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Abstract 

Vegetable production worldwide is constrained by pests and diseases which effects are exacerbated by climate 
change and variability. Greenhouse gas emissions are also increasing due to poor agricultural practices and other 
human activities. This will continue to have a negative impact on the prevalence of insect pests and diseases. 
This review focuses on the climatic factors that impact on insect pests and diseases of vegetable crops. High 
atmospheric temperatures and elevated carbon dioxide increases pest development, survival of pests and 
distribution of pest to new areas. The distribution of insect pests and diseases are not due to climate changes only 
but are also a result of globalisation and poor biosecurity measures at country borders. There is limited 
information on the distribution of pests and diseases due to globalisation in African countries. New exotic pests 
will continue to be introduced to countries if biosecurity measures are not improved. Future research must focus 
on how to manage emerging pests and diseases influenced by high temperatures and carbon dioxide and other 
climatic conditions which influence pest severity under smallholder farmers in the southern African regions. 
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1. Introduction 

More undernourished people are found in African regions and this has remained a great challenge in the 
Sub-Saharan Africa (FAO, 2015). South Asia and Sub-Saharan Africa constitutes at least one billion of people 
who suffer from malnutrition, lacking carbohydrates, vitamins, and other micro-nutrients (Keatinge et al., 2011). 
Smallholder farmers do not only grow vegetables for income purposes but also for improvement of human 
nutrition at household level. Vegetables are rich in essential micro-nutrients such as vitamin A, C, E, zinc, copper, 
iron and antioxidants (Afari-Sefa et al., 2016). FAO (2004) recommends that a human being needs to consume 
200 g of vegetables per day. However, vegetable consumption is still below 200 g per day especially for the poor 
and this results in the rising rates of malnutrition (Keatinge et al., 2011).  

The major common constraints to vegetable production in smallholder farmers are pests and diseases and these 
limits farmers in obtaining better crop yield and ensuring food security. Some smallholder farmers have adopted 
the use of chemicals to manage insect pests and diseases in vegetable production. However, there is a challenge 
of insect resistance that is building up and this is becoming a constraint to insect pest management and obtaining 
good crop yields (Jallow et al., 2017). The overuse of pesticides is also leading to health problems and impacting 
the environment when not handled properly. Jallow et al. (2017) indicated that 65% of farmers agreed that the 
use of chemicals for insect management is hazardous to the environment and 70.5% confirmed that pesticides 
can be dangerous to human health. This will remain a huge problem to farmers who depend on chemicals to 
manage insect pests, especially when climate change is having an impact on the biology and distribution of 
insect pests. 

2. Greenhouse Gas Emissions 

The increase of greenhouse gas emissions resulting from human activities and other natural factors has become a 
world-wide threat impacting the environment through climate change. These activities include the use of fuels 
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and deforestation and are contributing to the elevation of carbon dioxide and increase of temperatures 
(Olabemiwo et al., 2017). Carbon dioxide contributes 58.8% greenhouse gasses (Olabemiwo et al., 2017).  

Agricultural practices can also contribute to the emission of greenhouse gases when carbon dioxide is being 
released. Carbon dioxide can be released through burning of plant materials and also through decomposition of 
soil organic matter (Kang & Banga, 2013). These emissions of greenhouse gasses are expected to increase 
because human population is increasing and it depends on agriculture for food (Kang & Banga, 2013). The use 
of fertiliser in crops also contributes to greenhouse gas emissions. Nitrous oxide can be emitted through the use 
of nitrogen fertilisers. Farmers can find other alternatives of fertilising their crops with less emissions of 
greenhouse gasses.  

3. Climate Variability  

Extreme weather events such as heavy rainfalls leading to floods, severe droughts and extreme heat waves have 
been increasing since the past decades and are still expected to increase in the next few decades to come (Mirza, 
2011). These processes will continue to have implications on agricultural productivity on a global scale (Gornall 
et al., 2010). Climate change is most likely to alter insect pests and the relationship between the host and insect 
can be affected (Bale et al., 2002) thus resulting in negative impact on crop productivity. Some crops which are 
known to be resistant to insect pest can become susceptible and react positively to pest damage under the 
influence of climate change and global warming (Reddy, 2013).  

Climate change and global warming can result in observable changes to insect pest life such as migration of 
insect pest and invasion to other areas, increase in geographical range of insects, and influencing the population 
of insect pests by increasing their rate of development and cycles within a short period of time (Reddy, 2013). 
All these changes resulting from climate change can contribute to difficulty to predict the effect of pest 
management and this can result in low crop yields. Also a one year change of climate can influence pest 
outbreaks and if the pests are aggressive enough, there can be a regime shift of insect pests (Kiritani, 2013). 
Insect pests that are most affected by climate change and global warming are those that are ectothermic because 
they can quickly acclimatize to different environmental conditions. This gives them an advantage to multiply 
aggressively, increasing their threat to crop production (Ferrer et al., 2014). Examples of insect pests that easily 
adapt to high temperatures include, aphids, whitefly and stem borers (Sharma, 2014).  

