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ABSTRACT 

The rate of production and productivity of maize are affected by various insects before and after 

harvest. Chemical insecticides are usually carried out to protect stored products. Even though 

chemicals insecticides play a beneficial role in controlling of insect pests they do have a negative 

impact like, causing environmental pollution, have toxic residue in food, promote insecticidal 

resistance, effect on beneficial and non target species, have risk to the safety of the worker and 

have high cost. The current experiment were conducted to evaluate the efficacy of botanical 

powder of N. tabacum and P. dodecandra and their solvent (ethanol and acetone)extracts 

against S. zeamais under laboratory condition (30 – 330c and 70 – 75% RH). The test insect was 

reared feeding on the glass jars that have disinfected maize grain. For comparison Tanphos 

(0.125/150g) and untreated maize grain also included as standard check. The experiments were 

arranged in a completely randomized design with three replications. One hundred percent 

mortality of S. zeamais was get on the maize grain treated with the seed powder of P. 

dodecandra and Leaf powder of N. tabacum at the concentration of 15g/150g after 10 days. At 

the concentration of 10g/150g of grain, both botanical powders cause more than 90% mortality 

of adult S. zeamais. In addition to that ethanol and acetone extracts of P. dodecandra and N. 

tabacum caused 100% mortality of adult S. zeamais within 24 hr after treatment application at 

the rate of 15g/100ml of solvents. Moreover the other concentration was also effective and 

resulted in more than 80% mortality of maize weevil. The maize grain treated with the powder 

and solvent extracts of the plant material also reduced progeny production by the adult maize 

weevil. Both botanical powders at the concentration of 15g/150g resulted in more than 90% 

reduction in progeny production. . The botanicals powder did not affect the germination capacity 

of maize seed. In general, both plant material powders and solvent extract treatments can be 

used as an alternative method of pest control mechanisms and also can give an effective control 

of S. zeamais. However, further investigation of those plant powders under farmers’ storage 

condition and developing effective rates and formulation is needed.  

Key words: N. tabacum, P. dodecandra, S. zeamais, Maize 
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1. INTRODUCTION 

Maize is the global leading cereal in terms of production, with 1,016 million metric tons 

(MMT) produced on 184 million hectares (M ha) globally (FAOSTAT, 2013). It is the most 

important cereal in sub-Sahara Africa and provides many families with the much-needed 

nutrient (Kling and Edmeades, 1997). An area of 20.7 million hectares is planted to maize in the 

whole of the African continent. Current maize production in sub-Saharan Africa is about 7 

million metric tons from which three quarters of the total production of maize is consumed as 

human food (FAO, 2014). This crop is flexible in its use, which means it can be used in to 

different food and industrial products like starches, sweeteners, oil, beverages, industrial 

alcohols and fuel ethanol. Moreover, it includes many of foods and daily items for instance 

toothpaste, cosmetics, shoe polish, Ceramics, explosives, construction materials, metal molds, 

paints, paper goods clothing, packaging, carpeting, recreational equipment and the like 

(Ogunsina et al., 2011). 

Internationally, out of the total amount of maize production 66 % is used for feed the livestock, 

25 % is used for human use especially in developing country (Africa) and only 9 % is used for 

industrial purpose (IITA, 2003). However, the yield of maize is very low due to several factors. 

One of the factors causing low yield is the damage caused by various insect pest on maize 

under field and storage condition. In sub Saharan Africa there is a significant yield loss and 

grain quality declining because of insect pests and they are the chief limitation to food security 

and income generation (Tefera et al., 2011).  

Maize is Ethiopia’s most important cereal crop both in terms of level of production and area 

coverage and it is used as human as well as animal feed. About 9 million farmers, i.e., 70% of 

the total farmers produced about 6 million tons of maize over two million hectares of land 

(CSA, 2012). Ethiopia is one of the largest maize producing countries in Africa (FAO, 2013). 

Within the country, maize is the largest cereal commodity in terms of total production and yield 

and second in terms of acreage next to teff. During the 2011/12 main cropping season, cereal 

crops accounted for 79% of the total area under crops, of which maize ranked second to teff. 

Moreover, cereals accounted for 86% of total production, of which maize ranked first (CSA 

2012). 
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The yield of maize remained very low due to many biotic and abiotic constraints, among which 

insect pests and diseases are the major cause (Yibrah and Ayalew, 2015). Insect pests cause 

significant nutritional and economic losses to subsistence farmers in developing countries by 

causing damage of food grain in post harvest. The main reason for this is lack of improved 

storage structures for grain and, absence of storage management technologies force maize 

growers to sell their products immediately after harvest. As a result, farmers got lower market 

price for the products they produced (Firdisa and Abraham, 1999). 

Post harvest insect pest of maize such as Sitophilus zeamais, S. oryzae, Sitotroga cerallela, 

Tribolium spp. and Ephestia cautella are the major pests of stored maize and other cereals in 

Ethiopia (Abraham, 1997). From these pests, the maize weevil (S. zeamais) causes very serious 

damage and it is an international pest (Longstaff, 1981). 

Maize weevil (Sitophilus zeamais Motsch) is a major pest that attack stored maize grains in the 

tropics and sub-tropics of the world (Sagheer et al., 2013). The attack may start in the mature 

crop when the moisture content of the grain had fallen to 18-20% Subsequent infestations in 

store result from the transfer of infested grain into store or from the pest flying into storage 

facilities, probably attracted by the odor of the stored grain (Radha, 2014). The damaged grain 

has low nutritional value, less germination ability and, reduced weight and market (Redlinger et 

al., 1988). The damage caused by the insect may lead to increased respiration in the cereals, 

which encourage the development of heat and moisture and offer a good living condition for 

molds leading to production of aflatoxin. Afterward, at very high moisture levels, bacterial 

growth is high, which eventually gives rise to reduction and at the end, total loss (Maribet et al., 

2008). 

Control of maize weevil has centered mainly on the use of synthetic insecticides (Mobolade and 

Francis, 2014). The destructive activities of insect pests have been sufficiently restricted by 

chemical control methods including fumigation of stored commodity with carbon disulphide, 

phosphine or dusting with malathion, carbaryl, primiphos methyl or permethrin (IIeke and Oni, 

2011). According to Machingura (2014), for the control of these insect pests the chemical 

control methods dominate, but the extensive use of these synthetic insecticide and fumigants led 

to some serious problem including environmental damage, development of insecticide 
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resistance, toxic residues in food, toxicity to consumer and increasing cost of application. And, 

the use methyl bromide has been forbidden in developed countries starting from 2005 by the 

Clean Air Act and Montreal Protocol because of its ability to damage and harm the ozone layer. 

Furthermore, in many countries some stored product insect pests have developed resistance to 

phosphine (Bell and Wilson, 1995; Collins et al., 2001). 

Plant derived insecticides are short – lived in the environment, thus posing less risk to non target 

organism and accepted by organic certification programs and certain consumer groups because 

they are naturally occurring (Isman, 2000). Many farmers are interested in learning about non- 

chemical pest control, either because they have had insufficient money for pesticides, or because 

they are interested in farming more organically. The application of traditional materials like 

botanical insecticides and plant-derived pesticides to protect stored products against insect 

infestation is a prevalent and an age old practice of farmers in small-scale stores (Mekuria, 

1995). 

Currently, attention and awareness is given to the use of botanicals or plant materials with 

insecticidal properties as grain protectants (Longe, 2010). Those plant materials are more of non 

toxic to the user of the products and they are readily available (Aswalam et al., 2006). At this 

time, in developing countries including Ethiopia, there is an increasing interest and experience 

in the use of different types of plant products for the control of stored product insect pests 

because of drawbacks of conventional control measures (Bekele et al., 1995). 

Additional investigation on plant materials with insecticidal properties must be done, because 

they are used as an alternative methods to control insect pests, they are eco friendly, not toxic 

for the consumer. Thus, in this study the insecticidal properties of Tobacco (Nicotiana tabacum) 

and Endod (Phytolacca dodecandra) against maize weevil were investigated. 
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1.1. Statement of the problems 

The maize weevil is the most destructive and common storage insect pest in Ethiopia. Initial 

infestations of maize grain occur in the field just before harvest and the maize weevil is carried 

in to store where the population builds up rapidly. To reduce the damage caused by this pest, 

chemical pesticides are not available in required amount and at required time especially for 

farmers who live in remote area of our country. In addition to this, chemical pesticides have 

toxic residues which affect the health of humans and animal, they are costly to small scale 

farmers. Therefore, to fill this gap it is essential to use locally available botanical plants as an 

alternative method to control maize weevil. So, the study was conducted to test the effectiveness 

of the powder of (Nicotiana tabacum) and (Phytolacca dodecandra) and their solvent extracts 

on controlling maize weevils. 

