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Sorghum (Sorghum bicolor L. Moench) is one of the main staple cereal crops grown worldwide. It is
used for food, feed, fodder and bio-ethanol. Biotic and abiotic challenges are the major constraints of
the crop. Among the biotic constraints, weevil attack is the most devastating causing yield reduction
ranging between 15 and 77%. This paper highlights control strategies and progresses of breeding
sorghum towards improved vyield and weevil resistance. The use of resistant varieties is an
economically feasible, technically easy and environmentally friendly alternative to minimize losses due
to storage insect pests. Breeding for post-harvest insect pest resistance is the most important
component to improve yield and reduce the impact of weevils. Also to combine resistance to post-
harvest insect pests with other desirable plant characters such as high yield, and good quality to
provide the basic foundation on which to build an integrated pest management system. Estimation of
combining ability to resistance to weevils in sorghum helps in selection of good combiners, and the
nature of gene action involved. Marker assisted breeding could have a complementary role in sorghum
breeding for introgression of resistance genes and their fast enhancement in succeeding generations in
the breeding programmes. This review provides theoretical bases on the progress of breeding sorghum
for weevil resistance and control strategies.
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INTRODUCTION

Sorghum, a diploid and a C4 plant belonging to the grass and bio-ethanol. It is the main source of calories and

family Gramineae, is one of the most important cereal
crops grown in the tropics and sub-tropics of the world. It
ranks fifth after maize, rice, wheat and barley (FAO,
2012). It performs well in areas considered marginal for
other cereal crops such as maize. It has an ability to
withstand harsh conditions including drought and water
logging. The sorghum crop is used for food, feed, fodder

protein in some regions of Africa and Asia (Waniska and
Rooney, 2000). However, its production is hindered by
biotic and abiotic constraints. Among the biotic
constraints, post-harvest insect pests are the major
devastating insect pests attacking the grains during
storage. The weevil infestation is encountered on-farm
storage where it causes high loss in grain weight in
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Figure 1. Maize weevil (S. zeamais).

addition to deterioration in quality (Giga et al., 1991).

According to Rounet (1992), a huge post-harvest
losses and deterioration in quality is one of the major
obstacles to achieving food security in developing and
under developed countries. Effective control of the
weevils would improve the market quality and quantity of
sorghum. Various control strategies were employed, and
these control strategies include modern and traditional
control methods. The methods involved cultural, physical,
biological, and chemical controls, as well as host plant
resistance. Although the use of chemicals is one of the
most common control strategies, it is expensive to
smallholder farmers and environmentally undesirable.
Host plant resistance is more sustainable and is a major
component of integrated pest management which is
cheaper and ecologically safer (Abebe et al., 2009;
Tefera et al., 2011).

This study seeks to highlight the progresses of
breeding sorghum towards improved yield and weevil
resistance. Further, the potential and limitations of the
conventional and non-conventional breeding methods for
sorghum improvement have been reviewed.

Sorghum production constraints

As mentioned earlier, sorghum production and
productivity is limited by abiotic and biotic constraints.
Abiotic constraints include drought, cold injury and
aluminium toxicity among others. Biotic constraints in
sorghum include foliar, panicle and grain diseases,
weeds, as well as pre- and post-harvest insect pests. The
major insect pests of sorghum include stem borers,
maize and sorghum aphids, panicle feeding bugs,
beetles, bollworms, wireworms, cutworms, shootfly,
sorghum midge, armoured cricket, larger grain borer and
weevils (Dogget, 1988; Van den Berg and Drinkwater,
1997).

Figure 2. Rice weeuvil (S. oryzae).

Post-harvest insect pests in sorghum

The post-harvest insect pests that attack sorghum during
storage include larger grain borer (Prostephanus
truncates Horn), rice weevil (Sitophilus oryzae) and
maize weevil (Sitophilus zeamais) (Boxal, 2002; Teetes
and Pendleton, 2000). The larger grain borer adults are
black or brown and cylindrical in shape with heads facing
down. They are larger than 3 to 4 mm and have two
strong lateral ridges with sharp edges. The S. zeamais is
a small snout beetle with adults reaching lengths of
between 3 to 3.5 mm and it is capable of flight (Figure 1).
The maize weevil has reddish yellow blotches on the
wing case. The S. oryzae is a small (4 mm) snout reddish
brown beetle with faint yellow or red patterns on the
wings. It has deep irregular pits behind the head and the
shouts can grow up to 1 mm (Figure 2).