Increased temperatures and elevated atmospheric carbon dioxide are the most conspicuous factors of climate 
change that have become a threat to crop production (Mendelsohn, 2008). These two factors have been 
increasing and are still predicted to increase by the end of twenty-first century (Trebick et al., 2015). The two 
factors have resulted in shifts of pests from lower latitudes to higher latitudes (Barzman et al., 2015) and also 
altered insect pest pressures negatively through emerging pests and positively through migration, thus creating 
consequences to the environment and to crop productivity (Ziska & McConnell, 2016). 

4. Impact of Temperature on Insects and Disease 

Global warming exerts extensive effects on insect life and the terrestrial ecosystem and it is still predicted to 
cause major changes in the near future. Temperature increase has been predicted to elevate by 3.4 oC by the end 
of twenty-first century (Barzman et al., 2015). With all these predictions, vegetable production in dryland areas 
will continue to be vulnerable to these temperature effects (Macfadyen et al., 2016). Policy makers can be able to 
make use of these predictions to make suitable policies for farmers on management strategies of mitigation and 
adaptation to pests impacting crop production (Sharma & Prabhakar, 2014). Global warming can affect insect 
population in a number of ways such as: changes in population growth rate, the increase in number of insect 
generations, the extension of geographical range, the introduction of species to alternative host plants, the 
increase of invasion risk by migrating insects and also overwintering of insects (Bale et al., 2002; Maran & 
Pelini, 2016).  

 High temperatures can alter the growth and development of insects affecting the fecundity and mortality of 
insects (Khaliq et al., 2014). The increase in insect population numbers occurs when the growth and 
developmental rate has been speed up. For example short living insects that have adapted to high temperatures 
can be able to increase the number of generations in a year when influenced by warmer conditions (Van Dyck et 
al., 2014). Meisner et al. (2014) showed that higher temperatures increased aphid (Aphidius ervi) growth and 
developmental rate and also increased the span of adult life under 20 oC and 27 oC. This means that the higher 
the developmental rate, the more the insect cycles and the higher the population size. This can result in more 
severe damage to crops if farmers are failing to control insect pests.  
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Different stages in the life cycle of an insect can respond differently to high temperatures (Zhang et al., 2015). 
Some insects can be highly favoured by high temperatures, influencing their population positively, whereas some 
insects can result to high mortality rates under high temperatures. Diamondback moth (Putella xylostella) has 
been monitored under high temperatures and it was reported that its growth and development was affected by 
temperature. Egg production and the adult stage of this insect were decreased at higher temperatures. However, 
the larval stage was found to be highly tolerant to high temperatures (Zhang et al., 2015). This means that there 
could be implications when managing this insect pest under high temperatures in the near future. Aphidius ervi 
found in peas was found to be tolerant when monitored in high temperatures. High temperatures influenced the 
an increase in the developmental rates of this aphid and the adult stage was found to be more tolerant to high 
temperatures thus resulting in increased rates of pea damage (Meisner et al., 2014).  

Most insects have the potential for long distance mobility and flight. High temperatures can increase the mobility 
of some insects as well as their distribution. Most insects usually move to the northern regions were they are able 
to disappear from unsuitable climatic conditions (Ziska et al., 2013; Pulator et al., 2016). Most of these insects 
that have high rates of migration are ectotherms and this type of insects is expected to continue shifting to higher 
latitudes and altitudes in the next decades (Vanhanen et al., 2007). It has been predicted that insects will shift by 
6.1 km to the upward poles per decade due to increased temperatures (Parmesan & Yohe, 2003). In the UK, the 
lepidopteran moths and butterflies have been reported each year to have increased in migration rate and this has 
been linked to increased temperatures in the south west Europe (Sparks et al., 2007). Grapholita molesta (Busck), 
a lepidopterian moth has the potential to adapt to high temperature environment and has been found to have good 
flying abilities under high temperature (Ferrer et al., 2014). In Africa, smallholder farmers are most likely to be 
vulnerable to this factor because severe high temperatures are predicted to be experienced in African areas 
(Biber-Freudenberger et al., 2016). Tuta absoluta, Ceratitis cosyra and Bactrocera invadens are the most 
common insects pests found in Africa and they have been recorded to increase their suitability to different types 
of environment across the African continent (Biber-Freudenberger et al., 2016). The advantage to habitat 
suitability by insect pest can influence the increase of the ability to spread and acclimatize to different 
environments while at the same time causing damage to crops.  

