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Abstract (NL) 

De entomofage schimmel Beauveria bassiana wordt gebruikt als commercieel bio-insecticide 

tegen vele algemeen vookomende plagen, zoals bladluis en thrips in serres. Er is aanhoudend 

onderzoek nodig om zijn werkzaamheid als insecticide te verbeteren en nieuwe manieren te vinden 

om de bestaande isolaten te commercialiseren. Beauveria bassiana wordt beschouwd als een 

uitstekende kandidaat voor verscheidene IPM programma’s vanwege zijn effectiviteit als 

insecticide en algemeen lage toxiciteit tegenover de mens en andere niet-doelgroep organismen. 

Zeven isolaten ISH-372, ISH-373, ISH-252, ISH-189, ISH-190, ISH-272 and ISH-171, zijn getest 

en geanalyseerd voor hun respectievelijke productie van sporen bij temperaturen van 10˚C, 17˚C, 

25˚C, 30˚C en 37˚C. Voor elk isolaat werden tellingen van het aantal sporen uitgevoerd en werd 

de levensvatbaarheid van deze sporen getest. Met behulp van deze informatie werd het aantal 

levensvatbare sporen/ml berekend om de optimale groeitemperatuur vast te stellen voor elk isolaat. 

Uit de resultaten bleek dat ISH-171, ISH-272 en ISH-252 de best producerende isolaten waren met 

elk meer dan 1×108 sporen/ml voor temperaturen van 25˚C tot 30˚C. Het tweede deel van dit 

onderzoek bestond uit een proef die de werkzaamheid van de isolaten ISH-171 and ISH-272 tegen 

de Ni-uil (Trichoplusia ni) onderzocht bij 25˚C. Ni-uil insecten van het 2e larvaal stadium werden 

blootgesteld aan deze Beauveria bassiana isolaten, gebruik makend van de rechtstreeks contact 

methode en de residueel contact methode. Larvale sterfte en sporulatie werd dagelijks 

gecontroleerd en deze informatie werd gebruikt om de werkzaamheid van elk isolaat te 

achterhalen. Isolaat ISH-171 was duidelijk effectiever dan ISH-272 ter bestrijding van de Ni-uil, 

maar misschien toch niet effectief genoeg voor gebruik als commercieel bo-insecticide, in 

vergelijking met andere onderzochte, lokale isolaten. 

Sleutelwoorden: Beauveria bassiana, Trichoplusia ni, Ni-uil, IPM, bio-insecticide 

 

 

 

 



Abstract (EN) 

The entomopathogenic fungus Beauveria bassiana is used as a commercial bio-insecticide against 

many common pests such as aphids and thrips in greenhouses. Nevertheless, continuous research 

is necessary to improve its qualities as an insect pest control agent and to find new formulations 

for commercializing existing isolates. Because of Beauveria bassiana’s effectiveness as an 

insecticide and generally low toxicity to humans and other non-target organisms, it is considered 

an excellent candidate for various IPM programs. Seven isolates, ISH-372, ISH-373, ISH-252, 

ISH-189, ISH-190, ISH-272 and ISH-171, were tested and analyzed for their respective spore 

production at 10˚C, 17˚C, 25˚C, 30˚C and 37˚C. For each isolate, spore counts and viability tests 

were executed and the number of viable spores/ml was calculated to determine optimal 

temperatures for their respective growth and sporulation. Results proved ISH-171, ISH-272 and 

ISH-252 to be the best producing isolates with more than 1×108 spores/ml for temperatures ranging 

from 25˚C to 30˚C. The second part of this research consisted of an efficacy trial for isolates ISH-

171 and ISH-272 against Cabbage looper (Trichoplusia ni) at 25˚C. 2nd instar Cabbage looper 

larvae were inoculated with these Beauveria bassiana isolates using both the direct contact method 

and residual contact method. Mortality and sporulation of the larvae was checked daily and from 

this information, the efficacy of each isolate could be derived. Isolate ISH-171 was clearly more 

effective for Cabbage looper pest control compared to ISH-272. However, perhaps still not 

efficacious enough to be used as a commercial bio-insecticide, when compared to other local 

isolates for which efficacy data was available.  

Keywords: Beauveria bassiana, Trichoplusia ni, Cabbage looper, IPM, bio-insecticide 
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Introduction 

For decades, researchers have explored alternatives to traditional pesticides. Today this search for 

biological control methods is a high priority in the field of agriculture and horticulture mainly 

because of a decreasing range of available pesticides and concern over their negative 

environmental effects. Many chemical agents used in pest management are banned from the 

market due to increasingly strict regulations concerning the use of these potentially harmful 

pesticides. A historical example of such an insecticide is DDT. This product was extensively used 

until it was globally banned for agricultural purposes in 2001 in the Stockholm convention on 

POPs (Persistent Organic Pollutants) which entered into force in 2004. DDT is believed to have 

chronic health effects on humans after long term exposure as well as cause the thinning of egg-

shells with birds of prey. These reasons combined with the high persistency of the product resulted 

in the ban on DDT as an agricultural insecticide (Stockholm convention, n.d.). More recently, the 

European Union has imposed similar a ban on neonicotinoid insecticides with active substances 

such as imidacloprid, clothianidin and thiamethoxam for outdoor use in April 2018. Neonicotinoid 

insecticides are systemic in action and mostly used against sucking pests such as aphids and 

whiteflies (Kundoo et al., 2018). Their exceptional potency made them the most widely used 

insecticides in the world, but recent studies have categorized imidacloprid as ‘extremely toxic’ for 

both bumble bees and honey bees (Manjon et al., 2018). Results such as these have incited the ban 

on neonicotinoid insecticides in the European Union. The reason for banning insecticides such as 

DDT and Confidor (neonicotinoid), is either because they pose a direct threat to humans, animals 

or other non-target organisms such as bees and natural enemies, or because long term exposure, 

often combined with a high persistency, can induce chronic health effects. Another reason for 

taking many chemical insecticides of the market, is the development of resistances to these 

pesticides in target insects. As early as the beginning of the 20th century, pest resistance has been 

documented, however, it wasn’t until the introduction of DDT, followed by resistances to 

organochlorine, organophosphate, carbamate and pyrethroid insecticides that the concern for this 

phenomenon intensified to unseen proportions (Georghiou, 1983). Nowadays, research in insect 

resistance to pesticides is a most active field in agriculture and continuous effort is being made to 

improve insecticides or find alternative ways to keep insect pests under control. There is also an 

increasing concern for the effects that these chemical insecticides may have on the environment, 

as the consequences of long term use of these chemicals are usually not known when they are first 

introduced on the market.  
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A last important factor in the search for more biological alternatives to chemical pesticides seems 

to be the public’s opinion. The general view on chemical pesticides is increasingly negative and 

‘Biological is better’ is more and more the public’s opinion. A telephone survey was carried out 

across Canada to determine the perception of Canadians to the use of biological control for pest 

management and the results showed that 55% percent of those contacted considered themselves 

well informed on biocontrol and 80% were interested in the environment and nutrition, with 

women expressing more concern over food safety than men. The general belief was that 

organically produced foods or foods produced by using biocontrol were safer than those using 

synthetic insecticides (McNeil et al, 2010), thus demonstrating the public’s preference of 

biological control to pesticides.  

As a result, more research is being conducted concerning the use of these biological control agents. 

These agents include macroorganisms such as parasitoids and insect predators, but also 

microorganisms such as bacteria, viruses and fungi. Within the kingdom of fungi there is a 

functional group called the entomopathogenic fungi which includes Beauveria bassiana. This type 

of fungus is known to possess the ability to control certain insect pests as well as other plant 

pathogens such as the fungus Rhizoctonia solani (B.H. Ownley et al, 2008). For B. bassiana to 

successfully infect either an arthropod pest or phytopathogenic fungus, all environmental 

conditions must be acceptable. This indicates that several factors such as temperature, humidity 

and compatibility of the host must be suitable for the growth and sporulation of the fungus. When 

these conditions are achieved, B. bassiana proves to be one of the most effective alternatives to 

chemical pesticides available today and additional research into its characteristics could further 

expand its success.  
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Goals 

At the moment agriculture and horticulture in Canada is in need of new, native products for insect 

pest control. There is a significant demand for biological pest control and a limited range of 

available products, which is why new biological agents, adapted to local environmental conditions 

and climate, are required. This study investigated six native British Columbia Beauveria bassiana 

isolates (ISH-372, ISH-373, ISH-189, ISH-190, ISH-252, ISH-272) and one B. bassiana isolate 

from tropical origin (ISH-171) to find isolates which could potentially lead to a commercial 

insecticide for Canadian use. When examining these isolates, three factors, important to the future 

of the isolates as new biocontrol products should be investigated. First, since the traditional method 

for producing commercial B. bassiana insecticides depends on high spore production, the ability 

of these isolates to sporulate is considered important and should therefore be determined for all 

isolates. Second, because high spore production at a relatively low temperature is desirable for 

commercial purposes and a new fungal biopesticide is more likely to be accepted by regulatory 

agencies if it does not sporulate at mammalian or avian body temperatures, this study therefore 

compared sporulation over a range of temperatures. Lastly, this thesis assessed both residual and 

direct contact efficacy of one tropical and one native BC isolate on the insect species Trichoplusia 

ni, more commonly known as Cabbage looper, to compare their efficacy with that of other known 

BC isolates with good efficacy. A good efficacy against the insect pest combined with a high viable 

spore count is ideal for commercializing these isolates, however since this is rarely the case, it is 

most likely that the most positive balance between these two factors has to be investigated to 

determine whether an isolate is potentially interesting for mass production of a native B. bassiana 

bio-insecticide. 