The S. zeamais and S. oryzae occur throughout the
warmer, more humid regions of the world, especially
where maize is grown (Longstaff, 1981). They have been
reported to attack a wide range of crops including wheat,
barley, maize, sorghum and other cereal and fruit crops
particularly when moisture contents are above 20°C
(Anonymous, 2009). The biology of S. zeamais and S.
oryzae has been reviewed in detail by Longstaff (1981).
The adults are long-lived. Eggs are laid throughout most
of the adult life, although 50% maybe laid in the first 4 to
5 weeks; each female may lay up to 150 eggs. The eggs
are laid individually in small cavities chewed into cereal
grains by the female; each cavity is sealed, thus
protecting the egg, by a waxy secretion produced by the
female. The incubation period of eggs are about 6 days
at 25°C (Howe, 1952). Eggs are laid at temperatures
between 15 and 35°C (with an optimum around 25°C)
and at grain moisture contents over 10%. However, rates
of oviposition are very low below 20°C or above 32°C,
and below 12% moisture content (Birch, 1944). Upon



Figure 3. Weevil damage on sorghum grain.

hatching, the larva begins to feed inside the grain,
excavating a tunnel as it develops. The actual length of
the life cycle also depends upon the type and quality of
grain being infested: for instance, in different varieties of
maize, mean development periods of S. zeamais at 27°C,
and 70% RH have been shown to vary from 31 to 37
days.

Effects of weevils on sorghum

Weevils infest sorghum while still in the field, and deposit
eggs in the stored grains and once the larval stage is
reached, the larvae feeds on the grains and cause
damage (Demissie et al., 2008). The grains are mostly
damaged inside and are full of holes (Figure 3). The
significant damage happens during grain storage. The
damaged grain has reduced nutritional value, low percent
germination and reduced weight and market value.
Weevil damage leads to quantitative and qualitative
deterioration of the grain (Goftishu and Belete, 2014).
These losses could be influenced by the storage time and
population of insects involved in the infestation. The
gualitative loss is attributed to change in biochemical
components such as carbohydrates, starch contents and
proteins (Danjumma et al., 2009). The commercial value
of the infested grain is reduced by contamination with uric
acid, insect body fragments, and other toxic substances
(Borikar and Tayde, 1979; Gupta et al., 2000). It also
predisposes the seeds to attack by storage fungi
(Subramanyan et al.,, 1992). Weevils cause direct
damage to the stored grains and also affect their viability
and successful planting by smallholder farmers. Globally,
yields are affected from a range of 15 to 77% grain
losses of insecticide untreated sorghum (Ramputh et al.,
1999). Upadhyaya and Ahmad (2011) reported an annual
loss of about 10 to 45% annually worldwide.

Strategies for weevil control

The losses of the grain yield can be prevented in various
ways including chemical and non-chemical control
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methods as shown
Subramanyam, 2006).

in Table 1 (Hagstrum and

Chemical control

The chemical control refers to the application of
insecticides before or during storage. Fumigation with
chemicals such as Malathion was recommended (Navi et
al., 2006). A surface dressing with an insecticide can be
applied to prevent insects from entering bins where the
grain will be stored. Grain can also be treated with inert
dusts, or sprays of synergized pyrethrins. Friction of inert
dusts and the weevil’s cuticle can cause desiccation and
hampers the development of the insect pest (Golob,
1997). The inert dusts, silica gel and aerosol kill insects
through physical contact.

Physical control

Sorghum grain can be placed in a low oxygen and CO,
enriched atmosphere in order to reduce weevil numbers
via reduced respiration. Additionally, grain can be placed
in a store room with a temperature ranging between 55 to
65°C for 12 h (Upadhyaya and Ahmad, 2011). High
temperatures of 55 to 65°C can kill the insect pest’s life
stages in a life cycle in store houses. Low temperatures
also plays a significant role in controlling the insect pests.
Temperatures below 12°C makes the weevil inactive and
reduces the insect development and Kkills all immature
stages in the life cycle. Keeping grain in store houses
with low temperatures provides a long term seed storage
and high mortality of insect pests.