High winter temperatures can affect and also influence the presence and outbreaks of insect pest (Reddy et al., 
2015). Warmer winters can result to reduction in mortality rates of insect pests and this often leads to high 
infestations on crops thus increasing the damage and yield loss (Harrington et al., 2001). Warmer winters can 
also increase the distribution of insect pests because of reduced mortality rates (Battisti et al., 2005). The African 
bollworm (Herlicoverpa amigera) is regarded as one of the major insect pest in agricultural production. This 
insect has the ability to overwinter due to increased temperatures in winter season (Reddy et al., 2015). The 
southern green stink bug (Nezara viridula): heteroptra: pentatomidae) showed a high survival rate in winter 
season due to increased warmer conditions (Musolin et al., 2009). It can be expected that due to high 
temperatures, warmer seasons can be long and therefore resulting to warm winter conditions which can result to 
high presence of insect pest.  

Temperature, light and water are the main factors that control and influence the development of plant diseases, 
their survival, the rate of multiplication and the rate at which inoculums disperse and penetrate on plants, 
spreading the diseases on plants (Ahanger et al., 2013). Increased temperatures influence the growth and 
development of most plant pathogens. Pathogens that depend on temperature for development can be active due 
to high temperature, and if utilising the warmer conditions, they can develop and start spreading on crops if left 
uncontrolled (Ahanger et al., 2013). Most plant pathogens that have a short life cycle may reproduce rapidly and 
have a high distribution rate when exposed to higher temperatures (Coakley et al., 1999). When temperatures are 
high, pathogens can migrate to new areas where there are potential susceptible hosts that can influence the 
development of diseases (Etterson & Shaw, 2001). Plants that grow in the tropics are the ones that are usually 
affected by diseases that are influenced by high temperatures. This is because these plants have got a narrow 
temperature growth range and they are quick to respond positively to temperature changes (Ghini et al., 2011). 
Late blight diseases have been recorded in the earlier ages to be aggressive at 10-25 oC temperatures. However, 
recently these diseases have now adapted to higher temperatures of up to 27 oC (Luck et al., 2011). Due to 
predictions of increasing temperatures in this century, pathogens are most likely to be found in large numbers 
and resulting in difficulties in controlling them.  

High temperatures can influence the development and spread of stem rust caused by Puccinia graminis f. sp 
tritici (Gautam et al., 2013). Stem rust has been reported to be more aggressive when temperatures are high and 
it has shown to be quick in adapting to high temperature changes (Mboup et al., 2012). Bacteria such as 
Rasoltonia solanacearum was also reported that it grows and develops rapidly due to high temperatures. High 
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temperatures with low rainfall can also influence the spread of viruses such as Maize dwarf mosaic virus and 
Beet yellow virus (Clover at al., 1999; Olson et al., 1990). The severity of these diseases will affect smallholder 
farmers because of high vulnerability to climatic changes and also lack of knowledge to manage diseases.  

5. Extreme Weather Events 

Climate change can result in extreme weather events that can have an impact in agricultural production and 
insect pests and diseases (Adamo et al., 2012). These extreme events include long periods of drought spells, long 
spells of heavy rainfall and extreme high temperatures (Rosenzweig et al., 2001). The long spells of high 
temperatures and drought are linked to El Nino scenarios (Rosenzweig et al., 2001). Long dry spells and drought 
can enhance insect population growth rates and reproduction rates (Adamo et al., 2012). Pests found in the 
temperate regions are predicted to be more affected by extreme weather events. They are predicted to increase in 
population during long dry spells (Adamo et al., 2012). A study was done in South Africa on some of the 
problematic fruit flies (Ceratitis capitata) commonly known as the medfly and C. rosa commonly known as the 
Natal fruit fly. These fruit flies showed an increase in their abundance due to extreme high temperatures. 
However their fecundity rates showed to decrease in low temperatures (Nyamukondiwa et al., 2013). The lower 
temperatures in the Western Cape province of South Africa can have an influence in reducing the effectiveness of 
these flies, therefore high rates of mortality and less damage to the fruits (Nyamukondiwa et al., 2013). 

Heavy rainfalls affect insect biology and survival negatively. Most insects are vulnerable to heavy rainfall, thus 
affecting their growth development and population (Pellegrino et al., 2013). Heavy rainfall can result to 
increased mortality rates of insects (Pellegrino et al., 2013). A study was done and showed that heavy rainfalls 
can result to high rates of locust mortality. Heavy rainfalls affected the locusts eggs and the nymph survival was 
reduced severely (Woodman, 2015).  

Extreme weather events can result to insect pest outbreaks (Ju et al., 2013). These outbreaks can wipe out crop 
species due to severe damage and spread of diseases. They can also influence invasion of alien pest species that 
may have an impact in crop yield (Kannan & James, 2009). However invasion of new species due to extreme 
events will also depend on whether the insect is adapting well to the new environment and climatic conditions 
(Sharma, 2014).  

Frequent heavy rainfall can influence the spread of pathogens and fungal diseases. Many plant pathogens are 
known to respond positively when there is rainfall (Thompson et al., 2013). Plant pathogens such as 
Phytophthora cinnamomi and Botryosphaeria doithidea are amongst the many pathogens that are known to 
respond positively when there is rainfall (Thompson et al., 2013). 

