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ABSTRACT 

ONION THRIPS (THRIPS TABACI) IN GREENHOUSE FLORICULTURE CROPS: 
INTEGRATED PEST MANAGEMENT OF AN EMERGING GREENHOUSE PEST IN 
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Ashley Jennifer Summerfield 
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Advisor(s): 

Dr. Cynthia Scott-Dupree 

Dr. Rosemarije Buitenhuis 

 

Integrated pest management (IPM) of thrips in greenhouses has focused 

primarily on western flower thrips (Frankliniella occidentalis, WFT). However, recent 

studies demonstrate that onion thrips (Thrips tabaci, OT) are prevalent in Niagara 

floriculture greenhouses. Biocontrol-based IPM programs effective for WFT appear less 

effective for OT, leading to outbreaks. Through studies in commercial greenhouses, 

laboratory assays, and greenhouse trials, this thesis examines the relative occurrence, 

monitoring, and management of OT in potted chrysanthemums. Data from 2019 

identified outdoor populations as the likely infestation source of OT, with pressure 

peaking in July. Yellow monitoring cards were preferred over blue by OT but did not 

accurately reflect species composition in the crop at all sites. In laboratory assays, OT 

and WFT were equally susceptible to predatory mites, nematodes, and Beauveria 

bassiana. Greenhouse trials produced conflicting results suggesting that thrips 

behaviour on host plants may contribute to poor OT control. Management 

recommendations are discussed. 
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Chapter 1. Literature Review 1 

Thrips (Order: Thysanoptera) are one of the most important pests of greenhouse 2 

crops around the world, and are considered the most challenging pest by greenhouse 3 

floriculture growers in Ontario (Murphy et al. 2011; Summerfield 2019; Reitz et al. 4 

2020). Western flower thrips (WFT), Frankliniella occidentalis (Pergande), has been the 5 

predominant thrips species in greenhouse floriculture in North America and Europe 6 

since the 1970s-80s (Shipp et al. 1990), and therefore has been the focus of most thrips 7 

management research in greenhouse crops. Recent research has determined that 8 

another species, Thrips tabaci Lindeman (onion thrips; OT), is far more prevalent in 9 

Ontario greenhouses than previously presumed. They currently account for up to one 10 

third of thrips found in floriculture greenhouses in the Niagara region (Jandricic 2018). 11 

Similar scenarios in which a secondary species was present in equal or greater 12 

numbers than the assumed dominant thrips species, have been recorded in France 13 

(Pizzol et al. 2014), and Japan (Ganaha-Kikumura et al. 2012), suggesting that 14 

multispecies thrips populations may be a more common occurrence in floriculture 15 

greenhouses than previously thought. 16 

Biocontrol-based IPM programs that have been effective for WFT in the past in 17 

Ontario greenhouses have been experiencing more failures in recent years, leading to 18 

an increase in crop losses (Jandricic 2018).  The recent discovery that OT are far more 19 

prevalent than previously understood may explain these failures. The current hypothesis 20 

is that biocontrol products are less effective for OT than they are for WFT. For 21 

greenhouses in which OT constitute a significant proportion of their thrips population, 22 

less efficacious management of OT would lead to large outbreaks and plant damage.   23 



 

2 

 

To control OT outbreaks, growers are currently resorting to chemical pesticides 24 

(S. Jandricic1, personal communication, October 5, 2019). Over the long term, the 25 

frequent use of chemical pesticides is not sustainable for two reasons. First, OT are 26 

likely to develop insecticide resistance as has been observed in other crops (MacIntyre-27 

Allen et al. 2005b; Diaz-Montano et al. 2011; Mota-Sanchez and Wise 2021). Secondly, 28 

even the reduced risk insecticides (i.e. pesticides that are less toxic to non-target 29 

organisms) typically used on greenhouse ornamentals can have negative impacts on 30 

the natural enemies that Canadian growers rely on to manage WFT and other arthropod 31 

pests (Gullino and Tavella 2020). Further complicating matters, in greenhouses with a 32 

high proportion of OT, WFT continue to represent a significant proportion of the 33 

population (at least 25%, S. Jandricic1, personal communication). This means that IPM 34 

programs for OT must be effective for both thrips species. Since WFT are resistant to all 35 

registered pesticides in Canada, this program will need to rely primarily on biological 36 

control and other non-chemical IPM tactics. However, due to a lack of research on OT 37 

management in greenhouses, IPM consultants are not yet able to offer evidence-based 38 

recommendations to growers on how to manage OT sustainably without pesticides.  39 