1.2. Significance of the study 

Most of small-holder farmers in our country are very poor; pesticides are rarely available and 

they are costly to those poor farmers. Even if they are available in required time and amount 

they have an impact on environment and health of humans and other non-target species. So that, 

it is very essential to use locally available materials, because they are environmentally friendly, 

healthily safe and economically feasible, to control insect that causes yield loses.  

The result of this research would be used by small- scale farmer which do have less access to 

chemicals. It is also beneficial to private and state farms who want to produce organic products. 

1.3. General objective 

 To investigate the potential of the botanical powders and their solvent extracts for the 

management of S. zeamais. 

1.4. Specific objectives 

 To evaluate the efficacy of leaf and seed powder and solvent extracts of tobacco (Nicotiana 

tabacum) and endod (Phytolacca dodecandra) against maize weevil 

 To investigate the effect of treatments on the F1 progeny emergence and seed damage 

 To determine the effect of the treatments on the germination rate 
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2. LITERATURE REVIEW 

2.1. Maize production and utilization  

Maize (Zea mays L.) is one of the most important and common cereal crop in the world after 

wheat and rice. The name Maize is derived from the Spanish connotation maiz for the plant. 

Maize first originated in Mesoamerica, primary in Mexico and the Caribbean, at least 7000 

years ago when it was grown as a wild grass called teosinte in the Mexican highlands and,  

mainly Portuguese and Arab explorer in west and east Africa introduced maize in Africa and 

then to Asia (Verheye, 2010). In the USA, maize is known as Indian corn or simply corn. It is 

the most extensively and most essential cereal crop in the world (Verheye, 2010). Current world 

maize production is about 10.14 billion metric tons (De Groote et al., 2013) and,  United States 

of America is the greatest producers over 330 million tons in 2007; 42% of the world 

production. China 152 million tons, Brazil 52 million tons, Mexico 23 million tons and 

Argentina 21 million tons produced maize followed by USA. Maize is one of the most versatile 

emerging crops having wider adaptability under varied agro-climatic conditions. Maize together 

with wheat and rice are the three most cultivated cereal crops worldwide (Suleiman et al., 

2013). 

United States of America, China, Brazil, Mexico, and India are the countries which contribute 

4/5 of the world’s total production of maize and they have highest amount of area under maize 

cultivation. The production of maize is constantly increasing because of the rising demand from 

the industries since maize is used as raw material. Globally, India ranks 5th in area and 4th in 

production (Pal et al. 2009). 26% of global maize and 98 % of Asia’s maize production is 

produced by China, India, Indonesia, Pakistan, Philippines, Thailand, and Vietnam (Ernestine, 

2010). McCann, (2001) reported that starting from the last 500 year maize is known in Ethiopia. 

Ninety four percentage of maize production is produced by small holder farmers and that’s 

make Ethiopia the fifth producer of maize in Africa. Maize is grown primarily in the Amhara, 

Oromia and SNNP regions of Ethiopia.  While there have been significant gains made in maize 

production over the past decade, there is still a significant opportunity to further increase in 

productivity.  
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Maize is Ethiopia’s most important cereal in terms of production, with 6 million tons produced 

in 2012 by 9 million farmers across 2 million hectares of land. From 2001 to 2011, maize 

production increased by 50%, due to increases in both per hectare yields (+25%) and area under 

cultivation (+20%). Estimates indicate that the current maize yield could be doubled if farmers 

adopt higher quality inputs and proven agronomy best practices. Maize is widely grown in most 

parts of Ethiopia, an area of 1.4 million hectares of land is covered with maize and the annual 

maize production is not less than 2.52 million tons (NSIA, 2001).  Maize is the most important 

staple food in terms of calorie intake in rural Ethiopia. The largest quantity (95%) of maize is 

produced by small-scale farmers in Ethiopia. Surplus production comes from the southern, 

south western, western and eastern parts of Ethiopia (Mulatu et al., 1993). The major production 

zone of maize lays between 1000 m to 2000 masl. Maize was also number one in yield per 

hectare and total production in the mid-altitude, sub-humid areas of Western Ethiopia (CSA, 

2011).  

2.2. Major insect pests of stored maize 

Maize is attacked by many insect pests during all stage of growth from seedling to storage 

(Shiferaw et al., 2011). This is the major constraint of production and productivity of maize. 

Several factors are responsible for this considerably low level of production, of which insect 

pests are chiefly involved. Insects and other pests are a major threat to maize production and 

responsible for direct and indirect losses of maize on the farm and storage (Bankole and 

Mabekoje, 2004). According to Mihale et al., (2009), insects are responsible for 15-100 % and 

10-60 % of the pre and post-harvest losses of grains in developing countries, respectively. In the 

Kenyan highlands, total losses due to pests in maize were estimated at 57 percentages, with 

insect pests being more important than diseases.   

Two major groups of insects harbor the most economically important post-harvest insect pests: 

Coleoptera (beetles) and Lepidoptera (moths and butterflies). Several coleopteran and 

Lepidoptera species attack crops both in the field and in store. Crop damage by Lepidoptera is 

only done by the larvae. Several lepidopteron larvae entangle the feeding media through silky 

secretion which turns products into entwined lumps. In the case of Coleoptera, both larvae and 

adults often feed on the crop and the two stages are responsible for the damage. Post-harvest 

insect pests may be primary, i.e. able to attack intact grains such as the genus Sitophilus, while 
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others are secondary pests, attacking already damaged grains or grain products such as the 

genus Tribolium. The most important insect pests that cause damage to maize is stalk borers (in 

the field) and weevils and moths (in the storage) (Emana and Tsedeke, 1999).  

The major insect pests of stored maize grains are maize weevil (Sitophilus zeamais Motsch.), 

the Angoumois grain moth (Sitotroga cerallella oliveier), the tropical warehouse moth 

(Ephestiacautella hubner), the Indian meal moth (Plodiainterpunctella hubner), flour beetle 

(Triboliumspp.), Cryptolestes spp and Carpophilus spp. The curculionids, S. zeamais and         

S. oryzae and Gelechid, S. cerallella are the most destructive primary pests of stored grain in 

Ethiopia (Abraham, 2003). The population of Sitophilus species was about 70% S. cerallella 

was 16% and Tribolium spp was 5% which is found in sample of maize stored for about more 

than 6 months on the farm and also 100% grain damage has been observed in some grain 

samples obtained 6-8 months after storage in Bako Western Ethiopia.  

2.2.1. Maize Weevil (Sitophilus zeamais) 

The maize weevil, Sitophilus zeamais Motschulsky is a species of beetle and the family 

Curculionidae, Subfamily Caladrinae, Genus Sitophilus which is mostly known as stored grain 

pest and it have 60,000 species which are known worldwide from which 30 species are pest of 

stored product, three of which are Sitophilus species and they are extreme important (Siwale et 

al., 2007). This pest is almost international which is found in most part of the world. It has been 

recorded from Europe, Asia, Australasia (Australia-New South Wales, Queensland, West 

Australia, New Guinea, New Zealand, Pacific Islands), USA, Central America, South America, 

Africa (Dennis, 1983).  

This pest has the ability to distribute rapidly and it is found in all tropical part of the world    

especially in the place where maize and other cereal crops are grown. This pest attack stored 

and standing cereal products including wheat, rice, sorghum, oats, barley, rye, buckwheat, peas, 

and cotton seed. The maize weevil also attack processed cereal products like pasta and stored 

fruits like apple.  Voracious feeding of the grain by this insect cause great weight loss of the 

product, fungal development, loss of quality by increasing free fatty acids and they can even 

have the ability to destroy grains in  all types of storage system. Invasion by this primary insect 

file:///C:/Users/toshiba/Desktop/msc%20seminar/Effect%20of%20Selected%20Botanicals.htm%23974919_ja
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may make it easy the development of secondary infestation and pathogens (Trematerra et al., 

2007). 

2.2.2. Description and Biology of maize weevil 

The maize weevil is a small snout beetle which varies in size, averaging about 3- 3.5 inches in 

length. It varies from dull red – brown to nearly black and is usually marked on the back with 

four light reddish or yellowish spots. The maize weevils have fully developed wings beneath its 

wing covers and can fly readily (Sharifi & Mills, 1971). 

