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Abstract  

Agricultural intensification has enhanced crop productivity and global food 

security but natural processes that underpin agroecosystem function have 

been eroded. Destruction of natural habitats has caused biodiversity loss and 

diminished valuable ecosystem services including natural pest suppression. 

Injudicious use of synthetic insecticides negatively affects human health, food 

safety, pest resistance and beneficial fauna. As a response, this thesis assessed 

the potential of native/naturalized plants (two Australian and six Ghanaian) 

in supporting the dual ecosystem services of habitat manipulation for 

conservation biological control and botanical insecticide provision to manage 

pests of cabbage. Aqueous extracts of two Australian plants, Nicotiana 

megalosiphon (Solanaceae) and Mentha satureioides (Lamiaceae) at 1, 5 and 

10% (w/v) were tested against Plutella xylostella (Lepidoptera: Plutellidae), 

Brevicoryne brassicae and Myzus persicae (Hemiptera: Aphididae) in 

Australia. All concentrations of N. megalosiphon controlled P. xylostella 

better than tau-fluvalinate insecticide (positive control) and M. satureioides 

whilst both 5% and 10% concentrations of N. megalosiphon controlled both 

aphid species comparable to tau-fluvalinate. Six Ghanaian plants, Ageratum 

conyzoides, Tridax procumbens (Asteraceae), Crotalaria juncea (Fabaceae), 

Cymbopogon citratus (Poaceae), Lantana camara (Verbenaceae) and 

Talinum triangulare (Talinaceae) were also tested against P. xylostella and B. 

brassicae in Ghana. The 5% and 10% concentrations of A. conyzoides extract 

was as effective as emamectin benzoate insecticide (the positive control) 

against both pests. Extracts of C. juncea, C. citratus, L. camara and T. 

procumbens at 10% concentrations were active against both pests compared 

with a water control, while T. triangulare extract was inactive.  

In habitat manipulation field experiments over three consecutive growing 

seasons, the six Ghanaian plants were grown alongside plots of cabbage. 

Infestations of P. xylostella, B. brassicae and Hellula undalis Fab. 

(Lepidoptera: Crambidae) were significantly lower in all habitat manipulation 

treatments, and crop yields and quality were superior, compared with the 

control treatment with no habitat manipulation plants. Economic analysis 

revealed higher net incomes in the habitat manipulation treatments than the 

control, with higher cost: benefit ratios ranging from 1:2.8 for C. citratus to 

1:46.6 for A. conyzoides.  
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In a second, three-season field experiment, habitat manipulation and botanical 

insecticides were tested simultaneously to manage cabbage pests in a three-

way split plot design, such that the crop in each plot was sprayed with either 

a 10% w/v aqueous extracts from the habitat manipulation plant species, a 

negative control (water) and a positive control (emamectin benzoate). Pests 

were suppressed in all habitat manipulation treatments and habitat 

manipulation plus pesticide treatments compared with the no habitat 

manipulation plus water control. Natural enemies were depressed in all 

treatments sprayed with emamectin benzoate showing effect of pesticide 

toxicity. Economic analysis revealed cost: benefit ratios as high as 1:49 (for 

T. triangulare border plants) and as low as 1: -2.23 (for T. procumbens border 

plus emamectin benzoate spraying) showing that combining habitat 

manipulation and application of synthetic insecticides can be costly.  

Overall, this thesis has shown the potential for wild plants to deliver dual 

ecosystem services to suppress pests, cascading to higher crop yield and 

profitability.  
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CHAPTER ONE 

1.1 General Introduction  
Human activity on land is of global concern (Foley et al., 2005; Ramankutty 

et al., 2018; Shi et al., 2019; Zhou et al., 2018). Inadequately regulated use of 

land over the years has resulted in an immense land degradation and thus, 

altering ecosystem structure and function and diminishing the potential 

provisioning of valuable services such as food, freshwater, forest resources, 

quality air, soil resources and other services related to climate regulation 

(Brauman et al., 2007; Daryanto et al., 2019; Wangai et al., 2019). A major 

activity that has colossal impact on natural ecosystem is agriculture (Barrios 

et al., 2018). Agriculture is responsible for vast majority of land-use-related 

ecosystem degradation (Fellmann et al., 2018; Woodcock et al., 2016). Nearly 

40% of the planet's ice-free land surface is now being used for agriculture 

(Ramankutty et al., 2018) and much of this land has replaced forests, savannas 

and grasslands (Foley et al., 2005; Power, 2010). Agricultural intensification 

has huge impact on the ecosystem and the important services it provides 

(Power, 2010; Singh & Singh, 2016; Woodcock et al., 2016). It is anticipated 

that if the current trend of global population growth and corresponding need 

for food continues, 109 extra hectares of natural ecosystem would be 

converted to agriculture by 2050 (Tilman et al., 2001). 

Although agricultural intensification has led to enhanced crop productivity 

per unit area and per capita calorie availability (Ramankutty et al., 2018; 

Thornton et al., 2018), these advances have been achieved with less attention 

to sustaining the natural processes that underpin agroecosystems 

(Ramankutty et al., 2018; Woodcock et al., 2016). Removal of natural habitats 

and over dependence on agrochemicals for example, have resulted in decline 

in biodiversity, decline in insect pollination, deficient natural pest control and 

an increase in pest impact (Bommarco et al., 2018; Borel, 2017; Potts et al., 

2016). There is a challenge in harmonizing ecosystem sustainability to ensure 

the continued provision of vital services and using high agro inputs to produce 

enough to meet global requirement for food, feed and fiber (Ramankutty et 

al., 2018; Wood et al., 2016). Large scale commercial farming involves 

simplified monocultures and continuous cropping which is characterized by 

the use of heavy machinery and high input of agrochemicals (Altieri, 2018; 
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Altieri et al., 2017) but has the capacity of guaranteeing global food 

sufficiency. Undoubtedly, this has been the source of domestic food 

sufficiency and export of surplus for most countries (Pywell et al., 2005). On 

the other hand, small scale mixed cropping often practiced by subsistence 

farmers promotes habitat heterogeneity (Wyckhuys et al., 2013). However, 

besides its unpredictability in guaranteeing food sufficiency, practices such 

as shifting cultivation, land rotation, slash and burn lead to rapid destruction 

of natural ecosystems (Snyder et al., 2017). This may result in rapid loss of 

biodiversity and render the potential ecological gains from other good crop 

production practices inconsequential (Leh et al., 2013). This is true in most 

tropical countries, especially West Africa which has been identified as the 

greatest source of the world’s biodiversity but is rapidly losing that status 

(Leh et al., 2013).  

Promotion of biodiversity-based farming that encourages the provisioning of 

important ecosystem services in agriculture is vital for sustainability (Duru et 

al., 2015). The presence of diverse plant species; both crop and non-crop in 

the landscape ensures that there are available of resources, spatially and 

temporally to favour functioning biotic and abiotic processes that underpin 

ecological succession (Duru et al., 2015; Power, 2010). Global ecosystem 

value has been estimated at $125 trillion per annum (Costanza et al., 2014). 

But important ecosystem services and functions such as soil fertility 

regulation, erosion control, pollination and insect-mediated pest control 

supported by diverse flora and fauna taxa continue to decline due to 

biodiversity loss (Balzan et al., 2014; Wood et al., 2016).  

 

Between 60 and 90% of plants depend on animals for pollination (Kremen et 

al., 2007) and the total economic value of pollination is estimated at about 

USD 171 billion (Gallai et al., 2009). Loss of pollination services due to 

malfunctioning agroecosystem could result in poor yield of crops and 

requiring cultivation of large acreages of crops to compensate for the poor 

yield (Balzan et al., 2014; Garibaldi et al., 2011; Tschumi et al., 2016) and 

thus, resulting in further degradation of the natural ecosystem. The 

importance of pollination service in the ecosystem is emphasized by that fact 
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that 70% of the 124 main food crops depend on pollination services (Klein et 

al., 2007). 

 

Arthropod pests consume food that can feed an additional one billion people 

(Birch et al., 2011). In the US, herbivore pests consume 13% of annual crop 

production at an estimated cost of $18.77 billion (Jones & Snyder, 2018). In 

the past six decades, application of synthetic insecticides has been the most 

influential insect pest management tool (Gould et al., 2018). Evidently, this 

pest management option has resulted in increased crop productivity by 

reducing crop loss and delivering food commodities with high cosmetic 

qualities (Oerke, 2006). Indiscriminate application of synthetic insecticides 

has, however, resulted in pest resistance, pest resurgence, elimination of non-

target organisms and natural enemies of crop pests (Chagnon et al., 2015;  

Guedes et al., 2016). Natural pest control is an important ecosystem service 

that has the potential to save the world several millions of dollars on cost of 

pesticides (Hajek & Eilenberg, 2018; Muneret et al., 2019). As a result of 

natural enemy-mediated pest control, the US alone saves an estimated $13.6 

billion annually through reduction in purchase of insecticides and crop loss 

(Losey & Vaughan, 2006). Other benefits of natural pest control that may run 

into several millions of dollars are the reduction in pesticide poisoning of farm 

workers, contamination of the environment and water bodies and pest 

resistance and resurgence (Costanza et al., 1997). 

Conservation biological control (CBC) relies on pest suppression from 

endemic natural enemies (Gurr et al., 2000; Hajek & Eilenberg, 2018) and 

has been recognized as an ecologically-based pest management tactic 

(Bommarco et al., 2018). Due to unfavorable conditions such as application 

of pesticides, natural enemy numbers are often inadequate and incapable of 

delivering effective pest suppression (Guedes et al., 2016). There is need to 

modify the agroecosystem by intentionally providing resources to natural 

enemies to enhance their activities; a procedure referred to as ‘habitat 

manipulation’ (Griffiths et al., 2008; Gurr et al., 2004; Gurr et al., 2017). 

Habitat manipulation provides resources such as pollen, nectar, shelter and 

alternative prey to natural enemies, thus boosting their survival and 
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reproduction and delivering important ecosystem services including natural 

pest suppression (Balzan et al., 2016;  Gurr at al., 2017).  

Habitat manipulation has been used successfully to manage pest insects in 

Australia, New Zealand, Western Europe, United States, Japan some other 

parts of the developed world (Gurr & You, 2016; White et al., 1995; 

Whittingham, 2011). In most of the developing countries including sub-

Saharan Africa, however, habitat manipulation for conservation biological 

control is not very widespread. Perhaps, the most prominent example is the 

‘push-pull’ approach used in managing the maize stem borer, Busseola fusca 

(Lepidoptera: Noctuidae) (Khan et al., 2014; Khan & Pickett, 2004). The 

technology is famous and has been adopted by several farmers in Kenya and 

other East-African countries (Khan & Pickett, 2004). There is, however, great 

potential for habitat manipulation for conservation biological control to thrive 

in Africa where crop production is characterised by limited use of 

agrochemicals due to financial constraints (Wyckhuys et al., 2013). 

Agricultural intensification has enhanced export of food commodities 

(Thornton et al., 2018), but the backbone global food security especially in 

African and other the developing world is subsistence agriculture and small-

holder farming dominated landscapes (Tscharntke et al., 2012). In many parts 

of Africa, practices such as intercropping and mixed cropping have been 

found to enhance soil fertility and increase crop yields and food security 

(Garrity et al., 2010). In Ghana and in several sub-Saharan African countries, 

however, simple agricultural technologies such as habitat manipulation that 

conserves biodiversity and promotes delivery of ecosystem services in the 

agroenvironment  have the potential to enhance food security.  

Several plant species have been tried in habitat manipulation, with a small 

number of non-native species repeatedly used due to their success in previous 

studies (Fiedler et al., 2008).  Native plants, however, are recently attracting 

attention as habitat manipulation species (Pandey et al., 2018). Native plants 

may provide similar or better resources than non‐natives and could have 

several advantages such as local adaptation, habitat perpetuity, and enhanced 

native biodiversity over the exotic ones (Fiedler & Landis, 2007; Isaacs et al., 

2009). 
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Habitat manipulation plants may provide multiple ecosystem services 

including botanical insecticides, herbal medicines, spices and indigenous 

food and may enhance the general adoption of the technology (Finney & 

Kaye, 2017; Finney et al., 2017). Insecticides obtained from plants 

(‘botanicals’) have been documented to be cost-effective and sustainable in 

managing insect pests including those that have failed to succumb to synthetic 

insecticides (Amoabeng et al., 2014; Amoabeng et al., 2018; Mkenda et al., 

2015; Mkindi et al., 2017; Rioba & Stevenson, 2017). Botanical insecticides 

are less harmful to predators and parasitoids because they usually exhibit 

attributes such as repellence, anti-feeding, oviposition deterrence rather than 

toxicity in suppressing pests (Isman, 2006). There are few botanicals that may 

exhibit toxicity, albeit they pose negligible threat to the ecosystem when used 

in the crude form at lower concentrations (Isman, 2006). Furthermore, 

botanical insecticides easily breakdown upon exposure to air and sunlight, 

and can complement ecological pest management systems (Isman, 2008; 

Miresmailli & Isman, 2014; Zapata et al., 2016) such as conservation 

biological control. 

The overall aim of this thesis was to manage insect pests of cabbage Brassica 

oleracea var. capitata L. (Brassicaceae) based on two ecosystem services 

supported by native/naturalized non-crop plant species. i.e. habitat 

manipulation for conservation biological control and botanical insecticides. 

The focus was to select plant species that are agronomically suitable for 

planting among cabbage and could potentially attract natural enemies for the 

purpose of conservation biological control and as a source of botanical 

insecticides. The initial plan was to select two native Australian plants 

together with workable number of some Ghanaian native/naturalized plant 

species for habitat manipulation experiments in Ghana. Two Australian native 

plants; Nicotiana megalosiphon Van Heurck & Mull.Arg. (Solanaceae) and 

Mentha satureioides R.Br. (Lamiaceae) were selected to potentially provide 

the two ecosystem services of botanical insecticides and provision of 

resources to support natural enemies. Even though there are other Nicotiana 

species native to Australia, only one species was needed for the study. 

Nicotiana megalosiphon was the one that was readily available. No other 

special considerations were made because none of the indigenous Nicotiana 
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species was known to be better than the other. Some species in the genus 

Mentha and Nicotiana had been used as botanical insecticides (Kumar et al., 

2011; Amoabeng et al., 2013) whilst they both have the potential to provide 

resources to support conservation biological control. Aqueous extracts of 

these two Australian native plants were initially tested in a greenhouse in 

Australia against three key pests of brassicas, the diamondback moth Plutella 

xylostella L. (Lepidoptera: Plutellidae), cabbage aphid Brevicoryne brassicae 

L. and green peach aphid Myzus persicae Sulzer (Hemiptera: Aphididae) to 

document their bio-efficacy as botanical insecticides prior to their use in 

habitat manipulation. There was, however, last-minute failure in securing 

permission to send the two Australian native plants to Ghana and thus, 

necessitating their withdrawal from the habitat manipulation field 

experiments.  Findings of bio-efficacy of aqueous extracts of these two plants 

against brassica pests were, published and can be found in chapter three of 

this thesis.  

Six native/naturalized Ghanaian plant species, Ageratum conyzoides, Tridax 

procumbens (Asteraceae), Crotalaria juncea (Fabaceae), Cymbopogon 

citratus (Poaceae), Lantana camara (Verbenaceae) and Talinum triangulare 

(Talinaceae) were therefore selected to continue with the study in Ghana. 

These plants were selected based on their potential to provide both botanical 

insecticides and resources in habitat manipulation for conservation biological 

control. While some of the plants had been used as botanical insecticides, 

none had been used in habitat manipulation for conservation biological 

control. Thus, observing these plants for visition of by beneficial insects 

informed their choice as potential species for habitat manipulation.  Aqueous 

extracts of these native/naturalized Ghanaian plants were also tested against 

P. xylostella and B. brassicae in lab bioassays with emamectin benzoate 

(Attack®) and tap water as positive and negative controls respectively. Two 

field experiments; each repeated in three consecutive growing seasons were 

carried out. In the first experiment, pests of cabbage were managed solely 

with conservation biological control supported by habitat manipulation. The 

second experiment integrated habitat manipulation for conservation 

biological control and application of aqueous extracts of the six plant species. 

Emamectin benzoate and tap water were used as standard positive and 
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negative controls respectively. Field experiments measured treatment effects 

on abundance of pests and natural enemies, yield and quality of cabbage. 

Finally, economic analyses of conservation biological control alone (first 

field experiments) and the combination of botanical insecticides and 

conservation biological control (second field experiments) were done to 

obtain cost: benefit ratios to authenticate the economic implications for these 

pest management interventions.  

 1.2 Overview of cabbage production in Ghana 

Cabbage is likely the most important and widely consumed exotic leafy 

vegetable in Ghana (Timbilla & Nyarko, 2004). The crop is attacked by 

several insect pests resulting in widespread damage and reducing yield and 

marketability (Lowenstein et al., 2017). In Ghana, insect pests of cabbage 

including but not limited to the P. xylostella, B. brassicae, M. persicae, 

cabbage looper, Trichoplusia ni Hübner (Lepidoptera: Noctuidae), cabbage 

web worm, Hellula undalis Guenée (Lepidoptera: Pyralidae), imported 

cabbage worm, Pieris rapae (Lepidoptera: Pieridae), the whitefly, Bemisia 

tabaci (Genn.) (Homoptera: Aleyrodidae), cutworms Agrotis spp. 

(Lepidoptera: Noctuidae) pose problems to the production of cabbage and 

other crucifers (Amoabeng et al., 2013; Fening et al., 2014; Fening et al., 

2013). The diamondback moth, however, is the most important pest of 

brassicas worldwide (Gurr et al., 2018) and cost the global economy between 

US$ 4-5 billion annually (Furlong et al., 2013). It was the first field crop pest 

to develop resistance to DDT in 1953 at Java, Indonesia (Angkersmit, 1953) 

and has successively gained resistance to several chemical insecticides as well 

as some strains of the insecticide based on toxins produced by the bacterium 

Bacillus thuringiensis (Amoabeng et al., 2018; Grzywacz et al., 2010; Sarfraz 

& Keddie, 2005). Diamondback moth is difficult to control especially in parts 

of Africa and Asia where lack of newer and effective insecticides, coupled 

with a favourable climate ensure their persistence all year round (Grzywacz 

et al., 2010). Globally, application of synthetic insecticides has been the main 

tactic of managing diamondback moth and other pests of brassicas (Furlong 

et al., 2013; Gautam et al., 2018) even though the approach has been 

associated with ecological problems (Guedes et al., 2016).  
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1.3 Negative effects associated with managing insect pest with synthetic 

insecticides  

Contamination of food, water bodies, human poisoning, elimination of 

beneficial organisms and pest resistance have been associated with the use of 

synthetic insecticides, the dominant pest management option in the last six 

decades (Guedes et al., 2016). Some food commodities in Ghana for example, 

were found to contain insecticides higher than the maximum residue limit 

permitted by WHO (Amoah et al., 2006), while water bodies, sediments and 

human body fluid such as breast milk were found to contain some amount of 

insecticides in area where vegetable production occurs all year round (Ntow 

et al., 2006).  

In India, sample of water from river Ganga at Narora was found to be highly 

contaminated with insecticides such as DDT, Aldrin and α-BHC (Rehana et 

al., 1996). In China, between 53,300 and 123,000 people are poisoned 

annually (Zhang et al., 2016). However, the volume of pesticides used in the 

developed countries far outweighs that used in the developing countries 

(Darko & Akoto, 2008; Koul, 2004), but pesticides poisoning in the 

developing world exceeds that of the developed world more than threefold 

due to reasons including poor handling of pesticides (Mrema et al., 2018), 

lack of personal protective gear during application of pesticides and lack of 

education on safe use of pesticides (Amoabeng et al., 2018). About three 

million severe pesticides poisoning and 25 million symptomatic occupational 

poisoning occur annually in the developing countries (Mrema et al., 2018). 

This is often because governmental regulations on the use of pesticides in the 

developing world tends to be poor (Konradsen et al., 2003).  

1.4 Alternatives to synthetic insecticides  

The adverse effects of synthetic insecticides on the ecosystem has 

necessitated the search for safer and reliable alternative approaches in 

managing agricultural pests. Minimizing the use of synthetic insecticides and 

integrating with ecological-based pest management tactics may significantly 

reduce pesticides pollution in the ecosystem. Biological control services 

provided by natural enemies of crop pests, and benign natural insecticides 

such as botanicals could provide alternatives for sustainable pest management 

(Amoabeng et al., 2013; Bell et al., 2016; Gregory et al., 2009). While non-
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chemical pest management tactics might not give rapid results compared with 

chemical option, combination of two or more non-chemical pest management 

tactics may generate synergies and provide greater efficiency than chemical 

pest management (Barzman et al., 2015). There are prospects of preserving 

the agroecosystem if ecofriendly pest management options are widely 

adopted. This could potentially result in significant reduction in cost of 

producing crops (Jones et al., 2018). In addition, reduced pesticides 

poisoning, damage to the agroecosystem and the environment may be realized 

(Jones et al., 2018; Sandhu et al., 2008).  

1.5 Biological pest control services 

Biological control (biocontrol) relies on organism to decrease insect pest 

population (Van Lenteren, 2012). Biocontrol occurs in every ecosystem of 

the world and its contribution to agriculture is enormous (Muneret et al., 

2019). The earliest record of biological control was in 324 BC where habitats 

were manipulated to encourage the ants Oecophylla smaragdina Fab. 

(Hymenoptera: Formicidae) to control caterpillars and boring beetles in citrus 

trees in China (Copping, 2005). Organisms including pathogens, predators, 

parasitoids and nematodes are important in effecting biocontrol in the 

ecosystem. Biocontrol has been described as the safest and the most 

economically profitable pest management option (Cock et al., 2010; Messing 

& Brodeur, 2018). It has been in existence for ages and has coevolved with 

agriculture (Gurr & You, 2016). Three critical reasons have been given for 

the need to consider managing pest insects biologically (Gurr et al., 2016). 

First, there is global increase in pest damage to crops which is estimated to 

cost $470 billion annually. This is as a result of the proportional global 

increase in food, feed and fibre production as well as ecosystem disparity 

resulting in poor natural pest suppression. Second, there is need to satisfy the 

global human need for protein and other important nutrients, and third, 

increasing human poisoning, environmental contaminations and resistance of 

pests to synthetic insecticides (Godfray & Garnett, 2014; Gurr & You, 2016). 

Economic value of biocontrol services in an ecosystem can readily be 

measured in terms of reduction is pesticides use and enhanced crop 

productivity (Barzman et al., 2015; Evans, 2016).  
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Entomophagous predators, parasitoids, parasites and pathogens are capable 

of impacting on insect pests resulting in natural control (Furlong & Zalucki, 

2010). Natural enemies are more important in the ecosystem because they 

have greatest effect on herbivore suppression compared with other factors 

such competition, weather and plant effects (Cornell & Hawkins, 1995). A 

successful biocontrol is achieved when 40% mortality is realized, 

nonetheless, about 90-100% mortality have been realized in many cases (Gurr 

et al., 2007; Hawkins, 2005). To successfully use natural enemies in 

controlling pests, an understanding of their biology, their foraging behaviour 

on the prey, the environment and farm management practices are important 

considerations (Perović et al., 2018; Traugott et al., 2015).  

 

Various options of biological control exist but the choice depends on the type 

of pest involved as well as the resources available. Classical biological control 

involves the introduction of an exotic biocontrol agent of a pest to a new area 

to establish permanently to effect long term control of an accidentally 

introduced pest species (Hoddle et al., 2015; Van Lenteren, 2012). It is often 

used against introduced species of pests which is believed to have arrived in 

an area without its natural enemies (Heimpel & Cock, 2018; van Lenteren, 

2000). It aims to suppress pest population by the gradual build-up of the 

offspring of the natural enemies over the years (Van Driesche & Hoddle, 

2000). The term “classical” was used because of its glaring success with the 

introduction of the vedalia beetle Rodolia cardinalis (Mulsank) (Coleoptera: 

Coccineddidae) to control scale insects in California in the late 1880s 

(Eilenberg & Hokkanen, 2006; Heimpel & Cock, 2018). The capacity of an 

introduced natural enemy to establish, reproduce and multiply makes classical 

biological control an exceptional pest management option. However, besides 

the host range, consumption rates and climatic requirements, there is often 

too little attention given to the requirements of the agent (Gurr & Wratten, 

1999; Perović et al., 2018) or the aspects of habitat that could be manipulated 

to realize optimal establishment and pest control (Gurr et al., 1998; Mills & 

Heimpel, 2018). For this reason, even though between 20% and 55% 

establishment rate of biocontrol agents has been estimated in classical 

biocontrol, only between 5% and 15% introduced agents have been successful 

in achieving pest suppression (Gurr & Wratten, 1999).  
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Augmentative biological control - has some similarities with classical 

biological control. In this option, natural enemies are periodically introduced 

into a cropping system to enhance their numbers with the sole aim of 

engulfing pests (Collier & Van Steenwyk, 2004; Hajek & Eilenberg, 2018; 

Hajek et al., 2016). The option is often applied where classical biological 

control is not appropriate due to failure of natural enemies to establish and 

multiply (Sivinski, 2013). It was initially used in cases where there is insect 

resistance to synthetic insecticides but it is now used for reasons such as 

efficacy, cost-effectiveness and environmental safety (van Lenteren, 2000; 

van Lenteren et al., 2018). Augmentative biological control is used in 

managing pests of field crops that are attacked by few pest species, and in 

green houses where pests can be managed sufficiently with natural enemies 

(Smith, 1996; Van Lenteren, 2012; Van Lenteren & Bueno, 2003). Where 

natural enemies are mass reared and intermittently released into the cropping 

environment to effect quick suppression of the target pests it is refereed as 

inundative release (Collier & Van Steenwyk, 2004; Heimpel & Mills, 2017) 

whilst inoculative release aims at releasing small number of natural enemies 

into the cropping system and are expected to establish and offer pest 

suppression for a period of time, possibly a growing season. (van Lenteren, 

2000; van Lenteren et al., 2018).  

Conservation biological control on the other hand, relies on endemic natural 

enemies in the agroecosystem to achieve pest suppression. It involves the 

deliberate modification of the farm environment to protect and enhance 

natural enemies to control pests (Collard et al., 2018; Griffiths et al., 2008). 

It is perhaps the oldest and the extensively used biocontrol method where 

farmers through their indigenous knowledge encouraged the abundance and 

spread of natural enemies in their crops to effect pest suppression (Kean et 

al., 2003). With this option, endemic natural enemies of crop pests are 

protected from harmful conditions and or are stimulated by providing them 

with nourishment and conducive habitats that can enhance their pest 

suppression activities (Gurr et al., 2000; Landis et al., 2000; Van Lenteren, 

2012). In achieving this, pesticide-induced mortality of natural enemies is 

reduced by judicious applications at the right time and space, reducing the 
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rates of pesticides and using compounds that do not have broad spectrum 

effect (Gurr et al., 2018; Gurr et al., 2000).  

While the potential to manage pest with endemic natural enemies exist, 

excessive use of synthetic pesticides over the years has caused a reduction in 

abundance of important natural enemies. Thus, to realize the full potential of 

this natural pest control option, there is need to improve the environment of 

natural enemies to ensure effective pest suppression. Conducive habitat in the 

agroecosystem provides microclimate for overwintering natural enemies, 

aestivation, reproduction and protection from disturbances due to farm 

activities such as tillage, spraying and other agronomic practices (Griffiths et 

al., 2008). For conservation biological control to be successful, its design and 

implementation must rest on sound ecological theories. The provision of 

resource subsidies in the form of pollen and nectar benefits predators and 

parasitoids in effecting pest suppression (Gurr et al., 2017). This is because 

many natural enemies live as omnivores (Kean et al., 2003; Schuldiner-

Harpaz et al. et al., 2016) and thus require both prey and plant resources to 

function effectively. However, inappropriate provision of resource subsidies 

may increase pest damage by for instance, diverting natural enemies from 

carnivory, encouraging higher-order predation or hyper-parasitism and 

benefiting the pest itself (Frago, 2016; Kean et al., 2003). It is therefore 

important that the cropping environment is positively influenced to suit 

natural enemies in delivering pest suppression. 

Establishing different plant species in different pattern of arrangements at the 

farm-scale to provide ideal resources for endemic natural enemies to effect 

pest suppression is often referred to as habitat management or habitat 

manipulation (Gurr et al., 2017). Besides the provision of pollen, nectar, 

shelter and alternative prey to enhance fitness of natural enemies in delivering 

pest suppression, plants may provide other ecosystem services and or 

functions such as botanical insecticides, aesthetics, biodiversity conservation, 

waste water treatment, weed suppression and erosion control (Costanza et al., 

1997; Finney et al., 2017). The species of plants to be selected for habitat 

manipulation is therefore an important consideration if multiple ecosystem 

services would be achieved (Finney & Kaye, 2017; Gurr et al., 2017). 

Irrespective of the number of ecosystem services to be delivered, plant species 
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must be agronomically suitable for the agricultural settings in which they will 

be placed (Landis et al., 2000).  

In the developing world including sub-Saharan Africa (SSA), farmers do not 

utilize the potentials of endemic natural enemies in managing pests despite 

their low financial strength and favourable farming practices (Wyckhuys et 

al., 2013). Farming in several parts of the developing world especially SSA 

may be described as de-facto ecological due of low agrochemical input and 

mixed cropping (Sheahan & Barrett, 2017). However, organized habitat 

management programmes to enhance biological pest control potentials are 

limited (Wyckhuys et al., 2013). This may be due to the fact that, ecological 

information about importance of natural enemies and ways of exploring their 

potentials in pest management are rare (Wyckhuys et al., 2013). For this 

reason, only few organized habitat manipulation programmes to support 

conservation biological control are in Africa e.g. Khan et al., (2014). There is 

need to explore the potential of conservation biological control based on 

habitat manipulation of the abundant native and naturalized plant species. If 

successful, such pest management practice would be adopted by farmers in 

the developing world due to the ease with which it can be replicated. The 

reliance on plants for other ecosystem services such as herbal medicine, 

indigenous food, fodder for livestock etc. could be motivating enough to get 

local farmers cultivate such plants if they could support natural enemies to 

aid pest suppression.  
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Table 1. 1: Some ecosystem services provided by native/naturalized non-crop plants used in the current study 

 Ecosystem 

service 

                                                                                                 Plant species 

  Talinum 

triangulare 

(Talinaceae) 

Crotalaria juncea 

(Fabaceae) 

Tridax procumbens 

(Asteraceae) 

Ageratum conyzoides 

(Asteraceae) 

Lantana camara 

(Verbenaceae) 

Cymbopogon citratus 

(Poaceae) 

1 Botanical 

insecticide 

Not reported (Azam et al., 

2003) 

(Bhagwat et al., 2008) 

 

(Amoabeng et al., 2013; 

Singh et al., 2014) 

(Ogendo et al., 

2004) 

(Nerio et al., 2009; 

Olivero-Verbel et al., 

2010) 

2 Nectar for 

natural enemies 

(Mbah & Amao, 

2009) 

(Tavares et al., 

2011) 

(AdekanmbI & 

Ogundipe, 2009; Raju, 

Rao, & Kumari, 2003) 

(Amaral et al., 2013) (Barrows, 1976) Not reported 

3 Promotes 

pollinators/bees 

(Ayansola & 

Davies, 2012; 

Mbah & Amao, 

2009) 

(Tavares et al., 

2011) 

(Raju et al., 2003) (Ngongolo et al., 2014) (Alm et al., 1990) Not reported 

4 Forage for green 

manuring 

Not reported (Daimon, 2006; 

Hinds, 2012; 

Not reported (Xuan et al., 2004). 

Inhibits growth of some 

weeds 

Not reported Not reported 
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Tavares et al., 

2011) 

5 Cover cropping Not reported (Hinds, 2012; 

Wang et al., 

2002) 

Not reported Not reported   

6 Medicinal (Mensah et al., 

2009) 

(Al-Snafi, 2016; 

Chouhan & 

Singh, 2010) 

(Bhagwat et al., 2008) (Ngongolo et al., 2014) (Basu et al., 2005) (Irkin & Korukluoglu, 

2009) 

7 Forage for 

food/feed/food 

constituent 

(Andarwulan 

etal., 2010) 

Not reported (Asuquo, 1997) Not reported Not reported (Kieling & Prudencio, 

2017) 
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Table 1. 2: Four popular plant species often involved in habitat management 

Ecosystem service 

 

Fagopyrum esculentum 

(Polygonaceae) 

 Phacelia tanacetifolia 

(Boraginaceae) 

 Coriandrum sativum  

(Apiaceae) 

Lobularia maritima 

(Brassicaceae) 

1 Botanical insecticide (Lee & Rasmussen, 2000) Not reported (Benelli et al., 2013)  Not reported 

2 Nectar for natural 

enemies 

(Géneau et al., 2012) (Carreck & Williams, 2002) (Sajjad & Saeed, 2010) (Fiedler et al., 2008) 

3 Promotes pollination (Carreck & Williams, 2002; 

Géneau et al., 2012) 

(Carreck & Williams, 2002) (Sajjad & Saeed, 2010) (Fiedler et al., 2008) 

4 Forage for green 

manuring 

(Arcand et al., 2010) (Dhima et al., 2009) (Dhima et al., 2009) Not reported 

5 For cover cropping (Arcand et al., 2010) (Jackson, 2000)  (Wiman et al.,  2009) 

6 Food/feed  (Moroni et al., 2011) Not reported (Wong & Kitts, 2006) Not reported 

7 Medicinal (Li & Zhang, 2001) Not reported (Matasyoh et al., 2009) Not reported 
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1.6 Conclusion 

While ecosystems provide numerous functions and services to sustain human 

life, it can be stated that the agroecosystem is of outmost importance to the 

agriculturist. The agroecosystem is the provider of services such food, fibre, 

biofuel and phytochemicals. Optimum provision of these services can, 

however, be achieved in non-degraded agroecosystems that function to 

improve soil fertility, soil structure and nutrient cycling and regulate activities 

of organisms in delivering e.g. pollination and natural pest control services 

(Power, 2010). The challenge to farmers in maintaining a functioning 

agroecosystem is to ensure proper designing, implementation and 

management of the systems to achieve its purpose (Duru et al., 2015).   

Pesticides in agricultural pest management is a major contributory factor of 

biodiversity loss in an agroecosystem (Altieri, 1999; Altieri et al., 2018). 

Effective pest management is an important aspect of crop production. An 

increased use of ecosystem services in pest management can reduce the 

overreliance on synthetic insecticides and thus, reduce their negative impacts 

in the ecosystem (Bruce, 2010; Chagnon et al., 2015). It will cost between € 

40 and 70 billion to restore natural enemy-mediated pest control globally 

(Balzan et al., 2014). Another negative impact of degraded agroecosystem is 

in the area of obtaining plant species that can provide potent botanical 

insecticides for insect pest management (Isman, 1997). There is need 

therefore to preserve the non-degraded agroecosystem and to rehabilitate the 

degraded ones to ensure the continuous provisioning of the numerous 

important services for human existence. A reduction in use of complex 

implements and chemicals in agriculture will create a balanced flora and 

fauna relationship in the agroecosystem, and this will bolster natural 

regulation of the insect pests of crops. The use of polyculture, intercropping 

and mix cropping for instance will create biodiversity in the agroecosystem.  

1.7 Thesis aim and objectives 

This thesis aimed to manage pests of cabbage using the dual ecosystem 

services of habitat manipulation for conservation biological control and 

botanical insecticides using non-crop plant species. The study involved both 

laboratory and field experiments. Laboratory experiments were conducted in 

Australia and Ghana whilst the field experiments were conducted in Ghana. 
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It was expected that the non-crop plants could provide resources needed by 

predators and parasitoids of cabbage pests to enhance pest suppression whilst 

providing a second ecosystem service of botanical insecticides to complement 

the activities of natural enemies in suppressing pests. For the purpose of 

providing floral resources for natural enemies, plants were selected mostly by 

observing insect visitation in the ecosystem (Fiedler & Landis, 2007) whilst 

their insecticidal potential was based on their previous use in managing some 

arthropod pests in various studies. 

Specifically, the study sought to; 

 

1. Measure the extent to which each of the non-crop plants promotes 

conservation biological control by; 

a. attracting natural enemies 

b. enhancing pest predation and parasitism 

c. reducing pest damage 

d. preventing pest densities from reaching damaging levels 

e. increasing marketable yield of crop 

 

2. Measure the bio efficacy of botanical insecticide from these 

plants against key pests of cabbage 

3. Measure the effect of integrating habitat manipulation for 

conservation biological control and botanical insecticides of the 

non-crop plants on pests, natural enemies and yield of cabbage  

4. Measure the economic implications of using the non-crop plants 

in habitat manipulation for conservation biological control alone 

as well as the integration of habitat manipulation for conservation 

biological control and botanical insecticides in cabbage pest 

management 
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CHAPTER TWO 

 

Literature review 

2.1 Introduction 

2.2 Habitat manipulation for conservation biological control 

For conservation biological control to be successful in suppressing pest 

numbers, the cropping environment must be conducive for endemic natural 

enemies to survive and perpetuate (Gurr et al., 2000;  Wyckhuys et al., 2013). 

Many agricultural lands have, however, lost the optimal natural habitats 

required by natural enemies (Gagic et al., 2018). Habitat manipulation, 

therefore, seeks to intentionally provide flowering plants and plant 

communities in managed landscapes to enhance the numbers and activities of 

natural enemies to boost pest suppression (Fiedler et al., 2008; Gagic et al., 

2018; Gurr et al., 2004). Hence, the need to manipulate the habitat reflects the 

fact that agricultural landscapes seldom provides resources needed by the 

natural enemies at the right time and place (Landis et al., 2000).  

 

Non-crop patches in the agroecosystem are widely acknowledged to benefit 

natural enemies to effect pest suppression (Tscharntke et al., 2016). However, 

natural enemies could at times respond inconsistently to the provision of 

resources (Karp et al., 2018). Understanding of the factors that influence the 

abundance and foraging behavior of both target pests and the natural enemies 

for effective CBC is therefore an important aspect of habitat management 

(Gardiner et al., 2009; Landis et al., 2000). Whilst ecological theories have 

been applied to the success of biological control, little attention is often given 

to the requirements of the biological control agents such as nectar as food 

source, microclimate and alternative hosts (Collard et al., 2018; Gurr & 

Wratten, 1999; Jervis et al., 1993). Natural enemies perform better in an 

undisturbed cropping environment than the large scale monocultures (Boetzl 

et al., 2019; Landis et al., 2000). Diversity and richness of predators and 

parasitoids in an agroecosystem to suppress pests in conservation biological 

control is directly related to the diversity and complexity of plant species in 

the agroecosystem (Griffiths et al., 2008; Marino & Landis, 1996). Habitat 

heterogeneity positively affects invertebrate diversity and eliminates the 

likelihood of rare species getting extinct (Bommarco, 1998; Colunga-Garcia 

et al., 1997). A more diverse habitat enhances natural enemy complexity and 



20 
 

successful CBC (Cardinale et al., 2003; Griffiths et al., 2008; Rusch et al., 

2016). But according to Landis et al. (2000), elements in diverse habitat must 

be identified and provided rather than simply increasing diversity as that can 

sometimes worsen pest situation. Thus, potential mechanisms such as 

improving the availability of alternative food including nectar, pollen and 

honeydew, providing microclimate in which natural enemies may overwinter 

or seek refuge during harsh environmental condition and application of 

pesticides are important considerations (Gurr et al., 2017).  Finke & Denno 

(2004) noticed that simplified natural enemy community was efficient in 

providing pest suppression equal to or better than a complex community. In 

a study to examine the relationship between diversity (species richness), 

community function (total parasitism rate) and stability (variability in 

parasitism rate over time) Rodriguez & Hawkins (2000) found that species-

rich communities did not offer higher parasitism rates better than species-

poor communities. It must however, be recognized that the more diverse the 

landscape is (diverse plant species) the more likely resources needed by 

natural enemies would be available spatially and temporally (Rusch et al., 

2016) hence, diversity in landscape is important. 

2.3 What resources does habitat manipulation offer to natural enemies? 

2.3.1 Refuge/ Shelter 

Land preparation activities such as slashing and burning (often practiced by 

small scale farmers in the tropics), and other cultivation practices including 

ploughing, harrowing tend to disturb and reduce population of natural 

enemies such as spiders, beetles and bugs (Lee et al., 2001; Nilsson et al., 

2016; Thorbek & Bilde, 2004). Application of agrochemicals including 

herbicides and insecticides during land preparation and insect pest 

management respectively, have significant negative effects on generalist 

natural enemy population (Thorbek & Bilde, 2004). Harvesting of crops and 

or fallow in annual crops may displace natural enemies that take refuge in 

them. The occurrence of harsh weather conditions such as winter, drought, 

harmattan (in West Africa) and hot summers could leave crop field fallow or 

bare, posing enormous risk to the survival and persistence of natural enemies 

(Thorbek & Bilde, 2004). The presence of non-crop patches such as flower 

strips, hedgerows, beetle banks can therefore provide a safe shelter for natural 

enemies against crop cultivation practices and harsh climatic conditions 
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within the farm scale, thus, ensuring the presence and persistence of these 

beneficial organisms in the confines of the agroecosystem to carry out natural 

pest suppression ( Fiedler et al., 2008; Gurr et al., 2017).  

