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There is a renewed interest in Nigeria to go back to Agriculture and seet as a profession. Maize is a major
staple food for millions of people in the country. It is one of the most important cereal crops cultivated for
food, feed and as industrial raw materials. In spite of the cultivation and uses of maize, production is seriously
constrained by stem borers. Stem borers have been the most damaging group of insect pests in maize

cultivation worldwide, Feeding by borer larvae on maize plants usually results in crop losses as a
consequence of death of the growing point (dead heart), early leaf senescence, reduced translocation, lodging
and direct damage to the ears. Yield loss due to stem borers in Africa vary from 0 - 100 % among ecological
zones, regions and seasons. In sub Saharan Africa, particularly Nigeria, they can cause 20 - 40 % losses during
cultivation and 30 - 90% losses postharvest and during storage. However, estimated yield losses may be

higher than of 40 % are expected to occurat th

is generally not practiced.
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1. INTRODUCTION

Maize (Zea mays L.) is a major staple food crop grown in diverse agro-
ecological zones and is consumed by people with varying food preferences
and soci bacl in sub-Saharan Aftica (SSA) (Olaniyan,
2015). Of the 22 countries in.the world where maize forms the highest
percentage of calorie intake in the national diet, 16 are in Africa (Nuss and
Tanumihardjo, 2011). The top 20 countries, namely South Africa, Nigeria,
Ethiopia, Egypt, Tanzania, Malawi, Kenya, Zambia, Uganda, Ghana,
Mozambique, Cameroon, Mali, Burkina Faso, Benin, DRC, Angola,
Zimbabwe, Togo, and Cote d'Ivoire. They account for 96 % of the total
maize production in sub-Saharan Africas, Maize, which may be eaten as a
vegetable or processed into various dishes, is regarded as a hunger
breaker after a long dry period in developing countries. Additionally,
maize is extensively traded as feed crop in livestock industries, and about
460 million (65 %) of total world maize production is used for this purpose
(Olaniyan, 2015).

The major stem. boring species associated with maize production in
Nigeria are moths belonging to the families Noctuidae and Pyralidae,
namely: the maize stalk borer (Busseola fusca Fuller), the pink stem borer
(Sesamia calamistis Hampson), the millet stem borer (Acigona ignefusalis
Hampson) and the African sugar cane borer (Eldana saccharina Walker);
(Balogun and Tanimola 2001). In fact, stem borers have been the most
damaging group-of insect pests in maize cultivation worldwide (Tefera et
al,, 2011). Nigeria is with nearly 8 million tonnes Africa’s largest producer
of mai: ITA, 2014) and stem borers cause 10-100% losses in maize
grain yield (Sosan and Daramola 2001). However, Kakule et al, (1997)

reported that within. Africa, damage:. to .maize varies. with-

locations/regions, ‘with sub-Saharan 'Africa recording the highest
population of stem borers being directly correlated with damage and grain
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yield. Crop losses and grain yield reduction may result from the damage
caused to growing points leading to loss of stands (dead heart), damage to
leaf (window pane) stem tunneling, hole (as portal of entry to secondary
rot organisms), stem lodging, stem breakage, tassel and direct damage to
ear shank and ear (Sosan and Daramola, 2001). However, the consequence
on yield is variable and depends upon sowing, borer species composition
and abundance as well as insecticide treatment (Ajala et al, 2010;
Okweche et al, 2010). It has been observed that early-planted maize
suffers less from borer attacks than late-planted maize in the Middle Belt
of Nigeria (Okweche et al, 2010). Heavy stem borer infestations have
precluded second cropping of maize even in areas with potentials for two
rain-fed crops (Ogunwolu, 1987).

1.1 World Maize Production

Maize is one of the major cereal crops and ranks third in production
worldwide following wheat and rice. In more than 20 developing countries
in the world, maize is the single largest source of calories and protein for
the poor and is a primary weaning food for babies. In sub-Saharan Africa
maize is one of the most important staple foods, providing food and
income to over 300 million resource-poor smallholders (Romney et al,
2003). Over 650 million people consume an average of 43 kg of maize per
year (a 35 % increase since 1960), reaching 85-140 kg in Kenya, Lesotho,
Malawi, South Africa, Zambia and Zimbabwe (Lumpkin and Armstrong,
2009). Its pans the entire and is thed cereal
food crop in many countries, accounting for 56.% of total harvested area
of annual food crops and 30-70 % of total caloric consumption. .

1.2 Maize Production in Africa

" Maize is a monoecious plant grown from latitude 580N-to 4005, adaptable
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as maize, while sorghum, millet and rice compensate by tillering. Older
larvae make holes and tunnels in stems where they feed for 3 to § weeks,
causing extensive tunnels. Larval tunneling within the stalk may also
predispose plants and ears to infection by fungal pathogens, further
compromising the long-term storability, and quality of food products.

There is an evidence of variation in the lengths of stem tunneling
associated with the different stem borer species, B. fusca larvae produce
the largest stem tunneling, followed by C. partellus, Mostly, the holes are
prepared for pupation. The feeding habit reduces the flow of water and
nutrients throughout the plant, and can reduce grain weight, kernel
number, thereby reducing yields (Ratnadass et al, 2001). The i

environment may differ from those in other agro ecological zones.