The maize weevil show holometabolous type of postembryonic development of 36 days period. 

Small, single oval white eggs is laid and go through cleavage and differentiations  inside a tiny 

hole bored on the grain by the female parent and covered by a waxy secretion that creates a plug 

(Murata and Imanura, 2008). One S. zeamais female usually lays about 150-300 eggs. The eggs 

are white and oval. These eggs hatch into tiny grubs which stay and feed inside the grain and 

are responsible for most of the damage (Dennis, 1983). 

The larvae are plump creamy white in appearance and apodous, hence they are immobile, and 

they exclusively feed on the grain. The duration of the larvae stage is about 21 days. Larvae are 

responsible for most of the damage on maize as they eat it away from the inside out until 

mature. The adults immediately start aggressive feeding, reproducing, releasing more crop 

damaging larvae and hence increased destruction of the grains (Dobie et al., 1984). A newly 

emerged weevil is light brown to reddish-brown. It is easily identified by the presence of four 

light reddish or yellowish pale spots on the elytra (Khare, 1994).  

The maize weevil has the characteristic rostrum (snout or beak). At the end of this structure, 

there is a pair of mandibles or jaws and elbowed antennae of the family Curculionidae. The 

antennae have eight segments and are often carried in an extended position when the insect is 

walking. The adult maize weevil do have similarity with rice weevil and for a long time maize 

weevil referred to as the larger strain or race of the rice weevil, but now it recognized as a 

distinct species. Maize weevil zeamais is large, up to one eighth of inch long, stronger and has 

more efficient wings. Maize weevils are having the capability of adapting darkness, moving in 

confined spaces amongst stored grain (Derara et al., 2001).  
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Fig1. Life cycle of maize weevil 

2.2.3. Post- harvest losses of maize 

Maize weevil is one of the most well known and common insect pest which is found mainly in 

the stored products. This pest attack agricultural products both in the field and stores, and 

causing harsh quantitative and qualitative losses. In many food industries insect contamination 

is considered as an important quality control problem. A developed country doesn’t accept any 

kind of infestation of insects in food grains (White, 1995).  

Sitophilus zeamais is one of the serious insect pests of maize. This insect related primarily with 

maize but it is also have capability to develop in another cereal grains like rice. Especially in 

developing country like Ethiopia the damage of stored grains are greatest and also caused main 

economic losses to store keepers, the milling industry and small scale farmers all over the 

world. Depending on crop variety, storage conditions and duration, and complex of pest in 

storage, weight losses on maize grain due to the maize weevil vary from region to region. 

Studies carried out in Western highlands of Cameroon reported that losses due to insect in 

stored maize have been reported from 12% to 44% (Tapondjou et al., 2002). In the same way in 

Ethiopia the improved maize is more susceptible to storage losses than local maize they planned 

to replace. The low level of loss in local varieties is attributed to their resistance to insect 

because of their hard kernel, and complete and better cover that protect the grain in the field, 

during drying and in the storage (Abraham, 2003). 
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Regardless of their susceptibility short coming improved and hybrid varieties are high yielding 

and early maturing compared to local varieties.  According to (Abraham, 1991), 20 to 30% of 

weight losses are very common in Ethiopia. And in West Shoa, Bako area 100% level of grain 

damage have been reported in some grain samples from farm stores after 6-8 months of storage. 

2.3. Management practices to control maize weevil 

There are different types control strategies to protect the maize grain from damage and 

infestation by insect pests. This may classified in to six categories. They are known as cultural / 

physical, chemical, biological control, varietal resistance, botanical and IPM method. The 

selection and application option for the control of stored pests will vary with the type of facility, 

the pest species and the type of food supporting the infestation, and the legal and economic 

methods of control available at a given time (Savidan, 2002). 

2.3.1. Cultural method 

Initial infestation of maize by maize weevil starts in the field and is carried over to store where 

the population builds up rapidly. The infestation of maize in the field is results from the 

migration of insect from infested grain in neighboring granaries to the ripening crop. Thus, 

maize should not be left in the field for a long period of time unless. So that harvesting of maize 

at the right time is an important way to protect maize from infestation by maize weevil 

(Abraham and Firdissa, 2000). Keever et al., (1998) reported that early harvesting; shelling and 

drying of maize immediately reduce insect population throughout physical separation, increased 

insect mortality, and can reduce the biotic potential of the insect species by changing the micro 

environment such as moisture content and texture of the commodity. 

Sanitation is the most important strategy that eliminates the population of insect carry over to 

the next storage cycle. Under this management method careful cleaning of the storage area, 

burning of contaminated grains which are previously in the storage area, fix storage structure if 

there is any break or cracks because it is very suitable for insect hide from view, and avoidance 

of mixing infested grains with healthy one is involved. Putting the grain in a thin layer on the 

ground and heating or exposed to the sun for many days is the major and important method of 

management. Especially this method is beneficial for the areas which have long period of hot 

and dry weather. Warming and slightly roasting maize by exposed to the sun and putting on 
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heated clay pan give a good result in protecting of maize weevil (Demissew et al., 2002). 

Abraham (2003) reported that solar heating of maize grain putting on a black polyethylene 

sheet, and covered with translucent plastic sheet for at least five sunny days caused greatest 

mortality of the maize weevil. Moreover, oven heating, a simulation of farmers' practice of 

warming batches of grain over the heat of fire was effective.                                           

The other most common method of grain protection from infestation of insect is mixing the 

grain with inert material such as wood ash, lime and limestone, saw dust, diatomaceous earth 

and sands. Golob and Webley (1980), reported that farmers in Malawi commonly use ash from 

the cooking fire to protect their stored grain for both consumption and seed; Indian farmers mix 

sand with cereals for storage; and in Indonesia peppers and, beans are mixed with ashes or sand. 

The abrasive nature of such materials may also help control infestation by damaging the insect’s 

cuticle leading to dehydration and death. 

Wood ash 5 to 30%, sand 30 % (for short-term storage) and 70% (for long-term storage) were 

suggested for use under the experimental conditions. Moreover, Teff at 30 to 50% provided 

adequate protection for short-term storage, while 70% provided a long-term protection in 

simulated farm stores. Wood ash from the cooking fire should not be applied at 5% for long 

time storage, especially when the grain is disturbed frequently. Therefore, for a better protection 

under the practical condition treatment of wood ash could be 30%, and should be well mixed 

with the grain and packed down well (Abraham, 2003). Golob, (1997) reported that Drycide at 

0.2 % (w/w) caused more than 90 % mortality of A. obtectus and Z. subfasciatus, within 2 days 

of exposure.  

2.3.2. Varietal resistance  

The use of varietal resistance is one of the most well known components of integrated pest 

management, especially for the farmers that do not have an economic ability to afford chemical 

insecticides (Berhanu and Emana, 2018). Resistance of plant or plant material resistances to 

insects is defined as the relative amount of genetic qualities possessed by plant or its material 

(like its seeds). Nevertheless, in the case of stored grains such as maize, the ability of resistance 

of the plants is refers to the ability of a certain crop variety to produce grain that have better 
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quality than commonly cultivated varieties following long storage under similar insect 

population (Mbata, 1987). 

There are three mechanisms behind the use varietal resistance as management tool and these are 

antibiosis, non preference and tolerance. Antibiosis refers to conditions where biology of the pest 

is adversely affected after feeding on the plant, Antixenosis (non preference) indicates a 

condition where plant and seed are not desirable as a host and post harvest pest seeks alternative 

hosts. While tolerance refers to a situation where the plant (grain) is able to withstand or recover 

from insect pest damage (Tefera et al., 2011). Development of weevil resistant maize varieties 

and which forms the main approach to integrated weevil control should be seriously considered 

by breeders to improve food security. Resistant varieties of plant materials in combination with 

botanicals in their minimum effective dosage have a potential in keeping the damage caused by 

weevil below economic injury level (Giga and Mazarura, 1991). 

In Ethiopia, research on host plant resistance on maize grain has been identified against weevils. 