Cultural control

The cultural control method involves keeping the store
warehouses clean at all times, for example removal of
cracked seeds, egg shells and dead larvae. Store houses
should be kept clean between the harvests and infested
residues must be removed and burned. Further, the crop
can be harvested early, immediately after maturity.
Selections of only un-infested material should be made
for grain storage. The clean grain should be stored in
containers that are fitted with insect proof glass, or
refrigeration or deep freeze. In addition, the storage
should be ventilated to get rid of any moisture as the
insect pests reproduce rapidly in moist areas. The
moisture of the seed should be 12% or less during
storage. This will help to reduce insect pest numbers and
their survival and development will be hindered.

Biological control

The biological control includes the use of parasitoids
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Table 1. Strategies used to control storage weevil infestation.

Techniques/strategies References

Malathion application
Inert dusts
Bacillus thuringiensis

Growth regulators: Methropene and
hydropene

Navi et al. (2006)
Golob (1997)
Abdel-Razek (2002)

Host resistance Pedersen (1990)

Low aeration

Mian and Mulla (1982)
Borikar and Tayde (1979), Shazali (1982), Fademula and Horber (1984), Wongo and

Maier et al. (2002), Reed and Authur (1998)

Suleiman et al. (2012), Danjumma et al. (2009), Mukherjee and Joseph (2000)

Wood ash De Groot (2004)
Extracts Karthikeyan et al. (2009)
Plant parts Karthikeyan et al. (2009)
Plant powders

Natural oils

Volatile substances: Methyl salicylate

Koul et al. (2008), Mollalei et al. (2011)
Jayasekara et al. (2005), Liu et al. (2006)

which must be introduced early in the storage facility to
outnumber the insect pests. These parasitoids include
species such as Anisopteromalus calandrae, Cephalomia
tarsalis, Lanophagus distinguendus and Theocola
xelegans to feed on the insect pests. Beauveria bassiana
and Bacillus thuringiensis can also be used as biological
insecticides for control of maize weevil. The B.
thuringiensis produces Bt toxins that are harmful to the
insect pests. Sometimes B. thuringiensis is mixed with
some botanicals such as plant essential oils and their
chemical constituents and results in killing of insect pests
in higher rates. The essential oils of many plant species
are known to have repellent and insecticidal activities
(Koul et al., 2008; Mollaei et al., 2011). Bacillus
thuringiensis strains are also used to control Coleopteran
pests of stored wheat (Abdel-Razek, 2002). Moreover,
insect growth regulators such as methropene and
hydropene can be used to reduce insect pest populations
of S. oryzae (Mian and Mulla, 1982).

Host plant resistance

The use of varieties resistant to storage weevils is
another strategy for preventing yield losses due to
storage weevils. In areas where storage facilities are
inadequate, stored grain resistance might be used alone
or as an adjunct to chemical control to protect yields.
Pramod et al. (2002) reported presence of resistance to
rice weevil (S. oryzae) when using A/B lines, R lines,
commercial varieties, germplasms, mutants and locals.
The study showed a need to increase the levels of
resistance among parental lines and hybrids to ensure a
better protection from rice weevil infestation in stored
sorghum. Resistance to S. oryzae was also reported in
sorghum by Prasad et al. (2015) and Kudachi and Balikai
(2014). Various researchers studied and reported

resistance of sorghum to storage weevils (Mannechoti,
1974; White, 1975, Doraiswamy et al., 1976; Borikar and
Tayde, 1979; Shazali, 1982; Fademula and Horber, 1984;
Wongo and Pedersen, 1990). Some sorghum genotypes
were found to possess variable degrees of resistance viz.
progeny emergence (Borikar and Tayde, 1979), low larval
penetration (Shazali, 1982; Wongo and Persen, 1990),
increased progeny emergence (Adentuji, 1988) and low
loss in seed weight (M’bata, 1992). Combining early
planting with early harvest with resistant varieties proved
to be effective for management of maize weevils in the
stores in Niger Delta-agro-ecological zone (Zakka et al.,
2015).

Integrated pest management (IPM)

Integrated pest management strategies can manage to
control insect pests in bulk grain (Hagstrum et al., 1999).
Once the grain is stored, the biophysical conditions in the
bin can be monitored and modified for insect control by:

1. Removing grain samples and counting the number of
live and/or dead insects

2. Using insect traps to estimate insect population

3. Using automatic insect traps to detect insect activity at
different spots in the grain mass

4. Using temperature sensors and data loggers to collect
hourly temperature measurements at different spots in
the grain mass.

Based on the monitoring outcome, one or a combination
of control strategies can be implemented appropriately.
For instance, using low aeration to control the biophysical
conditions in the storage bin to control insect population
growth rate (Maier et al., 2002; Reed and Arthur, 1998).
The grain can be kept at lower temperatures, for example



Figure 4. Farmer’s traditional granary for grain storage.

