual kernels

2.2.1.3 The larger grain borer

This pest is foreign in Zimbabwe and is suspected to have been introduced through maize aid
from Tanzania but it originated from Mexico. The pest is a wood boring pest and is a serious
pest of stored maize, dried cassava and other domestic products. This serious pest has
devastating effects and demands adequate preparation on its management. It is a notify able
pest in Zimbabwe. The LGB can eat all the grain and induce loss of up to 100%. The

notorious pest resists most synthetic chemicals.

2.2.1.4 Maize weevil (Sitophilus zeamais)

It is described as a primary storage pest of maize. It is a very serious pest on stored maize
that enhances food insecurity among farmers (Longstaff, 1981).Though it attacks standing
maize before harvest, it is also commonly associated with rice. It can also infest raw and

precede wheat oats sorghum and barley. The pest can also infest apple fruits during storage. It

17



has ability to fly. Female bore holes to lay eggs in the grain. A development stage happen
within the grain, feeding from the germ and later bores its way out as an adult. More damage
is caused by heat produced by the pest activity which may lead to sprouting of grain (Jacob
and Calvin, 1988). Accumulation of frass, insect cadavers and the spread of post harvest
fungal pathogens adds to damage causing grain to be unfit for human consumption
(Ashworth, 1993).

2.3.0 Biology of Sitophilus zeamais and infestation

The maize weevil is of 2.5mm to 4mm in length, is brown in colour with reddish brown spots

on the wing cover larger than those of rice weevil. It is able to fly.

Figure 2.1 The maize weevil (S. zeamais)

Kingdom: Animalia
Phylum: Arthropoda
Class: Insecta
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Order: Coleoptera

Family: Curculionidae
Subfamily: Dryophthorinae
Genus: Sitophilus
Species: S.zeamais

/ ADULT

Beetle or weevil
MOTH
EGG O
PUPA PUPA EGG O
False
\ LARVA anal

LARVA pair of
Iags

®

Figure 2.2 Life cycle of the maize weevil

False ahdaminal legs

The complete development time for the maize weevil averages 36 days. The female chews
through the surface of the grain creating a hole to lay an egg. Not all excavated holes are used
for oviposition, some maybe deserted while others are expanded into feeding holes (Campell,
2002). On a hole meant for laying, a white oval egg is laid. As the ovipositor is removed, a
waxy secretion covers the hole with a plug which quickly hardens and is not easily visible.
One egg is laid in each grain. The egg hatches into a legless grub and feeds within the grain
and develop to a larvae which also feeds from within the grain and normally, weevil larvae
allow their frass to accumulate inside the grain in which they are feeding. This makes grain
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unpalatable and when carbon dioxide level exceeds 5%, the larva makes a small hole in the
grain to eject much of the frass. Only one larva lives within a normal sized kernel as the
existence of more than one will result in cannibalism (Hall, 1970). Subsequently the larvae
puppets within the grain and chew its exit hole outside the grain to an adult beetle. One
female may lay 300 to 400 eggs in its lifetime. In temperatures of 15 to 34°C and relative
humidity of 40% adults can live for 5 to 8 months. When they emerge, females move on high
surface and release sex pheromones to attract males. Invasion by this primary coloniser may
facilitate the establishment of secondary coloniser and mite pests and stored products
pathogens (Trematerra et al, 2007).

Damage may be further confounded by heat produced by pest activity, so much so that
sprouting of grain occurs (Jacobs and Calvin, 1988). Indeed, as with most pests infesting
stored produce, damage is not through direct feeding alone; in the case of this pest, damage to
produce also arises from the accumulation of frass, insect cadavers and the spread of post

harvest fungal pathogens (Longstaff, 1981; Ashworth, 1993).

2.4 Control measures of S. zeamais

There is great need to minimize postharvest losses in stored maize. Maize is a seasonal crop
and the produce in one harvest period must be stored for gradual consumption up until next
harvest and in some cases retained seed for next season comes from that harvest. Maize is
also kept for selling during off season when values rise. S. zeamais is a problematic pest to
many farmers reducing both quality and quantity in a very short space of time. Food security
is at great risk if the pest is left uncontrolled as it attacks grain even before harvest. It is at
this juncture that different methods in reducing infestation or invasion by this pest have been
and are being researched. Infestation by insect pests cause grain weight and quality losses as

infested grain normally loose colour and nutritional value (Giga, 1993). It is therefore vital to
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minimize unnecessary losses by preventing, protecting and curing stored maize against the
deadly insect pests such as the maize weevil. Most Zimbabwe farmers rely on synthetic
insecticides. Though effective and efficient, resource poor farmers cannot afford the ever
increasing prices and in most cases the chemicals are not readily available in rural markets,
also the uncontrolled use of the chemicals are a healthy hazard to human and the environment
(White, 1995). Cultural, biological and botanical methods of controlling maize weevil are in

practise.

