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ABSTRACT

This study was carried out to evaluate the insecticidal potential of Neorautanenia

milis to the Larger Grain Borers Prostephanus truncatus (Hom) (Coleoptera:

Bostrychidae) and its mammalian toxicity. Laboratory studies were conducted to

asses the efficacy and the basic mode of action of N. milis on P. truncatus. Further

studies were conducted to asses the toxicity of N. milis on mammals using rats

(Mastomys natalensis). The efficacy was assessed at six rates (0, 1, 2, 5, 7 and 10%

evaluated in the choice bioassay at five rates (1,5, 10, 15 and 20% w/w N. milis in

50g of maize grains) in 5 replications. The contact mode of action was evaluated

using Student’s t or t-test. Anti-oviposition was evaluated in non choice bioassay

system at six rates (0, 1, 2, 5, 7 and 10% w/w N. milis in 50g of maize grains) in 3

replications. Actelic super dust at a rate of 0.05g in 1kg of maize was also used for

comparison. Mammalian toxicity was evaluated by exposing rats to six rates (0, 5,

12.5,25, 50 and 75% w/w N. milis in Broiler mash) in 6 replications. The lethal dose

(LD5q) was determined by the graphical method of Miller and Tainter. Split-plot

arrangement in a Complete Randomized Design (CRD) was used while Two-way

ANOVA was used in the analysis of data. The results showed that N. milis powder

and liquid extracts were statistically significant (p<0.05) in reducing the number of

damaged grains. Repellency and ant-oviposition are presumed to be the key mode of

action of N. mitis. The study indicated that the plant tuber is toxic to rats, therefore

care should be exercised during the preparation and handling of the food stuff

treated with N. mitis.

w/w N. milis in 50g of maize grains) with 5 replications. The repellency was
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Historical back ground

Maize ( Zea mays L.) is an important food crop widely grown in Tanzania. It serves

as a source of dietary carbohydrate for humans (Onwueme and Sinha, 1999). It is a

staple food in many countries in Africa, Latin America and Asia. In Tanzania maize

Iringa, Mbeya, Rukwa, and Ruvuma (Nsemwa and Lyimo, 2005). These Regions

contribute more than 60% of the total maize produced in Tanzania (Rwamugira,

1996).

In Tanzania maize production is severely constrained by pre harvest losses in the

field and post harvest losses in storage. Such losses are considered to be a major

cause of food insecurity in Tanzania. According to Makundi et al., 2007; Key and

Mungereza (1998), Prostephanus truncatus Horn. (Coleoptera: Bostrichidae) and

the maize weevil Sitophilus zeamais Mostch, (Coleoptera: Curculionidae) are the

major storage insects pests causing losses of maize in Tanzania. Other insects pests

reported in stored grain in Tanzania include; granary weevil S', granaries (L), lesser

grain bores Rhizopertha dominica (F), indian meal moth Plodia interpunctella

(Hubner) and angoumois grain moth Sitotroga cerealella (Olivier). In addition there

are storage insects that are often regarded as secondary pests because they feed on

processed maize products or damaged grains. They include the tropical warehouse

moth Ephestia cautella (Walker) flour moth Ephestia kuchniella (Zeller), confused

flour beetle Tribolium confusum (Jacquelin du val), red flour beetle Tribolium

casteneum (Herbst), and rust grain beetle Cryptolestes ferrugineus (Stephens).

is largely produced in four Regions popularly known as “The Big Four” namely
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Losses during storage are still high despite farmers efforts in controlling them using

various methods like using hermetic storage, synthetic insecticides, resistant maize

varieties and by using hygienic and sanitation methods. Losses of up to 34% of

maize have been reported in Tanzania after three months of storage with an average

loss of 11.33% per month (Hodges et al., 1983). Global post harvest grain losses

caused by the insects and other bio agents ranges from 10 to 40 % (Raja et al.,

2001). Throughout the whole of Sub Sahara African an estimated 25-40% of grain

crop is lost in storage each year due to insect damages related to poor storage

structures, expensive and scarcely available storage insecticides (Koona and Njoya,

2004). Research proposes that, high losses occur between harvesting and

consumption (Nchimbi-Msolla and Misangu, 2002).

Synthetic insecticides have been for a long time effective and the most important in

mechanism of controlling storage pests. However, there are several disadvantages

accompanied by their use. These include insecticides residues which can hardly be

removed during grain processing (Sighamony et al., 1990). The residues may

ultimately contaminate the environment, promote faster development of resistant

forms of pests and destroy natural enemies, turns formally innocuous species into

pests and harm non-target species (Peddy and Peddy, 1987., Zettle and Cuperus,

1990).

These problems have necessitated the need for research on the use of alternative

methods that can prevent cereal grains losses. Such methods include the use of

botanicals pesticides. Botanical pesticides are seen as a promising alternative to the
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Mohan and Fields, 2002; Facknath, 2006; Akob and Ewete, 2007).

1.2 Problem Statement and Justification of the Study

In Tanzania as in other developing Sub-Saharan Africa countries, continuous use of

synthetic insecticides in the control of insect pests although effective, is expensive

and has raised health and environmental concerns (Talukder, 2006; Isman, 2007).

Surveys conducted in the Southern Highlands of Tanzania indicate that between 42-

60% of the farmers use chemicals insecticides against grain storage pests

particularly P. truncatus (Ashimogo et al., 1995). Resource poor farmers fail to

utilize insecticides at recommended dosages because they are expensive and are not

readily available. There is also the problem of substandard and ineffective

insecticides in the market (Mkoga et al, 1999). Consequently, some farmers have

resorted to the use of natural plant materials which are less expensive, locally

available, ecologically safe and socio-friendly in protecting their crops (Banwo and

Adamu, 2003; Ogendo et al., 2006; Talukder, 2006; Isman, 2007). Various products

of plants have been tested recently with varying degree of success as protectants

against a number of stored grain insect pests (Verma and Dubey, 1999). Pesticides

of plant origin such as Neorautanenia mitis (A. Ritch) Verdcourt is one of the

potential botanical pesticides that have not yet been fully exploited. This plant is

available in many parts of Tanzania particularly in Southern highland Regions and is

locally used by the farmers to control insect pests (Kabungo, 2004).

use of synthetics and have recently received much attention (Golob et al., 1999;
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According to Bus and Park-Brown (2002) there is need for research on the active

ingredients, pesticide preparations, application rates and environmental impact of

botanical pesticides. It is important to note that botanical pesticides much as they are

derived from plants, do not guarantee safety to humans and to the environment.

Some may be quite toxic such as the rotenoids, which necessitates toxicological

studies aimed at assessing the safety of these botanical pesticides should be done

before they are used to avoid possible dangers (Belmain et al., 2001).

The effectiveness of N. milis in controlling pests has been reported by a number of

workers. For examples Chimbe and Galley, (1999) reported its use against

Si tophilus oryzae (L.) (Coleoptera: Curculionidae) and P. truncatus in wheat and

extracts of N. mitis in Tanzania. The roots of N. mitis have also been reported to

have pharmacological effects in rats and mice (Vongtau et al., 2000; 2005). Van

Puyvelde et al. (1987) isolated various compounds from the roots of N. mitis

including hydroxyrotenone, a compound known to have insecticidal properties.

Rahman and Talukder (2006) studied the bioefficacy of seven plant derivatives on

Callosobruchus maculates (Fab) in Bangladesh. However, to date little is known on

the standard application rate for use by farmers in Tanzania, mode of action of

N.milis (e.g. repellency, contact, and anti-oviposition / eggs laying inhibition) and

recommendations of proper application method for this botanical insecticide difficult

to make.

maize. Joseph et al. (2003) reported the larvicidal and mosquitocidal effects of crude

safety of crude extracts to consumers. Lack of this information makes
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Objectives1.3

1.3.1 Overall Objective

To investigate the efficacy of N. mitis against P. truncatus attacking maize and

assessing its mammalian toxicity.

Specific Objectives1.3.2

To compare the effectiveness of two different formulations of N. mitis ini.

controlling Prostephanus truncatus.

To determine mode of action of AC mitis against P. truncatus.ii.

To determine mammalian toxicity of N. mitis.iii.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Maize, Zea mays L (Cyperalcs: Poaccae)

Maize is a member of the grass family Poaceae (Purseglove, 1990). Maize was first

cultivated in Central America, notably in Mexico. The crop evolved through

domestication of wild grass teosinte (Zea Mexican) which is native to Mexico. . In

Tanzania maize production is mainly to meet house hold consumption and cash

needs. Maize remains a major food crop and ranks high as compared to other food

crops at 67% of the total cereal crops production (Makundi el al, 2007)

I
Economic importance of maize2.1.1

Maize contains 80% starch, 13%water, 10% protein, 4% oil, 2% sugar and 3% fibers

Maize is used as feed for livestock and poultry, particularly in the industrialized

countries and material for many industrial products. Residues such as the stalks are

used for fuel or compost (Oparaeke and Kuhiep, 2006).

2.1.2 Constraints to maize production

According to researchers, the most serious abiotic and biotic constraints for each of

the maize production ecologies and geographic regions, include drought and poor

soil fertility were the major ones. Drought is the most serious abiotic constrain in

tropical maize produced under rain fed condition (Pingali, 2001).

Tropical soils are renowned for their low soil fertility, particularly low nitrogen, and

consequently tropical soils ranks as the second most important abiotic constraint to

maize production in tropical ecologies. Intensified land use and the rapid decline in
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fallow periods, coupled with the extension of agriculture into marginal lands, have

contributed to a rapid decline in soil fertility, particularly in sub- Saharan Africa.

Nitrogen (N) and phosphorus (P) deficits are severe and widespread biophysical

constraint to smallholder maize productivity, and in turn to the long-term food

security

Inappropriate intensification of maize production systems, particularly in the

hillsides of the Tropical lowlands and the mid altitude environments, has resulted in

to high rates of soil erosion in many areas. Soil erosion and degradation are most

often observed in areas where population growth is rapid, where land ownership

right and use are not well defined, and where farmers face poor policy environment

(Pingali, 2001).

Among the most important biological constraints at field and post harvest stages of

maize production include insect pests. It is estimated that field and storage pests

destroy approximately 43% of potential crop production in developing ,Asian and

African countries (Jackobson, 1982; Ahmed and Grange, 1986; Ogendo et al.,

2004). In Tanzania insects pests have been the cause of reduction in maize

production level (Temu et al., 1995; Rugumamu, 2005).