16°C which is the lowest temperature limit for survival,
development and reproduction of the storage pests.
Development and use of improved grain cultivars with
resistance to storage pests and pre-harvest pests will
provide a key elementary control in IPM.

Farmer’s traditional control strategies of weevils

Traditionally farmers in rural areas in some parts of India
and Africa use traditional granaries to store their grains
(Figure 4). The granaries are found not to be very
effective against storage pests. Hence, a need for
suitable storage facilities and management technologies
following the cultural control methods. This lack somehow
forces farmers to sell their grain immediately after
harvest. As a result, farmers receive low market prices for
any surplus grain they may produce due to storage
weevil damage (Kimenju et al., 2009).

Physical control

Traditionally, farmers apply wood ash (Acacia and
Casuariana spp.) (De Groot, 2004), or clay to stored
grain in order to cause insects to die from desiccation.
Farmers believed that ash prevent grain losses up to an
extent of 80% (Karthikeyan et al., 2009). Farmers using
the ash strategy stored sorghum grains for 6 months
without any storage pests’ problems. Farmers further use
sands and soil components on seed grain to control
storage pests. The grain will be covered by sand particles
which forms a protective layer of the stored grain (Golab
and Webley, 1980). For instance, treating Vigna radiata
with inert clay before storage lead to 100% mortality of
Callosobruchus chinensis within 24 h. The inert clay coat
can control insect pests up to twelve months under
ambient conditions (Babu et al., 1989). Smallholder
farmers store their grains in bags and put them in holes
dug inside the cattle kraal and cover with the cow dung.
This strategy seemed to be effective against storage
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pests as the ammonia from the faeces repelled the
weevils. According to Karthikeyan et al. (2009) farmers
preferred jute gunny bags for short term storage of grain
to be used as seed materials for future sowing. The
gunny bags were treated with neem seed kernel extract.
The practice involved preparation of neem seed kernel
extract (NSKE) and then treating the gunny bags with the
extract before storage by soaking them in the solution
(Karthikeyan et al., 2009). In addition, fresh pungam
(Pongamia glabra) leaves were placed in layers between
the gunny bags arranged one above the other in the
storerooms. The strong odour from the leaves acts as a
repellent against the weevils. Farmers also use paddy
husks to store grain. For instance, the paddy grains
(Oryza sativa) were stored in earthen pods and placed
paddy husk in top layer (5 cm) above it. The storage
pests did not prefer the grain stored with paddy husk.
Lastly, farmers made traditional mud pots of different
capacity and sizes with the clay soil. Firstly the grain
were sun dried and cleaned before storing in pots.
Farmers placed a circular ring-like structure made with
paddy straws on the floor. Above the ring, mud pots filled
with grain are placed and then arranged one on top of the
other and the top most pots were closed with the lead.
This is usually in the house at the corner. The grains
were kept for about six months, and then were sun dried
and again re-stored in the mud pots for control of storage
insect pests.

Use of plant powders

Non-chemical control of weevils refers to the use of
physical, cultural and biological control methods.
Danjumma et al. (2009) used plant powders of Nicotiana
tabacum, Allilumsativum, and Zingiber officinale to control
maize weevils. Suleiman et al. (2012) reported powders
of Jatropha curcas, Euphorbia balsamiferalL., Lawsonia
inerisL. and Leptadenia hastate L. collected from the
bushes to control weevil infestation on sorghum grains.
The Japanese mint (Mentha arvensis) oil was found
effective as fumigant against Sitophilus oryzae in
sorghum (Mukherjee and Joseph, 2000). Inula
graveolens and soap berry are mixed with grain to protect
grains against weevils (De Groot, 2004). Sweet flag
(Acorus calamus) is one of the indigenous methods used
as a plant powder mixed with grain and the grain can be
protected for up to six months. This strategy was used for
more than 40 years to store seeds of pulses, cereals and
oil crops. In the study by Bhanderi et al. (2015) sweet flag
powder, custard apple seed powder and neem seed
kernel powder were the most effective powders in
controlling populations of weevils in sorghum.

Natural oils

The essential oils of many plant species have repellent
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and insecticidal activities (Koul et al., 2008; Mollalei et al.,
2011). Natural products show little detrimental effects on
the environment and non-target organisms and is conti-
nuously evaluated for their pesticidal effects (Matthews,
1993). These oils have shown an effect on the oviposition
and growth inhibitory activity (Triphati et al., 2001).

