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ABSTRACT 

 Sorghum is crucial grain crop for subsistence farmers in Sub- Saharan Africa's economic and food security. However, 
the main factors limiting the crop's yield are biotic and abiotic stresses. Stem borers substantially reduce yields, which limits 
sorghum production. Additional, rising temperatures brought on by climate change have the potential to exacerbate yield 
losses by feeding the population of maize stem borers. Other pressures and the plant's low nutritional status exacerbate stem 
borer damage. In Africa, yield losses due to stem borer damage can range from 20% to 40% on average. The most harmful 
stage of the pest's growth is the larval stage. They are hidden inside the stem, feeding on the plants inside, which makes them 
extremelydifficult to control.  Plant stems are severely damaged by stem borers, especially when the center leaves are 
destroyed. There are several ways to control the number of stem borers and the harm they do to cereal crops. These consist of 
the use of synthetic pesticides, biocontrol, host plant resistance, and cultural behaviors. Regarding its effects on the 
environment, human health, its financial costs, and its sustainability, each management approach has some benefits and 
drawbacks. The most crucial aspect of integrated insect pest management is host plant resistance. This is due to its low cost, 
compatibility with other integrated pest management (IPM) techniques, and safety for the environment. Through combining 
different insect-resistant genotypes in hybrids, millet crop stem borers, such as those of sorghum and maize, may be more 
effectively controlled. Numerous hybrids and inbred lines have been found as a result of worldwide research institutions like 
CIMMYT and regional research stations constantly screening vast genetic materials resistant to stem borers. But all of this was 
eclipsed by advances in molecular genetics and the introduction of genetically modified maize. 
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Introduction 
Sorghum [Sorghum bicolor (L.) Moench] is 
classified as a C4 tropical crop (Zinzalaet al., 
2018), and it is a cereal crop that is widely grown 
as a staple food in the semi-arid tropical regions 
of Asia, Africa, and Central America. For more 
than 300 million people who reside in the 
semiarid tropics, it serves as their primary source 
of sustenance (Gierend&Swamikannu, 2016). The 
majority of sorghum grain produced is used for 
food, and it serves as a source of food security in 
some regions of Asia and Africa. Studies 
demonstrating the anti-inflammatory and 
cholesterol-lowering qualities of the grain and its 
byproducts (Althwabet al. 2015, Vanamalaet al. 
2018) have led to a rise in the usage of the crop as 
a food crop in high-income nations.   
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The United States (Poquetteet al. 2014), Ethiopia 
(Mengistuet al. 2018), South Africa (Adeyanju et 
al 2019), and Kenya (De Groote et al 2020) are 
among the countries with the highest potential 
sorghum consumption in the future. Sorghum's 
popularity should result in more food being 
available in both rural and urban regions. Even in 
harsh environmental conditions, sorghum can 
generate large yields; nevertheless, damage by 
insect pests at different phases of the plant's 
development can lower its productivity, which 
has an effect on low-income farmers in 
developing nations. While producing high yields, 
sorghum is a very adaptable crop that can resist a 
range of soil fertility levels, drought, and 
temperatures; certain hybrids have even been 
shown to generate better yields after 
experiencing drought stress (Borrellet al. 2000). 
Among biotic stressors, biotic insect pest are one 
of the most devastating constraints which are 
threatening regional and global food security 
crops including sorghum. They affect not only 
the productivity of crop, but also grain quality as 
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well.  According to Guo et al. (2011), there are 
over 150 insect species (in 29 families) that impact 
sorghum globally. These insects might be major, 
minor, or sporadic pests. Leaf-sucking species, 
leaf-feeding species, stalk or stem borers, pests of 
the panicle, and pests of the stored grain are all 
significant sorghum insect pests (Okosun et al., 
2021). Shoot flies, midges, stem borers, and head 
bugs are severe insect pests in Africa, causing up 
to 85% damage in some cases (Overholt 2001, 
Kahate et al. 2014). According to the last decade 
review by Calatayud et al. (2014), the interactions 
of this insect pest with plants (Calatayud et al., 
2008; Tekle, 2016), It’s reproductive biology 
(Calatayud et al., 2011; Kruger et al., 2011&2014) 
and genetics (Sezonlin et al., 2006) have been well 
documented over the time. Recently, this insect 
has remained a serious barrier to sorghum and 
maize production in horn Africa, especially 
Ethiopia. As the report of Tekle (2016), the 
average grain yield loss of maize due to stalk 
borer borers in Ethiopia can be estimated 
between 20 - 50% (Boeke et al., 2004).As a result, 
this study review will provide current 
information on the economic relevance, 
distribution, life cycle, and genetics of the 
sorghum stem borer (Busseolafusca), as well as 
potential management methods for effective. 
Hence, the purpose of this article is to review the 
economic importance of sorghum stem borer 
andits control methods particularly focusing on 
pant host resistance. 
Geographical distribution of stem borer 
According to Mally, B. fusca has been regarded a 
major pest of maize and sorghum in Sub-Saharan 
Africa since 1920. This pest was originally 
reported in Africa in the 1930s, in Malawi (Kfir 
1997). It is prevalent throughout Sub-Saharan 
Africa, except in Zanzibar and Madagascar, 
according to kfir 2002; Le Ru et al., 2006). Eastern 
and southern African populations appear to be 
more adapted to their environment than West 
African populations. Busseolafuscais found in all 
agroecological zones of East Africa, from lowland 
semi-arid and arid savannahs to highland African 
wet mountain forests (Ong’amo et al., 2006; Le Ru 
et al., 2006; Ndemah et al., 2006; Kefle, 2016]. 
Despite its dominance in highland agroecologica 
zones, the stalk borer has expanded to most 
nations in eastern and southern Africa, according 
to a recent analysis in (Calatayud et al., 2014; 
Okosun et al., 2021). B. fusca is restricted to mid- 
and high elevations (>600m) in the eastern and 