 

2.3.2 Nectars (floral and extra-floral nectars) 

Parasitoids require nourishment for survival to reproduce and contribute to 

natural pest suppression in the agroecosystem through parasitization of the 

host insect which could be the target of pest management (Géneau et al., 

2013). The important biological functions of parasitoids that promote natural 

pest suppression i.e. longevity, fecundity, searching and realized parasitism 

are enhanced by adequate provision of nectar (Gurr et al., 2017). Both floral 

and extrafloral nectar provide parasitoids with the required nutrition to thrive 

(Géneau et al., 2013; Géneau et al., 2012).  Availability of predictable source 

of sugars in the form of extrafloral nectar on vegetative plants favors foraging 

by parasitoids and enhances the frequency of visits in the agroecosystem 

(Sanz-Veiga et al., 2017). Extrafloral nectars are important source of food to 

natural enemies as they are available every time of the year compared to floral 

nectars that are available only at blooming seasons.  

Whereas floral nectars may be the greatest source of sugars for parasitoids, 

the mere presence of bloom does not necessarily guarantee availability of 

nectar to natural enemies (Nafziger & Fadamiro, 2011; Wäckers, 2004). The 

choice of plant species to provide floral nectar is critical (Gurr et al., 2017). 

Morphology of some flowers do not allow certain types of natural enemies to 

access the nectar (Klumpers et al., 2016). Nectar in flowers with long corollas 

are not available to many natural enemy species with short proboscis (Lázaro 

et al., 2015). Only insects with larger bodies such as those in the Megachile 

and Xylocopa genera, for example, are able to access floral resources of C. 

juncea owing to the flower morphology (Amaral-Neto et l., 2015). This might 

not make C. juncea a good candidate for habitat manipulation for 

conservation biological control. Similarly, nectar from certain flowers 

contain secondary compounds such as alkaloids making their nectar toxic or 

unpleasant and thus, repelling floral visitors (Stevenson et al., 2017). Effect 

of the nectar toxicity is, however, concentration dependent and could have 

some advantages by for instance, making the nectar more attractive 
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(Stevenson et al., 2017). Factors that may be considered in flower selection 

for habitat manipulation may include morphology of the target parasitoid, 

floral architecture, flower color, floral area, flowering time and nectar 

chemistry and availability (Vattala et al., 2006). A study showed that plants 

of the same species with different floral colours but of the same floral 

resources were differently visited by parasitoids due to differences in the 

colour of the inflorescence (Begum et al., 2004).  

2.3.3 Pollen 

The inclusion of pollen in the diet of predators and parasitoids provides them 

with proteins that enhance their longevity, fecundity and overall searching 

potential (Benhadi-Marín et al., 2019; Lu et al., 2014). Whilst predators are 

known to benefit immensely from pollen, there is not much evidence that 

suggest that parasitic wasp feed on pollen even though it could be consumed 

in nectar (Gurr et al., 2017). Several studies have shown that predators benefit 

from supplementary feed on pollen e.g. Resende et al. (2017), Schuldiner-

Harpaz & Coll, (2017), Soltaniyan et al. (2018). In an experiment to 

determine the performance of two predators, Nesidiocoris tenuis (Reuter) and 

Macrolophus pygmaeus Rambur (Hemiptera: Miridae) indigenous natural 

enemies in controlling Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) 

on tomatoes, Mollá et al. (2014) concluded that, the potential of using N. 

tenuis and M. pygmaeus as biological control agent against T. absoluta was 

limited in the absence of other food sources.  

2.3.4 Alternative host/ prey  

Increasing the number of natural enemies in the ecosystem is important in 

achieving effective pest suppression. This can be achieved by providing 

additional including alternative host or prey (Messelink et al., 2014). The 

concept of banker plants; a mobile habitat that provides alternative prey for 

natural enemies was first used in the 1970s (Miller & Rebek, 2018). The 

concept involves pre-infesting plant with herbivore and its natural enemy and 

placing it in the crop field (Huang et al., 2011). It finds application in the 

greenhouse but open field applications have been mentioned (Gurr et al., 

2017; Huang et al., 2011). The component consists of the arthropod natural 

enemies, alternative host for the natural enemies and the banker plant that 

supports that alternate host or prey (Miller & Rebek, 2018). The banker plant 
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strategy of controlling pest combines both augmentative and conservation 

biological control ideas and it is based on the ‘pest-in-first’ principle which 

aims to establish predators before the occurrence of pests in the 

agroecosystem by deliberately releasing selective pests and natural enemies 

(Kumar et al., 2015). The major groups of pests that the banker plant strategy 

has targeted include aphids (49%), whiteflies (31%), 8% thrips (8%), mites 

(8%) and leafminers (2%) (Kumar et al., 2015). 

 

2.3.5 Honeydew  

Even though it has been described as suboptimal food source to natural 

enemies owing to its low nutritional value compared to nectar and its toxic 

nature in some cases (Wäckers et al., 2008), honeydew has been shown to be 

an important non-prey alternative food to natural enemies in the absence of 

nectar (Benhadi-Marín et al., 2019; Vollhardt et al., 2010). In situations when 

nectar is not readily available, longevity and fecundity of parasitoids are 

enhanced when fed with honeydew compared with only water (Faria et al., 

2008). Honeydew is therefore only better than water in the absence of nectar. 

In an experiment, naive parasitoids did not show any preference when served 

with either nectar or honeydew. However, when parasitoids that had been 

previously fed with honeydew were to choose between nectar and honeydew, 

they choose nectar (Vollhardt et al., 2010). Often, aphids and other producers 

of honeydew favor traits that reduces the ability of their natural enemies to 

attack (Faria et al., 2008). To that end, honeydew tends to have low 

detectability, high viscosity and compounds that reduces its nutritional value 

to natural enemies of the honeydew producer (Gurr et al., 2017). 

2.4 Delivering multiple ecosystem services from habitat manipulation 

Improved ecosystem services in the agroecosystem through ecological 

intensification in agriculture has the potential to increase food security due to 

enhanced food availability and crop yield stability (Bommarco et al., 2018). 

Even though habitat manipulation for conservation biological control 

basically aims at nourishing and sheltering natural enemies to enhance 

biological pest control in an agroecosystem (Gurr et al., 1998; Gurr et al., 

2000), in recent years, multiple ecosystem services provision is desired from 

habitat manipulation (Finney et al., 2017). This expectation is in a bid to make 
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a relatively rapid impact towards amending the negative effects that 

agricultural intensification has imparted on the ecosystem. If well planned 

and executed, habitat manipulation programs could provide multiple 

ecosystem services to address loss of biodiversity and restore lost ecosystem 

services (Potts et al., 2016; Westphal et al., 2015). There is need to 

consciously incorporate provisioning of multiple ecosystem services in 

agriculture in our effort to feed the world. Diversification of the crop 

production systems instead of the intensified large scale monocultures can 

improve the provision of ecosystem services in the agroecology (Bommarco 

et al., 2018). Ecosystem services such as biological pest control, insect-

mediated pollination, soil conservation and soil nutrient recycling are basic 

ecosystem services in the agroecosystem provided by important organisms 

including plants, bees, predators, parasitoids and other beneficial arthropods 

that could easily be obtained in addition to the natural pest suppression that 

forms the foundation of habitat manipulation to drive agriculture (Isaacs et 

al., 2009; Kearns et al., 1998).  

There are interactions and mutual relationships among organisms in the 

ecosystem that ensure the delivery of ecosystem services that support human 

existence (Naylor & Ehrlich, 1997). Thus, the selection of diverse plant 

species with varying functions may attract different beneficial arthropods to 

stimulate simultaneous delivery of multiple ecosystem services. Interactions 

among different flora and fauna at an optimal level ensure ecosystem well-

being and multiple ecosystem service delivery (Olson & Wäckers, 2007). For 

instance, animal-mediated pollination contributes immensely to the 

production of food and reproduction in wild plants upon which other 

ecosystem service providers such as predators and parasitoids depend 

(Kremen et al., 2007). Nearly one-third of crops depend on animal 

pollination, while between 60% and 90% of plants rely on animals for 

pollination (Kremen et al., 2007) and the global value of pollination services 

alone has been estimated at €153 billion per annum (Woodcock et al., 2016). 

Several ecosystem services in addition to biological pest control and 

pollination are essential in the agroecosystem for sustainable food production. 

Nitrogen fixation service by plants in the Fabaceae family in association with 

the rhizobium bacteria contributes immensely to higher crop productivity 
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(Bauters et al., 2016). This reduces the volume of synthetic fertilizers required 

for crop production and consequently reduces the negative impacts of 

agriculture in the ecosystem (Smith & Siciliano, 2015). Further, there is 

reduction in cost of crop production and increase in profitability as a result of 

reduced purchase of agro inputs. The inclusion of cover crops for example in 

an agroecosystem, has been found to augment ecosystem services such as 

nitrogen fixation, soil conservation and erosion management (Finney et al., 

2016). Activities of soil saprophytic fungi and numerous soil fauna are 

enhanced through the use of cover crops. This improves the decomposition 

of soil organic matter making organically bound nutrients available for plant 

use (Bender et al., 2016) and thus, reduction in the use of chemical fertilizers. 

A well-functioning agroecosystem has impact on all aspects of crop 

production. The ability of crops to tolerate pest attacked is influenced by 

physical, chemical and biological properties of the soil (Altieri & Nicholls, 

2003). This is because biologically active soil with high organic matter shows 

good fertility and crops grown in such soils with lower inorganic nitrogen 

content have high pest resistance potential (Altieri & Nicholls, 2003).  

In addition to the biological services obtained from various plant species in 

association with diverse fauna through habitats manipulation, important 

socio-cultural and economic services including improvement in rural 

aesthetics, recreational values and enhancement of ecotourism (Westphal et 

al., 2015; Wratten et al., 2012) may be obtained from flower strips in habitat 

manipulation. Flowers are associated with uplifting low-spiritedness (Ben-

xiang, 2003) in many cultures, and thus, flower strips in habitat manipulation 

could serve this purpose. In parts of the developing world, traditional herbal 

medicines play important roles in the health delivery system. Currently, 

scientific methods are being used to refine herbal medicines in many tropical 

countries (Sari et al., 2018). Several plant species with floral resources for 

natural enemies could as well provide remedy for several ailments (Basu et 

al., 2005; Ngongolo et al., 2014).  

 Some plant species that may attract and provide floral resources to natural 

enemies have important nutritional values and are used as indigenous 

vegetables in the diets of millions of people in their localities (Andarwulan et 

al., 2010). For instance, T. triangulare, an important indigenous vegetable 
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with recent commercial interest (Ngome et al., 2018) in some parts of West 

Africa has shown to benefit natural enemies with floral resources (Amoabeng 

et al., unpublished). In addition, this plant shows promise as a suitable cover 

crop for soil conservation and erosion control. Several other plants have the 

potential of being used for habitat manipulation as well as providing botanical 

insecticides in managing of important pests in an ecologically friendly 

manner (e.g. Table 1.1).  

2.5 Spatial and structural distribution of non-crop strips  

To prevent the rapid decline in biodiversity in agroecosystem and to enhance 

natural enemy population for effective biocontrol services, a minimum of 

10% agricultural lands was proposed for use as ‘ecological compensation 

areas’ (Pfiffner & Wyss, 2004). Ecological compensation areas include non-

crop habitats such as hedge rows, woodlots and weedy strips and low input 

agricultural habitats such as meadows (Pfiffner & Wyss, 2004) to conserve 

biodiversity. In Switzerland for instance, farmers were motivated to devote a 

piece of land as ecological compensation areas and were duly compensated 

(Home et al., 2014). A study was conducted to determine the thresholds in 

landscape structure for optimum predator and parasitoid searching efficacy 

for conservation biological control. In both simulation and field studies, 

parasitism rates declined when non-crop area was below 20% of the crop area 

(Thies et al., 2003).  

The overall activity of the natural enemies is, however, not solely dependent 

on the percentage of the non-crop area but also the arrangement of the non-

crop fragments. This is because natural enemies vary in their capacity to 

disperse (Banks & Vesna Gagic, 2016; Bianchi et al., 2006; Martin et al., 

2016) and that is influenced by the spatial distribution of non-crop habitat in 

a landscape scale. While some natural enemies are able to fly several 

kilometers and do not need many non-crop patches within the agroecosystem, 

others do not have strong dispersal abilities and require several isolated 

patches for effective pest suppression. Abundance of ballooning spiders for 

instance, has been found to respond at a scale of several kilometers (Bianchi 

et al., 2006; Thies et al., 2005) and parasitoids from two kilometers to 

hundreds of kilometers (Thies et al., 2005).  
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Spatial distribution of crop and non-crop habitats also affects pest control 

with natural enemies as many predators colonize crops from neighbouring 

refugia in early stages of the crop development (Bianchi et al., 2006; Bianchi 

et al., 2015; Corbett & Rosenheim, 1996). It is important that natural enemies 

colonize crops before pest populations reach an alarming level if natural 

control would be effective (Landis et al., 2000). Consequently, landscapes 

with closely distributed strips of diverse nectar producing flowers would 

enhance the abundance and activity of nectar-feeding predators and 

parasitoids which are often found near field edges than centers (Bianchi et al., 

2015). For this reason, pest population and crop damage increase as distance 

from flower strips increases (Baggen & Gurr, 1998; Baggen et al., 1999; 

Bianchi et al., 2015).  

Whilst the precise distances between non-crop patches are difficult to 

determine, a study in the United Kingdom showed that in the spring, carabid 

beetles migrate from beetle banks to a minimum distance of 60m on either 

side (Thomas et al., 1992). This led to the suggestion by other authors that 

beetle banks could be spaced at 100m apart (Landis et al., 2000). The potential 

drawback of decreasing spatial distribution of non-crop habitats and hence 

increasing habitat diversity is that some portions of crop land may be taken 

out of production and the impact may be high in case of high value crops 

(Landis et al., 2000). Further, some plants included in habitat manipulation 

may be widespread and become weed. 

While the distribution of non-crop patches is important getting natural 

enemies close to the crop area for pest suppression, the most important factor 

that determines the abundance of natural enemies is the diversity of plants in 

the non-crop patches e.g. (Banks & V. Gagic, 2016; Heimoana et al., 2017). 

In a study involving varying arrangements of broccoli and non-crop 

fragments, Bianchi et al. (2015) found that parasitoids could move 125m from 

non-crop patches to the crop field within three days. The study concluded that 

diversity of non-crop plant is more important than distance between crop and 

non-crop patches. In a conservation biological control of rice pests, Dominik 

et al. (2018) reported that distances of between 100 to 300 m from non-crop 

strips and crop were ideal for highly mobile natural enemies to effect 

biological pest control if landscape is heterogeneous enough.  
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2.6 Landscape scale and farm-scale habitat manipulation 

Non-crop strips could be established at various positions in relation to the 

economic crop in the agroecosystem; farm-scale or at the landscape scale 

(Aviron et al., 2017; Landis et al., 2000; Langellotto & Denno, 2004). At the 

wider agricultural landscape, the presence of stable heterogeneous habitats 

such as forests, fallows, woodlots and meadows are essential in supporting a 

range of beneficial arthropods in the farming environment (Aviron et al., 

2016). Although weeds may harbor some pests and also compete with crops 

for resources such as nutrients, water, sunlight and space (Capinera, 2005) an 

agronomically acceptable weed density may enhance the activity of beneficial 

arthropods. Flower strips and ‘beetle banks’ (ridges planted to perennial 

grasses) within the field provide nourishment and shelter to natural enemies 

and ensures early colonization of crops by these beneficial arthropods to 

effect pest suppression during the early and critical stage of crops (Boetzl et 

al., 2019; Gurr et al., 2003). Agricultural landscapes are seldom rich in both 

plant and natural enemy resources and require planting of carefully selected 

plant species to support beneficial organisms (Gurr et al., 2016; Gurr et al., 

2006). 

 It has been shown that complexity of landscapes determines the success of 

local conservation management practices by influencing the abundance and 

diversity of natural enemies as well as their potential to influence biological 

control (Bianchi et al., 2006; Jonsson et al., 2015). Moderately complex 

landscapes have been reported to be more amenable to local provisioning of 

floral resources than both complex and degraded landscapes, a theory referred 

to as the “landscape-ecosystem services” hypothesis (Isaacs et al., 2009). 

Complex landscapes are believed to be already endowed with floral resources 

from non-cropped patches, and thus, further increase in resources at the field 

will not have significant impact on natural enemies (Holland et al., 2016). On 

the other hand, simplified landscapes may be too poor in the abundance of 

beneficial arthropods to respond to the provision of resources especially in 

the short to medium term (Griffiths et al., 2008; Isaacs et al., 2009; Tscharntke 

et al., 2005) 
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2.7 Selection of plant species for habitat manipulation  

Aside from the provision of pollen, nectar, shelter and alternative prey to 

enhance fitness of natural enemies in delivering pest suppression, it may 

provide other ecosystem services such as aesthetics, biodiversity 

conservation, waste water treatment and weed suppression (Costanza et al., 

1997). The selection of plant species for habitat management is based on the 

goals of the study (Fiedler et al., 2008). The plant species must be 

agronomically suitable for the agricultural settings in which they will be 

placed (Landis et al., 2000). Selection of plant species in habitat manipulation 

is therefore of critical consideration since all plant species do not provide 

equal services in the agroecosystem (Gurr et al., 2017).  

 

Selecting plant with different morphological and floral characteristics will 

ensure that there is the availability of resources to support beneficial insects 

at various times of the year (Gillespie et al., 2016). Floral characteristics are 

important consideration because many natural enemies are not able to access 

nectar from flowers with deep and narrow corollas mainly because their 

mouthparts are not specialized for feeding in such flowers (Fiedler & Landis, 

2007). Other characteristics including flower colour has been found to 

influence the activity of natural enemies (Begum et al., 2004). A study to 

determine the influence of flower colour on activities of a parasitoid showed 

that adults of the egg parasitoid Trichogramma carverae Oatman and Pinto 

(Hymenoptera: Trichogrammatidae) benefited from Lobularia maritima (L.) 

Desv. (Brassicaceae) bearing white flowers than cultivars bearing light pink, 

dark pink or purple flowers, though without differences in nectar (Begum et 

al., 2004).  

2.7.1 Native versus non-native plant species for habitat manipulation 

Selection of the right plant species for habitat manipulation is the first step in 

meeting the general objective of the program (Gurr et al., 2017). The use of 

non-native annual plants has dominated most of the habitat management 

studies (Fiedler et al., 2008). In a review, 34 plant families had been involved 

in habitat management studies (Fiedler et al., 2008). Among these, 56% 

examined non-native plants whilst 41% examined both non-native and 

natives with only 3% involving native plants. Even though few native plants 

have been used in habitat manipulation studies (Fiedler & Landis, 2007), 
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native plants are likely to provide similar resources as non-natives and may 

have several advantages over the exotic ones. In recent times, native plants 

are gaining attention in habitat management e.g. Isaacs et al., (2009); Pandey 

et al., (2018). According to Isaacs et al. (2009), native plants have advantages 

such as local adaptation, habitat perpetuity, reduced cost of replanting and 

support to native biodiversity.  

By the year 2006 (Fiedler et al., 2008), 34 plants families had been involved 

in most of the habitat manipulation studies with only four families- Apiaceae, 

Asteraceae, Fabaceae and Lamiaceae having at least 10 species tested. 

Further, most of the studies have utilised four plant species phacelia Phacelia 

tanacetifolia Benth. (Boraginaceae), buckwheat Fagopyrum esculentum 

Moench (Caryophyllales: Polygonaceae) alyssum Lobularia maritima L. 

(Brassicales: Brassicaceae) and coriander Coriandrum sativum L. (Apiales: 

Apiaceae), often used outside of their places of origin. In a recent review 

(Amoabeng et al., 2019), 46 plant families have been involved in habitat 

manipulation studies with seven plant families having more than 10 species 

tested; i.e. three families (Brassicaceae, Poaceae and Polygonaceae) in 

addition to the four mentioned in Fiedler et al. (2008). The selection of these 

plant species has always been based on their effectiveness in earlier habitat 

management studies (Fiedler et al., 2008). However, if these four plants are 

compared in laboratory bioassays in enhancement of fitness of parasitoid, 

their performance do not confirm their high ranking (Lavandero et al., 2005). 

If plants selected for habitat manipulated agroecosystem are native or 

naturalized and free-to-obtain species, their use will be economically relevant 

to the underprivileged farmer and might not smother other weeds and threaten 

biodiversity (Pfiffner et al., 2009; Balzan et al., 2014). 

2.7.2 Selection of plants for habitat management based on lifecycle 

Annual plants seem to have dominated plant species for habitat management. 

The four most utilized plants- phacelia, buckwheat, coriander and alyssum 

are all annuals even though alyssum grows as perennial in temperate climates 

(Fiedler et al., 2008). Annual plants do not persist in the vegetation beyond 

the growing season and need for replanting to promote regrowth each season 

could be labour and capital intensive (Landis et al., 2000). The advantage, 

however, is that they bloom early. Whilst many perennial plants may not 
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produce flowers early enough compared to the annuals, the establishment of 

perennial flowering plant habitats may provide floral resources in a more 

stable fashion over the entire season and for many years (Landis et al., 2000). 

Incorporating both annuals and perennials in habitat manipulation may create 

diversity and ensure continuous provisioning of floral resources to natural 

enemies all year round.  

 

2.8 Compatibility of conservation biological control with application of 

synthetic insecticides 

Integrated pest management emphasizes on the combination of all pest 

management tactics to maintain pest population below the economic injury 

level in a sustainable manner (Roubos et al., 2014). The use of two or more 

pest management tactics may result in long term sustainable pest suppression 

than one tactic in isolation (Gentz et al., 2010). Ultimately, one pest control 

tactic may overcome the limitations of others when two or more tactics are 

combined and hence achieving optimum pest suppression (Chandler et al., 

2011). Synthetic insecticides usually have lethal and sub-lethal effects on 

natural enemies that form the core of conservation control (Roubos et al., 

2014). Important considerations are therefore required in selecting suitable 

insecticides with minimal effect on natural enemies as much as practicable. 

Many studies have sought to combine chemical insecticides with activities of 

natural enemies in managing pest in conservation biological control with 

varying results e.g. Fagan et al., (1998); Oi et al., (2008); Roubos et al., 

(2014). 

 While assessing the suitability of combining chemical insecticide and 

biological control using monocrotophos (an organophophate) and the wolf 

spider Lycosa pseudoannulata (Araneae) respectively, Fagan et al. (1998) 

found that even though using either the chemical insecticide or the wolf spider 

in isolation resulted in significant reduction in pests of rice, the combination 

of the two tactics was counterproductive. Thus, results from the combined 

tactics were not better than any of the tactics working in isolation.  
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2.9 Compatibility of biocontrol and botanical insecticides in an IPM 

system 

The need for alternatives to synthetic insecticides pest management for 

sustainable crop productivity is increasing (Chandler et al., 2011). Botanical 

insecticides have been used over the years to manage some pests of economic 

importance in an ecologically friendly manner (Dubey et al., 2011; Pavela, 

2016). They are selective in nature (Ignacimuthu, 2005), perform specific 

actions on the target pest, and do not result in insecticidal resistance 

(Charleston et al., 2006; Isman, 2002; Koul, 2004; Regnault-Roger et al., 

2005). Besides the insecticidal activities of secondary metabolites, botanicals 

can exhibit action against plant pathogens such as fungi. Moreover, they are 

degradable in the ecosystem upon exposure to sunlight, air and moisture 

(Buss & Park-Brown, 2002; Dubey et al., 2011).  

 

Botanicals work synergistically such that the combined efficacy of two or 

more compounds may be higher than that of single compound (Isman, 1997). 

This special characteristic coupled with their different effects such as 

repellence, oviposition deterrence, adult emergence inhibition, toxicity, 

ovicidal, larvicidal, feeding deterrence (Kedia et al., 2015) ensure that insects 

do not easily become habituated even upon continuous exposure (Koul, 

2004). In addition, botanicals offer cost effective (Amoabeng et al., 2014;  

Isman, 2008) management to insects of economic importance some of which 

have developed resistance to conventional insecticides (Charleston et al., 

2006).  

 

Unlike synthetic insecticides, many botanical insecticides are natural and 

benign on predators and parasitoids and hence can be used simultaneously 

with biological control in an IPM (Charleston et al., 2005). Whilst some 

botanical compounds may have toxic effect on some beneficial organisms, 

they are safer in the crude form. This is because concentrations of their active 

components often do not exceed 5% (Isman, 2008). There is need for careful 

selection of the botanical insecticides to ensure that the most ecologically safe 

ones are selected.  A meta-analysis by Monsreal-Ceballos et al. (2018) found 

that some botanicals including Nicotiana have negative impacts on natural 

enemies suggesting that botanicals may not be compatible with biological 
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control. However, in that study, only one family (Hymenopteran) of 

parasitoids was negatively affected whilst those in the Scelionidae and 

Ichneumonidae were not affected. Again, not only parasitoids are important 

in providing biological control in the ecosystem. Predators are also important 

biocontrol agents. Further studies should therefore be done to determine 

concentration of the various Nicotiana species that would be harmless to the 

Hymenopteran parasitoids. Such concentration may as well control the target 

pest. If botanicals will intensively be incorporated in pest management 

systems, many ecological and environmental problems will be overcome.  

 

2.10 Conclusion 

The agroecosystem is a subset of the ecosystem and the provider of food, 

forage, bioenergy and pharmaceuticals that are essential for the existence of 

humanity. To obtain these vital services, a natural or rehabilitated ecosystem 

supporting pollination, biological pest control, maintenance of soil structure 

and fertility, nutrient cycling and hydrological services should be in place. 

There is no doubt that the ancient ‘hunting and gathering’ could not provide 

food requirements of the rapidly increasing human population. While 

agriculture seeks to complement the services provided by natural ecosystems, 

modernization and technology, including the use of insecticides in pest 

management has brought an enormous pressure on the agroecosystem 

resulting in disservices. Some negative effects include loss of habitat for 

conserving biodiversity, nutrient runoff, sedimentation of waterways, and 

pesticide poisoning of humans and non-target species. 

To the agriculturist and specifically the crop protectionist, the most important 

ecosystem service is that of provisioning and the regulation services that 

results in suppressing the damaging activities of insect pests. However, in 

many agroecosystems of today, natural pest suppression falls below what is 

required to support the production of sufficient agro-products to feed the 

world. Hence, human effort is required to promote the activities of natural 

enemies to enhance biological pest suppression. The fact remains that 

synthetic insecticides have some positive aspects on crop productivity, and 

will remain the most influential pest management approach at least in the next 

few decades to come. But whereas manufacturers of synthetic insecticides 
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have tried to reduce the harmful effects of insecticides in the newer products, 

their use remain a threat to sustainability of the ecosystem. The many 

accompanying negative attributes make their use a ‘necessary evil’.  

An alternative to synthetic insecticides that is relatively safer to the ecosystem 

and can be exploited is botanical insecticide. Even though many botanicals 

may not cause instant pest suppression compared to synthetic insecticides due 

to their slow action other than rapid knock-down effect, they are gaining 

acceptance among those who are ecologically conscious and organic crop 

producers. This is because many botanicals accepted in organic crop 

productions are exempted from pesticide registration in several countries. 

Importantly, botanicals offer cheap and effective pest management option to 

small-scale farmers who form majority of farmers of the world. Botanicals 

are natural products that break down easily when exposed to the atmosphere 

and hence do not leave harmful traces in crop products and the environment. 

 Another important characteristic of botanicals that should be of interest to 

pest management experts especially the ecologist is that, they do not often 

have lethal effects on beneficial arthropods including predators, parasitoids 

and pollinators. This makes botanicals suitable candidates in IPM 

programmes including those that components of natural enemies. Extensive 

adoption of botanicals in pest management will safeguard the agroecosystem, 

prevent elimination of beneficial insects and lead to an increase in the 

abundance and richness of natural enemies and ultimately lead to an enhanced 

natural enemy-mediated pest control.  

There are significant achievements in the use of biological pest control which 

is an ecosystem service supported by natural enemies. Each of the biocontrol 

strategies- classical, augmentative and conservation has its strengths and 

weaknesses as well as the situations where they are most applicable. For 

instance, classical biocontrol was successful in managing cassava the 

mealybug Phenacoccus manihoti (Hemiptera: Pseudococcidae) using the 

parasitoid Epidinocarsis lopezi (De Santis) (Hymenoptera: Encyrtidae) in 

Africa, (Norgaard, 1988). However, not all classical biological control 

programmes have been successful. Again, while there may be no 

environmental hazards associated with classical biological control, the 
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possibility of introduced biological control agents attacking non-target pests 

cannot be overlooked. Host switching, host range expansion and host shifts 

may also occur in an introduction and the results may be undesirable.  

Augmentative biocontrol, like classical biocontrol can be expensive. 

However, irrespective of the economic consequences, it has some advantages 

over, for instance, chemical insecticides control. With this, biocontrol agent 

can be released quickly to assume pest suppression whilst there are no 

concerns about pesticides residual effects on humans and the ecosystem and 

re-entry periods allowing continuous harvesting of produce.  

 

Both classical and augmentative biological control may not have obvious 

negative impacts on the ecosystem but application of these biocontrol 

strategies are often beyond the reach of the resource-limited farmer. Hence, 

conservation biological control which utilizes the potentials of endemic 

natural enemies could be the preferred choice for several smallholding 

farmers. It is worthy of note also that, many farmers in an effort to manage 

some pests have unintentionally applied the principles of conservation 

biocontrol. Conservation biocontrol maximizes both the opportunities present 

in the agroecosystem as well as the constraint therein to achieve effective 

natural enemy-mediated pest suppression. Hence, for a conservation 

biocontrol to be successful the ecosystem should be managed to enhance the 

numbers and productivity of endemic natural enemies by providing them with 

resource subsidies whilst the use of harmful insecticides is judiciously 

regulated.  

 

Habitat management is an important aspect of conservation biological control 

and involves intentionally manipulating the agroecosystem with the objective 

of providing natural enemies with resources. It is believed that the provision 

of many floral resources creates diversity and hence benefits the biocontrol 

agents. For this reason, an idea of ‘ecological refuge’ which seek to leave 

certain proportion of an uncultivated area with various plant species in an 

agroecosystem to benefit beneficial arthropods has been proposed by some 

authors. But the provision of resources may have varying effects on both pests 

and natural enemies in some occasions. Whilst many authors have shown that 

natural enemies benefit more from habitats with varied floral resources, few 
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others argue that natural enemies in habitats with less diverse floral resources 

may perform equally or better than those exposed to diverse floral resources. 

However, it seems more logical to assume that, habitats with diverse plant 

species is more likely to have plants with diverse growth habits with different 

blooming times and duration, colours and architecture and hence could 

benefit the various taxa of beneficial arthropods at many different periods and 

spaces. The availability of floral resources to beneficial arthropods at the right 

time and space is a factor and no contrary views have been expressed on that.  

 

Habitat manipulation has traditionally focused on endemic natural enemies in 

conservation biological control rather than introduced biocontrol agents (Gurr 

& Wratten, 1999). In practice, however, besides its use in conservation 

biological control, habitat management can be applied to enhance the 

activities of natural enemies in other biocontrol approaches such as classical, 

inoculation and inundation (Barbosa, 1998), a concept termed ‘integrated 

biological control’ (Gurr & Wratten, 1999). Thus, habitat management 

procedures can be used to provide the optimum environment for even exotic 

biocontrol agents as in classical biological control (Gurr & Wratten, 1999). 

 

2.11 Natural enemy enhancement and botanical insecticide source: a 

review of dual use companion plants  

2.11.1 Abstract 

Intensive agriculture, which is associated with heavy inputs of synthetic 

insecticides, has serious ecological impacts, leading to loss of vital ecosystem 

services including insect-mediated pest suppression. In recent years, efforts 

have been made towards obtaining safer options to chemical insecticides for 

sustainable pest management. Habitat manipulation is a part of conservation 

biological control which aims at providing floral resources, alternative prey 

and shelter to predators and parasitoids to enhance and sustain natural pest 

suppression. The use of plant extracts as botanical insecticides is also an 

important provisioning ecosystem service. Selection of plant species for 

habitat manipulation has focused mainly on plants with suitable floral 

qualities to support natural enemies. To increase the benefits, habitat 

manipulation plants that can provide multiple ecosystem services in addition 

to floral resources would be an ideal. 
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In this review, we focus on the potential of achieving the dual ecosystem 

services of bioinsecticidal source plants in addition to the provision of floral 

resources from selected plant species. Our literature search found 283 plants 

species from 44 plant families that have been involved in habitat manipulation 

studies. Fifteen of these plant families have species that have been exploited 

for their insecticidal properties. Three families, Apiaceae, Asteraceae and 

Lamiaceae have the largest number of species that have been used for both 

habitat manipulation and botanical insecticides. Of the four most popular 

habitat manipulation plants, alyssum Lobularia maritima (L.) Desv. 

(Brassicaceae), buckwheat Fagopyrum esculentum Moench (Polygonaceae), 

coriander Coriandrum sativum L. (Apiaceae) and phacelia Phacelia 

tanacetifolia Benth. (Boraginaceae), buckwheat and coriander have been 

used for insecticidal purposes whilst no records exist of phacelia and alyssum 

as botanical insecticide species. There is great potential for identifying plant 

species that can support natural enemies as well as providing potent plant 

extracts as botanical insecticides by selecting species from the Apiaceae, 

Asteraceae and Lamiaceae families.  

 

2.11.2: Introduction 

Agriculture globally is facing many challenges including climate change, 

biodiversity loss and rising demands for food production (Deutsch et al., 

2018; Rockstrom et al., 2009; Tilman et al., 2011). In response to these 

challenges a growing volume of research is contributing towards a redesign 

of agricultural systems that provide nutritious food for all in healthy and 

resilient ecosystems (Bommarco et al., 2013; Pretty et al., 2018; Struik & 

Kuyper, 2017; Tilman et al., 2011). Evidence is growing that a sustainable 

intensification of agriculture can be achieved by combining scientific and 

farmer knowledge to develop ecologically and agronomically compatible 

practices (Pretty et al., 2018). Integrated pest management (IPM) is an 

example of redesigning intensive agricultural systems. Instead of relying 

principally on synthetic pesticides, IPM uses non-chemical or botanical 

insecticide measures to suppress pest population increase and a range of 

curative management tactics with synthetic pesticide use as last resort 

(Barzman et al., 2015). The declining availability of many pesticides due to 

resistance and deregistration, reflecting increasing awareness of their 
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environmental and human health consequences, has driven changes towards 

ecologically based practices (Barzman et al., 2015; Borel, 2017; Chagnon et 

al., 2015; Li et al., 2017; Sumon et al., 2018). 

 

A central part of IPM is biological control in which natural enemies including 

parasitoids, predators and pathogens are introduced and/or promoted (Bale et 

al., 2008; Gurr et al., 2000; Gurr et al., 2018). Conservation biological control 

focuses natural enemies already present in an agroecosystem and aims to 

maximize their impact on target pests by, for example, reducing the adverse 

effects of insecticide use (Begg et al., 2017; Ehler, 1998). Habitat 

manipulation works in conjunction with conservation biological control and 

is used to provide conditions that promote natural enemies and suppress pest 

populations (Fiedler et al., 2008; Gurr et al., 2000; Gurr et al., 2017). This can 

include field level interventions such as establishing plants to provide floral 

resources, refuges and alternate hosts for natural enemies (Griffiths et al., 

2008; Gurr et al., 2017). Plants that are selected for habitat manipulation have 

usually been studied for morphological and physiological floral 

characteristics that provide optimum benefits to natural enemies (Baggen et 

al., 1999; Balzan et al., 2014). Habitat manipulation tactics can extend beyond 

the field to include landscape features including riparian areas and treelines, 

although the effect of landscape features on crop pests is variable (Karp et al., 

2018; Tscharntke et al., 2007). 

Ecologically based pest management tactics such as conservation biological 

control have been shown to reduce the use of synthetic insecticides in a 

variety of cropping systems whilst maintaining or increasing crop yields and 

efforts are being made to up scale the practice globally (Pretty et al., 2018; 

Wyckhuys et al., 2013; Xu et al., 2017). Despite these advantages, however, 

uptake of conservation biological control on a wide scale is limited (Gurr et 

al., 2016).  In cases where uptake has been strong, the vegetation used in 

habitat manipulation provides multiple ecosystem services rather than 

suppressing pests alone (Khan et al., 2012; Khan et al., 2006). To date, 

however, there is a major gap in knowledge about the possibility of habitat 

manipulation plants providing botanical insecticides. This is important 

because synthetic insecticides present significant risks to human health. 

Agricultural workers and consumers are at risk of being negatively affected 
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by insecticide products, tank mixes, drift, residues and breakdown products, 

especially as a consequence of poor registration, storage and misuse 

(Eddleston et al., 2002). In agricultural areas where there are high illiteracy 

rates, and poor training and equipment, the impacts are especially high 

(Amoabeng et al., 2017; Williamson et al., 2008). 

Many plants possess secondary metabolites such as alkaloids, phenols and 

terpenoids that can have insecticidal activity such as toxicity, repellency, 

feeding deterrence against insect pests (Koul, 2004a). Botanical insecticides, 

including extracts and essential oils of these plant species, have been used to 

protect crops against insect herbivory for many years (Belmain et al., 2012; 

Isman, 2000, 2008). Synthetic insecticides often have lethal and sub-lethal 

effects on natural enemies (Desneux et al., 2007). Biopesticides are 

considered relatively benign to non-target species owing to their rapid 

breakdown, selectivity nature and reduced risk of insecticide resistance as 

plant extract, particularly crude extracts have multiple modes of action other 

than toxicity, such as repellency (Amoabeng et al., 2013; Dubey et al., 2011; 

Isman, 2006; Koul et al., 2008; Tembo et al., 2018). Another important 

benefit of botanicals is that they tend to depend on "suites" of closely related 

active constituents rather than a single active ingredient; this diversity may 

delay or mitigate the development of resistance in pest populations to most 

botanicals (Koul 2004). Biopesticides have been used for centuries as means 

of managing pests until synthetic insecticides replaced plant extracts (Isman, 

1997). The interest in botanical insecticides is increasing but still accounts for 

less than 1% of crop protectants used globally (Isman, 2008, 2017). In 

developing countries, plant extracts are often prepared from common weed 

species that grow around the field and obtained freely, with labour as the only 

cost, resulting in cheaper pest management option when compared with 

synthetic insecticides (Amoabeng et al., 2014; Isman, 2017). 

  

The field of botanical pesticides is highly active (see reviews by Boulogne et 

al. (2012), Isman (2017), (Yang & Tang, 1988)) but this review considers two 

novel aspects.  First, we assess the extent to which the plant species used in 

conservation biological control studies have been the subject of research to 

determine if they have potentially useful biopesticidal properties. Second, we 
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consider the practicalities of using plants that have dual use in promoting 

biological control and as sources of botanical pesticides (Figure 1).   

 

 

Figure 2. 1: A secondary plant species (such as buckwheat in this example) 

can potentially provide dual benefits for pest management, promoting 

biological control and providing insecticidal compounds to treat the crop. 

 

2.11.3: Conservation biological control plant species  

The identification of plant species studied for habitat manipulation purposes 

began with the published review by Fiedler et al. (2008) and was followed by 

a search on the online ISI Web of Science database to from 1989 to 2018 

using search terms: flower* AND “conservation biological control”, flower* 

AND “natural enemy”, and “habitat management” AND “conservation 

biological control”. Between 1989 and 2006, 165 plant species belonging to 

35 plant families were used in habitat manipulation studies. The criteria that 

was applied to the Fiedler et al. (2008) plant species included their 

effectiveness in previous habitat manipulation studies, frequency of natural 

enemy visitation, long flowering duration, availability of seeds, ease of 
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establishment, agronomic suitability and the value of the plant as cover or 

alternative crop (Fiedler et al., 2008). The same search criteria were applied 

to conduct a follow-up database search (Table 1). Each plant species is listed 

once irrespective of the number of studies in which it was used. Where a plant 

was involved in more than one study, only one example reference is given.  

  

 

 

Figure 2. 2: Temporal trend in published papers on habitat manipulation 

between 2007 and July 2018.  

Note: Previously published papers on habitat manipulation (1989 to July 2006 were the 

subject of Fiedler et al. (2008). 

 

Habitat manipulation studies from 1989 to 2006 involved 165 plant species 

belonging to 35 families and 188 new species from 29 families were the 

subject of work published between 2007 and 2018.  The number of 

publications per year between 2007 and 2018 ranges from three (2009 and 

2010) to ten in the first half of 2018 (Figure 2). Conservation biological 

control studies are dominated by research from developed countries in North 

America and Europe as well as Australia, New Zealand and Japan (Wyckhuys 

et al., 2013). Tropical regions have more flowering species than temperate 

areas so there remain great potential of identifying additional plant species 

for use in habitat manipulation (Christenhusz & Byng, 2016). 
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Table 2. 1: “Gap identification” of plants researched for conservation 

biological control and that have yet to be the subject of work to identify 

scope as sources of botanical insecticides (shaded cells) and plants that 

constitute “proof of concept” in having insecticidal properties as well as 

utility in conservation biological control. Data set based on the literature 

published from 1989 to 2018; species with * are from Fielder et al., 2008 

review of conservation biological control. 
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Scientific name Common name 
Botanical 

insecticide activity 
Order of insects controlled 

Ref as 

botanical 

species 

Ref as HM 

species 

Apiaceae 

Ammi majus L. Bishop’s flower + Lepidoptera  1 * 

Ammi visnaga (L.) Lamarck Toothpick ammi + Diptera 2, 3 * 

Anethum graveolens L. Dill 
+ 

Coleoptera, Blattodea, 

Diptera, Lepidoptera  
4, 5, 6 * 

Angelica atropurpurea L. Angelica o   * 

Anthriscus cerefolium (L.)  Chervil + Coleoptera, Diptera 7 * 

Anthriscus sylvestris (L.) 

