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ABSTRACT

Post-harvest maize insect pests are a serious constraint to food security and income
generation in sub-Saharan Africa. Ten varieties of maize cultivated in Ghana were screened
to ascertain their resistance to the maize weevil, Sitophilus zeamais L. to assist farmers
select a variety that can withstand-the attack of the insect-during.storage. The study was
conducted at the insect laboratory of the. Department of Crop and Soil Sciences of the
Faculty of Agriculture, Kwame Nkrumah University of Science and Technology, KNUST,
Kumasi. The Dodie Index of Susceptibility was used to group the varieties. Abeleehi,
Omankwa, Abontem, and Adikanfo had indices less than 4 hence were classified as
resistant. Weevils placed on Abeleehi produced the smallest number of progeny, had the
highest median development period and lowest percentage seed damage and weight loss.
Obatanpa, Aburohoma, Aburohemaa and Pan 12 were classified as moderately resistant
whiles 10C8446 and 12C7636 were classified as moderately susceptible. Abeleehi had the
best germination percentage with 12C7636 recording the lowest germination percentage
after 90 days of storage. The resistant varieties, particularly Abeleehi can be recommended
for S. zeamais management in maize especially for smallholder farmers in Ghana, whose

seed can also be saved by farmers for planting in the subsequent season.
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CHAPTER ONE

INTRODUCTION
Maize (Zea mays L.), is the most widely grown crop in Ghana and second largest after
cocoa, representing 50-60% of total cereal production (Obeng-Antwi et al., 2013). The
levels of per capita consumption of maize in Ghana is estimated at 45 kg/head/year (SRID,

2009).

Maize, rice and wheat are the three most important cereal crops cultivated globally. Maize
has invaluable benefits in the economy of developing countries by serving as staple food,
cash crop, important source of calories as well as ensuring food security (Jones et al., 2011;
Smale et al., 2011). According to Mlynekova and Ceresnakova (2013), the crop is a main
source of nutrient in Africa and contributes up t0 30% and 60% protein and energy of diets

respectively.

Maize can be classified as sweet, popcorn, dent, flint and floury based on kernel
characteristics (Boutard, 2012). The hard flint corn outer layer causes it to be less
susceptible to destruction and loss by both field and storage insect pests as well as mould
growth (Paliwal et al., 2000). The grain has multi colours, varying from pale-orange to
dark red (Suleiman et al., 2013). Flint corn is widely cultivated in Central and South
America, Asia, certain African and Southern European countries for human and animal

consumption and industrial use (OGRT, 2008).

Maize is enjoyed by people in various forms, whole maize, gluten, flour, maize starch,
syrup, cooking oil, popcorn and cornflakes, porridge among others. Maize meal is made
into a thick porridge in many cultures and enjoyed by both adults and children. The corn
meal mush in the Ghanaian dish is used for kenkey (Fanti or Ga), banku, tuo zaafi, abolo,

kooko, and tom brown. It is an important source of protein and ranks only after meat, fish
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and legumes with regard to annual protein production. Maize is also a good source of
vitamins (B1, B5, B7, C, A and E) and minerals, magnesium, fibre and complex

carbohydrate (Dasbak et al., 2008).

According to Fening et al. (2011), maize is widely cultivated in all the agro-ecological
zones of Ghana. It is cultivated on nearly 1,042,000.ha of.land. with an average yield of
1,835 Mt and an annual growth rate of 13.86% (SRID, 2009). Although maize production
continues to increase every year, losses caused by biotic post-harvest factors including
insects and fungi continue to be a major challenge globally (FAO, 2009). Estimated total
losses of maize produced annually from insect damage in developing countries are higher
(14 to 50%) compared to that of the developed nations with 1 to 2% (Ojo and Omoloye,

2012).

Grain storage increases food security, and also serves as an investment to farmers. In sub-
Saharan Africa, premium price is paid for maize during the lean season which is usually
six months after harvest than maize sold at the harvest season when it is in abundance
(Meikle et al., 2002). But farmers who store their maize risk losing their produce to post-
harvest insect pests due to improper storage facilities and resources. Therefore, they begin
to contemplate whether to store their maize or sell off their grain soon after harvest at a
cheaper market price. “Sell for less or lose everything,” becomes a farmer’s dilemma

(CIMMYT, 2011).

In sub-Saharan Africa, substantial produce and grain quality losses of maize due to insect
pests’ attack occur which presents a critical food and income security challenge (Abebe et
al., 2009). Sitophilus zeamais Motschulsky, the maize weevil, is amongst the most
damaging insect pests of stored grains, particularly maize in tropical developing countries

(Paes et al., 2012). S. zeamais is classified as a primary pest of grains. The adult female

2



causes damage by boring into the grain and ovipositing inside them. The larvae consume
the endosperm, which results in a damaged grain and decreased grain weight (Ojo and
Omoloye, 2012). Aside weight losses, weevils feeding activity results in serious decrease
in nutritive and economic values, decrease seed viability, and also grains get contaminated
by chemical excretions and exuviae (Ukeh et al., 2012). The infestation also increases
temperature and moisture content in the stored grain mass, which may result in mould
development, especially by toxigenic'species such.as Aspergillus flavus (Chu et al., 2013).
S. zeamais causes substantial qualitative and quantitative losses of grain on-field and during

storage (Sabbour, 2012).

In most tropical regions, Sitophilus zeamais is a key stored product insect pests of economic
importance. Attack commences in the field, however, severe harm is done during storage
of grains (Fikremariam-et al., 2009). Giga et al. (1991) and Muzemu et al. (2013) reported
grain weight loss of 20-90% in sub Saharan Africa as a result of maize weevil attack on
untreated maize. In advanced nations, maize storage is done in modern structures equipped
with appropriate and effective temperature and moisture content monitoring devices to
manage activities of insect pests. Contrastingly, in developing nations, maize storage is
usually done in traditional structures with no control of the environment and often with no
chemical protectants (Dhliwayo and Pixley, 2003). Maize damage by S. zeamais results in
food loss, increases poverty and malnutrition, reduces weight, as well as decreases the
nutritional and market values of grains (Keba and Sori, 2013). Additionally, S. zeamais
infestation reduces seed viability and maize production because a lot of farmers in sub
Saharan Africa store grain and seed together (Pingali and Pandey, 2001). A study by
Renkow et al. (2004) found that in developing countries, a lot of small-scale farmers (83%)

sell their maize grains within two months after harvest to evade damage and loss caused



by stored grain insect pests and therefore do not benefit from premium sales during the
lean season. A lot of research have indicated that the use of resistant varieties like flint can
reduce the activities of S. zeamais (Suleiman, 2015). The use of weevil resistant cultivars
is effective, harmless, ecologically sound, appreciated by farmers, economically
practicable and can be incorporated into already on-going programmes such as integrated

pest management (IPM) approach (Keba and Sori, 2013).

Most stored-product pests including S. zeamais have been widely controlled by the use of
synthetic chemical insecticides. The widespread application of pesticides for the
management of stored grain insect pests is of serious concern with respect to pollution of
the environment, development of resistance, pesticides residues in food, adverse
consequence on beneficial organisms and also cost (Cherry et al., 2005). Because of the
health risks and environmental pollution associated with the use of conventional pesticides,
current researches have been focusing on developing an alternative insect pest control
strategies like the use of resistant maize varieties. Weevil-resistant maize varieties have the
potential of providing a sustainable control option which would be inexpensive and suited

to resource-poor farmers who produce at the subsistence level (Derera et al., 2001).

Genetic variability for resistance to the maize weevil has been found in maize varieties and
inbred lines (Giga and Mazarura, 1991; Tadesse, 1995). In maize, various physical features
such as kernel hardness and pericarp traits have been recognised as mechanisms of kernel
resistance to S. zeamais (Gudrups et al., 2001; Garcia-Lara et al., 2004). Kernel resistance
as a result of physical barrier through mechanical protection of the pericarp cell wall and
antibiosis through the toxic effects of phenolic acid amides and peroxidase activity

localized in the aleurone layer (Garcia-Lara et al., 2007). The use of maize varieties that



will ensure a low reproductive and long lag-phase of S. zeamais in conjunction with other
control strategies in an integrated pest management package, would keep the weevil
populations in stored maize at sub-economic levels (Akob and Ewete, 2007). In order to
reduce grain losses of smallholder farmers at the post-harvest level, it has become
necessary to identify resistance sources that will facilitate the breeding of resistant
varieties.