Volatile substances

In addition, volatile constituents, such as methyl salicylate
from Securidacalonga pedunculata exhibited repellent
and toxic properties against S. zeamais and Rhizopertha
dominica (Jayasekara et al., 2005). The active
component from leaves of Artimisia princepi and seeds of
Cinnamomum camphora (L.) have shown repellent and
insecticidal activity against S. oryzae and Bruchus
rugimanus (Liu et al., 2006). The volatile constituent, di-n-
propyl disulphide extracted from the seed of neem,
Azadirachta indica, is toxic when applied as a fumigant to
Tribolium castaneum adults and larvae of S. oryzae
adults. These plant products show toxicity against pests
of stored grain and furthermore, provide prolonged
protection to seeds that may be due to high mortality of
adult insect besides the effect on oviposition and low
hatching (Huang and Subramanyam, 2004).

Conventional resistance in

sorghum

breeding for weevil

There is little progress in developing insect-resistant high
yielding sorghum varieties for cultivation by the farmers.
This is largely because of the lack of knowledge on
inheritance of the agronomic and morphological
characteristics associated with insect resistance and
grain yield (Sharma et al., 2005; Riyazaddin et al., 2015).
Traditional breeding methods such as germplasm
evaluation and enhancement, backcrossing, pedigree
selection, and recurrent selection continue to play an
important role in developing insect-resistant cultivars with
major resistance genes (Huang et al., 2013). In such
breeding approaches, sorghum breeders search for ge-
netic variability for insect resistance and then incorporate
the desired gene into breeding lines, leading to the
development of resistant commercial cultivars or hybrids.
Since sorghum is a self-pollinated crop, most breeding
methodologies are based on the production of segre-
gating populations followed by selection in segregating
population. The selections are usually allowed to self-
pollinate during selection to produce homozygous uni-
form lines (pure lines). In hybrid breeding programmes,
these lines will be test crossed to measure their value as
parental lines. Although the aforementioned breeding me-
thods are employed in breeding for insect pest resistance
pest resistance, there is still limited breeding studies
conducted on resistance to weevil damage in sorghum
per se.

Other studies on breeding for resistance to weevils
using traditional breeding methods have been reported
on maize but limited on sorghum. Kasozi et al. (2015)
used two cycles of modified S1 recurrent selection to
study resistance to maize weevil in maize. The authors
found that the modified S1 recurrent selection was effect-
tive in improving Longe5 for maize weevil resistance.

Marker assisted breeding

Genetic resistance in sorghum, where possible, should
be combined with other desirable plant characters such
as high yield and good quality grain providing a basic
foundation on which to build integrated pest management
systems. A promising strategy should be based on gene
pyramiding and development of cultivars with multiple
resistances to insect pests. Many studies were conducted
in identifying the quantitative trait loci (QTL) regions of
different traits associated with insect resistance as well
as the morphological and agronomic traits (Satish et al.,
2009; Srinivas et al., 2009; Aruna et al., 2011; Nagaraja
Reddy et al., 2013, 2014).

Based on the present inheritance studies of the
agronomic and morphological traits and as well as the
QTL information available, one can effectively plan
suitable breeding strategies for sorghum improvement. In
contrast to the conventional approaches that takes about
six to eight generation to transfer a trait within a species
into high yielding, locally adapted cultivars, and the non-
conventional breeding approaches such as marker-
assisted selection (MAS) allows rapid introgression of the
resistance genes and ultimately gene pyramiding into the
high-yielding varieties and hybrids. It further allows early
selection of breeding materials and cloning of the
important resistance genes for sorghum improvement via
map-cloning method. Use of DNA markers for indirect
selection offers great potential gains for quantitative traits
with low heritability, as these are the most difficult traits to
work with in the field using direct phenotypic selection.
However, little work has been done on the use of
molecular markers on weevil resistance gene mapping
and transfer to the locally adapted high yielding sorghum
varieties.

Nonetheless, Silverio et al. (2009) mapped the QTLs
associated with resistance to maize weevil in maize using
151 RFLP markers, and further found that the genetic
effects were mainly dominant for grain damage, grain
weight losses and maize weevil susceptibility index, and
additive for number of adult progeny. Castro-Alvarez et
al. (2015) identified a total of 15 QTLs for maize weevil
resistance parameters located on six chromosomes in a
RIL maize population using SSR markers.

