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Abstracts

The exotic stemborer, Chilo partellus (Swinhoe) (Lepidoptera: Crambidae) is the most important pest of
sorghum in East Africa. The insect infests sorghum crop throughout its growth stages. It has also been
recorded and documented from wild host plants. C. partellus has several native and exotic natural
enemies. Field and laboratory studies were conducted to know the status of C. partellus and its natural
enemies and assess the efficacy of botanicals and cow urine against C. partellus and their effect on the
natural enemies. Surveys were conducted in 2016/17 and 2017/18 in three districts and nine farmer fields
of Kalu, Bati and Dawa Chefa districts, Ethiopia. Sampling was done both randomly and purposively.
Analysis of variance (ANOVA) was carried out to determine if there were any significant differences
across the locations and between the plant growth stages. Laboratory evalution of plant and animal-
based insecticides and optimum concentration on C. partellus was conducted in 2016. The experiment
was laid out in completely randomized design in three replications for each rate. The rates were 2g, 2.5g,
3g of powder and 1ml, 1.5ml and 2ml w/v of the solutions. The most effective biopesticides were further
tested in 2017 in farmer’s field. The trial was designed in a randomized complete block design in
factorial arangment in three replications. The treatments were at two levels of frequencies (2 & 3 times
application) and three rates of powder (1g, 2g and 3g) and three rates of solution (5%, 10% and 15%).
The study revealed that C. partellus constituted 90.3 & 91.2% on sorghum and 45.4 & 69.2% on wild
hosts in 2016/17 and 2017/18, respectively. Significant differences were observed among the host plants
and sorghum growth stages. In sorghum, C. partellus density were found to be significantly higher than
on wild hosts (P<0.05). Relatively higher numbers of larvae (5.02+0.5) per plant were recorded from
Bati at seedling stage and the lowest; (3.32+0.3) was from Kalu. Significant difference was observed in
incidence of C. partellus (F=11.8; d.f.=2;P<0.008). C. partellus was significantly (F=60.3;d.f.=2;
P<0.000) different at the three plant growth stages across the locations. Similarly, significant (F=24.75;
d.f.=2;P<0.001) difference was recorded at vegetative stage in terms of exit holes. Natural enemies’
abundance showed significant difference among sorghum growth stages. C. flavipes (Cameron) recorded

abundantly at maturity stages of sorghum. The highest number (0.48) was recorded from Bati at the



maturity stage with the relative abundance of 33.8%. Cotesia flavipes parasitism varied across the

locations and host growth stages. The highest (61.5%) parasitism was recorded from Bati at maturity in
both seasons. Ants were highly abundant at maturity and lower at early stages at Bati, while (83.7%)
relative abundance was recorded from Kalu. Earwigs were highly abundant in Dawa Chefa district,
while the maximum number was found from Bati at maturity stage with the relative abundance of 26.3%.

Laboratory study showed that Millettia ferruginea seed powder and aqua extract caused 100% mortality

at the highest rates after 24 hrs exposure. Cow urine, Phytolacca dodecandra aqua extract and its

mixture with cow urine were found effective. Results of field trial showed that all pesticides formulations
significantly (P<0.01) reduced C. partellus damage at the highest rates with two times applications
compared to untreated check. Likewise, their effect on the main natural enemy of C. partellus was
minimal. C. partellus was found attacking by several natural enemies at each stages of sorghum, thus it is
suggested that use of plant and animal-based insecticide can be regarded as suitable alternative to

synthetic insecticides for the management of C. partellus in the field.

Key words: Status, Abundance, Infestation, Sorghum, Biopesticides, C. partellus
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Chapter 1
General Introduction

1.1 Background of the study

Sorghum (Sorghum bicolor L. Moench) is a major food and nutritional security crop to
more than 100 millions people in Eastern horn of Africa (Gudu et al., 2013; Yoseph
Tekle & Zemach Sorsa, 2014). In Ethiopia, sorghum is the third most important food
grain after teff and maize, produced mainly for food consumption (CSA, 2005; FAO,
2009; IITA, 2009; Schneider & Anderson, 2010). Currently more than 5 million
households grow this crop (EIAR, 2014; Belay Fentaye & Hintsa Meresa, 2017) to meet
needs for food, income and construction. The main use of sorghum in Ethiopia is for
producing injera. But it has also incredible uses for the farmers and no part of this plant is
ignored. The stalks are used for animal feed, mulching, fuel and house construction. The
grain is also used for the preparation of other traditional foods and beverages such as tella
and areki. It is also consumed boiled and roasted (Stone et al., 2011; FAO, 2014 & EIAR,

2014).