Abraham Tadesse et al,, (1995), identified that maize genotype 27/2, Birkata, UCA and UCB 

were resistant to weevil, while SC22 (the male parent of Gutto, BH- 140 and BH-540), Jimma- 

Bako, Alemaya composite, Gutto, KCB, Alemaya – 28 (pop corn), KCC, Ambo – Bako, BH – 

140, NSCM – 41, H – 625, Bukuri A- 511 and Bako composite were susceptible. Temesgen and 

Waktole, (2013), also identified that BHQP – 542, had 3.5 index of susceptibility and were 

regarded as resistant variety to maize weevil attack. However, BH660, BH670, BH54, 

BHQPY54, Gibe – 1, Gibe – 2, Wanchi, Argane, Hora and local variety - Orome  had index of 

susceptibility 4.6, 5.3, 4.7, 4.8, 4.9, 4.8, 5.2, 5.7, 5.2, 6.0, respectively and regarded as 

moderately resistant to maize weevil attack. The resistant variety of maize grain produce low 

number of F1 progenies had low percentage of seed weight loss, less production of grain dust, 

low percentage of seed damage and high percent of weevil mortality and seed germination. 

Therefore, the use of resistant variety of plant material is very beneficial, because, it is cheap, 

effective and ecologically safe method. It is therefore, breeding plant materials which is resistant 

to post harvest insect pest is important for small and large scale farmers (Ahmed and Yusuf, 

2007). 
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2.3.3. Biological control  

Biological control method is defined as a method of minimizing or eliminating damage caused 

by a pest by means of biological agents, including the use of predators, parasites, insect diseases, 

the use pheromones for pest monitoring and mating disruption. Biological control method can be 

a feasible mechanism as beneficial insects may occur naturally or can be released where needed 

by farmers (Audu, 2005).  In addition to that, this method is a safe alternative to fumigation and 

traditional chemical insecticides since it is non toxic and doesn’t damage human health and the 

environment (Adane et al, 1998; Flinn et al., 2006). 

There are different species of natural enemies that have the ability to attack stored product 

insects, for example: - pteromalids (and occasionally other Hymenoptera) commonly paratisize 

both S. zeamais and S. oryzae. Anisopteromalus calandrae, Lariophagus distinguendus and 

Theocolax elegans are the common Pteromalid parasites (Dobie, 1984). In the biological control 

method, the parasitoid, a predator or a pathogen influence the reproductive process, behavior, 

feeding and other biotic aspect of the pest (Audu, 2005). Abraham (1997) reported that 

Anisopteromalus calandrae and Choetospila elegans were the most common natural enemies of 

farm stored maize. 

 Entomopathogenic fungi (e.g. Beauveria spp.) used as mycopesticides give an additional 

environmentally safe and cheap alternative in controlling of storage insect pests. Kassa et al., 

(2002), recorded that Metarhizium anisopliae and Beauveria bassiana were very dangerous to S. 

zeamais and caused in 92-100% of mortality.  

2.3.4. Use of pheromones 

The other common practice which is included under biological control method is the use of 

pheromones. Linn et al., (1987), says that insect use pheromones to communicate and in many 

insect orders, females produce sex pheromone and released in to the air to attract specific males. 

So the use of pheromones to control insect pests is one of the most promising mechanisms. The 

use of this substance may lead to a drastic reduction of chemical treatments, thus determining 

remarkable economic advantages and improvement of product quality (Trematerra, 1997). The 

efficacy of biological control using natural enemies depends on a complex but delicate 
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relationship between natural enemies and their insect pest hosts whose balance can be offset by a 

changing climate. It is well known that temperature fluctuation is the major factor affecting 

insect biology, activity and distribution of natural enemies in agro ecosystem (Sorribas et al., 

2012). 

2.3.5. Chemical pesticides 

Chemical insecticides are the one and much known pest management tools. Chemical 

insecticides are usually carried out to protect stored products from insects. The world is mainly 

dependent on the use of synthetic insecticides in control of maize weevil, which are really the 

most successful action in controlling of insect that affect stored grains and other agricultural 

products. Farmers are relying a lot on the use of chemical insecticides, because they don’t have 

tolerance for insect infestation. And also, the government extension program promotes and 

encourages the use synthetic insecticide (Mengistie et al., 2014; Damte and Tabor, 2015). 

According to (Adane and Abraham, 1996) deltamethrin, malathion, permethrin, a cocktail of 

malathion with permethrin, methacrifos, fenitrothion and pirimiphos-methyl effectively protected 

maize and sorghum from the maize weevil.  

It is an effective method to fumigate the infested grain by carbon tetrachloride mixture, methyl 

bromide or by ethylene dichloride. Fumigants are low molecular weight chemicals, highly toxic 

and volatile and are, self-dispersing and non-persistent. Fumigation is a widely used method all 

over the world particularly for large scale storage. Fumigants have an ability to kill all insect 

stages residing in the grains, but do not protect grain from new attacks. Fumigants must be used 

in air tight containers. The most widely spread fumigants in use are phosphine and methyl 

bromide (Manson and Obermeyer, 2004). Even though chemical insecticides play a beneficial 

role in controlling of insect pests they do have a negative impact like, causing environmental 

pollution, have toxic residue in food, promote insecticidal resistance, effect on beneficial and non 

target species, have risk to the safety of the worker and have high cost (Asawalam et al., 2006).  

Smallholder farmers got more pesticides based health risk than larger scale farmer, because of 

high exposure and insecure application methods (Williamson et al., 2008). And the repeated use 

pesticides for decades has disturbed the biological control by natural enemies and led to 

outbreaks of other species of insect and finally resulted in the development of resistance (Park et 

al., 2003). 
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2.3.6. Botanical pesticides 

The use of botanicals to control insects began with the development of agriculture. Botanical 

insecticides are naturally occurring chemicals which are extracted from plants. Plant-derived 

pesticides for the control of insect damage to stored foodstuffs are a very common practice of 

farmers in small- scale stores in tropics (Mekuria, 1995). 

Plant materials with insecticidal properties are one of the most important locally available, 

biodegradable, and inexpensive methods for control of stored-grain pests. The main advantage 

of botanicals is that they are easily produced by farmers, small-scale industries and are 

potentially less expensive. The utilization of botanical insecticides to protect stored products is 

promising, mainly due to the possibility of controlling environmental conditions inside the 

storage units, maximizing the insecticidal effect; in these places the natural product can be used 

as powder, extract and oil (Guzzo et al., 2006). 

The insecticidal activity of many plant derivatives against several storage pests has been 

demonstrated. Araya (2007) tested ten botanical plant powders and their extraction for the 

protection haricot bean against Z. subfasciatus. The result showed that the treatment were 

significantly superior to the untreated seed. The biological activity of A. indica, L. camara, J. 

curcas, and C. macrostachyus against stored product insect pest was reported by Yeshiwork 

(2017). The finding also showed that, L. camara and C. macrostachyus was the least effective 

compared to the botanicals and the standard check, but significantly better than the untreated 

check. But J. curcas seed powder and A. indica seed powder found to be the most effective 

treatment against maize weevil on stored maize grain. Moreover, the botanical powders resulted 

weevil mortality, F1 progeny reduction, low seed damage and weight loss. The botanicals 

powder did not affect the germination capacity of maize seed. Araya and Emana (2009) 

evaluated that Datura stramonium, Chenopodium ambrosioides, Phytolacca dodecandra, 

Azadrachta indica, and Parthenium hysterophorus against Z. subfasciatus. These plant had no 

effect on the germination capacity of haricot been seed. In general the result obtained indicates 

that the use of these powder plant materials can be used for the control of Z. subfasciatus.  

The leaf powder of J. Curcas has insecticidal effect against S. Zeamais (Asmare, 2002). Adane 

and Abraham (1996) identified that the dried leaf powder of D. Stramonium gave 60-85 % 

control of S. Zeamais. Adane and Abraham (1996) reported that the maize grain treated with the 
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seed powder of P. dodecondra caused 68-100% mortality of S. Zeamais. The seed powder of P. 

dodecondra resulted in high adult mortality of S. Zeamais after treatment application (Eticha and 

Tadesse 1999). 

Asmare dejene (2002), among 20 species of botanicals for their efficacy to control maize weevil 

on sorghum in the laboratory at sirinka, Chenopodium, Jatroha curcas and Phytoloca 

dodecondra caused 100 % mortality of the pest within 28 days infestation. Combination of 

Malathion dust and Mexican tea powder provided effective control of weevil just like synthetic 

insecticide for up to 5 months (Ahmed 2015). 

Tobacco (Nicotiana tabacum) 

Tobacco belongs to the family Solanaceae. Nicotiana tabacum has a tropical origin in South 

America and grows most efficiently in warmer climates. It is a native of South America, but 

today it is grown all over the world under different ecological conditions. 