The main objective of the experiment wasto identify the.status or levels of resistance of

some elite maize lines to S. zeamais.

The specific objectives of the experiment were to:

I.  determine the index of susceptibility of 10 elite maize varieties to S. zeamais
ii.  determine the effect of storage time on damage by S. zeamais

iii.” _assess the effect of insect damage and storage time on seed germination



CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 Maize production in Ghana

Maize (Zea mays) is an important staple food in most Ghanaian households and widely
cultivated in greater parts of the country (USAID-EAT, 2012). The crop is ranked first in
terms of area of cultivation and.accounts for more than 50% of the total cereal production
in the country (MiDA, 2012). According to a repert by'SRID-MoFA (2017), since 2007,
annual maize production has been over 1 million MT and averaged over 1.7 million MT
from 2014 to 2016 with an average yield of about 1.9 tons per hectare in 2016. In Ghana,
production is commonly done by resource-disadvantaged farmers under natural rainfall
conditions over a wide range of soils and ecological zones (SARI, 1996). However,
production is concentrated in the Forest-Savanna transition zone. Major production centres
are Ejura and Sekyedumasi in the Ashanti Region, Techiman and Wenchi in the Brong
Ahafo Region and- the Afram plains in the Eastern Region (GGDP, 1991; Onumah and
Coulter, 2001). Marketing of maize is predominantly done by women. The principal
participants in the maize commerce include producer, local aggregator, commission agent,
long distance wholesaler and market-based wholesaler or retailer. Maize prices mostly
depend on proximity to market centres and time of the year. Prices at farm gate decrease
with increase in distance to major market centres and the accumulated increase in

transportation cost (USAID-EAT, 2012).

2.2 Nutritional value of maize and uses of maize

Prior to the development of quality protein maize (QPM), the superiority of maize over the
other cereals was limited by its low protein content. This difficulty has been largely
corrected with the advent of QPM thus making it superior to the rest of the cereals in

nutritional terms (FAO, 2007). Maize is an essential supplier of carbohydrate, oils, vitamin



B and minerals (IITA, 2007). It also contains potassium which is mostly deficient in most
grains (Kumar and Jhariya, 2013). A study by Nuss and Tanumihardjo (2010) showed that
maize gives an estimated 10% and 15% of the global calories and protein, respectively. In
sub-Saharan Africa, it is a staple grain for about half of the population (1ITA, 2003).
However, in developed countries, the bulk of maize produced is utilized as feed for
livestock and as a raw material for industrial processing whereas it is principally consumed
by humans in developing countries such as Ghana (Aquino et al., 2001). The per capita
consumption of maize in Ghana has been estimated at 44 kg/person/year. The demand at
the national level is anticipated to grow at about 1.83% per annum (FAO, 2007; IITA,

2007).

2.3 Some cultivated maize varieties in Ghana

Generally, maize can be grouped as early, intermediate or late maturing. The Crop
Research Institute (CRI) and Savanna Agricultural Research Institute, (SARI) of the
Council for Scientific and Industrial Research (CSIR) in_collaboration with the
International Institute of Tropical Agriculture, (IITA) and Maize and Wheat Improvement
Centre (CIMMYT) have released 21 maize varieties that were registered in Ghana between
1983 and 1998 (Obeng-Antwi et al., 2013). Between 2007 and 2012, 12 new varieties were
also released of which, Ewul-Boyu, Sanzal-Sina, Abontem, Omankwa, Aburohemaa,
Bihilifa, Wang dataa are open pollinated varieties while Etubi, Enii-Pibi (Enibi), Tintim,
Opeaburoo and Aseda are hybrids. These varieties were screened against the key foliar
diseases, including Maize Streak Virus, (MSV), leaf rust, ear rot, downy mildew and the
maize stalk borer (Eldana saccharina Walker) and against Striga. Obatanpa continues to
remain the leading OPV since its release in 1992. It represents 95% of all maize seeds

planted in Ghana (Obeng-Antwi et al. (2013).



2.4 Post-harvest operations in maize production

Before maize grains get to the final consumer after harvest, variety of operations such as
threshing, drying, winnowing, cleaning and grading are performed mostly on-farm which
are known as primary post-harvest operations. Currently, mechanical threshing of maize
cobs is commonly employed by small-scale and medium-scale farmers. This is fuelled by
the drudgery associated with.hand threshing, it also requires lengthy time which
consequently promotes losses. Many small-scale-farmers.are unable to procure thresher
and therefore contract the services of limited thresher owners. Mostly, threshers are limited
in the farming communities, which hinders their accessibility to farmers, consequently
promoting substantial grain loss at the piling stage when farmers wait for available service.
Additionally, moving the one thresher across farms may also encourage cross infestation
of insect pests, pathogenic fungi and viruses. One of the critical contributory factors to
early loss of maize grains during storage Is inability of farmers to remove infested and
mouldy cobs prior to threshing. During the major season where moisture content of maize
grain is usually high, damage of grains caused by mechanical threshing may be high which
inadvertently promotes multiplication of insect pests and fungi infection consequently

leading to production of mycotoxins (Opit et al., 2014).

2.4.1 Drying

Maize grains are often harvested at high moisture content in tropical humid conditions to
reduce shattering losses in the field (Kumar and Kalita, 2017). Nonetheless, for safe storage
of maize, it is recommended that moisture content is below 13% (Baloch, 2010). A lot of
small-scale farmers in most developing countries lack effective drying systems or
equipment and this challenge is usually worsened by unfriendly rainy conditions during
the major season (Weinberg et al., 2008). Ineffective drying may cause proliferation of

insects and importantly mould infection which results in substantially high storage losses.



Therefore, grains are dried after harvesting in order to maintain quality, reduce losses
during storage and minimize cost of transportation (Kumar and Kalita, 2017). A report by
Hodges (2012) indicated that natural sun drying is the most commonly used method of
drying maize by smallholder farmers in Africa because they find it economical. However,
mechanical dryers are also occasionally used. In Ghana, farmers usually spread their maize
grains in an open area on crop fields, on. plastic sheets or.mats and on sides of paved road
(Nsafoah, 2012). Mostly, natural sun drying depends on the-weather, requires lengthy time,
it is labour intensive, grains are exposed to attack by birds, fowls, rodents and insects, as
well as contamination by dust and other foreign materials. Another inherent limitation of
natural sun drying is that grains are not often dried uniformly and effectively to achieve

appreciable levels of insect mortality (USDS, 2013).

2.4.2 Storage of maize in Ghana (duration/time)

Maize is stored after harvest, mainly to maintain quality of harvested produce to ensure
sustainable supply of the commaodity throughout the year and also to enable farmers earn
better household incomes (Adejumo and Raji, 2007). Many studies have shown that
traditional maize storage techniques are widespread in sub Saharan Africa including Ghana
(Addo et al., 2002; Brice, 2002). Different types of traditional storage containers such as
cribs, woven baskets, jute sacks, rhombus etc. are used based on financial strength of the
farmer and his or her locality. Most farmers find these traditional structures less expensive
and environmentally friendly. Open storage is perhaps the most widespread traditional
technique employed in sub-Saharan Africa. It may be constructed with wooden platforms
on stakes on top where the cobs are arranged either in heaps or regular pattern or layers.
An iron or straw roof is normally provided to offer protection to the stored grains from
dump conditions. This type of storage enhances natural air circulation and allows for

further drying of the cobs. Notwithstanding the benefits of traditional maize storage



methods, they are mostly not able to provide adequate protection to stored maize against
destruction by insect pests and pathogens, resulting in estimated grain loss ranging between
20-30% (Tefera et al., 2010). Traditional storage methods generate favourable
microclimate for insects and fungi proliferation (Ngamo et al., 2007). Because farmers lack
access to effective storage methods to control insect pest infestation, they often forced to
sell their produce at reduced market prices soon after harvest (CIMMYT, 2011). On the
large-scale level, storage binsiand'large warehouses‘are'used to store maize after shelling,

drying and pre-storage treatment with prescribe pesticides.