The objectives of this thesis summarized: 

• To investigate sporulation in temperatures of 10ºC, 17ºC, 25ºC, 30ºC and 37ºC for seven 

B. bassiana isolates. 

• To test efficacy of two B. bassiana isolates, ISH-272 and ISH-171, on T. ni larvae, by 

residual and contact tests. 
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1. Literature study 

1.1 Integrated Pest Management (IPM) 

IPM focuses on a series of concepts related to pest control which are integrated and can result in a 

more efficient and ecological approach to pest management. Therefore, IPM should be flexible 

and always be susceptible to improvement (Benavides P. et al, 2012). To develop such an IPM 

program it is advised that pest and disease threshold levels are determined. The cost of an 

intervention should be lower than the damage caused by the pest, in this case insect population. 

When this threshold is reached and an intervention is required, the necessary control measures 

should be taken in the right moment for them to be efficient. To establish such an intervention at 

the right time, the insect population in the field should be closely monitored and correlated with 

the damage to the crop (Benavides et al, 2012). Only when the threshold is reached, will an IPM 

strategy be applied. The next step is to combine several pest management methods in a way that 

is both effective and causes minimal ecological damage. 

There are different facets to constructing a successful IPM program against a certain established 

insect pest, such as the use of natural enemies, insect pathogens (fungi, virus or bacteria) and the 

use of chemical pesticides. However, equally important as the remedy, is the prevention of a 

dominant insect pest in crops. A way to keep a possibly harmful insect population under control, 

is to take precautions in the early stages of the population’s development. Depending on the insect 

species and circumstances in the field or greenhouse, measures such as the release of natural 

predators, or in some cases irrigation with pesticides can help to prevent the detrimental effects 

caused by an insect plague. 
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The key to a successful IPM program is using available tools in the most effective and efficient 

way possible within a strategy. This often means that different strategies may be used against the 

same pest at different times of the year, or that two tools may be used together because they are 

more efficacious than when used separately. A study by Deroo (2016) on the effects of a 

combination of B. bassiana and neem extracts against the insect Myzus persicae, found that this 

combination had a significant negative effect on the M. persicae populations. The compatibility of 

B. bassiana and neem extracts was also determined, and appeared to be strongly isolate dependent. 

Another study investigated the compatibility of B. bassiana with fungicides such as (boscalid), 

Galben (benalaxyl), Signum® (boscalid + pyraclostrobin) and Switch® (cyprodinil + fludioxonil). 

Most fungicides investigated in this trial, such as Cantus® and Galben, did not affect B. bassiana 

fungal colony growth or activity on whitefly (Trialeurodes vaporariorum). However, Switch® and 

Signum® did inhibit B. bassiana colony growth and also reduced their entomopathogenic activity 

on whiteflies. This information concerning compatibility is crucial when an IPM program is to be 

set up with two different methods being used at the same time.  

B. bassiana is already applied in various IPM-strategies because of its insect killing properties and 

high selectivity, therefore not harming non-target insects. It has been used in an IPM program 

developed by Benavides et al (2012), to control Hypothenemus hampei, also known as the Coffee 

Berry Borer, to overcome insecticide resistance in Colombia. A study on the persistence of B. 

bassiana in banana plant, demonstrated that due to the endophytic properties of the fungus, the 

plant tissue remained colonized for over four months after it was inoculated. This conferred plant 

protection against Cosmopolites sordidus (Germar), more commonly known as the Banana root 

borer and once again proved B. bassiana’s usefulness in pest management. 
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1.2 Entomopathogenic fungi 

Entomopathogenic fungi possess the ability to kill insects as well as other types of arthropods such 

as spiders and mites in some cases. Entomopathogenic fungi can be found within the divisions 

Zygomycota, Ascomycota, Deuteromycota, Chytridiomycota and Oomycota. Most 

entomopathogenic fungi belong to the classes of Entomophthorales (Zygomycota) or 

Hyphomycetes (Deuteromycota) (Shah et al., 2003). These two classes have different working 

principles when it comes to infecting an insect host. Host death in the class of Hyphomycetes is 

generally due to toxin production which has an effect on the defense responses of the host. They 

are perceived as opportunistic pathogens, which means that they take advantage of a weakened 

state of a possible host to infect and eventually kill it. Hyphomycetes are considered 

hemibiotrophic with parasitic phases in the insect and saprophytic phases after the death of their 

host (Shah et al., 2003). The Entomophthorales class on the other hand, tends to kill the host by 

colonizing the insect tissue without the use of toxins. The fungi in this class are highly evolved 

and usually engage in biotrophic relationships with a host. This indicates that the infection has no 

effect on the feeding pattern and movement of the insect (Shah et al., 2003). These fungi form a 

long-term feeding relationship with their host, by producing haustoria which function as nutrient 

sinks (Deacon, n.d.). As a result, this colonization process can take a considerable amount of time 

before the insect finally deceases.  

These entomopathogenic fungi such as B. bassiana are usually endophytes which means that they 

exist inside plant tissue without causing any symptoms to the infected plant (Vega, 2008). A 

distinction must be made between some fungal entomopathogens which naturally exist as 

endophytes and others which must be introduced for them to occur as endophytes in plants. There 

are different techniques for introducing these endophytes in plants and research is being conducted 

as to the success of these different methods. Considering these endophytes have an antagonistic 

effect on specific insects and plant pathogens, the ultimate goal is to use them as a biological 

control agent against certain pests (Vega, 2008).  

Research is carried out on how to maximize the efficiency of some of these entomopathogenic 

fungal products, and while the traditional approach is mass spore production, there are some other 

ways which could have great potential if their efficacy proves adequate. A study by Jackson and 

Jaronski (2009) has demonstrated that the use of microsclerotia of the entomopathogenic fungus 

Metarhizium anisopliae caused significant mortality in Tetanops myopaeformis larvae. 

Microsclerotia are overwintering structures which are produced by many entomopathogenic fungi 

and these of M. anisopliae have been used as a pest control agent in the form of air-dried granules 

which were later rehydrated without significant viability loss (Jackson & Jaronski, 2009). 
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1.3 Beauveria bassiana, morphology 

B. bassiana colonies are generally slow growing. At first the colonies are white but after a while 

they can become yellow. The conidia or spores of B. bassiana are single-celled and develop in a 

sympodial pattern. They are hyaline and either globose or ovoid in shape. The conidiogenous cells 

which ultimately form one or more conidia are usually flask-shaped and generally assembled into 

sporodochia (University of Adalaide, n.d.). 

B. bassiana spores will not germinate unless introduced into an acceptable environment, 

depending on factors such as temperature, humidity and nutrition possibilities. There are three 

phases in spore germination. In the first phase the spore will begin to swell and an increase in 

diameter can be observed. The second phase marks the emergence of a germ tube and in the third 

phase this tube will start to elongate further. In the first two phases, the growth occurs through 

nutrients which were stored in the spore itself. However, when the third phase is reached, the spore 

will absorb nutrients from the medium on which it is growing (Liu H. et al, 2015). This process of 

spore germination will result in the growth and eventually reproduction of the fungus. 

A study by Liu H. et al (2015) measured the hyphal length of B. bassiana spores on a PDA (Potato 

Dextrose Agar) medium at a temperature of 26˚C. The first six hours after inoculation swelling of 

the spores was observed and after 8 to 11 hours the germ tubes were also visible. After 20 hours 

the hyphae started to connect to each other and after 28 hours, observation of the individual spores 

was made difficult due to the high concentration of hyphae on the medium. In the second and early 

third phase, respectively germ tube emergence and the beginning of the hyphal development, the 

measured length of the germ tubes seemed to increase at an exponential rate. However, after 

approximately 23 hours the growth became linear. This change in growth pattern may be caused 

by the weakened ability of the hyphal tips to assimilate the supplied materials or the inability to 

efficiently transport these materials from further regions (Liu H. et al, 2015). This information is 

necessary when studying B. bassiana spores on PDA medium under a microscope, to determine 

viability of a specific isolate.  
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1.4 Beauveria bassiana growth and sporulation conditions 

To improve the use of B. bassiana as a widespread bio-insecticide, the conditions for its growth 

and reproduction must be known. The fungus can only be efficient in killing insect pests if the 

following criteria are met: optimal temperature, humidity, in some cases PH of the soil and 

compatibility with the host insect. 

1.4.1 Temperature 

B. bassiana has been shown to be capable of growth over a relatively wide temperature range. It 

can withstand temperatures up to 35˚C (Wilson et al., 2017). In a study about the optimal growth 

conditions of B. bassiana was found that the optimal temperature for growth for most isolates is 

between 25˚C and 30˚C. This research also demonstrated that the growth is more inhibited at 35˚C 

than 20˚C. At 40˚C the growth of B. bassiana came to a full stop, thus making it impossible for 

the fungus to develop any further (Dhar et al., 2016).  

An earlier study on the effect of temperature on 65 different B. bassiana isolates confirmed these 

results. Growth was registered over temperatures ranging from 8˚C to 35˚C (Fargues et al, 1997). 

The lower temperature threshold for all isolates was found to be below 8˚C but the higher 

temperature threshold varied from 30-32˚C to 35-37˚C depending on the isolate. This study 

therefore confirmed that B. bassiana is mesophilic (grows at moderate temperatures). Although 

optimal temperature for most of these isolates was established at 25˚C, temperature growth 

responses varied noticeably among isolates. Some of these isolates appeared to have wide ranges 

of temperature around the optima while others only have a rather narrow temperature range 

(Fargues et al, 1997). 