The crop possesses great genetic diversity and is grown across varied agro-ecological
zones of the country (Kinfe Hailegebriel & Adane Tesfaye, 2018) and it covers 14.4%
(about 1.6 million hectare) of the land allocated for cereals (CSA, 2012). Kalu, Bati and
Dawa Chefa districts in South Wollo and Oromia zones of Amhara National Regional
State are among the major sorghum growing regions in Ethiopia. Farmers in these regions
are highly dependant on this crop since the areas receive little rainfall which as a result is

arid. Despite the diversity, uses and the wide range of environment in which the crop

1



grows, vyields are usually low in Ethiopia because of several factors including
lepdopterean cereal stem borers (Emana Getu et al., 2008; Wortmann et al., 2009 &

Sylvain et al., 2015).

Among these, the exotic Chilo partellus Swinhoe (Lepidoptera: Crambidae) is the most
injurious in the region. C. partellus is a medium sized moth; the larvae are the destructive
stage and damage all the growing stages of sorghum. Leaf scraping, stem boring and total
death of young plants (dead heart) are some of the damage caused by this pest on
sorghum resulting significant yield loss (Tadele Tefera, 2004; Emana Getu et al., 2008;

GRDC, 2009 & Kinfe Hailegebriel & Adane Tesfaye, 2018).

Farmers in the region usually used chemicals in controlling this pest as it is most
effective and convenient. However synthetic insecticides can pose several problems to
the environment. Naturally occurring biological control agents have a potential role in the
management of this pest in fields of sorghum. So, considering their impact on the
population reduction of this pest is necessary. Thus, C. partellus control practice that are
effective and economically feasible, nontoxic to the environment and less risky to natural
enemies need to be made accessible to farmers. Accordingly, knowledge on C. partellus
and natural enemies’ status is crucial to plan and manage the pest and non target insects
effectively in the natural environment. However, there were no or only few studies
conducted on the current status of this pest, its natural enemies and management practices
in the target areas. Thus, these studies were initiated and conducted with the following

objectives:



1.2 Objectives

1.2.1 General objective

To identify the status of C. partellus and its natural enemies on sorghum and wild hosts
and its damage levels on different stages of sorghum and evaluate the efficacy of plants

and animal-based insecticides to develop effective management of the insect

1.2.2 Specific objectives

1. To determine the abundance and infestation levels of C. partellus on different

growth stages of sorghum and wild host plants

2. To assess the abundance and impacts of natural enemies on all stages of sorghum

crops

3. To evaluate the efficacy of some botanicals and cow urine against C. partellus

under laboratory condition

4. To screen and test the best treatments for the control of C. partellus on farmers’

field of sorghum



Chapter 2

Literature Review

2.1 Overview of Sorghum

Sorghum is classified under the family Poaceae (grass family), genus sorghum and
species bicolor (Stapf, 1917; Kinfe Hailegebriel & Adane Tesfaye, 2018). Sorghum is
herbaceous annual, highly diversified, and follows the C4 photosynthetic pathway like
maize thus has greater efficiency of dry matter production relative to water use (Charles
et al., 2006). Roots are fibrous and can extend from the top 90cm soil layer to twice that
depth. The stem shows the greatest differences between genotypes, ranging from thin to
thick, with low or multiple tillering. Stems are erect, measures 0.6m to 5m high and 5mm
to 30mm in diameter. Leaves are broad, smooth, very similar to maize leaves, but shorter
and broader. Inflorescence is a panicle, around 60cm long, bearing up to 6000 spikelets

(Rattunde et al., 2001; Balole & Legwaila, 2006).

Sorghum is cultivated in wide geographic areas with erratic, poor rains and soils. The
optimal growth conditions are 25-30°C temperature with less than 400-750mm annual
rainfall, well-drained loamy clay soil with a pH between 5.5 and 7.5 (Balole & Legwaila,
2006). It can also withstand water logging from heavy rain and hence can grow in both
temperate and tropical zones. Forage sorghum is important substitute for more water-
consuming crops in environments where water is limited, due to drought. Owing to its
inherent nature to withstand drought and temperature, it is a potential crop for combating

climate change and will be the crop of the future. For that reason, the crop will be



extremely valuable wherever water becomes short because of global climate change

(Brouk et al., 2011 & Contreras-Govea et al., 2010).