Hoffmann 

Cow parsley 
+ 

Lepidoptera, Diptera  
63 * 

Apium graveolens L. Celery + Diptera 8 * 

Carum carvi L. Caraway + Coleoptera 9 * 

Conium maculatum Poison hemlock 
+ 

Thysanoptera, 

Trombidiformes, Hemiptera 
10, 11 10 

Conopodium majus Pignut o   13 

Coriandrum sativum L. Coriander/cilantro + Coleoptera 12, 13 13 

Daucus carota L. Wild carrot + Diptera, Coleoptera 14, 15 * 

Foeniculum vulgare Mill. Fennel + Coleoptera 12, 16, 17 * 

Heracleum sphondylium L. Eltrot o   * 

Heracleum maximum Bartr. Cow parsnip x Coleoptera 18 * 

Pastinaca sativa L. Wild parsnip + Lepidoptera 19 2 

Pimpinella anisum Aniseed + Diptera 20, 21 10 

Zizia aurea (L.) Koch Golden alexanders o   * 

Apocynaceae 
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Apocynum cannabinum L. Indian hemp o   * 

Asclepsia syriaca Common milkweed o   22 

Asclepias tuberosa Butterfly weed o   22 

Asclepias fascicularis Dcne. Milkweed o   * 

Asclepias incarnata L. Swamp milkweed o   * 

Asclepias syriaca L. Common milkweed o   * 

Asclepias tuberosa L. Butterfly weed o   * 

Asparagaceae 

Asparagus acutifolius Wild asparagus o   13 

Asteraceae 

Achillea millefolium L. Yarrow + Lepidoptera, Coleoptera 22, 24 * 

Achillea spp. Yarrow + Lepidoptera, Coleoptera 23, 24 * 

Ageratina aromatic Lesser snakeroot x Diptera 25 14 

Andryala integrifolia Common andryala o   11 

Anthemis arvensis L. Corn chamomile x Lepidoptera 26 * 

Artemisia ludoviciana Louisiana wormwood + Hemiptera, Orthoptera 27, 28 16 

Aster nova-angliae L. Smooth aster x Lepidoptera 26 * 

Aster novi-belgii L. New England aster + Lepidoptera 26 * 

Baccharis pilularis DC. New York aster o   * 

Baccharis viminea DC. Coyotebrush o   * 

Cacalia atriplicifolia L. H. Rob. Mule fat o   * 

Calendula arvensis Field marigold x Lepidoptera 29 7 

Calendula officinalis L. Calendula + Hemiptera 30 * 

Centaurea cyanus L. Garden cornflower + Hemiptera 30 * 

Centaurea jacea L. Brownray knapweed + Hemiptera 30 * 

Centaurea montana L. Mountain bluet x Hemiptera 30 * 
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Chondrilla juncea Devil's grass + Coleoptera  64 13 

Chrysanthemum maximum x 

superbum cv. Snow Lady 

Max chrysanthemum 
o 

 
 * 

Chrysanthemum segetum (L.) 

Fourr. 

Corn marigold 
o 

 
 * 

Cichorium intybus L. Chickory + Diptera 31 * 

Conoclinium coelestinum Blue mistflower o   14 

Coreopsis lanceolata L. Sand coreopsis o   * 

Coreopsis tinctoria Nutt. Golden tickseed o   * 

Coreopsis verticillata L.b Coreopsis o   * 

Cosmos bipinnatus Garden cosmos - Diptera (less efficacious)  a 9 

Cosmos sulphureus Yellow cosmos o   18 

Crepis biennis   Rough hawksbeard o   12 

Crepis capillaris Smooth hawksbeard o   11 

Dittrichia viscosa False yellowhead + Hemiptera 32 13 

Echinacea pallida Pale purple coneflower - Lepidoptera b 16 

Echinacea purpurea (L.) 

Moench 

Purple coneflower 
+ 

Lepidoptera 
23 * 

Erigeron speciosus Garden fleabane o   1 

Eupatorium hyssopifolium Hyssopleaf thoroughwort + Hemiptera, Diptera 33 22 

Eupatorium perfoliatum L. Boneset o   * 

Gaillardia aristata Pursh Common gaillardia o   * 

Gaillardia pulchella Foug. Firewheel o   * 

Gazania rigens (L.) Gaertn. Treasure-flower o   * 

Helianthus annus L. Sunflower + Isoptera, Coleoptera 34, 35 * 

Helianthus petiolaris Lesser sunflower o   1 
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Helianthus strumosus L. Pale-leaved sunflower o   * 

Helichrysum bracteatum (Vent.) 

Andr. 

Bracted strawflower 
+ 

 
65 * 

Heliopsis helianthoides False sunflower o   16 

Heterotheca grandiflora Telegraphweed o   1 

Hypochaeris radicata   Catsear, flatweed o   12 

Layia platyglossa (Fisch. & C.A. 

Mey.) Gray 

Tidy tips 
o 

 
 * 

Leontodon hispidus   Rough hawkbit o   12 

Leucanthemum vulgare Lam. Oxeye daisy o   * 

Leucanthemum x superbum Shasta daisy o   * 

Liatris aspera Michx. Rough blazing star o   * 

Matricaria chamomilla Scented mayweed + Coleoptera 36 17 

Matricaria recutita Camomile o   9 

Melampodium paludosum L. Medallion flower o   * 

Oligoneuron rigidum  o   16 

Pityopsis graminifolia Narrowleaf silgrass o   14 

Ratibida columnifera (Nutt.) 

Woot. & Standl.  

Prairie coneflower 
o 

 
 * 

Ratibida pinnata (Vent.) Barnh. Yellow coneflower o   * 

Rudbeckia hirta L. Blackeyed Susan +  66 * 

Senecio obovatus Muhl. ex 

Willd. 

Round-leaved ragwort 
o 

 
 * 

Senecio vulgaris Old-man-in-the-Spring - Coleoptera c 7 

Silphium perfoliatum L. Cup plant - Diptera d * 

Silybum marianum Saint Mary's thistle o   17 
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Solidago canadensis L. Late goldenrod + Diptera 67 * 

Solidago juncea Early goldenrod o   20 

Solidago riddellii Frank ex 

Riddell 

Riddell’s goldenrod 
o 

 
 * 

Solidago speciosa Nutt. Showy goldenrod o   * 

Solidigao spp Goldenrod o   * 

Symphyotrichum shortii Short's aster o   16 

Tagetes erecta Aztec marigold + Coleoptera 15 4 

Tagetes panda  o   2 

Tagetes patula L. French marigold + Diptera 37 * 

Tanacetum vulgare L. Common tansy + Lepidoptera 68 * 

Vernonia missurica Raf. Ironweed o   * 

Zinnia elegans Jacquin Common zinnia - Hemiptera e * 

Zinnia hybrida  o   18 

Boraginaceae 

Borago officinalis L. Borage + Coleoptera 38 * 

Echium lycopsis L. p.p. Borage x   * 

Echium plantagineum Purple viper's-bugloss o   13 

Echium vulgare L. Common viper’s bugloss + Lepidoptera 39 * 

Brassicaceae 

Aurinia saxitalis (L.) Desv. Aurinia o   * 

Brassica juncea (L.) Czern. Mustard + Coleoptera 69 * 

Camelina sativa Gold-of-pleasure o   8 

Capsella bursa-pastoris Shepherd’s purse o   13 

Diplotaxis tenuifolia Perennial wall-rocket o   17 

Hirschfeldia incana Shortpod mustard o   17 
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Iberis sp. Candytuft o   * 

Lobularia maritima (L.) Desv. Alyssum o   * 

Moricandia sp Violet cabbage o   19 

Nasturtium sp.  o   * 

Raphanus sativus L. Daikon/radish + Diptera 40 * 

Raphanus raphanistrum White charlock  + Coleoptera 41 13 

Sinapis alba L. White mustard + Diptera, Lepidoptera 40, 42 * 

Sinapis arvensis Wild mustard + Lepidoptera 42 8 

Campanulaceae 

Campanula glomerata L. Bell flower o   * 

Campanula persicifolia L. Peach-leaved bellflower o   * 

Campanula rotundifolia  Harebell - Lepidoptera  f 1 

Jasione montana Sheep's bit scabious o   11 

Lobelia cardinalis L. Cardinal flower o   * 

Lobelia siphilitica L. Great blue lobelia + Diptera 43 * 

Caprifoliaceae 

Knautia arvensis Field scabious o   12 

Lonicera etrusca Etruscan honeysuckle o   7 

Sambucus mexicana K. Presl ex 

DC. 

Elderberry 
o 

 
 * 

Sambucus racemosa L. Red-berried elder o   * 

Caryophyllaceae 

Agrostemma githago Common corncockle o   * 

Gypsophila sp. Gypsophila o   * 

Gypsophila elegans Showy baby's-breath o   9 

Silene alba (P. Mill.) Krause Bladder campion - Hemiptera e * 
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Silene gallica Common catchfly o   13 

Spergula arvensis Corn spurry o   13 

Stellaria media Chickweed o   7 

Chenopodiaceae 

Chenopodium quinoa Willd. Quinoa o   * 

Euphorbiaceae 

Euphorbia epithymoides L. Flowering spurge o   * 

Fabaceae 

Amorpha canescens Pursh Leadplant x Diptera 44 * 

Cassia fasciculata Michx. Partridge pea o   * 

Crotalaria juncea Sun hemp + Coleoptera 45 6 

Dalea purpurea Purple prairie clover o   16 

Desmodium canadense (L.) DC. Showy tick trefoil o   * 

Lespedeza hirta (L.) Hornem. Hairy bush-clover o   * 

Lotus corniculatus L. Bird’s foot trefoil o   * 

Lupinus albus L. White lupine o   * 

Medicago lupulina Black medick o   12 

Medicago sativa L. Alfalfa o   * 

Lotus australis Austral trefoil o -  3 

Onobrychis viciifolia Common sainfoin  o   1 

Ononis natrix Shrubby rest-harrow o   2 

Phaseolus vulgaris Common bean o   15 

Trifolium hybridum Alsike clover o   2 

Trifolium incarnatum L. Crimson clover o   * 

Trifolium pratense Red clover o   2 

Trifolium repens L. Ladino, white clover o   * 
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Trifolium subterrraneum L. Subclover o   * 

Vicia cracca  Tufted vetch o   2 

Vicia faba L. Faba bean + Hemiptera 46 * 

Vicia sativa L. Common vetch o   * 

Vicia villosa Hairy vetch o   10 

Gentianaceae 

Exacum sp. Exacum o   * 

Geranium endressii Gayd Cranesbill o   * 

Geranium maculatum L. Wild geranium o   * 

Geranium pyrenaicum Hedgerow cranesbill o   12 

Hydrophyllaceae 

Hydrophyllum virginianum L. Virginia waterleaf o   * 

Nemophila menziesii Hook. & 

Arn. 

Baby blue eyes 
o 

 
 * 

Phacelia campanularia Gray Wild Canterbury bells o   * 

Phacelia tanacetifolia Benth. Phacelia o   * 

Hypericaceae 

Hypericum perforatum Common Saint John's wort o   13 

Iridaceae 

Iris germinica L. Iris o   * 

Lamiaceae 

Acinos arvensis Dandy Basil thyme o   * 

Agastache foeniculum (Pursh) Anise hyssop + Diptera 2 * 

Agastache nepetoides (L.) 

Kuntze 

Yellow giant hyssop 
o 

 
 * 
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Agastache rugose Fisch. & 

C.A.Mey.)  

Korean licorice mint 
- 

Coleoptera 
g * 

Buddleja davidii Orange eye o   14 

Calamintha baetica Mill. Woodland calamint o   13 

Calamintha nepeta Lesser calamint + Diptera 47 14 

Clinopodium vulgare Wild basil o   2 

Cordia verbanacea (Jacq.) Cordia - Coleoptera h 5 

Lamium purpureum L. Red dead-nettle o   7 

Lavandula stoechas L. French lavender + Diptera, Coleoptera 2, 48 13 

Mellisa officinalis L. Common balm + Lepidoptera 49 5 

Mentha piperita L. Peppermint + Coleoptera, Diptera 50 5 

Mentha satureioides R.Br. Bushmint + Lepidoptera, Hemiptera 51 3 

Mentha spicata L. Spearmint + Diptera 52 * 

Monarda citriodora Cerv. ex 

Lag. 

Lemon bee balm 
o 

 
 * 

Monarda fistulosa L. Bee balm + Trombidiformes 53 20 

Monarda punctate L. Horsemint o   * 

Ocimum basilicum L. Basil 
+ 

Coleoptera, Lepidoptera, 

Hemiptera 
17, 54 5 

Origanum vulgare L. Wild marjoram + Trombidiformes, Lepidoptera 53, 62 12 

Prunella vulgaris L. Selfheal o   * 

Pycnanthemum tenuifolium 

Schrad. 

Common horsemint 
o 

 
 22 

Rosmarinus officinalis L. Rosemary + Coleoptera 12, 55 7 

Salvia farinacea Benth. Mealy-cup sage o   * 

Salvia uliginosa Benth. Bog sage o   * 
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Salvia viridis L. Clary sage o   * 

Scutellaria integrifolia L. Helmet flower o   22 

Westringia fruticose (Willd.) 

Druce 

Coastal rosemary 
o 

 
 3 

Liliaceae 

Allium cernuum Roth Nodding wild onion o   * 

Convallaria majalis L. Lily of the valley o   * 

Linaceae 

Linum grandiflorum Desf. Scarlet fla o   * 

Lythraceae 

Lythrum salicaria L. Purple loosestrife o   12 

Malvaceae 

Malva moschate L. Musk mallow o   12 

Malva neglecta Wallr. Common mallow o   13 

Malva sylvestris L. High mallow o   7 

Myrtaceae 

Callistemom citrinus (Curtis) Crimson/ common red + Coleoptera  56 3 

Leptospermum cv Rudolpd Tea tree o   3 

Onagraceae 

Clarkia amoena (Lehm.) A. 

Nels. & J.F. Macbr. 

Farewell-to-spring 
o 

 
 * 

Clarkia concinna (Fisch. & C.A. 

Mey.) Greene 

Red ribbons 
o 

 
 * 

Clarkia unquiculata Lindl. Elegant clarkia o   * 

Oenothera speciosa Nutt. Pinkladies o   * 

Oenothera biennis L. Evening primrose o   * 
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Paeoniaceae 

Paeonia lactiflora Pallas Peony o   * 

Papaveraceae 

Eschscholzia californica Cham. California poppy- o   * 

Papaver rhoeas L. Common poppy o   * 

Papaver somniferum Opium poppy + Isoptera 57 17 

Stylomecon heterophylla 

(Benth.) G. Taylor 

Wind poppy 
o 

 
 * 

Plantaginaceae 

Penstemon digitalis Nutt. ex 

Sims 

foxglove beard-tongue 
o 

 
 1 

Veronicastrum virginacum  o   16 

Veronica persica Poir. Common field-speedwell o   7 

Poaceae 

Agrostis capillaries L. Colonial bent o   2 

Andropogon gerardi Vitman Big bluestem o   16 

Bouteloua curtipendula (Michx.) 

Torr. 

Side oats grama 
o 

 
 16 

Cynosurus cristatus L. Crested dog's-tail o   2 

Elymus Canadensis L. Canada wild rye o   16 

Festuca rubra L. Red fescue o   2 

Panicum virgatum L. Switchgrass o   16 

Poa pratensis L. Kentucky bluegrass o   2 

Schizachyrium scoparium 

(Michx.) Nash 

Little bluestem 
o 

 
 22 

Sorghastrum nutans (L.) Nash Yellow Indiangrass o   16 
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Sporobolus clandestinus 

(Biehler) A.S. Hitchc. 

Rough dropseed 
o 

 
 16 

Polemoniaceae 

Gilia tri-color Benth. Bird’s eyes o   * 

Linanthus grandiflorus (Benth.) 

Greene 

Mountain phlox 
o 

 
 * 

Polygonaceae 

Eriogonum compositum Arrowleaf buckwheat o   14 

Eriogonum douglasii Douglas’ buckwheat o   14 

Eriogonum elatum Dougl. ex 

Benth. 

Tall woolly buckwheat 
o 

 
 14 

Eriogonum fasciculatum Benth. California buckwheat o   * 

Eriogonum giganteum S. Wats. St Catherine’s lace o    

Eriogonum heracleoides Parsnipflower buckwheat o   14 

Eriogonum microthecum Slender buckwheat o   14 

Eriogonum niveum Snow buckwheat o   14 

Eriogonum sphaerocephalum Rock buckwheat o   14 

Eriogonum strictum Blue Mountain buckwheat o   14 

Eriogonum thymoides Thymeleaf buckwheat o   14 

Fagopyrum esculentum Moench Buckwheat + Hemiptera 58 * 

Primulaceae 

Primula veris L. Cowslip + Coleoptera 59 2 

Proteaceae 

Grevillea cv Bronze Rambler  x   3 

Ranunculaceae 

Anemone canadensis L. Canada anemone o   * 
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Aquilegia canadensis L. Columbine o   * 

Consolida ambigua (L.) P.W. 

Ball & Heywood 

Doubtful knight’s-spur 
o 

 
 * 

Ranunculus ollissiponensis Pers  o   7 

Thalictrum aquilegifolium L. Meadow rue o   * 

Rhamnaceae 

Ceanothus sp. California lilac o   * 

Ceanothus americanus L. New Jersey tea o   * 

Rhamnus californica Eschsch. Coffeeberry o   * 

Rosaceae 

Fragaria virginiana Duchesne Wild strawberry o   * 

Heteromeles arbutifolia Toyon o   * 

Potentialla fruticose auct. non L. Shrubby cinquefoil o   * 

Prunus ilicifolia Nutt. ex Hook. 

& Arn. 

Hollyleaf cherry 
o 

 
 * 

Quillaja saponaria Molina Soapbark tree + Diptera 60 * 

Rosa setigera Michx. Michigan rose o   * 

Spiraea alba Duroi Meadowsweet o   * 

Rubiaceae 

Cephalanthus occidentalis L. Buttonbush o   * 

Galium aparine L. Cleavers + Lepidoptera 61 14 

Galium verum L. Yellow bedstraw o   12 

Rutaceae 

Ruta graveolens L. Rue - Coleoptera h * 

Salicacaeae 

Salix sp. Willow o   * 
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Saxifragaceae 

Astilbe x arendsii Bridal veil o   * 

Heuchera americana L. Alum root o   * 

Scrophulariaceae 

Collinsia heterophylla Buist ex 

Graham 

Chinese houses 
o 

 
 * 

Linaria maroccana Hook. f. Toadflax o   * 

Myoporum parvifolium R.Br. Creeping boobialla o   3 

Linaria saxatilis L.  + Coleoptera 16 13 

Penstemon hirsutus (L.) Willd. Penstemon o   * 

Scrophularia marilandica L. Late figwor o   * 

Verbascum phlomoides L. Orange mullein o   * 

Solanaceae 

Nicotiana alata x sanderae Link 

& Otto 

Flowering tobacco 
o 

 
 * 

Petunia x hybrida Vilmg Petunia o   * 

Tropaeolaceae 

Tropaeolum majus L Nasturtium o   * 

Urticaceae 

Urtica urens L. Dwarf nettle o   17 

Verbenaceae 

Aloysia virgate Paláu Beebrushes o   14 

Phyla nodiflora (L.) Greene Frog fruit  o   14 

Verbena canadensis (L.) 

Brittonh 

Rose verbena 
o 

 
 * 

Verbena stricta Vent. Hoary vervain o   * 
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Note: Table 1: Plants involved in habitat manipulation from 1989 to 2018. Species with * are from Fielder et al., 2008  

Reference for habitat manipulation plant species with * are found in Fiedler et al., 2008 

+   Insecticidal activity 

— Plant species tested against insects but with less /no activity 

O plant species not tested 

X Different species in the same genus with insecticidal activity 

 

References for plants for habitat manipulation: 1. (Pellissier & Jabbour, 2018) 2. (Campbell et al., 2017) 3. (Pandey et al., 2018) 4. (Haro et al., 

2018) 5. (Batista et al., 2017) 6. (Trisnawati & Azis, 2017) 7. (Villa et al., 2016) 8. (Tschumi et al., 2016) 9. (van Rijn et al., 2016) 10.  (van Rijn et al., 

2016) 11. (Villa et al., 2016) 12. (Hatt et al., 2017) 13. (Nave et al., 2016) 14. (Sivinski, 2014) 15. (Balzan et al., 2014) 16. (Gill et al., 2014) 17. 

(Martínez-Uña et al., 2013) 18. (Gontijo et al., 2013) 19. (Diaz et al., 2012) 20. (Walton & Isaacs, 2011) 21. (Tuell et al., 2008) 22. (Frank et al., 2008). 

Reference as botanical insecticide. 1(El‐Ghar et al., 1996) 2. (Ebadollahi, 2013) 3. (Pavela, Vrchotova, & Triska, 2016) 4. (Babri et al., 2012) 5. (Sousa 

et al., 2013) 6. (Sousa et al., 2015) 7. (Evergetis & Haroutounian, 2014) 8. (Khater & Khater, 2009) 9. (Lopez et al., 2008) 10. (Chermenskaya et al.,  

2010) 11. (Gokce et al., 2016) 13. (Rani, 2012) 14. (Momin & Nair, 2002) 15. (Azad, Sardar, Yesmin, Rahman, & Islam, 2013) 16. (Koul et al., 2008) 

17. (Cosimi, Rossi, Cioni, & Canale, 2009) 18. (Alkan, Gökçe, & Kara, 2017) 19. (Berenbaum, Nitao, & Zangerl, 1991) 20. (Santos et al., 1998) 21. 

(Park et al., 2006) 22. (Hasheminia et al., 2011) 23. (Pavela, 2010) 24. (Nenaah et al., 2015) 25. (Rajeswary & Govindarajan, 2013) 26. (R. Kumar et al., 

2017) 27. (Rizvi et al., 2018) 28. (Blust & Hopkins, 1987) 29. (Medhini et al., 2012) 30. (Alexenizer & Dorn, 2007) 31. (Mansour et al., 2014) 32. (Merah 

& Djazouli, 2016) 33. (Tabanca et al., 2010) 34. (Aihetasham et al., 2017) 35. (Mullin et al., 1991) 36. (Padin et al., 2013) 37. (Macedo et al., 1997) 38. 
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(Ahmed et al., 2015) 39. (Vukajlović et al., 2018) 40. (Khater & Khater, 2009) 41. (Jbilou et al., 2008) 42. (Sivaraman et al., 2014) 43. (Pavela, 2009) 

44. (Liang et al., 2015) 45. (Hossain & Haque, 2010) 46. (Meradsi & Laamari, 2016) 47. (Guarrera, 1999) 48. (Ebadollahi, 2011) 49. (Pavela, 2004) 50. 

(P. Kumar, Mishra, Malik, & Satya, 2011) 51. (Arnoabeng et al., 2018) 52. (Koul et al., 2008) 53. (Momen et al., 2014) 54. (Amoabeng et al., 2013) 55. 

(Regnault-Roger et al., 2004) 56. (Lee et al., 2004) 57. (Ahmed et al., 2011) 58. (Lee et al., 2000) 59. (Sibul et al., 2001) 60. (Pelah et al., 2002) 61. 

(Morimoto et al., 2002) 62. (Akhtar & Isman, 2004) 63. (Kozawa et al., 1982) 64. (Boussaada et al., 2008) 65. (Yeom et al., 2015) 66. (Guillet et al., 

1997) 67. (Raghavendra et al., 2013) 68. (Larocque et al.,  1999) 69. (Kim et al., 2003). 

Reference for tested plant but less efficacious/no activity: a. (Mohankumar et al., 2016) b. (Pavela, 2010) c. (Pascual-Villalobos & Robledo, 1999) 

d. (Pavela, 2009) e. (Alexenizer & Dorn, 2007) f. (Pavela, 2011) g.  (Kim et al., 2003) h. (Moreira et al., 2007).  



59 
 

2.11.4: Plant families used in habitat manipulation with insecticidal 

activity 

A search in Google, Google Scholar and Scopus using both the scientific and 

common names of each of the 283 plant species named in papers on 

conservation for the terms ‘’botanical insecticide”, “plant extracts”, 

biopesticides, “insecticidal activity” OR “pesticidal activity’’ revealed  15 

(33.3%) (Apiaceae, Apocynaceae, Asteraceae, Boraginaceae, Brassicaceae, 

Campanulaceae, Fabaceae, Lamiaceae, Myrtaceae, Papaveraceae, 

Polygonaceae, Primulaceae, Proteaceae, Rosaceae, Rubiaceae and 

Scrophulariaceae) out 44 plant families that have been involved in habitat 

manipulation studies, had at least one plant genus or species with insecticidal 

activity. Proteaceae had one plant used in habitat manipulation in the same 

genus as another plant used as a biopesticide. All other plant families had at 

least one plant species tried for its insecticidal activity and tested in habitat 

manipulation studies.  

Three families, Apiaceae, Asteraceae and Lamiaceae had more than ten 

species with insecticidal activity and accounted for more than 70% of plant 

species studied. These families also had the highest number of species used 

habitat manipulation studies. Of the 18 plant species in Apiaceae involved in 

habitat manipulation studies, 13 (72.2%) have been tested and showed 

insecticidal activity. In the Asteraceae, 19 (25.7%) out of the 74 plant species 

involved in habitat manipulation studies have been tested for their insecticidal 

activity. In addition, five more plants species in the same genus as some of 

the species for habitat manipulation studies have been used for their 

insecticidal activity. Lamiaceae had 11 (39.3%) out of the 28 plants involved 

in habitat manipulation studies having insecticidal activity. Two families, 

Brassicaceae and Fabaceae had several species involved in habitat 

manipulation studies but not many species in the families have been known 

to have insecticidal properties. Among the 14 species in the Brassicaceae 

family, five were identified to have activity against insects whilst two out of 

the 23 species in Fabaceae, were identified to have activity against insects. 

Fagopyrum esculentum is one of the most studied species in habitat 

manipulation programs (Fiedler et al., 2008; Lavandero et al., 2006; Vattala 

et al., 2006) and was the only species with insecticidal activity among 12 

species in Polygonaceae. At 2,500 ppm, a methanol extract of the grains of 
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buckwheat was potent against the green peach aphid Myzus persicae (Sulzer) 

(Hemiptera: Aphidiade) (Lee & Rasmussen, 2000). 

Boulogne et al. (2012) reviewed plant families and species with insecticidal 

activity and found that 656 plant species belonging to 110 families are known 

to have insecticidal activity in which Lamiaceae alone had 181 (28%) 

followed by Fabaceae, Asteraceae and Apiaceae.  In all, 30 (66.8%) out of 

the 44 plant families in this review do not have insecticidal activity. It is, 

however, possible that plant species in these families have not yet been 

studied enough for their activity against insects.  

2.11.5: The Apiaceae  

The Apiaceae (umbellifers) is the 16th largest angiosperm family with 442 

genera and 3,575 species in which most of the aromatic flowering plants are 

found, it has a global distribution and many species with both habitat 

manipulation and insecticidal activity traits (Christenhusz & Byng, 2016). 

Apiaceae species are annual, biennial or perennial herbs and woody shrubs 

and small trees that produce colorful inflorescences that secrete nectar 

attracting pollinators including bees, moths and beetles (Heywood et al., 

2007). Their growth habit makes them agronomically suitable as habitat 

manipulation species (Fiedler et al., 2008). The flat headed morphology of 

their inflorescence provide easy landing and access to nectaries for natural 

enemies encouraging visitation (Heywood et al., 2007).  

 

Plants in the Apiaceae produce secondary metabolites including coumarins, 

monoterpenes and sesquiterpenes (Lee & S. K. Rasmussen, 2000). Essential 

oils have been tested as being as acaricidal (Attia et al., 2011), bactericidal 

(Glisic et al., 2007; Matasyoh et al., 2009) and for medicinal purposes (Lee 

& Rasmussen, 2000; Maulidiani et al., 2014). Essential oils from Apiaceae 

species have been used against stored product pests including the bean weevil 

Acanthoscelides obtectus Say (Coleoptera: Bruchidae) (Regnault-Roger et 

al., 1993), the cigarette beetle Lasioderma serricorne (F.) (Coleoptera: 

Anobiidae) and wheat flour beetle Tribolium castaneum Herbst (Coleoptera: 

Tenebrionidae) (Kim et al., 2003). Insecticidal activity against turnip aphids, 

Lipaphis pseudobrassicae (Davis) (Hemiptera: Aphididae), pea aphid, 

Acyrthosiphon pisum (Harris) (Hemiptera: Aphididae) and the green peach 
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aphid, M. persicae has been reported (Dancewicz et al., 2012; Sampson et al., 

2005).  

2.11.6: The Asteraceae (Compositae) family  

The Asteraceae (daisy) is the second largest plant family after Orchidaceae 

(Stevens & Davis, 2001) with 24,700 species in 1,623 genera and a worldwide 

distribution (Christenhusz & Byng, 2016). Asteraceae species have clusters 

of inflorescence that appears to be a single flower often referred to as head 

(Schmid, 2004). The entire flower head moves towards the direction of the 

sun and that maximizing reflectivity which may enhance the attraction of 

pollinators and other beneficial insects (Schmid, 2004), which along with 

their growth habit makes them largely acceptable for habitat manipulation 

(Altieri et al., 2005). A larger number of plants in the family are herbaceous, 

with shrubs and trees rare (Okunade, 2002). Species in the Asteraceae have 

been exploited for their insecticidal activity against crop and storage pests 

(Gbolade et al., 2011) and also against several pathogenic organisms with 

success (Del-Vechio-Vieira et al.,  2009; Senatore et al., 2004). The chemical 

composition of some species including Ageratum conyzoides L. (Asteraceae) 

have been well described (Chu et al., 2010; de Souza Tavares et al., 2009; 

Nenaah et al., 2015; Okunade, 2002). The insecticidal activity of an aqueous 

extract of A. conyzoides has shown success rates comparable to chemical 

insecticides against diamondback moth, Plutella xylostella L. (Lepidoptera: 

Plutellidae) (Amoabeng et al., 2013; Bhathal et al., 1994).  

2.11.7 The Lamiaceae  

The Lamiaceae (mints and deadnettles) is characterised by many aromatic 

species (Heywood et al., 2007). The family is composed of 7,530 species in 

241 genera and globally distributed (Christenhusz & Byng, 2016). The 

Lamiaceae includes trees, shrubs, subshrubs and herbs that are annuals or 

perennials (Harley et al., 2004). The Lamiaceae has a large variety of species 

composed of plants that may bloom early in the season (annuals) and those 

that would bloom late but will continue in bloom for longer periods 

(perennials).  

Lamiaceae have been used for the provision of ecosystem services such as 

herbs and spices that provide antioxidants, flavours and food preservatives 

(Demo et al., 1998; Hossain et al., 2008; Vallverdu-Queralt et al., 2014). 
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Secondary metabolites from the Lamiaceae have activity against human 

pathogenic organisms (Baydar, Sagdic, Ozkan, & Karadogan, 2004; 

Karanika, Komaitis, & Aggelis, 2001) and have been used for their 

insecticidal activity against domestic, storage and field crop pests. Extracts of 

Origanum vulgare L. demonstrated efficacy against P. xylostella and 

Trichoplusia ni Hübner in a laboratory bioassay (Lepidoptera: Noctuidae) 

(Akhtar & Isman, 2004). Ocimum gratissimum L. oil and its constituents has 

fumigant and repellent activity against a number of the storage pests (Kim et 

al., 2003; Ogendo et al., 2008) as well as the yellow fever mosquito Aedes 

aegypti L. (Diptera: Culicidae) and Culex quinquefasciatus Say (Diptera) 

(Diptera: Culicidae) (Kamaraj et al., 2008).  

2.11.8: Outlook and conclusions 

The current review has shown that the most popular habitat manipulation 

plant families are among the top plant families that have also been exploited 

for their insecticidal activity. Accordingly, many of the species that have 

shown benefit in habitat manipulation have unrecognized additional value; 

they could be exploited for the secondary use of harvesting plant parts to 

produce botanical insecticides.  Habitat manipulation and plant extracts make 

a potentially effective combination due to the largely benign nature of both 

tactics on natural enemies. It is widely acknowledged that tactics that can 

provide multiple ecosystem services may prove effective and most likely to 

be adopted than are tactics that provide single benefits in isolation (Gentz et 

al., 2010). The tractability of combining two tactics depends on the effect of 

each individual tactic on natural enemy populations. For example, an inherent 

toxicity to natural enemies by a biopesticide would be antagonistic towards 

conservation biological control. However, a combination in which both 

botanicals and habitat management do not have negative effects on natural 

enemies, will likely result in additive or synergistic effect. A current study 

using six non-crop plants including A. conyzoides and Tridax procumbens 

(Asteraceae) with the same plant for habitat manipulation and plant extracts 

was successful and cost-effective in managing pests of cabbage (Amoabeng 

et al. unpublished data).  

Little is currently known about why some plant families have many species 

useful for both habitat manipulation (pollen and nectar producing) and 
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botanical insecticides. However, there could possibly be link between plants 

with insecticidal activity being attractive to predators and parasitoids. 

Secondary metabolites occur in the pollen and nectar and, at optimum 

concentration, benefit pollinators, parasitoids and predators for example in 

mediating plant-pollinator interaction, protecting nectar from robbery and 

other microbial functions such as preserving nutrients in nectar from 

degradation and reducing diseases in pollen and nectar beneficiaries 

(Stevenson et al. 2017). It is possible that some plant species in the families 

producing nectar and with insecticidal activity have common ecological 

characteristics. According to Campbell (2015), plant defence against 

herbivores and reproduction do not evolve separately but may have reciprocal 

and interactive effects on each other. Our hope is that this review will 

constitute the first step in uniting the separate fields of botanical insecticides 

and nectar plants for biocontrol enhancement. Future experimental and meta-

analysis papers will be required to identify mechanistic patterns that underpin 

dual utility.” 

 

Realising dual or multiple ecosystem services from habitat manipulation is an 

ambitious call to rapidly restore some lost ecosystem services but there are 

other precedents that suggest it is possible e.g. (Davis et al., 2012). Finney et 

al. (2017) studied the delivery of eight ecosystem services including pests 

supression, nitrogen supply, weed supression among others from ten cover 

crops. The study showed that where all the plant species supplied biomas, 

suppressed weeds and retained nitrogen, there were trade-offs between other 

ecosystem services among some species. This underscores the need to 

develop clear understanding of the intended services to be delivered  and 

selection of plant species (Gurr et al., 2017). Ultimately, however, the present 

review suggests that further research is justified to fully explore scope for 

using habitat manipulation plants as a source of botanical insecticides. 

Among the research priorites is field work to assess the phenological and 

practical issues around duals use. For example, habitat manipulation plants 

normally need to be established early in the crop calender so they are 

blooming early in the season, providing resources to natural enemenies and 

and thereby prevent pest population build up. This may be compatible with 
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dual use because harvesting plant parts such as foliage or seed pods for 

botanical insecticide production could be later in the season on a “needs 

basis” to deal with uncontrolled pest build-up should biological control falter. 

On a wider time scale, habitat manipulation plants could be harvested at the 

end of the growing season and stored for later processing into botanical 

insecticides for use in a subsequent crop. In addition, ‘non-crop’ species may 

be cultivated on any spare land and harvested for the preparation of botanical 

insecticides. This would avoid potential disruption of the conservation 

biological control aspect of the program and might further generate income 

to individuals who would cultivate plants for the extraction of botanical 

insecticides. Such low-tech approaches are particularly appropriate for 

developing country agriculture. It must be stated that, a plant species should 

not necessarily support the provision of both botanical insecticides and 

resources for conservation biological control. Provision of any of the above 

two ecosystem services could contribute towards sustainable pest 

management.   
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CHAPTER THREE 

Insecticidal activity of a native Australian tobacco, Nicotiana 

megalosiphon Van Heurck & Muell. Arg. (Solanales: Solanaceae) 

against key insect pests of brassicas 

3.1 Introduction 

Globally, pests consume crops sufficient to feed an additional one billion 

people (Birch et al., 2011), hence managing them effectively is key to higher 

crop productivity. The diamondback moth P. xylostella is the most important 

pest of brassicas and its successful management presents a daunting task to 

brassica farmers worldwide (Charleston et al., 2006; Furlong et al., 2013; Li 

et al., 2016; Sarfraz & Keddie, 2005). It was the first crop pest to develop 

resistance to DDT, and has successively developed resistance to all classes of 

chemical insecticides as well as some strains of insecticides based on toxins 

produced by the bacterium Bacillus thuringiensis (Grzywacz et al., 2010; 

Sarfraz & Keddie, 2005). Global annual cost of managing diamondback moth 

and loss in production is estimated at US$ 4-5 billion (Furlong et al., 2013). 

The cabbage aphid, Brevicoryne brassicae L. and the green peach aphid, 

Myzus persicae Sulzer (Hemiptera: Aphididae) also cause substantial damage 

to brassicas (Severtson et al., 2016). Both the nymphal and adult stages of 

aphids are phloem feeders (Goggin, 2007). Aphids have short generations due 

to their ability to reproduce by parthenogenesis (Goggin, 2007). Aphids 

account for 50% of insect-vectored plant viruses (Ng & Perry, 2004).  

 

Though biological control of the foregoing pests is possible, it rarely proves 

effective due to late or inadequate build-up of natural enemies, often as a 

result of synthetic insecticide use (Macharia et al., 2005). Consequently, 

commercial brassica vegetable production often relies on application of 

synthetic insecticides (Charleston et al., 2006). But the use of synthetic 

insecticides is associated with human health and several ecological problems 

including poisoning, contamination of food commodities, environmental and 

water pollution, pest resistance and resurgence and elimination of non-target 

organisms (Williamson et al., 2008). Attempts to control vegetable brassica 

pests, especially P. xylostella, can lead up to 20 applications of synthetic 

insecticides within a growing season in some parts of the world (Oliveira et 

al., 2011).   
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Botanical insecticides provide an alternative pest management option, 

especially in situations where synthetic insecticides have proved ineffective 

due to pest resistance (Koul, 2004). They are often described as benign on 

beneficial arthropods and the ecosystem due to their non-persistent nature 

(Dubey et al., 2011; Kedia et al., 2015). Their rapid break-down upon 

exposure to the atmosphere (Dubey et al., 2011), greatly reduces the risk of 

residues in food. Botanical insecticides can be selective (Amoabeng et al., 

2013), and do not frequently result in insecticidal resistance as often occurs 

with synthetic insecticides (Charleston et al., 2006; Isman, 2002; Koul, 2004; 

Regnault-Roger et al., 2005).  

Despite the wealth of knowledge of botanical plants native to developing 

countries, little work has been done on the Australian flora so we evaluated 

the insecticidal activity of two Australian plants: native tobacco Nicotiana 

megalosiphon Van Heurck & Muell. Arg. (Solanales: Solanaceae) and native 

Pennyroyal Mentha satureioides R.Br. (Lamiales: Lamiaceae). These were 

selected because congeneric of each are known to have insecticidal properties 

but no work has been done on these species. Nicotiana megalosiphon is found 

in central and south-eastern Queensland and northern New South Wales 

(NSW) (Voeks, 2012) whilst M. satureioides is widespread in South 

Australia, NSW, Victoria and Queensland (McIntyre et al., 1995). Nicotiana 

megalosiphon is an uncultivated species but has been used as parent in some 

genetic breeding programs of tobacco due to its high resistance towards 

several important pathogens (Chacón et al., 2009). Commercial tobacco, N. 

tabacum has four main alkaloids: nicotine, nornicotine, anabasine, and 

anatabine with nicotine content of 90-95% and the remaining three alkaloids 

account for 5-10% of the total alkaloid content (Siminszky et al., 2005). The 

alkaloid content of a tobacco foliage is about 1.5% of the total weight of the 

folaige. Little is, however, known about the chemistry of N. megalosiphon. 

According to Voeks (2012), the plant has nornicotine content of 0.22% and 

little or no nicotine.  

The genus Mentha has about 19 species and 13 natural hybrids across the 

globe (Kumar et al., 2011). Mentha is among the common herbs that have 

been known for medicinal and food flavouring properties since ancient times 
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but its insecticidal properties too have been reported (Fialová et al., 2008; 

Kumar et al., 2011).  