Nicotine is an ingredient which is found in tobacco. Nicotine is poison, which is naturally 

occurring in the plant. Tobacco (Nicotiana tabacum) is one of botanical plant used to insect pest 

control. A green pesticide industry based on tobacco could provide additional income for 

farmers, as well as a new eco-friendly pest control agent. https:// www.acs.org/ (2010) 

Endod (Phytolacca dodecandra) 

Endod belongs to the family Phytolaccaceae. It is a native herb to Ethiopia and grows as a weed 

in many parts of the country. It is a perennial, climbing plant with hanging branches, growing 

up to 10 m and usually fruits twice a year. Endod has small berries, when dried, powdered, and 

mixed with water; yield a foaming detergent solution that has been traditionally used in Ethiopia 

for washing clothes (Araya, 2007). Apart from storage insects fruits of endod extracts 

significantly reduced the levels of leaf infestation and dead heart injury due to larvae of the 

maize stalk borer (Assefa and Ferdu 1999). 
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2.3.7. Integrated pest management 

Integrated pest management is a multidisciplinary endeavor or it is a harmonious use of multiple 

methods to control single pests as well as the impact of multiple pests. In order to implement the 

strategy of integrated pest management, the understanding of stored product insect must be 

required. It includes their identification; biology and ecology, sampling to monitor insect 

populations, physical, biological and chemical control. And it depends on managing insect 

populations through physical and biological control techniques and as necessary, chemical 

insecticides (Rees, 1995).  

The concern of food safety related to the use of residual insecticides and the development of 

resistance in population of insects to insecticides are the results for the current interest of IPM 

(Herrman, 1998). 
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3.  MATERIALS AND METHODS  

3.1. Insect rearing 

Adults of S. zeamais were obtained from the infested maize from the local market and the study 

was conducted at Insect Science Laboratory, Department of Zoological Sciences, AAU. The 

experiment was conducted at 30-330c and 70- 75 % relative humidity. Susceptible maize variety 

(Melkassa III) brought from MARC was used for the experiment. The maize grain were kept in 

the oven at 400
C for 4 hr to disinfect the seed if there is any internal infestation and allowed to 

cool for 2 hr before use (Bekele, 2002). 20 unsexed adult maize weevils were placed in 1- liter 

volume jars that containing 150 gm of maize grain. The jars were covered with nylon mesh to 

allow ventilation and put in place with rubber bands to prevent the escape of weevils and to 

protect the interference of other insects in to the jars. The parent maize weevils were removed 

by sieving after 13 days of oviposition period and the maize grains were kept under laboratory 

condition until the emergency of F1 progeny. 

3.2. Plant material collection and preparation 

The tobacco leaves were collect from Ambo, Ethiopia. And endod were collected from Addis 

Ababa. The collected plant materials were dried under shade in open and well- ventilated room. 

And then both (leafs and seeds) were grounded using mortar and pestle and sieve to prepare a 

fine powder following the procedure described by Habte (1999). Powders were applied at the 

rates of 5 g (3.3 %), 10 g (6.6 %) and 15 g (10 %)/150 g of grains. 

3.3. Preparation of solvent extraction 

 Polar and non polar solvents were used for the extraction of the shade dried leaf and seed 

powder of tobacco and endod. Those powders were dissolved in ethanol and acetone at the rate 

5, 10, 15gm per 100ml of each solvent. The solution was allowed to stand for 24 hrs for 

extraction. After 24 hours the mixtures were filtered with cheese cloth (Bekele, 2002) and the 

filtrate was used for the different treatments. 
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3.4.  Experimental design  

The design of the experiment was completely randomized design (CRD) in three replications. 

Two botanical treatments were used in the form of powder and solvent extracts with standard 

check (Tanphos) and untreated check. 

3.5. Application of powder of botanicals 

For the dried and ground powder, 150g of healthy disinfected maize grain were placed in 1litre 

volume jars and were treated with 5, 10, 15g of dried and ground leaf and seed powder of 

tobacco (Nicotiana tabacum) and endod  (Phytolacca dodecandra). Synthetic seed dressing 

chemical Tanphos at the rate of 0.125g/ 150g of maize grain was also applied at a standard 

check and untreated grains as a control. After each treatment 20, unsexed maize weevils were 

introduced in to the jars. The jars were covered with nylon mesh and held in place with rubber 

bands. Finally the number of dead insect in each treated jars was sieved and counted after 1st, 

2nd, 3rd, 4th, 7th, and 10th  day after treatment application.  

3.6. Application of solvent extract (Contact toxicity) 

Two milliliter of the filtrate of tobacco and endod were applied to whatman No. 1 filter paper 

placed in the petridishes and the treated filter paper were exposed to open air to allow the 

solvent to evaporate, the time for evaporation of the solvent is depending on the evaporative 

property of the solvent. After the solvent evaporated completely, 1ml of distilled water was 

applied to the treated filter paper to moisten it and 10 unsexed weevils were introduced and 

mortality was recorded after 24 and 48hr. Both solvents (ethanol and acetone) were used as a 

control and each experiment was replicated three times. 

3.7. Mortality Assessment 

The mortality of weevils by the treatments was assessed in 1st, 2nd, 3rd, 4th, 5th, 6th, 7th and 10th 

day for botanical powder and 24 and 48hr for solvent extracts.  After the infestation of maize by 

the weevil, all dead weevils were counted and removed and the alive weevils were returned to 

the jar in each assessment day. Finally all weevils were counted and removed.  
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The percentage insect mortality was calculated using Abbott, (1925) formula as follows: 

Corrected % mortality =
(1 − n in T after treatment)

n in Co after treatment
× 100 

Where: n = Insect number, T = treated, Co = control 

3.8. F1 Progeny Assessment bioassay 

This assessment was started first by removing all dead and alive adult weevils from the maize 

and covers the jar and put it in the same condition for 13 days. The treated and control grains 

were then kept until emergency of F1 progeny. Then the number of F1 progeny of the maize 

weevil was counted. Counting was stopped after 36 days from the days of introduction to avoid 

overlapping of generation. The formula of percentage reduction in adult emergence or inhibition 

rate (% IR) were used to know which treatment inhibited the emergence F1 progeny following 

methods used by Araya and Emana, (2009).                                   

(%IR) =
Total F1 progeny in control –  Total F1 progeny in treatment 

Total F1 progeny in control
× 100 

IR: Inhibition Rate 

3.9. Damage Assessment Assay 

For this assessment one hundred samples of grain were randomly taken from each jar and then 

the damaged and undamaged grains were counted and recorded. The percentage of weight loss 

was calculated by the method described by (Gwinner et al., 1996).                                   

Weight loss (%) =
(Wu ∗  Nd)– (Wd ∗  Nu)

Wu ∗  (Nd +  Nu)
× 100 

Where:    Wu= weight of undamaged grain                  Nu= Number of undamaged grain 

     Wd= Weight of damaged grain                                Nd= Number of damaged grain 
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3.10. Germination test Assay 

Finally germination test was carried out in order to know whether the botanicals affect the 

germination ability of the seed or not, because if the botanicals affect the germination ability of 

the seed the study will be useless. For germination test, 100 seeds were taken randomly from 

each jar. Then 20 seeds from each treated and control group were placed separately in 

petridishes containing moistened filter paper (whatman No. 1) and kept at room temperature. 

Each treatment was replicated three times, untreated seeds were used as a control and seeds 

treated with Tanphos were used as a standard check. The number of emerged seedling from 

each petridishes was counted and recorded after 7 days. The germination test was computed by 

the following formula according to (Uke et al., 2011). 

                           Viability index(%) =
NG

TE
× 100 

Where NG= Number of seeds germinated and TG= total number of seeds tested in each 

Petridishes  

3.11. Data Analysis 

The data were analyzed using (SPSS) version 21 and Microsoft Excel 2007. One way analysis of 

variance (ANOVA) was run to see the effect of the treatments on % mortality, number of F1 

progeny reduction, % weight loss and effect of the treatments on germination of the seed. Data 

transformation was done when it is needed by using Arcsine. Mean value were separated using 

Tukey's studentized range test (HSD). Significance levels were set at P < 0.05. 
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4. RESULTS  

4.1. The effect of powders and solvent extract treatments of different botanicals on 

mortality of adult S. zeamais 

Table 1 and 2 shows that, the results on the rate of mortality of adult S. zeamais from the first 

day to day 10 after treating the maize grain with the powder of the botanicals and their solvent 

extract for 2 days. 