2.4.1 Chemical control

Organophosphates and pyrathroids are applied either as dusts or as liquids to maize grain for
long term protection. These chemicals protect with various efficacies. However, none will
control all pest species, so a mixture of two is usually applied to the grain (Lorini et al.,
2006).The commercially available synthetic grain protectants currently in Zimbabwe include
Shumba Super Dust®, Chikwapuro®, Ngwena Yedura®Actellic Super Chirindamatura
Dust®, Actellic Gold Dust®, and Phosphine fumigation tablets used in seed houses and
commercial storage facilities.

The most widely used organophosphate grain protectants in Zimbabwe have the active
ingredients fenitrothion (C9H12NO5PS) and pirimiphos-methyl (C11H20N303PS). In
Chikwapuro®, Actellic Super Chirindamatura Dust® and Actellic Gold Dust®, the
organophosphate in the formulation is pirimiphos-methyl while in Hurudza Grain Dust® and
Shumba Super Dust®, the organophosphate is fenitrothion. Synthetic pyrathroids in the dust
formulation are deltamethrin C22H19Br2NO3) and permethrin (C21H20CI203).actellic
Chirindamatura Dust and the Acyellic Gold Dust have thiamethoxam as second ingredient.

Fenitrothion is a contact organophosphate with acaricidal properties while pirimiphos-methyl
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is a broad spectrum organophosphate they both protect grain by phosphorilation of
acetycholine at the cholinergic nuero-effector junctions resulting in the death of insect.
Permethrin interferes with sodium ion channels of the insect disrupting neuron functions in
the central nervous system resulting in muscle paralysis and death (Machingura (2014).

Inappropriate and excessive use of chemicals leads to insects being resistant and can be a
hazard to human health. A good example is the active ingredient in Actellic, only 15¢g of the
active ingredient is required per tonne and very few if any farmer work with the correct

measurements.

2.4.2. Cultural control

Cultural methods always apply even to those who use any other control method. This method
implies either as preventive, curative or both. S. zeamais infest maize whilst still in the field.
Maize is susceptible to such pests therefore crop should not be left un-harvested for long.
After shelling, screening and removing contaminants from the produce before storage is vital
(Sinha et al).

Sanitation, use of resistant varieties, maintenance of storage structures and physical control
has been used by resource poor farmers to keep their maize free from infestation.

Cleaning of storage structures and sealing ofcracks, crevices and holes that might be in the
floors prevents infestation. Where bags are used, disinfect bags by sunning before staking
grain and there has to be proper staking of bags containing the grain to maintain hygiene to
prevent insect damage in storage. It is also wise not to mix new with old grain. The use of
sluggish material such as sand, ashes and powders or seeds will make survival of maize
weevil difficult (Golobs and Webley, 1988). This is mostly done on small quantities of seed
to be used in the next season. Movement of insect will be limited and material used may

damage cuticle of insects leading to dehydration followed by death of insect.
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Cultivation of traditional varieties which are resistant to insect damage minimizes storage
losses greatly. The current high yielding hybrid varieties are more susceptible to maize
weevil than traditional varieties. Other varieties to be grown are those that have good husk
covers because insects do not easily get to the maize cob and hence reduce field infestation.
According to Painter (1951) there are three types of varietal resistance namely non-
preference, antibiosis and tolerance. Resistance to post-harvest insect pests is linked to
antibiosis and non-preference (http//www.fao.org).

Grain must be stored when it reaches optimum moisture content and storage activities need
to be done during low temperatures to reduce heat and fungal problems and the use of

hermetic storage reduces oxygen increasing carbon dioxide leading to death of insects.