6. Impact of Elevated Carbon Dioxide on Insects and Diseases 

Presently, the level of atmospheric carbon dioxide is 400 µmol-1 and it is predicted to potentially increase by the 
end of 21st century to 650 µmol-1 (Trebecki et al., 2015; Vassiliadis et al., 2016). Most studies have been done on 
the impact of carbon dioxide on crop plants but little is known about atmospheric carbon dioxide on plant insect 
pests and diseases. Carbon dioxide can affect plant growth and development by altering the physiology and 
morphology of the plant. Such alterations induced by carbon dioxide can affect the diet quality and feeding 
behaviour of insects (Ryan et al., 2014). Although these alterations affect the feeding behaviour of insects, these 
insects are affected differently. Elevated carbon dioxide was found to have an impact in the lepidopteran 
Herlicoverpa amigera. The feeding behaviour of the larvae was affected by elevated carbon dioxide. Results 
showed that elevated carbon dioxide contributed to the increase of food consumption and metabolism of the 
larvae and this gives an indication that Helicoverpa amigera larvae may cause more damage under elevated 
carbon dioxide (Akbar et al., 2016). Herlicoverpa amigera is one of the major global insect pest that feed on 
brassicas and its damage can lead to high yield loss (Machekano et al., 2017). The ability of this insect pest to 
cause damage can be highly influenced by climatic changes (Machekano et al., 2017). Sucking insects such as 
aphids can also be affected by elevated carbon dioxide (Newman, 2003). Some studies show an increase in aphid 
population due to elevated carbon dioxide (Newman, 2003). However, some plants can produce defensive 
compounds which can affect the feeding, development and survival of sucking insect pests (War et al., 2012).  

Elevated concentrations of carbon dioxide are most likely to affect the pressure of insect pest in both managed 
and unmanaged crops. These pressures from insect pests can either be in a form migration to new areas or they 
can be in a form of new introduction in areas (Ziska et al., 2016), and these often underlies their distribution and 
abundance, hence the level of damage they cause to crops (Mazzi & Dion, 2012). Elevated concentrations of 
carbon dioxide also affect insect pest growth and their development and this often results in changes in the 
interaction between insect pests and their crop host (Akbar et al., 2016; Elad & Pertot, 2014). 
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Carbon dioxide also has an impact on plant diseases. Carbon dioxide influences the growth and development of 
the crops, crop canopy and the microclimate as well as the quantity of tissues susceptible to diseases (Pannga et 
al., 2013). The canopy microclimate can influence the presence, survival and dispersal of plant pathogens 
(Pannga et al., 2013).  

Elevated carbon dioxide may result in extreme changes of reproduction, spread and severity of plant diseases and 
this is a threat to food security (Gautam et al., 2013). Plant diseases can result from bacteria, fungi and viruses 
and their interaction with plants can be highly influenced by weather patterns including elevated carbon dioxide 
(Nopsa et al., 2014). A range of foliar diseases can be encouraged by dense canopies due to increased carbon 
dioxide. Such foliar diseases that are influenced by elevated carbon dioxide include powdery mildew, rust, leaf 
spots and also blights and these diseases are known to develop in warm weather conditions (Gautum et al., 2013). 
Diseases such as late blight (Phytopthora infestans) known to infect potatoes, blast (Pyricularia oryzae) and 
sheath blight (Rhizoctonia solani) known to infect rice are known to cause significant damage to these crops, 
hence more threat under elevated carbon dioxide (Gautam et al., 2013). 

7. Impact of Globalisation on Spread of Insect Pests and Diseases 

Alien species can impact crop production in countries and this can lead to economic crop yield loss (Saccaggi et 
al., 2016). Alien species are defined as species that have the ability to live and adapt outside their natural habitat 
(Sujay et al., 2010). Alien species can occur in the form of insect pests, fungal diseases, viruses and other species 
that are also non-agricultural (Sujay et al., 2010). Most of these alien pests have the ability to outcompete native 
pests because they can highly adapt to new environments. They have aggressive growth and reproduction and 
they can move long distances at the same time spreading and causing damage to agricultural crops (Rejmanek & 
Richardson, 2000). The risk of these alien pests have been increasing and has become a great threat to 
agricultural production, especially insect pests such as arthropods due to their small size and high ability to 
tolerate different climatic conditions (Saccaggi et al., 2016).  

Alien pest species can be introduced to the country intentionally or unintentionally. Alien pests can be introduced 
by movement of people and goods from one country to the other, through imports of agricultural products such 
as fruits, vegetables, seeds (Hulme et al., 2008) and propagation materials (Saccaggi et al., 2026). Improvement 
of logistic has recently resulted in the ease of commodities to be exported to different countries globally, this has 
been found to influence the introduction of alien pests through contamination (Hulme, 2009). The increase of 
transport networks, both aquatic and terrestrial, is also playing a role in the introduction of pests to other 
countries (Hulme, 2009). The magnitude and the level of distribution of these alien pests on agricultural products 
between countries is still not well understood (Paini et al., 2016). However, it is said that the most countries to 
suffer from invasions by alien species are the sub-Saharan countries and also those countries that receive large 
volumes of agricultural imports (Paini et al., 2016). 