One day after treatment application 100% mortality was recorded on seed treated with Tanphos 

at the rate 0.125g. From the botanical treatments, the leaf powder of Nicotiana tabacum and seed 

powder of Phytoloca dodecondra caused similar rate of mortality. The highest dosage (15g) of 

the botanicals powder gave the highest mortality of the adult parent S. zeamais.  

Two days after treatment application, from the botanicals at the highest concentration (15g) of P. 

dodecondra (20%) and 10g powder of N. tabacum also (20%) significantly ((p<0.05) df=7, 

F=4.53, P=0.006) gave the highest percent adult mortality of S. zeamais. However there was no 

mortality recorded on the grain without treatment (control group). 

In day three the rate of mortality data recorded was relatively high compared to the previous two 

days. From the botanicals, 15g powder of N. tabacum (43.67%) significantly ((p<0.05) df=7, 

F=11.7, P=0.00) gave the highest percent adult mortality of S. zeamais. At this day also the seed 

powder of P. dodecondra gave high adult mortality at different concentration. But comparatively 

N. tabacum at the rate of 5g resulted less rate (23.33%) of adult mortality. 

Fourth day after treatment application from the botanicals the seed powder of P. dodecondra 

(63.33%) significantly ((p<0.05) df=7, F=6.3, P=0.001) gave the highest percent adult mortality 

of S. zeamais at 15g of application. At the same time the leaf power of N. tabacum at the rate of 

15g (61.66%) significantly resulted in high rate of mortality next P. dodecondra. 

During the experiment almost effective rate of mortality was recorded on day seven. The maize 

grain treated with the seed powder of P. dodecondra (98.34%) significantly ((p<0.05) df=7, 

F=8.5, P=0.00) gave the highest rate mortality of adult S. zeamais. There was significant 

difference between the botanicals used. Moreover, at the highest concentration N. tabacum also 
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cause high rate mortality of S. zeamais and in this day at the least concentration, the botanicals 

was significantly effective in controlling of S. zeamais.  

Finally mortality caused by the botanicals powder was recorded at the day of ten and at this day 

almost very effective data were obtained. From the botanicals the seed powder of P. dodecondra 

(100%) and leaf powder of N. tabacum (100%) significantly ((p<0.05) df=7, F=6.68, P=0.001) 

gave highest percent mortality of S. zeamais at the highest concentration. Until this day there was 

no mortality recorded on the control group. 

Table 1: Mean % mortality ± SE of adult S. zeamais in different rate of application of plant 

powder after different contact time 

 

 

Treatment 

Dose 

(g / 

150 

Grain 

 

Mean % adult mortality  after treatment application 

1st day 2nd day 3rd day 4th day 7th day 10th day 

N. tabacum 5 3.33±1.67b 11.66±1.67ab 23.33±1.67bc 40±1.67ab 58.33±4.41abc 68.33±0.00ab 

 10 6.67±4.41b 20±1.67a 41.67±1.67ab 53.33±1.67ab 63.37±0.00bc 90.34±7.26a 

 15 8.33±1.67b 18.33±5.0ab 43.33±5.0a 61.66±6.67ab 89.99±8.33ab 100±0.00ab 

P. dodecandra 5 3.33±3.33b 15±1.67ab 30±2.87ab 50±5.0ab 76.67±7.26ab 93.34±4.41ab 

 10 6.67±1.67b 15±3.33ab 30±2.87ab 56.67±7.26a 98.34±3.33a 100±1.67b 

 15 8.4±1.67b 20±1.67ab 35±2.87ab 63.33±4.41a 93.33±7.63ab 100±4.41b 

Standard check 0.125 100±0.00a 100±0.00b 100±0.00c 100±0.00b 100±0.00c 100±0.00b 

Control (untreated) 0 0±0.00b 0±0.00b 0±0.00c 0±0.00b 0±0.00c 0±0.00b 

 

During this study another method of mortality test were used. That was mortality assessment by 

using solvent extraction. Two types of solvents were used for the extraction purpose, they were 

ethanol and acetone, both powder were socked on those solvents and left for 24hr and after doing 

the extraction, the filtrate was applied into the petridishes that have maize weevils and resulted in 

significantly higher (p<0.05) mortality even at 24hr after treatment application.  
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5, 10 and 15g of N. tabacum and P. dodecondra were dissolved in 100ml of ethanol and acetone, 

after 24hr, the mixture was filtered. From the filtrate two milliliter were used for the experiment.  

N. tabacum with acetone and ethanol and P. dodecondra with ethanol and acetone at 15g/100ml 

(100%) significantly ((p<0.05) df=13, F=26.7, P=0.00) resulted in the highest mortality of adult 

S. zeamais at 24hr after treatment application. However the filtrate of endod with ethanol at 

5g/100ml ethanol resulted in less mortality against S. zeamais at 24hr after treatment application 

compared to the rest treatments. 

In general, the result of these experiments showed that both powders of the botanical and their 

solvent extract were effective in controlling of S. zeamais. 

Table 2: Mean % mortality ± SE of adult S. zeamais due to the grain treated with solvent 

extracts. 

 

Treatment 

 

Dose 

(g/100ml 

solvent) 

Mean % adult mortality, 

after treatment application 

24hr 48hr 

N. tabacum /acetone 5 83.33±6.67ab 100±0.00abc 

 10 93.33±3.33a 100±3.33bc 

 15 100±0.00a 100±0.00c 

N. tabacum /ethanol 5 73.33±3.33abc 93.33±3.33abc 

 10 86.67±3.33a 100±3.33abc 

 15 100±0.00a 100±0.00c 

P. dodecondra /acetone 5 56.67±12.01bc 100±6.67a 

 10 80.00±5.57abc 100±5.77abc 

 15 100±0.00a 100±0.00c 

P. dodecondra /ethanol 5 53.33±6.67c 80.00±3.33ab 

 10 80.00±10abc 100±10abc 

 15 100±0.00a 100±0.00c 

Tanphos 0.125 100±0.00a 100±0.00c 

Control  (untreated check) 0 0±0.00d 0±0.00c 
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4.2. Effect of different plant materials on F1 progeny production and 

percent inhibition 

Table 3 shows the number of F1 progeny production by S. zeamais in the treated and untreated 

grains with both plant powder materials. On grains treated with Tanphos, there was no F1 

progeny emerged. Moreover, the maize grain treated with the powder of N. tabacum and P. 

dodecondra, the number of F1 progeny production by the parent weevils was significantly 

(p<0.05) df=7, F=141.9, P=0.00) low compared to the untreated check. However, comparatively 

more number of F1 progeny and less percent inhibition of S. zeamais were recorded on the maize 

grains treated with leaf powder treatments of N. tabacum. 

Table 3: Mean number of F1 progeny of S. zeamais on the seed treated with different plant 

materials  

Treatment Dose (g /150 

Grain) 

Mean number of  

F1 progeny± SE 

% inhibition 

N. tabacum 5 3.00±0.57b 85.00 

 10 2.00±0.57bc 91.67 

 15 1.67±0.33bc 91.67 

P. dodecondra 5 1.33±0.33bc 93.33 

  10 1.33±0.33bc 93.33 

 15 1.33±0.33bc 93.33 

Standard check 0.125 0±0.00c 100 

Control (untreated) 0 20.00±1.15a 0 
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4.3. Effect of the powder of different plant materials on % weight loss 

The results of mean percent weight loss on maize grain caused by S. zeamais are shown in table 

5. The maize grain treated the powder of N. tabacum and P. dodecondra was significantly 

((p<0.05) df=7, F=391.9, P=0.00) reduced weight loss of the maize grain and almost totally 

protected the seed damage caused by S. zeamais. Moreover, Tanphos totally protected the grain 

from weight loss. But, there is high rate of weight loss on the grain with no treatment (control 

group). The botanicals powder treatment gave better control at the highest rate.  