2.4.3. Biological control

MacFarlane (1989) indicates the possible application of conventional biological control techniques in
stored-grain pest control including control by use of predators, parasites, insects pathogens and
sterile males, the use of pheromones for pest monitoring, mating disruption or enhance mass
trapping and the use of resistant crop varieties. The main attraction of biological control is that it
lowers the need for using chemicals and there is therefore no environmental pollution, which may
affect non-target flora and fauna, when it succeeds, it offers a lasting solution of stem borer control
from one introduction and this is a very helpful to both small-holder and large scale farmers
(Wiedenmann and Smith, 1997)

Dustable powder formulation of conidia of Beauneria bassiana and Metarhizium anisoplia

isolates control S. zeamais on stored and infested cereals (Kass 2003). According to Charles

Adarkwa parastoids significantly reduce S. zeamais in stored maize.

2.4.4. Botanical control
This traditional method contributes significantly to food production and protection in
sustaining livelihoods as it is an affordable and economically viable method (Amoabeng et al

2014, Mkenda et al 2015). Most of the plants are gathered locally from the wild e. g around
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homesteads, roadsides, in farm fallows and forest reserves. According to Bell et al (1990),
pestcidal plantscan be directly toxic but often they act through repellence, growth regulators,
and antifeedance or can stop insects from laying eggs.

Synthetic chemicals are products with high knockdown effect on pest organisms but the
earliest pesticide till the end of 2nd world war were poisons extracted from plants (Berge
1994). Plants are known to possess secondary chemical compounds which are used as a part
of the plant‘s defence against plant-feeding insects and other herbivores (Lupina and Cripps,
1987). Some of such plant products affect nerve axons and synapses e.g. pyrethrins, nicotine
and picrotoxinin; muscles e.g. ryanodine; respiration e.g. rotenone and mammein; hormonal
balance; e.g. juvenile and molting hormone analogues and antagonist; reproduction and
behaviour e.g. attractants, repellents and antifeedants (Bell et al., 1990). .

Traditionally, different parts of the neem tree and other plant leaves have also been used as
grain protectants at farm level (Jilani & Ahmad, 1982). In Southern Africa, Zimbabwe
included, farmers are using a variety of pesticidal plants in the fields, in grain and vegetables
with varying success (Nyirenda et al., 2011; Kamanula et al., 2011) though only a few plant
species have been commercialised (Mwine et al., 2011). The plant should also show no
potential to become weeds or host for plant pathogens and should, if possible, offer
complementary economic uses. In addition, the insecticidal product should effectively control
the range of pests encountered in local storage situations, be safe to use, pose no
environmental hazard, be easy to extract, formulate and use with available skills (Kis-Tamas,
1990). A various botanical grain protectants in powder form are used to reduce weevil
infestation in Zimbabwe. These include Eucalyptus grandis (Musundire et al 2014), T.
minuta (Muzemu et al, 2013) Jatropha curcas (Constance et al 2013), Lantana camara

(Furusa, 2008), L. javanica (Gadzirai et al 2006) and leaves
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Chemical insecticides have been used extensively in grain storage facilities to manage stored
products from insect pests (Kim et al., 2012). Although the dependence on insecticides like
organophosphates and pyrethroids and gaseous insecticides such as methyl bromide and
phosphine are effective means of controlling the coleopteran pests, negative effects owing to
their repeated use for decades have fostered environmental and human health concerns (Kim
etal., 2012).

The use of botanicals is seen to be an effective alternative and suitable for smallholder
farmers for preserving stored grain from insect damage. In a study by Ivbijiro (1983), the
application of neem seed powder Azadiachta indica to weevil infested maize grains prevented
oviposition at the high dose while mortality of adult weevils reached 100% within five days.
2.4.4.1 Eucalyptus

It is one of the most cultivated tree genera globally and has more than 700 species.
Eucalyptus speciesproduce a pungent odour even before squashing the leaves which repel
insects which according to Brito et al (2006) is an insecticidal property. Many studies on the
efficacy of Eucalyptus species showed effectiveness in the control of S. zeamais in stored
grain (Muzemu et al 2013, Mulungu et al 2007: Modgil and Samuels, 1998). Cimanga et al
(2002) asserts that leaves of Eucalypus globules cause high mortality of S. zeamais while the
study by Machingura (2014) revealed that integrated pest management involving synthetic

chemicals and eucalyptus citriodora leaf powder achieved 100% insect pest mortality.