8. Phytosanitary Measures 

Biosecurity measures are taken to reduce the introduction of alien pest species in countries (Cope et al., 2016). 
Biosecurity includes phytosanitary measures which are conducted at the country borders. Detection of alien 
species are conducted whereby travellers, machines, luggage and food are inspected for hidden pests (Liebhold 
et al., 2006). Other methods of detection include vacuuming travellers’ goods to remove small or unseen 
particles such as seeds and insects, preventing their entry into foreign countries (Fortune, 2006). Small insect 
pests are not easy to detect at the border when biosecurity measures are taken (Saccaggi et al., 2016). This 
becomes a problem when small insect pests with high reproductive rates pass through the border and adapt to the 
foreign environment. These pests then result to high damage to crop production. Some alien pests are able to 
enter foreign countries due to poor biosecurity measures (Caley et al., 2015). Insect pests that belong to order 
coleoptera, hemiptera, lepidoptera and diptera have been entering Australia during the years of 1986-2005. These 
pests have been recorded all these years because the biosecurity measures has been poorly facilitated, therefore 
increasing high rates of invasion and damage from these pests (Caley et al., 2015). To develop effective 
biosecurity measures, policy makers need to understand the sources of these alien pests and diseases and their 
rate of distribution and how they adapt to different environmental conditions and also the damage they can cause 
of agricultural products (Bourdot et al., 2012). As indicated previously, most alien pests are introduced as 
contaminants, there will be an increase of challenges to policy makers and the management of these pests. There 
is a need to monitor the trends in which alien species are being introduced in foreign countries and the 
biosecurity measures should be regulated more effectively to reduce the entry of alien pest (Hulme et al., 2008).  
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9. The Role of Vegetables in Human Nutrition 

The amount and types of nutrients consumed by human beings daily can affect the human’s nutritional status. 
The lack of good nutrition in human diet may result in serious health conditions which can affect the lifestyle of 
humans in future (Keatinge et al., 2011). Malnutrition conditions are very common in young children especially 
those in the sub-Saharan African countries (Brown & Pollitt, 1996). Lack of nutrition in children can affect the 
development of brains (Brown & Pollitt, 1996). However this damage can be reversed if proper nutrients are 
consumed (Brown & Pollitt, 1996). A diet with high fat and sugar result in poor development and reduction of IQ 
in children (Northstone et al., 2011). High consumption of foods with protein, vitamins can result in better 
chances of increasing the children’s IQ (Northstone et al., 2011). Nutrition is also very important for pregnant 
women and for women who are in the reproductive era. Foods that contain vitamins, minerals and folate are 
highly essential for preventing foetal damage in pregnant women (FAO/WHO, 2004). There is nutrition 
transition in the west African countries such as Ghana and Senegal (Bosu, 2015). There is high consumption of 
sugar and fatty foods leading to increasing rates of obesity by 115% since 2004 in the west African countries 
with less consumption of vegetables and fruits (Bosu, 2015). Studies have shown that there is increased rate of 
hypertension in Burkina Faso and Cape Verde due to lack of good nutrition consumption (Busu, 2015). Lack of 
vitamin has been reported in 250,000 to 500,000 African children, resulting to blindness every year and half of 
the kids dying within 12 months of their blindness (WHO, 2013). Iron is another essential nutrient that has been 
reported to be deficient in the sub-Saharan countries, resulting to health consequences (WHO, 2002). There are 
still 2 billion people who are undernourished in African countries and this has increased malnutrition problems 
because food demand is higher than the food supplied (FAO, 2013). The nutrition transition in African countries 
does not only affect human beings in higher socioeconomic strata, but it also affects the poor and the uneducated 
who are already affected by poor sanitation and other diseases (Busu, 2015).  

Vegetable consumption is the first important step to overcome human malnutrition, especially to those who are 
more vulnerable to lack of nutrients (Yang & Keding, 2009). Vegetables are very important for reducing 
malnutrition problems in human beings (Ojiewo et al., 2015). Most vegetables which contain essential nutrients 
include cabbages, tomatoes, black nightshade, cowpea and soybeans. These vegetables contain nutrients such as 
vitamin A, vitamin E, protein, iron, folate, zinc and calcium which are very essential for human diet (FAO/WHO, 
2004). Vegetables can be made available to households when grown in home gardens. There is need to increase 
vegetable production for human beings to obtain essential micronutrients through their diets (Ojiewo et al., 2015). 
The green revolution concentrated on staple crops such as maize, wheat, rice and cassava to eliminate poverty in 
the African regions. However, these crops do not contain essential micro-nutrients (Ojiewo et al., 2015). 
Tenkouano (2011) suggested that these crops rather constitute to “grain revolution” than “green revolution” due 
to lack of micro-nutrients. Vegetables and legumes contains essential micro-nutrients and needs to be part of a 
well-balanced diet and has to be included as part of the green revolution (Tenkouano, 2011). 