southern regions of the continent, but in West 
Africa, the same species is present at all 
elevations but is more abundant in the savanna 
zone (Overholt et al., 2001; Tekle, 2016). Since 
then, a multitude of data on its distribution, pest 
status, and toxicity has been generated (Kfir, 
2002; Calatayud et al., 2014). Currently, B. fusca is 
regarded as one of Africa's most damaging 
lepidopteran pests of maize and sorghum Van 
den Berg et al 1991. Within seven years, the 
expansion of this pest to high elevations is also 
found raised the infestation levels of stem borers 
in sorghum in the region to 59 percent.  
Economic Losses in Sorghum from stem borers 
The stem borer's significant damage, which 
directly affects grain yield variables including the 
density of fertile tillers and the number of 
productive panicles, is caused by its economic 
significance in Africa (Togola et al., 2020). 
However, because of sorghum and pearl millet 
plants generate viable tillers; they are less 
susceptible to stem borer damage than maize 
plants. Crop loss estimates varied significantly 
across different geographic and agro-ecological 
zones. Losses from B. fusca damage to maize 
fluctuate around 14% on average in Kenya alone 
(De Groote, 2002). While monocropped maize 
fields in Cameroon's humid forest zone 
frequently experience losses of over 40% (Chabi-
Olaye et al., 2005). Sorghum production losses 
brought on by stem borers alone range from 11 to 
49% in west Africa, 15 to 88% in east Africa, and 
50 to 60% in southern Africa, according to 
Overholt (2001). Furthermore, stem borer has 
been linked to yield losses of between 10 and 100 
percent in rice fields (Schulthess et al., 1991). 