2.4.4.2. Tagetes minuta (Southern cone marigold/Mexican marigold)
In Zimbabwe it is considered a crop weed and leaves can be irritant. Its roots are nematicide
and insecticide, leaves are good insecticide effective to against a wide range of crop and soil

pests and the whole plant can protect postharvest products against pests. The major
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constituent of T. minuta is piperitone, which is an antioxidant having insecticidal activity

(Dar et al 2011).

2.4.4.3. Jatropha curcas

Jatropha curcas is a widely available tropical plant often used for fencing by many farmers.
Its seed oil is used as biofuel and its potential as a biopesticide (Nash 2005). However
Jatropha leaves contain phytochemicals tannin,cardiac glycosides, antraguinones, saponins
and flavonoids (Trease and Evans 1998). These have strong activities against plant pathogens

and pest (Karamanoil et al 2011) killing them by chelating and enzyme inhibition.

2.4.4.4 Lantana camara (lantana/ black sage)
This is a highly invasive shrub, forming dense thickets and repels insect pests in households.

It is very effective in the control of S. zeamais in maize (Daisy 2014).

2.4.4.5. Lippia javanica

It is commonly known as Lemon Bush, Fever Tea tree. It's a woody shrub found throughout eastern
and southern Africa. It is used in pre- and postharvest management and ecto-parasite control on
livestock. The plant is high on essential oils with fumigant effect and has contact toxicity of
Perillaldehyde and Ipsdienone against S. zeamais. It is easily propagated from seed or cuttings and
can be invasive. Lippia javanica have been used in controlling aphid population on cabbage (Brassica
capitata by 24.65%. The plant also has antibacterial, antifungal, antiprotozoal and insect-repellent
activity and seems to repel antestia bug (Akunne et al (2013). According to Tapondjou e al (2005), L.
javanica have also been evaluated to contain toxic substances against many microbes and insect
pest.
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Figure 2.3 L. javanica flowering

Family: Belongs to VVerbenaceae

It is a multi-segmented, hardy untidy shrub of the open grass and bushveld and it gives off an
intense lemon scent when crushed. It is used for food, medicine, crafts and charms in Southern
Africa and India. Traditionally the leaves have been used for their strong scent as an insect repellent
in granaries, cupboards and also on wood to repel insects such as maize and rice weevils (Khare
2007). L. javanica leaves contain essential oil osdienen, which has been known to repel and
intoxicate insects. The essential oil is rich in ipsdienone, which has been shown to repel even the
European tree insect pests, pine shoot beetle and ash bark beetle (Pooley, 1998). According to Nzira
(2009), combined presence of coumarone, gavanoids and essential oils in L. javanica have an
additive effect on the repellent against insect pests. Also according to Chiu (1989) synthetic dusts
like cypermethrin 1% dust is effective in protecting stored grain thereby reducing loss of grain
weight. Hall (1990) and Parwada et al (2012) reported that ground plant extracts act by dehydrating
and suffocating the weevil and also by reducing weevil movements thereby resulting in reduced
grain damage and weight loss. Research by Aslam and Suleman (1999) showed that L javanica leaf
powder reduces relative humidity on the surface of grain inhibiting lying of eggs and larva
development of weevils.

2.5.1Chemical composition

According to Chagonda et al (2000), L. javanica samples collected from three locations in Zimbabwe
showed high amounts of limonene. Essential oils in L. javanica include myrcene ,ipsenone,
myrcenone tagetone, linalool,isopiperitenone and limonene. Experiments by Shikanga and Combric
(2010) revealed that infusions of L. javanica have high antioxidant activities. Essential oils in L.
javanica have twelve compounds which vary according to ecological aviations and population or
chemotipic races however; myrcenine is the major component (Lukwa et a/ 2009). The essential oil
has activity against primary and secondary postharvest pathogens. Polar extracts of Lippia species
have potential as environmentally friendly alternatives for the control of various insect pests
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Figure 2.4 Structures of some of the major constituents of L. javanica oil.