10. Traditional Vegetables 

Traditional vegetables can also be consumed to combat malnutrition problems. These types of vegetables are not 
usually grown and supplied on a large scale (Mampholo et al., 2016). However, they can be grown and sold 
locally with less management and can tolerate adverse weather conditions. Most of these vegetables are redroot 
pigweed (Amaranthus retroflexus), mustard spinach and black nightshade (Solanum nigrum) and are most 
consumed in South Africa (Mampholo et al., 2016). Traditional vegetables are rich in calcium, zinc, vitamin A, B, 
E, and other antioxidant compounds (Yang et al., 2009). Absence of these nutrients in the human diet can result 
to what is called “hidden hunger” and other chronic diseases (Yang & Keding, 2009). Black nightshade contains 
compounds such as flavonoids, ascorbic acid, protein, vitamins and other minerals such as calcium, potassium 
and phosphorus (Van Averbeke et al., 2007). Consumption of these vegetables can help to alleviate poverty and 
food insecurity in rural households (Van Averrbeke et al., 2007). Solanum nigrum also contains high levels of 
zinc and magnesium (Uusiku et al., 2010). All these vegetables are very common in the Limpopo Province and 
continuous provision of these vegetables can help reduce malnutrition in households, at the same time reducing 
food insecurity and making income when sold to markets. However, the constraints in growing these vegetables 
include lack of quality seeds, varieties, shortage of water, pests and disease infestation and also lack of 
information on markets (TsChirlea et al., 2004).  

11. Major Insect Pests of Vegetables Grown in South Africa 

Most of these insect pests that causes damage to vegetables include bagrada bug (Bagrada hilaris), diamondback 
moth (Putella xylostella), and aphids. 
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Bagrada bug (Bagrada hilaris) commonly known as painted bug is a native pest in most countries including 
African countries. This bug is known to have originated in Asia (Halbert & Eger, 2010). Bagrada bug commonly 
feeds on crucifer’s crops and brassica crops such as cabbages, mustard, kale and other brassica crops (Bundy et 
al., 2012). It has also been reported to feed on crops of other families such as Zea mays L., Sorhgum bicolor (L.) 
sunflower (Helianthus annuus) and cotton (Gossypium hirsutum) in the United States (Reed et al., 2011). 
Bagrada bug is considered as one of the major serious pests resulting to huge threats in vegetable production 
(Huang et al., 2014). It has been reported for the first time in Los Angeles County, Carlifornia and Anzona in 
2008 (Palumbo & Natwick, 2010). This bug has been found to have increased its distribution to native countries 
including African countries. It has been reported in countries such as Zimbabwe (Grzywackz et al., 2010), 
Botwsana (Obopile et al., 2008), South Africa, Mozambique, Kenya and Tanzania (Infonet-Biovision, 2015). 
However little is known about the host preferences of bagrada bug (Huang et al., 2014) and there is little 
understanding of bagrada bug distribution and damage in South Africa.  

Bagrada bug is a sucking insect with piercing mouthparts. Bagrada bug takes 41 days to complete its entire life 
cycle in conducive environments of warmer climate (Reed et al., 2013). After eclosion, female bugs become 
receptive to the male bug in 1-2 days and it takes 4-5 days for oviposition to occur after mating for the first time 
(Singh & Malik, 1993). This pests can lay 100-200 eggs underside of the leaves, stem or on loose soil. However, 
this pest does not lay eggs in large numbers like other insect pests, it lays eggs singly or in groups of 10 eggs 
(Reed et al., 2013). It can overwinter in soil cracks to escape cold weather conditions which are not good for its 
survival (Reed et al., 2013). 

This insect is usually triggered by high temperatures for effective activity. High temperatures influences the 
walking and mating of bagrada bug (Huang et al., 2013). A study was done in feeding of bagrada bug and results 
suggested that this pest feeds effectively on brassica crops in the afternoon and evening when temperatures are 
high (Huang et al., 2013). 