 

The insecticidal properties of Nicotiana and Mentha species have been 

exploited in managing several insect pests of economic importance. For 

instance, aqueous extract of N. tabacum was effective against pests of 

cabbage including diamondback moth, cabbage aphids and green peach aphid 

(Amoabeng et al., 2013). Species of Mentha have also been exploited to 

manage pests based on several modes of action such as repellence, adulticidal 

contact toxicity, antifeedance against storage pests such as Sitophilus 

zeamais, S. oryzae (Coleoptera: Curculionidae), Tribolium castaneum 

(Coleoptera: Tenebrionidae), Callosobruchus maculates (Coleoptera: 

Chrysomelidae) (Kumar et al., 2009; P. Kumar et al., 2011) and onion thrips, 

Thrips tabaci (Thysanoptera: Thripidae) (Koschier et al., 2002). Insecticidal 

activity of Mentha species including M. arvensis (Kumar et al., 2009;  Kumar 

et al., 2011), M. longifolia (Odeyemi et al., 2008), M. spicata, M. microphylla 

(Farghaly et al., 2009), M. rotundifolia (Ferraro et al., 2003) and others have 

been reported. There is, however, no report on the insecticidal activity of M. 

satureioides or N. megalosiphon. Accordingly, this study aimed to explore 

the insecticidal activity of aqueous extracts of M. satureioides and N. 

megalosiphon against three important pests of brassicas: P. xylostella, B. 

brassicae and M. persicae.  

 

3. 2 Materials and methods 

3.2.1 Insects 

Larvae of P. xylostella, adult B. brassicae and M. persicae were collected 

from an organic cabbage farm close to Orange, New South Wales, Australia 

(33.3679° S, 149.1314° E) in April 2016. Each insect species was reared 

separately in multiple cages on potted cabbage plants in a glasshouse at the 

Charles Sturt University, Orange campus, NSW (33.2465° S, 149.1173° E) at 

23 °C ± 5 °C, RH 75% ± 5% and unregulated photoperiod of about 11 hours. 

P. xylostella and B. brassicae were reared to the 6th generations whilst M. 

persicae reached the 8th generation before they were used for the experiment. 
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The bioassays were performed on larvae of P. xylostella and adult B. 

brassicae and M. persicae  

 

3.2.2 Plants 

Seeds of M. satureioides and N. megalosiphon were donated by Diversity 

Native Seeds, Coonabarabran, NSW (31.2733°S, 149.2191°E) and sown in 

May 2016 using proprietary seed raising and cutting mix (Osmocote) 

obtained at Orange, NSW. Seedlings were transplanted into plastic pots filled 

with the same potting medium then grown in a separate glasshouse to that 

used for insect rearing but with the same environmental conditions. 

3.2.3 Experimental design and treatment application 

The three herbivores were tested in separate experiments but with the same 

treatments: aqueous extracts of M. satureioides and N. megalosiphon at three 

concentrations (1, 5 and 10% m/v), Yates, Mavrik (7.5 g/L tau-fluvalinate) a 

synthetic pyrethroid widely used against Lepidoptera and Hemiptera pests in 

many crops, and tap water as control. Tau-fluvalinate was used at the rate of 

9.5 ml/L. This resulted in eight treatments and each was replicated six times. 

Experimental units consisted of potted cabbage Brassica oleracea var. 

capitate cv. Sugarloaf seedlings at six weeks old (about 6 true leaf stage).  

3.2.4 Aqueous extract preparations 

Fresh, fully-expanded leaves of M. satureioides and N. megalosiphon that 

were about five and half months old were collected and weighed. The quantity 

of plant material to give the various concentrations for each plant was blended 

separately using an electric blender. To obtain the various concentrations, 5 

g, 25 g and 50 g of fresh leaves were blended and mixed with 500 ml tap 

water (ambient temperature) to obtain 1%, 5% and 10% concentrations 

respectively of each of the aqueous plant extracts. Blending speed and 

duration varied among treatments reflecting the different properties and 

volumes of plant material but in all cases it extended until no plant fragments 

were visible to the naked eye.  Water was selected as the solvent as it is the 

cheapest, safest and the most accessible polar solvent for any future use of 

these plants. Menthol the active constituent in Mentha species is considered 

polar and thus can be dissolved in water. Aqueous extract of Nicotiana 

tabacum was successful against cabbage pests (Amoabeng et al., 2013). Tap 
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water was used so that results would reflect the efficacy that a grower would 

obtain if preparing a crude extract outside of laboratory conditions. The 

mixtures were filtered with muslin cloth to obtain particle-free plant extracts 

and put into 1 L capacity hand sprayer for immediate application after (B. W. 

Amoabeng et al., 2013).  

 

3.2.5 Bioassay of the herbivores  

For P. xylostella, sixth generation, third instar cohorts (larvae) from 

glasshouse culture as described above were used. Ten larvae were taken from 

the rearing cages and put on potted caged cabbage seedling using a fine brush. 

Larvae were allowed to feed for 24 hours before spraying was done. In the 

case of M. persicae and B. brassicae 50 adults of each species were put on a 

caged potted cabbage seedling and allowed to recolonize for 7 days before 

spraying was done. At the time of the bioassay, aphid numbers had increased 

and therefor was impractical to count. Spraying of each treatment was done 

to run-off at both surfaces of cabbage leaves to ensure complete coverage. 

Separate hand sprayers were used for the treatments.  

 

3.2.6 Effects of 5% and 10% concentrations of N. megalosiphon on first 

generation survivors of P. xylostella sprayed with tau-fluvalinate 

(synthetic pyrethroid)  

This follow-up study was to determine whether aqueous extracts of N. 

megalosiphon control P. xylostella that showed reduced susceptibility to tau-

fluvalinate. Larvae of P. xylostella that survived spraying of tau-fluvalinate 

in the previous experiment were reared until another generation was obtained 

(i.e. 7th generation from field collection but one generation from the colony 

exposed to tau-fluvalinate). Ten 3rd instar larvae were taken and put on a 

cabbage seedling as described above for the P. xylostella bioassay. There 

were four treatments made of 5% and 10% aqueous extracts of N. 

megalosiphon, tap water and tau-fluvalinate, each with four replications.  

3.2.7 Observation and data collection  

Data were collected at 24, 48 and 72 hours after spraying, to count dead larvae 

in the case of P. xylostella whilst for M. persicae and B. brassicae, their 

numbers had increased at the time of spraying, hence counting of their 
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numbers was impractical. Presence of aphids was therefore scored on a scale 

of 0-5 following the procedure in (Amoabeng et al., 2013). Scoring of M. 

persicae and B. brassicae, and counting of P. xylostella was done prior to the 

spraying of plant extracts and the control treatments, and at each of the three 

periods of observation. However, the initial (0-hour) aphid score and P.  

xylostella numbers were the same for all treatments, hence, were not included 

in the statistical analysis.  

3.2.8 Chemical analysis of N. megalosiphon leaf extract 

Dried powdered leaf material of N. megalosiphon (50mg) was placed in water 

and sonicated for 5 minutes before being allowed to extract for 24h.  An 

additional extract of similar concentration was made with methanol for 

comparison. An aliquot (5ul) of the water and methanol extracts of Nicotiana 

megalosiphon was injected directly on to a Phenomenex Luna C18(2) column 

(150 mm 3.0 mm i d., 3um particle size) in a Thermo Scientific Ultimate 3000 

LC system and compounds separated using a linear mobile phase gradient 

comprised of A = MeOH, B = H2O, C = 1% HCO2H in MeCN; A = 0%, B 

= 90% at t = 0 min; A = 90%, B = 0% at t = 20 min.  Compounds were 

detected using a Thermo Scientific Velos Pro Dual-Pressure Linear Ion Trap 

Mass Spectrometer fitted with a heated electrospray (HESI) source operated 

at 300 C. Source setting were otherwise those recommended by the 

manufacturer. Spectra recorded in positive ion modes using a mass range of 

125-2000. Anabasine was purchased commercially (Sigma-Aldrich, Dorset, 

UK) and used as a chromatographic standard and producing a calibration 

curve by quantification of the [M+H] molecular ion with m/z = 163.1. 

Anabasine eluted at 4.10 min.  

3.2.9 Statistical analysis 

The number of dead P. xylostella larvae were used to calculate percent 

mortality. Mortality data were corrected using Abbott’s formula (Abbott, 

1925). All data were analysed using analysis of variance (ANOVA) 

procedure of statistical analysis software (SAS) (SAS Institute, 1985). Data 

for each time interval were analysed separately. Data for the two plant species 

were analysed together. To normalise data, percentage and score values were 

arcsine and log(x+1) transformed, respectively, before analysis. The 

normality of the data was tested with the Shapiro-Wilk test. Upon obtaining 
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significant (p<0.05) differences, mean separation was done by means of 

Tukey's test. Back transformed means were presented in the results.  

3.3 Results  

3.3.1 Effects of aqueous plant extracts and tau-fluvalinate on P. 

xylostella mortality 

Twenty-four hours after spraying, concentrated aqueous extracts of N. 

megalosiphon caused high rates of mortality on P. xylostella. Ten and 5% 

percent aqueous extracts of N. megalosiphon gave 100% and 90% mortality 

respectively and were significantly (F= 149.80, df 7, 12, p<0.001) better than 

the other treatments (Table 3.1). Tau-fluvalinate gave 25% mortality and was 

equal to the 1% aqueous extract of N. megalosiphon but better than all levels 

of aqueous extracts of M. satureioides and tap water control. Larval mortality 

trends at 48 and 72 hours after spraying were similar to those at 24-hour. Both 

5% and 10% aqueous extract of N. megalosiphon caused 100% mortality of 

P. xylostella larvae. These were significantly better (F= 230.41, df 7, 12, 

p<0.001) than the 1% concentration which gave 44% and 56% mortality at 

48 and 72 hours respectively, after spraying (Table 3.1). At 48 and 72 hours 

after spraying, tau-fluvalinate caused 25% larval mortality and was only 

better than aqueous extracts of M. satureioides and tap water (Table 3.1).  
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Table 3. 1: Mean (±SE) percentage mortality of larvae of P. xylostella at three time points after having being sprayed with three concentrations of N. 

megalosiphon and M. satureioides extracts compared with tau-fluvalinate and tap water. 

Treatment Concentration    24 hours 48 hours 72 hours 

Nicotana megalosiphon  10% 100.00 ± 0.00a 100.00 ± 0.00a 100.00   ± 0.00a 

5%    90.00 ± 0.04b 100.00 ± 0.00a 100.00 ± 0.00a 

1%   25.00 ± 0.03c   44.00 ± 0.04b    56.00 ± 0.06b 

Mentha satureioides  

 

10%      0.00 ± 0.00d      8.00 ± 0.03d      8.00 ± 0.03d 

5%      0.00 ± 0.00d   1.60 ± 0.02d     1.60 ± 0.02d 

1%      0.00 ± 0.00d    0.00 ± 0.00d      0.00   ± 0.00d 

Tau-fluvalinate 9.5 ml/L     22.00 ± 0.05c    25.00 ± 0.06c    25.00   ± 0.06c 

Tap water        0.00 ± 0.00d   1.60 ± 0.02d      1.60 ± 0.02d 

P<  0.001 0.001 0.001 

  Means within a column with different letters differ significantly (all at P < 0.001) 
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Table 3. 2: Effects of 5% and 10% aqueous extracts of Nicotiana megalosiphon compared with tau-fluvalinate on mean (±SE) percentage mortality of 

a generation of Plutella xylostella that was reared from the survivors of a prior generation sprayed with tau-fluvalinate. 

 

Treatment Concentration 24 hours  48 hours  72 hours 

Nicotiana megalosiphon  10% 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

5%   97.50 ± 2.50a 100.00 ± 0.00a 100.00 ± 0.00a 

Tau-fluvalinate  9.5ml/L     2.50 ± 2.50b    2.50 ± 2.50 b     2.50 ± 2.50 b 

Tap water      0.00 ± 0.00b           0 ± 0.00b           0 ± 0.00b 

P<      0.001           0.001           0.001 

  Means within a column with different letters differ significantly (all at P < 0.001) 
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 3.3.2 Effects of aqueous extracts of N. megalosiphon and tau-fluvalinate 

on first generation P. xylostella survivors of tau-fluvalinate application  

Twenty-four hours after spraying with 10% and 5% aqueous extracts of N. 

megalosiphon, 100% and 97.5% mortality respectively were observed among 

the first generation of P. xylostella larvae that survived after having been 

sprayed with tau-fluvalinate in the previous experiment (Table 3.2). Efficacy 

was significantly better than tau-fluvalinate and tap water which resulted in 

2.5% and 0% mortality, respectively.  

 

3.3.3 Effects of aqueous plant extracts and tau-fluvalinate on M. 

persicae  

Twenty-four hours after spraying, tau-fluvalinate completely controlled M. 

persicae. This was significantly (F=79.6 df 7, 40, p<0.001) better than all 

concentrations of both plant extracts. As observed for P. xylostella, all 

aqueous extract of N. megalosiphon controlled M. persicae better than 

extracts of M. satureioides and tap water. At 24 hours after spraying, 10% 

aqueous extract of N. megalosiphon was better than the 5% and 1% aqueous 

extracts. However, at both 48 hours and 72 hours after spraying both 10% and 

5% performed equally and were better than the 1% (Table 3.3). None of the 

M. satureioides treatments outperformed the tap water control. The trend at 

48 hours after spraying was the same as that at 24 hours except that the level 

of control given by 10% N. megalosiphon was complete and equivalent to 

that of tau-fluvalinate. At 72 hours after spraying, 5% aqueous extract of N. 

megalosiphon also completely eliminated M. persicae, equivalent to its 10% 

counterpart and tau-fluvalinate and was significantly (F= 252. 09, df 7, 40, 

p<0.001) better than other treatments. The 1% aqueous extract of N. 

megalosiphon with a score of 0.83 was, however, better than all extracts of 

M. satureioides and the tap water control (Table 3.3). 
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Table 3. 3: Effects of three concentrations of Nicotiana megalosiphon and Mentha satureioides compared with tau-fluvalinate on 

 mean (±SE) score (0 = absent to 5 = large continuous colonies) on Myzuz persicae. 

Treatment Concentration 24 hours 48 hours 72 hours 

 
Nicotiana megalosiphon  

10% 0.67 ± 0.21c 0.00 ± 0.00c 0.00 ± 0.00c 

5% 1.17 ± 0.17bc 0.50 ± 0.22bc 0.00 ± 0.00c 

1% 1.67 ± 0.33b   0.83 ± 0.31b 0.83 ± 0.31b 

 
Mentha satureioides  
 

10% 4.00 ± 0.00a   4.00 ± 0.00a  4.00 ± 0.00a 

5% 4.00 ± 0.00a   4.00 ± 0.00a  4.00 ± 0.00a 

1% 4.00 ± 0.00a   4.00 ± 0.00a  4.00 ± 0.00a 

Tau-fluvalinate 9.5ml/L 0 ± 0.00d   0.00 ± 0.00c   0.00 ± 0.00c 

Tap water  4.00 ± 0.00a   4.00 ± 0.00a  4.00 ± 0.00a 

P<  0.001   0.001  0.001 

  Means within a column with different letters differ significantly (all at P < 0.001) 
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3.3.4 Effects of aqueous plant extracts and tau-fluvalinate on B. 

brassicae  

Twenty-four hours after spraying and thereafter, no live B. brassicae was 

observed in tau-fluvalinate treatment whilst the 5% and 10% aqueous extracts 

of N. megalosiphon performed equally well. This was significantly (F= 40.54, 

df 7, 40, p< 0.001) better than other botanical extracts and the tap water 

control. Both 5% and 10% aqueous extracts of N. megalosiphon were better 

than the 1% concentration and all extracts of M. satureioides. However, 1% 

N. megalosiphon and 10% M. satureioides did not differ from each other. At 

72 hours, tau-fluvalinate, 5% and 10% N. megalosiphon extracts completely 

eliminated B. brassicae and were significantly better than the remaining 

treatments. Ten percent concentration of M. satureioides was better than the 

two lower concentrations but was equal to 1% concentration of N. 

megalosiphon. All treatments were better (F= 82.18, df 7, 40, p< 0.001) than 

the tap water control at the end of the 72-hour period of observation (Table 

4).  
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Table 3. 4: Effect of three concentrations of Nicotiana megalosiphon and Mentha satureioides compared with tau-fluvalinate on 

 mean (±SE) score (0 = absent to 5 = large continuous colonies) of Brevicoryne brassicae. 

Treatment Concentration 24 hours 48 hours 72 hours 

 
 Nicotiana megalosiphon  

10%  0.33 ± 0.21d 0.00 ± 0.00e 0.00 ± 0.00e 

5%  0.67 ± 0.21d 0.15 ± 0.16e 0.00 ± 0.00e 

1%  2.17 ± 0.31bc 1.83 ± 0.21cd 1.67 ± 0.21cd 

 
Mentha satureioides  

10%  1.83 ± 0.32c 1.50 ± 0.22d 1.50 ± 0.22d 

5%  2.50 ± 0.22abc 2.67 ± 0.21bc 2.33 ± 0.21bc 

1%  3.50 ± 0.22ab 3.12 ± 1.67ab 3.00 ± 0.25b 

Tau-fluvalinate 9.5ml/L  
0.17 ± 0.17d 

0.00 ± 0.00e 0.00 ± 0.00e 

Tap water   
4.0 ± 0.00a 

4.00 ± 0.00a 4.16 ± 0.16a 

P<   
0.001 

0.001 0.001 

  Means within a column with different letters differ significantly (all at P < 0.001) 
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3.3.5 Alkaloids present in N. megalosiphon leaf extract 

Chemical analysis of leaf extracts of N. megalosiphon found anabasine as the 

only alkaloid present in extracts of N. megalosiphon. Calibration curves were 

used to calculate concentrations of anabasine at 2.8 ug/g leaf water extracts 

and 29.7 ug/g in methanol extracts.   

3.4 Discussion 

The effectiveness of aqueous extracts of N. tabacum in controlling some 

insect pests of economic importance including P. xylostella and B. brassicae 

has previously been reported (Amoabeng et al., 2013; Dequech et al., 2009). 

The present study extends earlier work by examining the Australian Native 

N. megalosiphon, and finding it effective against P. xylostella, B. brassicae 

and M. persicae. Aqueous extracts of this plant exhibited increased efficacy 

with dose, providing elimination of all P. xylostella larvae 24 and 48 hours of 

spraying with the higher concentrations. Insect mortality also increased with 

increasing exposure time to extracts of N. megalosiphon. This was evident in 

the increasing mortality of P. xylostella and reduction in the score of both M. 

persicae and B. brassicae when 1% aqueous extract of N. megalosiphon 

extract was sprayed. On the other hand, mortality of P. xylostella for instance 

didn’t increase with exposure time with respect to the conventional 

insecticide control. Against the aphid species, it completely eradicated all live 

insects within 24 hours.  Studies of other botanical insecticides have shown 

similar effects. For example, in evaluating the efficacy of essential oils from 

the plants Origanum onites, Satureja thymbra (Lamiaceae) and Myrtus 

communis (Myrtaceae) against Ephestia kuehniella Zeller (Lepidoptera: 

pyralidae), Plodia interpunctella Hübner (Lepidoptera: Pyralidae) and 

Acanthoscelides obtectus Say (Coleoptera: Chrysomelidae), (Ayvaz et al., 

2010) found that mortality increased with concentration and duration of 

exposure.  

 

The present study supports earlier work (Kim et al., 2004; Koul, 2004) in 

showing that botanical insecticides can control insect pests that have 

developed resistance to synthetic insecticides. The complete control of the 

three pests with N. megalosiphon and the poor performance of tau-fluvalinate, 

a synthetic pyrethroid against P. xylostella (known to have developed 

resistance against several synthetic insecticides in many parts of the world 
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including the Sydney Region of Australia) follows this (Eziah et al., 2008). 

Further, as low as 5% concentration, aqueous extracts of N. megalosiphon 

was enough to completely control an F1 P. xylostella colony that was poorly 

controlled with tau-fluvalinate. Earlier studies have found that insect pests of 

crops such as P. xylostella and Spodoptera litura Fab. (Lepidoptera: 

Noctuidae) known to have developed resistance to several conventional 

insecticides were managed effectively with botanicals (Fening et al., 2013). 

Aside from the activity conferred by the novelty to the target organism of the 

compounds within plant extracts, the complex mixtures of active constituents 

of botanicals may together provide greater toxicity than any individual active 

ingredient as found in most synthetic insecticides (Devanand & Rani, 2008; 

Koul, 2004; Rathi & Gopalakrishnan, 2006). 

 

Whilst N. megalosiphon was effective against all the insects in this study, M. 

satureioides performed more poorly against both aphid species. Whilst the 

10% and 5% treatments of this plant’s extract performed better than the tap 

water, control was inferior to that provided by N. megalosiphon. The relative 

ineffectiveness of M. satureioides in the current study may potentially be 

attributed to the fact that most earlier successful studies on effectiveness of 

Mentha species employed the essential oils rather than aqueous extract 

(Kumar et al., 2009). Accordingly, the present study’s treatments are likely 

to have contained only low levels of potentially active but water insoluble 

compounds. Nonetheless, aqueous extracts of Mentha species have reportedly 

been used to manage insect pests but the effective dose is often significantly 

higher in extracts compared to essential oils (Kumar et al., 2011). It is 

therefore possible that higher concentrations beyond those used in the current 

study may have resulted in effective control but this is not likely to be 

practicable. The effectiveness of Mentha extracts has been shown to have 

strong dependence on the solvent used for the extraction. When repellence 

and topical application of 50% menthol extracted with acetone or hexane was 

studied on Tribolium castenum Herbst (Coleoptera: Tenebrionidae), 

maximum activity was obtained using hexane extract (Pascual-Villalobos & 

Robledo, 1998). But in an antifeedance bioassay, only hexane and methanol 

extracts were effective (Pascual-Villalobos & Robledo, 1998). Farghaly et al. 

(2009) also compared crude extracts and refined formulation of M. 
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microphylla against nymphs and pupae of whitefly, B. tabaci. LC50's for first, 

second, third instar and pupae were 310, 504, 654 and 1444 ppm respectively, 

for the crude extract whilst the formulation had LC50's of 171, 179, 288 and 

948 ppm respectively, indicating that the crude extract was less toxic when 

compared with the formulation. Aqueous extraction of M. satureioides in this 

study was, however, considered potentially effective because menthol found 

in the essential oils of Mentha species, is a polar molecule (Kumar et al., 

2011). Earlier, toxicity of menthol had been effective against the variegated 

cutworm, Peridroma saucia Hubner (Lepidoptera: Noctuidae) (Harwood et 

al., 1990). Finally, some earlier studies of the effectiveness of Mentha extracts 

were against insect pests of stored grains e.g. Oryzaephilus surinamensis L. 

(Coleoptera: Silvanidae) and T. castenum (Al-Jabr, 2006), Sitophilus oryzae 

L. (Coleoptera: Curculionidae) (Saljoqi et al., 2006), Callosobruchus 

maculatus Fab. (Coleoptera: Chrysomelidae), Rhyzopertha dominica Fab 

(Coleoptera: Bostrichidae), S. oryzae and T. castaneum (Aggarwal et al., 

2001) with only few against some species of mosquitos and field pest such as 

thrips and whitefly.  

 

Tau-fluvalinate was highly effective against the two aphid species in this 

study but had weaker efficacy (25% mortality) against P. xylostella. This is 

evident in the extremely low mortality rate observed in third instar P. 

xylostella obtained from a generation of survivors that was previously sprayed 

with tau-fluvalinate. Resistance of P. xylostella to synthetic insecticides in 

Australia was first reported in Queensland in the 1980s (Wilcox, 1986) and 

since then many cases of resistance to all classes of insecticides including 

synthetic pyrethroids have been reported (Deuter, 1988; Eziah et al., 2008). 

Farmers in Australia have resorted to more frequent and higher rates of 

insecticides application (Endersby et al., 2008; Endersby et al., 2011). 

Plutella xylostella resistance to synthetic pyrethroid is widespread in 

Australia. Therefore, the study population of P. xylostella was collected from 

an organic farm. However, since the insect is highly mobile, founders 

collected from that farm are likely to have originated elsewhere where they 

will have been exposed to insecticide use. Chapman et al. (2002) found this 

pest is capable of flying over distances of about 1500 km and since P. 

xylostella is also known to exhibit high levels of gene flow (Endersby et al., 
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2008) so resistance alleles from areas where selection occurs can readily 

spread.  

 

Though no report of efficacy of N. megalosiphon against brassica pests 

existed until this study, the presence of anabasine in the leaf extract of (though 

in very low concentration at 2.8 ug/g leaf water extracts and 29.7 ug/g in 

methanolic extract) the current study might account for the biological activity 

of N. megalosiphon. In a study conducted some few decades ago using gas 

chromatography, Saitoh et al. (1985) found anabasine content of 39.5ug/g 

representing about 13% of the total alkaloids in the leaves of N. 

megalosiphon. The study, however, found other alkaloids such as nicotine 

and nornicotine with contents of 18.5ug/g and 42ug/g respectively.  The 

discrepancies in the alkaloids content of N. megalosiphon in this study and 

that of others may be due to the analytical methods used or the timing of 

harvest and post-harvest handling of the plant materials (Saitoh et al., 1985).  

The alkaloid nicotine in N. tabacum has been found to exhibit acute toxicity 

in several insect species (Tiwari et al., 1995) but can also cause harm in 

humans if care is not taken during handling and application (Rosell et al., 

2008). Acute anabasine poisoning symptoms are similar those for nicotine 

(Ujváry, 2010). Anabasine activates then blocks nicotinic acetyl choline 

receptors centrally and peripherally, resulting in sympathetic and 

parasympathetic effects plus effects at the neuromuscular junction causing 

muscle fasciculation, weakness, then paralysis (Semmler et al., 2012). This 

means the mode of action of N. megalosiphon extract might be similar to that 

of the organophosphate insecticides. In comparing the toxicities between 

anabasine and nicotine on rabbits, anabasine was found to be more toxic than 

nicotine. The minimal fatal doses for anabasine and nicotine were 3 and 

9 mg/kg, respectively (Haag, 1933) but for guinea pigs, the difference 

between anabasine and nicotine was less with respective fatal doses of 22 and 

26 mg/kg on subcutaneous administration.   

Whilst anabasine has been found to be highly toxic and ingestion could result 

in poisoning, the relatively low concentrations as found in the present study 

especially in the crude extract may not be at levels that could pose harm to 

the user and the ecosystem.  As Isman (2008) put it, plant compounds such as 
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nicotine and rotenone are acutely toxic to humans in the pure form, the 

associated health risks are mitigated by the use of crude extracts in which the 

concentrations are often below 5%. With few exceptions, crude botanical 

extracts at worst pose no greater human health hazard compared to the 

conventional insecticides (Isman, 2008). Anabasine, the only alkaloid that 

was found in the leaf extracts of N. megalosiphon in the present study has 

been described as an unstable liquid which is miscible in water and 

susceptible to light, heat and moisture (Martin, 1953). The implication is that 

extracts of N. megalosiphon may break down at a relatively faster rate upon 

application, and traces of anabasine may not be found in the product at 

harvest.   

Both N. tabacum and N. megalosiphon extracts have been found to be active 

against the diamondback moth, cabbage aphids and the green peach aphids 

(Amoabeng et al., 2013; Amoabeng et al., 2018). Whilst N. tabacum is grown 

commercially, N. megalosiphon is a non-commercial species in Australia 

with no commercial value. It makes economic sense therefore to utilize N. 

megalosiphon for managing insect pest where the plant is available.  

3.5 Conclusions  

This study has shown that aqueous extract of N. megalosiphon can manage 

insect pests of economic importance including P. xylostella which has proven 

to be a difficult-to-handle pest globally. This was evident in the efficacy of 

N. megalosiphon extracts against all pests used in this study. This shows 

scope for botanical insecticides to manage intractable pests that are resistant 

to synthetic insecticides. Tau-fluvalinate showed reduced efficacy against P. 

xylostella whilst as low as 1% concentration, aqueous extract of N. 

megalosiphon was effective. It is also evident that not all botanical 

insecticides perform equally at the same concentrations using the same 

extraction technique; M. satureioides being less promising in the current 

study though other extraction techniques may improve efficacy. Anabasine 

was the only alkaloid present in the leaf extact of N. megalosiphon in the 

present study. Even though the alkaloid in miscible in water, the 

concentration of the methanol extract was higher compared to the water 

extract. The nature of anabasine, however, makes it potentially efficacious 
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however lower the concentration is, and has the potential of breaking down 

quickly upon exposure to the atmosphere.  
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CHAPTER FOUR 

Dual ecosystem services from wild plant species for the management of 

key brassica crop pests 

4.1 Introduction 

Expected world population growth and the associated growth in food demand, 

is increasing pressure on global food security and the natural resources that 

underpin production (Godfray et al., 2010). Severe pest damage of crops 

continues to be a major global food security challenge (Poppy et al., 2014) 

and pollination services required for the production of 75% of crops are 

declining in intensive agriculture (Potts et al., 2016). Conventional 

agricultural intensification, which relies on agrochemical inputs has enhanced 

production but is now widely recognized to degrade the ecosystem services 

underpinning production and are harmful to people and other animals (Liu, 

Pan, & Li, 2015; Ntow et al., 2006). High input agriculture has resulted in a 

decline in the provision of important ecosystem services including insect-

mediated pest suppression (Bommarco et al., 2018; Gagic et al., 2018). The 

value of natural-enemy mediated pest control is substantial. In the US alone 

it has been estimated at $4.5 billion per annum (Losey & Vaughan, 2006) 

while the global estimate across 1.58 billion Ha of cropland is US$908 billion 

p.a. (Costanza et al., 1997; FAOSTAT, 2017; Naranjo, Ellsworth, & Frisvold, 

2015).   

The ecosystem services in agriculture can support more sustainable food 

production (Bommarco et al., 2018). However, there remains a shortage of 

evidence in developing country agriculture where ecosystem services are not 

usually prioritized by decision makers coupled with a lack of awareness 

among farmers, extension workers and policy makers of their benefits 

(resilient yields, improved economic returns, reduced exposure to pesticides, 

food and nutritional security and reduced negative environmental impacts). 

Ecosystem services of pest control, pollination, soil conservation and soil 

nutrient cycling are fundamental regulating services in agroecosystems 

supported or delivered by arthropods, plants and microorganisms (Finney & 

Kaye, 2017; Isaacs et al., 2009) and inputs that damage these supporting flora 

and fauna harm agriculutral prductivity. There are interactions and 

mutualisms between organisms in agricultural systems that ensure the 
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delivery of ecosystem services and support human well-being (Naylor & 

Ehrlich, 1997). Floral and faunal diversity have been proposed to support 

ecosystem health and ecosystem services delivery (Olson & Wäckers, 2007) 

although the relationship between diversity per se and ecosystems services 

that are of value to agriculture are nuanced (Karp et al., 2018) thus habitat 

manipulation requries careful assessment and monitoring to provide evidence 

that interventions contribute to improving ecosystem services. Managing 

insect pests on crops is essential to maximizing crop production and food 

security (Oerke, 2006) and habitat manipulation (modifying the landscape 

scale or farm scale by intentionally establishing various plant species to 

provide resources to natural enemies to encourage pest suppression) to 

maximize floral resources for beneficial arthropods can support natural pest 

regulation effectively to control pests (Géneau et al., 2012; Gurr et al., 2011; 

Gurr et al., 2016; Gurr et al., 2017). The various non-crop plants species in 

habitat manipulation potentially provide resources including floral nectar, 

pollen, shelter and alternative prey to endemic natural enemies to enhance 

natural pest suppression (Gurr et al., 2017).  

Aside from the use of push-pull intercropping (Khan et al., 2014), studies 

involving habitat manipulation for conservation biological control have been 

conducted more in the developed world than in developing countries, and in 

most cases, non-native plant species have been used (Fiedler et al., 2008). 

Habitat manipulation for conservation biological control in agriculture still 

remains largely unknown in developing countries (Wyckhuys et al., 2013) 

despite these farming systems being well suited to the promotion of 

ecosystem services delivery including insect-mediated pest control due to 

generally low use of agrochemicals (Binswanger-Mkhize & Savastano, 

2017), especially among smallholders.  

Native and exotic non-crop species can support ecosystem services such as 

forage for pollinators, botanical insecticides, herbal medicines, livestock 

feeds and even a secondary income source and both are suitable for habitat 

manipulation (Mkenda et al., 2015; Pandey et al., 2018; Pfiffner et al., 2009). 

However, native plant species may have the advantage of local adaptation, 

habitat perpetuity and enhanced native biodiversity (Fiedler and Landis, 

2007; Isaacs et al., 2009). In agroecosystems characterised by smallholder 
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and subsistence farmers, using native plants in habitat management would be 

more attractive as long as they prove effective in supporting the delivery of 

pest suppression services, as these common plant species can be obtained 

without cost.  

Many plants possess secondary metabolites such as alkaloids, phenols and 

terpenoids that may have activity such as toxicity, repellency, feeding 

deterrence against insect pests (Koul, 2004). Thus, some of the non-crop 

plants selected for habitat manipulation potentially possess activity against 

insect pests and thus providing dual ecosystem services for the sustainable 

management of P. xylostella and B. brassicae which are major pests of 

brassicas. Botanical insecticides are considered relatively safe to non-target 

species due to their rapid breakdown, selectivity nature and reduced risk of 

insecticide resistance as plant extract, particularly crude extracts have 

multiple modes of action other than toxicity, such as repellency (Amoabeng 

et al., 2019).  

 

Here, the utility of six non-crop plant (native/naturalized) species Ageratum 

conyzoides, Tridax procumbens (Asteraceae), Crotalaria juncea (Fabaceae), 

Cymbopogon citratus (Poaceae), Lantana camara (Verbenaceae) and 

Talinum triangulare (Talinaceae) in supporting the provision of dual 

ecosystem services of ingredients of botanical insecticides and in habitat 

manipulation for suppression of cabbage pests were tested in both lab and 

field experiments. Even though C. citratus is not a flowering plant, it could 

potentially provide other means of reducing pests infestation e.g. physically 

or emitting volatiles rather than providing floral resources for natural 

enemies. Again, it was a potential source of botanical insecticide and could 

serve as a means to compare flowering and non-flowering plants in habitat 

manipulation. These species were selected based on their abundance, making 

practical their use.  

 

4.2 Materials and methods 

4.2.1 Habitat manipulation field experiments  

Field experiments were conducted at Crops Research Institute (CRI), 

Kwadaso, Kumasi, Ghana (6.6657° N, 1.6690° W; 287m asl). Kumasi falls 

in the wet semi-deciduous forest zone of Ghana with average rainfall of 
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1,484mm per annum with average of 137 wet days annually. Temperature 

ranges between 19.6 °C and 35 °C with an average of 25.6 °C and average 

relative humidity of 83.2%. Experiments were conducted between January 

2017 and March 2018. A randomised complete block with seven treatments 

in four replications was established across three growing seasons. The non-

crop plant species, A. conyzoides, T. procumbens, C. juncea, C. citratus, L. 

camara and T. triangulare were used in habitat manipulation and a control 

treatment (no plant), were involved in the experiments. Each plot measured 

3 m x 3 m and an alley of 5 m was left both between blocks and replicates. 

The six plants were established in the field between January and May 2017 

and allowed to bloom (except C. citratus which does not flower) before 

cabbage seedlings were transplanted. Cabbage Brassica oleracea var. 

capitata (Cruciferae) (cv. Oxylus) seedlings were nursed for five weeks after 

which they were transplanted to the field at a spacing of 0.5 m x 0.5 m. 

Habitat manipulation plants were established at the centre of each plot 

covering 1 m2 area. Cabbage seedlings were planted in rows around the 

manipulation plants. There were 44 plants per plot in the manipulation 

treatments and 49 plants per plot for the control plots. Experiments were kept 

free from weeds by hand hoeing. Ten days after transplanting cabbage 

seedlings, well decomposed poultry manure at 500 g per plant was applied to 

enhance soil fertility. The experiment was rain-fed but manual irrigation was 

done as required equivalent across treatments. No insecticides were applied 

in the field as pest management relied solely on natural pest suppression. 

Numbers of P. xylostella and B. brassicae on cabbages were counted once 

every week. This commenced on the third week after transplanting cabbage 

seedlings and continued for four consecutive weeks. Ten plants were 

randomly selected in each plot and numbers of P. xylostella (larvae and 

pupae) counted. Individuals B. brassicae were impracticable to count so were 

scored using a scale of 0 – 5 (0 = no infestation and 5= highest infestation i.e. 

large continuous colonies) 5 (0 = absent, 1 = a few scattered individuals, 2 = 

a few isolated small colonies, 3 = several small isolated colonies, 4 =large 

isolated colonies, 5 = large continuous colonies) (Amoabeng et al., 2013). 

Predators, including spiders (Araneae), ladybird beetles (larvae and adult) 

(Coccinellidae) and hoverfly larvae (Syrphidae), were counted as described 

for P. xylostella.  
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4.2.2 Bioassay of aqueous extract of plant species on P. xylostella larvae 

and adult B. brassicae. 

The efficacy of aqueous extracts of the plants used in habitat manipulation 

(A. conyzoides, T. procumbens, C. juncea, C. citratus, L. camara and T. 

triangulare) were evaluated against P. xylostella larvae and adult B. brassicae 

in the laboratory. Adult B. brassicae were collected from an infested, 

abandoned cabbage field at the fields of CRI, Kumasi. Adult P. xylostella 

were collected from a private cabbage field at Nhyieso (6.6735° N, 1.6166° 

W) in the Kumasi metropolis using light trap at night. Permission was 

obtained from the farmer before collection of the insect was done. Rearing of 

all insects was done under ambient weather conditions at the insectary of the 

entomology section of CRI. Both insect species were reared on unsprayed 

potted cabbage plants in cages (80cm x 80cm x 80cm) until the third 

generation before they were used in the bioassay. Brevicoryne brassicae and 

P. xylostella were tested in separate experiments but with the same treatments 

(aqueous plant extracts of same concentrations). For P. xylostella, ten third 

instar larvae were placed on caged potted cabbage plants and allowed to feed 

for 24 hours before treatment. For B. brassicae, twenty adult aphids were put 

on potted cabbage plants and allowed to recolonize for 7 days before 

treatment. 

 

Three concentrations; 1%, 5% and 10%, of aqueous extracts of the six plant 

species were compared against two controls; emamectin benzoate, (Attack®), 

the positive control and tap water, the negative control. These concentrations 

and aqueous extracts reflected typical application rates used by farmers for 

‘home-made’ botanical insecticides (Amoabeng et al., 2013). This resulted in 

20 treatments that were replicated four times. Experimental units consisted of 

potted cabbage (cv. Oxylus) at about six true leave stage.  

Matured leaves of each of the six plants were collected from the field and 

weighed when fresh. To prepare the treatments, 5g, 25g or 50g of fresh leaves 

were blended and mixed with 500 ml tap water (at room temperature) to 

obtain 1%, 5% and 10% concentrations respectively of each of the aqueous 

plant extracts. The duration of blending and speed varied among treatments 
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based on the properties and volumes of plant material. In all cases, however, 

blending was done until no plant fragments were visible to the naked eye 

(Amoabeng et al., 2018). Mixtures were sieved using muslin cloth to obtain 

a particle-free extract and was transferred into a 1 L capacity hand sprayer for 

immediate application (Amoabeng et al., 2013). In all treatments plants were 

sprayed until to run off.  

Insect numbers were recorded 24, 48 and 72 h after spraying. For P. 

xylostella, the number of dead larvae were counted. For aphids, the previously 

described 0-5 score was used.  

4.2.3 Parasitism rates of lab cultured P. xylostella on field 

 

Parasitism of P. xylostella larvae were determined using lab cultured larvae. 

Ten third instar larvae were put on potted cabbage plants free from pest 

contamination and placed in each plot of the field experiment for 

parasitization. After 48 hours, larvae were collected and the number of larvae 

recovered were recorded and reared on cabbage in cages until the emergence 

of adult P. xylostella or a parasitoid if larva was parasitized. The number of 

larvae that were not recovered were attributed to predation but further studies 

were not conducted into it. Parasitoids that emerged were identified and 

parasitism rate of recovered lab cultured P. xylostella was determined.  

4.2.4 Statistical analysis 

The field experiment was a single factor experiment (habitat manipulation) 

with seven levels (treatments) made of the six non-crop plant species and a 

‘no plant’ control. Data on P. xylostella, B. brassicae, spiders and hoverflies 

in field experiments were analysed using repeated measure analysis of 

variance (ANOVA) procedure of SPSS, IBM version 24. Data on P. xylostella 

and B. brassicae in field experiments were analyzed using repeated measure 

analysis of variance (ANOVA) procedure of SPSS, IBM version 24 (IBM, 

2016). Data on P. xylostella and B. brassicae bioassays and parasitism of lab 

cultured P. xylostella larvae were analyzed using analysis of variance 

(ANOVA) in statistical analysis software (SAS) (SAS Institute, 1985). To 

normalize data, percentage and score values were arcsine and log (x+1) 

transformed, respectively, before analysis with SAS. The normality of data 

was tested with the Shapiro-Wilks test. When significant (P < 0.05) 
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differences were observed, mean separation was done by Tukey's post-hoc 

Honestly Significant Difference (HSD) test. Back transformed means are 

presented in the results.  