Leaves

Grain during storage

Source; (FAO, 1983)

Stalks
Ears and tassels

Table 1: The common insect pests in developing world that affect maize 
_______ production 
Part of plant affected 
Roots

Insect pest____________________________
Rootworms, wireworms, white grubs, and seed-corn 
maggots
Aphids, armyworm, stemborers, thrips, spidermites, 
and grasshoppers.
Stem borers, termites.
Stem borers, earworms, adult rootworms, and 
Armyworm.
Grain weevils, grain borers, indian meal moth, and the 
angoumois grain moth.
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Insect damage can occur at any stage of maize production and storage. Its severity

depends on the variety used, cultivation practices, levels of pest infestation, control

primary pests and secondary pests. The primary pest is the one which borers the

kenel and develops inside it, by hiding their infestations in the grain mass (Cotton

and Wilbur, 1982). The Larger Grain Borer Prostephanus truncatus (Horn)

(Coleoptera: Bostrichidae) is classified as a primary pest. In contrast a secondary

pest is one that does not have the kernel boring capability and can only develop

outside the kernels or feeding on broken kernel or on the grain dust. A good example

is the Red flour beetle Tribolium casteneum (Herbst) and Confused flour beetle T.

confusion (Jacquelin).

BostrichidaeLarger Grain Borer
CurculionidaeRice weevilSitophilus oryzae (L.)

Prostephanus truncatus2.2

The larger grain borer, P. truncatus (Horn) is an important pest of maize Zea mays,

and can infest the standing crop as well as maize in storage. It can also infest and

Maize weevil
Granary weevil 
Lesser grain borer 
Angoumois grain moth

Saw toothed grain beetle 
Indian meal beetle 
Mediterranean flour beetle 
Cigarette beetle 
Red flour beetle 
Confused flour beetle

Curculionidae
Curculionidae
Bostrichidae
Gelcchlidae

Silvanidae 
Pyralidae 
Pyralidae 
Anobidae 

Tenebrionidae 
Tenebrionidae

Scientific name
Primary pests____________
Prostephanus truncatus (Horn)

S. zeamais (Motschulsky)
S', granarius (L.)
Rhizopertha dominica (F.) 
Sitolroga cerealella (Olivier)
Secodary pests
Oryzaephilus surinamensis (L.) 
Plodialnterpunctella (Hubner) 
Ephestia kuchniella (Zeller) 
Lasiodenna serricome (F) 
Tribolium casteneum (Herbst)
T. confusam (Jacquelin)_____

Source; (FAO, 1983)

Table 2: Primary and secondary insect pests of stored maize
Common name Family name

strategies used and climate. There are two main classes of maize pests that are
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serious pest in both the hot, dry conditions of western Tanzania, the hot, humid

conditions of Togo and up to an altitude of 2200 m in Mexico suggests that it has the

potential to spread to all areas where maize is grown, and to other tropical and

subtropical regions.

2.2.1 Description life history and type of damage

Prostephanus truncalus originates from meso-America where it infests maize stores

and dead wood (Ramirez-Martinez et al., 1994; Espinal et al., 1996). It takes about

24-25 days to develop from an egg to adult under optimal conditions (32°C and 80%

R.H). Eggs are laid in batches of 20 and each egg clutch is usually protected by

tightly packed frass. Females can live for several months, laying an average of 430

eggs. There are three larval instars that develop within the food substrate, feeding on

dust produced by adult boring (Borgemeister et al., 2003). Males alone produce an

aggregation pheromone when they have located a suitable breeding site, which

attracts female flying adults. Oviposition begins 5-10 days after adult emergence,

reaching a peak at 15-20 days (Bell and Watters, 1982). The mean development

period under optimum conditions for eggs is 3 days, for larvae (3 instars) 13days,

prepupae 4 days, and pupae 2 days (Demianyk and Sinha, 1988). Females tend to

outlive the males, with a mean survival time of 61 days for females and 45 days for

males (Shires 1980; Bell and Watters 1982).

2.2.2 Morphology of P. truncatus

The larger grain borer belongs to Bostrichidae a family of most of wood boring

beetles. It is 3-4mm long cylindrical and dark brown in color. The thorax bears raw

cassava, Manihot esculenta in Africa. The ability of the beetle to establish itself as a
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of teeth on its upper front edge and with the head turned down underneath the thorax

so that it can not be seen from above. The cylindrical shape and teeth on the thorax

are also characteristic of other grain feeding insects in this family. In P. truncatus,

the end of the wing covers is flattened and this sloping region has two curved ridges

at the tips. The effect of the flattened ends to the wings cover and the ridges is to

gives the P. truncatus a very square cut end. This feature distinguishes P. truncatus

from other Bostrichids in particular Rhizopertha dominica (Lesser Grain borer)

which are also known to attack stored products.

Prostephanus truncatus

Figure 1 Adult beetle and larva (ICI copyright)

Figure 1: Adult beetle and larva (ICI copyright)

2.2.3 Geographical distribution of Prostephanus truncatus

Since the accidental introduction of the P. truncatus in East Africa in the late 1970s

and West Africa in the mid-1980s from Central America and Mexico (Markham et

i
Lifesize
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al., 1991) the pest has spread further to cover most other countries in Sub Sahara

Africa (Hodges, 1994). The beetle has spread to 15 African countries (Hodges,

1994; Adda et al., 1996; Sumani and Ngolwe, 1996; Roux, 1999, including

Tanzania (1981), Kenya (1983), Burundi (1984), Togo (1984), Benin (1984), Guinea

(1987), Ghana (1989), Burkina Faso (1991), Nigeria (1992), Malawi (1992),

Rwanda (1993), Niger (1996), Zambia (1996), Namibia (1998) and South Africa

(1999). It is a serious pest of stored maize and dried cassava roots, it attacks maize

in the field just before harvest (Shires, 1977).

o.
Revised November 199ft

Figure 2: World distribution of P. truncates (Technical Centre for Agricultural and
Rural Cooperation -CPA-Netherlands)

Historical background ofP. trim cat us in Tanzania.2.2.4

In 1980, farmers from Tabora District in Western Tanzania reported the presence of

an unknown pest destroying stored maize and dried cassava. It was once assumed

that the pest had been introduced into the country through maize imports. Locally it

became known as "Scania", referring to the shape of the head, which resembled the

Occasionally lound

• Unconfirmed reports

Indigenous range
Expanded range 
since 1981

RECORDS IN 
AFRICA 
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1981 Tanzania
1983 Kenya
1984 Burundik—1984 Togo

'-7 /1984 Benin
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' 1991 Burkina Faso
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A 1994 Zambia
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shape of vehicles popular called scania, but was very distinctive compared to other

important, traditional storage pests. Another name under which it became known

was "Dumuzi", which is the noun of the verb "dumula" in the local Kinyamwezi

language, meaning to grind maize into flour, which is what P. truncatus does to

stored maize.

2.2.5 Pest status of P. truncatus

Losses caused by P. truncatus in maize and cassava are much higher than those

caused by indigenous pests, especially because the P. truncatus inflict the losses in a

relatively short period of time. At household level, the losses may be as high as 35%

in 5-6 months of storage, and losses of up to 60% or more may occur over a 9-month

storage period (Golob and Hodges, 1982; Hodges et al, 1983). Weight losses of this

magnitude render the maize unfit for human consumption and therefore can be

considered as a total loss. Such losses are jeopardizing Tanzania's efforts in

achieving self-sufficiency in food production. Weight losses of up to 40% have been

recorded in Nicaragua from maize cobs stored on the farm for 6 months (Giles and

Leon, 1975). Both larvae and adults feed on the grain in the store and reduce them to

powdery form and spoil the grain with their frass. Infested grains are often

susceptible to caking and mouldness, which reduce the market value of the maize

(Ofuya and Laie, 2001).

Management of P. truncatus2.2.6

2.2.6.1 Prevention of infestation.

According to Makundi et al, (2006), the prevention of infestation of grain by P.

truncatus is more effective than the control of infestation. Various strategies can be
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used to prevent infestation and these include botanical toxicants, timely harvesting,

using store hygiene, using resistant varieties, and using air tight containers for

storage.

1.2.6.2 Botanical toxicants

While the insecticidal activity of extracts of some plant species, such as the neem

Azadirachta indica (A. Juss) and Castor oil Ricinus communis (L) are well known,

much research has recently focused on the use of extracts of local plants that may be

toxic to insects and cheap for post harvest storage purposes. The application of ashes

of wood and other materials that are locally available is widespread (Golob and

Kilminister, 1982)

Timely harvesting and selection of uninfected seeds2.2.6.3

This involve the altering of the time of harvest to obtain optimum drying of the grain

and lowering field infestation methods by appropriate handling and drying of the

grain after harvest. The selection of the maize cobs after the harvest has been

proposed to avoid insect infestation at the beginning of the storage time. Early

harvesting of maize 2-3 weeks after physiological maturity is recommended

(Borgemeister et al., 1998).

2.2.6.4 Hygienic and sanitary measures

The proper cleaning of the store prior to the next harvest is of utmost importance.

Many storage pests are able to survive on residuals and debris of stored grain or

within the stored structure and act as sources of new infestation.
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In Tanzania, the current recommended insecticide for control of /< truncutus is the

1998) at a rate of 100g per 100kg of maize grains. The insecticidal formulation

consisting of 0.3% permethrin and 1.6% pirimiphosmcthyl.

2.2.6.6 The use of resistant varieties

The use of varieties with good husk cover characteristics (strong and thick husks,

and long tip extension) (Meikle el al., 1998) and varieties with strong seed kernel

are other means of lowering post harvest losses.

2.2.6.7 The use of airtight containers/drums

Air tighten storage such as the metal drums prevent the pests from entering and

increase the mortality of stored grain insects, due to high concentration of carbon

dioxide and a low concentration of Oxygen (Henckes, 1992).

2.2.6.8

Population growth of P. truncatus is inhibited by a number of parasitoid, predators

and pathogens found in association with P. truncatus. The predator is a Histcrid

beetle Teratriosoma nigrescence (Borgemeister et al, 1997) is one of the predators

of P. truncatus. As Holst and Meikle (2003) reported T. nigrescens reduced

significantly the population growth rate of both P. truncatus and non target pests the

weevil (S. zeamais).

use of Permethrin+Pirimphos-Methyl (Actclic super dust) (Key and Mungcreza,

Biological control

2.2.6.5 The use of chemicals
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The current management of storage pests include the use of air tight containers,

synthetic insecticides, inert material (wood ashes, sand), smoking and resistant

varieties. However, the use of synthetic insecticides such as potassium phosphide for

control ofP. truncalus is expensive (Banwo and Adam, 2003). The use of synthetic

insecticide to control P. truncalus has contributed to the outbreak of pests beyond

normal population levels due to the killing of natural enemies. Health and

environmental concerns have also been high as a result of using synthetic insecticide

(Tulukder and Howse, 1994). Shortages of the insecticide, high costs to farmers

and/or traders especially when large quantities of maize are involved, reluctance of

farmers or traders to use right dosage and comply with the law when there is no

obvious P. truncatus infestation, lack of manpower and facilities at checkpoints

have all contributed to the outbreak of the pest.