Bagrada bug can be found feeding from crop seedling to maturity stage (Divya et al., 2015; Patel et al., 2017). 
Studies have shown that bagrada bug can invade in newly emerging crops and causing damage to the apical 
meristem of the crops (Palumbo & Natwick, 2010; Huang et al., 2014). This bug uses a lacerate and flush 
feeding method (Hori, 2000). During feeding on crops, bagrada bug secrete saliva enzymes which results in crop 
damage (Reed et al., 2013). Bagrada bug also removes cell sap from the plant tissues of brassica and 
non-brassica crops, resulting in crop deterioration (Banuelos et al., 2013). Excessive feeding on apical meristem 
of vegetables can result in poor head/crown formation in cabbages and this becomes a consequence of poor 
marketable cabbages (Palumbo & Natwick, 2010). It may also result to death of growing plant tip and 
deformation of adventitious budding (Reed et al., 2013). Damage caused by bagrada bug can lead to death of 
plants (Huang et al., 2014). Adult or mature crops can result to malformation of leaves and circular scorching of 
leaves due to damage caused by bagrada bug (Reed et al., 2013). However young susceptible crops normally 
show signs of wilting and death of tissues leading to death of the plant (Reed et al., 2013). Leaves of young 
susceptible crops can show white spots as a result of feeding by bagrada bug (Patel et al., 2017).  

Diamondback moth is also one of the major global insect pests than can result to huge crop loss. It is commonly 
known to feed on brassica crops such as cabbages (Machekano et al., 2017). Diamondback moth is said to be 
ubiquitous and it can survive throughout the whole year, feeding and resulting to crop damage (Furlong et al., 
2013). This insect pest has certain factors that give it the ability to cause severe damage to crops if left 
uncontrolled. It has high potential of reproduction, ability to distribute and migrate to other areas, it has the 
ability to adapt easily to different environmental conditions, and it has high ability to reproduce throughout the 
whole year remaining abundant and difficult to manage (Canico et al., 2013; Furlong et al., 2013). Diamondback 
moth has been reported in African countries such as Kenya, South Africa, Malawi, Mozambique, Zambia, 
Namibia, Zimbabwe and Botswana (APR, 2015). Brassica export to African countries is still in great demand 
although there is high incidence of Diamondback moth. South Africa is one of the countries that has great 
exportation of brassicas to neighbouring countries such as Mozambique, Angola, Lesotho and Swaziland (DAFF, 
2015). However this pest has been found to be a constraint in the quality of brassica crops in South Africa, and 
therefore this results to poor marketable products (Furlong et al., 2013). Southern African countries will continue 
to be vulnerable to climate change (IPCC, 2014), and this will be problematic to brassica production because 
diamondback moth is exacerbated by climatic changes and variability (Furlong et al., 2013). In countries such as 
China, diamondback moth has costed the Chinese economy about US$0.77 billion annually (Li et al., 2016).  
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12. Farmers’ Control Methods 

Most farmers use chemical method to manage diamondback moth. Research suggests that most small scale 
farmers in Southern African countries rely on insecticides to manage DBM. Countries such as Mozambique has 
100% reliance on chemical control (Camico et al., 2013) and Botswana has 98% reliance on chemical control for 
this pest (Obopile et al., 2008), while Zambia and Namibia has about 70% reliance of chemical control 
(Nyirenda et al., 2011). These farmers have been found to apply insecticides at different rates and at different 
frequencies (Canico et al., 2013). Research has shown that most farmers in these Africa countries are applying 
insecticides once every three weeks to control diamondback moth. However, due to high population of this pest, 
farmers end up applying insecticides three times a week (Obopile et al., 2008). Such application results in insect 
resistance development especially if chemicals of the same mode of action are applied, therefore also causing 
implications in management of this pest. This type of application can also result to environmental contamination. 
Some farmers are applying a mixture of different chemical ingredients to control diamondback moth. However it 
has been recorded that most of these farmers are doing this without any guidance from the manufacturer and 
therefore it becomes harmful to the environment (Ngowi et al., 2007). Diamondback moth has also been reported 
to be resistance to many insecticides in China (Li et al., 2016). Integrated Pest Management has been proved to 
be effective in reducing diamondback moth in China. China country has made more efforts to support 
implementation of Integrated Pest Management and this has been adopted by many farmers. However, these 
practices need to be supported continuously to prevent more insecticide reliance by farmers (Li et al., 2016).  

According to the reviewed, there is little information reported on these pests in South Africa. There is a need to 
address the impact of climatic changes especially high temperatures on the survival and population of emerging 
pest in smallholder farmers. Most research has been conducted in commercial farmers and little is known with 
regards to smallholder farmers and their management of these pests. 

13. The Use of Companion Crops for Insect Pest Management 

The use of companion crops is one of the ecological practices for smallholder farmers who don’t have resources 
to manage insect pests that are damaging their main crops (Calumpang & Navasero, 2013). The main purpose of 
growing companion crops is to protect main crops from insect pests that will cause damage and therefore 
resulting in high yield loss. Companion crops can be grown as trap crops or intercrops and this can be referred to 
as the push-pull strategy. Companion crops grown as intercrops attracts insect pests, making insect pests less 
attractive to main crops and this is known as the “Push” (Cook et al., 2007). Companion crops grown as trap 
crops ensures that insect pests that may feed on main crops are reduced in numbers. This is referred to as the 
“Pull” (Cook et al., 2007). Companion crops grown as trap crops are usually grown around field crops (Khan et 
al., 2001). Napier grass (Pennisetum purpureum Schumach) is one of the companion crops grown around maize 
crop field. This grass can attract maize stem borer while reducing chances of attacking maize crops (Khan et al., 
2014).  