This study also found that differences in the relative growth rate of isolates, which were grouped 

according to their host-substrate combination, were clearer near the upper and lower thresholds. 

For example, the isolates which came from grasshoppers seemed to grow faster at cooler 

temperatures compared to those which were isolated from soil. On the other hand, African soil 

isolates grew faster at higher temperatures (Fargues et al, 1997). 
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1.4.2 Humidity 

In a study by Ramoska (1984) the influence of humidity on B. bassiana pathogenicity against 

Blissus leucopterus, also known as chinch bugs, was investigated. B. bassiana was found to be 

invasive and pathogenic for all relative humidity levels tested in this study. However, the trial also 

showed that at least 75% relative humidity was required for a normal fungal replication and 

conidiogenesis, resulting in a more effective application of the fungus against B. leucopterus.  

The effect of soil humidity on the mortality of the insect host was measured in an experiment with 

Anastrepha ludens. The results showed the highest mortality (79.8%) at 12% soil humidity and the 

lowest (43.0%) at 21% (Wilson et al., 2017). This is contrary to expectations, since fungal activity 

is usually increased by high humidity. According to Wilson et al. (2017) the reason for this is most 

likely that A. ludens flies are restricted in their movement through the soil in case of high humidity, 

thus decreasing the chance of infection by B. bassiana spores. Both soil texture and humidity 

appear to have a significant influence on the mortality of A. ludens in field conditions, most likely 

the effectiveness of the fungus depends on a combination of the texture of the soil and its humidity. 

1.4.3 PH of the soil 

B. bassiana can be extracted from insect hosts or from the soil. In this last case, the influence of 

the pH of the soil on the growth of B. bassiana is of vital importance. It has a role in both the 

development and metabolism of the fungus. Results showed that the fungus can grow over a wide 

range of pH, but the optimal level was estimated to be around 6 to 7, which is a neutral pH (Dhar 

et al., 2016). 

1.4.4 Compatibility of the host 

Research shows a difference in the susceptibility of different insect species to B. bassiana. Some 

insects tend to be more affected by the lethal fungus than others. Research has showed differences 

in infection of two different species of storage beetle (Oryzaephilus surinamensis and Tribolium 

confusum). An experiment infecting these beetles with the same concentration of conidia has 

proved O. surinamensis to be more susceptible than T. confusum, making O. surinamensis a better 

host for B. bassiana (Wakefield, 2006). 
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For certain species of insects, there is a difference in susceptibility for B. bassiana depending on 

their life stage at the moment of infection. Research on the relative susceptibility of eggs, 1st instar, 

3rd instar, 5th instar nymphs and adults of Rhodnius prolixus, also known as the kissing bug, has 

shown that susceptibility to the fungus increased with age. It was estimated that 1st instar nymphs 

were approximately 700 times less susceptible than 5th instar nymphs and adults (Romaña & 

Fargues, 1992). An experiment on Plutella xylostella, commonly known as Diamondback moth, 

confirmed that later instars were more susceptible to B. bassiana. Results showed 3rd and 4th instars 

to be more susceptible than 2nd instars when tested on two different B. bassiana isolates 

(Vandenberg et al., 1998). 

There is great variation in specificity between isolates (Fargues et al, 1997). In addition to what 

was discussed in paragraph 3.1, the same study also pointed out that these isolates which came 

from acridids (grasshoppers from the family Acrididae) are not just fast growers at cool 

temperatures but are also better adapted to warm temperatures. The reason for this is that these 

isolates have adapted to the body temperature of their host: acridids are able to raise their 

temperature to over 40 °C as a defense mechanism after being infected with B. bassiana (Fargues 

et al, 1997).    

Another study analyzed 50 B. bassiana isolates for their pathogenic qualities towards Boophilus 

microplus larvae, more commonly known as the cattle tick. This mite is an important ectoparasite 

in Brazil, causing death, slow development and a decrease in milk production in cattle. All 50 of 

these isolates were found to have a lethal effect on B. microplus. However, lethal concentrations 

of the different isolates varied, the most lethal of these was the only isolate recovered from human 

infection (Kamp Fernandez, 2005). 

1.5 Effect of Beauveria bassiana on insect pests 

In an article by Wakefield (2006) the effect of B. bassiana as a biological control agent was 

demonstrated by using two different species of storage beetle and comparing the rate of infection 

and subsequently death. There are three phases in the infection of an insect. The first is the 

attachment of the fungal spore to the insect cuticle. This attachment is supposedly formed by 

hydrophobic interactions and once the attachment has been made the conidia will germinate. This 

marks the beginning of the second stage of infection. During germination, the conidia may 

penetrate the cuticle by means of enzymatic degradation and mechanical force. The third and last 

phase is the establishment in the host (Wakefield, 2006). When the fungus is finally situated in the 

hemocoel (insect body cavity) its growth will cause damage to tissue and nutrient deficiency in 

the host (Vega et al, 2008). 
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The next step is invasion of the body and circulatory system of the insect. There is usually 

formation of germ tubes, appressoria and penetration pegs. In the case of hyphomycete fungi such 

as B. bassiana, blastospores (yeast-like cells) produce the toxins inside the insect (Mondal et al., 

2016). 

Studies have shown that endophytic fungal entomopathogens such as B. bassiana in plants can 

cause feedings deterrence or antibiosis with insects. This is most likely a result of metabolite 

production by the fungus (Vega, 2008). This can be confirmed by findings from an experiment 

where a conidial suspension of B. bassiana was used to restrain populations of the European corn 

borer (Ostrinia nubilalis) in corn. The amount of tunneling damage caused by the insect was 

drastically reduced after injection of the crop with the fungal suspension. (Bing & Lewis, 1991). 

1.6 Cabbage looper, Trichoplusia ni (Lepidoptera: Noctuidae) 

Trichoplusia ni, also known as Cabbage looper, can be found in large parts of the world. This 

insect species is a threat to a high number of cultivated plants, although most damage is done to 

crucifer crops and cotton. T. ni mostly feeds on the leaves. The first three instars only feed on the 

lower leaf surface, but later instars (fourth and fifth) produce large holes all leaves (Capinera, 

1999), causing damage to the crops and consequently allowing for plant diseases to have easy 

access for infection. T. ni cannot tolerate cold weather for a long time and as a result overwinters 

in more southern latitudes before returning to Canada when temperatures increase.  

The adult Cabbage looper is a grayish, brown moth which is 

approximately 2.5 cm long and has a wing span of up to 4 cm. 

The fully developed larvae can be up to 5 cm long. T. ni eggs 

are usually deposited on the undersurface of leaves and one 

adult moth may lay 200 to 350 eggs after emergence from their 

cocoon in early spring. The egg stage only lasts 2 to 3 days and 

larvae feed for up to 4 weeks before changing into pupae in 

silk cocoons. After 12 to 14 days, the moth will emerge from 

the cocoon and the cycle will start over. A complete generation 

is said to require approximately 35 days, depending on 

environmental circumstances (Bohmfalk et al., 2011).   

 

 

 

Figure 1: Cabbage looper life cycle 

(Bohmfalk et al., 2011) 
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A study by Janmaat and Myers (2003) has confirmed that rapid resistance to Bacillus thuringiensis 

(Bt) can occur in T. ni populations in commercial greenhouses. However, there appears to be a 

lack of resistance stability in these resistant colonies. This can be attributed to two qualities in 

resistant T. ni populations due to pleiotropic effects, the first one being a slower larval growth and 

the second a smaller pupal size. These qualities lead to a reduced fitness and therefore a more 

vulnerable and less stable T. ni population (Janmaat & Myers, 2003). Even though there is a low 

stability in these resistant populations, there is still a need for a more effective technique to avoid 

these resistances altogether. A combination with B. bassiana could be a solution in this case. 

Seeing as T. ni develops at temperatures ranging from around 10 ºC to 40 ºC (Capinera, 1999), B. 

bassiana could be applied here, as their range for temperatures overlap. 

2. Material and methods 

2.1 Material 

1. Beauveria bassiana isolates 

In this paper two native Interior BC isolates of B. bassiana were selected, ISH-372 and ISH-373, 

as well as five coastal B. bassiana isolates, ISH-252, ISH-189, ISH190, ISH-272 and ISH-171. 

Table 1: B. bassiana isolates and their origin 

B. bassiana isolate Substrate or insect host Location of origin 

ISH-372 Cutworm Interior BC, Canada 

ISH-373 Cutworm Interior BC, Canada 

ISH-252 Aphid Coastal BC, Canada 

ISH-189 Aphid Coastal BC, Canada 

ISH-190 Aphid Coastal BC, Canada 

ISH-272 Soil Organic farm, Coastal BC, 

Canada 

ISH-171 Insect Of tropical origin 
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2. Cabbage looper (Trichoplusia ni) 

The cabbage looper eggs were purchased from Benzon Research Inc. and reared at the ISH lab at 

Kwantlen Polytechnic University campus in Langley. A colony was established in a ± 20°C rearing 

room on organic store-bought kale and cabbage leaves. 

2.2 Methods 

2.2.1 Productivity of seven B. bassiana isolates in different temperatures 

Seven different B. bassiana isolates were grown on sterile media in petri dishes. Half strength 

(50%) PDA (Potato Dextrose Agar) was used as media. Half PDA was used because the lack of 

nutrients induce stress and this improves sporulation of the fungus as a result. To make 1.5 l of ½ 

PDA medium 11.25 g Agar was added to 29.25 PDA and dissolved in 1.5 l distilled water. The 

mixture was heated up on a hot plate until boiling temperature was reached and the solution was 

clear. The solution was kept in glass jars and autoclaved to remove any possible contaminations. 