2.4.3 Storage Structures

A report by Nsafoah (2012) indicated that three main grain storage methods can be found
in Ghana. These include; traditional storage methods mostly at the households (examples
are rhombus, elevated platforms, woven basket, cribs, cemented floors, cooking area etc.),
Semi-modern storage methods such-as enhanced rhombus, well-aerated cribs, and brick
bins and contemporary storage systems for commercial purposes (for example; silos, metal
or plastic storage bins and warehouses). The crib mostly serves two essential purposes as
drying and storage structure for dehusk or undehusk maize (FAO, 2011). A report by
Sallam (2010) indicated the successful utilization of crib in many regions of Africa with
high humidity. When produce is not treated with protectants, cribs enable storage times of
about 3-4 months (Sallam, 2010). On the other hand, silos are usually built using more
lasting structures, for-example metal silos or wooden granaries with aluminum roof.
Permanent silos have been demonstrated to be effective in humid regions of sub-Saharan
Africa particularly when grains are dried to recommended moisture content. Silos are
mostly used in medium and large-scale farms because farmers at this level normally have

the financial wherewithal to construct them (Peterson and Simila, 1990; Sallam, 2010).
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2.5 Losses along maize value chain

Harvested maize passes through a chains of processes where certain unique value is added
before it reaches the final consumer. Grain value addition aims at ensuring that the
preferences of the consumer such as quality, taste, purity and volume are adequately
satisfied (Kibe, 2015). A study by Abass et al. (2014) showed that about 26-40% of maize
is lost due to the processes that.occur from production to.final consumption. According to
AGRA (2013) losses of maize can-occur before harvest;sduring harvest and after harvest.
Loss during harvest and post-harvest loss may occasionally be put together as they share
certain unique features. These losses lead to reduction in physical weight, nutritional
quality and edibility as well as monetary value of maize grains (Zorya et al., 2011; Tefera,
2012). Therefore, to maintain the quantity and quality of maize grain after harvest, it is
essential to understand the various operations in the supply chain which contribute to the

losses.

2.6 Magnitude of losses in the maize value chain

Currently, losses of maize are estimated to range between 5-40% in sub-Saharan African
which is estimated to worth about $ 4 billion (Zorya et al., 2011). The losses of maize in
various storage facilities in developing nations have been reported to range from 15-25%
(Meronuck, 1987). In Zambia and Zimbabwe, losses of maize dried on raised platforms
were estimated to be 3.5% and 4.5%, respectively. Large amount of maize estimated to be
about 4% is lost through spillage during threshing and winnowing (Sarkar et al., 2013).
Maize post-harvest loss of over 17.44% was recorded-in Kenya in 2008. In Ghana, losses
are estimated to be between 5-70% (WABS Consult Limited, 2008; Amankwah, 2009),
which is about 488,791 Mt (FAOSTAT, 2012). A study by Dzisi et al. (2007) indicated
that field and post-harvest could range from 5-10% and 15-20%, respectively. Another

important operation in the maize value chain is transportation. Lack of proper
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transportation system and poor road network lead to losses through spillage. Losses of 2-
10% during transportation of rice in Southeast Asia was reported by Alavi et al. (2012).
2.7 Post-harvest insects of stored maize and their damage

Globally, it has been reported that insect infestations cause the greatest loss during storage
of grains which threatens food and income security of farmers. The microclimate created
by the grain storage environment is mastly conducive for stored grain insects to thrive,
feed, reproduce and contaminate ‘grains with exuviae and“faecal matters (Boxall, 1991;
Paliwal, 2000). It is estimated that 20-50% of stored grains are lost as a result of insect
infestation in developing countries (Nukenine, 2010). According to Montross et al. (1999)
insects that attack stored grains can be categorized into two major groups; Internal feeders
such as Sitophilus zeamais, Prostephanus truncatus, Rhyzopertha dominica which have the
ability to bore into undamage grain and develop inside kernels, whiles external feeders
including Tribolium casternum, Plodia interpunctella, Cryptolestes ferrugineus cannot
attack whole grains and develop outside kernels. Grain damage caused by insect lead to
reduction in nutritional value, reduced seed viability, as well as decrease weight and market
values (Abebe et al., 2009). Post-harvest losses of grain caused by stored product insect
pests such as S. zeamais have been reported as critically important food security challenge
in Africa (Markham et al., 1994; Abebe et al., 2009). Even though post-harvest losses of
maize caused by stored product insect pests are generally reported to be between 20-30%,
infestation by Prostephanus truncatus and Sitophilus zeamais caused weight loss of about
34-40% and 10-20% respectively, when maize grains were stored on-farm for three months
(Boxall, 2002). Nonetheless, in Sub-Saharan Africa, losses are high, and maize weight
losses of more than 30% usually occurs after few months of storage (Lale and Ofuya, 2001;
Adedire, 2003). The storage losses could be weight loss, nutritional loss and economic loss

(Magrath et al., 1996). Losses as a result of post-harvest stored product insect pests attack
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may also be influenced by the period of storage, insect species and the populations’ density

during attack.

2.8 Economic impact of insect pests in maize value chain

Amongst other biological agents which cause losses to grains, insect pests are the most
destructive because of the substantial losses they cause to grain mostly during storage
(Shiferaw et al., 2011). Research has shown that approximately weight losses of about 5-
45% as a result of insect pests’ destruction are caused in sub-Saharan Africa and the losses
are often influenced by the insect species involved, harvesting operations and post-harvest
activities, time of storage, geographical location, cropping season and type and variety of
crop (Rees, 2004; Tefera et al., 2011; Anankware et al., 2013). Post-harvest damage due
to storage insect pests results in loss of nutrients and market value due to early sale of
produce (Magrath et al., 1996). Stain and contamination of grain or grain products by
insects, their frass, faeces, exuviae, offensive odour and webbing in products and storage

materials can also result in financial loss (Scott, 1991; Sallam, 2010; Shadia, 2011).

2.9 Biology and behaviour of Sitophilus zeamais

S. zeamais is about 2.5 to 4 mm long and is uniformly coloured dark brown or reddish
brown. It-has.a projected rostrum or snout for chewing and boring into the grain. The
prothorax and elytra are densely pitted with rows of micrescopic circular holes. The legs
are prominent, and they have well-developed functional wings. The adult female S. zeamais
lays between 300 to 400 eggs within 4 to 5 weeks. The female inserts the eggs into small
cavities in the grain. The cavities are afterwards closed with a waxy secretion, sealing the
eggs inside the grain. These eggs hatch into tiny larvae after six days at temperature of

25°C. The larva which feeds inside the grain is a white, thick-bodied grub with no legs
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(Kiritani, 1965). The grub goes through four moults and afterwards pupates. Because the
growth and development of the larva and pupa occur within the grain, destruction caused
is hence usually concealed from visual examination. Pupation takes place at the end of the
tunnel in a cell made from frass borings and excreta from the larvae (Abraham, 1991).
Pupation occurs within the grain after fourth larval instar. The cycle is accomplished in
approximately 35 days at a temperature of about 27 °C and 70% relative humidity (Loeck,
2002; Lorini et al., 2007). It'has been reported that thewnature of diet and differences in
variety of crop could influence the fecundity, fertility and time of development and of S.
zeamais whereas some factors may affect adults’ longevity as well as the number of
generations of the insect (Dobie and Kilminster, 1977; Gomez, 1983). For instance, in
colder climates, the maize weevil has a longer life cycle compared to that in the warmer
climates (Cash, 2011).

2.9.1 Distribution and Economic Importance of Sitophilus zeamais

S. zeamais Is a devastating pest of enormous economic importance in stored grain globally
(Rees, 2004). The pest is very destructive and capable of proliferating to large populations
causing a lot of havoc to the grain particularly during storage. The weevil commences its
infestation in the field prior to harvesting (Demissie et al., 2008), but most of the
destruction i1s accomplished during grain storage. The activities of S..zeamais cause
reduction in nutritional value, low percent germination and reduced weight and market
values of the maize. The flour produced in the course of insect feeding include also the
insect eggs, excreta and exuviae which become a substrate of fungal growth and with time
grows mouldy, and therefore becomes unfit for human and animal consumption. According
to a study by Bergvinson (2001), maize losses due to S. zeamais infestation could range
from 15-30% in most developing countries. Moreover, Youdeowei and Service (1986)

reported about 15% loss of harvested maize grains annually in Ghana as a result of S.