B. fusca exhibits complete metamorphosis, including egg, larval, pupal, and
adult stages. B. fusca has 2-3 distinct generations in most loctions.
However, in areas thatare warm and humid, some B. fusca larvae may give
rise to a fourth adult generation (Harris and Nwanze, 1992). Another
factor that plays a role in the biology of B. fusca is larval diapause. Much
work has been d d on the diap: jes of B, fusca, and it
appears that larvae diapause in most locations during cold, dry periods
(Harris and Nwanze 1992). The state of host plant maturity is thought to
be a critical factor in the induction of diapause while soil moisture is

P for its ter (Kfir et al, 2002). Temperature and

tunneling of stem borers inside the stems weakens the plants, causing
breakage and lodging (Ebenebe et al, 2000). Lodged plants are likely to
yield lower and make harvesting more difficult. For instance, Ndemah et
al. (2006) reported that yield losses as high as 40 % could result from
lodging. Damage to the stem can lead to the infection by Fusarium stalk rot
(Félix et al, 2009). Other plant parts such as tassels and ears are prone to
stem borer damage. Extensive damage can result in complete death of the
plant. After killing the plant, larvae usually migrate to new plants and enter
by boring into the stem near the base. Plants damaged by stem borers are
often stunted and may die. Infested plants if they survive may or may not
produce harvestable ears. If they do, they are usually smaller than normal
plants making them less marketable especially if they are sold as green
mealies, In addition, those plants that do not produce ears compete with
plants for water, nutrients and sunlight. The magnitude of the damage is
influenced by soil fertility (Muyekho et al, 2005), farming systems
(Waladde et al, 2002: Alata ud et al., 2008) and maize moths fly at night
and lay eggs on maize plants between the leaf sheath and the stem on the
youngest fully unfolded leaf. Eggs hatch into caterpillars, which move into
the growing points, where they start to feed.

S. YIELD LosSES DUE TO MAIZE STEM BORERS IN AFRICA

Yield loss due to stem borers in Africa vary from 0-100 % among ecological
zones, regions and seasons. In Sub Saharan Africa, they can cause 20-40 %
losses during cultivation and 30-90 % losses postharvest and during
storage (Van Rensburg et al, 1997). The severity and nature of stem borer
damage depends upon the borer species, the plant growth stage, the
number oflarvae feeding on the plant and the plant’s reaction to the borer
feeding. Feeding by borer larvae on maize plants usually results in crop
losses as a consequence of death of the growing point (dead heart), early
leaf senescence, reduced translocation, lodging and direct damage te the
ears. Estimated yield losses of 10-43 % are expected to occur at the

photoperiod appear not to diap It has been suggested that
diapause in B. fusca is obligatory, but this is unconfirmed. Between 9 and
14 days after pupation, the adults emerge from emergence windowsbored
by the larvae prior to pupation (Harris and Nwanze, 1992). Plants most
attractive for oviposition are those that germinated 3-5 weeks prior to
eclosion. Female B. fusca prefer the underside of the youngest fully
unfolded leaf as oviposition sites (Harris and Nwanze, 1992). Eggs
generally hatch about a week later, while larvae take 3-5 weeks to develop.
Busseola fusca eggs are hemispherical, with crenulations, and are laid in
clusters (Harris and Nwanze, 1992). Reports of total fecundity vary from
30-100 eggs (Harris and Nwanze, 1992) to 723 eggs. Upon hatching, larvae
disperse and then enter the leaf whorls, boring into the stems, producing
extensive tunnels in the stem and cob (Harris and Nwanze, 1992). Larvae
of B. fusca look similar to those of C. partellus in' many ways. Busseola fusca
larvae are 40 mm long when fully grown, normally a creamy white colour
with a distinctive grey tinge. Sometimes B. fusca larvae have a pink colour
similar to C. partellus. Both borers have a brown head capsule, but B. fusca
can be distinguished from C. partellus by the hooks on the prolegs (Harris
and Nwanze, 1992). Hooks on the prolegs of B. fusca are arranged in 2
semicircle, while those in C. partellus are arranged in a full circle (Harris
and Nwanze, 1992).

6.1 Eggs of B. fusca

Busseola fusca females oviposita highly variable number (from 100 up to
800) of round and flattened eggs in batches (Kruger et al, 2012). The
batches are laid behind the vertical edges of leaf sheaths of pre-tasseling
plants and also, but rarely, underneath the outer husk leaves of ears
(Mally, 1920). Van Rensburg et al., 1987 recorded eggs on 12to 16 week
old plants, but only when these were planted very late in the season. It
appears that the position at which the eggs are found correlates with the
developmental stage of the plant and with increasing plant age, egg