1.1 Greenhouse floriculture industry in Canada 40 

The ornamental horticulture sector includes floriculture, nursery, Christmas trees, 41 

and turf sod. In 2018 this sector generated $2.34 billion CAD in farm gate sales in 42 

Canada. Floriculture, which is comprised of bedding plants, potted flower and cut 43 

flowers, makes up the majority of activities in this sector, accounting for 66% of the total 44 

                                            

1 Sarah Jandricic, Greenhouse Floriculture IPM Specialist, Ontario Ministry of Agriculture, Food and Rural 
Affairs; 905-562-4141 ext 106, sarah.jandricic@ontario.ca.  

mailto:sarah.jandricic@ontario.ca
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revenue in the ornamental sector (Canada 2019). Ontario leads the Canadian 45 

floriculture industry in both revenue (51%) and area (47%). Floriculture generates $797 46 

million CAD in sales for Ontario, making it the third largest agricultural sector in the 47 

province (Ontario Ministry of Agriculture Food and Rural Affairs 2020). Ontario is the 48 

third largest producer of floriculture crops in North America, behind California and 49 

Florida (Ontario Ministry of Agriculture Food and Rural Affairs 2020). Ontario’s 50 

floriculture operations are heavily concentrated at the southernmost regions of the 51 

province, with 60% of the production area located in the Niagara and Hamilton area 52 

(Ontario Ministry of Agriculture Food and Rural Affairs 2020). The crops produced within 53 

the floriculture industry are numerous and varied – Statistics Canada lists 32 species of 54 

potted plants, 5 species of cuttings, and 12 species of cut flower crops  (Canada 2019), 55 

although this is likely an underestimate of the crop diversity in this sector (S. Jandricic1, 56 

personal communication). For each plant species, multiple cultivars are grown, each 57 

with differences in form, production requirements,  and susceptibility to pests, further 58 

increasing the diversity of this commodity group. 59 

1.2 Thrips as greenhouse pests 60 

There are more than 5500 described species of thrips, and approximately one 61 

percent of these are notable pest species (Morse and Hoddle 2005). A wide range of 62 

crop types are affected by pest thrips, including many greenhouse floriculture crops. 63 

Floriculture growers in Ontario list thrips as the most common and challenging pest to 64 

manage, and the one responsible for the greatest crop losses (Summerfield 2019). 65 
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The Centre for Agriculture and Biosciences International (CABI) lists 137 thrips 66 

species as plant pests, and the USDA Animal and Plant Health Inspection Service has 67 

125 thrips species on its regulated plant pests list (CABI 2021; USDA 2021). Only 21 of 68 

these were considered serious crop pests in North America in 2009 (Hodges et al. 69 

2009), although the number of serious thrips pests varies between crops and regions, 70 

and also changes over time as new species invasions occur (Mound 1983; Jacobson 71 

1997). Of these thrips pests, the two most ubiquitous species, both in Canada and 72 

around the world, are WFT and OT (Mound and Teulon 1995; Jacobson 1997; Morse 73 

and Hoddle 2005; Buitenhuis et al. 2013). 74 

Prior to the 1980s, OT was among the most common thrips species associated 75 

with greenhouse crops in Canada and Europe (Morison 1957; Shipp et al. 2002). This 76 

species had gained a global distribution by the time the species was first described, 77 

though it is believed to have originated in the Mediterranean (Mound 1983). Its highly 78 

polyphagous nature enabled it to become established in both greenhouse and outdoor 79 

crops (Morison 1957; Brunner et al. 2004; Diaz-Montano et al. 2011; Gill et al. 2015).  80 