4.3 Results 

4.3.1 Effects of habitat manipulation on P. xylostella and B. brassicae 

The presence of the non-crop plants had a significant effect on the abundance 

of P. xylostella and B. brassicae in adjacent cabbage. In season one, all 

treatment (with habitat manipulation) plots had significantly lower numbers 

of (F=5.6, df= 6, 21, P=0.013) P. xylostella compared with the control (Figure 

1). The second season was similar to the first except in week two and three, 

where A. conyzoides and C. juncea plots had similar numbers of P. xylostella 

to the control but the remaining treatments had lower numbers (F=6.8 

df=6,21, P=0.004) of P. xylostella per plant than the control (Figure 2). 

Season three was characterised by very low numbers of P. xylostella. 

Crotalaria juncea and L. camara plots were completely free from P. 

xylostella (0.00 ± 0.00), and significantly less infested (F=12.68, df=6, 21, 

P=0.001) than plots planted with A. conyzoides (0.50 ± 0.20), C. citratus (0.65 

± 0.24), T. procumbens (1.00 ± 0.00) and the control (1.00 ± 0.14), in the 

second week. Talinum triangulare treatment with 0.25 ± 0.00 was not 

different from any of the treatments.  

 

The highest B. brassicae score of 0.75 was recorded in the control plot in 

week one of season one. However, this was not significantly different 

(F=5.69, df=6, 11, P=0.005) to A. conyzoides, C. juncea and C. citratus 

plots. The T. procumbens and L. camara plots had lower B. brassicae scores 

than A. conyzoides and C. juncea plots. By week two, the control still had 

the highest B. brassicae scores of 1.5 but this was not significantly higher 

(F= 7.06, df=6, 21, P=0.003) from T. procumbens (0.75 ± 0.25), C. juncea 

(0.63 ± 0.24) and A. conyzoides plots (1.00 ± 0.13).  No differences between 

habitat manipulation plots and the control were observed in the remaining 

weeks of season one. In the second season, the control plot had a higher B. 

brassicae score than all habitat manipulation plots except in week two when 

it was not different from C. juncea treatment while C. juncea treatment was 

significantly higher than the remaining habitat manipulation treatments in 
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week four (Fig 3).  In season three, B. brassica populations were very low 

and no differences were observed among the plots. 
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Figure 4. 1: Effects of habitat manipulation with six wild plant species on mean (SE±) numbers of  

Plutella xylostella per plant in season one (major rainy season- June to August 2017) in Kumasi, Ghana.   
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Figure 4. 2: Effects of habitat manipulation with six wild plant species on mean (SE±) numbers of  

Plutella xylostella per plant in season two (minor rainy season- September to November, 2017) in Kumasi, Ghana. 
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Figure 4. 3: Effects of habitat manipulation on mean (SE±) numbers of Brevicoryne brassicae per plant in  

season two (minor rainy season- September to November, 2017) in Kumasi, Ghana 
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4.3.2 Effects of habitat manipulation on natural enemy dynamics 

In season two, spider densities in habitat manipulation treatments were 

initially higher than in the control treatment and were relatively stable over 

time whilst they increased dramatically in the control treatment (Fig 4), 

reflecting prey abundance. In the first week, plots manipulated with C. 

citratus and L. camara had significantly (F=6.94, df=6, 21, P=0.004) higher 

numbers of spiders than other treatments. All the remaining habitat 

manipulation treatments had significantly higher numbers of spider than the 

control plot. Numbers of spiders were not different in the second week but in 

week three, all treatments had significantly (F=2.78, df 6,21, P=0.037) higher 

number of spiders than T. triangulare plot. In the last week of assessment, the 

control plot had significantly (F=2.81, df 6,21, P=0.028) higher spider 

numbers than all the habitat manipulation treatments (Fig 4). Numbers of 

spiders did not differ among treatments in seasons one or three.  

 

Numbers of hoverfly larvae did not differ in seasons one and three but, in 

season two, showed a large increase over time in the control treatment as 

observed for spiders, rising from 0.25 ± 0.25 in week one to 2.00 ± 0.25 in 

week four. Significant treatment effects were evident in the 3rd (F= 2.1, df=6, 

21, P=0.004) and 4th (F= 2.34, df=6, 21, P=0.002) weeks in which the control 

treatment had significantly higher numbers of hoverfly than the habitat 

manipulation treatments (Fig 5).  
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Figure 4. 4: Effects of habitat manipulation on mean number (SE±) spider in season two 

 (minor rainy season- September to November, 2017) in Kumasi, Ghana. 

0

0.5

1

1.5

2

2.5

3

wk 1 wk 2 wk 3 wk 4

M
e

an
 n

m
b

e
r 

o
f 

sp
id

e
r 

p
e

r 
p

la
n

t

Weeks

Ageratum Cymbopogon Crotalaria Lantana No plant Talinum Tridax



97 
 

  

Figure 4. 5: Effect of habitat manipulation using six plant species on mean (±SE) of hoverfly in season two 

 (September-November, 2017) in Kumasi, Ghana.  
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4.3.3 Effect of habitat manipulation on parasitism of lab cultured 

Plutella xylostella larvae 

Percentage parasitism was slightly higher in the minor rainy season than the major 

rainy season whilst the dry season was slightly lower than both major and minor 

rainy seasons. In all the seasons, however, none of the treatments had parasitism rate 

significantly higher the other. The highest parasitism rate recorded in the study was 

49.7% whilst the lowest was 33.3%. Throughout the study, the larval parasitoid 

Cotesia plutellae (Kurdjumov) (Hymenoptera: Braconidae) was recorded as the only 

parasitoid present. In the first season, parasitism of P. xylostella larvae ranged from 

38.30 % to 48.00%. In the second season conducted in October 2017, parasitism 

rates between 43.3 and 49.70% were recorded. The highest parasitism rate was 

recorded on habitat manipulation with T. triangulare whilst C. juncea treatment had 

the lowest rates in the third season conducted in January 2018, L. camara treatment 

recorded the highest parasitism rate of 40.50% but was not better (P=0.275, F=1.31, 

df =6,30) than any of the treatments (Table 4.1).  

 

Table 4. 1: Mean and ±SE parasitism of lab cultured Plutella xylostella 

larvae in cabbage field manipulated with six wild plant species in three 

seasons in Kumasi, Ghana. 

Treatment  Season one (July 
2017) 

Season two 
(October 2017) 

Season three 
(January 2018) 

Ageratum  42.30 ± 2.09 44.40 ± 3.28 35.30 ± 2.78 

Cymbopogon  38.30 ± 1.55 43.50 ± 1.32 34.00 ± 1.68 

Crotalaria  41.50 ± 6.38 43.30 ± 4.25 33.30 ± 2.35 

Lantana  45.30 ± 3.35 47.00 ± 4.45 40.50 ± 2.02 

Control 48.00 ± 2.79 48.00 ± 2.79 36.50 ± 3.01 

Talinum  42.30 ± 3.35 49.70 ± 2.25 34.50 ± 2.98 

Tridax  42.40 ± 3.10 45.50 ± 2.12 34.30 ± 3.32 

P<0.05 0.137 0.146 0.275 

F 2.90 2.25 1.31 

Df 6, 21 6, 21 6, 21 
No significant effect was obtained among the treatments. 

 

4.3.4 Bioassay of aqueous extract of plant species on P. xylostella larvae 

and adult B. brassicae. 

After 24hour exposure, emamectin benzoate and the 10% aqueous extract of 

A. conyzoides caused 100% mortality of P. xylostella larvae which was 

significantly better (P=0.001, F=45.34, df=19) than the remaining treatments 

while the control (water) caused no mortality. After the same time period the 

5% aqueous extract of A. conyzoides caused 63% mortality representing the 
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next most potent effect although this was not significantly different to the 

10% extract of T. procumbens which had 50% mortality of P. xylostella. 

Other than the 10% aqueous of C. citratus which caused a 20% mortality the 

remaining treatments did not cause appreciable mortality of P. xylostella 

larvae and most of them were comparable to the tap water control (Table 4.1). 

Table 4. 2 Effects of three concentrations of aqueous extracts of six wild 

plants species on mean (±SE) percentage mortality of Plutella xylostella 

larvae with 1% showing virtually no mortality 

Treatment Concentr- 
ation 

24 h 48 h 72 h 

Ageratum 
conyzoides                                
                                                    

  1% 
  5% 
  10% 

5.00 ± 0.50cd 
63.00 ± 0.85b 
100.00 ± 0.00a 

5.00 ± 0.50ef 
85.00 ± 0.63a 
100.00 ± 0.00a 

5.00 ± 0.50ef 
87.50 ± 0.75a 
100.00 ± 0.00a 

Crotalaria 
juncea                                                                             
                                                    

  1% 
   5% 
  10% 

0.00 ± 0.00d 
0.00 ± 0.00d 
5.00 ± 0.29cd 

0.00 ± 0.00f 
7.50 ± 0.25def 
25.00 ± 0.25cd 

0.00 ± 0.00g 
12.5 ± 0.50ef 
32.50 ± 0.75cd 

Cymbopogon 
citratus             
                                                                                     

  1% 
  5% 
  10% 

0.00 ± 0.00d 
5.00 ± 0.29cd 
20.00 ± 0.41c 

0.00 ± 0.00f 
5.00 ± 0.29ef 
25.00 ± 0.49cd 

0.00 ± 0.00g 
20.00 ± 0.32de 
40.00 ± 0.50c 

Lantana 
camara 
                                                    
                                     

  1% 
  5% 
  10% 

0.00 ± 0.00d 
7.50 ± 0.25cd 
15.00 ± 0.29cd 

0.00 ± 0.00 f 
15.00 ±0.50cde 
30.00 ± 0.41bc 

0.00 ± 0.00g 
15.00 ± 0.50def 
40.00 ± 0.50c 

Talinum 
triangulare 
                                                                             

  1% 
   5% 
  10% 

0.00 ± 0.00d 
0.00 ± 0.00d 
0.00 ± 0.00d 

0.00 ± 0.00f 
0.00 ± 0.00f 
0.00 ± 0.00f 

0.00 ± 0.00g 
0.00 ± 0.00g 
0.00 ± 0.00g 

Tridax 
procumbens 
                                                                                                    

  1% 
   5% 
   10% 

0.00 ± 0.00d 
5.00 ± 0.50cd 
50.00 ± 0.41b 

0.00 ± 0.00f 
5.00 ± 0.50ef 
60.00 ± 0.70b 

0.00 ± 0.00g 
10.00 ± 0.50ef 
60.00 ± 0.75b 

Emamectin 
benzote 

   1.5ml/L 100.00 ± 0.00a 100.00 ± 0.00a 100.00 ± 0.00a 

Tap water   0.00 ± 0.00d 0.00 ± 0.00f 0.00 ± 0.00g 

P < 0.05 
F 
Df 

 0.001 
45.34 
19, 60 

0.001 
44.38 
19, 60 

0.001 
45.77 
19, 60 

 

    Means within a column with different letters differ significantly (P < 0.05). 

 

After 48 hours, P. xylostella larval mortality with 5% aqueous extract of A. 

conyzoides was 87.5% whilst 10% extract of T. procumbens increased from 50% to 

60%. The 5% extracts of A. conyzoides was not significantly different from the 

emamectin benzoate which both caused 100% mortality within 24 hours whilst 10 

% extract of T. procumbens was significantly lower (P=0.001, F=44.38, df=19) than 

the emamectin benzoate, 10% and 5% A. conyzoides, but significantly higher than 
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the remaining treatments.  Mortality of larvae in 10% of C. citratus extract increased 

from 20 to 30%. At 72 hours after spraying, 5% A. conyzoides extracts caused 87.5% 

mortality of P. xylostella. This was not significantly (P=0.001, F=45.77, df=19) 

different from larval mortality achieved by both emamectin benzoate and the 10% 

extract of A. conyzoides. The next most active extracts were the 10% aqueous extract 

of T. procumbens with 60% mortality. Both 10% aqueous extracts of L. camara and 

C. citratus had 40% mortality and also caused significantly higher mortality than the 

remaining treatments except 10% extract of C. juncea which had 32.5% mortality 

(Table 4.1).  

Table 4. 3 Effects of three concentrations of aqueous extracts of six wild 

plant species on mean (±SE) score (0=absent to 5=large continuous 

colonies) on Brevicoryne brassicae  

Treatments          
Concentrations 

24 h 48 h 72 h 

Ageratum 
conyzoides                                                    
                                                   

   1% 
   5% 
   10% 

2.5 ± 

0.25cdef 
2.0 ± 0.00ef 
1.5 ± 0.25f 

2.0 ± 0.00gh 
1.5 ± 0.29hi 
1.0 ± 0.00i 

2.5 ± 0.25def 
1.0 ± 0.00gh 
0.7 ± 0.28gh 

Crotalaria 
juncea 
                                                     
                                               

   1% 
   5% 
   10% 

4.0 ± 0.25ab 
3.3 ± 

0.25abcd 
3.0 ± 

0.00bcde 

4.0 ± 0.00abc 
2.5 ± 0.29efg 
2.3 ± 0.25fgh 

4.0 ± 0.07abc 
2.8 ± 0.47de 
1.8 ± 0.25efg 

Cymbopogon 
citratus 
                                                                                              

   1% 
    5% 
   10% 

4.0 ± 0.00ab 
4.0 ± 0.00ab 
3.3 ± 

0.25abcd 

4.0 ± 0.00abc 
3.0 ± 0.00def 
2.3 ± 0.25fgh 

4.3 ± 0.25ab 
3.0 ± 0.00cd 
1.5 ± 0.29fg 

Lantana 
camara 
                                                     
                                                   

   1% 
   5% 
   10% 

4.3 ± 0.25a 
4.3 ± 0.25a 
3.5 ± 

0.29abc 

4.5 ± 0.29a 4.5 ± 0.29a 
3.5 ± 

0.29bcd 
3.0 ± 0.00def 

3.3 ± 0.25bcd 
2.5 ± 0.29def 

Talinum 
triangulare 
                                                    
                                          

   1% 
    5% 
   10% 

4.3 ± 0.25a 
4.3 ± 0.25a 
4.0 ± 0.00ab 

4.5 ± 0.29a 
4.0 ± 0.00abc 
4.0 ± 0.00abc 

4.8 ± 0.25a 
4.0 ± 0.00abc 
4.0 ± 0.00abc 

Tridax 
procumbens            
                                          

   1% 
    5% 
   10% 

3.0 ± 

0.00bcde 
2.3 ± 

0.29def 
2.0 ± 0.00ef 

3.3 ± 0.25cde 
2.0 ± 0.00gh 
2.0 ± 0.00gh 

3.0 ± 0.00cd 
1.3 ± 0.00g 
1.0 ± 0.25gh 

  Emamectin 
benzoate 

   1.5ml/L 0.0 ± 0.00g 0.0 ± 0.00j 0.0 ± 0.00h 

Tap water   4.3 ± 0.25a 4.3 ± 0.25ab 4.8 ± 0.25a 

P < 0.05                             
F 
Df 

 0.0001 
32.76  
19, 60 

0.001 
46.87 
19, 60 

0.001 
43.14 
19, 60 

Means within a column with different letters differ significantly (P < 0.05). 
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After 24 hours, emamectin benzoate eliminated all B. brassicae and was 

significantly more effective (P=0.0001, F=32.76, df=19) than 10% aqueous 

extract of A. conyzoides with a score of 1.5. However, 10% aqueous extract 

of A. conyzoides was more effective than the remaining treatments although 

not significantly more compared to the 5% and 1% concentrations of A. 

conyzoides and 5% and 10% extracts of T. procumbens (Table 2). After 48 

hours, 5% and 10% extracts of A. conyzoides were as effective as emamectin 

benzoate in reducing the numbers of B. brassicae and significantly more 

effective than the remaining plant extracts. Both 5% and 10% extracts of T. 

procumbens, 10% C. citratus and 1% A. conyzoides were significantly more 

effective than the remaining extracts which did not cause a significant 

reduction in the B. brassicae population (Table 2). After 72 hours, emamectin 

benzoate treated plants supported no live B. brassicae but this was not 

significantly more effective than 10% and 5% of A. conyzoides and 10% 

aqueous extract of T. procumbens with 0.7, 1.0 and 1.0 B. brassicae score 

respectively but was significantly lower infestation (P=0.0001, F=43.14, 

df=19) than the rest of the plant extracts (Table 2).  

 

4.4 Discussion 

Habitat manipulation on P. xylostella and B. brassicae 

Non-crop plant species in the present study supported the provision of dual 

ecosystem services geared towards sustainable management of the two key 

pests of brassica. In habitat manipulation, the non-crop plant species 

contributed positively in reducing the numbers of P. xylostella and B. 

brassicae on the cabbage crop in the habitat manipulation treatments 

compared with the control treatment. It is possible that these non-crop plants had 

direct effects on pests and hence reducing their numbers or indirectly attracted 

natural enemies to biologically suppress pests. As biopesticides, the plant species 

provided extracts that were toxic to the two herbivores with activity 

comparable to the conventional insecticide, emamectin benzoate. Multiple 

ecosystem services provisioning is desirable to restore ecological function 

such as natural pest regulation in a degraded agroecosystem (Denise M 

Finney et al., 2017). Natural enemies can have a major impact on crop 

productivity and profitability  as they can  provide 5-10 times insecet pests 
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suppression compared with synthetic insecticides (Pimentel et al., 1992) 

resulting in potentially significant input savings (Costanza et al., 1997). 

Furthermore, many plant species possess secondary metabolites e.g. 

terpenoids, alkaloids, phenols and polyphenols with activity against insect 

pests of economic importance (Koul, 2004; Stevenson et al., 2017).  

 

Plant species showed different capacity to support the suppression of P. 

xylostella and B. brassicae in habitat manipulation and as botanical 

insecticides, illustrating the important point that not only is plant identity 

crucial, there may be trade-offs in the strength of ecosystem service 

provisioning. While T. triangulare was among the best species for habitat 

manipulation, it showed no bioactivity as extracts against either pest. It is 

possible that plant species that are most suitable for providing pesticidal 

properties are not the best in providing floral resources for natural enemies in 

habitat manipulation because plants that produce high levels of herbivore 

defense compounds in leaves or flowers may also produce significant 

quantities in pollen and nectar with negative effects on flower visitors (Arnold 

et al., 2014; Stevenson et al., 2017; Tiedeken et al., 2016). It has been 

established that secondary metabolites that protect plants against insect 

herbivory e.g. Agrawal and Weber (2015) may be found in the nectar of some 

plant species and that may also reduce the attractiveness of such floral 

resources to natural enemies (Stevenson et al., 2017). Habitat manipulation 

with different plant species for conservation biological control of brassica 

crop pests is documented. In New Zealand, brassica crop border with P. 

tanacetifolia resulted in increased visitation of hoverfly translating into 

reduction in population of B. brassicae and Myzuz persicae Sulzer 

(Hemiptera: Aphididae) (White et al., 1995). In a similar study, parasitism of 

the cabbage white butterfly Pieris rapae L. (Lepidoptera: Pieridae) was 

significantly increased near wildflower strips, but similar results were found in 

cabbage worm, Mamestra brassicae L. (Lepidoptera: Noctuidae) (Pfiffner et 

al., 2009).  

 

Floral architecture, colour and duration of bloom may affect the potential of 

various plant species to attract natural enemies for pest suppression as 

reported by Andersson & Dobson (2003) and Begum et al. (2004). In the 
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present study, L. camara and T. triangulare were perennials with bright floral 

colours and persistent blooming and might have attracted natural enemies 

more effectively than the other plant species.  Lantana camara with relatively 

deep corollas may, however, be less suitable for some natural enemy taxa 

compared with T. triangulare. Talinum triangulare and L. camara treatments 

were, nonetheless, consistently low in P. xylostella and B. brassicae 

infestations. Although, C. juncea has brighter and showy inflorescences 

compared with both T. triangulare and L. camara, C. juncea treatment was 

higher in numbers of P. xylostella and B. brassicae compared with other 

habitat manipulation treatments. This may be because the architecture of the 

flowers of C. juncea does not make them easily accessible to many natural 

enemies compared with the remaining plant species. Purseglove (1974) 

reported that honey bees and other smaller insects may visit inflorescence of 

C. juncea but may normally be unable to access floral resources.  

While these non-crop plant species were purposely established to attract 

natural enemies to suppress pests, some may have inherent characteristics that 

can repel some pests. This factor might have played a role in achieving the 

overall pest suppression in the present study. For instance, L. camara, A. 

conyzoides and C. citratus have been found to repel pests in field crops e.g. 

Dua et al., 1996; Kong, 2010; Punam et al., 2012. Nevertheless, the presence 

of each of the non-crop plants was important since all habitat manipulation 

treatments performed better than the control in reducing the numbers of P. 

xylostella and B. brassicae. Balzan et al. (2014) observed that whilst the 

presence of functionally diverse flowers may not necessarily increase 

numbers of predators, it contributes in conserving natural enemies within the 

farm-scape to effect pest suppression.  

Pest dynamics in the present study are consistent with similar studies at the 

same site e.g.  Amoabeng et al. (2013) and Fening et al. (2013). Across the 

world, P. xylostella is the most destructive pest of brassica crops, and despite 

exhausting all classes of insecticides, its effective management poses a global 

challenge (Furlong et al., 2013; Gurr et al. 2018). Brevicoryne brassicae also 

poses a substantial challenge to brassica crops (Banks and Gagic 2016). Both 

the nymph and adult aphid suck sap from the phloem reducing plant vigour 
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(Goggin, 2007) and aphids vector about 50% of all plant viruses (Ng & Perry, 

2004).  

Even though suppressing P. xylostella and B. brassicae populations with 

endemic natural enemies is desirable (Furlong et al. 2013), injudicious use of 

chemical insecticides may render it an elusive ambition (Ooi, 1992). Plutella 

xylostella, for example, has been known to be an induced pest in the 

ecosystem whose population can effectually be suppressed with endemic 

natural enemies, if the use of broad-spectrum insecticides is well regulated 

(Furlong et al. 2013). In the present study, no chemical insecticide was 

applied and that could have enhanced the build-up of natural enemies to 

suppress pests. Ooi (1992), reported that P. xylostella was not a pest of 

economic importance in the Cameron highlands, Malaysia, until broad-

spectrum insecticides were extensively used in cabbage pest management 

possible owing to the eradication of natural enemies. Though the potential to 

manage this herbivore through conservation biological control is real, 

adoption of such eco-friendly pest management tactic remains generally low 

(Furlong et al. 2013). 

Effects on predators  

The reduction in the number of pests in this study is an indication that predators, 

including spiders and hoverflies, played important roles in the conservation 

biological control of P. xylostella and B. brassicae. Often, natural enemy-

mediated control of brassica crop pest focuses on parasitoids (Gurr et al., 

2018) but predators may have significant impact as well (Symondson et al., 

2002). Whilst parasitoids may have also contributed in reducing pest numbers in the 

current study, their activities of were not documented. Ideally, the habitat 

manipulation treatments were supposed to have higher numbers spiders of 

and hoverfly compared with the control treatment, but this was not consistent 

throughout the present study. This was typically evident when there were high 

infestations of pests in the control treatment. In field experiments where 

distances between treatments are relatively short (as in this case- 5m alley 

between and within plots), natural enemies may easily move between plots 

and show aggregative numerical response to wherever prey are most abundant 

and this was observed in the current study. For instance, there was a steady 

rise in numbers of spiders and hoverflies in the control plots as aphid 
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population increased over the weeks. Prior to the rise in aphid populations in 

the control, however, all the habitat manipulation plots had higher numbers 

of spiders compared with the control treatments. Monsrud & Toft (1999) 

stated that aggregative numerical response occurs when predators respond to 

increasing number of prey or are attracted to alternate prey that aggregate 

around honeydew produced as a result of aphid feeding. Donaldson et al. 

(2007) for example, observed that numbers of generalist predators increased 

in response to increasing populations of soybean aphid and decreased when 

aphid populations decreased. The fact that strong treatment effects were 

evident for key pests and some predator taxa in the present small-scale field 

study where inter-plot movement is possible suggests that the effects of 

habitat management may be still greater if implemented at a larger field scale. 

The experimental field was surrounded by cultivated area with crops such as 

maize, cassava and groundnuts interspersed with uncultivated land with 

various weed species. All natural enemies may have migrated from the 

surrounding areas.  

 

Parasitism of P. xylostella larvae 

Parasitism rates did not differ between the habitat manipulation and the no 

habitat manipulation control treatments. Cotesia plutellae is the dominant P. 

xylostella parasitoid in Ghana. In all the three seasons, C. plutellae was the 

only parasitoid found in the experiments. Parasitism rates observed in the 

current compare favorably with earlier studies in Ghana and other 

geographical areas. Fening et al. (2014) reported that C. plutellae was the only 

parasitoid of P. xylostella observed at Afari which is about 50km from the 

current study location. A three-seasonal study by Cobblah et al. (2012) at the 

Weija Irrigation Site, Accra, Ghana, showed that C. plutellae was the 

dominant parasitoid representing 92% of the all P. xylostella parasitoids. In 

that study, parasitism of P. xylostella occurred in all the three seasons and 

rates between 9.9% and 68.6% were observed. A study in Cape Town, South 

Africa also showed parasitism rate of ≥ 55% in cabbage treatments without 

insecticides application whilst treatments with selective bio-pesticide, 

Bacillus thuringiensis var. kurstaki had ≤ 45% and treatment with broad 

spectrum insecticide, cypermethrin at 28g/l having ≤ 25% parasitism rate of 
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C. plutellae (Stemele, 2017). Another study also in South Africa on unsprayed 

cabbage, parasitism rate of up to 100% was documented in spring whilst the 

lowest rate of less than 50% was recorded in winter (Nofemela & Kfir, 2005). 

In Thailand, C. plutellae was the dominant parasitoid and showed parasitism 

rates between 14-78% with most of the parasitoids collected from fields that 

were regularly sprayed with insecticides (Rowell et al., 2005).  

 

In the current study, no insecticides were applied, and provision of floral 

resources by the habitat manipulation plants could have attracted more 

parasitoids. Potentially, numbers of parasitoids could have increased to result 

in an increased rate of parasitism than under conventional cabbage farm 

where no floral resources are provided with frequent application of 

insecticides. However, parasitism potential is often reduced when sentinel 

egg or larvae are used (Jones et al., 2014). In the current study, sentinel 

cabbage plants and P. xylostella larvae were exposed for parasitism for only 

48hours and this might have accounted for the relatively lower rates of 

parasitism compared with other studies. Furthermore, the presence of only C. 

plutellae may potentially reduce parasitism rate.  Ooi (1992) reported that 

parasitism rate of P. xylostella by C. plutellae seldom exceeds 60%.  

 

The presence of a single larval parasitoid, C. plutellae in the study area may 

be challenging in relying solely on parasitoids to control P. xylostella. 

Different species of parasitoids attacking different stages of P. xylostella may 

reduce complete escape of the pest. Thus, if it escapes parasitism at one 

developmental stage, it might be attacked at the next stage (Nofemela & Kfir, 

2005; Ooi, 1992). Parasitism rate is also directly related to the rate of pest 

infestation (Cobblah et al., 2012), found that whilst C. plutellae was present 

in all seasons, the rate of parasitism was dependent on the density of the host.  

Bioassay of aqueous extracts against P. xylostella and B. brassicae 

Different plant extracts showed varying efficacy against both B. brassicae 

and P. xylostella in this study.  The differences in the level of control of the 

plant extracts may be due to the differences in the chemical composition of 

the various plant species and the solvent used in extraction. Aqueous 

extraction was employed in this study to make intervention more practical 

and easy to adopt by small holding farmers. However, it is possible that 
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aqueous extraction might have reduced the potential efficacy of some of the 

plant species since some bioactive compounds may not be soluble in water so 

target insects were not exposed to the most active components in the plants. 

Nonetheless, in most of the extracts, the trend found that the higher the 

concentration of the plant extract and increasing time of exposure resulted in 

better efficacy. Increasing concentration of biopesticides and longer time of 

exposure is a common factor in pest mortality (Amoabeng et al., 2018; Ayvaz 

et al., 2010; Bouda et al., 2001).  

 

Aqueous extracts of A. conyzoides (excluding the 1% w/v concentration) were 

as effective as Attack® (emamectin benzoate) in managing P. xylostella and 

B. brassicae. Aqueous extracts of A. conyzoides has proven efficacy against 

several insect pests of economic importance including P. xylostella, B. 

brassicae and M. persicae (Rioba & Stevenson, 2017; Yadav & Patel, 2017). 

In a field cage experiments, a 3% aqueous extract of A. conyzoides achieved 

100% elimination of P. xylostella and B. brassicae and in the open field, A. 

conyzoides extracts protected cabbage crops from insect pests resulting in 

high quality cabbage yields (Amoabeng et al., 2013). Extracts of L. camara 

were reported to be effective against several insect pests including P. 

xylostella (Thanavendanand & Kennedy, 2015). However, it showed reduced 

efficacy against P. xylostella and B. brassicae in the present study. In 

Zimbabwe, aqueous extracts of L. camara were used against B. brassicae in 

a lab bioassay with significant success (Mvumi & Maunga, 2018). However, 

the  100%, 200% and 300%, (w/v) concentration used in that study were 

exceedingly high relative to the concentrations used in the present study. The 

extremely high concentrations used in that study would be impractical at farm 

levels. In Tanzania and Malawi, aqueous soap extracts of L. camara was 

successful in managing pests of common beans with results comparable to 

Karate® (lambda cyhalothrin) (Mkenda et al., 2015; Mkindi et al., 2017). A 

0.1% soap was the difference between extraction of L. camara in studies at 

Malawi and Tanzania and the current study. While soap (smaller volume) 

does not have activity against the pests (Amoabeng et al.,2013; Mkenda et al., 

2015), its use in the extraction has been found to increase the amount of 

bioactive compounds in the final solution (Belmain et al., 2012). A methanol 

extract of L. camara was effective against Sitophilus oryzae (L.) 
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Callosobruchus chinensis (Fab.) and Tribolium castaneum (Herbst.) in India 

(Rajashekar et al., 2014) and an alcohol extract was used to manage P. 

xylostella in China with 85% mortality (Xian et al., 2005). The above 

examples suggest that organic solvents may be more appropriate in extracting 

bioactive compounds of L. camara. However, if aqueous extraction is the 

only practicable option, addition of soap may improve the potency of theextract to 

reduce the numbers of P. xylostella and B. brassicae to an appreciable level.  

 

Extracts of T. procumbens at 10% (w/v) concentrations reduced the 

population of B. brassicae at a similar level to A. conyzoides and emamectin 

benzoate in the present study. Beside A. conyzoides and T. procumbens, the 

remaining plant species did not cause any appreciable mortality of P. 

xylostella and B. brassica even though (with the exception of T. triangulare) 

they have record of activity against insects. Acetone, petroleum ether and 

ethanol seed extracts of C. juncea were used as oviposition and adult 

emergence deterrents against C. chinensis   and resulted in significant 

protection of chickpea (Hossain & Haque, 2010). Essential oils of C. citratus 

has been used against several pests in grain storage and for domestic purposes 

(Oboho et al., 2016; Olivero-Verbel et al., 2010). Reduced efficacy of C. 

citratus in this study may suggests that, essential oils rather than aqueous 

extracts could be more efficacious against P. xylostella and B. brassicae. 

Talinum triangulare has no record of previously being tested for the control 

of pests.  

Chemical analysis of the plant extracts was not done because the bioassay 

was an initial screening to establish the potential of the plants as botanical 

insecticides for cabbage pest management in Ghana. However, the bioactivity 

of compounds in some of these species are already known e.g. Rioba & 

Stevenson (2017) and aqueous extracts of A. conyzoides have previously been 

tested against P. xylostella and B. brassicae (Amoabeng et al., 2013). 

Nonetheless, its potential as habitat manipulation species for conservation 

biological control was unknown, hence its inclusion.  

Conclusions 

This study has shown that non-crop plant species can support the provisioning 

of dual ecosystem services towards sustainable management of brassica pests. 
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In habitat manipulation the presence of the six non-crop plant species resulted 

in the reduction of P. xylostella and B. brassicae compared with the control 

treatment where there were no non-crop plants. Plots manipulated by the addition 

of T. triangulare was among the best and it had low numbers of P. xylostella 

and B. brassicae. Talinum triangulare had the poorest result as an aqueous 

extract against the two herbivores as it showed no insecticidal activity. Extracts 

of A. conyzoides was effective in managing P. xylostella and B. brassicae 

comparable with emamectin benzoate. Though most of the plant extracts were 

not as effective as A. conyzoides, at 10% concentration, they showed potential 

to reduce both P. xylostella and B. brassicae populations and can give 

reasonable protection against brassica crop pests in the absence of any 

superior and safer alternatives. A combination of both aqueous extracts of the 

plants and habitat manipulation may reduce the numbers of the two herbivores 

and that may prevent the two pest species from causing damage beyond the 

economic threshold level. In practical terms, the growth of species such as A. 

conyzoides in brassica fields appears to strongly promote conservation 

biological control. By having the dual benefit of provisioning insecticidal 

compounds, material from such plants could be harvested from a given field 

on a needs basis to prepare botanical insecticides for application to the crop 

if conservation biological control failed to provide adequate pest suppression. 

An alternative mode of use that would be less disruptive to conservation 

biological control would be to harvest the non-crop plants at the end of the 

season and storing the plant material for later preparation of botanical 

insecticide in a later season or sold to provide a dual income. The varying 

efficacy of aqueous extracts of the plant species as well as the differences in 

their potential in habitat manipulation give room for farmers to select the most 

appropriate combination of plant species based on availability. Aside from 

providing a basis for further study into combining the dual ecosystem service 

provisioning of these non-crop plant species in managing pests of cabbage in 

Africa and similar regions, this work more generally suggests the need to 

measure the strength of these and other ecosystem services in more diverse 

systems so that evidence-based recommendations can be provided to end-

users. 
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CHAPTER FIVE 

 Economic analysis of habitat manipulation in Brassica pest management: 

wild plant species suppress cabbage webworm 

 

5.1 Introduction 

Agricultural intensification has led to enhanced crop productivity per unit 

area (Bommarco et al., 2013). This has, however, been achieved with less 

attention to sustaining the natural processes that support agroecosystems 

(Woodcock et al., 2016). Removal of natural habitats and over dependence 

on agrochemicals have resulted in declines in (Potts et al., 2016), beneficial 

insects and an increase in pest impact (Gurr et al. 2017). Adverse effects of 

synthetic insecticides on ecosystem have necessitated the search for 

alternative approaches to manage pests in agriculture (Bommarco et al., 

2013). Minimizing the use of agrochemicals and integrating ecologically 

prudent practices may reduce their negative impact on ecosystems services 

(Bommarco et al., 2013). Further, in many less developed regions, insecticide 

use is not a viable option because of constraints imposed by access and cost 

(Tefera et al. 2016). So, here, non-chemical pest management strategies are 

of particular value if they are effective and affordable. 

 

Conservation biological control aims to realize the potential of endemic and 

naturalized predators and parasitoids by modifying the agroecosystem to 

remove constraints on their survival and activity (Griffiths et al., 2008). 

Different groups of arthropod predators, parasitoids and entomopathogenic 

organisms present in the agroecosystem can provide pest suppression (Gurr 

et al., 2017). The availability of pollen and nectar resources, as well as shelter 

and alternative prey, sustains and enhances the survival and performance of 

natural enemies that are often scarce in simplified agroecosystems (Isaacs et 

al., 2009). Often natural vegetation in the agricultural landscapes does not 

provide sufficient floral resources at the right time and space hence the need 

for local manipulation such as flower strips (Karp et al., 2018; Gurr et al., 

2017). Optimal survival of predators and parasitoids depends on the 

availability of pollen and nectar from flowers (Gurr et al., 2017; Gurr et al. 

2018). Accordingly, there is need to manipulate the habitat to provide natural 
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enemies with these key resources. Many natural enemies are omnivores 

(Kean et al., 2003) requiring both prey and plant resources to function 

effectively. It is important that the cropping environment is positively 

influenced to suit natural enemies in delivering pest suppression. Availability 

of shelter habitats among crops enhances the heterogeneity at the farm level 

and decreases the possibility of extinction of rare but potentially beneficial 

natural enemy species (Jonsson et al., 2015). Shelter at the farm scale also 

provides donor habitat for beneficial organisms during agronomic practices 

such as tillage, pesticides application and harvesting of crops. 

 

Several habitat manipulations for conservation biological control programs 

have been undertaken across the developed world including Australia, New 

Zealand, Western Europe and the US with many reported successes (Gurr et 

al., 2017). In the developing world including sub-Saharan Africa, whilst many 

smallholder farmers do not have the financial capacity to purchase chemical 

insecticides and insects continue to cause crop losses and imperil food 

security, farmers fail to capitalize on the low-cost pest management option by 

promoting endemic natural enemies to effect pest control (Wyckhuys et al., 

2013). Ecological information about importance of natural enemies and ways 

of exploiting their potential in pest management are often non-existent, 

especially in developing countries including Africa (Wyckhuys et al., 2013).  

A review a decade ago showed that plants from 35 plant families have been 

used in most of the habitat manipulation studies with only four families- 

Apiaceae, Asteraceae, Fabaceae and Lamiaceae having at least 10 species 

tested (Fiedler et al., 2008). Most of the studies have utilized four plant 

species, Phacelia tanacetifolia Benth. (Boraginaceae), Fagopyrum 

esculentum Moench (Caryophyllales: Polygonaceae), Lobularia maritima L. 

(Desv.)  (Brassicales: Brassicaceae) and Coriandrum sativum L. (Apiales: 

Apiaceae) in regions outside their places of origin. Selection criteria for plant 

species have focussed on the effectiveness shown in earlier habitat 

management studies (Fiedler et al., 2008). In recent years, however, interest 

in native plants has increased. Pandey et al. (2018) showed that the longevity 

of the parasitoids, Diaeretiella rapae (McIntosh), Cotesia glomerata (L.) 

(Hymenoptera: Braconidae), and Diadegma semiclausum (Hellen) 
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(Hymenoptera: Ichneumonidae) exposed to flowers of Australian natives was 

comparable the longevity when exposed to the commonly used habitat 

manipulation plant buckwheat Fagopyrum esculentum. Native species can 

outperform or provide similar resources as non-natives and have several 

advantages such as local adaptation, habitat perpetuity, and enhanced native 

biodiversity value (Fiedler et al., 2008).      

 Regardless of the intercrop plant species used for habitat manipulation, the 

intervention must ultimately result in pest suppression with an increase in 

yield and quality of crops to stimulate global patronage as a reliable pest 

management tactic for use in situations where chemical insecticides are 

unavailable, unaffordable or undesired. In addition, the use of habitat 

manipulation must be economically productive to justify its adoption and 

utilization. Even though several studies have reported on the benefits of 

habitat manipulation to suppress pests, there are few that give experimental 

evidence to support the claim that habitat manipulation enhances yield and 

quality of crops and is a cost-effective pest management option (Cullen et al., 

2008).       

While not a major pest in temperate regions due to its reduced activity in 

temperatures below 20 °C (Sivapragasam and Chua 1997), the cabbage webworm, 

Hellula undalis Fab (Lepidoptera: Crambidae) is an important cabbage pest 

in tropical and subtropical regions. A single H. undalis larva can cause the 

death of a whole plant (Mewis et al., 2002). In temperate regions, it is less 

damaging due to its reduced activity in temperatures below 20 °C 

(Sivapragasam & Chua, 1997). A single H. undalis larva can cause the death 

of a whole plant or result in the plant forming multiple non-marketable heads 

(Mewis et al., 2002). 

 This study aimed to provide experimental evidence on the effect of habitat 

manipulation on abundance of H. undalis and on yield and quality of cabbage 

(Brassica oleraceae var. capitata) as well as the cost-benefit of this 

conservation biological control intervention for cabbage pests.  
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5.2 Materials and methods 

5.2.1 Experimental location and design 

Field experiments were conducted at the Crops Research Institute (CRI), 

Kwadaso, Kumasi, Ghana (6°43'N,1°36'W; 287 m elevation) between 

January 2017 and March 2018. The first, second and third cabbage seasons 

were June - August 2017 (major rainy season - season one), September - 

November 2017 (minor rainy season - season two) and December 2017 - 

March 2018 (dry season – season three). Six wild plant species; Ageratum 

conyzoides, Tridax procumbens (Asteraceae), Crotalaria juncea (Fabaceae), 

Cymbopogon citratus (Poaceae), Lantana camara (Verbenaceae) and 

Talinum triangulare (Talinaceae) were established between January and May 

2017. These plants were selected based on factors such as their potential as 

brassica intercrop, their prospects of providing other ecosystem services 

including botanical pesticides e.g. Amoabeng et al. (2013), herbal medicines, 

indigenous vegetables and their well adaptability in the ecosystem, even 

though some are exotic e.g. L. camara and A. conyzoides (Rioba & Stevenson 

2017).  

 

The six habitat manipulation treatments and a no habitat manipulation 

control, were each given four replications laid in a randomized complete 

block design. The habitat manipulation plants often grow in the wild in the study 

area and are not sold for any purpose and thus were obtained freely for this study 

as well so only the cost of collecting and field establishment were counted. 