Sorghum production varies across the different parts of the world. According to FAO
report, United States of America is the top sorghum producer with a harvest of 9.7
million tonnes followed by India, Nigeria, Sudan, and Ethiopia among others
(FAOSTAT, 2011). In Africa the most important sorghum producers are Nigeria,
Ethiopia, Sudan, Burkina Faso, Tanzania and Niger in that order (Emana Getu et al.,
2001; 2002 & FAO, 2014). In these countries the crop is an important mainstay for most
of food insecured people. In eastern Africa, sorghum is not only the major food but also
nutritional security crop to more than 100 million people, due to its resilience to drought

and other production constrains (Wortmann et al., 2009 & FAQO, 2010).

Sorghum is the fifth most important staple food crop after wheat, rice, maize and barley
in the world and second after maize in Africa (FAO, 2010 & Stone et al., 2011).
Moreover, the crop is versatile enough used for alcoholic beverage and syrup production.
The stalks are used for animal feed, fuel, mulching and fence construction. Nutritionally,
sorghum is an excellent source of riboflavin, Vitamin B6, thiamin and minerals such as
iron, potassium, manganese and magnesium. It possesses huge amount of carbohydrates
with 40.78% protein, 18.97% fat, 2.50% calcium and iron, vitamin B1, and nicotinic acid
in small amounts. Sorghum assists in digestion, prevents cancer, controls diabetes, helps
celiac disease, maintains bone health, prevents anemia, boosts level of energy, assist in

thyroid prevention and increases conscious mental activities (FAO, 2014).



2.2 Sorghum in Ethiopia

Sorghum is native to east Africa, probably Ethiopia (Hariprassana, 2017). Several studies
suggested that it was domesticated and originated in the northeast quadrat of Africa, most
likely in the Ethiopian-Sudan border regions. The presence of wild and cultivated
sorghums in Ethiopia reveals that the country is the primary centre of its origin and
diversity as well (Mekibeb, 2009; Kinfe Hailegebriel & Adane Tesfaye, 2018). Though
Ethiopia is the centre of its origin and diversity (FAO, 2010 & 2012) it ranks 6™ globally
and the 2" largest producer in Africa next to Nigeria (FAOSTAT, 2011 & Wani et al.,

2011).

In Ethiopia, sorghum is the third most important food grain after teff and maize and
produced mainly for food consumption (CSA, 2005 & 2012). The lives of millions of
poor Ethiopians depend on sorghum. Besides it has tremendous uses for the farmers.
Villagers prepare a wide range of traditional fermented foods and beverages from
sorghum grains. Some of these include injera, dabo, kita, porridge, nefro, bulla,
alcoholic beverages such as tella, areki, borde, keribo, and bukrie. These foods are
relatively cheap to prepare and are therefore important alternatives for low income
consumers who cannot afford industrially processed foods and beverages. Most of the
customs and rituals of Ethiopian traditional fermented foods and beverages exist still now
in urban and rural households. Sorghum stover (stalks and leaves) are important source of
animal fodder, cooking fuel and house construction. In Ethiopia, stover accounts for 37%
of the crop value compared to Sub Saharan Africa where it accounts for only 26% of the

total crop value (Wortmann et al., 2009 & FAQ, 2010).
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In Ethiopia sorghum is grown in almost all regions occupying an estimated total land area
of 1.6 million hactare (CSA, 2012). This crop is grown in almost all regions, from 400-
2500m and in drought prone areas of the country (FAO, 2010 & CSA, 2012). Oromia,
Amhara and Tigray regions are the major production regions which represent about 78%
of sorghum among small holder farmers (IITA, 2009; FAO, 2010 & CSA, 2012).
Sorghum is becoming a high potential and dominant crop in these regions. In north
eastern Ethiopia sorghum is typically planted mostly between April and July and
harvested from October to December. Farmers cultivate two varieties of sorghums: the
long duration or late maturing varieties (produces comparably lower sorghum grain
yields) and short duration or early maturing varieties (produce higher sorghum grain
yields per ha) (Sorghum value chain context report, 2014). However, farmers prefer the
lower yielding longer duration maturing varieties as the biomass is used in the local

economy and other diverse uses.