15 g 4
not practiced. Yield losses of 12 % for every 10 % plants infested were
reported in Tanzania and Kenya (Malusi and Okuku, 2013). Yield losses
depend on the age of the plant atinfestation. In Ghana, yield loss as highas
40 % has been attributed to B. fusca infestations. In Democratic Republic
of Congo (DRC) B. fusca occasionally caused yield losses of 8-9.% in early
planted maize, and 22-25 % in late planted maize (Félix, 2008). In Kenya,
B. fusca accounted for 82 9% of all maize losses (Sezonlin et al, 2006). C.
partellus is the most damaging pest in Eastern and Southern Africa and
causes significant grain yield losses. Its control has been a challenge
among smallholder farmers (Félix et al., 2013). B. fusca can feed on maize
kernels at maturity (Félix et al, 2009). B. fusca larva produces higher
effect on grain weightreduction as compared to C. partellus. In Ethiopia, B.
fusca and C partellus are considered to be the most damaging insect pests,
with reported yield losses of 0 to 100, 39 to 100, 10 to 19 and 2 to 27 %
from South, North, East and Western Ethiopia, respectively (Unnithan and
Paye, 1990).

smallholder level where suppression of the pest by I 1)

Maximum grain yield reduction and stalk damage in maize was reported
due to C. partellus on 20-day-old crop, while there was insignificant larval
effect on yields for 60-day-old crop. The economic injury levels (EIL}-of C.
partelusin maize are 3 and 4 larvae per plantin maize 20 and 40 days after
plant emergence, respectively. Generally, the amounts of yield loss vary
greatly, depending upon the country, season, maize variety, fertilization,
severity damage, stem tunneling and generation of stem borers involved:
The first and second generations causes more yield losses than the third
generation (Sezonlin et al., 2006). l

6. BIOLOGY OF MAIZE STEM BORERS

A good knowledge of the -biology of B. fusca is a prerequisite for
understanding how this species interacts. with plants. Most of the
information produced for B. fusca during the last century, which forms the
basis of the knowledge of the biology and ecology of this pest, stentmed
from South Africa. However, since the majority of the studies in South
Africa addressed B. fusca at high altitudes and in commercial farming
systems, some aspects regarding its biology and interactions with the
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e found higher up on the plant (Van Rensburgetal,
1987). Studies have also shown that leaf sheaths fitted more loosely
around stems as plants gets older, and that females preferred the sheaths
of youngestunfolded leaves for oviposition. Although it is rare to find more
than one B. fusca egg batch per plant cases of between 2 and 4 eggbatches
per plant have been observed. This could be attributed to extremely high
population pressure at late planting dates.

In South Africa, with its unimodal rainfall pattern allowing for one crop
per annum, it was also observed that egg batches of spring moth
generation were smaller than those of summer moths (Kruger ezal, 2012).
A possible explanation is that body reserves of spring moths are smaller
than those of the summer moth since the former would have utilized
reserves during diapause. Similarly, Usua (1967) in Nigeria reported that
spring moths laid approximately 65 % fewer eggs than summer moth.
Field studies during which more than a thousand egg batches were
collected in South Africa, showed that the average size of an egg batch of
1st and 2nd generation females were 22 and 33 eggs respectively (Van
Rensburg etal, 1987). Results from van Rensburg and colleagues indicate
that a single moth lays 7-8 egg batches.

6.2 Larvae of B. fusca

Eggs hatch after about one week and larvae migrate first to the whorl
where they feed on young and tender leaves deepinside the whorl: In
contrast to stem borer species from the Sesamia and Chilo genera, young
B. fusca larvae do not consume any leaf tissue outside of the whorls of
plants. Larvae can remain in the whorls of especially older plants (6-8
weeks old) up to the 4th . ) .

instar. From the 3rd instar onwards, larvae migrate to the lower parts of
the plant where they penetrate into the stem. Some larvae do however
migrate away from natal plants with approximately 4 % of larvae leaving
the natal plant immediately after hatching. The larval stage lasts between
31 and 50 days ( Kruger et al., 2012) and consists of 7-8 instars with 2
minimum of 6 (Unnithan, 1987). More recently, continuous observations
oflarvae on an artificial diet indicated that, under opti! envir 1
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6.4 Adults of B, fusca

Insects emerge before onset of tl
one hour later. The average life span of moths
days (Ratnadass et al, 2001; Calatayud et al, 2007),

7. ADULTS BEHAVIOUR AND PREFERENCES
7.8 Millot Stem Dover, Conlesta lynefusalls
7.1 Moth flight patterns "

ot itam borer, (Humpson), was frst named
by Hampson (1919) In the genus Diatraea, Since then,
Ity status an & good specios has never baen in doubt, its correct

Light and pheromone traps have been used extensively to study the f
patterns of B, fusca (Van Rensburg et al, 1997), Generally, In areas where
only one rainy season occurs, distinct flight patterns are observed, Moth
numbers In pheromone and light traps show lass discornible patterny
areas where malze Is cultivated throughout the year. It has been known with most recently anslgned to Aclgona, but as
since early 1970s that more than one generatlon of moths oceurred In a Do« noctuld and
season and that early infestations In a glven season were derlved from Jute should re

i, i plew, It
gonud ls now known to

of the preceding season, fon patterns also vary undertaken (Khan et al, 2000),
between localities and are assoclated with the ralnfall and temperature
gradient existing from east to west In the greater production area, For 746 Vg and larvae of G fgnefusally
instance, in South Africa, the first flight commences during early spring
after the first.good rains. The first and second flights are separated by a Tiggs aro about l-mm long and are lald In ba
distinct period in December during which no moths occur, In an attempt shoathy yollowlsh-whito and alliptical
to assist prod i id g potenti onefarm flight partlally flattoned by the pressure of growlng stems agalnst G
levels, a pheromone trapping system was developed during the 19605 - wheaths, Larvia grow to a length of about 20 mm and haye a pr
(Revington et al,, 1984), The system was, however, shown to be unrellable
. during perjods of prong dmaoth activity due to poor competition of the neplevously marked with black spots, During the dry seuson,
synthetic pheromone with the natural product (Van Rensburg, 1992). they entor Into dlapause and lose these black m