2.2.8 Host range of P. truncatus

P. truncatus is a serious pest of stored maize and dried cassava roots, and attacks the

maize in the field just before harvest (Shires, 1977). The pest behaves as a typical

primary pest of farm-stored grains; whole grains are attacked on the cob, both before

and after harvest. Extensive populations of P. truncatus occur in the natural

environment, and it has been recorded from a number of tree species in Central

America and Africa (Nang'ayo et al., 1993; Ramirez-Martinez et al., 1994). As a

typical bostrichid, P. truncatus has demonstrated to have the capacity to breed in a

wide range of woody hosts. Some of which are important agro forestry species. Tree

species such as Commiphora africana (Arn.) Engl, and Commiphora riparia Engl.
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appreciate the natural environment as a reservoir for P. truncatus (Nang’ayo et al.,

1993). The abundance of LGB in the natural environment is positively correlated

with ambient relative humidity and temperature (Nang’ayo, 1996). With many

woody species appearing to support breeding populations of P. truncatus farmers are

advised to avoid potential hosts of P. truncatus when constructing maize stores.

Other findings indicate that maize cobs and Stover also harbor sufficient numbers of

P. truncatus and should be buried or destroyed to reduce potential sources of

infestation (Wekesa, 1994). Heavily infested stores were also found to influence pre­

harvest infestation suggesting that where the circumstances allow, stores should be

sited as far as possible from the maize fields.

Botanical insecticides2.3

Botanical insecticides are the insecticides originate from the plant. These have

generated extraordinary interest in recent years as potential sources of natural insect

Table 3: Some of the tree species that support breeding of the P. truncatus 
laboratory conditions

Anacardiaceae 
Euphorbiaceae 
Papilionaceae 
Burseraceae 
Burseraceae 
Caesalpiniaceae 
Caesalpiniaceae 
Caesalpiniaceae 
Mimosaceae 
Mimosaceae 
Papilionaceae

Scientific name_______
Anacardium occidentals

Mangifera indica
Manihot esculenta
Cajanus cajan
Commiphora campestris
Commiphora africana
Cassia abbreviate
Cassia siamea
Delonix regia
Leucaena diversifolia
Acacia polyacantha
Prosopis pallida___________
Source (Nang’ayo, 1996).

Family_____
Anacardiaceae

were found to support breeding populations of P. truncatus emphasizing the need to
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control agents. Today over 2000 species of plants are known that possess some

insecticidal activity (Jacobson, 1989)

2.3.1 Definition of Botanical Insecticides

Botanical pesticides are an important group of naturally occurring, often slow-acting

crop protectants that are usually safer to humans and the environment than

conventional pesticides (Pavela, 2009). Botanicals are useful against insect pests

such as ants, aphids, beetles, caterpillars, cockroaches, fleas, flies, leafhoppers,

mosquitoes in yards and gardens. Some of the currently recognized botanical

insecticides are limonene, neem, nicotine, pyrethrum, rotenone, ryania and sabadilla.

Some organic products contain combinations of the above. As Jacobson (1989)

suggests the most promising botanicals are to be found in the families of Maliaceae,

Rutaceae, Asteraceae, Annonaceae, Labiaceae and Canellaceae. The most numerous

are found in the families of compositae, Fabaceae, Labiaceae, Leguminaceae,

Solanaceae and Umbelliferae. Secondary compounds include alkaloids, terpanoids,

phenolics, flavonoids, chrombenes and other minor chemicals. These can affect

insects in several different ways which induce disrupting major metabolic path

ways, causing rapid death; acting as attractants, deterrents, phagostimulant and

antfeedants or modifying oviposition. Indeed, research in this area has led to the

discovery of substances with interesting activities on insects. The substances include

insect growth regulators/inhibitors and antifeedants (Saxena, 1987; Rembold, 1994).

The insect development inhibitors specifically affect development of insects. They

may retard or accelerate development or interfere with the life cycle of the insects in

many other ways (Bell et al., 1990).
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2.3.2 Importance of botanical insecticides vis-a-vis synthetic insecticides

The botanical insecticides are generally pest-specific and are relatively harmless to

non-target organisms including man. Most of them are also biodegradable and

harmless to the environment (Rembold, 1994). Furthermore, unlike conventional

insecticides which are based on a single active ingredient, plant derived insecticides

comprise an array of chemical compounds which act concertedly on both behavioral

and physiological processes. Thus the chances of pests developing resistance to such

substances are less likely (Saxena, 1987). One plant species may possess substances

with a wide range of activities. For example, extracts from the neem tree have

antifeedant, antioviposition, repellent and growth-regulating effects (Schmutterer,

1990). In contrast, the toxicity of conventional synthetic insecticides is mainly

restricted to neuro-muscular function (Ware, 1994). Conventional synthetic

insecticides require special safety procedures and equipment during production and

application (Ware, 1994). Despite precautions, exposure to humans, the environment

and food are inevitable (Franzen, 1993). The synthetic insecticides are expensive

and have in many cases only produced moderate results along with major ecological

damage. In contrast, the low toxicity of botanical insecticides makes processing and

application of the product inexpensive. In many cases, the materials are locally

available and affordable (Childs, 2001). Plants with insecticidal properties are

abundant and can be propagated by farmers under minimum costs. It is

comparatively safe and less knowledge intensive to the users compared to the

synthetic insecticides. Botanical insecticide plants are far less persistent in the

environment (Gaskins et al., 1972; Isman, 2000).
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2.4.4 Impacts of botanical insecticides on Environment

Pesticidal plants are an appropriate technology for pest management on small holder

farms; but strengthening and promoting their use needs consideration and care.

Although pesticidal plants are a relevant pest management technology, their use is

under threat due to stagnating knowledge base that cannot keep up with the

contemporary health, safety and reliability directives. One key aspect of this is the

determination of safety of the material currently being used or promoted. A study on

plants used to protect stored grain from insect pests in West Africa has shown that

some of the most commonly found plants used by farmers can adversely affect

growth and development (when fed to rodents), with potentially long term effects

(Stevenson, 2007). Greatest risks exist when pesticidal plants are used for post­

harvest treatment especially when toxic species which were originally developed

and promoted for use in field pest management such as Tephrosia spp and Derris

spp. are promoted by poorly informed extension organizations for use on stored food

stuffs. There is a myth that because they occur naturally pesticidal plants are safe.

Plants produce some of the most toxic substances known and many plant materials

(Stevenson, 2007). It is therefore essential to develop the capacity to evaluate their

toxicity and ensure appropriate promotion to end users.

Overview on efficacy of botanical insecticides2.5.5

Currently, there is considerable interest among biochemists and botanists to screen

plants for secondary chemical compounds, which could be used for developing

medicines and pesticides. In general, plants with pesticidal properties can be

may be more dangerous than commercial synthetic chemical insecticides
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exploited as a key to synthesize a chemical compound which then could be produced

industrially (Berger, 1994). Literature on the biological properties of crude extracts

and isolated secondary substances of plants against different insects and other

organisms is abundant. Tahikder and Howse (1994) mention the toxic and repellent

properties of extracts of Aphanamixispolystachya (L) against 5. oryzae. Furthermore

Boeke et al. (2004) have evaluated the efficiency of 23 different plant extracts on

Callosobruchus maculatus and found repellency of volatile oils. Prakash and Rao

(1997) conducted an extensive revision of plants containing active secondary

substances against insects. These authors provide information on 866 plant products

with insecticidal activities. In Brazil, Tavares and Vendramim (2005) studied the

bioactivity of Chenopodium ambrosioides on Sitophilus zearnais and in Argentina

this subject has received less attention. Novo et al. (1997, 1998) observed the

repellent activity of several crude extracts of four native plants against T. castaneum

and the antifeedant effect on Anticarsia gemmatalis. The current study was aimed at

exploring the effectiveness of N. mitis in controlling P. truncatus and determines its

related toxicological properties with

controlling P. truncatus. The results obtained would lead to adequate understanding

of the insecticide and warrant its safe use by farmers.

Neorautanenia mitis2.4

2.4.1 Description and habitat

The plant is a leguminous creeper shrub which can be 1-1.5m high, with trifoliate

leaves and hairy big pods, and round seeds. The flowers are pinkish or white in

color. The stem originates from a huge root tuber. Normally these plants are

a view to use it as a possible agent for
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distributed in Southern high lands of Tanzania especially in the miombo wood lands,

open woodlands and open grass lands.

Figure 3: Young Neorautanenia mitis

Figure 4: Matured Neorautanenia mitis
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Figure 5: Neorautanenia mitis tuber

Figure 6: Neorautanenia mitis flower

Biology2.4.2

N. mitis is a small leguminous plant which can be as high as 1.5m. The plant has

broad leaves some of which have lobed sides making the leaves appear with three

‘tips’. N .mitis produces sizeable tubers which can reach a diameter of around 75cm

with a weight of around 50kg. It is the tuber which contains the insecticidal

properties. N. mitis showed a great potential in the control of maize weevils and

possibly other storage pests and can protect grains up to six months with a minimum

damage (Kabungo et al., 1998)
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Experimental Site

Experiments were conducted in laboratories at Sokoine University of Agriculture

(SUA) in the Department of Crop Science and Production, SUA Pest Management

Centre (SPMC) and Department of Veterinary Pathology.

3.2 Preparation of 2V. niitis and Rearing of Insects

Collection and rearing of insects colonics3.2.1

Five hundred (500) adults P. truncatus were collected from milling machines and

from SUA Pest Management Centre laboratory in Morogoro. The insects were put in

two glass jars of 1 liter capacity each. The glass jars were kept in a room maintained

at optimum conditions of 25-29 0 C and 65 - 70% relative humidity as per Shires

(1980). The brims of the containers were covered with perforated lids. Three

hundred adults of P. truncatus of both sexes at a ratio of male to female (1:2) and of

different ages were introduced in to the jars with kernels of maize variety (Staha)

and left for 7 days to allow them to lay eggs. The adult insects were then removed

and discarded. The media containing eggs was left undisturbed until adults emerged.

After 25 days the adult insects were removed from the large plastic containers by

sieving and were used in the experiment.

Processing and preparation N. niitis3.2.2

Dried chips /slices of N. mills tubers were ground and sieved with a 0.2 mm mesh to

obtain a fine powder commonly used by farmers. The process of pulverization and

sieving of the tubers continued until no more powder was released. Both N. niitis
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powder and liquid were used in this experiment. The /V. mitis powder was applied at

six levels or concentrations of 0, 1, 2, 5, 7and 10 g in 50g of maize grains (Othira el

al, 2009).

modifications. The extraction was done by immersing 1, 2, 5, 7 and 10 g TV. mitis

powder separate into 20ml of distilled water. The mixtures were stirred for 30

minutes by a magnetic stirrer at 6000 (rpm) and left to settle for next 24 hours. The

mixture was then filtered through a fine cloth and re-filtered in Whatman No.l filter

solution was taken and used to treat the maize grains.