After this the medium was distributed over petri dishes and left at room temperature for the agar 

to solidify. In a biosafety cabinet spores from original B. bassiana isolates were harvested and 

carefully administered on the petri dishes using a sterile inoculation swab dipped in 0.1% Tween-

20 solution (distilled water containing 0.1% Tween 20). The dishes were sealed with parafilm and 

left to incubate at room temperature. 

To measure the productivity a suspension was made: Conidia of each isolate were harvested from 

the petri dishes and added to 10 ml of Tween-20 in glass tubes. 10 glass beads were added to shake 

the conidia loose and encourage even distribution in the solution. The tubes were then vortexed 

for 2 min each and sonicated for 15 min, after which they were vortexed again, for 1 min this time. 

Every suspension was diluted 10-fold to enable successful spore 

counting. To count the spores a Haemocytometer was used. 10 µl of the 

diluted suspension was applied onto both sides of the Haemocytometer 

and brought under the microscope for spore counting. To calculate the 

number of spores/ml on the Haemocytometer, the number of conidia in 

each little square (blue) of five different 16 square blocks (yellow) was 

counted and the average number of spores per yellow squares was 

calculated. 

 

 

Figure 2: Haemocytometer 

grid (Tahriri et al., 2017) 
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To determine the concentration in the original stock solution (number of spores per ml) we used 

the following formula. 

 

(𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑜𝑟𝑒𝑠 𝑖𝑛 1 𝑦𝑒𝑙𝑙𝑜𝑤 𝑠𝑞𝑢𝑎𝑟𝑒)

4 × 10−6 𝑚𝑙
× 10𝑛  = 𝑠𝑝𝑜𝑟𝑒𝑠/𝑚𝑙 

 

n = number of times diluted  

   = 1 (in this case) 

To check the viability of the spores, two more plates per isolate were made. A swab was soaked 

in the diluted conidial solution and then lightly passed over a new petri dish with ½ PDA. The 

plates were left to incubate for one day at room temperature and placed under the microscope. A 

predetermined number of spores was visually located (400) and for each, it was determined 

whether or not the spore had germinated (i.e. was viable). Through this information the viability 

percentage was calculated. 

(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑜𝑟𝑒𝑠 – 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑛−𝑣𝑖𝑎𝑏𝑙𝑒 𝑠𝑝𝑜𝑟𝑒𝑠)

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑜𝑟𝑒𝑠
 × 100 = 𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒  

 

                     Table 2: Calculations per isolate for Viability percentage 

Isolate Total number 

of spores 

counted 

Number of 

non-viable 

spores 

Viability 

percentage (%) 

ISH-372 439 21 95.22 

ISH-373 423 12 97.16 

ISH-252 405 58 85.68 

ISH-189 411 11 97.32 

ISH-190 429 30 93.01 

ISH-272 411 36 91.24 

ISH-171 424 43 89.86 
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From the information gathered in these spore counts and viability tests it is possible to calculate 

the amount of spore solution needed to make a suspension with a known concentration of 105 

spores per ml for every isolate in the temperature trial. 

In the next step, new media, this time full PDA, was prepared and distributed over 140 plates (20 

plates per isolate). An amount of 200 µl per isolate was pipetted onto the center of each plate after 

which it was evenly distributed by a stainless steel bacterial cell spreader. The cell spreader was 

carefully sterilized by heating it up in a flame for about 2 minutes after which it was dipped in 

70% ethanol and allowed to cool before use. This sterilization process was repeated after every 

four plates and after changing to a different isolate. The inoculated petri dishes were sealed with 

parafilm and for every isolate four petri dishes were kept at 10, 17, 24, 30 and 37 °C. For every 

temperature four replicates of every isolates were placed on an aluminum tray. This tray was later 

placed in the respective growth chamber. 

 

Figure 4: Trial design (left to right: pipet for administering B. bassiana 

suspension, petri dishes with PDA, metal inoculation loops and spinner for 

distribution, flame for sterilization) 

After 14 days the plates were taken out of their respective temperature rooms and the petri dishes 

were arranged per isolate and kept at a 4°C temperature to stop further growth and sporulation. 

Over the course of one week the spores and mycelia on each plate were harvested using plastic 

disposable loops and suspended in glass tubes containing 10 ml of 0.1% Tween-20. After this a 

stock suspension was made and in some cases a first or 2nd dilution.  

Figure 3: Tray with inoculated PDA petri dishes 

ready for temperature trial 
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To compare isolate viability, 140 plates were made using the suspensions from harvested spores. 

The plates were kept at room temperature in the dark for approximately 20h, after which they were 

placed under the microscope to check the viability of the spores in the same way as earlier 

described. 140 spore counts were also performed to discover the number of spores produced by 

each isolate at the different temperatures. A week later this whole process was repeated for a 

second trial. 

2.2.2 Efficacy of two B. bassiana isolates, ISH-272 and ISH-171 

In this trial the efficacy of two of the B. bassiana isolates (ISH-272, ISH-171) against the insect 

pest Cabbage looper, Trichoplusia ni, was measured. The method for this trial was based on the 

one used for previous B. bassiana trials with Cabbage looper and developed by S. Tahriri et al. 

(2017). Both direct and residual toxicity of these isolates were examined in this trial. These two 

isolates were chosen because they originated in different climatic zones; ISH-171 is a tropical 

isolate while ISH-272 is a native BC, temperate zone species. 

 

 

 

 

 

 

 

Figure 6: Isolate ISH-372 after 

being kept at five temperatures 

(10,17,25,30,37ºC) 

Figure 5: Harvesting of spores with 

plastic loop 
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Direct toxicity 

To determine direct toxicity, the suspension of B. bassiana was applied directly onto a second 

instar Cabbage looper larva. For residual toxicity, on the other hand, pieces of organic kale leaves 

were soaked in the suspension and placed in a plastic cup together with one larva. The Cabbage 

looper eggs arrived on sticky sheets which were cut and taped to the lid of plastic containers which 

measure 30cm × 18cm × 6cm and were disinfected with ethanol. Two mesh windows in the lid 

allowed ventilation inside the container. Three of these containers were prepared and in each of 

them a leaf of organic kale was placed. The kale was disinfected by submerging it in 10% bleach 

for 10 min. Afterwards, the leaves were rinsed two times, placed in water for 30 min and then 

rinsed six more times. The boxes were kept at 20°C and L:D (Light:Dark) 16:8 in a rearing room 

which was previously completely disinfected with a 1% Virkon solution. After one day, the 

temperature of the room was increased to 23°C and after another 5 days the Looper larvae were 

ready to be inoculated. 

A similar method to the one in paragraph 2.2.1 was used to make the suspensions with a known 

concentration for the isolates ISH-272 and ISH-171. Spores were harvested and suspended in 10 

ml 0.1% Tween-20 and a spore count was performed. However, this time no viability test was 

executed because this test requires an extra day during which viability of the spores in the 

suspension might decrease. A viability of 100% was assumed. Via the information from the spore 

count, stock suspensions were prepared by adding a calculated amount of initial suspension to a 

calculated amount of 0.1% Tween-20. The stock suspensions for both isolates contained 4x108 

spores/ml.  

 

 

Figure 7:Plastic lid with sheet 

containing Cabbage looper eggs 
Figure 9:Box with kale leaf Figure 8: Set up in rearing room 
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The results from the spore count were an average of 54.7 spores per yellow square for ISH-171 

and 44.3 for ISH-272. By using the formula previously mentioned in paragraph 2.2.1 the respective 

spores/ml were found for each initial suspension: 136.75x107 and 110.75x107. From this 

information, the amount of initial stock suspension and 0.1% Tween-20 in µl can be calculated to 

achieve a suspension of 10 ml with a concentration of 4×108 spores/ml.  

Table 3: Volumes of Stock suspension and 0.1% Tween-20 to make a suspension with a concentration of 4×108 spores/ml. 

Isolate Volume of Stock suspension 

(µl) 

Volume of 0.1% Tween-20 

(µl) 

ISH-171 2925,0 7075,0 

ISH-272 3611,7 6388,3 

 

A dilution was made for each isolate by adding 500 µl of the stock suspension to 4500 µl of 0.1% 

Tween-20 and after that two more dilutions were prepared this way. Ultimately four concentrations 

were prepared: 4×108, 4×107, 4×106and 4×105 spores/ml. 

To determine direct toxicity, 1 µl of the prepared suspension was applied onto the dorsal body 

surface of each larva by pipet. For each isolate, there were four different concentrations and four 

replicates which each contained 10 larvae. In the end, 320 larvae were inoculated with B. bassiana, 

each in a separate plastic cup containing a piece of disinfected organic kale. Another 80 larvae 

were treated with 1 µl of 0.1% Tween-20 and served as the control.  

Residual toxicity 

The second part of the trial consisted of residual toxicity. For this 

part 120 leaves were cut in the exact same size using a round tube 

as a cut-out, also called leaf discs (Figure 10). 40 leaf discs were 

soaked in the ISH-171 suspension for 10 seconds and 40 more in 

the ISH-272 suspension. For the control another 40 were soaked 

in 0.1% Tween-20. The leaf discs were kept on paper towel for 

five minutes and after that each of these leaves was placed in an 

accurately labelled plastic cup along with one healthy Cabbage 

looper.  