Some plant species were more easily obtained whilst others required extra 

care in nursing the propagules before field planting, hence differences in cost 

of collecting and establishing. Each plot measured 3 m x 3 m with 5 m border 

rows between plots. To minimize edge effects and inter-plot interference, the 

intercrop plants were put at the centre of each plot and covered an area of 

1 m2, whilst cabbage seedlings were planted around them. Two rows of 

cabbage (cv. Oxylus) seedlings raised in insect-proof cages were planted at 

0.5 m x 0.5 m around the intercrop plants. There were 44 plants per plot in 

the treatments plots and the control plot had five more plants per plot (49 

plants) to cover the centre treatment area. To encourage potential natural 

enemies before population build-up of pests, intercrop plants were established 

with enough time for flowering to commence (except C. citratus which has 
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no flowers) before the first season cabbage was planted. All plants continued 

to bloom throughout the experiments.  
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 Table 5. 1: Wild plants used in habitat manipulation and person’s days and cost required to establish one hectare 

Scientific 

name 

Family Common 

name 

Selection criteria Persons day/Cost of 

establishing 1 ha (US $) 

Ageratum 

conyzoides 

Asteraceae Billy goat 

weed 

Abundant, easily and freely obtained, multiple ecosystem services e.g. 

botanical insecticides, herbal medicine,  

8 days = 70.40 

Crotalaria 

juncea 

Fabaceae Sun hemp Abundant, easily and freely obtained, multiple ecosystem services e.g. 

botanical insecticides, herbal medicine, green manure 

10 days = 88.00 

Cymbopogon 

citratus 

Poaceae Lemon 

grass 

Abundant, easily and freely obtained, multiple ecosystem services e.g. 

botanical insecticides, herbal medicine 

10 days = 88.00 

Lantana 

camara 

Verbenaceae Wild-sage  Abundant, easily and freely obtained, multiple ecosystem services e.g. 

botanical insecticides, herbal medicine,  

11 days = 96.80 

Talinum 

triangulare 

Talinaceae Water leaf Abundant, easily and freely obtained, multiple ecosystem services e.g.  

herbal medicine, indigenous vegetable, cover cropping 

9 days = 79.20 

Tridax 

procumbens 

Asteraceae Coat 

button  

Abundant, easily and freely obtained, multiple ecosystem services e.g. 

botanical insecticides, herbal medicine 

8 days =70.40 
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For economic analysis, all recordings were extrapolated on a per hectare basis 

and all monetary values were converted to United States dollars (USD). The 

number of minutes used in collecting and planting each plot was recorded and 

varied according to the ease with which each plant was obtained. One person-

day at the location of the experiments cost US$ 8.80 during the period of the 

study. L. camara was established using stem cutting requiring a nursery 

before field establishment. Consequently, 11 person-days were required to 

establish L. camara for a cabbage crop area of one hectare resulting in US$ 

96.80. Though, C. citratus established easily, it was relatively difficult to 

gather owing to its use as anti-malaria herb in Ghana and therefore 10 person-

days were required to gather and establish resulting costs of US$ 88.00. 

Seedlings were used to establish C. juncea and required replacement of dead 

seedlings to ensure a good stand, hence 10 person-days at US$ 88.00 were 

required to establish a crop area of one hectare. Ageratum conyzoides and T. 

procumbens were the most abundant weed species around the experimental 

area and were relatively easy to gather so 8 person-days valued at US$ 70.40 

for each. Whilst T. triangulare was the easiest to establish, it was relatively 

difficult to gather owing to its use as an indigenous vegetable in Ghana. 

Therefore, 9 person-days at US$ 79.20 was required to establish it.  

 

5.2.2 Effect of habitat manipulation on Hellula undalis  

Ten cabbage plants per plot were randomly selected to non-destructively 

assess numbers of H. undalis larvae once every week for four consecutive 

weeks in each season. Assessment of H. undalis infestation commenced three 

weeks after transplanting of cabbage of cabbage. Cabbage seedlings were 

transplanted at five weeks old. Thus, cabbage plants were eight weeks old 

when assessment of H. undalis infestation started.  

 

5.2.3 Yield assessment  

All cabbage plants were used for yield and quality assessment. Cabbage heads 

from each treatment were separated into undamaged and damaged heads and 

weighed. Cabbages were classified undamaged if the head had no visible 

signs of caterpillar feeding or holes. Cabbages were classified as damaged if 

heads had visible signs of insect feeding but still had market value albeit at a 
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reduced price. The local currency, Ghana cedi (ɇ) exchange rate to the US$ 

was 1:0.22 during the period of the study and this exchange rate was used to 

calculate values in US$. During the first season harvest, 1kg of undamaged 

cabbage heads was selling for US$ 0.44 and damaged was US$ 0.22 at the 

local market. During the second and third seasons, the price per kg of 

undamaged and damaged heads were US$ 0.33 and US$ 0.22 respectively. 

Revenue from the sale of cabbage was converted to per hectare by 

extrapolating plant population of the habitat manipulation treatments to 

35,000 plants per hectare assuming planting distance of 0.5 m x 0.5 m and 

considering the area occupied by the manipulation plants and spaces for easy 

movement while the control plots had 35,500 plants per hectare. 

5.2.4 Statistical and economic analysis 

Data on H. undalis were analyzed using mixed models repeated measure 

analysis of statistical package for social scientists (SPSS IBM version 24) 

(Corporation, 2016). The analysis involved fixed effect model and all factors 

available were all considered and involved in the study. Mean head weight 

per plant, undamaged and damaged head weight per ton were subjected to 

analysis of variance (ANOVA) of statistical analysis system (SAS) (SAS 

Institute 1985). When significant differences were observed (P < 0.05) means 

separations were performed using Tukey’s honest significance difference test. 

The economic analysis followed the procedure used in Amoabeng et al. 

(2014). See footnote - Table 2 for details. 
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5.3 Results and discussion 

5.3.1 Effect of habitat manipulation on abundance of H. undalis  

 

 

  

Figure 5. 2: Hellula undalis feeding through the growing point of cabbage in control (no habitat manipulation) treatment at initial stage of attack (left) 

and advanced stage of attack (right) 
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All habitat manipulation treatments (intercrop) had lower numbers of H. 

undalis compared to the control. The larva of H. undalis (Fig 5.2) typically 

attacks the plant from the growing point and bore through the stem. All habitat 

manipulation treatments yielded higher numbers of quality cabbage heads 

compared with the control treatment. Throughout the first season, the control 

treatment had significantly higher numbers of H. undalis per plant than all 

other treatments (Fig 3). Numbers of H. undalis in the control treatment 

increased steadily from 0.50 ± 0.00 per plant in the first week to 1.50 ± 0.25 

in the 4th week. In the second season, mean H. undalis per plant in the control 

treatment was 0.80 ± 0.25 and was significantly higher (F=9.0, df 6, 21, 

P=0.001) than all the intercrop treatments. Numbers of the pest increased to 

2.0 ± 0.25 in the 4th week which was also significantly higher (F=9.3, df 6, 

21, P=0.001) than the intercrop treatments. In the third season, H. undalis 

were not observed in the first and second week. No significant differences 

were observed in numbers of the insect in remaining weeks.  
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Figure 5. 1: Effect of habitat manipulation using six plant species on mean (±SE) of Hellula undalis  

during the first season (May-August, 2017) in Kumasi, Ghana. 
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Figure 5. 2: Effect of habitat manipulation using six plant species on mean 

 (±SE) of Hellula undalis during the second season (September-November, 

2017) in Kumasi, Ghana. 

 

The relative efficacy of pest suppression in experimental treatments varied 

markedly. While all intercrop plant species tended to reduce pest density 

compared with the non-plant control, there were large differences among 

intercrop plant species. This demonstrates that the plant species used in 

habitat manipulation interventions is important and that biodiversity per se is 

not sufficient to support greater pest regulation in agreement with Karp et al., 

(2018). Reduced numbers of H. undalis on cabbages translated into high 

cabbage head yield in habitat manipulation treatments compared with the 

control.  A similar study assessing effects of intercropping cabbage with 

tropical basil, Ocimum gratissimum (Lamiaceae) resulted in significant 

reduction H. undalis in the intercrop compared with the no intercrop control 

(Yarou et al., 2017). Even though Ocimum plants in that study were 

established among brassicas purposely to repel insect pests, their presence 

might have provided conducive habitat and floral resources for important 

natural enemies to enhance their potential for suppressing pests of the brassica 

crop.  
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The reduced number of H. undalis in the manipulation treatments may be 

attributed to the direct effect of the wild plants as on pests or natural enemies that 

might have been attracted and nourished by the wild plants. Previous studies 

have shown that predators can significantly reduce the population of H. 

undalis but parasitoids are of little importance as they are more active at the 

end of the season (Sivapragasam & Chua, 1997). The habitat manipulation 

treatments varied in their ability to reduce pest numbers and damage. These 

differences could be due to the various plant morphology and floral 

architecture (Begum et al., 2004). The T. triangulare and L. camara 

treatments had consistently low numbers of H. undalis in the cabbage and 

higher yields and better quality of cabbage heads in all seasons. Other 

important arthropod pests of cabbage such as diamondback moth, cabbage 

aphids and other defoliators were observed in the present study as often is the 

case in the cabbage cropping system in Ghana. The present study, however 

was solely limited to the effects of the habitat manipulation on H. undalis and 

head yield and quality of cabbage.   

5.3.2 Plant yield and quality  

In season one, all habitat manipulation treatments yielded higher numbers of 

undamaged cabbages than the control. The L. camara treatment was highest 

yielding with 24.11 t/ha and almost double what was obtained from the 

control (12.61 t/ha) (Table 1). The control had a significantly higher number 

of damaged heads (F=12.75, df 6, 21 P=0.001) than the L. camara treatment. 

In season two, no significant differences in yield per plant were measured 

between treatments (F=1.08, df 6, 21 P=0.048) but the control had a lower 

undamaged (F=21.65, df 6, 21 P=0.001) and higher damaged (F=9.55, df 6, 

21 P=0.001) yield. The plots with T. procumbens were highest in undamaged 

yield per hectare (27.23 t/ha) and the control plot was lowest with 15.92 t/ha 

(Table 1). In season three, T. triangulare, A. conyzoides and C. juncea 

treatments were significantly higher yielding (F=6.82, df 6, 21, P=0.004) than 

the control. 
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Figure 5. 3: Field stand and quality of cabbage head from habitat 

manipulation and control treatments in season one of experiments conducted 

in Kumasi, Ghana. (a) Habitat manipulation with T. triangulare (b) Control 

treatment (c) cabbage heads from T. triangulare treatment (d) Cabbage 

heads from control treatment 

 

Habitat manipulation with these wild plants was effective in delivering 

enhanced yields. In all seasons, manipulation treatments were superior in 

yield and quality of cabbage compared with the control. Despite efforts to 

minimize inter-plot interference (a 5 m alley between treatments) the spatial 

scale of the experiment was small compared with the movement patterns of 

agricultural arthropods that can readily move meters. Accordingly, treatment 

differences are likely to be underestimated in this study with the control 

treatment deriving at least some benefit from the presence of intercrop plants 

in adjacent plots. On a commercial scale cabbage farms, the addition of floral 

resources is likely to result in greater benefits compared with conventionally 

managed crops without nearby non-crop plants.   
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A chemical insecticide ‘positive’ control was not included in the current 

study. This was to avoid negative impacts on natural enemy numbers at the 

whole-experiment-scale and by possible spray drift. Accordingly, it is not 

possible to calibrate the present findings against the efficacy and economics 

of insecticide-based pest control as is common in Ghana and internationally. 

That approach is, however, increasingly questioned in terms of sustainability 

because chemical insecticides often disrupt natural enemies at lethal and sub-

lethal levels resulting in pest resurgence and secondary pest outbreaks 

(Roubos et al., 2014). Notwithstanding the exclusion of chemical insecticide 

treatment, cabbage yields in the current study were higher compared to an 

earlier study at the same site where insecticide treatment was involved 

(Amoabeng et al., 2013). This suggests that habitat manipulation for 

conservation biological control can be a viable option for pest suppression 

with corresponding high yield and quality.  

.  

5.3.3 Economic analysis 

5.3.3.1 Cost of crop protection and income from produce 

The difference in both undamaged and damaged yields was reflected in total 

and net incomes. In season one, the L. camara treatment had the highest net 

income and cost benefit while the control treatment had the lowest net income 

(Table 2). In season two, the T. procumbens treatment had the highest net 

income of US$ 9931/ha while the control had the lowest US$ 6749/ha. Net 

income in season three was not a large range from US$ 10,662 for T. 

triangulare and US$ 9,020 for the control (Table 2).  

In season one, the L. camara treatment was not higher yielding than T. 

triangulare, A. conyzoides and C. citratus per plant, but its superior income 

resulted from having the lowest number of damaged heads. The control had 

the highest number of damaged heads and the lowest number of undamaged 

heads which resulted in the lowest income. Total income was highest in the 

T. procumbens treatment in the second season and the third season, the T. 

triangulare treatment had the highest total income. The price of undamaged 

cabbage heads was US$ 0.44 in season one and US$ 0.33 in season two which 

resulted in the incomes of the control treatment being similar for the two 

seasons. This reflects that total yield, quality and prevailing market price all 
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determine income and profitability. Whilst the market price in season one was 

25% higher than that in season two, improved yields in season two led to 

higher total income which was enough to compensate for the fallen market 

price of the produce. Income for the control was higher during season three 

compared with season one and two because there was an increase in both 

yield and quality of cabbage heads more than that obtained in season one 

when the market price was higher. The cost of plant protection, a factor of net 

income for all the manipulation treatments varied according to the work 

needed to get the plants established and maintained in the field. This was the 

only variable cost associated with the study hence its use in calculating the 

cost benefit ratios. No commercial value was assigned to any of the plants 

used for the manipulation but potentially these could be harvested as a 

secondary income since each of them may provide provisioning and 

regulating ecosystem services.  Since quantifying these was beyond the scope 

of this study, the pest management-related economic benefits of intercropping 

reported herein are conservative.   

All cabbage heads had market value. Whilst cabbage heads with signs of 

insect damage may be rejected by consumers elsewhere in the world, in 

Ghana, many consumers prefer to buy cabbage heads with obvious signs of 

insect damage- a quality assurance indicator between pesticide-free and 

pesticide-contaminated cabbage (Pers. observation). Cabbage yield may be 

influenced by several factors including pests and diseases, soil fertility and 

soil moisture. In the present study, all treatments received similar agronomic 

inputs except whether a treatment was intercropped with a wild plant and 

which type of plant that was used. Thus, differences in yield and quality 

observed among the treatments in the study could be attributable to the habitat 

manipulation type.  

 

5.3.3.2 Cost: benefit ratios 

Cost benefit: ratios of between 1:2.8 (season three) and 1:46.6 (season one) 

were evident in the study. For season one, cost: benefit ratios were between 

1:8.8 and 1:46.6 (Table 2). In season two, cost: benefit ratios were lower than 

season one and lower again in season three (Table 2). These results provide 

evidence that wild plants in habitat manipulation leads to decreased herbivory 

and enhanced plant growth, resulting in yields higher than the no 
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manipulation control. The reduction in damage of cabbage in the habitat 

manipulation plots could be attributable factors including activities of 

predators and parasitoids that might have been attracted to by the non-crop 

plants. Similarly, plants such as C. citratus may have volatile compounds that 

may repel insect pests and thus, delivering pest suppression among such 

treatments. For instance, the tropical basil, Ocimum basilicum an an intercrop 

with cabbage was successful in repelling H. undalis compared with plots 

without basil (Yarou, et al. 2017). Reflecting the agricultural context of this 

enhanced yield, the economic value of the plant product was significantly 

increased using native/naturalized plants in habitat manipulation. Finally, the 

costs of implementing the conservation biological control were modest, with 

the cost: benefit ratio ranging from 1:2.8 to 1:46.6.  

 

Cost: benefit ratios in this study show the economic viability and biological 

effectiveness of this pest management tactic. Positive ratios denote economic 

viability of treatments relative to the control (Aziz et al., 2012). Cost: benefit 

ratios in this study were higher than those obtained in similar studies, e.g., 

between 1:4 and 1:29 were obtained in cabbage pest management with 

aqueous plant extracts (Amoabeng et al., 2014). Patel et al. (1997) obtained 

cost: benefit ratios between 1:12.6 and 1:14.1 when neem extract was 

compared with endosulfan in pigeon pea pest management. These studies 

analyzed only the cost of plant protection, and the calculated cost: benefit 

ratio was based on incomes.  

In the present study, cost: benefit ratios were higher in season one and 

declined in seasons two and further in season three. This was due to a 

reduction in damaged yield in the control. It is possible that numbers of 

natural enemies were concentrated in the manipulated treatments in season 

one but moved across all treatments including the control as their numbers 

increased and given relatively small separation between treatments. Griffiths 

et al. (2008) reported that natural enemies have the capacity to disperse across 

habitats with habitat boundaries doing little to prevent their movement.  
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Table 5. 2 Evaluation yield parameters in three seasons for economic analysis of habitat manipulation for conservation biological control of cabbage 

pests in Kumasi, Ghana. 

Treatment Yield/plant (kg) Undamaged yield (t/ha) Damaged yield (t/ha) 

 Season 1 Season 2 Season 3 Season 1 Season 2 Season 3 Season 1 Season 2 

Ageratum  0.71 ± 0.11a 0.70 ± 0.01a 0.90 ± 0.02ab 21.10 ± 0.55b 19.88 ± 0.63c 31.50 ± 0.40a 3.73 ± 0.15bc 4.62 ± 0.86ab 

Crotalaria  0.55 ± 0.02b 0.83 ± 0.05a 0.90 ± 0.02ab 15.37 ± 0.27c 22.15 ± 0.95bc 31.50 ± 0.31a 3.88 ± 0.86b 6.90 ± 0.43a 

Cymbopogon 0.73 ± 0.10a 0.76 ± 0.04a 0.81 ± 0.01bc 21.71 ± 0.22b 23.55 ± 0.80bc             28.35 ± 0.34c 3.84 ± 0.23bc 3.05 ± 0.65b 

Lantana 0.77 ± 0.02a 0.69 ± 0.04a 0.86 ± 0.02abc 24.11 ± 0.40a 20.55 ± 0.29c 30.10 ± 0.47b 2.84 ± 0.22c 3.60 ± 0.13b 

Talinum 0.70 ± 0.01a 0.76 ± 0.01a 0.93 ± 0.03a 20.74 ± 0.47b 24.66 ± 0.78ab 32.55 ± 1.40a 3.76 ± 0.17bc 1.94 ± 0.17b 

Tridax 0.58 ± 0.01b 0.91 ± 0.04a 0.85 ± 0.02abc 16.48 ± 0.63c 27.23 ± 1.56a 29.75 ± 0.37bc 3.82 ± 0.36bc 4.62 ± 0.37ab 

Control 0.51 ± 0.04b 0.64 ± 0.03a 0.77 ± 0.01c 12.61 ± 0.61d 15. 92 ± 0.54d 27.33 ± 0.47d 5.50 ± 0.25a 6.8 ± 0.97a 

P< 0.05 0.0001 0.4048 0.0004 0.0001 0.0001 0.0001 0.0001 0.0001 

F 22.53   1.08 6.82 12.75 21.65 15.34 84.00 9.55 

df 6, 21 6, 21 6, 21 6, 21 6,21 6, 21 6, 21 6, 21 
Means within a column with different letters differ significantly (P < 0.05). Note: No damaged yield in season three. Yield per hectare = head weight per plant x plant population per 

hectare.  
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Table 5. 3: Evaluation of cost and benefit of habitat manipulation for conservation biological control of cabbage pests in three seasons in Kumasi, 

Ghana. 

Treatment Income from undamaged yield 

(US$) 

Income from damaged 

yield (US$) 

Cost of 

protection  

Net income 

(US$) 

Cost: benefit ratio 

 Season 1 Season 2 Season 3 Season 1 Season 2 (US$) Season 1 Season 2 Season 3 Season 
1 

Season 
2 

Season 
3 

Ageratum 9,284.00 6,560.40 10,395.00 820.60 1,016.40 70.40 10,034.20 7,506.40 10,324.60 1: 46.6 1: 10.8 1: 18.5 

Crotalaria 6,762.80 7,309.50 10,395.00 853.60 1,518.00 88.00 7,528.40 8,739.50 10,307.00 1: 8.8 1: 22.6 1: 14.6 

Cymbopogon 9,552.40 7,771.50 9,355.50 844.80 671.00 88.00 10,291.20 8,354.50 9267.50 1: 40.1 1: 18.2 1: 2.8 

Lantana 10,608.40 6,781.50 9,933.00 624.80 792.00 96.80 11,136.40 7,476.70 9,836.20 1: 45.3 1: 7.5 1: 8.4 

Talinum 9,125.60 8,137.80 10,741.50 827.20 426.80 79.20 9,873.60 8,485.40 10,662.30 1: 39.4 1: 21.9 1: 20.7 

Tridax 7,251.20 8,985.90 9,817.50 840.00 1,016.40 70.40 8,021.20 9,931.90 9,747.10 1:18.0 1: 45.2 1: 10.3 

Control 5,548.40 5,253.60 9,020.55 1,210 1,496.00 0.00 6,756.20 6,749.60 9,020.55    
Income from undamaged yield = total weight of undamaged yield x price (kg) undamaged yield. Income from damaged yield = total weight of damaged yield x price (kg) damaged 

yield. Total income = income from undamaged yield + income from damaged yield. Net benefit = Total income – cost of protection (for each treatment). Benefit over control treatment 

= Net income for each treatment – income from control. Cost: benefit ratio = Benefit over control for each treatment ÷ cost of protection for each treatment.   Economic analysis 

followed in procedure in Amoabeng et al. (2014).
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5.3.4 Indirect benefits and constraints of habitat manipulation for 

conservation biological control 

Benefits associated with the use of conservation biological control may be 

categorized into those that directly accrue to the grower and those that benefit 

society. Reflecting on both benefits would determine the adoption of the pest 

management tactic (Griffiths et al., 2008). Conservation biological control 

may contribute to higher yield and quality of crop produce and profitability 

as seen in this study and it offers the potential for food commodities with 

reduced risk of insecticide residues which may attract a price premium, thus 

enhancing profit margins. Globally, consumers will offer premium prices for 

food commodities without pesticide (Cullen et al., 2008). Overall, 

conservation biological control may increase profitability by providing 

economically valuable levels of pest suppression without the use of insecticides and 

the attendant risks of these chemical inputs (Wyckhuys et al., 2013).  

Notwithstanding the numerous benefits that habitat manipulation for 

conservation biological control may offer, there are potential barriers to their 

adoption. For instance, natural enemies may not be available in sufficient 

numbers especially during the early stages of the program, and pest damage 

may go beyond the economic threshold levels (Hajek and Eilenberg 2018). 

Some plants that are intended to provide floral resources to natural enemies 

may rather favour pests (Gurr et al. 2017). The land area devoted to the 

manipulation plants is an opportunity cost, as they reduce the total land area 

for the crop (Collins et al 2003). In the current study, the control treatment 

had 500 cabbage stands more than the habitat manipulation treatments, thus 

resulting a shortfall in the plant stand of the economic crop. Despite the 

reduced plant population of the manipulation treatments, they produced 

higher yields per hectare compared with the control as a result of reduced 

stress from pest attack and thus, compensating for the shortfall in plant 

population. 

5.4 Conclusions  

The high cost: benefit ratios obtained in this study show the huge potential of habitat 

manipulation using these non-crop plant species for sustainable pest management in 

cabbage.   More generally, this study provides motivation for studies in a wider range 

of geographical locations and crop systems to assess the utility of habitat 

manipulation for conservation biological control of insect pests.  Whilst many such 
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studies have reported benefits to natural enemy density and pest incidence, there is 

a need for more researchers to embrace the economic domain to provide cost: benefit 

evidence to spur uptake.  
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CHAPTER SIX 

Scope for non-crop plants to promote conservation biological control of 

crop pests and serve as sources of botanical insecticides 

6.1 Introduction 

Insect pest attack causes huge crop loss (Oerke, 2006) affecting the potential 

availability of food for over one billion people (Losey & Vaughan, 2006) and 

threatening global food security (Poppy et al., 2014). Effective pest 

management is critical to meet global food demands (Roubos et al., 2014) and 

synthetic insecticides have been the principal tool in the past six decades 

(Bommarco et al., 2011; Guedes et al., 2016). Even with the introduction of 

newer and relatively safer insecticides (Guedes et al., 2016) and increased 

application per unit area and time (Chagnon et al., 2015), crop loss resulting 

from insect damage has doubled in the past four decades (Oerke, 2006; 

Pimentel, 2009; Pimentel & Burgess, 2014). Indiscriminate and excessive 

application has led to the elimination of important organisms in the 

agroecosystem that support crop production (Borel, 2017; Huizhen et al., 

2017). This is especially prevalent in developing countries including Ghana 

where farmers and the environment are exposed to high levels of synthetic 

insecticides, including active ingredients that have been banned in developed 

nations due to high toxicity and persistence (Affum et al., 2018). Inadequate 

provision of important ecosystem services including natural enemy-mediated 

pest control reinforces reliance on hazardous inputs such as insecticides and 

threatens agricultural sustainability (Bommarco et al., 2018; Potts et al., 

2016). 

 

Conservation biological control (CBC) based on habitat manipulation has 

been proposed as a sustainable alternative to synthetic insecticides 

(Wyckhuys et al., 2013). Habitat manipulation involves intentionally 

establishing plant species at the farm scale or landscape scale to provide 

conducive habitats, floral resources and alternative prey at the right time and 

space to support natural enemy assemblages to promote biological pest 

suppression (Gurr et al., 2016; Gurr et al., 2017). This approach to CBC can 

result in the benefits other than insect-mediated pest suppression such as 

pollination (Potts et al., 2016) and provisioning botanical insecticides, herbal 

medicines, spices and indigenous food (Finney & Kaye, 2017; Finney et al., 
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2017). Insecticides obtained from plants (‘botanicals’) have been documented 

to be cost-effective and sustainable in managing insect pests including those 

that have developed resistance to synthetic insecticides (Amoabeng et al., 

2018; Mkenda et al., 2015; Mkindi et al., 2017; Rioba & Stevenson, 2017). 

Botanical insecticides cause minimal harm to predators and parasitoids 

because they usually exhibit actions such as repellence, anti-feeding, 

oviposition deterrence rather than toxicity (Isman, 2006). Whilst botanicals 

can exhibit toxicity, they tend to pose minimal environmental impact when 

used in the crude form at low concentrations (Isman, 2006) as when used as 

‘home-made’ products by smallholder farmers. Furthermore, botanical 

insecticides easily breakdown upon exposure to air and sunlight, so are more 

compatible with ecological pest management systems such as CBC (Isman, 

2008; Miresmailli & Isman, 2014; Zapata et al., 2016). 

Integrated pest management (IPM) combines various pest management 

tactics as much as practicable to maintain pest population below the economic 

injury level in a sustainable manner (Gentz et al., 2010; Roubos et al., 2014). 

The integration of two or more pest management tactics may deliver better 

pest suppression than one tactic in isolation (Gentz et al., 2010). However, 

the combination of the various tactics must not result in trade-off or have 

lethal and/or sub-lethal effects on non-target organisms especially natural 

enemies that form the core of CBC (Bommarco et al., 2018; Gurr et al., 2018).  

 Although both CBC (Gurr et al., 2016; Gurr et al., 2017) and botanical 

insecticides (Amoabeng et al., 2013; Fening et al., 2013; Mkenda et al., 2015; 

Mkindi et al., 2017) have been successfully used in managing field pests in 

separate applications, combining the two tactics requires careful assessment 

of their respective and combined effects on pest and natural enemies 

(Stemele, 2017) as well as the overall impacts on crop yield and quality. In 

addition, there is an expected increased cost of plant protection with two pest 

management tactics and thus, an economic analysis must be done to ensure 

the viability and profitability for such interventions. 

A number of studies have explored the effect of synthetic insecticides on 

biological agents and report varying effects on natural enemies e.g. Anjum & 

Wright (2016), Fagan et al. (1998), Stemele (2017). Yet, few studies have 



133 
 

reported on impacts of chemical insecticides on both pests and natural 

enemies as well as on crop yield e.g. Furlong et al. (2008), Naranjo et al. 

(2015). To date, the value of conservation biological control especially where 

it is integrated with pesticides is unclear (Naranjo et al., 2015) and no study 

has either combined habitat manipulation for CBC and the use of botanicals, 

or analyzed the economic implications of combining these tools.  

We address this gap by studying over three consecutive seasons the effects of 

six non-crop plant species that are native or naturalized in Ghana and readily 

available to smallholder farmers. Ageratum conyzoides, Tridax procumbens 

(Asteraceae), Crotalaria juncea (Fabaceae), Cymbopogon citratus (Poaceae), 

Lantana camara (Verbenaceae) and Talinum triangulare (Talinaceae) were 

tested in field experiments. Each was used as a crop margin CBC plant to 

provide floral resources as well as shelter for natural enemies and source of 

botanical insecticide in a factorial design to quantify the combined effects and 

CBC alone on three major pests of cabbage, diamondback moth, P. xylostella, 

cabbage aphid, B. brassicae and cabbage web worm, H. undalis as well as 

two predators, spiders and ladybeetles. 

. 

6.2 Materials and methods 

6.2.1Location of experiments 

Experiments ran over three consecutive seasons of cabbage Brassica oleracea 

var. capitata (Cruciferae) production at the Crops Research Institute (CRI), 

Kwadaso, Kumasi, Ghana (6°43'N,1°36'W; 287m asl) between January 2017 

and March 2018. The three seasons were ran between June and August 2017 

(major rainy season), September and November 2017 (minor rainy season) 

and December 2017 and March 2018 (dry season). The site was in the wet, 

semi-deciduous forest zone of Ghana with average rainfall of 1,484mm in 137 

wet days per annum. Average temperature is 25.6 °C in the range of 19.6 °C 

and 35 °C and average relative humidity of 83.2%.   

6.2.2 Experimental design and treatments 

Experiments consisted of a 7 x 3 factorial in a randomized complete block 

design with split plot arrangement and replicated four times. The main plot 

factor consisted of seven levels of habitat manipulation i.e. with six non-crop 

plant species and a no plant (control) i.e. 1. A. conyzoides 2. T. procumbens 
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3. C. juncea 4. C. citratus 5. L. camara 6. T. triangulare and 7. no plant (bare 

earth control) (Table 6.1). The sub-plot factor was three levels of spraying:  

1. botanical insecticide prepared from the same plant species as bordering the 

crop of that plot, 2. Conventional insecticide (Attack®, emamectin benzoate) 

as positive control, and 3. Negative control (tap water). Main plots measured 

11m x 3m with 5m-wide bare earth alley between plots. Each main plot was 

divided into three sub-plots (3m x 3m) to accommodate the three levels of 

spraying with a 1m-wide bare earth alley between subplots. The ‘no plant’ 

habitat manipulation treatment did not have a botanical sub-plot treatment, 

thus there was a total of 20 treatments and 80 plots.  

Table 6. 1: Treatment combination of plant species for habitat manipulation 

and spraying and abbreviated treatment identifier 

Treatment (crop 

border*spraying) 

Botanical Attack® Water  

Ageratum conyzoides Agerabot AgeraAttack Agerawater 

Crotalaria juncea Crotbot CrotAttack Crotwater 

Cymbopogon citratus Cymbot CymAttack Cymwater 

Lantana camara Lanbot LanAttack Lanwater 

Talinum triangulare Talbot TalAttack Talwater 

Tridax procumbens Tribot TriAttack Triwater 

No plant (no border)  - NopAttack Nopwater 

Note: bot = Botanical, Attack = Attack®
 (emamectin benzoate),  

Water = tap water, - = no sub-plot treatment.  

Habitat manipulation plants were established in the field between January and 

May 2017 to reach blooming stage (except C. citratus which does not flower) 

before transplanting of cabbage. Cabbage B. oleracea var. capitata (cv. 

Oxylus) seedlings were grown for five weeks after which they were 

transplanted to the field at a spacing of 0.5m x 0.5m. For the CBC control 

treatment with no border plant, seven rows of seven cabbage stands were 

planted per sub plot. Other treatments had six rows of seven cabbages per sub 

plot with the relevant border plant as a central strip with three rows of cabbage 

either side. This resulted in 42 plants per sub plot (49 for the control). 

Experiments were kept free from weeds by hand hoeing. Well decomposed 

poultry manure at 500g per cabbage plant was applied 10 days after 

transplanting to enhance soil fertility. The experiment was rain-fed but 

manual irrigation was done when required, especially during the dry season.  
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6.2.3 Spraying and data collection 

Each main plot had three sub-plots that received the three spraying levels i.e. 

botanical, Attack® and tap water. Aqueous extracts of the plants were used at 

concentration of 10% w/v. Matured leaves of each of the six plants were 

collected from around the experimental area and weighed when fresh and 

blended using kitchen blender. Leaves were not collected from the habitat 

manipulation plots so as not to disturb natural enemies that may be found 

within the plot area. In all cases, blending of leaves was done until no plant 

fragments were visible to the naked eye (Amoabeng et al., 2018). Mixtures 

were sieved using muslin cloth to obtain a particle-free extract and was 

transferred into a 15 L capacity Knapsack sprayer for immediate application 

(Amoabeng et al., 2013). A 1 ml Sunlight liquid soap per litre of plant extract 

was added to the aqueous extracts prior to spraying. Soaps can act as mild 

insecticide against soft bodied insects including aphids. However, this 

happens when soap concentration is a bit high. In a previous study 

(Amoabeng et al., 2013), no significant differences were observed when 1L 

tap water without soap and 1L tap water with 1ml of sunlight liquid soap was 

sprayed on aphids and diamondback moth.  

 Attack® was used at the recommended rate of 1.5ml per litre. Spraying was 

done weekly beginning from three weeks after transplanting cabbage 

seedlings and continued for four consecutive weeks in each season.  

Numbers of pests including the diamondback moth Plutella xylostella L. 

(Lepidoptera: Plutellidae), cabbage aphid Brevicoryne brassicae L. 

(Hemiptera: Aphididae) and cabbage webworm Hellula undalis Fab. 

(Lepidoptera: Crambidae), and natural enemies including spiders (Araneae) 

and ladybird beetles (Coccinellidae) were assessed weekly, three weeks after 

transplanting cabbage seedlings and a day before spray application for four 

consecutive weeks. Four plants were randomly selected in each sub-plot to 

count pest and natural enemy numbers. Numbers of B. brassicae were often 

difficult to count so were scored on a scale of 0 – 5 (0 = no infestation and 5= 

highest infestation i.e. large continuous colonies) (Amoabeng et al., 2013).  
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6.2.4 Economic analysis 

6.2.4.1 Field establishment of non-crop plants for habitat manipulation 

 The number of minutes used in gathering and planting the CBC border plants 

for each plot was recorded and extrapolated to assume a commercial crop area 

of one hectare. Values varied according to how easily each was acquired and 

established. At the time of the study, one person-day at the location of the 

experiments costed US$ 8.80. Lantana camara was established using stem 

cuttings and required nursing before field establishment so 11 person-days 

were calculated to be required to establish L. camara for a cabbage crop area 

of one hectare resulting in US$ 96.80. Cymbopogon citratus established 

easily, but it was relatively difficult to get the propagules due to its popular 

use as anti-malaria herb in Ghana. Therefore, 10 person-days were required 

to gather and establish costing US$ 88.00. Seedlings were used to establish 

C. juncea and to ensure good stand, replacement of dead seedlings was 

required, hence 10 person-days at US$ 88.00 were required to establish a crop 

area of one hectare. Ageratum conyzoides and T. procumbens were the most 

abundant weed species around the experimental area and were relatively easy 

to gather so 8 person-days valued at US$ 70.40 for each. Talinum triangulare 

was the easiest to establish but was relatively difficult to gather due to its use 

as an indigenous vegetable in Ghana. Therefore, 9 person-days at US$ 79.20 

was required to establish it. For these border plant treatments, the cost of plant 

protection was solely the cost of collecting and establishment.  

6.2.4.2 Estimating cost of spraying 

In each of the seasons, there were four spray applications of aqueous extracts 

and emamectin benzoate (Attack®) to the respective sub plots and the costs 

of these interventions were extrapolated to assume a commercial crop of one 

hectare. Simple knapsack sprayers are used on farms in Ghana so 3 person-

days were required to spray one hectare of cabbage. Thus, 12 person-days 

(amounting $ 105.60) were required for the four spray applications per 

season. The no habitat manipulation sprayed with Attack® treatment required, 

3.2 person-days to spray one hectare. Thus, 12.8 person-days at $112.64 was 

required for each season. The difference was due the higher plant stand 

compared with the habitat manipulation treatments. Collecting plant materials 

and preparing aqueous plant extracts for each habitat manipulation and 
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botanical treatment required 2 person-days per hectare. Cost of volume of 

Attack® required to spray one hectare was $15.00. Thus, for each season 

$60.00 of Attack® was required to spray the no habitat manipulation plus 

Attack treatment whilst $55.00 worth of Attack® was required to spray the 

habitat manipulation plus Attack® treatments. The reduction in the amount 

required for Attack® was due to the reduced plant stand in the habitat 

manipulation plus Attack® treatments. Sunlight liquid soap at $1.00 for each 

habitat manipulation and botanical insecticide treatment per season was used. 

Thus, cost of plant protection for habitat manipulation and spraying treatment 

combinations = cost of establishing non-crop plants + labour cost of 

collecting and preparing botanical extracts + labour cost of spraying + cost of 

sunlight liquid soap. For habitat manipulation sprayed with Attack®, cost of 

protection = cost of establishing non-crop plants + cost of Attack® + labour 

cost of spraying. For no habitat manipulation sprayed with Attack®, cost of 

protection = Cost of Attack® + labour cost of spraying. 

6.2.5 Yield assessment and marketing of cabbage heads  

Cabbage heads in each treatment were separated into undamaged and 

damaged heads and weighed.  Undamaged heads were without visible signs 

of caterpillar feeding or holes whereas damaged heads had visible signs of 

insect feeding, but had reduced market value. The local currency, Ghana cedi 

(ɇ) exchange rate to the US$ was 1:0.22 during the period of the study and 

this exchange rate was used to calculate values in US$. At the first season 

harvest, 1kg undamaged cabbage head was sold for US$ 0.44 and damaged 

was US$ 0.22 at the local (Agric Nzema) market. At the harvest of both 

second and third seasons, price per kg of undamaged and damaged heads were 

US$ 0.33 and US$ 0.22 respectively. Income from the sale of cabbage was 

converted to per hectare by extrapolating plant population of the habitat 

manipulation treatments to 35,000 plants per hectare assuming planting 

distance of 0.5 m x 0.5 m and considering the area occupied by the non-crop 

plants for manipulation and spaces for easy movement while the no habitat 

manipulation treatments had 35,500 plants per hectare considering only 

spaces for easy movement. 
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6.2.6 Statistical analysis 

Mixed model repeated measure analysis was performed using the statistical 

package for social scientists (SPSS) IBM version 24 (IBM, 2016). Where 

significant differences were observed (i.e. P-value < 0.05), mean separation 

was done using Tukey's post-hoc, honestly significant difference (HSD) test. 

Each of the three seasons were analysed separately.  

 

Table 6.2: Overall analysis of variance of interaction between week and both 

habitat manipulation and spraying  

Effect 

Valu

e F 

Hypothes

is df 

Error 

df 

                

Sig. 

Partial 

Eta 

Square

d 

Week Wilks' 

Lamb

da 

.003 5639.3

62b 

3.000 58.000 .000 .997 

Week*Habit

at 

manipulatio

n 

Wilks' 

Lamb

da 

.021 26.394 18.000 164.53

4 

.000 .722 

Week*Spray

ing 

Wilks' 

Lamb

da 

.456 9.284b 6.000 116.00

0 

.000 .324 

  Wilks' 

Lamb

da 

.122 5.410 33.000 171.58

3 

.000 .504 

 

From table 6.2, there were significant interactions between week and both 

habitat manipulation spraying and necessitated Tukey’s post-hoc (HSD) to 

differentiate which weeks combined with the factor levels differ from each 

other.  

 

6.3 Results 

6.3.1 Effects of habitat manipulation and spraying on pests 

In all the three seasons, habitat manipulation had significant (P<0.05) effects 

on mean numbers of P. xylostella per plant. In season one, all habitat 

manipulation treatments with margin plants were significantly better than the 

no plant manipulation with (P= 0.00, F= 5.28, df= 6, 60), (P= 0.009, F= 4.42, 
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df= 6, 60), (P= 0.001, F= 20.61, df= 6, 60), (P= 0.001, F= 12.42, df= 6, 60) 

for week one, two, three and four respectively. Season two was similar to 

season one with (P= 0.001, F= 18.26, df= 6, 60), (P= 0.001, F= 23.54, df= 6, 

60), (P= 0.001, F= 14.22, df= 6, 60) and (P= 0.001, F= 15.42, df= 6, 60) for 

week one to eek four respectively. In season three, all treatments with habitat 

manipulation plants were significantly better than the no plant in all weeks 

with (P= 0.001, F= 14.61, df= 6, 60), (P= 0.001, F= 15.36, df= 6, 60), (P= 

0.001, F= 15.8, df= 6, 60) and (P= 0.001, F= 11.82, df= 6, 60) for week one 

to week four respectively.  Both botanical and emamectin benzoate were not 

different from each other in season one but were both significantly lower in 

P. xylostella numbers than the tap water control with (P= 0.003, F= 6.12, df= 

2, 60), (P= 0.016, F= 4.42, df= 2, 60), (P= 0.001, F= 14.46, df= 2, 60), (P= 

0.019, F= 4.23, df= 2, 60) for week one, two, three and four respectively. In 

week one of season two, botanicals significantly reduced P. xylostella 

numbers better (P= 0.013, F= 4.63, df= 2, 60) than both emamectin benzoate 

and tap water which were not different from each other. However, in week 

two, botanical and emamectin benzoate performed equally but both were 

significantly better (P= 0.001, F= 10.38, df= 2, 60) than the tap water control. 