On the other hand Stem borer infestation, 
damage, and severity all significantly depend on 
the amount of rainfall, the type of crops grown, 
and the fertility of the soil, all of which have an 
impact on the plant's nutritional state (Tefera et 
al., 2011). Drought, other pressures, and the 
plant's poor nutritional state all exacerbate stem 
borer damage. Studies on various African stem 
borers revealed that higher pest loads and tunnel 
damage are correlated with higher nitrogen 
levels (Haile and Hofsvang, 2001). The plant's 
resistance to stem borer attack was also 
significantly influenced by soil nutrient levels, 
particularly nitrogen. Lower yield losses are a 
result of increased plant vigor, which is the cause 
of this (Jiang and Cheng, 2003).Favorable 
circumstances, including a 28°C temperature, 
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long days (16 hours), and enough water end the 
larval diapause, allowing pupation to take place 9 
days later (Kfir, 1993).The level of damage also 
relies on the species and density of the pest, the 
crop growth stage, and climatic and edaphic 
conditions. It attacks the plant at numerous 
phases of development, including seedlings, 
whorls, blooming structures, and fully developed 
grain. During the vegetative stage of the sorghum 
plant, C. partellus larvae are found beneath leaf 
sheaths and whorls, however during the 
reproductive stage, larvae are found in the stem. 
Infested plants are grouped together, and small 
"hot spots" with high shoot borer densities are 
present (Overholtet al. 1994). Infestations start as 
early as 15 days after seedling emergence and last 
till harvest because C. partellus larvae attack all 
sections of the host plant except the roots 
(Sharma 2003). Damage can cause plant stunting, 
which lowers grain and fodder output 
(Marulasiddesha et al. 2007, Singh et al. 2011).  
Biology and Life cycle of stem borer(Busseolafusca) 
Understanding how B. fusca interacts with plants 
requires a solid understanding of the species' 
biology. The majority of the material produced 
for B. fusca during the last century, which is the 
basis of our understanding of its biology and 
ecology (Okosun et al., 2020; Calatayudet al., 
2014). Adult females lay hundreds of eggs in 
batches of 30 to 100 or more on the underside of 
leaves. However, according to a further 
assessment by Calatayud et al. 2014, female 
Busseolafusca oviposit a very varied quantity 
(from 100 to 800) of spherical and flattened eggs 
in batches (Kruger et al., 2012).  

After hatching, larvae require 7 days to 
develop and begin feeding on the young blades 
in the leaf whorl (Unnithan 1987; Okosun et al., 
2020). In most cases, stem borer damage is 
remarkably similar to fall arm worm damage. 
Larvae cause harm to the growth point in the 
whorl before burrowing into the stem. Larvae 
develop through 6-9 instars in 30-45 days before 
pupating in their feeding tube (Unnithan 1987). 
The pupal stage lasts between 10 and 20 days. 
The entire life cycle takes about 2 months, and up 
to four generations can occur every year 
(Unnithan 1987, Overholt et al. 2001; Okosun et 
al., 2020). Larvae of the previous generation enter 
compulsory diapause in sorghum stubble or wild 
grasses at the end of the wet season (Kfir 1991, 
Overholt et al. 2001; Calatayud et al., 2014). 
During the dry season, diapausing larvae in dry 

stems can live for up to 6 months (Unnithan 1987, 
Kruger et al. 2012; Calatayud et al., 2014). They 
overwinter in the bottom and middle thirds of 
dry stalks and emerge from diapause over a 
three-week period from October to November. 
Breeding progress for stalk borer control 
Despite the heavy losses caused by stem borers 
and storage pests in Africa, only CIMMYT’s 
Global Maize Program (GMP) includes breeding 
for resistance through the Insect Resistant Maize 
for Africa (IRMA) Project in collaboration with 
national partners (Mugo et al. 2008, CIMMYT 
2011). This is attributed to the genetic and 
logistical challenges posed by screening and 
selecting for insect resistance. Pest resistance in 
maize is usually inherited in a polygenic or 
quantitative manner, with some influence of 
environmental factors; therefore, breeding for 
pest resistance is a time- and research-intensive 
endeavor. The recent identification of sources of 
resistance to important insect pests of maize and 
their incorporation into a limited number of 
adapted materials could be useful in setting up 
successful impact-oriented insect resistant 
breeding programs in eastern and southern 
Africa (CIMMYT, 2010). 