2.5.2 Parts used

Twigs can be used as insect repellants in grain stores. The essential oil is rich in ipsdienone,
which has been shown to repel European tree insect pests, pine shoot beetle ash bark beetle
(Pooley, 1998). However in this study, dry leaves were used where fresh leaves were dried
and ground and sieved to a smooth powder and then used both in pre- and postharvest
products. Leaves contain essential oils (oils- citral, neral and geranial) citrial and campor. The
plant has also been used tropically for treating in strong concentrations, scabies in livestock.
The lemon bush is rich in volatile oils including mycene, caryophyllene, linalool, cymene and

ipsdienone and is farmed commercially in South Africa and Kenya.
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CHAPTER 3

MATERIAL AND METHODS

3.1 Study site

The experiment was carried out at farm 77 Chenjiri small scale commercial area in Sanyati. Sanyati is
located in Mashonaland west province in northern central Zimbabwe about 136 km northwest of
Kadoma. The coordinates of Sanyati are 17° 57' 0, 00" S, 29° 18’ 27.00 E. Latitude 17.9500; Longitude
29.3073. (Mean annual rainfall 761mm. Mean annual temperature 21.6°C.

3.2 Experimental design and treatments

The experiment was laid out in a Completely Randomised Design. Five treatments replicated 4 times.
Actellic Gold Dust was used as a positive control (Table 3.1).

3.1 Table of treatments

Treatment Pesticide used Rate of pesticide in 1kg maize
1 Untreated Og

2 L. javanica 0.5g

3 L. javanica 10g

4 L. javanica 15g

5 Actellic Gold Dust 1g

3.3. Source of S. zeamais, L. javanica and Actellic Gold Dust.

S. zeamais was obtained from Harare GMB laboratory and starved for 24 hours. Maize was locally
grown and supplied by a farmer while L. javanica leaves were collected from surrounding bushes
and Actellic Gold Dust was bought from the local market.

3.4. Trial management

3.4. 1. Containers used.

Plastic bottles were perforated right round using small nails.The holes were tiny such that no weevil
could pass through them.

3.4.2. Preparation of maize for the study

Twenty kilograms of Pannar 413 maize variety was obtained from a local farmer. The maize was
winnowed and thoroughly selected removing all damaged grain and placed in deep freezer for 2
weeks to disinfect basal infestation. The maize was then air dried under protection to avoid re-
infestation by insects. One kilogram of maize was introduced into each of the perforated twenty
plastic bottles. Pannar 413 was used in the study because it is most susceptible to the maize weevil.
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3.4.3. Preparation of the leaf powder

L. javanica fresh leaves were collected from the surrounding bushes. The leaves were dried in a well
ventilated room at room temperature for 2 weeks. The dry leaves were then pounded to a smooth
powder using the Kasa Maria pestle and mortar.

3.4.4. Experiment

Varying dosages of L. javanica leaf powder0.5g, 10g, 15g (Adams scale was used) 1g Actellic God
Dust and untreated maizewere introduced into the 5 plastic bottles containing maize and were
replicated four times. A total of 20 bottles were used. Thorough mixing of grain and leaf powder was
done to ensure uniform distribution of the leaf powder over the grain surface. The mixture was
allowed to settle before introducing ten pairs of starved weevils into each bottle. A total of 500
weevils were used. The bottles were tightly closed and stored in the room in completely randomised
design for three weeks.

53.5. Data collection
3.5.1. Weevil mortality

Weevil deaths from each bottle were counted on day 22 and recorded. Insects were certified dead
on seeing motionless legs when insect was tempered with or teased using a small smooth brush.
Maize weevil mortality was assessed as: (Number of dead insects/Total number of insects) x 100. To
account for death by natural conditions other than the effect of the L. javanica leaf powder, data on
percentage adult weevil mortality was corrected using Abbott‘s (1987) formula thus:

PT = (PO-PC) / (100-PC)
Where,

PT = Corrected mortality (%),
PO = Observed mortality (%)
PC = Control mortality (%)
3.5.2. Grain damage

Damage assessment was done using count data on treated and untreated grain after storage for the
period of three weeks. After three weeks, number of damaged grains (grains with characteristic
holes) from each container were counted and recorded.

3.5.3.Reproduction of weevils
10 pairs of adult weevils were introduced tolkg maize in each of the 20 bottles. On day 22,

all the weevils in each container were counted including dead weevils and recorded. The
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initial number of weevils was subtracted from the total. The difference reflected reproduction

of S. zeamais.