3.3. To compare the Effectiveness of Two Formulations (Powder and Water

Extract) of N. mitis in Controlling Storage Pests

One thousand seven hundred and fifty (1 750g) maize grains at the moisture content

of 14% were collected and placed in 35 bottles. Then N. mitis was applied at the

rates of %w/w for powder and %v/w for liquid of 0, 1, 2, 5, 7and 10 in 50g of maize

grains. The bottles were vigorously shaken to ensure proper mixing of maize grains

with N. mitis. Twenty (20) P. truncatus adult (1-7 days old) were starved for 24

hours and then confined in the bottles contain the mixture of N. mitis and maize

grains for 14 days. The bottles with the mixture of N. mitis and P. truncatus were

labeled and covered with perforated lid to provide ventilation. Actelic Super Dust

was used as a standard control at a rate of 0.05g in 1kg of maize. The bottles were

then kept in a room maintained at a temperature of 28 - 29°C and 65 - 70% relative

The extracts were prepared according to Chitra el al. (1993) with some

paper. The filtrate was collected in the round bottom flasks five (5) ml of each
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humidity as described by Shires, (1980). The layout of the experiment was a split­

plot arrangement in a Complete Randomized Design (CRD) in which the N. mitis

concentrations were the main plot and time (days) were the subplots with five (5)

replications. Data collected include the number of dead insects, the number of

damaged grains and grain weight loss. Analysis of Variance (ANOVA) using

MSTAT C computer statistical package. Means were separated by Duncan Multiple

Range Test at 0.05 level of significant.

3.4 Determination of Mode of Action of N. mitis Against P. truncatus

The experiment was conducted to determine the basic mode of action of N. mitis that

is whether it is a repellent, stomach poison, contact poison or Anti-oviposition or

development inhibition.

3.4.1 Repellency tests

Repellency material drives the insects away after exposure to the plant without

The treatment involved grams of dried powder of N. mitisnecessarily feeding.

applied at the rates of 1, 5, 10, 15 and 20% w/w N. mitis in 50g of maize grains

according to the method adopted after McDonald et al. (1970), Talukder and Howse,

(1994) but with some modifications. Twenty five (25) Petri dishes 9 cm diameter

each was divided into two equal portions; one portion was supplied with treated

grains while the second portion was supplied with untreated grains for each

concentration listed above (Figure 6). Ten (10) P. truncatus adults were released at

the centre of each Petri dish which then covered. The exercise was repeated at

interval of 1 day for 3 days. The insects that settled on each half of the petridish
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were counted at 1 hour interval for 5 hours per day. The average of the counts was

converted to the percentage repellency (PR) using the formula of Talukder and

Howse (1995) that is PR = 2(C - 50), where, C is the percentage of insects on the

untreated half of maize grains in the Petridish. Positive (+) values expressed

repellency and negative (-) values expressed attractant.

The repellent classes were categorized as;

Class 1

- 40 % slightly repellant materialsClass II 21%

- 60 % Repellent materialClass III 41%

- 80% highly repellent materialClass IV 61%

-100 % repellence (Me Govern el al., 1977)Class V 81%

The layout of the experiment was a split-plot arrangement in a complete Randomized

Design (CRD) in which the N. mitis concentrations were the main plot and days were

the subplots with five (5) replications (Table 10).
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Figure 7: Experiment set up for repellency test

Contact mode of action3.4.2

One hundred (100) adult insects 1-7 day old P. truncatus were introduced into two

containers, one containing N. mitis powder and the other containing fine white sand
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as described by Rahman el al. ( 2003) with some modification. In each container,
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100 adult insects were left for one hour, removed and placed in rearing bottles and

allowed to feed on 300 untreated maize grains. The number of dead adults was

recorded daily for one week (7days). Seven observations were made (n = 7).

Student’s t or t-test was applied to determine the difference in paired means of the

numbers of dead adults.

3.4.3 Anti-oviposition or development inhibition

Fifty (50) grams of maize grains at moisture content of 14% were placed in 12 cm

high x 6.5 cm diameter glass jars. The treatment involved dried powder of N. mitis

applied at the rates (%w/w) of 1, 2, 5, 7 and 10 in 50g of maize grains according to

the method of Othira et al. (2009) with some modification. The N. mitis powder was

thoroughly mixed with 50g of maize grains in each jar. Actelic super dust was used

as a standard control at a rate of 0.05g in 1kg of maize. Three replicates were

provided for each treatment. A mixture of twenty five (25) 1-7 day old newly

collected male and female P. truncatus were introduced in to each jar and covered

with perforated lid. The female adults were allowed to oviposit on the grains for 48

hours, after which, they were discarded. A direct examination of the grains was done

with the aid of a dissecting microscope. Since the presence of eggs could not be

determined, the presence of larval tunnels was used as a basis for counting the

number of deposited eggs. The eggs are laid in batches of the 20 in one tunnel and

covered with finely chewed maize dust (Bell and Watters 1982). According to

Maribet et al. (2008) a larval tunnel indicates egg deposition. Absence of larval

tunnel suggests that no egg was deposited, hence this was the basis for anti-

oviposition effect of the test materials. The examined grains were kept separately in



28

properly labeled and covered 12 cm high x 6.5 cm diameter glass jars for adult

emergence.

Data collected

(a) The total development period of the test insects [the number of days when the

egg was laid up (a day after removal of parent weevils from the jar) to adult

emergence].

(b) The number of Fi adults which emerged in each bottle (from day 27 - 42 days

after the setup of experiment).

(c) The reproduction inhibition rates RIR% = [(Cn - Tn) / Cn] x 100, where Cn =

Number of insects in control bottles and Tn = the number of insects in treated

grains in the bottles (Talukdcr and Howsc, 1994)

All the data gathered were analyzed using ANOVA following one factor

Randomized Complete Block Design (RCBD) in MSTAT C computer program.

Means were compared using the Duncan Multiple Range Test (P<0.05).

Figure 8: a and b. Experimental set-up for adult P. truncatus ant- oviposition 

test
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3.5 Determination of Mammalian Toxicity of TV. niitis

3.5.1 Preparation of N. niitis powder

Dried chips /slices of N. niitis tubers were ground into small particles or course

more powder was released. Known weights of N. niitis powder were mixed with

known weights of broiler mash to obtain six portions of 7g each containing increasing

concentrations of N. niitis ranging from 0% to 75% as shown in Table 4.

3.5.2 Animal trapping and maintenance in captivity

Fifty (50) rodent Mastomys natalensis were trapped from Mzinga farm using

Sherman traps baited with peanut butter. The captured animals were caged and kept

in an animal experimental room for two months. During the course of captivity the

animals were daily fed with broiler mash and clean water for the whole period. At

the end of the experiment, 36 animals were selected at random and were treated with

carbonyl (5%) to remove ecto parasites (fleas, mites, lice and tick). The purpose of

removing ecto parasites from the animals was to ensure maximum animals health as

Weight of N. 
niitis (gm)

Weight of the 
mixture (gm)

7
7
7
7
7
7

0.00
0.35
0.88
1.75
3.5

5.25

Animals 
(rat)group 
number 
I 
II 
III 
IV 
V 
VI

Portions of N. 
/ii/V/s-broilcr 

mash mixture 
0.00 
5% 

12.5% 
25% 
50% 
75%

farmers. The process of pulverization and sieving of the tubers continued until no

Tabic 4: Portions of TV. niitis broiler mash mixture containing concentrations of
TV. niitis ranging from 0% to 75%

Weight of 
broiler mash 
______ (gm) 

7.00 
6.65 
6.12 
5.25 

3.5 
1.75

powder and sieved with a 0.2 mm mesh to obtain a fine powder commonly used by

diseased animals could have interfered with clinical signs as well as
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histopathological examinations results. Prior commencing the experiment pilot test

was conducted using laboratory bred animals then followed by wild animals

(Mastomys natalensis) aimed at refining the experiment.

3.5.3 Treatment of experimental animals

Prior to carrying out the experiment, sex and weight of each animal were determined

and recorded. The animals were divided in to 6 groups with 6 animals each with

male and females mixed at random, using a modified method of Cruz et al. (2006).

All the animals were starved overnight prior to starting the experimental feeding.

Each animal in each group was caged separately. Seven gram portions of N. mitis-

broiler mash mixture containing concentrations of 0, 5, 12.5, 25, 50 and 75% w/w N.

mills were daily fed to the rats in groups I, II, III, IV.V and VI respectively for

fifteen days. The Seven (7) grams were taken as a standard feeding ration for an

adult rat per day (Cait, 2008). The rats in group I received 7g of broiler mash only

while each of those in groups II, III, IV, V and VI received a 7g N. milis-broiler

mixture with specific amounts of V. mills and broiler mash as shown in Table 1.

3.5.4 Estimation of the amount of TV. mills + broiler mash mixture consumed

by the experimental rats per day

The leftovers from the 7g mixture given to each group were weighed and recorded

daily. The actual weight of each constituent i.e. broiler mash and N. mills powder

consumed per day was obtained by taking the total mixture provided and subtracting

the left over to obtain an average amount of N. mills consumed per day (g/kg b. w).

The average amount of N. mills bait mixture consumed up to death (g/kg b. w) was
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obtained by multiplying the amount of N. mitis consumed per day by the total

number of days the rat survived after the treatments.

3.5.5 Number of rats which survived during the experimental period

The number of rats used in this particular experiment was 36. The total number of

rats which survived up to the end of experiment was 19 of which 12 animals were

from groups II and III, 3 animals were from group IV and 1 animal was from group

VI. Three (3) rats were sacrificed as control to those that died during the

experimental period.

Calculation of the lethal dose of N. mitis3.5.6

The lethal dose of N. mitis that is amount of N. mitis which killed 50% of the

experimental rats within 15 days under specific laboratory conditions of this study

that is 27°C and 50-80 relative humidity was determined by the graphical method of

Miller and Tainter (1937). The observed percentage of rats mortality was converted

’ into probit by referring to the probit table (Appendix 13). The values thus obtained

determined from the graph (Table 12). Transformation of percentages to probits was

done based on the table of probits (Appendix 13). The dose corresponding to 50% or

probit 5 was taken as LDsq.

were plotted against log dose. The LD50 value and its standard error were
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Clinical examination3.5.7

All the experimental animals were kept under clinical examination for fifteen (15)

days, during this period the animals body weights, feeding behaviors and body

appearances were recorded.

Post mortem examination3.5.9

Each rat which died in the course of the experimental period was dissected and

examined for gross pathological abnormalities in comparison to the rat in group I

(control), which was sacrificed, dissected and examined in a similar way. All the rats

which remained alive up to day 15 of the experiment were sacrificed, dissected and

examined for pathological abnormalities.

3.5.10 Histopathological examination

Tissue samples from the liver, kidneys and lungs in each rat that was dissected were

subjected to tissue processing, embedded in paraffin wax and sectioned to obtain

5p.m thick sections. The sections were stained with haemotoxylin and eosin (H&E)

and examined under the light microscope.