7.2 African Pink Stem Borer (Sesamia calamistis, Hampson, 1910)

to 15 mm long, yellowl:
‘This species Is found In sub-Saharan Africa and some of the Islands Inthe  * the abdom
Indian Ocean. It commonly occurs in wetter locallties at all altitudes, The
main crops affected are maize, sorghum, pearl millet, wheat, rice and
sugarcane. The larvae (caterpillars) Larvae can tunnel Into the stem which
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damage depending on the stage of millet growth and the generation of
infesting Jarvae, First-generation Jarvae cause dend hearts and a
consequent loss of crop stand, Second- generation larvae cause lodging,
disrupt the plant vascular system and prevent or limit grain formation
Larvae can migrate between plants, moving a maximum of 1.2 m in the
insectary and1.8 m in the field (Harris, 1962), Larval survival during the
growing season Is high probably because larvae enter leaf sheaths or
stems within 24 h after hatching. During the wet season, larvae complete
development In approximately 30 to 40 days (mean 34 days). There are
usually six, but sometimes seven Instars, Male pupae develop In 7-12 days
(9.3 average), and female 7-13 days (9.7 average),

The life history of the millet stem borer was described by Bako (1977).
Adults are active mostly during scotophase, but remain on the lower leal
surface or along stems, with head turned towards the ground during the
day. In Nigeria, the sex ratio from light traps or by rearing adults from
field- collected eggs, larvae, and pupae showed significantly more females
than males (Harrls, 1962). In Niger a sex ratio of 1:1 was reported based
ona sample of 1087 pupae, suggesting that the ratio imbalance from light
trap catches could be due to differential responses of males and females to
light (ICRISAT, 1988). Mating in the laboratory occurs Jate during the night
ofadult orearly the 8 fight. Ovi begins the first
night after mating and peaks on the third night after emergence. It can
continue through the sixth night after mating. In the field, adult females
place their eggs in batches, averaging 20 to 50 eggs between the leaf
sheath and the stem, or on lower leaf blades (Harrls, 1962). <c==_ (1990)
reported that C is mostly d with leaf
sheath and rarely occurs’on Fuﬁu. Each female may layover 200 eggs in
total, Newly deposited eggs are creamy white to yellow, turning dark after
8 to 11 days, and hatch 24 h after darkening. Two or three generations
occur during each millet-growing season.

8. GEOGRAPHICAL DISTRIBUTION OF C. IGNEFUSALIS

C. ignefusalis is restricted to mainland Mrica, south of the Sahara and has
been most frequently recorded in West Mrica (Senegal, Mali, Gambia,
Guinea Bissau, Benin, Burkina Faso, Chad, Mauritania, Ghana, Niger, and
Nigerfa). It has also been recorded in Sudan, Ethiopia, and Angola and is
probably more widely distributed in tropical Mrica than published records
indicate. In Nigeria, it occurs at altitudes up to about 1000 m (Youm etal.,
1993a).

9. ADULT EMERGENCE, MATING, AND DISPERSAL

During the dry season, larvae remain in diapause until the onset of the next
season rainsand then pupate. Emerging adults infest the new millet plants.
Nothing is known about adult movements and migratory habits. However,
like most pyralids, the millet stem borer is unlikely to be a migratory pest.
Mating is mediated by the female, sex pheromone which attracts males.
Coniesta ignefusalis sex pheromone consists of a three component blend:
(Z)-7-dodecen-l-ol, (Z)-5-decen- 1-01, and (Z)-7-dodecen-l-al (Youm etal,
1993a). Youm et al. (1993b) reported that female was

a

at the bases of plants or on plant debris on soll, Females may lay 400-600
egs In thelr lifetime. Eggs hatch within five-six days. Young larvae feed
externally on the green surface of the plant and later tunnel into the stems
where they eat out tunnels within which they pupate. Larvae can develop
In21 days but n_uea_avs =» may _..;. upto ==.3 months. The larvae donot
0 Into a state of Adults emerge in 7
14 days after the onset of pupation vand only ive for a fow days (ICRISAT,
1966),

12, ADULTS OF E, SACCHARINA

The adult African sugarcane stalk borer Is small with a wingspan of 35 mm.
The forewings are pale brown with two dark spots In the Centre and
elongate with a rounded front edge. The hind wings are whitish with a
short fringe and brown longltudinal veins, At rest the wings are folded
over the abdomen In such a manner that their outer edges are parallel to
each other, and they cover the lighter coloured hind wings which are
hidden from view. Both the adult or larval stages are unlikely to be
confused with any other stem borers present in Africa Sugarcane is the
main crop host of the African sugarcane stalk borer but it will also attack
malze, sorghum and rice (Ratnadass et al,, 2001), In the wild its hosts are
wild grasses (Poaceae) such as Guinea grass (Panicum maximum),
wetland sedges (Cyperaceae) such as papyrus (Cyperus papyrus), rushes
(Juncaceae) and typha (Typhaceae).