 

 

 

Figure 10: Kale leaf discs for 

residual test 



23 

 

To facilitate randomization counting and labelling of these cups, every treatment received its own 

character. The following table shows these characters and their respective treatment. 

Table 4: Character used for every treatment in data collecting 

Character Treatment 

A Control for ISH-171, direct contact test 

B ISH-171 with concentration of 4×105 spores/ml, direct contact test 

C ISH-171 with concentration of 4×106 spores/ml, direct contact test 

D ISH-171 with concentration of 4×107 spores/ml, direct contact test 

E ISH-171 with concentration of 4×108 spores/ml, direct contact test 

G Control for ISH-272, direct contact test 

H ISH-272 with concentration of 4×105 spores/ml, direct contact test 

R ISH-272 with concentration of 4×106 spores/ml, direct contact test 

K ISH-272 with concentration of 4×107 spores/ml, direct contact test 

L ISH-272 with concentration of 4×108 spores/ml, direct contact test 

N Control for residual tests 

M ISH-171 with concentration of 4×108 spores/ml, residual test 

O ISH-272 with concentration of 4×108 spores/ml, residual test 

 

The cups containing the treated larvae were placed on trays, which were in turn positioned on 

shelves in a temperature controlled room at 25˚C with a L:D of 16:8. Over a span of two weeks 

these inoculated larvae were followed up individually. Every day, with exception of the weekends, 

every larva was checked and assessed according to its condition: A for ‘Alive’, D for ‘Dead’, S 

for ‘Sporulated’ and P for ‘Pupated’. During this time, every larva had a sufficient amount of kale 

available, so starvation would not be a cause of death. In case of extreme humidity or rotting kale 

leaves in the cups, the larvae were transferred to new cups with a fresh, disinfected leaf.  

 

 

 

 

 

 

 

 

 
Figure 12: Sporulated Cabbage looper Figure 11: Cabbage looper trial set up 
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When the cabbage looper eggs arrived, half of the sheets containing these eggs were kept at 4°C, 

so they could later be used in a second trial. These refrigerated eggs were brought into the rearing 

room the same day the first trial was set up. After 8 days in a temperature of approximately 18ºC, 

the majority of the larvae had reached the second instar and were ready to be inoculated. A second 

trial was set up using the same method as earlier described, only this time the isolates ISH-189 and 

ISH-190, which are known to be efficacious against Cabbage looper (Tahriri et al., 2017), were 

used for inoculation. 

2.2.3 Statistical analysis 

Productivity of seven B. bassiana isolates in different temperatures 

For the first objective of this thesis, which was to discover the temperatures in which the B. 

bassiana isolates could grow and sporulate, the data was collected from the spore counts and 

viability tests and entered in a data file on Excel, after which the viable spore count for each of 

these isolates was calculated. The data was later run through a statistical analysis program called 

Jmp, developed by SAS. The results were tested using the 95% confidence interval (p = 0,05). The 

program found the mean and standard error and a one-way Anova was performed on all of the 

different isolates, to discover whether there was any significant difference between the different 

temperature treatments. A Post hoc test, called the Tukey test was then applied to determine where 

those differences exactly lied. Graphs were constructed to visualize the effect of the different 

temperature treatments for every isolate. Afterwards, the same process was repeated to construct 

graphs depicting the viable spore count results per isolate for all of the temperatures. 

Efficacy of two B. bassiana isolates, ISH-272 and ISH-171 

The results for mortality percentage were corrected using Abbott’s formula (1925). If mortality in 

the control exceeded 20%, the trial was rejected and when the value was between 5% and 20%, 

the treatment mortality was corrected using the following formula: 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 (%) =
𝑥 − 𝑦

100 − 𝑦
 × 100 

x = Mortality percentage in treatment, y = Mortality percentage in control 

The graphs concerning the mortality and sporulation percentage of both isolates on Cabbage looper 

were drafted in the same way as the ones for the first objective. 

A Probit analysis (software by LdP Line), calculated the lethal times and lethal concentrations of 

the isolates with 95% confidence limit (Finney, 1971). 
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3. Results 

3.1 Productivity of seven B. bassiana isolates in different 

temperatures 

In the first part of this thesis, the productivity of the isolates ISH-372, ISH-373, ISH-252, ISH-

189, ISH-190, ISH-272 and ISH-171 was studied and compared by examining the sporulation of 

each isolate for five temperatures (10˚C, 17˚C, 25˚C, 30˚C and 37˚C).  

3.1.1 Analysis of viable spores by temperature 

ISH-372 

Figure 13, showing the effect of temperature on the sporulation of ISH-372 from the interior BC 

region, clearly demonstrates a preference for higher temperatures and negligible spore production 

at 10˚C. The optimal growth temperature was approximately 25˚C, although no significant 

difference with growth at 30˚C was observed. The number of viable spores was clearly a lot higher 

for these two temperatures, compared to the spore production at 17˚C (Figure 13). 
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Figure 13: Average of trial 1&2 of viable spores for isolate ISH-372 
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ISH-373 

ISH-373 is another isolate which came from the interior BC region, but it does not seem to share 

a preference for warmer temperatures with ISH-372. This isolate appears to induce the highest 

sporulation a 17˚C. Although the Tukey test did not show a significant difference between spore 

production at 17˚C and 25˚C, it did confirm a significantly lower viable spore count at 30˚C (Figure 

14).  

  

 

 

 

 

 

 

 

 

 

ISH-252 

ISH-252 demonstrated similar spore production to ISH-372, except for a higher production at 

17˚C. Eventually no significant difference was observed for viable spore production at 17˚C, 25˚C 

and 30˚C. With the average number of viable spores/ml reaching 1×108 at 25˚C and exceeding that 

number at 30˚C, ISH-252 was one of the more interesting spore producers at both of these 

temperatures. At 10˚C, the spore production was found to be negligible (Figure 15). 

Figure 14: Average of trial 1&2 of viable spores for isolate ISH-373 
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Figure 15: Average of trial 1&2 of viable spores for isolate ISH-252 

 

ISH-189 

For this isolate, the sporulation was equal for temperatures 17, 25 and 30˚C, but most noticeable, 

was that none of these temperatures brought about considerable sporulation. Sporulation for this 

isolate did not reach 5×107 viable spores/ml, while some other isolates reach up to 1×108 viable 

spores/ml. Spore production at 10˚C appeared to be virtually non-existent once again (Figure 16). 

 

Figure 16: Average of trial 1&2 of viable spores for isolate ISH-189 
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ISH- 190 

Although the Tukey test revealed no significant difference with the 30˚C treatment, sporulation of 

the isolate ISH-190 seems to be most effective at 25˚C. Between 17˚C and 30˚C no significant 

difference was found and neither was there for 10˚C and 17˚C. However, from the results it seemed 

probable that the optimal temperature for spore production was situated around 25˚C (Figure 17). 

 

Figure 17: Average of trial 1&2 of viable spores for isolate ISH-190 

 

ISH-272 

Isolate ISH-272 was the isolate to achieve the highest sporulation at 30˚C, resulting in more than 

1×108 spores/ml and even surpassing ISH-252. The Tukey-test revealed that spore production at 

every temperature was significantly different. Spore production was lowest at 10˚C, followed by 

17˚C, which in turn resulted in fewer viable spores than at 25˚C. The highest sporulation was 

ultimately achieved at 30˚C (Figure 18). This isolate seems to be very well adapted to heat, 

although still no growth was found at 37˚C. 
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Figure 18: Average of trial 1&2 of viable spores for isolate ISH-272 

 

ISH-171 

With a high sporulation of approximately 1×108 spores/ml and no significant difference observed 

at both 25 and 30˚C, ISH-171, the tropical isolate, proved to be a very good spore producer. At 

17˚C the viable spore production was found to be significantly lower and at 10˚C spore production 

was again negligible (Figure 19). 

 

Figure 19: Average of trial 1&2 of viable spores for isolate ISH-171 
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3.1.2 Analysis of viable spores by isolate 

10˚C 

For 10˚C the sporulation of every isolate was below 8×105 viable spores/ml, thus making it clear 

that this temperature was too low for reasonable growth for these B. bassiana isolates. Of the seven 

different isolates tested, the highest sporulators at 10˚C, were ISH-190 and ISH-252, both coastal 

BC isolates. The Tukey test revealed no significant difference between these two isolates. Next in 

sporulation production were ISH-372 and ISH-373 and they had similar viable spore counts at 

10˚C. Even though Figure 20 appears to show a difference in spore production, the Tukey test 

revealed no significant difference between these two isolates and ISH-190 and ISH-252. Between 

ISH-372 and ISH-373 on the one hand and ISH-272, ISH-171 and ISH-189 on the other hand, 

again no significant difference was found. In the end, ISH-272, ISH-171 and ISH-189, all 

connected by the letter ‘b’ through the Tukey test, produced the lowest number of viable spores/ml. 

In the case of ISH-171 (the tropical isolate) only approximately 3×104 spores/ml were found. When 

a sample was taken for the viability test, there were not enough spores present to successfully 

deduce the viability for this isolate at 10ºC (Figure 20).  

 

Figure 20: Average of trial 1&2 of viable spores for 10ºC 
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17˚C 

At 17˚C general sporulation increased with isolate ISH-252 producing the highest number of viable 

spores. This time maximum viable spore production exceeded 7×107 viable spores/ml, which 

indicates that its spore production was almost 100 times higher than at 10˚C. ISH-373 was the 

second highest spore producer at 17˚C and only showed a significant difference in production with 

ISH-252 and ISH-372. Isolates ISH-171 and ISH-189 produced similar spore count of more than 

4×107 viable spores/ml and both show no significant difference with any of the other isolates. At 

this temperature the ability of ISH-252, ISH-373, ISH-189 and ISH-171 to produce spores was 

statistically equal. The isolates which were statistically less effective spore producers at 17˚C were 

ISH-190, ISH-272 and ISH-372 (Figure 21). 