14



zeamais attack. Some researchers have also estimated that seed losses caused by S. zeamais
range from 20-90% worldwide when maize is not treated and under heavy infestations
(Delima, 1987; Giga et al., 1991). This is most common in tropical humid regions when
maize is not treated and stored in traditional structures (Boxall, 2002; Chaubey, 2008).
Aside loss of quantity due to direct feeding and proliferation of insects, increased
population also increases grain moisture content and ‘temperature which consequently
increase respiration leading 'to further quantitative and-qualitative loss of the stored
commodity (Odogola, 1994). Additionally, activities of S. zeamais pre-dispose the stored
maize to opportunistic attack by pathogens including fungi which produce certain
mycotoxins such as aflatoxin and fumonisin. Aspergillus flavus, which is part of the fungal
complex in the stored maize produces the mycotoxin, aflatoxin, a potent health hazard to
man and animal. Maize weevil damage may decrease the prospects of maize production of
significant number of smallholder farmers in sub Saharan Africa who mostly cultivate
grains they have saved from previous harvest. (Boxall, 2002).

2.9.2 Management of S. zeamais in stored maize

Environmental manipulations have proven effective in managing stored product insect
pests. These environmental manipulations may be accomplished by using varying control
mechanisms, such as cultural methods, application of chemicals, physical.and biological

control mechanisms (Pereira et al., 2009).

2.9.2.1 Chemical control

Traditionally, control of stored product insect pests has been accomplished mainly through
the use of persistent pesticides and fumigation. In Ghana, Betallic and Actellic (active
ingredient; Pirimiphos-methyl) are the most common synthetic insecticides for the storage
of maize. Although synthetic pesticides can control it, majority of communal farmers are

resource-poor and have no means and proper skills to acquire and handle them. Moreover,
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pesticides are costly, not readily accessible and pose health risks to consumers because
they are highly toxic and also since most have some residual effect. Studies in some African
countries have shown that inappropriate application of chemicals is claiming a lot of human
life and untold adverse impact on environment (FAO, 2003); and other problems associated
with their use are loss of efficacy, regulatory restrictions as a result of adverse effect on
non-target organisms and eco-toxicity (Lorini et al., 2007; Umoetok et al., 2009). The
problems are exacerbated by the development of.resistance to these insecticides by the
pests, resulting in their resurgence, hence the need to search for effective and safer
alternatives. Moreover, the use of conventional chemicals used to control insect activities
in stored grain cannot be sustained due to the widespread poverty in the farming

communities in Africa (Gadzirayi et al., 2006).

2.9.2.2 Temperature control

Heat treatment to control stored grain insect pests is an ecologically friendly and may serve
as better alternative to pesticide application. In the process of heat treatment, temperature
is elevated to 50-60°C and maintained at these temperatures for 24-36 hours to destroy all
forms of insects in the stored grains (Mahroof et al., 2003). In a research by Nakakita et al.
(1997), when S. zeamais were exposed to low temperatures at 10°C, eggs were unable to
hatch and metamorphosis ceased, whereas at 15°C few adults emerged. All the
developmental stages of S. zeamais can be effectively controlled by the use of dry heat
treatment (Mohammed-Dawd and Morallo-Rejesus, 2000). Eggs, developmental forms
and adult of S. zeamais were destroyed when they were exposed to 60°C for 2 h, and 70-

80°C for 1 h.

2.9.2.3 Controlled atmospheres
Modified atmospheres can offer an efficient and effective, pesticide-free means of

controlling insect pests during grain storage. Hermetic storage materials with modified
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microclimate suppresses the development of insect population through oxygen deprivation
(Murdock et al., 2012). Oxygen is required by insects for energy production and also for
supply of water needed for metabolic activities. When it is limiting or insects are deprived
of it, feeding, growth and development is suppressed. It can also impair the reproductive
behaviour of females. When Guedes et al. (1995) exposed S. zeamais to 20% carbon
dioxide, they were killed in 120°h. In arelated research'to control S. zeamais on corn and
wheat in Brazil, Santos et al. (1997) reported that;50% carbon dioxide concentration killed
all life stages after been exposed for 10 days. A study by Casella et al. (1998) reported an
effective control of S. zeamais using modified atmosphere and 0.5 or 0.75 g/m3 of

phosphine during five days of exposure.

2.9.2.4 Botanical insecticides

Various plant-based compounds produce different physiological and behavioural changes
in stored product insect pests.-Commonly among these plants are several spices and
medicinal plants used conventionally for protecting foodstuffs against insects’ attack
(Echendu 1991; Ho et al., 1995; Okosun and Adedire 2010). They include: Dennettia
tripetala, Piper guineense, Monodora myristica and Xylopia aethiopica (Okonkwo and
Okoye, 1996); Ocimum suave (Bekele et al., 1996); cinnamon, garlic, coriander, Capsicum
annuum-and Murraya paniculata (Ho et al., 1997); Tagetes minuta (\Weaver et al., 1997);
Ocimum kenyense (Bekele et al., 1997); Eucalyptus (Obeng-Ofori et al., 1997); Allium
sativum (Chiam et al.; 1999); Ocimum kilimandscharicum (Obeng-Ofori et al., 1998);
Calotropis gigantea and Operculina turpethum (Haque et al., 1999). All of these were

reported as having potent control action against S. zeamais.

2.9.2.5 Host Plant Resistance
Host-plant resistance, through genetic advancement, continues to play integral role in

integrated pest-management approach to reduce damage and loss of quality during storage
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of grain. Breeding for resistance to post-harvest insect pests was formerly disregarded,
perhaps as a result of the lengthy period from crop establishment to post-harvest screening
for resistance and the consequent prohibitive cost of operations. Genetic variability and
inheritance of resistance to S. zeamais and some stored product insect pests have been
documented (Derera et al., 2001; Mwololo et al., 2010). Therefore, introduction of S.
zeamais-resistant traits into elite maize germplasm is‘a hopeful preposition. Although
development of maize varieties whichare resistant.to attacks by stored product insect pests
have been advanced, the current resistance programme is mostly centered on a narrow
source of an unimproved gene bank accession. Furthermore, the current insect-resistant
germplasm is not sufficient since the cultivars bred developed normally some desirable
traits preferred by farmers. A successful breeding strategy to combat post-harvest insect
pests would be hinged on the amount of genetic variations amongst the maize germplasm.
Where more variations exist in a given trait, it increases the genetic gain from the selection
process. Ttherefore it is essential to explore a lot of sources of resistance among adapted
genotypes within the tropics. A successful integration of resistant cultivars in the control
of stored product insect pests, would have a lot of added advantage over other control
strategies, especially the use of chemical control with many reported limitations (Gemechu

etal., 2011).

Genetic variability for resistance to S. zeamais has been well-known in maize cultivars and
inbred lines (Giga and Mazarura, 1991; Tadesse et al., 1995). Resistance to maize weevil
was reported for the Tanzanian open-pollinated variety Kilima (Derera et al., 1999), for
Mexican landraces, notably Sinaloa 35 and Yucatan-7 (Arnason et al., 1993), for temperate
inbred lines B37, B68, R805, and T220 (Tipping et al., 1988) and the tropical inbred lines
Hi4l, Hi34, ICA L29, KU1409, Hi39, and ICA L221 (Kim et al., 1988). Because many

breeding programmes anticipate that weevil destruction will be reduced by application of
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chemicals, global efforts to breed for weevil-resistant varieties have not been intensified

(Dhliwayo and Pixley, 2003).

2.9.2.6 Resistant varieties

For stored grains to be resistant to insect pests’ infestation, physical and nutritional
properties including grain hardness, pericarp surface texture, amylose, lipid and protein
contents play key to its accomplishment.(Dobie, 1974; Tipping et al., 1988). Also, non-
nutritional factors such as phenolic compounds help in grain resistance to stored grain
insect attacks (Serratos et al., 1987). A study by Bergvinson (2001) showed strong
correlations between insect resistance, kernel hardness and elevated levels of diphenolic
acids found in the pericarp of the kernel. It has been documented that the key resistance
factor to S. oryzae is grain hardiness (Bamaiyi et al., 2007). According to Leuschner et al.
(2000), a larger number of S. oryzae progenies were found on pearl millet genotypes with
a higher proportion of soft endosperm. A study by Garcia-Lara et al. (2004) showed
correlation between pericarp roughness and susceptibility.