Sorghum became popular to many of small holder farmers particularly who live in areas
where water is limited. Its capacity to produce high yields on unfavorable growing
condition has made it a well linked crop for many resource poor growers in Ethiopia. But
several production constraints hindered its production and productivity. Currently, the
crop is produced by 5 million households and its production is estimated to be 4 million
metric tons from nearly 2 million hectares of land giving the national average yield of
around 2 tons per hectare (CSA, 2012), which is far below the global average of 3.2
tons/ha (FAO, 2010). This low crop production is because of many biotic and abiotic

factors.



2.3 Biotic constraints of sorghum crops

Biotic constraints are the primary factors limiting sorghum productivity. Among these
several species of insect pests impact the yield of this crop in the country. As compared
to maize, three times higher insect pests have been recorded on sorghum in Ethiopia
(EIAR, 2014). This might be because Ethiopia is the center of origin of sorghum where it
lives with its associated insect pests and natural enemies. However, due to inappropriate
management significant yield reduction was recorded due to insect pests on sorghum

each year (FAO, 2010).

Among the insect pests Busseola fusca (Fuller) Chilo partellus and Sesamia calamists
(Hampson) are the major pests. The exotic, C. partellus is the most important problem in
Ethiopian sorghum growers. Previous surveys on stem borers have shown that in north
eastern Ethiopia, C. partellus is the dominant species on sorghum among others (Emana
Getu et al., 2002; Amanueal Tamiru et al., 2007; IITA, 2009 & Melaku Wale et al.,
2016). The pests were reported to have caused damages ranging from significant seedling
damage to total sorghum vyield losses. Together with B. fusca, C. partellus causes yield
losses of 0 to 100, 39 to 100, 10 to 19 and 2 to 27% from south, north, east and western
Ethiopia, respectively (Emana Getu, 2002; Zhou et al., 2001 & Asmare Dejen et al.,

2013).

2.4 Biology of C. partellus

Adult C. partellus is small sized moth having a wingspan of about 1.9-2.8cm. Fore wings

are narrow having a straw or light brown color, while hind wings are papery thin and



white. The forewings of males are pale-brown; those of females are much paler. In males,
hindwings are a pale straw color; in females they are white. The moth is nocturnal in
habitats and usually lives approximately one week (Mbenga, 2010). C. partellus is also
commonly called as ‘spotted stemborer’, ‘durra stem borer’ and ‘maize stalk borer’.
However, spotted stemborer is now generally more accepted as the common name of this
insect (Maes, 1997). C. partellus is a lepidopteran insect belonging to the super family
Pyraloidea, family Crambidae and sub family Crambinae. Pyraloidea larvae are
distinguished from other lepidopteran larvae by the presence of large circles or ellipses of

crochets on the abdominal prolegs (Maes, 1997 & Visagie, 2016).

Mating occurs during the early hours of the day. Females lay eggs on the 2-3 subsequent
nights up to 500 eggs in batches of 10-80 overlapping eggs near the midribs on the under
surface of the leaves during the evening hours. Eggs are oval with a creamy white colour
and approximately 0.8mm in length (Plate 2.1a) (Panchal & Kachole, 2013). Eggs can be
found in the field from one week to three weeks after the plant emergence. Hatching

takes place early in the morning after plant emergence usually 4-6 days after oviposition.

On hatching larvae feed gregariously for a short time after which they migrate upwards to
feed in the whorls of the crop plant. At the 3 instar stage, larvae migrate from the whorl
to bore down into the stem. These larvae tunnel into stem tissue and feed in the inter-
nodes for a few weeks and they later develop into pupae after 28-35 days. Final instar
larvae (Plate 2.1b) are 25-30mm long and rows of dark spots can be seen on the body
(Panchal & Kachole, 2013 & Ateia, 2018). The head capsule and prothoracic shield

appears brown. The dorsal surface of the body has four reddish brown or purple



longitudinal stripes (Visagie, 2016). Larvae migration may occur to neighbouring plants
if the food is deteriorated, decrease in quality and increase in contact between larvae

(Berger, 1995).

Larval development is completed in 24-27 days and has 5-6 instars. The full-grown larva
prepares a circular exit hole for the moth just before pupation. Pupation takes place inside
the stem after 2-3 weeks of feeding. Pupae are long cylindrical forms that are dark brown
in colour and males are smaller in size than the females (Visagie, 2016) (Plate 2.1c). The

pupal period takes 7-10 days after which adult moths emerge to complete the cycle.

Adults (Plate 2.1d) emerge from pupae after 5-12 days of pupation; moths live for 3-8
days during which they mate and lay eggs (Panchal & Kachole, 2013). The entire life
cycle may be completed within 30 to 40 days (Plate 2.1) in some cases up to three times
faster than the life cycle of B. fusca. This could cause C. partellus to be more competitive

than B. fusca.