Table 5: Mean % weight loss caused by adult S. zeamais on seed treated with the powder of 

different plant material  

Treatment Dose (g/ 150g grain) %  Weight loss 

N. tabacum 5 0.50±0.21b 

 10 0.31±0.28b 

 15 0.18±0.09b 

P. dodecondra 5 0.21±0.13b 

 10 0.19±0.1b 

 15 0.09±0.09b 

Standard check 0.125 0.00±0.00b 

Control (untreated) 0 4.83±0.72a 

 

4.4. Effect of powder treatment of different plant materials on 

germination of maize grain 

The effect of the treatments on mean percent germination of maize grain is shown Table 6. The 

maize grain treated with the powders of N. tabacum, P. dodecondra and Tanphos was almost 

totally germinated. There was no significant (p>0.05) df=7, F=1.94, P=0.129) difference in 

germination capacity of maize grain treated with the botanical powders and the untreated check 

(control group). The highest rate of germination (96%) was recorded on the maize grain treated 

with the seed powder of P. dodecondra at the rate of 10g/150g of grain. 
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Table 6: Effect of powder plant materials on percent germination of maize grain 

Treatment Dosage (g/ 150g grain) % germination 

N. tabacum 5 91.67±3.33a 

 10 95.00±2.87a 

 15 95.00±2.87a 

P. dodecondra 5 95.00±1.67a 

 10 96.67±1.67a 

 15 91.67±1.67a 

Standard check 0.125 86.67±1.67a 

Control (untreated) 0 96.67±1.67a 

 

 

 

 

 

 

 

 

. 
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5. Discussion 

The result of the present laboratory study showed that the botanicals which were tested in this 

experiment were gave a good control of S. zeamais.  

From the powders, the seed powder of P. dodecondra at the concentration of 10 and 15g caused 

100% mortality of S. zeamais within 10th day after the application of the treatments. Moreover 

the leaf powder of N. tabacum resulted in 100% mortality adult S. zeamais at 10th day after the 

application of the treatment at the rate of 15g.  

In other study the dried ground seed powder of P. dodecondra have insecticidal property against 

different storage insect pests. Araya (2007) found that the leaf powder of P. dodecondra at the 

rate 15g caused 90% mortality of Z. subfasciatus within 96 hr after treatment application. Adane 

and Abraham (1996) reported that the maize grain treated with the seed powder of P. 

dodecondra caused 68-100% mortality of S. zeamais. The seed powder of P. dodecondra 

resulted in high adult mortality of S. zeamais after treatment application (Eticha and Tadesse 

1999). Asmare (2002), among 20 species of botanicals for their efficacy to control maize weevil 

on sorghum in the laboratory at sirinka, Chenopodium, Jatroha curcas and Phytoloca 

dodecondra caused 100 % mortality of the pest within 28 days infestation. Combination of 

malathion dust and Mexican tea powder provided effective control of weevil just like synthetic 

insecticide for up to 5 months (Ahmed 2015). 

The other plant powder which was used during this laboratory trials were N. tabacum. The dried 

ground leaf powder of the plant was used for the experiment and resulted in 100% mortality of 

adult S. zeamais at the concentration 15g within 10 days. Idoko et al., (2011) says that 0.4g of 

Nicotiana tabacum caused the highest mortality of adult S. zeamais. In this study, the researcher 

combined leaf powder of Nicotiana tabacum with reduced rate of primiphos methyl for the 

management of zeamais. But when he tries to compare sole treatment of the powder of N. 

tabacum was better when applied at the rate of 0.4g than when combined with dust primiphos 

methyl at reduced rate. 

There are many botanicals that have insecticidal properties which are identified by different 

researchers. For example: - the leaf powder of J. curcas has insecticidal effect against S. zeamais 

(Asmare, 2002). Adane and Abraham, (1996) identified that the dried leaf powder of D. 
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stramonium and P. dodecandra gave 60-85 % control of S. zeamais. Yeshiwork (2017) reported 

that Azdirachata indica gave 100% cumulative adult weevil mortality in all of the doses used (1, 

3, 5, and 10%) which was similar effect with the Malathion 5% dust. 

On the whole, the insecticidal properties of botanicals powder could be from the presence of 

some active constituents of the plant materials. Daniel et al., (2016), explained that the berries of 

P. dodecondra contained 25% by weight of saponin, which is the active principle for molluscidal 

properties. So that, the higher rate of mortality could be the presence of saponin and other 

secondary metabolites. And also endod is well known for their beneficial biological properties 

including detergent, molluscidal, spermicidal, insecticidal and fungicidal properties. 

Additionally, the active constituent who is available in N. tabacum may be responsible for their 

insecticidal properties against the maize weevil. N. tabacum has been reported to have contact 

stomach and respiratory poisoning properties this may be because of the active constituent 

Nicotine (Lale, 2002: Stoll, 1988). In general the main active constituents of plant powders are 

exerted against insect pests in different mode action. Law ogbomo and Enobakhare (2007) 

mentioned that the insecticidal effect of botanicals powder may have different properties 

including fumigation, repellency, stomach poisoning effect where the insects feed on admixed 

grain and physical barriers effect that is blocking the spiracles to impair respiration. 

In this study the other method used to assess mortality of maize weevil was treating the maize 

grain by solvent extracts and the higher concentration (15g powder/100ml solvent) applied at the 

rate of 2ml, gave 100% mortality of S. zeamais within 24hr after treatment application. Solvent 

extracts from Phytolacca dodecandra by acetone and ethanol resulted in better rate of mortality 

of S. zeamais at the rate of 5g powder/100ml solvent. However, solvent extracts of Nicotiana 

tabacum with ethanol and acetone relatively resulted in less rate of mortality of S. zeamais at the 

rate of 5g/100ml at 24 hr after treatment application compared with P. dodecondra. This result 

was similar with the botanicals powder result. 

In both evaluations, the effectiveness of the treatments and rate of mortality of S. zeamais is 

highly dependent on level application and exposure period. So that in order to got an effective 

outcome in controlling of S. zeamais by those treatments, increasing the level of application of 

the treatments and the time of exposure is the best solution. 
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In different studies, many researchers reported that there are large numbers of plant extracts that 

have insecticidal properties against different storage pests on filter paper and admixture 

bioassays’ (Bekele et al., 2005). Daniel et al., (2010) reported that crude and dried leaves 

(acetone) extracts of P. dodecondra have excellent insecticidal properties against bedbugs, 

causing rapid mortality after exposed for short term (2h). This may be because of the presence of 

some major and minor active chemical constituents in the extract. Nagappan et al., (2015), found 

that the cold and hot water extracts of P. dodecondra have insecticidal effect against cabbage 

flea beetle P. cruicifrae. Acetone extracts of pepper seed is toxic and within 15 days exposure, it 

killed S. oryzae at all concentration (Sighamony et al., 1986). Mobolade et al., (2014) said that 

ethanol extracts of A. indica and piper guineense are good in control of the maize weevil.  

Mortality of adult S. Zeamais increased with increasing concentration of the extract as well as 

with the days of exposure. Assefa (1976), showed the susceptibility of houseflies (Musa 

domestica L.) and blackflies (simulium spp.) to the extract of endod fruits. And extracts of 

chinaberry resulted for the mortality of Aphis fabae (Dimetry and Schmidt, 1991). Acetone 

extracts of E. globulus have insecticidal property against C. maculates as reported by (Rahman 

and Talukdar, 2006). Amaugo and Emosairue, (2003) have showed that aqueous and acetone 

extracts of Jatropha seed were effective in controlling of stem borers. 

Bekele et al., (2005), reported that in filter paper bioassay, water extracts of M. ferrugine 

resulted in 93 to 100% mortality against all the casts of all termites at all concentration. Water 

extracts Birbira seed caused 45-60% mortality of sorghum chaffer within 24-48 hrs after 

treatment application. Ethanol extracts of lemon grass roots have insecticidal activity against 

weevil and solvent extracts of different lemon grass parts were reported to have toxicant, 

fumigant and repellent property for storage pests (Salijoqi et al., 2006). 

On this laboratorial experiment both botanical powder treatment significantly reduced the 

emergence of adult S. zeamais compared to control group (untreated check). Powder treatment of 

P. dodecondra was effective in reducing of F1 progeny of S. zeamais at all concentration. The 

powders of N. tabacum were relatively less effective at the rate of 5g in protecting of F1 progeny 

compared to the other concentration. The main reason for this result was the less mortality rate of 

S. zeamais on the grain which was treated with N. tabacum at 5g dosage of application.  
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Similar works also indicated that the seed powder of the treatment of P. dodecondra were 

effective in reducing F1 progeny production of Z. subfaciatus (Araya, 2007). Likewise Ferdu et 

al., (2001) reported that the seed and leaf powder treatment of P. dodecondra caused a lower 

level of progeny emergence maize weevil (S. zeamais). In addition, Idoko et al. (2011) showed 

adult emergence of maize weevil was least in maize grain treated with N. tabacum with 0.4g of 

application. 