The role of phenolics to induce resistance in these surface tissues may be both related to
structural components and antibiosis factors (Arnason et al., 1993). Some researchers also
suggested that variability in maize hybrids was due to antibiosis. Reduced grain damage
may be due to antixenosis mechanisms such as smooth pericarp which may discourage
weevils from egg laying and feeding as well as stops mandibles from gripping maize
kernels. Maize genotypes with increased levels of cell wall cross-linking components in
the pericarp are known to be more resistant to the maize weevil. The key cell wall
components associated with this resistance are phenolic acids, diferulates and structural
proteins, which have been reported to have strong negative correlations with susceptibility
indicators and a positively correlate with grains hardness (Garcia-Lara et al., 2004). Siwale

et al. (2009) found the best five performing maize genotypes with resistance to S. zeamais
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to have higher protein content compared to the susceptible genotypes. This was also

reported by Derera et al. (2001); Dhliwayo and Pixley (2003) and Garcia-Lara et al. (2004).

Tripsa corn, hybrid maize developed from a perennial teosinte, Zea diploperennis L. and
eastern gama grass, Tripsacum dactyloides L., could have resistance to storage insect pests
that can be incorporated into commercial maize hybrids (Throne and Eubanks, 2002).
Whole Tripsa corn grains are not attacked by S. zeamais. The grains are difficult to grind
due to the hardness of the fruit case, and the inability of the weevil to lay eggs is also
attributed to this same factor. There is also the possibility that the fruit case contains a

repellent that deters oviposition (Throne and Eubanks, 2002).
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Experimental Site

The experiment was conducted from August 2015 to July 2016 at the insect laboratory
(6°40'33.7"N 1°34'00.9"W) of the Department of Crop and.Soil Sciences of the Faculty of
Agriculture, Kwame Nkrumah University of Science and Technology, KNUST, Kumasi.
The experiments were conducted at ambient temperature of 27°C - 34°C and 66%-85%

RH.

3.2 Maize Varieties used for the experiment

Ten maize varieties/ lines were tested for their resistance to S. zeamais. The tested materials
were: 10C8449, 12C7636, Abelehi, Abontem, Aburohemaa, Aburohoma, Adikanfo
(30Y87), Obaatanpa, Omankwa and Pan 12. Aburohoma was the local cultivar included.

(See Appendix 1 for the characteristics of the varieties).

3.3 Multiplication of Seeds

Certified seeds of Obataanpa, Aburchoma, Omankwa, Abeleehi, 10C8449, Abontem,
12C7636, and Aburohomaa were obtained from CSIR-Crops Research Institute (CSIR-
CRI). Pan 12 was obtained from Wienco Ghana Limited and certified 30Y87 (Adikanfo)
seeds were obtained from Pioneer (Dupont). Each variety was planted separately in rows
at a planting distance of 75 cm x 40 cm, each separated by at least four rows of mango trees
in Ohumpong Mango plantation in Kintampo in the Brong Ahafo Region. Controlled
(hand) pollination was done to avoid cross pollination. Each variety was pollinated with

pollen from the same variety. The maize was harvested and placed in separate sacks and
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labelled. They were dehusked and dried for two weeks before shelling. The grains were
put in a deep freeze (-4°C) for two weeks to remove any possible hidden infestation. After

two weeks, they were cleaned and sorted out and used for the experiment.

3.3 Sitophilus zeamais culture preparation

Mamaba maize grain was first sifted to remove dirt and broken seeds. The grains were put
into paper envelopes and placed in a/deep freeze (-4°C). for.two weeks to kill any hidden
infestation present in the grain. The grain was then allowed to thaw in the laboratory for
24 hours to achieve uniform grain temperature and moisture content. Three 1.51 Kilner jars
with perforated lids to allow for air circulation, were filled with the grain to about a quarter
full level and stored on shelves. Each Kilner jar containing the grains was infested with
about 100 unsexed adult weevils. After fourteen days the grains were sifted to remove adult
weevils. Newly emerged adults after thirty-six days of infestation were used for the

experiment.

3.4 Sexing of Sitophilus zeamais

The weevils were sexed by examining the rostrum and abdominal shape of the insects.
The rostrum of the male Sitophilus is rough, distinctly shorter and wider than that of the
female, while the rostrum of the female is smooth, shiny, distinctly longer and narrower

than that of the male (Markham et al., 1994).
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3.5 Effect of maize varieties o gence of S. zeamais
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The median development time was calculated as the time (days) from the middle of the

oviposition time to the 50% emergence of F; adults (Dobie, 1977).
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The index of susceptibility was calculated from the formula below:

S = LogeX
~ MDP

x 100

IS = Dobie’s index of susceptibility, LogeX = the natural logarithm of the total number of
F1 progeny emerged and MDP = median development period. Dobie’s Index of
susceptibility was used to categorise.the maize lines/varieties-=Debie Index scale: < 4 is
classified as resistant; 4.1-6.0 1s. moderately resistant; 6.1-8.0 is moderately susceptible;

8.1-10 is susceptible and >10 is highly susceptible.

3.6 Cumulative damage on maize varieties and adult emergence

Ten pairs of S. zeamais adults, 0-3 days old were introduced into each 500 ml container
containing 100 g of each variety of maize grain. The plastic containers were then covered
with alid made of wire mesh to allow enough aeration and stop insects from escaping. The
plastic containers were arranged in a completely randomized design with five replications
for each treatment on wooden shelves in the insectary. Three set-ups of 30, 60 and 90 day
duration were maintained for this experiment. Ninety days was used as the maximum

duration of the trials.

3.7 Data collected

On each assessment date (30, 60 and 90 days after infestation), the plastic containers were
opened and the content separated into grains, insect and frass using 4.7 and 1.0 mm mesh
size. The number of live and dead insects, number of damaged kernels, weight of
undamaged and damaged grains and weight of the dust produced were recorded.

Grain weight loss was calculated using the count and weigh method of Gwinner et al.

(1996).
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) (Wux Nd) — (Wd x Nu)
Weight loss (%) = (Wux (Nd + Nu) x 100

Where, Wu = Weight of undamaged grain, Nu = Number of undamaged grain, Wd =

Weight of damaged grain and Nd = Number of damaged grain.

3.7.1 Adult Mortality (%)

Weevil mortality was assessed at 30, 60 and 90 days after the introduction of the insects.
The grain was sifted out and the number of live and dead insects was counted from each
jar to determine weevil mortality. The formula below was used to calculate the percentage
weevil mortality;

Number of dead insects

Parent weevil mortality = Total number of insects X

3.7.2 Germination percentage

The viability of the maize varieties were tested at the end of each storage period. One
hundred seeds were randomly selected from the lot and planted in steam sterilised soil in
germination trays at the plant-house. The number of emerged seedlings were counted and
recorded after seven days (standard germination period for maize seeds). The seedlings
were evaluated after seven days where they were put into two categories: Germinated seeds
and non-germinated seeds. Percentage germination was calculated according to Zibokere

(1994) using the formula:

Germination (%) = TG X 100

Where NG=number of seeds germinated and TG=total number of seeds sown
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3.8 Statistical analysis

The number of insects were log (x+1) transformed, whilst per cent grain damage, dust
production and weight loss, was angular transformed (arcsine proportion) in order to
stabilize the variance. The transformed data was analysed using one-way analysis of
variance (ANOVA). Significant differences between means were separated using Tukey

test at p < 0.05.