13. HOST PLANTS OF MAIZE STEM BORERS

The main crop hosts for B. fusca are maize and sorghum as well as pear]
millet (Pennisetum glaucum), finger millet (Eleusine coracana L.), and
sugarcane (Saccharum officinarum), but to a much lesser extent
(Calatayud et al, 2006). Although the host plant on which B. fusca
originally evolved is unknown, indigenous African grasses have been
recorded as hosts, ifically Sorghum ver if (Steud.)
Pennisetum purpureum Schum,, Panicum maximum Jacq., Hyparrhenia rufa
Nees (Stapf), Rottboellia exaltata (L.), and Phragmites sp. (Harris and
Nwanze, 1992).

14. BEHAVIOURAL BASIS OF HOST PLANT SELECTION

‘The different behavioural steps leading to host selection and oviposition
have been well described in B. fusca (Calatayud et al,, 2008). Similar to
other noctuids, the behavioural steps leading to oviposition by a nwusn_
moth follow a ial pattern

encounter, landing surface evaluation, and mnnnﬂﬁ:no. Wn?.d landing,
plant volatiles influence the female from a distance
the suitability of the plant species; the female antennae bear numerous
multiporous trichoidea sensilla able to collect volatiles (Calatayud et al.,
2006). Thereafter, the visual cues are also involved in the female’s
orientation and landing (Calatayud et al.,, 2008). It is after landing that the
final decision for oviposition takes place. The female typically sweeps her
oivumEs. on the plant surface as if evaluating the suitability of the plant,

affected by age: males were more attracted to I-day old females than 4-day
old ones probably because older females produce less pheromone.
However, this needs to be further investigated.

10. SUGARCANE STEM BORER, ELDANA SACCHARINA

E. saccharina is indigenous to Africa. The African sugarcane stalk borer is
widely distributed in sub-Saharan Africa including Burundi, the
Democratic Republic of Congo, Kenya, Rwanda, Tanzania and Uganda.
Sugarcane is the main crop host of the African sugarcane stalk borer but it
will also attack maize (where it is a relatively minor pest), sorghum and
rice. It attacks maize plants late.in their development when it can affect
grain filling which results in yield loss. Sugarcane stalk borer, African
sugarcane stem borer, Eldana borer Eldana conipyga Strand, 1912 (Youm
etal, 1993a)

11. EGGS AND LARVAE OF E. SACCHARINA

The eggs of the African sugarcane stalk borer are yellow, oval and laidin
batches, usually on dry dead maize leaves. They become pink just before

emergence. The African sugarcane stalk borer larvae are light-] -brown to’.

dark-grey coloured with brown pinacula.(hardened - sclerotized - areas
that indicate points of muscle attachment), covered with very small dark
coloured spotsand have a distinct brown prothoracic shield (a plate on the
dorsal surface of the thorax). The head is reddish-brown to dark-brown.
Larvae may be distinguished from other stem borer larvae by the circular
arrangement of crochets (hooks) on the prolegs, pinacula and tubercles
(small rounded projections) along the body. Eggs are laid in batches of 50
- 100 eggs in folds of dead leaves, behind the leaf sheath or on dry leaves

ly touching it with the tips of her antennae, and then, if the -
plant is accepted, oviposition takes place. The tip of each antenna bears
several uniporous sensilla able to taste the plant’s surface (Calatayud et
al, 2006). In addition, the ovipositor bears about nine uniporous
chemosensory sensilla (i, taste receptors) located within the inner
border of the ventral surface of each lobe of this organ (Calatayud et al,,
2006). Combinations of tactile and gustatory stimuli from the plant are
received during the ovipositor sweep behaviour.

During this behavioural step, the claws at the distal part of the ovipositor
leave smallinjuries on the plant surface, which are deep enoughtoliberate
inner plant cuticular compounds, which differ between plant species (e.g,,
between host.and non-host plants). (Juma, 2005). These compounds are
perceived by the taste receptors on the ovipositor, which then activate the-
appropriate behaviour (acceptance or rejection) depending on the
nature/composition of these cuticular chemicals. Like all noctuid borer
species, B. fusca females oviposit egg batches between the leaf sheath and

the stem (Kaufmann, 1983). Busseola fusca prefers to ovipositinside leaf -

sheaths of the youngest fully unfolded leaves (Van Rensburg et al, 1987).
In choice tests, B. fusca moths'show preference for maize to sorghum
plants of similar sizes (Rebe et al, 2004). It can therefore be concluded
that the physical propeities of the leaf sheath and stem-play a crucialrole:
in plant acceptince for oviposition. Ini fact, B fiisca prefers to oviposit on
waxy plant species (Haile and Hofsvang, 2002) and do-not oviposit at all
on Melinis minutiflora, a species with glandular trichomes (Khan et al,
2000). It was also shown that 3-6 weeks old maize plants are most
attractive for oviposition. Thus, B. fusca prefers pre-tasseling u_n-.w.
oviposition rarely occurs on older maize plants: (Van Rensburg et al,