 

Figure 21: Average of trial 1&2 of viable spores for 17ºC 

25˚C 

At 25˚C all isolates were good spore producers, with ISH-171 reaching a count of more than 

10×107 viable spores/ml and all other isolates well above 4×107 viable spores/ml. The Tukey-test 

also showed no significant difference between all 7 isolates, thus suggesting similar growth 

between them at 25˚C (Figure 22). 
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Figure 22: Average of trial 1&2 of viable spores for 25ºC 

30˚C 

At 30˚C three of the isolates, ISH-171, ISH-252 and ISH-272, produced spores in the range of 

10×107 viable spores/ml, thus confirming good sporulation at higher temperatures. ISH-372 also 

showed acceptable results in sporulation and no significant difference with ISH-171, ISH-252 and 

ISH-272. For ISH-373, ISH-189 and ISH-190, however, the results were less impressive. They did 

not sporulate well at higher temperatures. Though, the Tukey test did not reveal a significant 

difference between ISH-190 and ISH-372. Overall the results showed that ISH-189 was a poor 

producer at every temperature and ISH-252 a very good one (Figure 23).  

 

Figure 23: Average of trial 1&2 of viable spores for 30ºC 
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37˚C 

The results concerning the sporulation at 37˚C of each isolate were not displayed in the graphs or 

data. The reason for this is that no sporulation was found on any of the plates of any isolate. It is 

therefore clear that these B. bassiana isolates simply could not grow at a temperature as high as 

37˚C. After the trial the isolates were kept at 25˚C for another 10 days and still no growth was 

observed. 

3.1.3 Overview of average of viable spores/ml 

Table 5 shows a general overview of the average number of viable spores/ml for every combination 

of isolate and temperature. At 10˚C the highest sporulation was achieved by isolate ISH-252 with 

approximately 7.5×105 viable spores/ml, followed by ISH-190 with 7.2×105 viable spores/ml. 

Lowest sporulation registered at this temperature was 1.2×105 viable spores/ml for isolate ISH-

189. Sporulation at 17˚C increased drastically, reaching up to 7.5×107 viable spores/ml for ISH-

252, which is 100 times more than the same isolate produced at 10˚C. Lowest spore production at 

17˚C was achieved by ISH-372 at 2.4×107 viable spores/ml. Highest spore production at 25˚C was 

attained by ISH-171 (tropical) at over 10.2×107 spores/ml, followed closely by ISH-252 (9.9×107 

spores/ml) and ISH-372 (9.4×107 spores/ml). ISH-373 (4.7×107 spores/ml) and ISH-189 (4.8×107 

spores/ml) provided the least number of spores at this temperature. At 30˚C the highest spore 

production occurred in isolate ISH-272 (10.7×107 spores/ml) closely followed by ISH-252 

(10.4×107 spores/ml) and then ISH-171(9.8×107 spores/ml). Spore production for ISH-373 at 30 

˚C proved to be significantly lower at 2.3×107 spores/ml, thus demonstrating ISH-373’s affinity 

for lower temperatures (Table 5). 
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Table 5: Overview of average of viable spores/ml per temperature per isolate 

Isolate Temperature (ºC) 

10 17 25 30 

ISH-372 454,600 24,621,445 93,876,873 86,222,179 

ISH-373 361,573 6,3309,670 47,043,293 22,989,680 

ISH-252 745,886 74,735,923 99,446,834 104,345,035 

ISH-189 123,960 48,624,866 47,839,958 45,647,173 

ISH-190 723,454 32,004,351 89,318,580 54,094,135 

ISH-171 40,057 4,1339,416 10,208,9616 97,779,865 

ISH-272 123,452 36,796,991 69,527,389 106,777,525 

 

 

3.2 Efficacy of two B. bassiana isolates, ISH-272 and ISH-171 

Out of the seven isolates whose productivity at different temperatures was analyzed, two were 

chosen to conduct efficacy tests with against Cabbage looper. Isolates ISH-272 and ISH-171 were 

chosen for their high number of viable spores, which means they could potentially be interesting 

for mass production. In addition, one is a temperate zone isolate (272) and the other a tropical zone 

isolate (171). The next step is to determine their efficacy in eradicating insect pests, such as 

Cabbage looper. 

3.2.1 Mortality percentage 

To compare the mortality in Cabbage looper larvae caused by the B. bassiana isolates, mortality 

percentage was calculated for all of the collected data and three days were chosen to represent the 

death rate of the insects, in this case day 3, day 6 and day 9 after inoculation. Out of the five 

different concentrations that were investigated in this trial, only the highest concentration of 4×108 

spores/ml was used for calculations concerning mortality percentage and sporulation percentage. 

The reason for this was that the other concentrations caused low mortality and therefore would not 

be recommended as a field rate. 
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Direct contact mortality percentage 

There was a definite increase in % mortality visible for both isolates and the control over time. 

Despite some deaths, the control death rate remains under 20% which concluded that the trial was 

valid. Although both isolates seem to have an effect on the Cabbage looper, ISH-272 caused a 

significantly lower death rate among the larvae compared to ISH-171. By day 9 ISH-171 has nearly 

reached 80% mortality, which could indicate a possible 90% mortality in the near future. However, 

in the case of the control, a similar increase in death rate was visible, which might indicate another 

cause of death  (Figure 24).  

 

Figure 24: Mortality percentage in Cabbage looper by direct contact method 

Residual contact mortality percentage 

Despite adequate results for mortality percentage caused by isolate ISH-171 in the direct contact 

trial, the results for the residual contact method proved to be even more satisfactory. This method 

induced a mortality rate of close to 100% after nine days. The results from this test also indicate a 

higher mortality percentage for ISH-272, compared to the direct contact method. Noticeable in the 

graph is the low rate of mortality on day 3. On this day, the % mortality for ISH-272 was higher 

than that for ISH-171, which changed in the next three days. By day 6 the mortality for both isolates 

had increased drastically, especially in the case of ISH-171 a noticeable difference was observed 

(Figure 25). This indicated that B. bassiana was an effective, although relatively slow method for 

Cabbage looper control. 
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Figure 25: Mortality percentage in Cabbage looper by residual contact method 

3.2.2 Sporulation percentage 

Sporulation percentage is an important factor used to confirm if the death of a certain insect was 

in fact due to infection by B. bassiana. To determine whether a larva was killed by a certain B. 

bassiana isolate and not as a result of a bacterial infection, high humidity or another unrelated 

cause, white spores on the body are the only visible confirmation of B. bassiana infection. Similar 

to the mortality percentage analysis, the concentration, used for sporulation percentage, was 4×108 

spores/ml. 

Direct contact sporulation percentage on cadavers 

The data for control was not included in the graph, because there was no sporulation found for any 

of the control Cabbage loopers in the trial. On day 3, almost 40% of the dead larvae already 

acquired visible sporulation for ISH-171. On day 6 and 9 a gradual increase in sporulation is visible 

for both isolates and this trend most likely continued further. However, sporulation for isolate ISH-

272 remained significantly lower than ISH-171. The low sporulation rate for ISH-272, may 

indicate a lower efficacy of the isolate in eliminating a Cabbage looper pest (Figure 26). 
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Figure 26: Sporulation percentage in Cabbage looper by direct contact method 

Residual contact sporulation percentage on cadavers  

For the residual contact method there was no sporulation observed for the first three days. By day 

6 a reasonable increase of more than 20% in sporulation was observed for isolate ISH-171, which 

further increased up to approximately 65% by day 9. It is estimated that the 90% mark would be 

reached shortly after this last observation. Although the direct contact method seemed to work 

faster initially, the residual contact method had matched its effectiveness by day 9, most likely 

surpassing it soon afterwards. Especially in the case of ISH-171, this method seems to be more 

effective in killing Cabbage looper larvae in the long run (Figure 27). 

 

Figure 27: Sporulation percentage in Cabbage looper by residual contact method 
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3.2.3 LT50 and LC50 

LT50 

LT50 stands for lethal time for 50% of the population. It demonstrates the time it takes for B. 

bassiana to kill 50% of the Cabbage looper larvae population. The LT50 for this trial was calculated 

by using the data from the highest concentration applied in both the direct contact method and the 

residual contact method (4×108 spores/ml). The LT50 for both isolates showed an LT50 of 

approximately 3.0 days for ISH-171 by direct contact and 4.7 days for residual contact. For isolate 

ISH-272 the amount of days to kill 50% of the Cabbage looper population was significantly higher, 

especially for the direct contact method, where it was estimated to take approximately 13.2 days. 

The residual contact method scored better at approximately 6.0 days. Also noticeable is that the 

direct contact method seemed to be more efficient in the ISH-171 method, whereas in the case of 

ISH-272 the residual contact method had significantly better results compared to the direct contact 

method (Table 6).  

Table 6: LT50 for ISH-171 and ISH-272 

Isolate 

 

Application method LT50 (days) 

ISH-171 Direct contact 2.9711 

 Residual contact 4.6554 

ISH-272 Direct contact 13.1543 

 Residual contact 5.959 

 

LC50 

LC50 is similar to the LT50, but this time the necessary concentration to kill 50% of the population 

is calculated and not the time. To calculate the LC50, the data from the direct contact method was 

used, since multiple concentrations were applied in this method. The data used for this calculation 

was taken from the 7th day of the trial. The lethal concentration for ISH-171 seems to be 

significantly lower than the one for ISH-272, thus indicating ISH-171 spores are more effective 

than ISH-272 spores (Table 7).  