During the off season, the larvae undergo diapauses in plant stalks and stubbles or in stem
bases beneath the soil. The hibernation sites provide insulation and shelter (Kfir et al.,
2002). However, a rise in temperature and the arrival of the first spring rains are the two
most important factors for breaking diapause of overwintering larvae. Thus, with the
onset of rain, larvae pupate and adult emerges in 7 days. During the entire crop season,

three to four overlapping generations may occurs in the field (Mbenga, 2010).
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Eggs

Adult

Plate 2.1 Life cycle of C. partellus: a) eggs b) larva c) pupa and d) adult

2.5 Distribution

Various reports indicate that C. partellus is distributed throughout the world wherever
sorghum is grown in the lower warmer areas (Zhou et al., 2001; Emana Getu et al., 2001;
Overholt et al., 2001; Kfir et al., 2002 & Chinwada et al., 2003). This pest is the most
important problem to maize and sorghum growers in various sorghum growing countries
of the world (Muturi et al., 2012 & Sylvain et al., 2015). In Africa alone, the pest is
reported to have infested sorghum from different countries including Kenya, Ethiopia,
Somalia, Lesotho, Mozambique, South Africa, Swaziland, Zambia, Botswana, and
Zimbabwe (Overholt et al., 2001; Emana Getu et al., 2002 & Kfir et al., 2002).

Moreover, the predicted eventual distribution included several countries in south western
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and western Africa where the pest is not yet known to occur (Overholt et al., 2000 &

Emana Getu et al., 2001).

In Africa the pest has also been known to coexist with the native stem borer species in
many areas in the moist mid-altitude and moist transitional agro ecological zones
(Polaszek, 1998; Ofomata et al., 2000 & Amanuel Tamiru et al., 2007). However, it has
been reported to competitively displace the native stem borer species such as B. fusca, S.
calamistis, Chilo orichalcociliellus and Eldana saccharina in the region and it became

the domoinant stem borer (Kfir, 1997; Kfir et al., 2002 & Sylvain et al., 2015).

One of the possible reasons for the displacement of indigenous species by C. partellus is
that hibernating larval populations of C. partellus terminate diapause and emerge as a
moth earlier than B. fusca and other native species (GuoFa et al., 2001). In addition, its
life cycle is three weeks shorter than that of the native stem borer species, B. fusca which
gives it a further competitive advantage because of its higher potential rate of increase. In
Ethiopia, Assefa Gebre-Amlak (1985) recorded C. partellus at an elevation range of 510
to 1700m and in warmer areas of the country. However, Emana Getu et al. (2001 &
2002) reported for the first time the niche expansion of C. partellus to the higher
elevation. Recent report indicated that C. partellus occurred at elevations as high as 2088
meters above sea level (Amanuel Tamiru et al.,, 2012). This shows the potential

distribution of this pest in the high land areas of the country.
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2.6 Host range

C. partellus is among the phytophagous insects that occurred on several wild and
cultivated host plants. But, this pest has occurred in wild hosts before the domestication
of sorghum (Rebe, 2002). C. partellus is associated with a wide range of wild hosts
belonging to the families Poaceae, Cyperaceae and Typhaceae for millions of years (Le
Ru et al., 2006 & Visagie, 2016). Previous studies revealed that C. partellus can survive
in wild grasses more than other indigenous stemborer species (Ofomata et al., 2000;
Songa et al., 2002 & Maddonni et al., 2006). For example, a survey that was conducted
in Kenya, Tanzania and Uganda indicated that B. fusca was not common in wild hosts,
showing its relative preference for cultivated hosts (Le Ru et al., 2006). However, a
related study revealed that C. partellus to be the most common borer species in wild host
plants (Kfir et al., 2002 & Khadioli et al., 2014). In line with this study, the success of C.

partellus is probably centered on shifting from wild to cultivated hosts and vice versa.

2.7 Pest status of C. partellus

The year of first report of infestation on its host markedly varied among African
countries. C. partellus was first reported from Malawi in 1930 (Emana Getu et al., 2001
& Overholt et al., 2001), but it was reported to have been recorded infesting maize and
sorghum in Ethiopia in 1970’ (Emana Getu, 2001 & Melaku Wale et al., 2006). Since
then, the pest is reported as a dominant pest