1987), but if so, the insect lays batches on the upper part of tlie plants
where the leaf sheaths are young and soft. Oviposition on maize plants in
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The larvae possess also on thelr maxillary guleas two uniporous styloconle
sensilla, which are contact chomorecoptors, They have also maxillary
palps having elght small baslconle sonsilla nt the tip, which were also
found to be gustatory (Juma at al, 2008), Plant sugars are often
as primary feeding stimull, involved among the compounds that Induce the
host plant acceptance by herbivorous Insecty (Schoonhoven at al, \::v v
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160, MANAGEMENT OF ST0M Btk

Must stotn btit 6F atacks uni coronl ertps Famit Tromm infastudion iy wons
it ooties agrecns wtid, shries Ot s s birpeed tant diffarancas i wialigy wd
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Cultural control fs useful bucause It combhnes sifctivanass wich minims
wntrs lnbour and cost (Pélin, 2009), Ayproyrints Gispeail of cevy reddons
aftar hurvest can raducs carry over populations of aiagase larsie of siam
horers and so limit initial sstablishment of the hlming sessen’s croy
Lister soving of mulza Is Vess affactad by statn trrer larvas i saier
sowings as 1t disrupts thelr seasonal eycls (Unoithan, 1996}, it is thoghe
that at :s starg of the rainy season, orst popslations aiemg fom
Yarviss wiill stil) b badiding vy, s lawret sotie will

It was recently shown that sucrose Is a fooding stimulant and
influences food cholco by B, fusca larvao, wherons turanose (an _-.S_aq of
sucrose), as a ago detorrent, negatively contributes to larval food cholea
(uma et al, 2013). The uniporous styloconlc sensillu of the muxillary
galeae are able to detect both sugars but the lateral styloconie appears
more sensitive to sucrose at Jow concontrations whoreas the mediul
styloconlc Is more sensitiva to turanose, These Aindings Indicate that the
balance In concentrations of these sugars somehow Influencas the overall
host plant cholce made by the Jarvae,

Among the most Important factors determining larval cholce of host plant
might be differencos in sllicon (S1) content. In higher plants, silicon levaly
range between 0.1-10 % on a dry welght basls and they are generally
higher In’grasses than In dicotyledonous plunts (Epsteln, 1999), Plant
reslstance to Insects, pathogoens or ablotic factors has been shown to be
related to the Jevel of accumulation and polymerlzation of 51 In tssues

epidermal cel nEEE‘. to Ee<:_=_. physical barrler by Incre
abraslon, which wanring off of the mundibles of b,
Jusca larvae, which E_f_n_.__w detor larval feeding (Jums, 2010),
nw__:a:o.:_x B. fusca larvae prefer to foed on grasses that have low levels
of Sl

15, PHEROMONES AND MATING

Only the females emit pheromones. Males and fornalos exhibit simple and

0, (Y.

i_?:_. on :% plantad crops, In & study, the infestation of liss-soms
milzs, sttackad by the second ganatation of 1, fuses was Wghwr (22106
than sarly-sovn malze sttacked by the first ganaration (572 %)
(Unnithan, 1987),

Host resistance to Insect Is the ganetic property that snatles & glan 1o
avold, minimize, olutats or recovet from injury cavsed by e posts. Taess
plants have genetic traits which manifest as antitiosss, in whics the
blology of the past Is adversely affsciad aftar fasding on the plane.
Purthermors, they can hive yenstic teaits wikch manifast s sntinmmois
(non-proference) where the plant Is not desicabile as & hese and the pase
suuks alternative hosts, They can also be tolerant and abla to witheand o
recover from the pest damags (Prérot, 2006}, Desteuction of vohwsst ad
alternative host plants reducss ovarvwintaring and hibermation of sem
boror specios, Stubble Is probably the main soures of inftial swm borers
Infostation In subsequent seasons (Malust and Ulalco, 291%) Desy
ploughing Is effactive as it brings the larvae and pupss o the whl swfacs
(P6l1x, 2009), The Varvie will be then exposed ) the hast from e s and

omeryo from great depths, However, aro tilage S\\\\.i Insecs pests
with sheltar from plant materials, This may lead to an increacs (s te
number of pests and must be avoided if stm borer numbers sk W be
reduced (Véliz, 2009),

. (2020) Verlogy and
Lgl
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Appropriate disposal of crop residues after harvest can reduce carry-over
populations of diapause larvae and so limit initial establishment of the pest
o the following season's crops, Burning or burying by deep ploughing are
effective but in areas where stems of cereals are used as building and
fencing materials it may be better to devise means of destraying

pausing larvae without destroying the stems. Adesiyun and Ajayl
(1960) showed that partial burning of sorghum stalks kills 95 % of 8 fusea
larvare within them and also improves the quality of the stems as huilding
material. Alternatively, simply leaving stems lying on the graund exposed
to the full heat of the sun for a month or 50 after harvest has been shown
to reduce populations of diapausing larvae, Using crop residues for fodder
and silage has also been recommended. Cultivation by disking and
ploughing may also be effective, and, when preceded by slashing, can
raduce larval populations by almost 100 %. Intercropping maize and/or
sorghum with cowpeas may reduce damage caused by 8. fusca.