26



CHAPTER FOUR
4.0 RESULTS

4.1 Weevil emergence

Table 4.1 shows the number of weevils that emerged from the different maize varieties at
specific intervals, namely 3Q days, 60 days and 90 days. After 30 days more insects
emerged on 10C8449 than the rest of the varieties except 12C7636 and Obaatanpa. Variety
10C8449 had the highest number of weevils emerging from it after 60 days of infestation
but was significantly similar to 12C7636. The most resistant variety after 60 days of
infestation was Abelehi which recorded significantly lowest number of weevil emergence.
It was however similar to Adikanfo, Aburohemaa, Omankwa, Abontem and Aburohoma.
After 90 days of weevil infestation, 12C7636 was the variety with the highest number of
weevil emergence. It was similar to that of 210C8449. The least number of insect emergence
was recorded on Abelehi after 90 days but was it was significantly similar to all varieties

except 10C7636, 12C7636, and Obaatanpa.
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Table 4. 1 Mean Number of Sitophilus zeamais emerging at 30, 60, 90 days

Maize Mean Number of Insects (+SE)
Variety/Line 30 Days 60 Days 90 Days
10C8449 39.2+0.6a 136.2+21.2a 241.0+31.2a
12C7636 35.4+3.2a 124.2+7.6a 245.8+35.5a
Abelehi 20.0£0.0b 41.2+4 6cd 82.2+9.7c
Abontem 20.0+0.6b 49.2+5.0cd 124.4+8.5bc
Aburohema 20.2+0.8b 61.0+5.3bcd 103.2+28.1bc
Aburohoma 20.8+0.6b 50.6+2.4cd 98.2+29.8bc
Adikanfo 20.0+0.0b 77.4+11.0bc 165.6+24.5abc
Obaatanpa 21.4+0.2a 77.8+3.9bc 185.4+20.3ab
Omankwa 20.4+0.4b 55.6+4.5bcd 170.8+29.8abc
Pan 12 20.0£0.0b 84.84£8.7b 141.4+32.6bc
p-values Dt 0.0 0.0

Means followed by the same letter(s) in columns are not significantly different at p<0.05

of Turkey’s test

4.2 Percentage Grain Damage

Table 4.2 shows the percentage of grains damaged for each variety by the maize weevils

after 30 days, 60 days and 90 days.

The mean percentage grain damage at 30 days of infestation has 10C8449 as the worst
damaged but was significantly similar to. 12C7636 and Pan 12. The rest of the varieties
suffered similar level of damage at 30 days of storage. After 60 days, the mean percentage
grain damage has 12C7636 as the most damaged variety, but was similar to 10C8449 and
Obatanpa. The least damaged variety after 60 days was Abelehi, but was only significantly

different from 12C7636, 10C8449, Obaatanpa and Pan 12. The mean performance of the
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varieties after 90 days has 12C7636 as the highest variety (%grain damage) but was similar

to 10C8449. Abontem recorded the lowest grain damage after 90 days.

Table 4. 2 Mean percentage damaged grains of different maize varieties/lines after

30, 60, 90 days of storage

Maize Per cent Insect'Damaged Grain (xSE)
Variety/Line 30 Days 60 Days 90 Days
10C8449 2.7+0.2a 40.5+7.5a 53.1+4.3ab
12C7636 2.4+0.0a 42.1+4.4a 62.2+4.0a
Abelehi 0.0+0.0b 5.6+1.6d 22.8+9.8de
Abontem 0.0+0.0b 5.7+1.8d 19.3+5.7e
Aburohema 0.4+0.0b 15.7+3.8cd 41.5+3.3abcd
Aburohoma 0.3+0.0b 2% 138cd 30.7+3.3cde
Adikanfo 0.1+0.0b 19.2+6.0bcd 40.1+4.2bcde
Obaatanpa 0.5+0.1b 3&at3 gal 41.9+4.4abcd
Omankwa 0.2+0.1b 10.2+2.4d 24.8+3.3cde
Pan 12 1.7+0.0ab 24.8+7.1bc 44.6x2.5abc
p-values 0.0 0.0 0.0

Means followed by the same letter(s) in columns are not significantly different at p<0.05

of Turkey’s test

4.3 Weight of Dust Produced

Table 4.3 shows the data on weight of dust produced from the feeding of S. zeamais at 30
days, 60 days and 90 days of infestation. With respect to mean weight of dust produced,

10C8449 had the highest dust weight but was significantly similar to 12C7636 at 30 days.
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At 60 days, Abelehi produced the least dust weight but was significantly similar to the
other varieties except 12C7636 which produced the highest weight of dust. However, at 90
days, Abontem had the least dust produced, similar all other varieties except 12C7636 and

10C8449.

Table 4. 3 Mean weight of dust produced due to Sitophilus zeamais activities at 30, 60,

90 days of storage

Maize Mean weight (g) +SEM

Variety/Line 30 Days 60 Days 90 Days
10C8449 0.2+£0.0a 0.6+0.1b 2.8+0.4a
12C7636 0.2+0.0a 1.1+0.0a 2.4+0.8ab
Abelehi 0.0+0.0b 0.1+0.0b 0.7+0.5¢
Abontem 0.0+0.0b 0.4+0.0b 0.5+0.4c
Aburohema 0.0+0.0b 0.2+0.0b 0.7+0.4c
Aburohoma 0.0£0.0b 0.4+0.1b 1.0£0.3c
Adikanfo 0.0+0.0b 0.3+0.1b 0.9+0.7c
Obaatanpa 0.0+0.0b 0.4+0.2b 1.4+0.5bc
Omankwa 0.0+0.0b 0.2+0.0b 0.9+0.4c
Pan 12 0.0£0.0b 0.2+0.0b 0.8+1.7c
p-values 0.0 0.0 0.0

Means followed by the same letter(s) in columns are not significantly different at p<0.05

of Turkey’s test
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4.4 Percentage Weight loss (%6)

The mean percentage weight losses of the different maize varieties caused by the feeding
of the maize weevil are shown in Table 4.4. The mean percentage weight loss after 30 days
showed that Obatanpa suffered the highest weight loss and was significantly lower than
that of Aburohoma, Aboruhemaa, Abontem and Abelehi but significantly similar to the
other varieties. At 60 days, Abelehi had the least percentage'weight loss. 12C7636 was the
worst variety but was similar to 10C8449. After 90 days of weevil infestation, the varieties

tested were not significantly different from each other with respect to grain weight loss.

Table 4. 4 Mean percent weight loss of different maize varieties/lines at 30, 60, 90 days

of storage
Maize Variety Mean weight loss (%) £SEM

30 Days 60 Days 90 Days
10C8449 0.1+0.0ab 6.7+2.4a 12.0+0.0a
12C7636 0.1+0.0ab 7.1+2.6a 10.5£3.5a
Abelehi 0.0+0.0b 0.6+0.1c 5.6+1.5a
Abontem 0.0+0.0b 1.6+0.4bc 5.1+2.1a
Aburohema 0.0+0.0b 3.5%1.6abc 9.5+6.6a
Aburohoma 0.0£0.0b 1.5+0.2bc 4.5+0.8a
Adikanfo 0.0+0.0ab 1.7£0.3be 5.7+1.3a
Obaatanpa 0.2+0.1a 2.2+0.9bc 8.1+2.4a
Omankwa 0.0+0.0ab 2.1+0.6bc 8.8+2.7a
Pan 12 0.0+0.0ab 4.9+1.4ab 8.1+1.8a
p-values 0.4 0.0 0.1

Means followed by the same letter(s) in columns are not significantly different at p<0.05

of Turkey’s test
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4.5 Percentage mortality of S. zeamais on the various maize varieties/lines

Table 4.5 provides information on the mean percentage mortality of maize weevils at 30,

60 and 90 days of weevil infestation.

Table 4. 5 Mean percentage Sitophilus zeamais mortality on maize varieties/lines after

30, 60 and 90 days of storage

Mortality (%0)

Mean +SEM

Maize Variety 30 Days 60 Days 90 Days
10C8449 7.6+3.8a 12.7£1.4b 39.7+6.2a
12C 7636 7.6+2.6a 8.3+2.0b 33.1+4.8a
Abelehi 13.6+3.4a 35.3+6.8a 38.0+4.3a
Abontem 14.7£1.9a 13.0+4.6b 57.7+£9.3a
Aburohema 9.4+0.8a 18.1+1.5ab 38.7+2.4a
Aburohoma 9.9+0.4a 24.8+2.7ab 43.2+5.5a
Adikanfo 11.4+4 .53 6.3+3.1b 53.0£16.5a
Obaatanpa 11.4+0.6a 12.3+0.9b 36.6+2.9a
Omankwa 14.7+3.1a 21.6£5.8ab 54.6%9.3a
Pan 12 11.6+1.8a 2P%1.60 49.0+11.6a
p-values 0.4 0.0 0.3

Means followed by the same letter(s) in columns are not significantly different at p<0.05

of Turkey’s test.
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The results of the mean percentage mortality at 30 days of infestation show that none of
the varieties performed significantly better than the other. At 60 days of infestation,
however, Pan 12 recorded the lowest weevil mortality, but only significantly different from
Abelehi which recorded the highest weevil mortality. There were no significant differences

among the varieties tested at 90 days.