3.5.4. . Weight loss of grain

Damaged grains were separated from undamaged grains. These were counted and then weighed.
The undamaged grains were separately counted and weighed also. Percentage weight loss was
calculated, using FAO (1985) method as follows:

% Weight loss = (UxNd-DxNu/Ux(Nd+Nu)x100)
Where,

U= Weight of undamaged grain

Nd = number of damaged grain

D = Weight of damaged grain

Nu = number of undamaged grain

3.5. Statistical Analysis

Analysis of variance (ANOVA) was done using Genstat version 14. The means were separated using
LSD at 5% level of significance. Data was transformed using square root transformation before being

analysed.
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CHAPTER 4

RESULTS

4.1 Effects of L. javanica leaf powder on weevil mortality in stored maize.

Therewere significant differences among all treatments on the mortality of S. zeamais in stored
maize (P<0.05).However there were no statistical difference between L. javanica at 15g and the
synthetic pesticide (Actellic Gold Dust) which had the highest mortality of 85.25% and 97.25%
respectively. The lowest mortality was obtained at untreated followed by 05g with 40.25% and 10g
with 53.25%.

120 -+

100 -
Fa 80 -
=
<
E 60 -
(@)
=
X 40 A

20 A

O T T T T
Untreated 0.5gL. Jav 10gL jav 15gL jav 1g Actellic
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Figured.1 Effects of L javanica leaf powder on weevil mortality in stored maize.

4.2 effects of L. javanica on grain damage by S. zeamais in stored maize

Therewere significant differences among all treatments on grain damageby S. zeamais in stored
maize (P<0.05). However there were no statistical difference between L. javanica at 15g and the
synthetic pesticide (Actellic Gold Dust) which had the lowest number of damaged grainof 4 and 2
respectively. The highest number of damaged grains of 357 was obtained at untreated followed by
0.5g with 90 damaged grains followed by 10g with 67 damaged grains.
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Figure 4.2 Effects of L. javanica leaf powder on grain damage by S. zeamais

4.3. Effects of L. javanica leaf powder on reproduction of S. zeamais in stored maize

There were significant differences among all treatments on the reproduction of S. zeamais in stored
maize (P<0.05). However there were no statistical difference between L. javaniva at 15g with the
synthetic pesticide (Actellic Gold Dust) which had the lowest reproduction of 1.3% and 0
respectively. The highest reproduction was obtained at untreated followed by 0.5g with 31.5% and
10g with 8.5%
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Figure 4.3 Effects of L. javanica on weevil reproduction
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4.4 Effects of L. javanica leaf powder on weight loss on stored maize.

There were significant differences among all treatments on weight loss due to damage byS.zeamais
in stored maize (P<0.05). However there were no significant differences between L. javanica at 15g
and the synthetic pesticide(Actellic Gold Dust) which had the lowest percentage weight loss of 4%
and 2% respectively. The highest percentage weight loss was obtained at untreated followed by 0.5g
with 44.6% and 10g with 29.8%.
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4.4 Effects of L. javanica leaf powder on weight loss on stored grain
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CHAPTER 5

DISCUSSION

5.1. Effects of L. javanica on mortality of S zeamais

Results from this study indicate that L. javanicaleaf powder can be effectively used to control
S. zeamais in stored maize. The results showed that mortality was dose dependentas more
weevils where killed at high dosage levels. This agrees with sentiments by Khare (2007),
which reveal thatL. javanica leaves contain essential oil osdienen, which has been known
tointoxicate insects, as suchS. zeamais adult cannot survive in grains treated with optimal
rates of Actellic Gold Dust and L. javanica leaf powder. Although the synthetic pesticide has
higher mortality percentage, according to Mkendaet al (2015), plant pesticide treatments are
more cost effective to use than synthetic pesticide as the marginal rate of return for the
synthetic is no different from the untreated control. On the other hand the use of L. javanica
facilitates ecosystem services at the same time effectively managing S. zeamaisby Kkilling.
The labour cost of collecting and processing abundant plants in surrounding bushes are less

than the cost of purchasing synthetic pesticides.

5.2. The effects of L. javanica leaf powder on grain damage by S. seamais.

The results from this study revealed that the leaf powder and concentration level have
significant effect on grain damage by S zeamais, decreasing with the increase in dosage of the
leaf powder. At the rate of 15g/kg, L javanicaleaf powder can reduce grain damage as
effective as Actellic Gold Dust at label instruction. This concurs with the research on
Eucalyptus grandis (Musundire et al 2014), T. minuta (Muzemu et al, 2013) Jatropha curcas
(Constance et al 2013), Lantana camara (Furusa, 2008), L. javanica (Gadzirai et al 2006) as

botanical grain protectants in powder form used to reduce weevil infestation. Also according
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toBekele et al., (1997), botanical pesticides represent an important potential for integrated
pest management programs in developing countries as they are based on local materials. Plant
materials with insecticidal properties provide small scale farmers with chemicals that are
locally and readily available, affordable, relatively less poisonous and less detrimental to the

environment for pest control reducing damage of grain as said by Talukder & Howse, (1995).