18, HoST-PLANT RESISTANCE

Sereening maize and sorghum genotypes for resistance to B, fusca has until
vacantly been limited by the lack of effective technlques, especially the
inability to rear B, fusca on artificial diets, Much screening has therefore
heen against field infestations, often against complexes of different horer
species, In Ethiopia, barely 1 % of nearly 6000 indigenous sorghum
genotypes showed promising levels of tolerance but in South Africa
several lines of maize have Intermediate levels of tolerance to whorl
feeding by first-instar larvae (Barrow, 1993), Mechanisms of resistance
are not well und d but effects of p! | oviposition have been
reparted by van Rensburg et al. (1989). Barrow (1993) suggested that
three factors related to resistance are present In maize, the first killing
early instar Jarvae, the second repelling larvae and the third retarding
larval development,

19, BioLoGICAL CONTROL

Natural enemies play an important role in the contro) of lepldopterous
borers in Africa. Biological control is the use of parasitolds, predators,
nematodes and/or pathogens to maintain density of a species at a lower
level than would occur In their absence. The main attraction of this control
is that it lowers the need for using chemicals and there is limited
environmental pollution, which may affect non-targeted flora and fauna
(Pélix, 2009). It usually offers a lasting solution of stemborer control fro

one duction hence 1 to both and lal
farmers, Some parasitoids attack eggs, some attack larvae, while some
attack pupae. Trich spp. (! Trl d

and Platy busseola (| are egg ds, that

Iy Zimhabywe, many natsial spepies o
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Generally, the Jevels af stem harers pmpasllam by SRspb i
anemies are no satiafactory. Culosin finvipme :cs.s\iz Wienpineey
was imported and released die W lny skt s ul e o W
native parasitald specles I L sl 00d wid - e
Parasitaids lncate hareys hy laylng .ﬁ 3 Vi en e s s iide in
plant stems. Predatars are viluahle compmenis nl nsgwss Fas
Management (IPM). Ants (Hymennpleras Piiinines] wie Wk it
Important predatars of stem horers i malee elde (O sy ek, 1901
They atrack all stages of stem hasers, anil are g e e jsdaiin s
preying an stem horer larvis and pupne. feenidig e bl (igey,
Companots spp, (Formicidae) and Iheduls %\? (Fug b sppsns
be the most impartant and common species i Ak, ks i i
genns Leplsiata were reparied preying an sges sl 1ars il em i ki
(Van den Berg, 1991), In Exhiopla, Earwigs Ciermaptara) sid siis weie
commanly seen preying on A, fusea, ERamapathapgsme ywss, hasisin
and fungl can be used as pathogens b copisnl inesc geds it
thuringiensis (Br) lowsered stam harer birvas in Ksuyi with o s
increase in the yield, Beauverln hasslang 18 kngwn v samsal O gaisiing iy
infecting insect hosts througly the skin penetration. ‘This mikes s
veadily able to kill plercing and sucking pests vl masy it hs kilisd by
stomach poisons, High humidjty is needed In this cass fr Bagyvesin
hassiana germination (Félix, 2069),

Potentials for hinlogical canvrol are currently helng  iwosstigaed,

contribute to natural mortality of stem borers, Hymenopteran parasitoids
like Cotesia spp. have highly specialized ovipositors for stinging and
depositing eggs in the host. The sting causes permanent paralysis in the
host body. Trichogramma spp. parasitise eggs of stem borers while Cotesia
spp. parasitize their larvae (Chabi-Olaye, 2004), Egg. parasitism offers
good control in that it stops the emergence of the damaging larval stage

T in Bast and South Africa. Classical Wulagesl coment by
introduction of parasitoids from Asta and/ur e Americss has losy
attempted on a number of occasions hut with e swecess s far, s
general situation in Africa has heen reviewed by & nimbisr of sl s
the past 30 years (Harrls and Nwanze, 1992) and Wingdomemation
programmes are now In progress in East and South Africa, Geographle
in host accey and lity do exist and wers sipdied in

1l da et al, 2001) reported 16 species of parasiid

(Rélix, 2009). (Heinrich) (Hymenoptera:

ping on B, fusca In South Africa, of which the indigsneus speciss

Inchneumonidae), Pediobus furvus (Gahan) (| phidae)
and  Lepidoscel Spp. k (Thunberg)
( are ds of stem borers,

In  South Africa, Procerochasmiasis nigromaculatus Cameron
(Hymenoptera: Ichneumonidae) was recorded with up to 100 % pupal
parasitism on B. fusca, In addition, in South Africa, Dentichasmiasis
busseolae caused up to 100 % pupal parasitism of C. partellus,
Furthermore, in South Africa the parasitold Cotesia sesamiae (Cameron)
d for up to 90 % of parasitized B,
fusca larvae, but have not yet been able to maintain populations below
economic threshold levels (Malusi and Okuku, 2013), Parasitoids of hosts