Table 7: LC50 for ISH-171 and ISH-272 

Isolate 

 

LC50 (spores/ml) 

ISH-171 1.45×108 

ISH-272 1.96×1010 
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3.2.4 Trial 2: efficacy of ISH-189 and ISH-190 against Cabbage looper 

This trial was set-up in the same way as the first one, which investigated the efficacy of ISH-171 

and ISH-272. However, this time the isolates ISH-189 and ISH-190 were used against Cabbage 

looper and the eggs were kept in the fridge at 4ºC for over a week before rearing. The rearing 

process took longer compared to the previous trial, possibly due to a lower temperature in the 

rearing room and it became clear that the Cabbage loopers did not grow at the same rate. This 

difference in instars between the loopers, could have been due to their egg’s prolonged 

refrigeration at 4ºC or because the kale leaves they were fed were not fresh enough. The number 

of larvae was also visibly lower compared to the first trial. The inoculation of the second star larvae 

after 7 days of rearing occurred according to the same pattern as the previous trial, however, the 

next day upon examination, it was clear that some of them were not in great condition. On the 

second day some deaths were discovered in the controls, most of them probably due to the high 

humidity levels in the plastic cups, which caused the small larvae to drown. The cups were replaced 

and fresh leaves were added. Upon examination after the weekend, was found that in two of the 

three controls, more than 40% of the Cabbage loopers were deceased. As the maximum acceptable 

death rate in control is 20%, the trial was not eligible for statistical analysis. One more examination 

was executed the next day before the trial was stopped. 

4. Discussion 

4.1 Productivity of seven B. bassiana isolates in different 

temperatures 

The objective of this first trial was to investigate sporulation of these seven B. bassiana isolates 

for different temperatures to find out which of these isolates would produce more viable spores in 

which temperature. In other words, this study will help to understand which isolates may be more 

effective in cooler and warmer areas. A trial was set up at temperatures 10˚C, 17˚C, 25˚C, 30˚C 

and 37˚C, to find out the effect of the range of these temperature on the isolates. To confirm the 

results of this first trial, a second trial was conducted in the same way. The only difference was 

that this time a concentration of 106 spores/ml was applied onto the PDA medium of each plate, 

instead of the 105 spores/ml applied in the first trial. The reason for this was a late discovered error 

in concentration calculations in the first trial. The end results should not be affected, as this fault 

was consistent for all isolates involved and comparisons in spore production are therefore not 

influenced. 
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4.1.1 Overview of average of viable spores/ml 

For every isolate there is a temperature at which it produced the highest number of viable spores. 

For ISH-372 this was 25˚C (9.4×107 spores/ml), for ISH-373 this was 17˚C (6.3×107 spores/ml), 

for ISH-252 both 25˚C (9.9×107 spores/ml) and 30˚C (10.4×107 spores/ml) were similarly good 

producers, for ISH-189 this was 17˚C (4.9×107 spores/ml), 25˚C (4.8×107 spores/ml) and 30˚C 

(4.6×107 spores/ml), for ISH-190 this was 25˚C (8.9×107 spores/ml), for ISH-171 this was 25˚C 

(10.2×107 spores/ml) and 30˚C (9.8×107 spores/ml) and for ISH-272 this was 30˚C (10.7×107 

spores/ml). From these results it can be deduced, that ISH-373 is an isolate that thrives in cooler 

areas or early in spring, as its highest viable spore production occurred at 17˚C and production 

declined as temperatures increased. Isolates ISH-372 and ISH-190 preferred warmer conditions at 

an average temperature of 25˚C and so did ISH-252 and ISH-171, which produced similar 

quantities of viable spores at both 25˚C and even hotter temperatures around 30˚C. Isolate ISH-

272 clearly preferred warm climates with temperatures of approximately 30˚C for sporulation. 

ISH-189 showed similar spore production at 17˚C, 25˚C and 30˚C, all of which generated 

relatively low viable spore counts, therefore it displayed no particular preference for temperature. 

This experiment confirmed extremely low spore counts at 10˚C as well as non-existent growth at 

37˚C for all of the abovementioned isolates. 

4.1.2 Analysis of viable spores by temperature and isolate 

In paragraph 3.1.1, the number of viable spores was investigated by temperature for ISH-372, ISH-

373, ISH-252, ISH-189, ISH-190, ISH-272 and ISH-171. There was growth and sporulation 

registered for the isolates at 10ºC, which is why they were included in the graphs. However, in 

some cases the concentration of spores extracted from these plates was so low, that viability tests 

could not produce sufficient data to have a clear view on the viability of the spores produced by 

these isolates. Therefore, the viabilities used to calculate the number of viable spores/ml for each 

isolate may not accurately represent reality. Three of the investigated isolates produced over 1×108 

spores/ml at a certain temperature. ISH-252 is one of these isolates with spore production reaching 

the threshold at 25˚C and even exceeding it at 30˚C. Another isolate which proved itself a 

remarkable spore producer at 30˚C was ISH-272. However, this isolate did not produce similar 

results at 25˚C, reaching only approximately 7×107 spores/ml. It appears ISH-272 preferred higher 

temperatures, though no growth was found at 37˚C. Further research is necessary to determine its 

optimal growing temperature.  
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The last isolate which achieved high viable spore counts was ISH-171. It scored best at 25˚C, but 

also reached high spore counts at 30˚C. Noticeable in the data gathered for this isolate, is that 

viable spore production at 17˚C (4.1×107 spores/ml) was remarkably lower than at 25˚C (10.2×107 

spores/ml). In addition to that, this isolate had by far the lowest viable spore count out of all the 

isolates at 10˚C (4×107spores/ml). This could be due to the fact that ISH-171 is an isolate with 

tropical origin and is presumably not adapted to low temperatures, resulting in a low viable spore 

count at lower temperatures. For this reason, bio-insecticides based on B. bassiana isolates should 

be developed using isolates recovered from native insects or soil, so they are adapted to the 

environmental conditions and insect hosts of the territory in which they will be used.  

4.1.3 Comparison of results with literature and possible future research 

As previously mentioned in paragraph 1.4.1 the optimal temperature for growth is between 25˚C 

and 30˚C according to Dhar et al. (2016). This was confirmed as both trials showed the highest 

number of viable spores at these temperatures. Dhar et al. (2016) also suggested no B. bassiana 

growth was possible at temperatures of 40˚C and higher. This is also supported by these 

experiments as the trials on B. bassiana isolates at 37˚C showed no sporulation and subsequently 

no growth of the fungus whatsoever. Therefore, none of the seven isolates, investigated in these 

trials, are likely to grow or sporulate within a human upon ingestion. The average human body 

temperature is approximately 37˚C, however, fluctuations may occur and to establish the specific 

temperature limit for sporulation and growth for these B. bassiana isolates, further research is 

necessary. One additional piece of information further suggested poor survival of these isolates 

after incubation in 37˚C.  Isolates were held at 25˚C for 10 days after removal from 37˚C, after 

which still no sign of growth was found. This preliminary experiment could indicate that 

temperatures as high as 37˚C might not only stop the growth and sporulation of the fungus, but 

could also kill it. To confirm this hypothesis, more research is necessary.  

4.2 Efficacy of two B. bassiana isolates, ISH-272 and ISH-171 

For the second part of this thesis, the selected isolates ISH-171 and ISH-272, which both proved 

to be good producers in the trial concerning the viable spore production of these isolates, were 

tested for efficacy against the insect pest Cabbage looper (Trichoplusia ni). If these trials produce 

positive results for both spore production and efficacy, the isolates could have potential as a 

possible commercial bio-insecticide and further research will determine their agricultural value.  
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4.2.1 Direct contact method 

The graph for direct contact mortality percentage showed ISH-171 to be significantly more 

effective compared to ISH-272. The graphs showing viable spore production for ISH-272 and ISH-

171 indicate that both are good spore producers. Since ISH-171 is also the better spore producer 

at 25˚C and its viable spore count is almost as high as the one for ISH-272 at 30˚C, ISH-171 can 

be considered the best candidate for developing a bio-insecticide by mass spore production. This 

can be confirmed by the direct contact sporulation percentage which shows that the sporulation 

percentage for ISH-171 was also higher than that for ISH-272. In the graph for sporulation 

percentage in the direct contact method, no results for the control were visible. The reason they 

were not included, was because there was no sporulation found throughout the entire trial. This is 

critical information, as sporulation in the control would indicate contamination and the validity of 

the trial could be questioned. 

4.2.2 Residual contact method 

However, the direct contact method does not accurately predict possible infection with B. bassiana 

when applied in the field. Cabbage loopers tend to attach themselves to the bottom leaf surface 

and can therefore mostly evade infection when the spore solution of B. bassiana is sprayed onto 

the crop. The leaves however, will be soaked by the end of the treatment and when the Cabbage 

loopers eat them or simply come into contact with them, the spores will be able to infect them. 

Therefore, the residual method is probably more accurate when simulating field circumstances. 