Significant breeding efforts have been made 
at CIMMYT to incorporate the complex traits into 
elite maize varieties that are acceptable to African 
farmers. These efforts have most recently resulted 
in the development and release of open-
pollinated varieties (OPVs) and hybrids in Kenya 
by the national partners (Mugo et al. 2001, Mugo 
et al. 2003, and Mugo et al. 2008, CIMMYT 2011). 
In 2006−2007, three maize OPVs and three maize 
hybrids with conventional stem borer resistance, 
and six post-harvest insect pest and stem borer 
resistant maize hybrids were released in Kenya. 
In addition, regional and international 
collaborators in China, Indonesia, 6 Mali, Nigeria, 
the Philippines, Peru, Thailand and Vietnam 
requested and received seeds, in 2006 and 2007, 
and collaborators in Ethiopia, Uganda, Tanzania, 
Malawi, Zambia, Zimbabwe and Mozambique 
are currently testing experimental stem borer and 
post-harvest insect-pests resistant maize 
germplasm for evaluation and use in their 
breeding programs (CIMMYT 2011). Vietnam in 
particular, identified CIMMYT insect resistant 
inbred MIRTC4AmF101 as combining well with 
Vietnamese commercial inbred (Vietnam 
Country Report, RETA No. 6208, 2007). Even 
though the germplasm does not show extreme 
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resistance to stem borers, it significantly reduces 
borer damage.  
Management of the maize stalk borers 
Because nature of habitat of stem borers (internal 
shelter), their management requires some specific 
control measures and actions as reviewed in 
Togola et al. 2020. Various strategies exist for 
managing stem borers’ population and damage 
in cereals crops. These include cultural practices, 
host plant resistance, biocontrol and use of 
synthetic pesticides. Each management method 
has some advantages and limitation regarding its 
impact on environment, human health and its 
economic costs and sustainability. 
Host-Plant Resistance 
Host plant resistance is most important 
component of integrated insect pest’s 
management. Plant resistance may limit pest 
population growth and enhance alance between 
pests and their natural antagonists. Sorghum 
resistance to insect pests is measured by 
antixenonis, antibiosis and tolerance. According 
to Okosunet al. 2020, antixenosis is a mechanism 
that has a negative impact on insect behavior and 
antibiosis also has a negative impact on insect life 
history and tolerance is plant's response to 
arthropod harm (Singh et al. 2011; Muturi et al. 
2012 and Prasad et al. 2015). Combining diverse 
insect-resistance genotypes in sorghum hybrids 
can aid in control of major insect pests such as 
midges, mites, aphids, head caterpillars and stem 
borers (Marulasiddesha et al. 2007, Subbarayudu 
et al. 2011). For example, four genotypes were 
discovered to be resistant to shoot fly oviposition, 
shoot fly 'deadheart, stem: orer-induced 
'deadheart,' and adult populations of shoot bug, 
Peregrinusmaidis (Ashmead) (Hemiptera: 
Delphacidae)(Subbarayudu et al. 2011). There are 
five resistant lines that have long-lasting 
resistance to A. soccata and C. partellus in terms 
of seedling vigor, leaf glossiness, deadhearts and 
number of stem borer exit holes (Prasad et al. 
2015). Inbred lines of maize that are resistant to 
North American lepidopteran pests of maize 
were tested in South Africa, according to a recent 
review by Calatayud et al. (2014), and it was 
discovered that they are quite resistant to B. 
fusca. Later, it was discovered that some lines 
created by CIMMYT in Mexico have viable 
resistance to B. fusca. 
Genetically Modified Maize (Bt-maize) 
At the moment, cotton and corn are the most 
popular Btcrops.The proteins that produce the 