In week three, emamectin benzoate reduced P. xylostella numbers 

significantly better (P= 0.001, F= 22.68, df= 6, 60) than both botanicals and 

tap water which were not different from each other. In week four, emamectin 

benzoate was significantly better (P= 0.001, F= 18.44, df= 2, 60) than both 

botanicals and tap water whilst botanical was also significantly better than the 

tap water. In week two and four of season three, botanicals and emamectin 

benzoate were not significantly different from each other but were both better 

than the tap water with (P= 0.001, F= 8.48, df= 2, 60) and (P= 0.001, F= 

16.21, df= 2, 60) for week to and four respectively. But in week one, 

botanicals were significantly (P= 0.001, F= 5.60, df= 6, 60) lower in numbers 

of P. xylostella compared with both emamectin benzoate and tap water which 

were not significantly different from each other. However, in week three, 

emamectin benzoate was significantly (P= 0.001, F= 16.35, df= 6, 60) lower 

than both botanicals while botanicals were also better than the tap water with 

mean P. xylostella numbers of 0.18, 0.46 and 0.79 per plant for emamectin 

benzoate, botanicals and tap water respectively.  
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Habitat manipulation had significant effect on B. brassicae score in week one, 

three and four in season one. Habitat manipulation with T. procumbens was 

significantly lower (P=0.011, F= 3.05.68, df= 6, 60) in B. brassicae score than 

habitat manipulation with A. conyzoides and the no plant control but not 

different from the remaining treatments. In week three, all habitat 

manipulation treatments with plants were significantly lower (P=0.001, 

F=13.12, df=6,60) in B. brassicae score than the no plant control treatment. 

Habitat manipulation with T. procumbens and C. juncea were lower than all 

other treatments. Spraying had effect only in week three where emamectin 

benzoate was significantly (P=0.001, F=13.96, df=2,60) lower than botanical 

while botanical was significantly lower than tap water in B. brassicae score. 

Habitat manipulation had significant effect of B. brassicae score in all weeks 

in season two but effect of spraying was not observed. In week one, the no 

habitat manipulation had significantly higher (P=0.032, F= 2.48, df=6,60) B. 

brassicae score than the remaining treatments except habitat manipulation 

with L. camara and C. citratus. All habitat manipulation treatments with non-

crop strips were significantly (P=0.001, F=5.44, df=6,60) lower in B. 

brassicae score than the no plant manipulation except plots with C. juncea 

and L. camara. In weeks three and four the no plant control was higher in B. 

brassicae numbers than the habitat manipulation treatments with plant strips. 

No effects of habitat manipulation and spraying were observed throughout 

season three.  

 

Effect of both habitat manipulation and spraying on H. undalis were found 

only in the first week of season two. Habitat manipulation with C. juncea, C. 

citratus and T. triangulare were significantly (P=0.001, F=4.15, df=6,60) 

lower than the remaining treatments. 

 

Interaction between habitat manipulation and spraying resulted in significant 

(P<0.05) effect on numbers of P. xylostella. The Nopwater treatment was 

significantly (P<0.05) higher in numbers of P. xylostella in all seasons (Fig 

1), two (Fig 2) and three (Fig 3) except in week four of season two where it 

was not significantly different from Crotwater treatment.   
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Figure 6. 1: Mean (SE±) P. xylostella numbers in interaction between 

habitat manipulation and spraying in season one (June to August, 2017) in 

Kumasi Ghana. 

 

 

Figure 6. 2: Mean (SE±) P. xylostella numbers in interaction between 

habitat manipulation and spraying in season two (September to November, 

2017) in Kumasi Ghana.  
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Figure 6. 3: Mean (SE±) P. xylostella numbers in interaction between 

habitat manipulation and spraying in season three (December 2017 to 

March, 2018) in Kumasi Ghana.  

 

AgeraAttack treatment combination was significantly (P<0.05) higher in B. 

brassicae score in week one than the remaining treatments except Crotwater 

and Nopwater. In week two, the Nopwater treatment was significantly higher 

than the remaining treatments (Fig 4). In season two week one, Nopwater was 

significantly higher than the remaining treatments in B. brassicae score 

except in week two where it was not higher than Crotwater (Fig 5).  
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Figure 6. 4: Mean (SE±) B. brassicae numbers in interaction between 

habitat manipulation and spraying in season one (June to August, 2017) in 

Kumasi Ghana.  

 

 
Figure 6. 5 Mean (SE±) B. brassicae numbers in interaction between habitat 

manipulation and spraying in season two (September to November, 2017) in 

Kumasi Ghana. 

 

 

6.3.2 Effect of treatments on predators 

No effect of treatments and their interactions were observed on the numbers 

of spiders in season one. In season two, significant effects of habitat 

manipulation and spraying were not observed except in week three when A. 

conyzoides plot was significantly higher (P=0.014, F=2.98, df=6,60) in spider 

numbers than C. juncea plot. Similarly, botanicals and tap water were not 

different from each other but were both significantly higher (P=0.001, 

F=47.01) df=2, 60) than spraying with emamectin benzoate. In season three, 

T. triangulare plots was significantly higher (P= 0.001, F=14.49, df=6, 60) 

than all treatments except A. conyzoides. Spraying had significant effect only 

in week two in season three where botanicals had significantly higher 

(P=0.002, F=2.48, df=2,60) spider numbers than emamectin benzoate. 

In weeks one, two and three of season one, the no plant control was 

significantly higher (P=0.001, F=11.24, df=6,60), (P=0.000, F=4.62, 

df=6,60), (P=0.001, F=5.92, df=6,60) in ladybird beetle numbers compared 

with the plant strips habitat manipulation treatments except C. juncea. In 

season two, habitat manipulation had significant effect on ladybird beetles 
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only in week four where the no manipulation was highest but not different 

(P=0.002, F=3.97, df=6,60) from A. conyzoides, C. citratus and T. triangulare 

plots. In both weeks three and four tap water had the highest numbers of 

beetles and was significantly better (P=0.002, F=6.55, df=2, 60), (P=0.015, 

F= 7.27, df=2,60) than both botanicals and emamectin benzoate.  

Interaction between habitat manipulation and spraying resulted in a 

significant effect only in week three of season two in which the Nopwater 

was significantly (P<0.05) higher in spider numbers than the remaining 

treatments (Fig 6). In season one Nopwater was significantly (P<0.05) higher 

in ladybird beetle numbers than the remaining treatment combinations (Fig 

7).  

 

Figure 6. 6: Mean (SE±) of spiders numbers in interaction between habitat 

manipulation and spraying in season two (September to November, 2017) in 

Kumasi Ghana.  
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Figure 6. 7: Mean (SE±) of ladybird beetles numbers in interaction between 

habitat manipulation and spraying in season one (June to August, 2017) in 

Kumasi Ghana.  

 

Table 6. 3: Mean (±SE) effect of habitat manipulation and spraying on 

cabbage yield per plant in three season in Kumasi, Ghana. 

Treatment Season one 

(Kg/plant) 

Season two 

(Kg/plant) 

Season three 

(Kg/plant) 

Agerabot 0.64 ± 0.02bc 0.83 ± 0.01ab 0.85 ± 0.04abcd 

AgeraAttack 0.62 ± 0.01bcd 0.60 ± 0.04def 0.73 ± 0.02bcde 

Agerawater 0.52 ± 0.01cd 0.74 ± 0.04abcd 0.69 ± 0.02de 

Crotbot 0.67 ± 0.05abc 0.63 ± 0.02cdef 0.72 ± 0.01cde 

CrotAttack 0.54 ± 0.04cd 0.65 ± 0.01bcdef 0.68 ± 0.07de 

Crotwater 0.52 ± 0.01cd 0.80 ± 0.04abc 0.70 ± 0.04cde 

Cymbot 0.76 ± 0.03ab 0.59 ± 0.04ef 0.79 ± 0.01abcde 

CymAttack 0.73 ± 0.01ab 0.66 ± 0.02bcdef 0.75 ± 0.03abcde 

Cymwater 0.57 ± 0.02cd 0.61 ± 0.02def 0.75 ± 0.03abcde 

Lanbot 0.73 ± 0.03ab 0.73 ± 0.04abcde 0.80 ± 0.02abcde 

LanAttack 0.78 ± 0.03a 0.64 ± 0.05cdef 0.84 ± 0.02abcd 

Lanwater 0.74 ± 0.03ab 0.69 ± 0.02abcdef 0.77 ± 0.06abcde 

Talbot 0.66 ± 0.02abc 0.78 ± 0.03abcd 0.90 ± 0.01ab 

TalAttack 0.66 ± 0.03abc 0.85 ± 0.05a 0.87 ± 0.02abc 

Talwater 0.54 ± 0.02cd 0.73 ± 0.06abcde 0.91 ± 0.01a 

Tribot 0.66 ± 0.06abc 0.61 ± 0.06def 0.85 ± 0.01abcd 

TriAttack 0.73 ± 0.03ab 0.80 ± 0.01abc 0.66 ± 0.02e 

Triwater 0.56 ± 0.02cd 0.65 ± 0.01bcdef 0.78 ± 0.01abcde 

NopAttack 0.77 ± 0.01ab 0.67 ± 0.02abcdef 0.73 ± 0.06bcde 

Nopwater 0.48 ± 0.04d 0.52 ± 0.02f 0.66 ± 0.03e 

P<0.05 0.001 0.001 0.001 

F 10.08 6.60 5.73 

Df 11, 60 11, 60 11, 60 
Means within a column with different letters differ significantly (P < 0.05). 
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6.3.3 Effect of treatments on cabbage head yield and quality 

Habitat manipulation and spraying significantly (P<0.05) affected yield per 

plant, yield per hectare, damaged and undamaged yield per hectare in the 

three seasons. The no plant control was lowest in yield per plant in season one 

but not significantly lower (P=0.001, F=11.32, df=6,60) than habitat 

manipulation with C. citratus and L. camara. Tap water spraying was 

significantly (P=0.001, F=40.04, df=2,60) lower in yield per plant compared 

with use of either botanicals or emamectin benzoate which were not different 

from each other. The no plant habitat manipulation was significantly 

(P=0.001, F= 21.08, df=6,60) poorer in damaged yield compared with the 

remaining treatments whilst tap water spraying was also significantly poorer 

(P=0.001, F=13.50, df=2,60) in damaged yield compared with botanicals and 

emamectin benzoate. In season two, the no plant control was significantly 

(P=0.001 F=8.12, df=6,60) lower than all treatments in yield per plant except 

habitat manipulation with C. citratus. It was significantly (P=0.001, F=36.96, 

df=6,60) poorer in damaged yield per hectare compared with all other 

treatments. No effect of spraying on yield and quality was observed. In season 

three, no plant control was lowest in yield but only significantly (P=0.001, 

F=10.54, df-6,60) lower than habitat manipulation with L. camara and T. 

triangulare. Spraying with botanicals was significantly (P=0.002, F=7.49, 

df=2,60) better than both tap water and emamectin benzoate which were not 

different from each other.  

There were significant interactions between habitat manipulation and 

spraying. In season one, the highest yield per plant was observed in LanAttack 

treatment but was not significantly (P>0.05) better than any of the habitat 

manipulation and botanical insecticides combinations except Agerabot. 

(Table 6.3). In season two, TalAttack had the highest yield per plant and was 

better than eight treatments including Nopwater. In season three, Talwater 

had the highest in yield per plant and was significantly (P<0.05) better than 

only one (Crotbot) habitat manipulation and botanical insecticides 

combinations, four habitat manipulations plus Attack® combinations and four 

habitat manipulation only treatments as well as the no habitat manipulation 

(Nopwater) (Table 6.3). NopAttack had the highest yield per hectare in season 

one and was significantly (P<0.05) better the remaining treatments except 

LanAttack, Lanbot, Cymbot and Lanwater (Table 6.4). The Nopwater had the 
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highest damaged yield per hectare in seasons one and two. It was significantly 

(P<0.05) higher than the remaining treatments except in season two when it 

was not significantly different from Crotwater (Table 6.4). TalAttack was the 

highest in undamaged yield per hectare in season two and was significantly 

(P<0.05) better than ten treatments including the Nopwater which had the 

lowest undamaged yield per hectare (Table 6.4). In season three, Lanwater 

was the highest in yield per hectare and was significantly (P<0.05) better than 

nine treatments including the Nopwater (Table 6.4). 

6.3.4 Economic analyses 

6.3.4.1 Cost of plant protection and income  

Costs of plant protection per hectare ranged between $70.40 and $257.40. The 

habitat manipulation-only treatments were lowest whereas the habitat 

manipulation plus Attack® treatments were the highest. In season one, the 

NopAttack had the highest income from undamaged yield and highest net 

income per hectare while the Nopwater was the lowest in income from 

undamaged yield per hectare. Among the habitat manipulation treatments, 

LanAttack was the highest in both incomes from undamaged yield and net 

income per hectare. In each habitat manipulation combination, the tap water 

spraying options were the lowest in income from undamaged income (Table 

6.5).  In season two, TalAttack was the highest in both incomes from 

undamaged yield and net income per hectare whilst the lowest was the 

Nopwater. In season three, Talwater had the highest income from undamaged 

heads as well as net income per hectare whereas the Nopwater was the lowest 

in income from undamaged heads but CrotAttack was the lowest in net 

income per hectare (Table 6.5). 

6.3.4.2 Cost: benefit ratios  

In season one, cost: benefit ratios ranged between 1: 8.15 and 1: 49.00 for 

CrotAttack and Lanwater respectively. In season two, ratios between 1: 4.01 

and 1: 36.3 for Crotbot and Agerawater respectively were obtained while in 

season three, two habitat manipulation plus Attack® treatments, CrotAttack 

and TriAttack recorded negative ratios of 1:  -0.84 and 1: -2.23 respectively. 

The highest cost: benefit ratio was obtained in Talwater 1: 35.67 (Table 6.5). 
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Table 6. 4: Effects of habitat manipulation and spraying on yield and quality of cabbage in three seasons in Kumasi, Ghana.  

Treatment Season one Season two Season three 

 Undamaged yield (t/ha) Damaged yield (t/ha) Undamaged yield (t/ha) Damaged yield (t/ha) Undamaged yield (t/ha) 

Agerabot 19.96 ± 1.13bcde 2.44 ± 0.89bcd 27.05 ± 0.51a 2.00 ± 0.16ef 33.25 ± 1.34abc 

AgeraAttack 19.96 ± 0.45bcde 1.74 ± 0.66bcd 19.15 ± 1.49cdef 1.85 ± 0.41ef 28.57 ± 0.83bcde 

Agerawater 14.79 ± 0.81e 3.41 ± 0.97bc 22.50 ± 1.89bcdef 3.40 ± 0.54bc 26.81 ± 1.22e 

Crotbot 21.74 ± 1.64bcde 1.71 ± 0.43bcd 19.72 ± 0.98cdef 2.33 ± 0.081ef 28.28 ± 0.51bcde 

CrotAttack 17.97 ± 1.32de 0.93 ± 0.09cd 19.47 ± 0.52cdef 3.28 ± 0.11bcd 26.62 ± 2.51e 

Crotwater 17.42 ± 0.29de 0.78 ± 0.16cd 23.22 ± 1.53bcdef 4.78 ± 0.13a 27.20 ± 1.40de 

Cymbot 22.59 ± 0.63bcd 4.01 ± 0.28b 18.70 ± 1.44f 1.95 ± 0.09ef 30.71 ± 0.52abcde 

CymAttack 22.27 ± 0.77bcde 3.28 ± 0.32bc 19.62 ± 1.03cdef 3.48 ± 0.14bcd 28.25 ± 0.92bcde 

Cymwater 17.28 ± 0.37de 2.67 ± 0.71bcd 18.52 ± 0.78f 2.83 ± 0.11bcde 27.20 ± 0.60de 

Lanbot 24.41 ± 0.77abc 1.14 ± 0.26bcd 23.92 ± 1.48bcde 1.63 ± 0.16f 32.86 ± 0.71abcde 

LanAttack 24.89 ± 1.23ab 2.41 ± 0.42bcd 20.67 ± 1.80cdef 1.73 ± 0.08f 32.86 ± 0.66abcd 

Lanwater 22.63 ± 0.95bcd 3.27 ± 0.67bc 21.92 ± 0.38bcdef 2.23 ± 0.09ef 29.84 ± 2.07abcde 

Talbot 21.99 ± 1.10bcde 1.11 ± 0.24cd 24.45 ± 0.92abc 2.85 ± 0.12cde 35.10 ± 0.38a 

TalAttack 22.91 ± 0.88abcd 0.19 ± 0.19d 27.30 ± 2.00a 2.75 ± 0.41def 33.83 ± 0.39ab 

Talwater 18.22 ± 1.24de 0.68 ± 0.27cd 23.02 ± 2.16bcdef 2.53 ± 0.14def 35.30 ± 0.44a 

Tribot 20.58 ± 2.30bcde 2.52± 0.63bcd 18.97 ± 1.95def 2.38 ± 0.29ef 32.99 ± 0.59abcd 

TriAttack 23.07 ± 1.19abcd 2.48 ± 0.74bcd 25.90 ± 0.47ab 2.10 ± 0.23ef 25.64 ± 0.44e 

Triwater 16.37 ± 0.07e 3.23 ± 0.69bc 20.60 ± 0.48ef 2.15 ± 0.09ef 30.52 ± 0.41abcde 

NopAttack 26.30 ± 0.94a 1.00 ± 0.65bcd 19.71 ± 0.74bcdef 4.08 ± 0.13ab 29.45 ± 0.63abcde 

Nopwater 9.49 ± 1.95f 7.55 ± 0.51a 13.41 ± 0.44g 5.05 ± 0.44a 26.50 ± 0.64e 

P<0.05 0.001 0.001 0.001 0.001 0.001 

F 7.34 12.73 6.53 14.41 6.91 
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Df 11, 60 11, 60 11, 60 11, 60 11, 60 

Means within a column with different letters differ significantly (P < 0.05). Note: No damaged yield in season three. Yield per hectare = head weight per plant x plant population per 

hectare.  

Table 6. 5: Evaluation of cost and benefit of habitat manipulation for conservation biological control and spraying on cabbage pests in three seasons in 

Kumasi, Ghana. 

Treatment Income from undamaged yield 

(US$) 

Income from 

damaged yield (US$) 

Cost of 

protection 

Net income (US$) Cost benefit ratio 

 Season 1 Season 2 Season 3 Season 1 Season 2     US$ Season 1 Season 2 Season 3 Season 1 Season 2 Season 3 

Agerabot 8,782.40 8,926.50 10,972.50 536.80 440.00 194.60 9,124.60 9,171.90 10,777.60 1: 16.90 1: 18.68 1: 10.45 

AgeraAttack 8,782.40 6,319.50 9,428.10 382.80 407.00 231.00 8,934.20 6,495.50 9,197.10 1: 13.41 1: 4.15 1: 1.96 

Agerawater 6,507.60 7,425.00 8,847.30 750.20 748.00 70.40 7,187.40 8,102.60 8,776.90 1: 19.19 1: 36.30 1: 0.45 

Crotbot 9,565.60 6,507.60 9,332.40 376.20 512.60 212.20 9,729.60 6,808.00 9,120.20 1: 18.32 1: 5.99 1: 1.77 

CrotAttack 7,906.80 6,425.10 8,784.60 204.60 721.60 248.60 7,862.80 6,898.10 8,536.00 1: 8.15 1: 5.48 1: -0.84 

Crotwater 7,664.80 7,662.60 8,976.00 171.60 1,051.60 88.00 7,748.40 8,626.20 8,888.00 1: 21.73 1: 35.11 1: 1.63 

Cymbot 9,939.60 6,171.00 10,134.30 882.20 429.00 212.20 10,609.60 6,387.80 9,922.10 1: 22.49 1: 4.01 1: 5.55 

CymAttack 9,798.80 6,474.60 9,322.50 721.60 765.60 248.60 10,235.80 6,991.60 9,073.90 1: 17.70 1: 5.85 1: 1.32 

Cymwater 7,603.20 6,111.60 8,976.00 587.40 622.60 88.00 8,102.60 6,646.20 8,888.00 1: 25.75 1: 12.61 1: 1.63 

Lanbot 10,740.40 7,893.60 10,843.80 250.80 358.60 221.00 10,769.80 8,031.20 10,622.80 1: 22.32 1: 11.29 1: 8.50 

LanAttack 10,951.60 6,821.11 10,843.80 530.20 380.60 257.40 11,224.40 6,944.31 10,586.40 1: 20.93 1: 5.47 1: 7.15 

Lanwater 9,957.20 7,233.60 9,847.20 719.40 490.60 96.80 10,579.80 7,627.40 9,750.40 1: 49.00 1: 21.60 1: 10.39 

Talbot 9,675.60 8,068.50 11,583.00 244.20 672.00 203.40 9,716.40 8,537.10 11,379.60 1: 19.07 1: 14.75 1: 12.95 

TalAttack 10,080.40 9,009.00 11,163.90 41.80 605.00 239.80 9,882.40 9,374.20 10,924.10 1: 16.87 1: 16.01 1: 9.09 

Talwater 8,016.80 7596.60 11,649.00 149.60 556.60 79.20 8,087.20 8,074.00 11,569.80 1: 28.42 1: 32.04 1: 35.67 

Tribot 9,055.20 6,270.10 10,886.70 554.40 523.60 194.60 9,415.00 6,599.10 10,692.10 1: 18.39 1: 5.46 1: 10.01 

TriAttack 10,150.80 8,547.00 8,461.20 545.60 462.00 231.00 10,465.40 8,778.00 8,230.20 1: 20.04 1: 14.03 1: -2.23 

Triwater 7,202.80 6,798.00 10,071.60 710.60 473.00 70.40 7,843.00 7,200.60 10,001.20 1: 28.50 1: 23.64 1: 17.84 

NopAttack 11,572.00 6,504.30 9,718.50 220.00 897.60 172.64 11,619.40 7,229.26 9,545.86 1: 33.50 1: 9.81 1: 4.64 

Nopwater 4,175.60 4,425.30 8,745.00 1,661.00 1,111.00 0.00 5,836.60 5,536.30 8,745.00 - - - 
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Note: All analyses are seasonal based. Cost of plant protection was the same across all season. Income from undamaged yield = total weight of undamaged yield x price (kg) 

undamaged yield. Income from damaged yield = total weight of damaged yield x price (kg) damaged yield. Total income = income from undamaged yield + income from damaged 

yield. Net income = Total income – cost of protection (for each treatment). Benefit over control treatment = Net income for each treatment – income from control. Cost: benefit ratio 

= Benefit over control for each treatment ÷ cost of protection for each treatment. Economic analysis followed the procedure in Amoabeng et al. (2014).
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6.4 Discussion 

Both habitat manipulation with the non-crop plants and spraying exerted pest 

suppression in this study, with the effects cascading to, improvements to head 

yield and quality of cabbage, overall net income, and cost: benefit ratios in all 

seasons. The no plant manipulation control sprayed with Attack® equally 

suppressed pests and resulted in the highest yield in the first season but was 

subsequently outperformed by some of the habitat manipulation with non-

crop strip treatments. In contrast, the no plant control sprayed with tap water 

showed high numbers of pests resulting in reduced yield and quality of 

cabbage in all the three seasons. The various non-crop plants exhibited 

different potential in supporting conservation biological control and as 

botanical insecticides. Higher cost: benefit ratios were exhibited by the 

treatments especially the sole habitat manipulation options. Habitat 

manipulation with non-crop strips plus spraying with Attack® had glaring 

additive effect in season one but this was reduced in season two and resulting 

in trade-offs in season three.  

6.4.1 Effects of treatments on pests 

 The possibility of relying on dual ecosystem services for managing brassicas 

pests was supported by the current study. Habitat manipulation for CBC, 

however, was superior in suppressing pests compared with botanical 

insecticides of the plant species. Habitat manipulation sprayed with tap water 

had lower numbers of pests comparable with habitat manipulation sprayed 

with botanicals or Attack®. For instance, habitat manipulation with T. 

triangulare and spraying with both tap water and botanicals recorded low 

numbers of pests even though aqueous extracts of T. triangulare was found 

to be inactive against P. xylostella and B. brassicae in an earlier lab bioassay 

(Amoabeng et al, unpublished report). This shows that natural enemies might 

be exclusively responsible for pest suppression in those treatments and also 

indicating the potential of T. triangulare in habitat manipulation for CBC. In 

contrast, habitat manipulation with C. juncea and sprayed with botanical from 

the same plant as well as no spraying had high pest infestation than C. juncea 

plots sprayed with Attack.  Attack® was thus, responsible for the low pest 

numbers. Crotalaria juncea was not a good candidate for habitat 

manipulation compared with the remaining five plant species in an earlier 

study (Amoabeng et al., unpublished). 
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Pest encountered in the present study are among the most destructive 

herbivores that cause problems to brassica production worldwide. Plutella 

xylostella, the most damaging among them is difficult to manage globally 

(Nahusenay & Abate, 2018; Nouri-Ganbalani et al., 2018). Hellula undalis 

and B. brassicae also pose serious challenge to brassicas crops (Javier et al., 

2018). For decades, these pests have been managed with the use of synthetic 

insecticides resulting in various ecological concerns (Furlong et al., 2013;  Li 

et al., 2018).  

Suppression of cabbage pests with endemic natural enemies often gives better 

pest control, high and quality crop yield compared with application of 

chemical insecticides as seen in e.g. Bommarco et al. (2011), Furlong et al., 

(2008), Furlong et al. (2004). A study on cabbage root fly Delia radicum 

(Diptera: Anthomyiidae) showed reduced number of pupae and larvae of the 

pests in habitat manipulation treatments compared with the no manipulation 

control (Nilsson et al., 2012). Another experiment assessing impact of flower 

strips on cabbage moth Mamestra brassicae L. (Lepidoptera: Noctuidae) and 

cabbage white butterfly, Pieris rapae L. (Lepidoptera: Pieridae) found that 

parasitism of M. brassicae and predation of P. rapae were enhanced in flower 

strip treatments. (Pfiffner et al., 2009).  

 

Botanical insecticides have likewise been successful against pests of brassica 

crops e.g. (Amoabeng et al., 2013; Amoabeng et al., 2018; Mkenda et al., 

2015; Mkindi et al., 2017). Combing CBC with botanical insecticides may 

result in better pest suppression compared with each of them in isolation 

(Gentz et al., 2010).  Habitat manipulation and botanical insecticides played 

complementary role in suppressing pests. The potential of each plant in 

supporting natural enemies and as botanical insecticide is vital in getting dual 

pest management services. Habitat manipulation with C. juncea plus Attack® 

resulted in effective suppression of pests compared with its equivalent but 

sprayed with extract of C. juncea. On the other hand, habitat manipulation 

with A. conyzoides sprayed with either Attack® or extract of A. conyzoides 

resulted in similar pest suppression or in some cases the aqueous extract spray 

option performing better than the Attack®.  
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6.4.2 Effects of treatments on predators 

Suppression of pests in this study highlights the potential role of natural 

enemies especially predators in conservation biological control. Predators 

have been acknowledged to effectively suppress pest in managed 

agroecosystems (Bommarco et al., 2011; Symondson et al., 2002) even 

though parasitoids have often been the focus of biological control of brassica 

crop pests (Grzywacz et al., 2010; Gurr et al., 2018). Spiders and ladybird 

beetles were generally high in the habitat manipulation plus botanicals and 

habitat manipulation plus tap water treatments compared with habitat 

manipulation plus Attack® treatments. A study in Nicaragua found that plots 

sprayed with synthetic insecticides had low parasitism of P. xylostella and 

low numbers of generalist predators including spiders compared with a no 

insecticides application treatment (Bommarco et al., 2011). The current study 

supports the general belief that aqueous plant extracts are relatively harmless 

to natural enemies (Campos et al., 2018; Charleston et al., 2006; Fening et al., 

2014) and can be integrated with biological pest control unlike Attack® which 

has deleterious effects on natural enemies. This insecticide (emamectin 

benzoate) is a novel semi-synthetic derivative of the natural product 

abamectin in the avermectin family (Ioriatti et al., 2009; Jansson et al., 1997). 

It is considered to have minimal effect on predators and parasitoid because it 

degrades rapidly through sunlight on leaf surface resulting in shorter contact 

period in the crop environment (Ioriatti et al., 2009). Some studies have found 

emamectin benzoate less harmful to natural enemies and therefore 

recommend its inclusion in integrated pest management programmes e.g. 

Depalo et al. (2017), Fening et al. (2014), Khan et al. ( 2015). Other studies 

have, however, found it to have negative impacts on natural enemies e.g. 

Amoabeng et al. (2013), Fening et al. (2013), Khan et al. (2018), Parsaeyan 

et al. (2018). In assessing the acute and sub-lethal toxicity of 14 pesticides on 

the generalist predator Orius laevigatus (Hemiptera: Anthocoridae), Biondi 

et al. (2012) found emamectin benzoate to be moderately harmful until 7 days 

after spraying. Khan et al. (2018) and Biondi et al. (2012) cautioned that the 

inclusion of insecticides such as emamectin benzoate in IPM programmes 

should carefully be evaluated. In the present study, treatments sprayed with 

Attack® had very low numbers of spiders and ladybird beetles indicating 

negative impacts of emamectin benzoate on natural enemies.  
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Numbers of natural enemies were higher in the no habitat manipulation 

sprayed with tap water (control) compared with the habitat manipulation 

treatments where floral resources and shelter were available. This might have 

happened because natural enemies move between plots and show aggregative 

numerical response to where prey are most abundant. Monsrud & Toft (1999) 

reported that, aggregative numerical response occurs when predators respond 

to increasing number of prey or are attracted to alternate prey that aggregate 

around honeydew produced as a result of aphid feeding. In a three-year study 

on effect of floral resources on cabbage root fly D. radicum, (Nilsson et al., 

2016) found that while there was an overall increase in hymenopteran 

parasitoid catches in habitat manipulation treatments, parasitism was higher 

in the control treatment where pest infestation was higher compared with the 

habitat manipulation treatments. The study further explained that parasitoids 

may feed on floral resources but also needed prey to complete their life cycle 

hence, the high parasitism rate in areas with high pest infestation. Donaldson 

et al. (2007) reported that numbers of predators increased in response to 

increasing population of soybean aphid and decreased when aphid population 

decreased. In the present study, aggregative numerical responses could have 

occurred as there was high B. brassicae infestation in the no plant habitat 

manipulation treatment.  

Generally, the experimental design of this study had some limitations. For 

instance, the 5 m alley between and within treatments was not wide enough 

to eliminate the likely movement of natural enemies across treatments. 

Consequently, results from some treatments might have been influenced by 

nearby treatments in close proximity. It is generally acknowledged that 

natural enemies can move long distances over hundreds of meters (Buderman 

et al., 2018) with plant borders doing less to restrict their movement. 

 

6.4.3 Effects of treatments on plant yield and quality 

The CBC treatments showed differences in supporting crop yield. Borders of 

T. triangulare gave higher cabbage yields compared with, for example, C. 

juncea. This shows that plant species selection is vital to maximising 

outcomes (Gurr et al., 2017).  Generally, there was improvement in yield and 

quality of cabbage season after season. This might be due to enhanced local 
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densities of natural enemies and possibly local suppression of pests. Similar 

results have been reported when cabbage pest were managed using IPM 

practices in which high marketable yields were obtained as a results of 

enhanced natural enemy activities (Bommarco et al., 2011; Furlong et al., 

2004). In season one, yields of each habitat manipulation treatment sprayed 

with either botanical insecticides or Attack resulted in higher yield compared 

with habitat manipulation without spraying. However, in subsequent seasons, 

yield in some of the sole CBC treatments were higher than treatments with 

both CBC and spraying. This could be due to an additive effect of CBC and 

spraying on cabbage yield in season one and trade-offs in latter seasons. 

Trade-off between biological control and application of insecticides have 

been reported e.g. Bommarco et al. (20119; Furlong et al. (2004). Thus, 

botanical insecticides and Attack® might have complemented the activities of 

natural enemies in season one. Habitat manipulation for CBCcould be 

complemented with application of biological pesticides such as botanical 

insecticides during the early stages of the season when numbers of natural 

enemies may not be enough to keep pests below what could cause economic 

injury to crops. Activities of natural enemies can, however, not be ruled out 

in season one as all habitat manipulation treatments outperformed the no 

habitat manipulation in both yield and quality.  

 

Yield observed in the present study compares favourably with those obtained 

in similar studies using the same crop variety at the same site e.g. (Amoabeng 

et al., 2013; Fening et al. (2013) and in the same locality e.g. Fening et al. 

(2014) indicating that habitat manipulation for CBC alone or in combination 

with botanical insecticides have the potential to effectively manage brassica 

crop pests.   

 

6.4.4 Cost of plant protection, incomes and cost: benefit ratios 

In this study, habitat manipulation sprayed with tap water had the lowest cost 

of protection while habitat manipulation sprayed with Attack® had the highest 

cost. For a pest management tactic to be adopted, output in terms of crop yield 

and quality and income from the sale of produce must be appreciable enough 

to offset the cost of protection and result in profit. It was observed that 

irrespective of the high cost of protection for habitat manipulation and 
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spraying treatments (both botanical and Attack®) they had higher net incomes 

compared with their corresponding habitat manipulation without spraying 

treatments in season one. This was as a result of high yield and quality of all 

habitat manipulation and spraying treatments compared with the sole habitat 

manipulation treatments. But in seasons two and three most of the habitat 

manipulation plus tap water and habitat manipulation plus botanicals 

recorded higher incomes than the habitat manipulation and Attack® 

treatments. This may have resulted from the overall improvement in yield and 

quality of the habitat manipulation plus tap water and habitat manipulation 

plus botanical treatments.  

Incomes were generally higher in season one for all treatments than in season 

two because price of undamaged cabbage heads was 25% higher in season 

one than in season two. However, incomes in season three were higher than 

the two previous seasons even though price of cabbage heads was the same 

as in season two. This was due to increase in cabbage yields in season three 

compared with season two. In addition, there were no damaged yields in 

season three, meaning all yields attracted the normal market value and 

proving that profitability is a factor of cost of production, quality and quantity 

of yield as well as the market value of produce at any given time (Amoabeng 

et al., 2014; Aziz et al., 2012).  

Irrespective of higher incomes in season three compared with season one and 

two, cost: benefit ratios were higher in season one and declined towards 

season three. This was because income from the control treatment was lowest 

in season one and increased towards season three. This was due to enhanced 

yield and quality of cabbage which might have resulted from possible 

movement of natural enemies from habitat manipulation plots to control plots 

(Griffiths et al., 2008; Nilsson et al., 2012). Cost: benefit ratios in this study 

was calculated based on income from the control treatment hence, increase in 

yield and income of the control treatment reduces income of the treatments 

over the control and eventually the cost: benefit ratio decreases.  

Cost: benefit ratio shows the economic viability and biological effectiveness 

of pest management intervention in relation to the control (Aziz et al., 2012; 

Chepchirchir et al., 2018). Positive ratios denote economic viability whilst 
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negative ratios mean the pest management tactic was not cost-effective. The 

highest cost: benefit ratio obtained in this study is superior to those attained 

in other studies while the lowest is below those obtained in those studies e.g. 

(Amoabeng et al., 2014; Aziz et al., 2012; Shabozoi et al., 2011). In all these 

studies, only cost of plant protection was used in calculating the ratios, and 

income from the control was the reference point.  

In the present study, cost: benefit ratios ranged between 1: -2.23 for habitat 

manipulation with T. procumbens sprayed with Attack® (TriAttack) in season 

three and 1: 49 for Talwater in season one respectively. While some 

treatments were highly beneficial in all seasons, others were only beneficial 

in some seasons. The no habitat manipulation but sprayed with Attack® had 

cost: benefit ratios of 1: 33.50, 1: 9.81 and 1: 4.64 for seasons one, two and 

three respectively whereas habitat manipulation with T. procumbens sprayed 

with tap water had cost: benefit ratios of 1: 28.50, 1: 23.60 and 1: 17.84 for 

seasons one, two and three respectively. On the other hand, TriAttack had 

cost: benefit ratios of 1: 20.04 and 1: 14.03 in season one and two respectively 

and 1: -2.23 in season three being negative. This implies that combination of 

two pest management tactics may have additive effects resulting in positive 

cost: benefit ratios in early seasons but trade-offs may occur in latter seasons. 

In such instances, combination of tactics should only be encouraged when it 

is absolutely necessary to achieve optimum and cost-effective pest 

suppression.  

6.5 Conclusions 

Combination of habitat manipulation for CBC and application of botanical 

insecticides can result in effective pest suppression with corresponding 

increase in crop yield, quality and income. Although the synthetic insecticides 

often give quick results to salvage crops from damage, they frequently lead  

to elimination of important organisms in the agroecosystem. Selection of 

insecticides to use alongside habitat manipulation should carefully be done to 

avoid negative impacts on natural enemies that are fundamental to successful 

CBC. Similarly, the choice of plant species for habitat manipulation should 

cautiously be considered because not all plant species have the potential to 

provide floral resources for natural enemies. Further care should be taken if 

dual ecosystem services of botanical insecticides and conservation biological 
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control are to be achieved. There is the possibility of trade-off between the 

provision of floral resources and insecticidal activity by the same plant 

species. There is evidence that compounds that have activity against insects 

may be found in the nectar of some plant species. In the current study, habitat 

manipulation plus tap water were more cost-effective than habitat 

manipulation plus spraying with botanicals or emamectin benzoate. 

Combination of other compatible tactics with conservation biological control 

should be done only when it is indispensable to achieve ideal pest 

suppression. In such case, an inexpensive and ecologically friendly 

insecticides such as botanicals should be selected as against chemical 

insecticides such as emamectin benzoate.   
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CHAPTER SEVEN  

 General discussion and conclusions  

7.1 Introduction 

There is ample evidence to the effect that synthetic insecticides which are the 

dominant tool in managing insect pests in intensive agriculture have not been 

entirely successful in delivering its objectives (Pimentel, 2009). Certainly, the 

use of synthetic insecticides has contributed greatly in achieving adequate 

production of food, feed and fibre to sustain human and animal needs 

(Bommarco et al., 2018), but it falls short in term of preserving the ecosystem 

which is required for continuous production of food (Borel, 2017). Frequent 

and injudicious application of synthetic insecticides has resulted in the 

creation of secondary pests and resurgence of primary pests due to 

elimination of vital natural enemies (Verghese et al., 2018). Even with the 

introduction of newer, milder insecticides and increased application 

frequency, crop loss due to insect attack has scaled up in the last four decades 

(Oerke, 2006; Pimentel, 2009). There is also threat to the availability public 

goods such as clean drinking water as a result of leached agrochemicals into 

water bodies (Bommarco et al., 2018). Import of insecticides cost many 

developing countries millions of dollars that could be channeled into other 

developmental projects (Wyckhuys et al., 2013). 

Regardless of sufficient evidence supporting its contribution to food security, 

adoption of ecosystem services in agriculture is still low (Bommarco et al., 

2018). It is noteworthy that natural enemies in the ecosystem contribute more 

to insect pest reduction well ahead of synthetic insecticides (Pimentel & 

Burgess, 2014). Biological control is an important ecosystem service 

provided by predators, parasitoids, pathogens and nematodes and has been 

used to manage insect pest centuries ago (Verghese et al., 2018). Biological 

control is one of the safest and the most economically profitable pest 

management option (Cock et al., 2010). While biocontrol methods such as 

classical and augmentative involve rearing and releasing of biocontrol agents, 

conservation biological control relies on endemic natural enemies in the 

agroecosystem making it more economical and less technically sophisticated 

to implement. Conservation biological control can contribute to the reduction 

of pesticides use in an IPM ( Begg et al., 2017). The efficiency of conservation 
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biological control can be enhanced greatly by planting various non-crop 

species to provide nectar, pollen, shelter and alternative host and thus, altering 

the mostly degraded habitat to near natural (Gurr et al., 2017). The 

fundamental principle is that, restoring loss habitat and reducing disturbances 

of the agroecosystem would lead to conserving natural enemies to effect 

natural pest control (Begg et al., 2017). There is evidence, however, that pests 

and natural enemies do respond inconsistently to the surrounding landscape 

(Karp et al., 2018; Mansion-Vaquié et al., 2017). 

In most developing countries including Ghana, farmers rely almost entirely 

on synthetic insecticides to manage pests even though habitat manipulation 

for conservation biological control has the greatest potential to succeed in 

such areas (Wyckhuys et al., 2013). To make conservation biological control 

accessible and easily adaptable in the developing world, habitat manipulation 

must be affordable, economically rewarding and applicable to addressing 

their pest management challenges. These could be achieved if plant species 

selected for habitat manipulation are readily available and could be obtained 

without cost and could as well provide multiple ecosystem services. 