The genetics of weevil resistance in sorghum

Information on inheritance of agronomic and
morphological traits is useful for improving genotypic



performance across environments. An understanding of
the inheritance of morphological and agronomic traits will
be helpful in combining the genes for insect resistance
and desirable agronomic traits and grain characteristics
to increase production and productivity of sorghum. The
genetic effect can either be additive, dominant or epistatic
and in rare case over dominance. According to Griffing
(1956), general combining ability (GCA) and specific
combining ability (SCA) are used to estimate gene
effects. The GCA is used to estimate additive genetic
effects while SCA estimates the non-additive
components.

Mohammed et al. (2015) studied the genetic analysis of
agronomic and morphological traits in sorghum in relation
to insect resistance. The authors found that the
GCA/SCA, and the predictability ratios indicated
predominance of additive gene effects for majority of the
traits studied. The significance of reciprocal combining
ability effects for days to 50% flowering, plant height and
100 seed weight, suggested maternal effects for
inheritance of these traits. Plant height and grain yield
across seasons, days to 50% flowering, inflorescence
exsertion, and panicle shape in the post-rainy season
showed greater specific combining ability variance,
indicating the predominance of non-additive type of gene
action/epistatic interactions in controlling the expression
of these traits.

Additive gene action in the rainy season, and
dominance in the post-rainy season for days to 50%
flowering and plant height suggested genotype by
environment interactions for these traits. Other authors
reported high GCA/SCA and predictability ratios for 100
seed weight in the post-rainy season indicated the
predominance of additive gene action, whereas both
additive and non-additive gene action was observed in
the rainy season. Grain yield exhibited higher SCA
variance suggesting the predominance of dominance
(non-additive) type of gene action (Hovny et al., 2000;
Umakanth et al., 2002; Girma et al., 2010).

However, the importance of both additive and non-
additive gene action was observed for 100 seed weight
by Toure et al. (1996). The combining ability analysis is
useful for understanding of the nature of gene action, and
has been used by breeders for selection of suitable
parents for the crossing programmes.

Effects of genotype by environment interaction on
weevil resistance in sorghum

Studies on the effects of genotype by environment
interaction on the resistance of maize and rice weevils in
sorghum are not yet documented. Sorghum improvement
efforts in the development of cultivars and hybrids with
high grain yield under diverse environmental conditions
are needed. Osiru et al. (2009) suggested that knowledge
of genotype performance in different agro-ecologies is
critical in cultivar development. Selecting genotypes that
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interact less with the environments in which they are
grown would be beneficial. Maize hybrids were tested in
nine environments in Kenya and Ethiopia for resistance
to weevils, larger grain borer and other foliar diseases
(Tefera et al., 2013).

The results indicated that the performances of the
hybrids were not consistent across environments for all
traits tested as evident from the significant genotype by
environment interactions and two hybrids were showed
resistance to larger grain borer and maize weevil (Tefera
et al., 2013). A study involving inbred lines and ten top
best crosses was reported in maize for combining ability
gene action and resistance to weevils in maize (Gafishi et
al. 2010). The inbred lines and the crosses were tested in
two environments where the across site analysis of
genotype by environment for yield revealed that the
testcrosses were environment specific. It is possible to
identify genetic variability within an environment although
stable performance is required.

CONCLUSION AND RECOMMENDATIONS

Postharvest insect pests such as maize and rice weevils
are the major limiting factor in sustainable production of
sorghum. Host plant resistance is one of the more effec-
tive control strategies of postharvest insects without the
undesirable effects of pesticides. Continuous research
efforts on the identification of new sources of resistance
to these pests and breeding should be the major
objectives of breeding programmes. A promising strategy
for sorghum improvement should be based on gene
pyramiding and development of cultivars with multiple
resistance to insect pests. Also to combine resistance to
post-harvest insect pests with other desirable plant
characters such as high yield, and grain quality to provide
the basic foundation on which to build integrated pest
management system. There is an urgent need for trans-
fer of various insect resistance genes into cytoplasmic
male sterile, maintainer, and restore lines so as to
develop hybrids with increased levels and diverse
mechanisms of resistance to target pests. Furthermore,
there is a need for genotypes that show good combining
ability effects for weevil resistance, yield and other
agronomic characters, as well as selection of genotypes
that interact less with the environment in which they are
grown.
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