3.5.8 Statistical analysis
The results on mortality rates and changes in body weights caused by different 
concentrations of N. mitis were subjected to the analysis of Variance (ANOVA) 
using a split-plot arrangement in a complete Randomized Design (CRD) in which 

the N. mitis concentrations were the main plot and time (days) were the subplots 

with six (6) replications. MSTAT C program was used in the analysis of data at 5% 
levels of significance. Duncan Multiple Range Test was used to detect mean 
differences between treatments.

collected and fixed in 10% neutral buffered formalin. The fixed samples were
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CHAPTER FOUR

4.0 RESULTS

4.1 Efficacy of TV. mitis Formulations (Powder and Water Extract) against

P. truncatus

4.1.1 Efficacy of powder formulation

The results showed that there was no significant difference in the effect of

concentration of N. mitis powder on mortality of P. truncatus (P<0.05) (Table 5).

The results obtained from this study showed that all N. mitis formulation had some

effect on P. truncatus.

Table 5: Effect of TV. mitis powder on maize grains damage, weight loss and
mortality of P.truncatus for 14 days of storage

6.1b 1.08a20 2.93a

5.40b 0.99ab3.20a40

5.06bc 0.93ab3.26a100

4.53bcd 0.87ab3.73a140

2.73cd 0.60ab4.46a200

2.26d 0.52b8.06b0.05Actelic

10.95 42.8951.27CV (%)

Means in the same column with the same letter(s) are not significantly different

following separation by Duncan’s Multiple Range Test (P<0.05)

The treatment of maize with TV. mitis powder affected the number of dead insects,

number of damaged seeds, and weight loss as opposed to the untreated maize grains

S.E
LSD

0.55
1.61

0.79
2.31

0.16
0.49

Grains weight 
______ loss(g) 

1.11a

Number of dead 
________insects 

2.66a

Number of 
damaged grains 

8.46a

N. mitis 
concentration(g/kg) 
0
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(Table 5). There was a significant difference in the number of damaged grains and

weight loss (P<0.05) at different concentrations (Table 5). The study revealed that a

high concentration of N. milis resulted in high mortality of P. truncatus but it was

not statistically different (Table 5). Actelic Super Dust at a concentration of 0.05g in

N. milis in terms of effectiveness as it1kg of maize grains outperformed

significantly (P<0.05) reduced number of live insects, number of damaged grains,

and grains weight loss (Table 5). The lowest number (2.26) of damaged grains was

recorded in maize grains treated with Actelic Super Dust (Table 5)

Day 14Day 7Day 2

Means in the same column with the same letter(s) are not significantly different

following separation by Duncan’s Multiple Range Test (P<0.05).

It was also observed that, the interaction of concentration and the storage time

(days) on mortality of P. truncatus statistically (P<0.05) is significantly different

(Table 6).The study indicated further that the number of dead insects and the amount

of grain damaged were proportional to the days of storage and were statistically

mortality of 4.4 of T. truncatus (Appendix 16).

1.2 a
1.6 a
1.2 a
1.6 a
1.6 a
1.2 a
2.0 a
1.518
0.535

1.8c 
1.8c 
2.4c 
2.2c 
2.6c 
4.4b 
9.4b 

1.518 
0.535

5.0d 
5.4d

6.0cd 
7.4bc
5.6d 
7.8b

12.8 abc 
1.518 
0.535

N. mitis (g/kg of maize
grains)____________
0
20 
40 
100 
140 
200
O. 05 Actelic 
LSD
S.E

different (Tables 6 ). The maximum concentration used in this study induced mean

Table 6: Effect of storage time (days) on average number of dead insects 

under different N. mitis treatments
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0 20g 40g 200g100g 140g

N.mitis concentration (g/kg of maize grains)

2DAT —EJ-7DAT 14DAT

The study showed that N. mitis powder is slow in acting. High mortality was

observed in day 14 followed by day 7 and ultimately day 2. In day 2, the number of

insects which died was relatively low even at high concentration dosages (Figure 8).

The results showed further that the number of damaged grains differ significantly at

different concentrations of N. mitis powder (Table 7).

Day 14

following separation by Duncan’s Multiple Range Test (PO.05)

Figure 9: Mortality of P. truncalus in maize grains after treatment with varying 
concentration of N. mitis powder and Actclic Super Dost for 14 days

0.05g 
Actclic
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7.2b 
6.0c 
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2.6f 
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Tabic 7: Effect of storage time (days) on average number of grains damaged 
_______ caused by P. truncalus under different N. mitis treatments_______
N. mitis (g/kg of maize Day 2 Day 7
grains)____________________________
0 6.6a
20 4.6b
40 3jA
100 42c
140 32e
200 1.4f
O. 05 Actelic l-6f
LSD 0395
S.E__________________________ 0.139 ________________________
Means in the same column with the same letters) are not significantly different
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8.00
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10B 200g

N.mitis concentrations (g/kg of maize grains)

 ?DAT  7DAT : 14DAT

The concentration of Og/kg, 20g/kg and 40g/kg recorded higher numbers of

damaged grains (8.06, 6.13 and 5.40) day 2,7 and 14 as compared to concentrations

of 100,140 and 200g/kg with (5.06, 4.53 and 2.73) number of damaged grains

respectively (Figure 10).

4.1.2 Water extract formulation

The finding showed that insects mortality did not differ significantly at different N.

mitis water extract concentrations (Table 8). However, the number of damaged

grains differed significantly (Table 8). The results indicate that the number of maize

grains damaged was high (23.22) in untreated and in the samples treated with

minimum N. mitis concentration (22.33g/kg) (Table 8).

Figure 10: Maize grain damage after treatment with varying concentrations of 
N. mitis powder formulation for 14 days of storage
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0 0.44b 1.45a
20 0.33b 22.33a 0.73b
40 20.22ab 0.60b0.33b

100 19.78ab 0.54b0.66b

140 0.46b18.89ab0.88b
200 15.0 b 0.59b0.88b
0.05Actelic 0.53b7.00 c9.33a

LSD 4.398 4.908 0.6303

S.E 1.593 0.20251.427
4.96% 47.39%29.56%CV (%)

Means in the same column with the same letter(s) are not significantly different

following separation by Duncan’s Multiple Range Test (P<0.05)

The number of grains damage was also lower and significantly different (P<0.05)

for the treated grains as compared to the untreated ones (Tables 8). The effects of

different concentrations of N. mitis water extracts on mortality of P. truncatus are

presented in Figure 10. The highest number of damaged grains was recorded in

untreated samples with an average value of 23.22. The samples which were treated

with highest concentration (200g/kg) of N .mitis water extract gave value of 15.0

damaged grains.

Weight 
loss (g)

Tabic 8: Effect of TV. mitis on maize grains damaged, weight loss and number of 

dead insects for 14 days of storage.

N.mitis conccntration(g/kg Number of dead 
of maize grains) insects

Number of 
damaged 

grains 
23.22a
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Figure 11:

The study showed that the mortality of P. truncates was low and concentration

dependant Actclic Super Dust seemed to outperformed N.mitis in number of insects

mortality (Figure 11).

4.13 Comparison of performance of N. mitis powder and water formulation

against P. truncates

The results show that maize grains treated with N. mitis powder formulation resulted

to higher mortality of adults P. truncates (4.4) followed by water extract formulation

with (1.33) under the concentration of200g (Fig 12). Water extract formulation gave

the lowest number of insects mortality at 14 days after treatment (Figure 12).

Cumulative mean mortality of P. truncates in maize grains 
treated with water extract doses of N. mitis for 14 days of storage
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12.00

8.00

0 20g 40g 140g

/V./zj/(/sconccntration(g/kg of maize grains}

n Powder formulation □ Water extracts formulation

Actelic Super Dust at a concentration of 0.05g/kg of maize grains performed better

by having a higher number of dead P. truncatus than either powder or water extracts

formulations (Figure 12).

Mode of action of N. mitis against P. truncatus4.2

4.2.1 Repellency

The results and statistical analysis of the repellency rate of tested plant extracts at

different hours after treatment (HAT) arc presented in Table 9. The repellency effect

of N. mitis powder against P. truncatus showed significant difference (p<0.05) at

different concentrations (Table 9).

lL.

Figure 12 Average mortality of P. truncatus in maize grains treated with 
powder and water extract of N. mitis formulation for 14 days of 
storage
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Effect of concentration (g/kg) Effect of time (Hours)

following separation by Duncan’s Multiple Range Test (P<0.05).

The highest mean repellency rate was recorded at a concentration of 400g, with a

percentage repellency value of 56.28 and the lowest at a concentration of 20g of N.

mitis with a percentage repellency of 30.62 (Table 9). The study showed no

statistical significant difference (P<0.05) in the percentage repellant with respect to

time (Table 9).

DAY 2

DAY 3

TIME 
1HAT 
2HAT 
3 HAT 
4HAT 
5 HAT 
Mean 
1HAT 
2HAT
3 HAT
4 HAT 
5HAT 
Mean 
I HAT 
2HAT 
3 HAT 
4HAT
5 HAT 
Mean

DAYS
DAY 1

100g
55
25
25
25
25
31
33
43
33
43
33
37
75
33
25
55
60

49.6

300g
50
33
55
55
55

49.6
60
40
20
40
20
36
50
60
50
71
80

62.2

200g
40
20
50
50
20
36
50
40
25
40
25
36
25
40
50
42
20

35.4

400g
60
40
80
80
80
68
77
55
20
55
20

45.5
25

55.5
71

85.5
40

55.4

Tabic 9: Effect of 2V. mitis concentration and time on repellency of P. truncatus 
after three (3) days of treatments

N. mitis cone, (g/kg of
maize grain) ______
20 30.62 c 45.40 a
100 39.25 be 38.59 a
200 35.85 be 38.75 a
300 47.83 ab 47.49.a
400 56.28 a 39.60 a
LSD 15.12 13.06
S.E 4.63 4.56
CV %__________________________________________ 42.15__________________________ 42.15
Means in the same column with the same letter(s) are not significantly different

Table 10: Repellency effect (%) of AC mitis concentrations against P. truncatus 
_________at different hours after treatments (HAT)______________________  
_________________N.mitis concentration (g/kg of maize grains)__________  

20g 
11 
50 
11 
11 
50 

26.6 
20 
33 
33 
33 
33 

30.4 
50 
11 
33 
25 
55 

34.8
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On the basis of mean repellency rate, it was found that the concentration of 20g,

100g and 200g of N. mitis in 1kg of maize were in the same repellency class i.c. II

while the concentration of 300g and 400g were in repellency class III. The findings

revealed that the rate of repellency increased with increase of dose level (Table 10).

4.2.2 Contact mode of action

The mortality of adults P. truncatus exposed to the grains treated with N. mitis and

control grains did not differ significantly. The results indicate that N. mitis powder

has less contact effect against P. truncatus.