4.6 Median development period (MDP)

Figure 4.1 shows the median developmental period of the maize weevils. There were
significant differences (P < 0.05) among the varieties/lines tested with respect to median
development period. The median development period ranged from 27.90 days on

12C7636 to 40.10 days on Abelehi.
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Figure 4. 1: Median development period (MDP) of Sitophilus zeamais on different

maize varieties/lines
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4.7 Index of susceptibility

According to Dobie’s index of susceptibility, Abelehi, Abontem, Adikanfo and Omankwa
could be classified as resistant, whiles Obataanpa, Aburohemaa, Aburohoma and Pan 12
could be classified as moderately resistant. 10C8449 and 12C7636 could also be classified

as moderately susceptible (Figure 4.2).

Abelehi 2.095

Omankwa A 3.07

Abontem « IS 3.359
)
-5 Adikanfo TN 3.334
=
@ Obaatanpa 4.143
S Aburohemaa I . 4604
[
N
'tE_u Aburohoma - ™ 43 < EE 4.73

Pan 12 T . e e, ™, 4,735
10C8449 m—twe—ap=——_ T B s -t X 6171
12C7636 h T L - "N B O GEET m 7.227

0 1 2 3 4 o 6 7
Index of susceptibility

Figure 4. 2 Dobie’s index of susceptibility. Susceptibility index of maize varieties: <
4= resistant, 4.1 — 6.0 =moderately resistant, 6.1 — 8 = moderately susceptible, 8.1-
10= susceptible and > 10 = highly susceptible.

4.8 Germination (%)

Table 4.6 provides information on the germination percentage of the different
varieties/lines tested at 30 days, 60 days and 90 days after infestation. At 30 days of
infestation, Obaatanpa had significantly, the highest percentage germination but was
similar to Abelehi, Omankwa, Aburohemaa, Abontem, Aburohoma. 10C8449 was the

variety with the lowest germination but was similar to 12C7636 and Pan12. After 60 days
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of storage, Abelehi had the highest germination value which was significantly better than
almost all the other varieties tested but was similar to Obataanpa, Omankwa, Aburohoma
and Aburohemaa. 12C7636 had the lowest germination percentage at 60 days but was
similar to 10C8449. Abelehi was the variety with the best germination at 90 days,
performing significantly better than all the other varieties except Obaatanpa, Abontem,
Aburohoma and Aburohemaa. 12C7636.recorded the lowest germination percentage after

90 days but was similar to 10€8449 and Adikanfe.

Table 4.6: Mean percent germination of different maize varieties after 30, 60 and 90

days after storage

Mean Germination (%) + SEM

Maize Variety 30 Days 60 Days 90 Days
10C8449 44.2+4.3c 29.8+3.2c 7.8+1.4d
12C7636 51.0%2.4c 29.2+4./c 6.8+0.7d
Abelehi 94.6+1.6a S 1 Ot O 81.8+2.8a
Abontem 94.4+0.4a 81.6+5.2a 72.6+2.3ab
Aburohema 93:0+3-ba: 86.6+2.4a 72.8+4.0ab
Aburohoma 90.4+3.7a 80.6%1.8a 73.6+3.2ab
Adikanfo 67.0+4.9b 49.6+2.1b 28.2+6.8cd
Obaatanpa 95.4+1.5a 85.6+4.0a 74.4+0.4ab
Omankwa 94.4+0.4a 81.6+5.2a 72.6+2.3ab
Pan 12 52.0+5.6bc 63.0+4.0b 51.2+2.8bc
p-values 0.0 0.0 0.0

Means followed by the same letter(s) in columns are not significantly different at 5% of

Tukey’s test.
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CHAPTER FIVE

5.0 DISCUSSION
5.1 Weevil emergence and multiplication of S. zeamais on the maize varieties/lines
After 60 and 90 days of storage, significant differences were recorded among the varieties.
Abelehi variety recorded the least weevil emergence and the differences in the number of
weevils that emerged showed that variation existed In the.maize varieties. The varieties
with higher number of weevil emergence showed greater susceptibility to maize weevil
destruction hence less resistance. This could have been as a result of lack of resistance
mechanisms in or on the grain (Keba and Sori, 2013). The less weevil emergence in these
varieties could be due to lack of essential nutrients and unbalanced proportion of nutrients
resulting in the death of the larvae (Metcalf and Luckman, 1975). The significant
differences in the number of weevils that emerged among the varieties could be as a result
of antibiosis effects in resistant varieties resulting in stunted development of weevil

progeny and occasionally death of weevils before laying eggs (Derera et al., 2001).

The development of an insect is stimulated by nature of food on which the insect is
cultured. Generally, on favourable host, oviposition is high and development is rapid than
unfavourable host (Painter, 1951). Therefore, 10C8449 and 12C7636 could be classified
as suitable for feeding and development of the weevils.

5.2 Damaged grains, Percentage Weight loss and Percentage Dust produced

After 60 and 90 days of infestation Abontem variety was the least damaged grains and was
significantly similar to Abelehi whiles 12C7636 and 10C8449 were the highest damaged.
Weight loss and grain damage were considered as indicators of a variety’s susceptibility to
weevil attack. Low weight loss in Abelehi and Abontem could be as a result of resistance
mechanisms in or on the grain which stopped weevil attack. 12C7636 and 10C8449 with

the greatest weight loss thus could be said to be more susceptible to weevil attack than
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other varieties. Resistance mechanisms may be in the form of restraints which could be
morphological or biochemical or a combination of both (Dent, 1991). Biochemical
compounds in the form of phenolic amides including dicoumaroyl and defeuroyl could be
antibiosis factors to S. zeamais (Mihm, 1997). These phenolic compounds have been
identified by fluorescence imaging techniques which visibly display the phenolic barrier to
insects in the outer tissue (Mihm; 1997). Additionally, research has indicated that antibiotic
effects intensify restlessness of insects which decrease feeding and could contribute to less
grain destruction and weight loss among resistant varieties (Dent, 1991). Minimal grain
destruction could be as a result of antixenosis mechanisms like a smooth pericarp which is
capable of preventing weevils from laying eggs and feeding and also prevents mandibles
from gripping maize kernels.

Virtually there was no dust produced after 30 days. 12C7636 produced the highest amount
of dust after 60 and 90 days followed by 10C8446. The dust produced by weevil activity
on Abontem was however the least among all the varieties after 90 days suggesting it was
not a preferred variety by the S. zeamais. 10C8449 and 12C7636 are the preferred varieties
of S. zeamais, hence consumed more and led to the most produced dust on those varieties.
5.3 Percentage Mortality

There were significant differences among the varieties for weevil mortality after 60 days
but there were no significant difference among the varies after 30 and 90 days of infestation
with Abelehi registering the highest parent weevil mortality followed by Aboruhoma,
Omankwa and Aburohema while Pan 12 had the least weevil mortality. The highest
mortality which was observed in Abelehi may be as a result of physical factors including
antibiosis or hardiness due to biochemical compounds which are toxic to the insects which
led to subsequent death of the weevils (Siwale et al., 2009). This indicates that this variety

has resistant factors in or on its grain which helped to prevent weevil attack. High parent
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weevil mortality may also be due to antixenosis, that is, resistance mechanisms which deter
colonization by the insect (Dent, 1991). High parent weevil mortality might also be
attributed to absence of nutritional factors in the grain which might be important for insect
development (Dereraet al., 1999). Pan 12 had the lowest parent weevil mortality indicating
high susceptibility to weevil attack.

5.4 Germination percentage

Obaatanpa and Abelehi had the highest germination‘recording a germination value of over
93.2%. 10C8449 and 12C7636 recorded less than 5.2% germination at 90 days of storage.
The endosperm of these varieties might have been consumed. The observed differences in
germination percentages showed that the varieties differed in susceptibility to maize
weevils. 10C8449 and 12C7636 had low germination percentages indicating their
susceptibility to S. zeamais. This could be attributed to lack of resistance mechanisms
within or in the grain to protect it from weevil attack.

5.5 Median Development Period

Abelehi having the longest developmental period followed by Omankwa means that it is
the most resistant variety and does not support the fast development of the weevils. With
12C7636 having the shortest developmental period means that it supports faster

development of S. zeamais than the rest of the varieties/lines.