5.3Effects of L. javanica on reproduction of S. zeamais

Results from this study revealed that L. javanica leaf powder can suppress egg production on
S zeamais. The leaf powder contains caryophyllene which suppresses ovipositional activities.
Also negative effects on ovipositional rates results in fewer numbers of insects in treated
grain. These leaf extracts negatively affectsoviposition rate, fertility of eggs or larval growth
and development of hatched eggs or a combination of two or all of these factors as given by
Bell et al, (1990); resulting in fewer number of insects in the treated grain. This concurs with
the findings by Aslam and Suleman (1999)that L javanica leaf powder reduces relative
humidity on the surface of grain inhibiting laying of eggs and larva development of weevils

in stored maize.

5.4. Effects of L .javanica on grain weight loss

Results from this study showed that as number of damaged grains reduces, weight loss
decreases. Weight loss was highly observed on low dosages of L. javanica leaf powder
anduntreated grain. The results support the finding of (Kham and Marwat, 2004) who
reported that the leaves bark and seeds of certain plants protect grain from damage by storage
pests.There was significant decrease in grain weight loss in higher levels of dosage of
treatments as compared to the untreated negative control. Minimal grain damage was
observed on treated grain leading to little weight loss when compared to the untreated

negative control and the same level as the positive control of Actellic Gold DustAmong the L.
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javanica leaf powder treatment rates, highest grain weight loss was experienced in the maize
grain treated with 0.5gover the 21 day exposure to S. zeamais whilst the grain treated with
15¢g L javanicaleaf powder and the synthetic Actellic Gold Dust had least grain weightloss.
High grain weight loss can be attributed to the low weevil mortality and high weevil survival
as well as reproduction of the weevils resulting in high weevil population leading to higher
grain damage hence high grain weight loss. The findings are in agreement with Chiu (1989)
who observed that synthetic dusts like cypermethrin 1% dust is effective in protecting stored
grain thereby reducing loss of grain weight. Hall (1990) and Parwada et al(2012) reported
that ground plant extracts act by dehydrating and suffocating the weevil and also by reducing
weevil movements thereby resulting in reduced grain damage and weight loss. The leaf
powders of L javanicacould also have reduced grain weight loss due to the fact that they
reduce the relative humidity on the surface of the grain thereby inhibiting egg laying and

larval development of the weevils.

CHAPTER 6

6.0 Conclusion and recommendations

S. zeamaize mortality increased asL. javanicaleaf powder rates increased and can be used as
natural pesticide in maize storage and can significantly reduce grain damage and reproduction
of the maize weevil. The effective recommended rate of L .javanica is 15g/kg. Increase in
rates can be of great help and will have no costs to farmers since L javanica is in abundance
in the area. For the adoption of this technology, L. javanica should be air dried and ground

into smooth powder and admixed with grain at 15g/kg at the beginning of the storage season.
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APPENDICES

Appendix 1:

1. Analysis of variance on the

weeks after treatment

effect of L javanica leaf powder on weevil mortality five

Source of variation d.f. S.S. m.s. V.1 F pr.

TREAT 4 211.8972 <.001
52.9743 | 183.46

Residual 15 4.3312 0.2887

Total 19 216.2285

Appendix 2:

2. Analysis of variance on the effect of L javanica on number of damaged grain

Source of variation d.f. S.S. m.s. V.I. F pr.
TREAT 4 762.539 190.635 116.02 <.001
Residual 15 24.646 1.643

Total 19 787.185

Appendix 3:

3. Analysis of variance of effect of L javanica leaf powder on weevil reproduction 5

weeks after treatment

Source of variation d.f. S.S. m.s. V.1 F pr.

TREAT 4 137.2347 42.21 | <.001
34.3087

Residual 15 12.1912 0.8127

Total 19 149.4258
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Appendix 4:
4. Analysis of variance on the effect of L javanica leaf powder on weight loss five weeks
after treatment.

Source of variation d.f. S.S. m.s. V.I. F pr.

TREAT 4 478102. 79.10 | <.001
119526.

Residual 15 22666. 1511.

Total 19 500768.
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