The number of treated insects died day 1 was 10 while for untreated ones was 8. In

day 4, 5, 6 and 7 no mortality of insects recorded in both treated and untreated

insects (Fig 12). The number of dead untreated insects recorded day 2 and day 3 was

higher than the one recorded in treated insects (Table 12). The number of treated

insects died within seven days of storage was 11 while for untreated insects was 13

(Table 11).

1
2
3
4
5
6
7

50
50
50
50
50
50
50

10 
0 
1 
0 
0 
0 
0

Mean number of 
untreated insects died

8 
1 
4 
0 
0 
0 
0

Table 11: Contact effect of TV. mitis powder against P. truncatus for Seven days 
of storage

Days Number of insects Mean number of treated
used insects died
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o Treated samples a Untreated samples

Figure 13: Contact effect of N. mitis powder against P. truncatus for Seven
days of storage

4.23 Antioviposition or development inhibition

The results show that there was a significant difference (p<0.05) on F> of P.

truncatus which emerged from grains under different treatments of N. milis (Table

12). High adults emergence was recorded in the maize grains treated with low

concentration of N. milis. The significant effect was observed in adults development

period (total development period) between the treated and untreated samples (Table

12).

Table 12: Effect N. milis powder on opposition of P. truncatus insect pest

following separation by Duncan’s Multiple Range Test (P<0.05)

N.mitis concentration 
(g/kg of maize grains)

Number of F( adults 
emerged

16.00 a 
1233 ab 
10.00 abc 
8.00 ab c

7.33 be 
5.66 be 
333 c 
7.80 
233

47.73

Reproduction 
inhibition rate (%)

24.33 b 
40.17 ab 
49.37 ab 
48.90 ab
73.93 a 
8037 a 
81.43 a 
2934
938

29.15

§ .= 
-o
o

o -g

Total 
development 
period (days) 

32.00 b 
39.67 ab 
43.33 a 
4333 a 
4333 a 
43.00 a 
4333 a 

3.18 
138 
634

2 I

! Bi 9

! LuJbsb

1st

0
20
40

100
140
200

0.05Actclic
LSD
S.E

______________ CV(%)______________________________________________________  
Means in the same column with tire same letters) arc not significantly different

J
L__ _
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The Actclic Super dust used as control outperformed N. mitis in the reduction of

adults emergence (3.33) and inhibition rate as compared with (16.00) recorded from

untreated grains (Table 12). Reproductive inhibition rate was low in untreated

samples as compared to the treated ones (Table 12).

I-

-x-
■!

100g0g

N.mitisconcentrations (g/kg of maize grains)

4.3 Toxic Effect of N. mitis in Mammals

in Table 13. Results in this table show that the experimental rats started dying when

the average amount of N. mitis consumed by each rat per day reached 0.77g. At this

dose 50% out of six rats died on day 10 of the experiment. The table indicates further

that, rats in group number IV and VI which were fed 25% and 75% N. mitis

respectively in the broiler mash died earlier as compared to those in rest groups

flablc 13).

I
■!

FX1

43.1 Amount of N. mitis-broiler mash mixture consumed by the experimental 
rats

fhe amount ofN. mitis broiler mash mixture consumed by rats in each group is shown

Figure 14: Effect of AT. mitis powder on adults emergence of P. truncatus for 45 
days of storage
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Table 13: Amount of N. mitis broiler mash mixture consumed by rats in each

group

4.3.2 Lethal doses of TV. mitis

Results presented in Table 14 shows that the experimental rats started dying when

the average amount of N. mitis consumed by each rat per day reached 0.77g or

770mg. At this dosage, three rats out of six died. The log dose of N. mitis in this

study has been found to be 2.88 (Table 14). Estimation of LD50 gave a value of

0.77g/kg or 770mg/kg in rats (Table 14).

Table 14: LD50 determination by graphical method of Miller and Tainter

Group 
Number

1 
11 
III 
IV 
V 
VI

0
5

12.5
25
50
75

105
105
105

86.33
57.17
68.17

28.50
40.88
48.05
48.18
38.77
49.98

76.50
64.12
56.95
38.15

18.4
18.19

Mean 
days of 
surviva 

1

15
15
15
10
12
10

Initial 
weight of 

TV. mitis 
and Broiler 

mash 
provided 

(g)

Mean 
amount of 

N. mitis 
consumed 

per day 
(g/kg)

Weight of 
leftover 

of N.mitis 
and 

Broiler 
mash 

mixture 
(g)

Mean 
weight of 

total /V. 
mitis and 

Broiler 
mash 

consumed 
(g)

0.00 
0.21 
0.47
0.77 
1.00

1.3

N. 
mitis 
(%)

Group
No___
I
II
III
IV 
V 
VI

/V. mitis 
Cone. 
mg/kg 

0 
210 
470 
770 

1000 
1300

Log 
cone. 
0.00 
2.32 
2.67 
2.88 
3.00 
3.11

No of dead 
_____ rats 

0.00 
0.00 
0.00 
3.00 
6.00 
5.00

Percent No of 
dead rats 

0.00 
0.00 
0.00 

50.00 
100.00 
90.00

Corrected 
mortality (%) 

0.00 
0.00 
0.00 

50.00 
100.00 
90.00

Probit
0.00
0.00
0.00
5.00
8.09
6.28

Mean 
amount 

of A. 
mitis 

consum 
cd 

up to 
death 
(g/kg) 

0.00 
3.15 
7.05 
7.70 

12.00 
13.00
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active in feeding on broiler mash supplied to them. The average body weight of rats

in this group increased by 7.09g between day 0 and 15 of the experiment (Table

15).Rats in group II that were receiving 5% N. mills in their diet appeared to have

good body conditions during the first 7days of the experiment, but there after they

developed rough skin and erected hairs. Rats in group III receiving 12.5% N. mills

developed signs of poor body conditions earlier than the rats in group II. These rats

were emaciated with rough skin, erected hair and bending of their backbones. Rats

in group IV that were receiving 25% N. mills had similar but more pronounced

clinical signs than the rats in group III. The average body weights of rats in this

group decreased by 8.24g between days zero and 15 days of the experiment (Table

15). Three rats of this group died at day 10 of the experiment. Rats in group V that

were receiving 50% N. mills, showed a more pronounced rough skin and emaciation

than that rats in group IV. Five rats of this group died at day 12 of the experiment.

Rats in group VI that were receiving 15°/oN. mills had more or less clinical signs

exhibited by rats in group V. However, they presented a more marked state of

emaciation as evidenced by the higher decrease in their average body weights of

16.65g between day 1 and 15 of the experiment (Table 15).

All rats in group I (controls) had good body conditions with smooth hairs and were

4.3.3 Clinical examinations
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The decrease in rats body weights was more pronounced only at high dose levels.

The comparison of treatment groups II and III with I also exhibited a significant

decrease in mean body weights (Table 16).

4.3.4 Mortality rate

The analysis of variance for the effect of N. niitis powder in the mortality of rats

showed significant different (p<0.05) between treatments (Table 16). However,

further computation with DMRT showed that rats mortality in group I (untreated)

was significant different from that of rats in groups IV, V and VI (p<0.05) (Table

16).

4.3.5 Change of rats body weight

Treatment caused a significant reduction in body weights of rats in group IV, V and

VI (p < 0.05) as compared to controls (Table 16)

Group 
number

Change of body 
weight (g)

35.52
31.70
28.07
28.80
27.38
31.37

39.77
34.05
28.48
23.63
21.50
20.03

7.09
3.82
0.81

-3.07
-9.82

-16.65

1 
II 
III 
IV 
V 
VI

N. niitis 
concentration 

s 
_______ (%) 

0 
5 

12.5 
25 
50 
75

Initial body 
weight (before 

treatments) 
________ (g) 

32.68 
30.23 
27.67 
31.87 
31.32 
36.68

Body Final
weight after 7 body

days (g) weight (g)

Table 15: Average body weights recorded in rats which were fed varying 

concentrations of AC niitis at different time
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following separation by Duncan’s Multiple Range Test (P<0.05)

4.4 Postmortem Examinations

Marked postmortem changes (gross pathological changes) were seen in the lungs,

liver and kidneys of rats that died after receiving N. tnilis doses higher than 0.47g/kg

appearance similar to a marked pattern. The liver and kidneys were redder than in

the controls.

4.5 Histopathological Observations

Histological sections of lungs, liver and kidney from the experimental animals

presented discussed below.

4.5.1 Lung sections

Sections of lungs tissue from rats in group I (control) were normal having empty

discrete alveolar duct, alveolar sacs and alveoli lined by simple columnar

epithelium. However, lung tissues from rats in group II, III and IV showed

Table 16: Effect of TV. mi/is powder on mortality and body weight of rats
Portions of N.mitis in the mixture Number of rats Rats body weight (g)

died

body weight. The lungs tissues consisted of red, gray and yellow colours giving it an

35.86 a
32.13 ab
27.67 b
28.41 b
26.88 b
27.98 b
5.395
1.85

25.08

0 1.00 c
5% 1.00 c
12.5% 1.00 c
25% 1.50 b
50% 2.00 a
75% 2.00 a
LSD 0.246
S.E 0.91
CV (%)___________________________________15.78
Means in the same column with the same letter(s) are not significantly different
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accumulation of blood (congestion) in the pulmonary vessels as well as in the

interlobular capillaries. The appearance of free red and white blood cells in the

tissue, which indicated hemorrhage and inflammation were also observed in the rats

in groups V and VI.

The sections from rats in group I (Control) showed intact liver cells containing

eosinophilic cytoplasm and around nuclei with distinct dark blue clumps of

chromatin separated by clear spaces. The death of cells (necrosis) increased with the

increase in the concentration of N. mitis in the diet such that liver sections from rats

fed with 50% and 75% revealed replacement of the dead cells with fibrous

tissue(fibrosis) especially around the portal triads.

Kidney section4.5.3

Kidney sections of rats that were fed with N. mitis revealed changes such as loss of

epithelial cells lining the renal tubules, congestion of intertubular vessels, and

hemorrhages in the renal corpuscles. The severity of these changes increased with

the increase in the concentration of N. mitis

4.5.2 Liver sections
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Powder and Water Extract Formulations

5.1.1 Comparison of the effectiveness of AC mitis powder and water extract in

Controlling P. truncatus

The study showed that both powder and water extracts have some effect on storage

pests. However, the powder formulation was more effective in causing mortality and

reducing damage grains than the water extract. It is possible that the powder reduces

eggs adherence on the treated grains hence weakens the oviposition by P. truncatus.

Low insects mortality and higher number of damaged grain in the water extract as

opposed to the powder formulation was possibly due to the fact that water is not a

good solvent for extraction of active parts of the N. mitis. The outcomes of this study

are similar to the findings from the other researchers who have reported that N. mitis

plant composes insecticidal properties that can be used in controlling storage pests

(Sheto and Mkoga, 1995; Mulungu et al., 2007). It is further elaborated in their

reports that maize grains treated with N. mitis powder performed better than the

untreated maize grains by having less number of damaged grains and live insects.