5.6 Susceptibility Index

Results of susceptibility indices of the ten varieties tested in the study showed that Abelehi,
Omankwa, Abontem and Adikanfo were all resistant. Obataanpa, Aburohemaa,
Aburohoma and Pan 12, were classified as moderately resistant whiles 10C8449 and

12C7636 were classified as moderately susceptible.
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5.7 Indication of Resistance in the Maize Varieties

Considerable differences were recorded amongst the maize varieties tested with reference
to the variables investigated. This showed the differences in impact S. zeamais has on the
different maize varieties. These differences in susceptibility of the maize varieties may be
as a result of different varietal capabilities to resist S. zeamais attack. The resistant varieties
produced small quantity of dust; in¢reased adult mortality, less grain damage, reduced
weight loss, high germination pereentage, high median-development period and reduced
multiplication of S. zeamais. Resitant varieties were relatively unattractive to S. zeamais to
feed on compared to the susceptible varieties. This showed that perhaps antibiosis and non-

preference are the mechanism of resistance operating within the resistant varieties of maize.

Abelehi was resistant to S. zeamais with less dust production, minimum weight loss and
grain damage but significantly similar to the other varieties/lines except 12C7636 and
10C8449 which produced more dust with more weight loss and grain damage. Abelehi also
had the longest median development period with lower insects emergence but significantly
similar to Omankwa and Abontem while 12C7636 had the shortest median development

period and the highest emergence of insects on it but significantly similar to 10C8449.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATION
6.1 CONCLUSION
At the end of the research, Abelehi, Omankwa, Abontem and Adikanfo were identified as
promising varieties with some level of resistance to the activities of the maize weevil while
10C8449 and 12C7636 were classified as moderately susceptible.
6.2 RECOMMENDATION
Further work should be done on the varieties/lines to identify the chemicals responsible for

the resistance or otherwise to the maize weevil.
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APPENDIX 1: Characteristics of the maize varieties screened.

APPENDICES

DAYS TO POTENTIAL TYPE OF
VARIETY MATURITY YIELD (tons/ha) MAIZE GRAIN COLOUR SELECTED CHARACTERISTICS
10C8449 85-90 6.0 OPV White Early maturing, High yielding
12C7636 80-95 6.0 OPV White Early maturing, High yielding
Abelehi 105-110 4.6 OPV White Streak resistant; White grain colour, Early maturing, Yield
Abontem 75-80 5.0 OPV Yellow Drought tolerant, Striga tolerant, QPM
Aburohemaa 90 5.0 OPV White Drought tolerant, Striga tolerant, QPM
Aburohoma 120-150 3.0 Land race White Local cultivar
Early maturing; Drought tolerant, Tolerant to several diseases
Adikanfo including rust, maize streak virus, downy mildew and late
(30Y87) 95-100 10.0 Hybrid Yellow blight.
High yielding, QPM, Lodging resistant, tolerance to pest and
Obaatanpa 105-110 4.6 OPV White diseases (stem borer, blight, rust, streak)
Omankwa 90 4.7 OPV White Drought tolerant, Striga tolerant, QPM
Pan 12 115-120 8.0 Hybrid Yellow High yielding, Lodging resistant.
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APPENDIX 2a: Completely Randomized Analysis of Variance for insect numbers at 30 DAL.
Source DF SS MS F P

Trt. 9 0.37316 0.04146 0.61 0.7777

Error 40 2.70066 0.06752

Total 49 3.07381 Grand Mean 4.6625 CV 5.57

2b: Completely Randomized Analysis of VVariance for insect numbers at 60 DAI.
Source DF SS MS F P

Trt. 9 109.698 12.1887 9.14 0.0000

Error 40 53.321 1.3330

Total 49 163.019 Grand Mean 8.4238 CV 13.71

2c¢: Completely Randomized Analysis of Variance for insect numbers at 90 DAL.
Source DF SS MS F P

Trt 9 231.761 25.7513 9.05 0.0000

Error 40 113.837 2.8459

Total 49 345.598 Grand Mean 12.275 CV 13.74
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APPENDIX 3a: Completely Randomized Analysis of Variance for Percentage Insect Damaged Grains at 30 DAI.
Source DF SS MS F P

trt 9 0.07176 7.974E-03 9.65 0.0000

Error 40 0.03304 8.259E-04

Total 49 0.10480 Grand Mean 1.0300 CV 2.79

3b: Completely Randomized Analysis for VVariance for Percentage Insect Damaged Grains at 60 DAI.
Source DF SS MS F P

trt 9 5.63603 0.62623 9.23 0.0000

Error 40 2.71438 0.06786

Total 49 8.35042  Grand Mean 1.1790 CV 22.10

3c: Completely Randomized Analysis of VVariance OV for Percentage Insect Damaged Grains at 90 DAL.
Source DF SS MS F P

trt 9 1.32425 0.14714 9.96 0.0000

Error 40 0.59075 0.01477

Total 49 1.91501 Grand Mean 1.5375 CV 7.90
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APPENDIX 4a: Completely Randomized Analysis of Variance for weight of grain dust produced at 30 DAL.
Source DF SS MS F P

trt 9 3.876E-04 4.307E-05 8.33 0.0000

Error 40 2.067E-04 5.169E-06

Total 49 5.943E-04 Grand Mean 1.0018 CV 0.23

4b: Completely Randomized Analysis of VVariance for weight of grain dust produced at 60 DAI.
Source DF SS MS F P

trt 9 6.086E-03 6.762E-04 7.68 0.0000

Error 40 3.522E-03 8.806E-05

Total 49 9.608E-03  Grand Mean 1.0158 CV 0.92

4c: Completely Randomized Analysis of Variance for weight of grain dust produced at 90 DAL.
Source DF SS MS F P

trt 9 0.03682 4.091E-03 9.52 0.0000

Error 40 0.01718 4.296E-04

Total 49 0.05401 Grand Mean1.0479 CV 1.98
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APPENDIX 5a: Completely Randomized Analysis of Variance for percentage weight loss at 30 DAI.
Source DF SS MS F P

trt 9 0.01051 1.167E-03 1.02 0.4414

Error 40 0.04580 1.145E-03

Total 49 0.05631 Grand Mean 1.0063 CV 3.36

5b: Completely Randomized Analysis of VVariance for percentage weight loss at 60 DAI
Source DF SS MS F P

trt 9 0.21607 0.02401 8.32 0.0000

Error 40 0.11543 0.00289

Total 49 0.33149 Grand Mean 1.1118 CV 4.83

5c: Completely Randomized Analysis of VVariance for percentage weight loss at 90 DAI
Source DF SS MS F P

Trt 9 0.14641 0.01627 1.68 0.1265

Error 40 0.38765 0.00969

Total 49 0.53406  Grand Mean 1.2341 CV 7.98
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APPENDIX 6a: Completely Randomized Analysis of VVariance for percentage germination after 30 DAI.
Source DF SS MS F P

Trt 9 20485.6 2276.18 37.16 0.0000

Error 40 2450.0 61.25

Total 49 22935.6 Grand Mean 77.260 CV 10.13

6b: Completely Randomized Analysis of VVariance for percentage germination after 60 DAI
Source DF SS MS F P

Trt 9 30670.5 3407.83 55.21 0.0000

Error 40 2469.2 61.73

Total 49 33139.7 Grand Mean 70.920 CV 11.08

6¢: Completely Randomized Analysis of VVariance for percentage germination after 90 DAI
Source DF SS MS F P

trt 9 54780.4 6086.71 71.56 0.0000

Error 40 3402.4 85.06

Total 49 58182.8 Grand Mean 58.940 CV 15.65
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APPENDIX 7a: Completely Randomized Analysis of VVariance for percentage mortality at 30 DAI.
Source DF SS MS F P

Trt 9 0.05166 5.740E-03 0.99 0.4612

Error 40 0.23125 5.781E-03

Total 49 0.28291 Grand Mean 1.3114 CV 5.80

7b: Completely Randomized Analysis of VVariance for percentage mortality at 60 DAI.
Source DF SS MS F P

Trt 9 0.12885 0.01432 4.50 0.0004

Error 40 0.12721 0.00318

Total 49 0.25606 Grand Mean 1.1737 CV 4.80

7c: Completely Randomized Analysis of Variance for percentage mortality at 90 DAL.
Source DF SS MS F P

Trt 9 0.02350 2.612E-03 1.27 0.2838

Error 40 0.08237 2.059E-03

Total 49 0.10587 Grand Mean 0.9111 CV 4.98

68



KNUST