The graph depicting this treatment also seems to produce more favorable results concerning isolate 

ISH-171, compared to ISH-272. Noticeable, was the difference in time it took for both treatments 

to kill the pest and start the sporulation on the external surface of the dead insect. In the case of 

the direct contact method, there was already more than 50% mortality and almost 40% sporulation 

by day 3 for ISH-171, while this isolate barely caused 10% mortality and even 0% sporulation for 

the residual method on the same day. However, by day 9 the mortality and sporulation percentages 

for the residual treatment had exceeded those for the direct contact method. This means that the 

residual contact method is probably more effective long term, compared to the direct contact 

method. Because the residual contact method takes longer to kill the insect pest however, a 

consequence of this method could be that a lot of feeding damage has already been caused to the 

crop by the time the insects decease. Preventive treatment of crops with B. bassiana would be a 

way to avoid major feeding damage by Cabbage looper in the field and keep their population under 

control. 
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4.2.3 LT50 and LC50 

The LT50 provides information on the efficacy of an isolate, by determining the time a 

concentration of fungal isolate needs to kill 50% of the targeted insect population. In this thesis 

the LT50 was calculated for both the direct contact method and the residual contact method for the 

two isolates investigated in this trial. For ISH-171, the LT50 for both direct and residual contact 

methods were lower than those of ISH-272. The significant difference, observed for the direct 

contact method for ISH-171 (3 days) and ISH-272 (13 days), indicates that ISH-171 is more 

effective than ISH-171. Even though the difference is less noticeable for the residual contact 

method for ISH-171 (4.7 days) and ISH-272 (6.0 days), ISH-171 proved to be more effective by 

this method of infection as well. The LC50 represented a similar conclusion, as the results showed 

that a significantly lower concentration of ISH-171 spores (1.45×108 spores/ml) was needed 

compared to ISH-272 (1.96×1010 spores/ml) to kill 50% percent of the insect population. 

This trial was conducted at 25˚C and since this was an ideal temperature for the tropical isolate, it 

might be interesting to see how well it works at lower temperatures. Since results from the previous 

temperature trials showed that ISH-171 produced the least spores out of all seven investigated 

isolates at 10˚C, it is clear this isolate does not fare well at lower temperatures and is therefore 

probably not fit for agricultural use in Canada’s climate. By this reasoning, ISH-272 would be a 

better choice, since it was extracted from the soil in the BC coastal region. Since this B. bassiana 

isolate is native to Canada, it is better adapted to its environmental conditions. However, viable 

spore production for this isolate was found to be disappointing in the previous temperature trials 

at both lower and higher temperatures and its efficacy against cabbage looper was also found 

questionable.  
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4.2.4 Comparison of ISH-171 and ISH-272 with ISH-189 and ISH-190 

Even if the second trial with isolates ISH-189 and ISH-190 was prematurely stopped, the results 

did show a high potential for these isolates as a biological agent in killing Cabbage loopers. This 

trial was meant as a confirmation of a previous similar trial by Tahriri et al. (2017) in which results 

for these two isolates exceeded expectations. The goal was to compare the results of isolates ISH-

171 and ISH-272 with these of ISH-189 and ISH-190. From the research conducted by Tahriri et 

al. (2017) on ISH-189 and ISH-190, it became clear that these isolates scored well on both 

mortality and sporulation percentage. In the graphs demonstrating the effects of the direct contact 

method, ISH-190 appeared to cause the highest mortality and sporulation percentage of the two, 

with its mortality nearly reaching 70% after only three days and already reaching 90% by day 4 

(Tahriri et al., 2017). This is remarkably higher than isolate ISH-171, which only achieved a little 

over 50% mortality after three days and did not even reach 80% in nine days. Despite ISH-171 

being the more effective isolate of the two that were tested in the efficacy trial in this thesis, it still 

did not produce nearly the same results as ISH-190 in mortality percentage. For the residual 

method graphs, analyzing the mortality percentage, similar differences between ISH-190 and ISH-

171 were found. On day 3, the differences were still minimal with ISH-190 reaching 20% and 

ISH-171 just over 10%. By day 6, however, 80% mortality was not yet reached for ISH-171, while 

the graph for ISH-190 had already reached close to 100% by day 5 (Tahriri et al., 2017). From 

these results ISH-190 seems like the more effective isolate in killing Cabbage looper larvae. 

However, certain factors must be considered when comparing these two different trials. The trial 

which was conducted for this thesis was performed on 2nd instar Cabbage looper larvae and the 

one which was performed last year with ISH-189 and ISH-190 used 3rd instar larvae. The 

susceptibility of larvae in different instars can differ drastically. According to research previously 

discussed in paragraph 1.4.4, 2nd instar larvae of the lepidopteran pest Diamondback moth (Plutella 

xylostella) were less susceptible to B. bassiana. This may also be the case for Cabbage looper, 

though no such research was found. However, they might be more susceptible to bacteria and 

environmental factors because of their smaller size. This could be a reason as to why there were 

too many deaths in the control of the second trial. This means, that the comparison could have 

been different, had the trial for ISH-171 and ISH-272 used the same instar (3rd) as the trial for ISH-

189 and ISH-190 (Tahriri et al., 2017).  
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The high death rate in the control could also be attributed the high humidity in some cups, which 

caused some of the smaller loopers to drown in drops of condensation. A last factor which may 

have had an impact is the fact that the Cabbage looper eggs for the second trial were kept in the 

fridge at approximately 4˚C for a week before the rearing process was started, this may have had 

an impact on the health of the Cabbage loopers. There are many other differences between the two 

trials, which could have had an impact, such as the L:D ratio which was kept at 16:8 for the trial 

for ISH-171 and ISH-272, when no such ratio was kept for the trial concerning ISH-189 and ISH-

190.  

In the end, both ISH-171 and ISH-272 might not be efficient enough in managing a Cabbage looper 

pest and other isolates with a higher efficacy such as ISH-189 and ISH-190 could use further 

research to determine a way of mass spore production. In addition, ISH-252 was found to have a 

high viable spore production in the first part of this thesis and research has found that its efficacy 

as a Cabbage looper killing agent was satisfactory as well (Tahriri et al., 2017). This isolate could 

also have potential as a commercial insecticide against cabbage looper and further research is 

recommended. 

4.2.5 Additional research possibilities 

Since most B. bassiana isolates appear to be endophytic (Vega, 2008), it is fair to assume that the 

ones investigated in this thesis are as well. For this knowledge to be conclusive, another test should 

be executed. Unfortunately, due to limited time, this experiment could not be executed for this 

thesis. Should these isolates prove to be endophytic, it could mean that crops, treated with B. 

bassiana, also infect susceptible insect pests by feeding. If B. bassiana remains in the plant for a 

longer period of time, it may contribute to mortality whenever the larvae feed on the crop and 

therefore manage the population of these insects. For these reasons B. bassiana is considered an 

excellent candidate for IPM. 

This thesis did not investigate the efficiency of these isolates in field trials in the climate and 

conditions of the area for which they would be produced. The next step in the development of a 

new bio-insecticide is to test the B. bassiana isolate in field conditions. Only then, can its efficacy 

be fully determined and can new ways for mass production be developed. 
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5. General conclusion 

In the search for new methods for insect pest control, B. bassiana has proved to be successful, with 

spore based insecticides, such as Botanigard®, already on the market. The main reason for its 

success is the selectivity of the fungus, which means it will cause no harm to non-target insects, 

animals or humans, but only attack specific species of insects. However, ongoing research is 

focused on further improving the effectiveness of such treatments and finding alternative methods 

of production for isolates which are not high spore producers but have excellent efficacy.  

When developing a B. bassiana based insecticide, the environmental conditions in which it can be 

effective must be investigated. That is why the first part of this thesis focused on the effects of 

temperature on spore production and viability of seven B. bassiana isolates (ISH-372, ISH-373, 

ISH-252, ISH-189, ISH-190, ISH-171, ISH-272). The results for isolates ISH-252, ISH-171 and 

ISH-272 showed promise, as all of them produced over 1×108 viable spores/ml at either 25ºC or 

30ºC. To more accurately find their optimal temperature for growth and sporulation, more research 

is advised, especially around the 25ºC to 30ºC range. A clearer insight into the effects of 

temperature on B. bassiana isolates provides a better understanding of its entomopathogenicity 

and allows establishment of boundaries for its use. Determining the optimal growing temperature 

of some spore producing isolates, may also improve the efficiency of eventually mass producing 

these isolates for bio-insecticide purposes.  

The next goal in this thesis, was to find out whether some of these good producing isolates were 

also effective against a targeted insect pest, such as Cabbage looper. It has often been anecdotally 

noted that effective spore producers tend to be less efficient in killing insect pests compared to less 

effective spore producers. Since these observations have never been documented or examined, this 

became an objective in the second part of this thesis. Two high spore producing isolates, ISH-171 

and ISH-272 were tested for efficacy on Cabbage looper and the conclusion was that they were 

indeed less effective than the lower spore producing isolates such as ISH-189 and ISH-190, which 

have been tested on Cabbage loopers in previous research.  
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The question remains whether it would be more advantageous to produce a higher concentration 

of less effective isolates such as ISH-171 and ISH-272 or use lesser producing isolates with a 

higher insect killing efficiency such as ISH-189 and ISH-190. Factors to consider when making 

this decision, are the cost of spore production and the yield loss due to insect damage. Another 

factor to consider, is whether a different method could be developed for B. bassiana bio-insecticide 

commercialization. Instead of focusing the production of this bio-insecticide solely on spore 

production, it may be possible to harvest both spores and mycelium, as they both possess the ability 

to initiate fungal growth. New microsclerotia formulations are beginning to be reported in the 

literature and are under study to determine their efficacy. Future research is necessary to further 

investigate the properties of these B. bassiana isolates and to find the best way of commercializing 

them. 
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