The reason for the reduced rate of emergence of F1 progeny could be from increased adult 

mortality, ovicidal and larvicidal properties of the tested leaf and seed powders of the botanicals 

(Araya, 2007). Tapondjou et al. (2002) suggested that powder plant materials may kill the larvae 

hatching from eggs laid on grains and preventing feeding and damage. Ofuya (1990) also 

reported that the botanicals powder weakening the insects and make them to ley fewer eggs than 

the normal time. 

Additionally both botanical powders admixed to the maize grain gave significant reduction of 

seed damage and weight losses compared to the untreated check. In this case also there was less 

rate of seed damage and weight loss with the increase in the rate application of the treatments 

and P. dodecondra was more effective at all concentration in controlling of weight loss than N. 

tabacum. 

Firdissa and Abraham (1999), Araya (2007), Mekuria (1995), and yeshiwork (2017) reported 

that the botanicals powder admixed to the grains had effective protection against the damage by 

different insect pests. So the reason for this reduction could be the presence of chemical factors 

that can affect their feeding habit of the insects.  

Throughout this study, results from germination bioassay showed that both botanicals powder 

that are used to treat maize grain from S. zeamais did not show such a negative effect on the 

germination ability of the seed in all concentration. The untreated and treated seed with the 

botanicals had 91-96% of germination, but the maize grain treated with the chemical (Tanphos) 

had 86.67% of germination and the germination percentage of the untreated grain was 96.67%. 

Unless the damage is very serious, the weevil damage to the maize did not affect the germination 

of the seed (Yeshiwork, 2017). Tigist, (2004), also indicated that seed with one hole could 

germinate like the healthy seed. 
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Similarly, Araya and Emana (2009) tested the effect of botanical powders on germination 

capacity of the treated seed and showed that no significant difference between the treatment and 

untreated control. Asmare (2002), found sorghum seed treatments with the powder of D. 

stramonium, J. curcas, P. dodecondra and A. indica against S. zeamais did not have any adverse 

effect on germination capacity of the seed.  Crude powders of 17 botanicals in controlling of S. 

zeamais on sorghum did not have an effect on seed germination (Adane and Abraham, 1995).  

However, Paranagama et al., (2003) found that C. cirratus oil treatment affect the germination 

ability of rice paddy as compared to the control. But the present experiment showed that both 

botanicals powder did not cause a negative effect on the germination capacity of the maize grain. 

So that standing from this result the treatments can be used and applied into the seed to protect 

stored grain from infestation of insect pests. 
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6. CONCLUSION AND RECOMMENDATIONS 

6.1. Conclusion  

The findings from this study indicated that the plant powder material and solvent extracts of the 

botanical have insecticidal properties as grain protectants against S. zeamais. The powder of P. 

dodecandra and N. tabacum resulted in 100% mortality of S. zeamais in 10th day at the rate of 10 

and 15g of application. This indicates that the longer exposure with the higher application give 

significantly higher mortality of S. zeamais.  So that, the protection of maize grain from the 

damage caused by S. zeamais by using botanicals powder was dependent on plant material, their 

application rate and also exposure time. Moreover, the plant powders significantly reduce the 

emergence of F1 progeny, seed damage and weight loss of maize grain caused by S. zeamais.  

In addition to that, ethanol and acetone extracts of P. dodecandra and N. tabacum caused 

significantly higher mortality of S. zeamais within 24hr after treatment application at the rate of 

15g powder/ 100ml solvent and applied 2ml of the extract. The botanical powder used in this 

study did not have a negative effect on the germination capacity of maize grain. 

Generally, the result showed that seed and leaf powder of P. dodecandra and N. tabacum can be 

used as alternative pest control mechanism. 
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6.2. Recommendations 

The using of botanicals as pesticides would give a better control S. zeamais than the costly, 

environmentally hazardous and poisonous chemical pesticides because it provide cheap, 

healthily safe and environmentally friendly pest management option. Moreover:- 

 Additional work needs to be done on botanical pesticides to develop effective dosage and 

formulation. 

 

 Further investigation of both plant powders N. tabacum and P. dodecandra under 

farmers’ storage condition is needed. 

 

 Much work should be done on plant based pesticides to identify the active ingredients, 

which can be marketable for the control of insect pests.  

 

 Understanding should be created about use of organic pesticides than the chemicals  

 Toxicology of the botanicals powder on human health must be tested 
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APPENDICES 

Annex 1: Summary table for analysis of variance (ANOVA) for mean % mortality of S. zeamais 

due to powder of P. dodecandra and N. tabacum over different period of time on treated maize 

grain seed 

 

Source of error  

Sum of 

Squares 

 

df 

Mean 

Square 

 

F 

 

P- value 

Mortality after 

24hr 

Between 

Groups 

 

23745.833 

 

7 

 

3392.262 

 

217.105 

 

.000* 

Within Groups 250.000 16 15.625   

Total 23995.833 23    

Mortality after 

48hr 

Between 

Groups 

 

562.500 

 

7 

 

80.357 

 

4.538 

 

.006* 

Within Groups 283.333 16 17.708   

Total 845.833 23    

Mortality after 

72hr 

Between 

Groups 

 

1712.500 

 

7 

 

244.643 

 

11.743 

 

.000* 

Within Groups 333.333 16 20.833   

Total 2045.833 23    

Mortality after 

96hr 

Between 

Groups 

 

2440.625 

 

7 

 

348.661 

 

6.315 

 

.001* 

Within Groups 883.333 16 55.208   

Total 3323.958 23    

Mortality after 7th  

day 

Between 

Groups 

 

4748.958 

 

7 

 

678.423 

 

8.570 

 

.000* 

Within Groups 1266.667 16 79.167   

Total 6015.625 23    



 
 

49 
 
 

Mortality after 

10th day 

Between 

Groups 

 

1657.292 

 

7 

 

236.756 

 

6.685 

 

.001* 

Within Groups 566.667 16 35.417   

Total 2223.958 23    

* = Significant at P≤ 0.05 

 

Annex 2: Summary table for analysis of variance (ANOVA) for mean % mortality of S. zeamais 

due to ethanol and acetone extracts N. tabacum and P. dodecandra after different period of time 

on treated maize grain. 

 

 

Source of error 

 

Sum of 

Squares 

 

df 

Mean 

Square 

 

F 

  

P- value 

Mortality in 

24hr 

Between 

Groups 

 

29761.905 

 

13 

 

2289.377 

 

26.709 

 

.000* 

Within Groups 2400.000 28 85.714   

Total 32161.905 41    

Mortality in 

48hr 

Between 

Groups 

 

5307.143 

 

13 

 

408.242 

 

8.573 

 

.000* 

Within Groups 1333.333 28 47.619   

Total 6640.476 41    

* = Significant at P≤ 0.05 
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Annex 3: Summary table for analysis of variance (ANOVA) for mean F1 progeny emergence of 

S. zeamais on seeds treated with the powder materials of N. tabacum and P. dodecandra. 

 

Source of error Sum of 

Squares 

  

df 

Mean 

Square 

 

F 

 

P- Value 

Between 

Groups 

 

910.667 

 

7 

 

130.095 

 

141.922 

 

.000* 

Within Groups 14.667 16 .917   

Total 925.333 23    

* = Significant at P≤ 0.05 

 

 

Annex 4: Summary table for analysis of variance (ANOVA) for weight loss produced by  

S. zeamais on seeds treated with different powder materials N. tabacum and P. dodecandra  

 

Source of error Sum of 

Squares 

 

Df 

Mean 

Square 

 

F 

 

P- Value 

Between 

Groups 

 

1.280 

 

7 

 

.183 

 

23.097 

 

.000* 

 

Within Groups 

 

.127 

 

16 

 

.008 

  

Total 1.407 23    

* = Significant at P≤ 0.05 
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Annex 5: Summary table for analysis of variance (ANOVA) for mean germination test of maize 

grain treated by different powder materials of N. tabacum and P. dodecandra.  

 

Source of error Sum of 

Squares 

 

Df 

Mean 

Square 

 

F 

 

P- Value  

Between 

Groups 

 

240.625 

 

7 

 

34.375 

 

1.941 

 

.129 

Within Groups 283.333 16 17.708   

Total 523.958 23    
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