Cotesla sesamiae and Bracon sesamloe were most abndant, and discissed
proposals for further introduetions of exatic species fnto South Africe, This
could involve transfers within Africa of B, fusca parasivitds pm known 1o
occur in South Africa and/or intraductions from outside Africa of sam
borer parasitoids from other parts of the world,

20. CHEMICAL CONTROL,

In addition to culwral contro) measures almed at the destruction of
stubble to destroy overwintering populations of larvae, eirly chemical
control Involved whorl applications of lead arsenate as soon as visihle

which feed in exposed situations usually pupate in p silken
cocoons produced by the larvae th Ives. Some ds can pupate
within the eaten outbody of the host (Félix, 2009). In Ghana, exotic species
of Trichogramma showed high fecundity and helped to control stem
borers, including B. fusca. In Southern Benin, Telenomus busseola (Ghana)
(Hy Sclionidae) and Tel isis (Polaszek) (Hymenoptera:
Sclionidae) are the most important natural control factors of stem bores,

7 of beoame apparent. DT, the first synthutle
insecticide, replaced lead arsenate during the 19608, During the
early1960s it became commeon practice In some areas to apply DY
preventatively 26 to 35 days after planting, This inevitably led to some
applications being given o early, whereas others were not sconomically
justified in view of the pronounced spatial and wemporal viriability of
infestation levels, DDT was withdrawn from the agricultural market n

including B, fusca on maize. In Ethiopia the Braconid, Dolich

fuscivora was found to be the major larval parasitoids-of. B.-fusca:with
parasitism as high as 71 % in the dry season and 18 % in the wet season.
Cotesia sesamice (Cameron) (Hymenoptera: Braconidae) is the most
important larval parasitoid of B. fusca with 20 to 25% in

1976, This di led to the and regstration of a number
of new generation Ins 5 Incl hosph d carh
compounds, later followed by the synthetic pyrethroids (Kruger et al,
2012). Most of these were considerably more expensive and some le

than DDT, At the same time, a steep Increase In production costs

Ethiopia (Kruger, 2012). It is also a gregarious larval endosparasitoid of 5,
calamistis, Pediobius furvus Gahan is a gregarious primary pupal parasitoid
of B fusca in maize and sorghum in Ethiopia. According to Kruger (2012),
Stenobracon rufus is a solitary pupal parasitoid of B. fusca attacking maize
and sorghum in Ethiopia with 14 % parasitization.

Atticle: 0 R0, Salaudee

without a concomitant Increase in producer prices of malze placed the
spotlight on the economics of stem horer control Start looking for signs of
damage when plants are 2 to 4 weeks old, depending on the area, If you
find damage holes In the leaves then use any of the following chemicals

LY. (2020)

Ssbalnalilinyg i gl ol A b dsie (BRI 13 A 4044 31 0

o Phioddan 49 G« a pineh it the gl of ons Plank (44 b/l
o DIpteres 26% G a pineh inta Qe el ol soch plans (44 bg/h)

o walldack 0.06% G - ane sbiabe I e el of sach plant (74 1)
Kg/ha).

o Ambush 00896 - ane shaks per plant i s minel (7.8 - 10 g/l )

o Pymae (the vesidue fram __<.;:.:_.._ PinsRsRIng) - & b ol
Pymae shaule ha applied i e el ol vash plans

20,0 Ibegrated manigement

Sinee stem havers 15 an hnportant pest of malee 1 sh-Suhigan Aliivs, @
widde range af methads have hagy peseayehud, toated il __:_._z__;.:s. "
manage this pest. These fnelwde amang others sonbinl Wy prsbicile,
cenltwral practices, host plant restsanee as well as hinlgleal smbiol ugeine
(Kiv et ab, 2002)Calomral contval fs a lang-astablished ettt ol
modifylng the Nahitat o ynake e snvianmens nnkvmaile i e
survival and vepradwetion of posts, Mareaver, It )3 e st relyans am)
economie wethod of stemy haver eamral avillahle oy peamres e
farmers n Afviea. This management styategy, ennsilerad i sk s of
defense against pests and amang the aldest dradiianal praciees, ees
techniques suely as destonetion of erop resiidies, _:::.n::.\_::: up
votation, - manipulation af - planting - daves, g athale ol
tmpravement of sail fertility, I additlon, the aly ol Hhess sl
techniques 1s ta vaduee vather thin eradicate pest poplsions sl ¢ £
be wsed in conjunction with athar methads, Diagnastie wark in West Afriea
Indicated that increased plant diversity in (mixed _h.;_.____i aml il
(wild habitats) maize fields op impravement of sofl fer ity via insgrtlon
of grain legumes or caver eropsi as short fallow, or provision of niogen
fertilizer or silicon (81) could (nfvence stem havers Infustasfon Jevels
(Ndemah et al, 2004), In addivion o enltural contenl, hnak plant railstanes,
genetically modified B maize and ehemieal coniral offer patentlal aptinns
for pest management,
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