It is of prime importance to consider the objective of the habitat manipulation 

project so as to select the appropriate plants that will provide the intended 

ecosystem service (Gurr et al., 2017). The potential of habitat manipulation 

to provide multiple ecosystem services makes it more appealing than when it 

provides a single ecosystem service (Finney et al., 2017). The mere presence 

of flowering plants in the agroecosystem does not guarantee the provision of 

resources to natural enemies (Gurr et al., 2017). In addition, whilst some plant 

species can provide dual ecosystem services (Isbell et al., 2017) such as floral 

resources and botanical insecticides, others may provide a single ecosystem 

service towards managing insect pests (Reviewed, 2.11).  

In the quest to exploring the potential of using habitat manipulation for pest 

management in the developing world, this thesis aimed at managing insect 

pest of cabbage based on dual ecosystem services of habitat manipulation for 

conservation biological control and botanical insecticides from readily 

available non-crop plant species. Four objectives were set to address the 

challenge. The first was to conduct caged plant bioassay using aqueous 
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extracts of the selected non-crop species against key pests of cabbage. The 

bioassays were conducted using P. xylostella, M. persicae and B. brassicae 

which are important pests of cabbage and other brassica crop globally. This 

was to establish the bio-efficacy of the plant extracts and the concentration 

that will offer substantial protection against cabbage pests in the field. The 

second objective was to conduct field experiments using the non-crop plant 

species in habitat manipulation to enhance natural pest suppression. The third 

was to conduct field experiments to measure the combined efficacy of 

conservation biological control supported by habitat manipulation with the 

non-crop species and aqueous extracts of the same plants against field pests 

of cabbage. The fourth was to conduct cost: benefit analysis of both habitat 

manipulations for conservation biological control alone and combined habitat 

manipulation for conservation biological control and botanical insecticides in 

managing cabbage pests (i.e. economic analysis of the two experiments in 

objectives two and three). These were necessary to economically justify the 

choice of such pest management interventions.  

7.2 Bioassay of aqueous extracts of N. megalosiphon and M. satureioides 

against P. xylostella, B. brassicae and M. persicae 
 

Bioassays are important techniques to determine the efficacy of substances 

against any living cell, tissue or organism (Zaio et al., 2018). Despite the rich 

of knowledge of botanical plants native to many developing countries, little 

work had been done on the Australian flora e.g. Rasikari et al. (2005). 

Establishing insecticidal activity in Australian native plants against brassica 

pests was thus an important contribution to knowledge. Until this study, no 

knowledge about insecticidal activity of the native tobacco N. megalosiphon 

existed. However, the commercial tobacco, Nicotiana tabacum had been used 

successfully to manage cabbage pests (Amoabeng et al., 2013) implying that 

N. megalosiphon could potentially have activity against brassica pests. 

Similarly, whilst no report on insecticidal activity of M. satureioides existed 

until this study, other species of Mentha had been extensively used against 

storage and field pests (Farghaly et al., 2009; Ferraro et al., 2003; Kumar et 

al., 2009; Kumar et al., 2011; Odeyemi et al., 2008). 
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In chapter three, aqueous extracts of N. megalosiphon at all concentrations 

(1%, 5% and 10%) were efficacious against P. xylostella better than the 

synthetic pyrethroid, tau-fluvalinate (positive control). On the other hand, all 

concentrations of M. satureioides performed poorly against P. xylostella.  In 

a second study using F1 P. xylostella survivors of tau-fluvalinate treatment, 

both 5% and 10% extracts of N. megalosiphon caused 100% mortality whilst 

efficacy of tau-fluvalinate reduced further compared with that on the previous 

generation. The observation indicates that P. xylostella used in that study 

might have developed resistance against the insecticide. Plutella xylostella 

resistance against synthetic insecticides including pyrethroid in Australia has 

been reported e.g. Endersby et al. (2011),  Eziah et al. (2008), Eziah (2009). 

 

Nicotiana megalosiphon at 5% and 10% concentrations exhibited efficacy 

against the two aphid species. However, only the 10% concentration of M. 

satureioides showed efficacy comparable to the 1% concentration of N. 

megalosiphon against M. persicae. Tau-fluvalinate, achieved 100% control 

of both aphid species. The study showed a clear difference in efficacy of 

aqueous extracts of the two Australian native plants against brassica pests. 

The relatively inactivity of Mentha in this study may be attributable to several 

reasons including method of extraction and solvent used, target pests or the 

species involved (discussed in chapter three, 3.4). In chapter three, chemical 

analysis showed the presence anabasine in N. megalosiphon at 2.8 ug/g leaf 

water extracts and 29.7 ug/g methanol extracts. Anabasine might therefore be 

responsible for the insecticidal activity of N. megalosiphon (discussed in 3.4).    

7.3 Caged plant bioassays against P. xylostella and B. brassicae 

Bioassays of aqueous extracts of A. conyzoides, C. citratus, C. juncea, L. 

camara, T. triangulare and T. procumbens against P. xylostella and B. 

brassicae were conducted as the first step in determining bio-efficacy of these 

plants against the herbivores. Most of the plants were relatively unknown to 

have been used to manage cabbage pests especially under field conditions. 

Ageratum conyzoides had, however, been previously successful against field 

pest of cabbage including P. xylostella and B. brassicae (Amoabeng et al., 

2013) and thus, its inclusion as source of botanical insecticide in this thesis 

was as a ‘check’ for aqueous extracts of other plant species. However, there 
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was no evidence regarding its use in habitat manipulation for conservation 

biological control of brassica pests. Hence, it joined other plant species which 

were to be freshly tested for habitat manipulation.   

 

The diamondback moth, P. xylostella, being the most important pest of 

brassicas globally (Furlong et al., 2013) was selected alongside B. brassica 

for the bioassay because they are the two most important pests of cabbage in 

Ghana (Amoabeng et al., 2013; Fening et al., 2014; K. Fening et al., 2013). 

These two herbivores represent two important order (Lepidoptera and 

Hemiptera) of brassica pests and thus, any extract that is able to cause 

effective suppression of these pests may potentially suppress other pests.  

 

In chapter four (4.2.2), simple aqueous extraction of the six non-crop plant 

species at three concentrations (1%, 5% and 10% w/v) were used against the 

two herbivores. Water (at ambient temperature) was used for the extraction 

as it is the safest and cheapest solvent that resource-limited, small holding 

farmers employ. The highest mortalities were observed when herbivores were 

exposed to 10% concentrations of the various extracts for 72hours. In all the 

aqueous extracts, (except that of T. triangulare that showed no insecticidal 

activity) the efficacy increased with increasing concentration and time of 

exposure. This observation collaborates with earlier studies (Amoabeng et al., 

2018; Ito et al., 2018). Many botanical insecticides, especially crude extracts 

act slowly and do not result in rapid knockdown, a characteristic of synthetic 

insecticides (Koul, 2004). Accordingly, 10% w/v concentrations were used in 

the field experiment. Whilst the 10%w/v concentration may seem high, it was 

the best to give significant protection to the cabbage crop in the field. Even at 

higher concentrations, botanical insecticides often pose less or no risk to the 

ecosystem and users especially when used in crude form (Isman, 2008) as 

was in the case in this thesis. 

 

With the exception of aqueous extract of A. conyzoides whose successful 

record against cabbage pests was already established, extracts of the 

remaining plants were not effective compared with the standard synthetic 

insecticide, Attack® (emamectin benzoate). However, they showed potential 

to provide realistic protection in the absence of better alternatives. Reasons 
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that might have caused the low efficacy of the aqueous extracts may include 

the inherent insecticidal properties, method of extraction, mode of application 

and the target pests. It is possible that essential oils of some of the plants or 

extracts obtained using organic solvent such as methanol might have 

enhanced their efficacy. For instance, fumigant and contact toxicity of 

methanol leaf extract of L. camara was obtained against Sitophilus oryzae L. 

(Coleoptera: Curculionidae), Callosobruchus chinensis L. (Coleoptera: 

Chrysomelidae) and Tribolium castaneum Herbst. (Coleoptera: Tenebrionidae) 

(Rajashekar et al., 2014). Essential oil of C. citratus exhibited good insecticidal 

potential against the Colorado potato beetle, Leptinotarsa decemlineata Say 

(Coleoptera: Chrysomelidae) (Ebadollahi et al., 2017). The above examples show 

that, although aqueous extracts are cheaper to prepare and safer to use, not all 

compounds are soluble in water and thus, unlikely to be the optimal extraction 

method for every plant.   

7.4: Effects of habitat manipulation on arthropod pests 

Globally, about 13% of crop loss is attributable to insect pests’ infestation 

(Mandava, 2018). There is need to keep insect pests under control if global 

food security is to be attained. In chapters four and five, the six non-crop 

Ghanaian plants were used in habitat manipulation field experiment to assess 

how they will individually encourage natural pest suppression in conservation 

biological control. These were compared with a no habitat manipulation 

treatment in three seasons field experiments. No insecticides (both synthetic 

and natural) were applied in and around the experiment due to their potential 

lethal or sub-lethal effects on natural enemies (Gouvêa et al., 2019; Teder & 

Knapp, 2019). There are three climatic seasons (based on amount and 

distribution of rainfall) in the Ashanti region of Ghana where the experiments 

were conducted. April to July- major rainy season, September to November- 

minor rainy season and December to March-dry season. The incidence and 

severity of pests often vary between seasons (Amoabeng et al., 2013; Cobblah 

et al., 2012). There was need therefore to assess the effects of the treatments 

in all the season to make a good judgement of their performance. In all 

seasons, all the habitat manipulation treatments performed better in reducing 

numbers of P. xylostella, B. brassicae and H. undalis resulting in the 

production of higher and quality cabbage heads compared with the no habitat 

manipulation treatment.  
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In chapter four and five, it was observed that numbers of P. xylostella, B. 

brassicas and H. undalis were higher in the first season (major rainy season) 

and reduced in the second season (minor rainy season) whilst the third season 

(dry season) had the lowest numbers of the pests. This observation was 

contrary to what was observed in earlier studies (Amoabeng et al., 2013; 

Fening et al., 2013) in the area where pest incidence was higher in the minor 

rainy season than the major rainy season. Whilst continuous cropping has the 

tendency to encourage build-up of insect pest and increase pest damage in 

successive seasons (Baidoo et al., 2017), the availability of endemic natural 

enemies, the presence of floral resources and absence of pesticides might have 

enhanced the build-up of natural enemies to encourage biological pest control 

in this study (Blumberg et al., 2016). Another factor that might have 

contributed to the low pest numbers in the dry season was the frequent manual 

irrigation. Drowning of pest larvae including that of P. xylostella with heavy 

rain/water drops has been reported to cause reduction in pest infestation 

(Cobblah et al., 2012; Kobori & Amano, 2003). 

The range of arthropod pests observed in this thesis is similar to earlier studies 

in the experimental area, e.g. Amoabeng et al. (2013), Baidoo et al. (2012), 

Fening et al. (2014), Fening et al. (2013). In all the studies above, P. xylostella 

and B. brassicae were the dominant pests.  

In all field experiments in this thesis, there were other organisms that caused 

problems to cabbage although they might not be recognized as pests of the 

crop elsewhere. Snails (mollusks) caused significant damage to cabbage. A 

whole plant could be consumed at the early stages after transplanting and at 

older stage, snails  caused defoliation and damage to cabbage heads. Damage 

to cabbage crop by mollusks in the study area had been reported e.g. 

Amoabeng et al. (2013), Fening et al. (2013). It was observed that, treatments 

manipulated with C. citratus were the worst affected by mollusk damage. 

This was because, C. citratus tillers profusely and result in large number of 

culms. The dense culms provide moist and shady environment which is 

conducive for habitation by mollusks. They were generally managed by 

handpicking and cracking.  Millipedes (Diplopoda) also caused extensive 

damage to young transplanted seedlings by feeding on the roots and 

underground stem of cabbage. Millipede damage was observed in seasons 
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two and three of the study. Their presence and damaging activities might have 

been aggravated by the relatively high content of organic matter in the soil 

due to the application of poultry manure, the no till land preparation employed 

in the experiments, leaves and pruned parts of the habitat manipulation plants 

as well as residues of harvested cabbage in season one. These might have 

provided food for millipedes who are known to feed mainly on decaying plant 

parts (Bogyó et al., 2015; Dunlop & Garwood, 2018). Good field sanitation, 

especially by gathering crop residue after harvest may be necessary to prevent 

the occurrence of millipedes.  

Managing insect pests of cabbage and other brassica crops using habitat 

manipulation with non-crop plants is not entirely new internationally e.g. 

Géneau et al. (2012), Pfiffner et al. (2009), Luther et al. (1996), White et al., 

(1995). There are, however, two aspects that make the current study different 

from the previous ones. First, plants selected for habitat manipulation in the 

current study are native/naturalized species that have not been previously 

used in any habitat manipulation studies for the management of brassica pests 

or any other crop pests. This therefore adds to literature plant species that 

could subsequently be involved in planned habitat manipulation for 

conservation biological control (reviewed, chapter 2.11, table 2.1).  Second, 

habitat manipulation for conservation biological control is relatively 

unknown in Ghana where the study was carried out. Thus, the current study, 

and essentially the encouraging results serve as the basis to explore the 

potential of using this pest management tactic in crop production systems of 

Ghana and other West African countries with similar climatic conditions and 

agricultural systems. It must be emphasized that, most habitat manipulation 

for conservation biological control studies have been conducted mainly in the 

advanced countries (North America, Europe, Australia, New Zealand and 

Japan) (Wyckhuys et al., 2013) and very few non-native plant species are 

characteristically used in such studies (Fiedler et al., 2008). 

In chapter four and five it was observed that the non-crop plants had different 

potential as habitat manipulation species. For instance, they varied in their 

ability to quickly establish and persist over the seasons. The annuals among 

them (A. conyzoides, C. juncea and T. procumbens) required regular 

replacement whilst the perennials (C. citratus, L. camara, and T. triangulare) 
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persisted throughout the study period but required regular pruning to prevent 

competition with the cabbage for space, sunlight and other resources. Again, 

the various plants performed differently in their ability to support the delivery 

of conservation biological control. Treatments involving the perennial 

flowering plants (L. camara and T. triangulare) consistently had low numbers 

of pests compared with the other treatments. This might be because they 

persisted in bloom throughout the study period and thus, could potentially 

attract and reward natural enemies better than the remaining plant species 

(reviewed chapter two, 2.7.2). However, among the two, T. triangulare might 

be the preferred choice for reasons such as being the best in supporting 

conservation biological control, easily established, low growth habit 

requiring less trimming and being an important indigenous potherb. 

The choice of plant for habitat manipulation is particularly important (Gurr et 

al., 2017). This is because, some plant species in habitat manipulation may 

benefit pests rather than natural enemies, while some insect species associated 

with some plants may assume pest status under certain conditions. In this 

study, the crimson speckled moth Utetheisa pulchella L. (Lepidoptera: 

Noctuidae) which is attracted to C. juncea and feed on pods of the plant was 

observed consuming young cabbage seedlings in the absence of C. juncea 

pods. This insect has been found to feed on plants in other families including 

Malvaceae and Boraginaceae (Ajamhassani et al., 2012), and could be a 

potential pest of crops in such families.  Overall, it appears C. juncea was the 

poorest among the non-crop species in supporting conservation biological 

control. Floral resources of C. juncea are reported not to be accessible to 

small-bodied insects (reviewed 2.3.2) and thus might not benefit natural 

enemies by providing them with nourishment.  

Whilst five of the plant species used for habitat manipulation in this study 

were flowering plants and could provide nectar and pollen, C. citratus was 

not and unlikely to have extrafloral nectar as well (Blüthgen & Reifenrath, 

2003). It was however, selected due to its potential to provide botanical 

insecticide as an additional ecosystem service for managing cabbage pests 

while it provides conducive habitat for potential natural enemies. Secondly, 

it could provide a distinct difference between habitat manipulation plant with 

floral resource and those without.  
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7.5 Effects of habitat manipulation on natural enemies 
In chapter four, three natural enemy taxa were mentioned (two predators; 

Araneae and Syrphidae and parasitoid, C. plutellae). Spiders were the 

dominant predators in all the three seasons. Coccinellidae (ladybird beetles) 

were also observed in the experiments but much attention was not given to 

them due to their inconsistent pattern of appearance. Generally, numbers of 

predators were higher in the habitat manipulation treatments and low in the 

control at early stages of the experiments. However, as pest infestation 

increased in the control treatments, predators moved to the control treatments 

in response to the abundance of prey.   

Most predators are believed to be omnivores feeding on both prey and plant 

resources such as nectar and pollen (Ugine et al., 2018). Consumption of both 

plant resources and prey food is known to benefit predators by providing them 

with balanced diet i.e. nutrients from plant sources may not be available in 

prey (Pearson et al., 2011). Predators consume both plant resources and prey 

when both are available but little is known about why they switch between 

the two food sources (Schuldiner-Harpaz & Coll, 2017). In a study in which 

the seven spotted ladybird beetle Coccinella septempunctata (Coleoptera: 

Coccinellidae) was fed with all prey diet, it showed normal growth and 

development but it suffered spermatogenic failure (Ugine et al., 2018). Thus 

both plant source food and prey are required for growth, development and 

reproduction.  

Aggregative numerical response (discussed in chapter 4.3.2) is suggested to 

be the cause of movement of natural enemies from the habitat manipulation 

treatments where there was low pest infestation to the control plots that had 

high pest infestations. The generally poor quality of cabbage heads especially 

in season one indicates that predators contributed significantly in suppressing 

pests. Although numbers of predators were higher in the control plots, injury 

to crop might have already occurred before aggregation of predators. This 

indicates that natural enemies must be present and at closer proximity to 

disperse into the field before pest population increases (Evans, 2018). 

In chapter four (4.3.3), parasitism rate (percentage) of lab cultured P. 

xylostella larvae for each habitat manipulation treatment was studied. Sentinel 

larvae and cabbage plants were used for this study due to inconsistent natural 
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infestation of P. xylostella. No differences were observed among the various 

habitat manipulation treatments as well as the control in percentage parasitism 

even though the habitat manipulation treatments were expected to provide 

floral resources to parasitoids to enhance their activities. Two reasons might 

have accounted for this observation. First, parasitoids might have been 

attracted to both floral resources provided by habitat manipulation and P. 

xylostella and since the control treatment had higher infestation compared 

with the habitat manipulation treatments there might be equal distribution of 

parasitoids between these two food sources. In studying the effect of flower 

strips on parasitism of the cabbage root fly D. radicum, (Nilsson et al., 2016) 

found that whilst number of parasitoid catches were higher in plots with 

flower strips, no differences were observed in parasitism rate between plots 

with flower strips and the control plots. They attributed this to movement of 

parasitic wasp from the treatment plot to the control plot to lay eggs into the 

host which were abundant in the control plots. This was possible due to the 

shorter distances between treatments which was also the case in the current 

study.  

Cotesia plutellae was the only parasitoid of P. xylostella found in the 

experiment. Fening et al. (2014) found C. plutellae as the only parasitoid of 

P. xylostella at Afari which may be less than 50km from the present study 

site. Cotesia plutellae accounted for over 90% parasitism of P. xylostella in 

Accra (Cobblah et al., 2012), which is about 280 km from Kumasi. It is 

possible that there may be other parasitoids of P. xylostella at the present 

study site that were not observed in the study. This is because only third instar 

larvae of P. xylostella were used in the study while there are parasitoids that 

attack different developmental stages of the insect. For instance, there are egg 

parasitoids e.g. Trichogramma spp. (Hymenoptera: Trichogrammatidae) 

(Azizoglu et al., 2015) and pupal parasitoids e.g. Diadromus collaris 

Gravenhorst (Hymenoptera: Ichneumonidae) (Shakeel et al., 2017). Such 

parasitoids may potentially be present at the study area but might have 

escaped detection due to the developmental stage of the host larvae used in 

the experiment. 



170 
 

7.6 Habitat manipulation effect on plant yield and quality 

In chapter five, habitat manipulation with the non-crop plants had positive 

effects on cabbage head yield and quality. In all the seasons, the habitat 

manipulation plots had higher head yield compared with the no habitat 

manipulation control. In season one and two, the habitat manipulation 

treatments also had low damaged head yield of cabbage. The difference in 

yield and quality of cabbage heads between the treatment and control could 

be attributed to the presence of natural enemies in the treatment plots at the 

early stages of the crop life. That might have reduced injury to the cabbage 

crop. Even though natural enemies were found to be high in the control 

treatment at latter stages when pest infestation was high, it is suspected that 

injury to cabbage crop would have already been caused, hence the production 

of low and poor quality yield in the control treatment. It has been reported 

that cabbage suffers the most damage during the early stages of the plant 

(Gautam et al., 2018; Philips et al., 2014). For instance, it is estimated that 

about four larvae on cabbage seedling can result in unrecoverable damage 

whilst about 10 larvae is required to damage a plant that is one month old 

after transplanting (Gautam et al., 2018). 

 Even though no insecticides were applied in this study, cabbage yields 

compared favorably with those of previous studies at the study area which 

involved insecticide application. In chapter five, cabbage yield per plant of 

0.71kg, 0.91kg and 0.93kg obtained in season one, two and three respectively 

were higher than average yields obtained in earlier studies e.g.  Amoabeng et 

al. (2013), Baidoo et al. (2012). It is important to state that all the above 

mentioned studies and the current one used the same cabbage variety (cv. 

Oxylus) and all had 500g of poultry manure for soil fertility improvement. 

Cabbage yield in this study shows that habitat manipulation for conservation 

biological control can potentially replace chemical pest control in Ghana’s 

cabbage production system. It was observed in chapter five that cabbage yield 

and quality improved season after season until there was no record of 

damaged head yield in season three. This could be due to a steady rise in the 

population of natural enemies within the farm scale to suppress pests as the 

seasons progressed. The improvement in quality of cabbage heads in the 

control treatment shows that, the 5m alley between treatments was not wide 

enough to completely restrict movement of natural enemies across treatments. 
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Again, habitat manipulation with L. camara and T. triangulare that 

consistently had lower numbers of pest were consistently higher in cabbage 

head yield and indicating a strong link between reduced pest infestation and 

high crop yield and quality.  

7.7 Economic implications of habitat manipulation for cabbage pest 

management 

Crop production requires sound management practices based on ecological 

sustainability and profitability as the ultimate goal. Pest management 

constitutes a huge proportion of the cost of crop production which can 

threaten good profit margins. Vegetable crops, including cabbage, have wide 

range of insect pets and require substantial investment in pest management if 

high and quality yield is anticipated. Cost of purchase and application of 

insecticides alone can take up to 65% of the total cost of brassica crop 

production in Kenya (Grzywacz et al., 2010). In south and Southeast Asia, 

insect pest management costs between 33% and 50% of the total material cost 

of vegetable production (Srinivasan, 2012). Poorly executed pest 

management can result in complete crop failure with dire economic 

consequences (Costa et al., 2019). Managing cabbage pests can be capital 

intensive and thus, cost-effective option such as conservation biological 

control in which farmers do not directly pay for the presence of natural 

enemies unlike classical or augmentative biological control (Naranjo et al., 

2015) can result in high economic returns. 

 

Economic assessment of conservation biological control activities is scarce 

(Naranjo et al., 2015). In chapter five, attempt was made at quantifying the 

costs and benefits associated with habitat manipulation for conservation 

biological control. This was necessary because any pest management tactics 

employed must have positive impact both economically and ecologically to 

warrant its wider adoption. Here, habitat manipulation treatments resulted in 

high profitability compared with the control treatment. Despite the cost of 

establishing plants for habitat manipulation, and the higher number of plant 

per hectare (500 plants more) in the control treatment, it had lower net income 

compared with habitat manipulation treatments. The habitat manipulation 

treatments also differed in net income. It was observed that, treatments that 

had few damaged cabbage heads, had higher income. This was because, 
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damaged cabbage heads were sold for half the price of the undamaged heads. 

The quantity of damaged and undamaged heads was directly linked with the 

potential of that treatment to attract natural enemies to suppress pests.  

 

Incomes for the various treatments were higher in season one compared with 

season two and three even though crop yields were higher in the latter two 

seasons. This was due to changes in market value of the crop. In Ghana, 

cabbage is mostly grown in marshy and low lying areas along streams within 

the city centers (Timbilla & Nyarko, 2004). In such places, cultivation of the 

crop is often difficult in the major rainy seasons as such places become 

waterlogged. Thus, there is often scarcity of cabbage on the market and the 

forces of demand usually push the price up. There is often, however, massive 

cultivation of the crop during the minor rainy seasons and the dry seasons 

which often result in glut and forcing market prices to go down.  

 

In chapter five (table 5.2) higher cost: benefit ratios were obtained for habitat 

manipulation for conservation biological control and indicate the 

effectiveness and economic benefits of the pest management tactic. Cost: 

benefit ratios obtained in this study were far higher than those obtained for an 

equally ecological sustainable pest management option such as botanical 

insecticides (Amoabeng et al., 2014).  

 

7.8 Combined use of conservation biological control and botanical 

insecticides for pest management 

Natural enemies are the cornerstone of biological control and IPM generally 

(Guedes et al., 2016; Hajek & Eilenberg, 2018; Srinivasan et al., 2019). 

Integrated pest management cost-effectively and sustainably combines 

various compatible pet management tactics to prevent pests from reaching the 

economic injury level (Altieri et al., 2018). In chapter six, habitat 

manipulation for conservation biological control was combined with the 

application of botanical insecticides in factorial experiments to suppress pest 

in cabbage production system in Ghana (Chapter 6.2.1 for experimental 

design). The six non-crop species used for habitat manipulation in chapter 

four and five were used for this purpose. Aqueous extracts of these plants had 

also been tried earlier against B. brassicae and P. xylostella (seen in chapter 
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4.2.2 and chapter 7.3) in the lab and potentially could offer a level of 

protection against field pest of cabbage.  

In chapter six, habitat manipulation with the non-crop species in combination 

with either spraying with botanical, emamectin benzoate or tap water reduced 

pest numbers to result in high and quality cabbage heads. The no habitat 

manipulation sprayed with emamectin benzoate equally suppressed pests 

resulting in good quality cabbage yield. However, the no habitat manipulation 

sprayed with tap water performed poorly in reducing pest insects. The 

observations indicate that both habitat manipulation and spraying with either 

botanicals or emamectin benzoate can substantially protect cabbage crop 

from insect pests.  

In chapter six, it was observed that each plant species has its inherent potential 

for each of the ecosystem services tested. Comparing the factorial 

experiments (chapter six) to the sole habitat manipulation experiments 

(chapters four and five), it was observed that each of the plant species had its 

strength; either as excellent habitat manipulation species but not so good as 

botanical insecticide source and vice-versa. For instance, T. triangulare was 

an excellent habitat manipulation species but poor botanical insecticide 

source. This is because, even though aqueous extract of the plant showed no 

activity against both P. xylostella and B. brassica, in habitat manipulation 

plus all spraying options including tap water completely suppressed cabbage 

pests. Crotalaria juncea for instance, was not good as both habitat 

manipulation and botanical insecticide species. It was observed in chapter 

four and five that, this species was the poorest in supporting the suppression 

pest among all the species. In the factorial experiment, excellent result was 

observed in C. juncea as habitat manipulation species and spraying with 

emamectin benzoate. The observations give an idea about the basis to select 

plants species for dual ecosystem services. Not all plant species may provide 

both services excellently and making plant selection an important 

consideration.  

In chapter six, habitat manipulation and spraying with botanicals and tap 

water did not have any negative impact on natural enemies. High numbers of 

natural enemies in cabbage fields without synthetic insecticides application is 

not uncommon e.g. Fusaro et al., (2016). However, all habitat manipulation 
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and emamectin benzoate and no habitat manipulation and emamectin 

benzoate combinations had lower numbers of natural enemies compared with 

treatments without emamectin benzoate. While there are reports of the use of 

emamectin benzoate in IPM, results from this study show that, it has 

detrimental effects on natural enemies. In assessing the effect of emamectin 

benzoate on Plexippus paykulli Audouin (Araneae), Khan et al. (2018) 

reported a negligible effect on survival but detrimental effect on locomotion 

and growth and concluded that emamectin benzoate cannot be recommended 

for IPM.  

In chapter six, both habitat manipulation alone or in combination with 

spraying with botanicals or emamectin benzoate produced high and quality 

yield of cabbage. Comparing yields between the sole habitat manipulation 

and the habitat manipulation plus spraying experiments, it could be noticed 

that differences were not observed in yield between the two experiments in 

the first season. However, in the second and third seasons, yield in the sole 

habitat manipulation experiment were slightly higher than those obtained in 

the factorial experiments. In the factorial experiments, treatments with 

emamectin benzoate spraying were the highest in yield in the first season but 

in the third season treatments with habitat manipulation sprayed with tap 

water had the highest yields. It is possible that application of emamectin 

benzoate in the factorial experiment might have generally reduced the 

abundance of natural enemies in the farm scale. Numbers of natural enemies 

e.g. spiders were higher in the habitat manipulation only experiments 

compared with the habitat manipulation and spraying experiments and this 

might have accounted for the higher cabbage yields in the habitat 

manipulation only experiments. These observations show that natural 

enemies alone could be enough to suppress insect pests in cabbage crop 

production systems. Natural enemies provided better pest suppression in 

cabbage crop than application of insecticides (Bommarco et al., 2011; 

Furlong et al., 2008). However, application of benign insecticides at the early 

stages of the season when natural enemy numbers might not be adequate to 

suppress pests may be beneficial provided they do not have negative impact 

on natural enemies.  
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In chapter six, higher net incomes were obtained from the habitat 

manipulation plus emamectin benzoate treatments even though these 

treatments had higher cost of plant protection compared with habitat 

manipulation plus tap water and habitat manipulation plus botanicals. This 

happened because, treatments sprayed with emamectin benzoate had 

noticeably higher cabbage head yield compared with the botanicals and tap 

water spraying options.  

In chapter six varying cost: benefit ratios were obtained for the habitat 

manipulation and spraying combinations. In all seasons, habitat manipulation 

plus tap water spraying gave the highest cost: benefit ratios whilst the habitat 

manipulation plus emamectin benzoate treatments had the lowest ratios. This 

observation indicates that integrated use of both habitat manipulations for 

conservation biological control and application of synthetic insecticides may 

not be cost-effective compared with each of the tactics in isolation. In chapter 

six, whilst some of the habitat manipulation plus tap water e.g. Lanwater had 

cost benefit ratio of 1:19, habitat manipulation plus emamectin benzoate 

treatments lad lower ratios with some e.g. TriAttack recording negative (cost: 

benefit ratio of 1: -2.23) indicating ineffective treatment combinations.  

It was realized in chapter six that combining conservation biological control 

and insecticides may have additive response resulting in high and quality crop 

yield with corresponding income and cost: benefit ratio. However, cost: 

benefit ratios declined to negatives indicating a trade-off between the two pest 

management tactics. The likely situation is that emamectin benzoate had 

negative impact on natural enemies and thus making them irrelevant in pest 

suppression.  

7.9 Limitations of this study 

This thesis has demonstrated that pest of cabbage can be managed using dual 

ecosystem services of habitat manipulation for conservation biological 

control and botanical insecticides from native/naturalized non-crop plant 

species. Even though the overall results look promising, some limitations 

were inevitable.  

i. Method of extracting botanical insecticides from the non-crop 

plants. Focusing on small holding, resource-limited farmers in the 
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developing countries, some of whom lack formal education, 

aqueous extraction (cold water) was the cheapest, easiest and 

safest method. Obviously, however, not all plant compounds are 

water soluble (Campos et al., 2018). This might have made 

aqueous extract of some plant species inactive or perform below 

their potential. Whilst aqueous extracts of some plant species e.g. 

C. citratus and C. juncea were not very effective against P. 

xylostella and B. brassicae in the lab (even though their activity 

against field pests of cabbage was somehow masked by 

conservation biological control), extract of A. conyzoides for 

example, was excellent against the two herbivores in lab bioassays 

and in field with efficacy comparable to emamectin benzoate. 

Thus, farmers have the option of selecting from range of plant 

species the most effective given that aqueous extraction is the 

most practicable method.  

ii. Ideally, aqueous extracts of the plants should have been tested 

against natural enemies (both predators and parasitoids) in the lab 

bioassays before field application. This was, however, not done. 

Many studies e.g. Charleston et al., (2005) Isman (2008) have 

reported that plant extracts especially in the crude form at 

relatively low concentrations have no negative effects on natural 

enemies.  

iii. Chemical analysis of the various compounds in the plant extracts 

was not done. This was because the study was the first step aimed 

at establishing insecticidal activity of most the plants against 

cabbage pests.  

iv. Nicotiana megalosiphon and M. satureioides were not involved in 

habitat manipulation experiments and their use for that purpose is 

not known at this stage. However, there are suggestions that M. 

satureioides can provide multiple ecosystem services and could 

potentially be a successful candidate for habitat manipulation. In 

a habitat manipulation study, M. satureioides enhanced pest 

suppression and pollination as well as attracting more native 

butterflies without reducing soil biological activity (Pandey et al., 

unpublished data). 
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v. The overall duration of the field experiments was relatively short. 

Often it takes a fairly longer duration to fully assess the ecological 

interaction between the various trophic levels in the 

agroecosystem and how they influence pest suppression ( Fiedler 

& Landis, 2007). A short duration crop (cabbage) was selected 

and three season of experiments were conducted to get as much 

data as possible within the permissible length of the study. This 

allowed an experiment each to be conducted in each of the three 

(climatic) rainfall seasons in the Ashanti region of Ghana. Pest 

dynamics often vary in accordance with the seasonal rainfall. 

Effective pest suppression of the treatments in all seasons means 

that findings of the study can be implemented in every season in 

Ghana and West Africa in general due to similar climatic 

conditions.  

vi. Generally, the 5m alley between and within treatments in the field 

experiments was not wide enough to eliminate the possibility of 

movement of natural enemies between treatments. Consequently, 

results obtained from some treatments might have been influenced 

by other treatments in close proximity. It is generally 

acknowledged that natural enemies can move long distances over 

100s of meters (Buderman et al., 2018) with plant borders doing 

less to restrict their movement. However, the marked differences 

in pest and natural enemy numbers as well as crop yield and 

quality among the various treatments, especially the no habitat 

manipulation show that each treatment expressed its own 

potentials with nearby treatments having negligible influence on 

other treatments.  

7.10 Recommendations for future research 

Based on the limitations of this study, the following are recommendations for 

future research,   

a. Simple organic solvents such as ethanol should be evaluated for 

extraction of compounds. This may enhance the insecticidal activity 

of compounds that might not be water soluble. However, if aqueous 
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extraction would be retained, using warmer water and adding soap 

may enhance the potency.  

b. Lab experiment to determine the lethal, sub-lethal and LC50 

concentrations of the various plants extracts for the two key pests, P. 

xylostella and B. brassicae. In addition, a lab bioassay should be 

conducted to quantify the effect of the various extracts against a 

generalist predator e.g. spider and a parasitoid e.g. C. plutellae. 

Further attempt should be made to isolate and identify the various 

compounds that give insecticidal activity of each plant species. Lastly, 

lab bioassays should be conducted to determine the mode of action of 

the various compounds. 

c. Habitat manipulation studies involving the non-crop plants should be 

conducted over a longer period of time (e.g. over a period of three 

years and in various seasons). This might reveal a clearer effect of 

each species on natural enemies and how they impact on pest 

suppression.   

d. Each plant species should be used in experiments that are widely apart 

enough to eliminate the tendency of effect of some species being 

influenced by other species. Again, various arrangements of the non-

crop plants in relation to the crop should be studies. In this study, the 

habitat manipulation species were planted together with cabbage as 

intercrop. Other arrangements such as field margin planting may be 

tried.  

e. Monitoring of natural enemies using pitfall traps for earth dwelling 

predators and sticky traps for above ground predators and parasitoids 

should be conducted to determine the range of natural enemies 

attracted to each of the plant species.  

f. An experiment comparing these native/naturalised species with one of 

the recommended non-native species such as buckwheat may provide 

a comparing evidence regarding the potential of these 

native/naturalised species in habitat manipulation for conservation 

biological control.  

g. Large scale studies using the most promising plants for habitat 

manipulation including T. triangulare and L. camara and the most 



179 
 

promising botanical insecticide; A. conyzoides should be conducted to 

verify findings.  

7.11 Conclusions 

Agricultural intensification including the use of synthetic insecticides has 

enhanced global food supply and food security, albeit at the detriment of 

sustainability and environmental impact (Bommarco et al., 2018). Insect pest 

management using synthetic insecticides has economic implications and 

negative ecological and human health impacts (Larsen et al., 2019). 

Ecological intensification in crop production can equally lead to increased 

crop yields and more sustainable global food security (Bommarco et al., 

2018). In this thesis, management of insect pests was achieved using two 

ecosystem services of botanical insecticides and habitat manipulation for 

conservation biological control with naturalized/native plant species. Among 

the botanical insecticides, extract of A. conyzoides at both 5% and 10% 

concentrations exhibited efficacy against P. xylostella and B. brassicae 

comparable to emamectin benzoate (Attack®). Aqueous extracts of most of 

the remaining plants, however, reduced the population of these herbivores to 

an appreciable extent and can offer reasonable protection to cabbage crop in 

the absence of superior alternatives. Extracts of T. triangulare showed no 

activity against the two herbivores.  

In field experiments over three seasons, habitat manipulation treatments with 

the non-crop species had low numbers of cabbage pests resulting in the 

production of high and quality cabbage heads whilst the no habitat 

manipulation control had low and poor quality cabbage yield especially in the 

first season. There was general improvement in the yield and quality of all 

treatments including the no habitat manipulation control treatment in 

subsequent seasons over the previous showing a possible local increase in 

natural enemy numbers. The control treatment also benefited from the general 

increase in natural enemy numbers in the farm scale, thus having an improved 

cabbage yield and quality in latter seasons. Natural enemies were often higher 

in the habitat manipulation treatments at the beginning of the season but move 

to the control treatments in response to high pest infestation and showing 

aggregative numerical response, possibly complemented by some 

demographic response reflecting the fact that provision longevity and 
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fecundity of some natural enemies will have been enhanced by plant foods 

(Kean et al., 2003). The high natural enemy numbers in the control treatment 

at latter part of the season, however, often did not translate into high crop 

yield and quality compared with the habitat manipulation treatments. This 

shows that economic injury to crop might have occurred prior the natural 

enemies colonizing the control treatments and emphasizing the importance of 

the relative timing of arrival of natural enemies and pests in crop field 

(Macfadyen et al., 2015). It is therefore important to ensure that optimum 

conditions exist for natural enemies to disperse to the crop field before pest 

numbers increase (Macfadyen et al., 2015; Tscharntke et al., 2016).  

This study showed that two ecologically-based pest management tactics are 

compatible and can be integrated to give efficient pest suppression. In this 

study, the combination of habitat manipulation for conservation biological 

control and botanical insecticides provided pest suppression in cabbage crop 

that resulted in high yield and quality. The combination of habitat 

manipulation for conservation biological control and synthetic insecticide, on 

the other hand gave good cabbage yield and quality in the first season but 

trade-off in subsequent seasons occurred. Integration of conservation 

biological control and emamectin benzoate gave high and quality yield and 

outperformed habitat manipulation only and habitat manipulation plus 

botanical insecticides in season one. In seasons two and three, the habitat 

manipulation only outperformed the habitat manipulation and emamectin 

benzoate treatments in yield. The study also showed that spraying with 

emamectin benzoate negatively affected natural enemies by reducing their 

numbers whereas botanical insecticides had no negative effects on natural 

enemies. 

Habitat manipulation for conservation biological control was cost-effective. 

This was evident from the high net profit and high cost: benefit ratios obtained 

from the treatments. Whilst the habitat manipulation only treatments 

consistently had higher net income and cost: benefit ratios, treatment 

combining habitat manipulation and spraying with emamectin benzoate 

decreased in cost: benefit ratios after each seasons. In the third season, some 

treatments combining habitat manipulation and spraying with emamectin 
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benzoate resulted in negative ratios indicating a trade-off between the two 

tactics with time.  

This thesis has shown that dual ecosystem services in habitat manipulation 

and botanical insecticides for ecological pest management is attainable from 

certain plant species. A clear understanding of the services to be delivered is 

imperative to guide the selection of the various plants. To ensure early 

dispersal of natural enemies, habitat manipulation plants should ideally be 

established early in the crop calender so they bloom early in the season, 

providing resources to natural enemenies and thereby preventing pest 

population build up. It is possible also to harvest plant parts such as foliage 

or seed pods for botanical insecticide production later in the season to deal 

with uncontrolled pest build-up should biological control fail to sufficiently 

suppress pests. Simple methods such as aqueous extraction can be used to 

obtain potent insecticides for ecological pest management. On a wider time 

scale, habitat manipulation plants could be harvested at the end of the growing 

season and stored for later processing into botanical insecticides for use in a 

subsequent crop (e.g. in review, Fig 2.1). Such low-tech approaches are 

particularly appropriate for developing country agriculture.  
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