The finding recorded low mortality of P. truncatus in both formulations as opposed

to the synthetic insecticide (Actelic Super Dust) used as a control. Due to low insects

mortality recorded in both formulations it was hardly to establish lethal dose (LD50)

of N. mitis against P. truncatus using probit analysis method, because the maximum

dosage of N. mitis used in this study caused only 22.5% insect mortality. In other

hand no sigmoid curve observed in relationship between the concentrations of V.

mitis against insects mortality.
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However, no further response of insects observed even when N .mitis concentration

doubled. Probably, N. mitis is effective against P. truncatus by affecting other

biological activities and not direct stomach toxicity. This finding was in agreement

with earlier reports that most plant extracts/powder which are thought to have

insecticidal properties do not have direct toxicity but can control pests through

affecting other biological activities (Schmutterer, 1995; Mostafa et al., 1996;

Musabyimana el al., 2001).

The effects of N. mills against storage pests Silophihts oryzae and P. truncatus in

wheat and maize were reported by Chimbe and Galley (1999). Also Fivawo, (2008)

reports that N. mitis powder formulation was effective against beans bruchids

Zabrotes subfasciatus and Acanthoscelides obtectus(L) as opposed to other botanical

insecticides.

5.2 Mode of action of N. mitis against P. truncatus

5.2.1 Repellency effect

The repellency effect of N. mitis powder against P. truncatus showed a significant

different at different concentration levels. There were positive and significant

correlations among the investigated variables between N. mitis concentration with

the number of insects that repelled. The use of N. mitis against insects is probably

interfering with host orientation and selection hence prevents the grain from being

attacked by insects. The bioactivity of N. mitis against P. truncatus may also depend

The significant mortalities and oviposition deterrencies could be attributed to the

on chemical composition, insects’ susceptibility and variation in insect behaviour.
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presence of highly pungent phenolic secondary metabolites or other compounds

such as alkaloids, flavonoids, etc. These possibly repel the insects and influence

their locomotion, oviposition, feeding behaviour, developmental and physiological

processes, as well as general behavioural pattern.

The findings indicated that a concentration in the range of 20-100g N. mitis powder

prevent maize grains against storage pests. In related experiments, Binggeli (1999)

reported that ground plants of L. camara when mixed with the produce or placed in

between the produce as protective layers (Sandwich method) can protect grain

legumes against bruchids and potato tuber moth Phthorimaea operculella (L) for

about 6 months by acting as repellant. Similarly Philip et al, (2009) indicated that

many plants have repellent properties against certain insects. Roy et al. (2005)

demonstrated the effectiveness of a botanical leaf extract of Bhunea lacera against

the lesser grain borer, obtaining the highest repellency percentage of 57.41 at 3%

extract concentration. The doses of 20g, 100g, 200g, 300g and 400g (w/w) N. mitis

used in this particular study nevertheless, are too high from the economic point of

view, and not used much in practical application. The doses were chosen as the

highest limit dosage, especially in order to observe possible effect of the material.

Contact mode of action5.2.2

The finding indicated that no contact mode of action of N. mitis against P. truncatus.

Generally, no significant effect was observed when the two paired means of treated

and untreated samples were tested. The number of insects mortality recorded both in

in 100kg of maize grains can induce repellency of 30.62 up to 39.14 which can
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treated and untreated insects were relatively the same. High number of insects

mortality was recorded day I after setting up an experiment, probably this was

caused by the shock imposed to the insects due to the change of living medium.

However, the number of mortality of untreated insects was relatively higher than the

treated ones. The results of the present investigation are in accordance with those of

other researchers who previously reported that plant products have poor contact

toxicity so they must be ingested by pests to be effective (Gahukar, 1998).

5.2.3 Anti-oviposition or development inhibition

The finding showed that insects development and emergence were adversely

affected by N. milis treatments. It is assumed that the presence of powder particles of

N. milis some how alters the ambient surface characteristics of maize grains

rendering it unsuitable as breeding habitat for P .truncatus or due to the presence of

chemical which alters the behavior and physiology of the insects affecting adversely

the egg laying and Fi emergence.

A similar study conducted by Tapondjou el al. (2002) showed that the dry ground

leaf of Chenopodium ambrosioides inhibited Fi progeny production and adult

emergence of the C. chinensis and C. macul. Likewise the reproduction inhibition

rate was significantly different at different concentrations levels. From this study it

was observed that in all the parameters, the higher the concentration of N. milis

showed the lower the infestation of P. truncatus. This means that the least number of

Fi adults emerged for which the seed damage rate were less. The reduction in adult

emergence could either be due to egg mortality or larval mortality or even reduction

in the hatching of the eggs. The mechanism or process involved in this reaction is
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not known. It has been reported that the larvae which hatch from the eggs of P.

tnmeatus species must penetrate the seeds to survive (FAO, 1999). The larvae are

unable to do so unless the eggs are firmly attached to the seed surface. The N. mitis

powders might thus have inhibited the male P. tnmeatus from making tunnel and the

female laying eggs in the maize grains due to its repellency properties. It was

reported that the repellent and antifeedant effects are often connected with pest

reduction or oviposition deterrence effect (Deka el al., 1998; Pavela and Herda

2007). The finding of the present investigation is in accordance with those of other

researchers who previously reported plant powders reduce oviposition of bruchids,

which include neem kernel powder (Sowunmi and Akinusi, 1983).

5.3 Mammalian Toxicity of TV. mitis

5.3.1 Amount of N. mitis which caused death of the rats

In this study, administering of N. mitis to rats produced dose dependent multiple

organ toxicities including the kidneys, the liver and the lungs. The lethal dose

obtained from this study is of immense importance, in view of the large-scale human

consumption of this plant and should be a matter of concern. However, LD5q is not a

very important criterion in the determination of toxicity of the material as there is

wide variations in formation on what system failure lead to death. LD50 in

conjunction with clinical signs and the Histopathological observations give a good

picture of the toxicity characteristics of the plant. Wild animals (Mastomys

natalesis) had been used in this study because were strong enough to withstand
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environmental shocks imposed by N .milis toxin during the experiment as compared

with laboratory bred animals.

5.3.2 Clinical signs shown by the experimental rats

The main clinical signs revealed by the rats following consumption of different

amount of N. mitis were rough hair coat, erected hairs, arched backbones, difficult

breathing (dyspnoea), reluctance in feeding (anorexia) and loss in body weights

(emaciation). According to this study, a change in the quality of the hair coat was the

earliest clinical sign that appeared seven days after the experimental rats were

exposed to daily N. mitis dose of 0.21g/kg body weight. Rough hair coat and erected

hairs are non specific clinical signs that occurred in different conditions associated

with disturbances of metabolism due to the infectious and non infectious causes.

One of the non infectious causes is panthothenic deficiency reported in albino rats

(Oshima et al, 1966). In the study by Oshima el al., (1966) the researchers observed

that abino rats receiving diets deficient in panthothenic acid failed to grow and

presented rough hairs. It is evident from the results of the present study that the toxic

principle of N. mitis induced metabolic disturbance that resulted in to similar signs

caused by panthothenic deficiency

After the first N. mitis treatment, there was a slight decrease in the weight of animals

relative to the dosage administered. However, in the control group, the animals

gained weight with the passage of time. This decrease in weight in treated groups

could be due to stress induced by N. mitis consumed. Lakkawar et al. (2004) have

also noticed that in addition to typical clinical signs of Cypermethrin in female
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opposed to control group.

The intensity of the change in the quality of the hair coat increased with the increase

in the dose of N. mitis and was also associated with other clinical signs including:

arching of backbones, difficulty breathing and loss in body weights. Arching of

backbone started when the dose of N. mitis reached 0.47g/kg body weight. This was

more likely a reflection of the toxic effect of N. mitis, which caused pain of the

abdominal organs including the stomach and kidney. Difficulty in breathing and loss

in body weights were clinical signs, which were markedly seen at N. mitis higher

doses in which all the animals died. These signs pointed out to serious damage of the

lungs and liver that resulted into respiratory arrest and hepatic failure.

5.3.3 Gross and Histopathological changes of selected organs caused by TV.

mitis

Marked postmortem changes (gross pathological changes) were seen in the lungs,

liver and kidney of rats that died after receiving TV. mitis doses higher than 0.47g/kg

body weight. In these organs, a change in colour was prominent with the normal

pale brown of lungs and pink red of liver and kidneys in the controls being replaced

by a mixture of red and brown in the lungs and dark red in the liver and kidney of

the rats which consumed TV. mitis. The above colour changes indicated circulatory

disturbances in the organs. A variety of endogenous metabolic and toxic conditions

can cause injury to a tissue leading to vascular response. Evidence of tissue injury

rabbit, there was a decrease in body weight in the treated groups due to stress as

and vascular response in the lungs of rats that consumed TV. mitis was
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histopathologically revealed in this study through observation of the distortation of

the lining epithelium of alveoli, free erthrocytes were phagocytosed and their

haemoglobin iron deposited in the macrophages as hemosiderin.

Histopathological demonstration of lungs tissue injury is in agreement with the

acute respiratory distress syndrome (ARDS), which undoubtly was the primary

cause of death of rats in this study. Likewise the study has also demonstrated

histopathological injury in the liver and in the kidneys of experimental rats

comprising of mainly necroses. The clinical manifestation of loss in body weight of

the rats was undoubtedly a reflection of hepatic deficiency due to death of number of

a hepatocytes evidenced by increased eosinophilia of the cytoplasm, disappearance

or fragmentation of nuclei as well as replacement of lost hepatocytes by fibrous

tissue.

Although the toxic principal of N. mills was not determined in this study. Philip el

al., (2009) reported that N. mills plants have retenoids and retonone in high

concentrations with cellular respiratory enzyme inhibitor. Furthermore, retonone is

also found in botanical insecticides and is associated with stomach poisoning in

animals (Jembere, 2002). Based in vitro studies, the mechanism of toxicity of

retonone has been shown to be based on mitochondria cellular oxidation impairment

(Sherer el al., 2003; Tretter et al., 2004; Testa et al., 2005).

clinical findings that rats, which consumed higher amount of N. mills suffered an
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CHAPTER SIX

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

This study has confirmed the potential of N. mitis in the control of storage insects.

This work has provided indicative results on the effectiveness of the materials,

safety to human (mammals) beings, mode of action and issues for further research.

Both powders and extracts tested were effective to some degree in reducing the

oviposition / eggs laying by P. truncatus hence increased the number of undamaged

grains treated with N. mitis.