Companion crops grown as intercrops can be used as repellents for insect pests (Finch & Collier, 2011). The idea 
of these repellents is to release volatile chemical compounds that can deter insect pests. Insect pests are able to 
detect repellent companion crops from a distance away from the plant and this can cause the pest to stay away 
from the crop thus reducing damage to the main crops (Finch & Collier, 2011). Some of the crops that can be 
grown to repel insect pest are eggplant (Solanum melongena L.), lemon grass (Cymbopogon citratus Stapf) and 
marigold (Tagetes erecta L.) (Calumpang & Navasero, 2013). A study was conducted to repel corn borer using 
eggplant and lemon grass as repellents. Results showed that the growth rate and damage caused by corn borer 
was reduced. Companion crops can be artificial. These artificial crops are meant to disrupt the visual pest 
processes and to interfere with the host selection process by the pest (George et al., 2013). Maize can be 
intercropped with desmodium (Desmodium uncinatum Jacq DC) as a companion crop to repel stem borer moths 
in maize crops. It can repel stem borer moths and it also has the ability to attract natural enemies of this insect 
pest (Khan et al., 2014). 

Companion crops can be grown for more than one purpose at the same time. It can be grown to repel insect pests 
and also to improve soil fertility. For example desmodium spp crop can repel insect pests of maize at the same 
time it can be used to improve soil fertility through biological nitrogen fixation and organic matter improvement 
(Khan et al., 2014). 

It is always a challenge to decide on which companion crops can be effective to manage insect pest. It is of 
importance for farmers to know different companion crops which are effective before planting them. Companion 
crops should be tolerant to drought if crop production is to be practiced in arid and semi-arid areas. These crops 
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should also be resilient to moisture stress since erratic rainfall and unpredictable rainfall patterns are expected 
due to climatic changes (Khan et al., 2014). 

There are few studies done on companion crops for pest management, most of them have focused on field crops 
such as maize, sorghum and millet. Very few studies have looked on companion crops for vegetable pest 
management. There is very limited knowledge of herbs used as companion crops for management of insect pests 
on vegetable production. More studies have done trap crops to attract insect pest. Very little is known about 
herbs that can be used to repel insect pests of vegetables through the odour they produce. There are few studies 
conducted in South Africa under smallholder farmers that produce vegetables on companion crops. Therefore 
there is a need for smallholder farmers who cannot afford insecticides to make use of this practice to manage 
pests and to reduce insecticide application on their vegetable crops. This will also help to suppress the rate of 
chemical resistance influenced by frequent insecticide application. 

14. Areas of New Research 

Most studies were conducted in temperate countries. Very few studies have been done in Africa. High 
temperature in South Africa must be evaluated on its effects on new and emerging pests. Modelling techniques 
must be used to predict the spread of new and emerging pests in South African provinces. More studies should 
also be done on farmer’s perceptions on new and emerging pests and how it interacts with climate change and 
variability. Studies must be done on invasive species entering southern African countries and South Africa 
through globalisation, trade, plants, and plant products. Regional, national and global networks should work on 
new and emerging pests for efficient use of resources in addressing this 21st century challenge.  

15. Conclusion 

This review has concluded that anthropogenic activities and some agricultural practices such as pesticide 
application and burning of fuels do influence greenhouse emissions resulting to climatic changes. Climate 
change and variability such as increased temperatures and levels of carbon dioxide can result in changes in the 
biology of an insect. This can increase mortality rates, fecundity rates, growth and development of insects and 
adaptation and distribution of insects to new areas. However this depends on the type of insects and the 
conditions which are conducive for development. It is concluded that insect pests such as diamondback moth, 
bagrada bug and aphids will continue to adapt well in warmer conditions and their distribution rate towards the 
North Pole will be high due to the fact that they respond very well to high temperatures. It is expected that these 
pests will result to extreme crop damage in warmer areas if they are left uncontrolled due to increased 
generations and populations. It can also be expected that these pests may have high overwintering rates if 
temperatures continue to be high. More research has been conducted on climate change and its effect on crop 
yield. More research should focus on how ectothermic pests and other emerging pests should be managed when 
influenced by climatic changes. 

The distribution of insect pests and diseases does not only result from climatic changes. Globalisation also plays 
a huge role in distributing native pests to countries. This review showed that the South African countries are 
expected to be more vulnerable to introduction of new pests and diseases due to poor biosecurity measures. 
Research should focus on long term monitoring of insect pest and diseases. New efficient strategies should 
therefore be introduced at the borders to limit the introduction of native pests to countries. More research has 
focused on the European countries. However, little is known on the introduction of new pests and diseases in the 
Southern African countries. This gives an indication that government should provide funding for better 
biosecurity measures. 
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