crystal, also known as Cry toxins, consolidate to 
form crystals during the sporulation of some Bt 
strains. Certain insect species belonging to the 
orders Lepidoptera, Coleoptera, Hymenoptera, 
Diptera, and Nematoda are poisonous to such cry 
poisons (Abbas, 2018).Bt maize/Bt corn is a 
maize variety that has been genetically modified 
to express one or more proteins from the Bacillus 
thuringiensis bacteria, including Delta 
endotoxins. Certain insect pests are poisoned by 
the protein. GM maize expressing insecticidal 
Cry proteins (Bt-maize) had been used 
successfully against B. fusca in South Africa until 
2006, when the first occurrence of resistance was 
reported. Bt corn was first grown in the USA, 
Canada, and Europe (Spain) in 1997, and by 2009, 
it had been planted commercially in 11 nations. 
In the USA, 84% of corn was grown there, 83% in 
Argentina, 57% in South Africa, 36% in Brazil, 
20% in Spain, and 19% in the Philippines during 
the time (James 2016). In 2016, there were 60.6 
million ha of GM corn grown worldwide (in 16 
countries), of which 6 million (10%) were Bt corn, 
7 million (11.7%) were herbicide-tolerant corn, 
and 47.7 million (78.7%) were Bt and herbicide-
tolerant corn varieties grown separately. 
Ostrinianubilalis, the European corn borer, was 
not allowed to infest the crop (James 2016). 
Currently, there are 21 registered commercial 
varieties of maize with cry gene available. 
Additionally, maize has been genetically 
modified to exhibit multiple (stacked) traits; 
many of these varieties contain one or more 
herbicide tolerance genes as well as two or three 
cry genes.  

In the first 13 years (1996–2008) following 
commercialization, planting Bt maize increased 
agricultural revenue by more than $8 billion, 
according to a recent research (Brookes and 
Barfoot, 2010). Two-thirds of the 1.5 million 
hectares of white maize farmed in South Africa in 
2009 are now planted with Bt maize, which was 
introduced in 2001 (James, 2011). Before the 
transgenic maize was commercially introduced, 
estimations suggested that farmers may save $14 
million to $69 million annually. The new 
commercialization of hybrid maize with multiple 
insect resistances may result in even greater cost 
savings.  
Integrated pest management 
The pest can damage crops substantially by 
attacking them at every stage of growth. The 
extent of stem borer infection mostly affected 
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cultural practices, including time to sow, when to 
removal ofcrop residues, and alternate hosts. The 
goal of integrated pest management (IPM) is to 
successfully manage pests while reducing the 
usage of chemical pesticides by using a variety of 
pest control techniques (Kumar et al., 2023). Each 
control strategy has its limits, and none of them is 
frequently enough to effectively contain stem 
borer infestations. Therefore, it seems that the 
best course of action for controlling these pests is 
integrated pest management, or IPM.  

To keep pest populations below the point at 
which economic injury is caused (EIL), integrated 
pest management (IPM) calls for the integration 
of multiple complementary and compatible 
methods. Farmers can efficiently manage stem 
borers while reducing the environmental impact 
and guaranteeing sustainable practices by 
combining cultural methods, planting resistant 
cultivars, encouraging biological control, 
monitoring populations, and utilizing chemical 
control as last option. Many researches have 
documented how well IPM works to control stem 
borers in cereals (ICRISAT, 1987; Tefera et al., 
2011, Togola et al. 2022). When sorghum varieties 
with tolerance or moderate resistance to stem 
borer are combined with need-based pesticide 
application, an improvement in yield can be 
achieved (Kaladeet al., 1987). Pheromone bait 
traps, early planting, and crop residue 
destruction are among recommended strategies 
for effectively managing the millet stem borer C. 
ignefusalis. The International Institute for Semi-
Arid Tropics concluded an international 
workshop that the main elements of the 
integrated management of cereal stem borers 
should be host plant resistance and cultural 
approaches (ICRISAT, 1987; Togola et al. 2022). 

Conclusion 
Among a group of insects that are economically 
significant to cereal crops in Africa, stem 
borersare most devastating factor to production 
and productivity of millet crops                     
including sorghum. Despite complexity of their 
biology and the form of their attacks, their 
influence can be reduced by using an integrated 
pest management strategy. The integration of 
different tactics will determine how well the 
management solutions perform. Regarding to 
varietal resistance, additional investigation is 
required to find or create cultivars that are 
resistant to the attack of stem borers. More 

aggressive activity from the extension service is 
required in regards to deployment of chemical 
and biocontrol options in order to strengthen 
farmer capacity and enable them to take 
necessary measures to reduce yield losses in 
cereal and boost their earnings. Furthermore, to 
safeguard natural enemies at landscape level, an 
integrated strategy based on a mix of insect 
growth regulators and conservation techniques is 
advised. Additionally, regulations to prevent 
introduction of new pests are also necessary for 
long-term effective management. 
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