The powder formulation of N. mitis was found to be more effective in control of P.

truncatus as opposed to liquid formulation. The concentration in the range of 20-

100g N. mitis in 1kg of maize can be used in grains to prevent storage pests through

repellency. The finding also shows that it is desirable to apply the material before

infestation by insect pests due to their nature of slow killing. Basing on this study, it

was observed that the reduction of emergence and repellency against P. truncatus

are the most probable modes of action of the material. However, there was no

significant effect observed in the effect of N. mitis against P. truncatus through

contact mode of action. Finally the study revealed the presence of toxic in N. mitis

against the experimental rats, the observed signs pointed out to serious damage of

the lungs and liver that resulted in to respiratory arrest and hepatic failure. Therefore

the use of N. mitis in treatment of foodstuffs should be a matter of concern.
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6.2 Recommendations

The cause for a considerable protection of maize grains against the attack by P.

truncatus by the powders of N. mitis in the current investigation could be due to the

the reduction in adult emergence due to egg mortality or larval mortality or even

reduction in the hatching of the eggs. Identification of the chemicals responsible

should be an immediate research agenda.

This study has demonstrated the tissue toxicity of N. mills in rats. This has been

observed in rats which were fed varying concentrations of N. mitis and broiler mash

for 15 days. However, the observed signs pointed out to serious damage of the lungs

and liver that resulted in to respiratory arrest and hepatic failure therefore care

should be exercised during the preparation and handling of the food staffs treated

with N. mitis.

Further studies are required to isolate the specific component(s) of the plant

responsible for the toxicity in order to come up with a suitable formulations as well

as dose standardization due to regional, growth stage and seasonal variations of N.

mitis aimed at improving the plant preparation for maximum post harvest storage

purposes.

Study to improve the effectiveness of botanical derivatives as insecticides will

not only of low cost, are abundant and can be multiplied and made available to

resources limited farmers.

presence of different chemicals which interfere with the feeding habit of the pest or

benefit agricultural sectors, particularly in developing countries as the materials are
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APPENDICES

Source Mean Square F-value Prob

0.0000

days of storage

Prob

0.0002

14 days of storage

Mean Square F-value

0.0065

Appendix 2: ANOVA for damaged maize grains after treatment with varying 
concentration of TV. mitis powder and Actelic Super Dust for 14

Appendix 3: ANOVA for mortality of P. truncatus after treatment with varying 
concentration of TV. mitis liquid extract and Actelic Super Dust for

Sum of 
Squares

Sum of 
Squares

Degrees of 
Freedom

1
2
-3
4
6
-7

1
2
-3
6
-7

1
2
-3
4
6
-7

2
6
12
2

12
27
62

4
6
24
2
12
56
104

4.381
313.562
110.819
574.990
133.810
241.200
1378.762

32.032
592.413
219.968

3.556
8.444
8.000

864.413

I. 095
52.260
4.617

287.495
II. 151
4.307

16.016
98.735
18.331
1.778
0.704
0.296

162.7317
2.9268

0.2372
11.3180
66.7485
2.5889

6.0000
2.3750

0.8737
5.3863

0.0000
0.0083

0.0070
0.0303

0.0000
0.0033

Appendix 1: ANOVA for mortality of P. truncatus in maize grains after 
treatment with varying concentration of TV. mitis powder and 

____________Actelic Super Dust for 14 days of storage _____________
Degrees of 

Freedom

Sum of 
Squares 

20.895 
394.057 
226.705 
95.314 
10.286 
16.400 
763.657

Mean Square
5.224
65.676
9.446

47.657
0.857
0.293

F-value 
0.5530 
6.9528

Degrees of 
Freedom

4
6

24
2
12
56

104

Replication 
Cone. (A) 
Error

4 Days (B) 
AB
Error

Total

Source
Prob_________

Replication
Cone. (A)
Error

Days (B)
AB
Error

Total

Source_______
Replication 
Cone. (A) 
Error 
Days (B) 
AB 
Error

Total
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Mean Square F-value

0.0000

Appendix 5: ANOVA for repellency effect of N. mitis at different doses on P.
truncatus using treated maize grains at different hours after
treatment (HAT)

Prob

0.0286

Mean Square F-value

0.0152

Appendix 4: ANOVA for damaged maize grains after treatment with varying 
concentration of N. mitis liquid extract and Actclic Super Dust 
for 14 days of storage

Degrees of 
Freedom

Sum of 
Squares

Sum of 
Squares

Degrees of 
Freedom

1
2
-3
4
6 
-7

5
5
25
2
10
59

106

2
6
12
2
12
28
62

49.556
1664.190 
274.000 
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22.444

2045.746

226.505 
1087.025 
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203.834
842.203

3300.203
7203.84
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217.405
61.763

101.917
84.220
55.936

24.778
277.365
22.833
13.444
0.722
0.802

16.7723
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1.8220
1.5057

0.7335
3.5200

1.0852
12.1474

0.8350
0.7684

0.1707
0.1603

0.3688
0.0002

Source
Prob_____
1 Replication
2 Cone. (A)
-3 Error
4 Days (B)
6 AB
-7 Error
Total

Source
Prob_________

1 Replication
2 Cone. (A)

-3 Error
4 Days (B)
6 AB

-7 Error
Total

Sum of 
Squares 
361.952 

6190.395 
2577.924 
1045.243 
3847.536 
12517.437 
26540.487

Mean Square
180.976
1547.599
322.240
261.311
240.471
312.936

Degrees of 
Freedom

2
4
8
4

16
40

74

F-value 
0.5616 
4.8026

Appendix 6: ANOVA for body weights recorded in rats which were fed varying 
concentrations of TV. mitis for 15 days

Source_______
Replication 
Cone. (A) 
Error 
Hours (B) 
AB 
Error

Total
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Mean Square F-value

Mean Square F-value

Mean Square F-value

ConcentrationNumber
Number of insects .6561

25

.656** 1

25
**

Concentration 
of AC mitis

Replication 
I Cone. (A) 

Error 
Total

Replication
1 Cone. (A) 

Error 
Total

2
6

12
20

2
6

12
20

2
6

12
20

Degrees of 
Freedom

Degrees of 
Freedom

2096.340
8740.351
3308.900
14145.591

47.524
324.286
219.143
590.952

59.429
115.238
89.905
264.571

Sum of 
Squares

23.762
54.048
18.262

29.714
19.206
7.492

1048.170
1456.725
275.742

.000
25

1.3012
2.9596

3.8013
5.2829

3.9661
2.5636

0.3080
0.0519

0.0526
0.0070

0.0476
0.0779

.000
25

Appendix 10: Correlations between concentration of N. mitis and repellency of 
P.truncatus

Source
Prob________

1 Replication
2 Cone. (A)
3 Error

Total

Source 
Prob 

1 
2 
3

Source 
Prob 

1 
2 
3

Appendix 7: ANOVA for total development period of P. truncatus treated with 
vary concentration of TV. mitis for 45 days of storage

Appendix 8: ANOVA for the number of Fl adults of P. truncatus emerged after 
treated with vary concentration of TV. mitis for 45 days of storage

Sum of 
Squares

Appendix 9: ANOVA for the reproduction inhibition of P. truncatus after
_____________ treated with TV. mitis powder for 45 days____________________

Degrees of Sum of
Freedom Squares

Pearson 
Correlation 
Sig. (2-tailed) 
N 
Pearson 
Correlation 
Sig. (2-tailed) 
N___________

. Correlation is significant at the 0.01 level (2-tailed).
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Appendix 11: Correlations between concentration of N. niitis and the number of
live P .trim cat us

Response

Response

105

Appendix 12: Comparison of observed and expected mortality of rats

Appendix 13: Transformation of percentages to probit

0

Boyd, Edinburgh, and by permission of the authors and publishers.

Log 
cone. (Y)

No of rats 
tested 
(n)

105 
-.468” 

.000
105

-.468” 
.000 
105 

1

0.00
8.74
9.58
10.10
10.38
10.64

3.75
4.16
4.48
4.75
5.00
5.25
5.52
5.84
6.28

0.00
0.00
0.00

50.00
100.00
83.33

6.00
6.00
6.00
6.00
6.00
6.00

4.33
4.61

0.00
0.00
0.00
3.00
6.00
4.99

0.00
0.00
0.00
0.00
0.00
0.01

0.00
2.32
2.67
2.88
3.00
3.11

5.20
5.47
5.77
6.18

Observed Expected
Probit Probit 

(P)

2 
2.95 
3.82 
4.23 
4.53 
4.80 
5.05 
5.31 
5.58 
5.92 
6.41

3
3.12
3.87
4.26
4.56
4.82
5.08
5.33
5.61
5.95
6.48

__ 4
3.25
3.92
4.29
4.59
4.85
5.10
5.36
5.64
5.99
6.55

1
2.62
3.77
4.19
4.50
4.77 
5.03
5.28
5.55
5.88
6.34

__ 9
3.66
4.12
4.45
4.72
4.97
5.23
5.50
5.81
6.23
7.33

Concentration
T

____ %
0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00

5 6
3.36 3.45
3.96 4.01

4.36
4.64

4.87 4.90
5.13 5.15
5.39 5.41
5.67 5.71
6.04 6.08

_ _____________________________  6.64 6.75
Statistical Tables for Biological, Agricultural and Medical Resarch, Oliver and

7 8
3.52 3.59
4.05 4.08
4.39 4.42
4.67 4.69
4.92 4.95
5.18
5.44
5.74
6.13
6.88 7.05

Number of rats affected Discrepancy
Observed (r) Expected(np) (r-np)______

0.00
0.00
0.00
3.00
6.00
5.00

Concentration Pearson Correlation 
Sig. (2-tailed) 
N 
Pearson Correlation 
Sig. (2-tailed) 
N__

**. Correlation is significant at the 0.01 level (2-tailed).
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N.mitis 4 HAT 5 HAT Mean

grains)

20 27.0 31.3 25.7 46 30.62 II23.0
54.0100 33.7 27.6 39.3 39.1441.1 II

38.3 21.6 33.80200 33.3 31.6 n44.2
47.78 III300 53.3 44.3 41.6 55.4 44.3
56.24 III54.0 50.1 46.6400 57.0 73.5

Mean RankN. Treatments
Insects mortality 11.3611

13.6413

24Total

Appendix 16: LD50 determination for TV. mitis against P. truncatus by graphical
method of Miller and Tainter

0
3.9214.5 1.720000 2.920 4.3

16 3.4 4.0140000 4.640 3.2
4.01100000 16 3.4100 5.0 3.2

140000 6.5 4.08140 5.1 18.53.7
200 200000 5.3 22.5 4.234.5 12.2

(g/kg of 
maize

Appendix 15: Effect of TV. mitis in contact against P. truncatus
Ranks

Insect died 
in treated

Insect died 
in 

untreated

repellency
rate (%)

Repellency 
class

Corrected 
mortality 

(%) 
0.00

Probit
3.87

Log 
cone. 
0.00

Percent No of 
dead insects 

13

No of dead 
insects 

2.6

Appendix 14: Repellency classes of TV. mitis powder at different doses on P. 
truncatus using treated maize grains at different hours after 
treatment (HAT) 

1HAT 2 HAT 3 HAT

N. mitis
N. mitis Cone.
Con.g/kg mg/kg

0