In the latter quarter of the 20th century WFT quickly supplanted other thrips 81 

species as the primary pest of greenhouse floriculture crops globally as a result of its 82 

high capacity for developing insecticide resistance and the increased international trade 83 

of plant material (Kirk and Terry 2003). Originating in southwestern North America, WFT 84 

initially expanded its range to the rest of North America and parts of South America in 85 

the 1970s and 80s, and from there rapidly dispersed worldwide, reaching the 86 

Netherlands by 1983, South Africa by 1987, Japan by 1990, and Australia by 1993 (Kirk 87 
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and Terry 2003). Since they became the dominant pest in greenhouse crops, WFT has 88 

become the focus of most thrips pest management research (Reitz 2009; Rugman-89 

Jones et al. 2010). Due to their prevalence and pest status, it is now assumed that WFT 90 

is the primary, or only, thrips species found in most greenhouse crops. This assumption, 91 

as well as the fact that their small size requires a microscope for species identification, 92 

means that proper on-farm thrips identifications are rarely done. 93 

In response to increasing pesticide resistance in WFT and de-regulation of 94 

several pesticides in Canada, greenhouse floriculture growers began shifting their thrips 95 

control programs away from routine chemical pesticide sprays and adopting more IPM 96 

tactics, including biological control (Murphy et al. 2011). By the 2010s, the majority of 97 

Canadian greenhouse floriculture growers were using biological control as their first line 98 

of defense against thrips (Murphy 2014). This change in greenhouse pest management 99 

strategies may offer some explanation for the current resurgence of OT in Canada. 100 

While greenhouse growers were transitioning from chemical-only to biocontrol-based 101 

IPM, a similar scenario was taking place in outdoor crops. In the 1990s, farmers 102 

growing allium crops (onion, leek, shallots, and garlic) began to transition their pest 103 

management strategy for another pest, onion maggot (Delia antiqua Meigen), from foliar 104 

sprays to soil applications (Fournier et al. 1995). This transition was followed by a 105 

steady increase in the prevalence of OT in these outdoor crops. It is believed that this 106 

happened because the foliar sprays previously used for onion maggot had been 107 

inadvertently suppressing OT populations as well (Fournier et al. 1995; MacIntyre-Allen 108 

et al. 2005a). The decrease in pesticide use inside greenhouses, coupled with 109 
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increasing OT populations outdoors, have likely been contributing factors toward the 110 

recent re-establishment of OT as an important pest of greenhouse floriculture crops.  111 

The only survey documenting thrips species in Canadian greenhouses was 112 

restricted to the Niagara region in Ontario (Jandricic 2018). Therefore, it is unknown if 113 

the rest of Canada has experienced the same shift in thrips species composition, 114 

although the conditions that likely lead to this situation are not unique to the region. 115 

Communications with greenhouse IPM consultants in the U.S. have confirmed the 116 

presence of OT in greenhouses throughout the country (S. Wainwright2, personal 117 

communication). In France, OT was found to be the most prevalent species among a 118 

multispecies thrips complex of seven primary species in rose greenhouses (Pizzol et al. 119 

2014). A multispecies thrips complex was also described in Japan (Ganaha-Kikumura et 120 

al. 2012), where the assumed dominant thrips species, Thrips palmi, was found to be 121 

less prevalent than the actual dominant species, Thrips nigropilosus, in chrysanthemum 122 

greenhouses. A survey of strawberry high tunnels in Denmark found thrips populations 123 

in this crop were made up of four different thrips species, with Frankliniella intonsa and 124 

OT as the most abundant (Nielsen et al. 2021). Few other such surveys have been 125 

published, however the similarity in these findings in disparate parts of the world, 126 

coupled with a global effort to reduce pesticide use, suggests that undocumented multi-127 

species thrips complexes may exist elsewhere.  128 

                                            

2 Suzanne Wainwright, IPM consultant, Buglady Consulting. Personal communication with Sarah 
Jandricic, August 2019; 610-767-9221, sw@bugladyconsulting.com. 

mailto:sw@bugladyconsulting.com
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1.3 Biology of onion thrips and western flower thrips 129 

1.4 Life history  130 

Thysanoptera is the smallest winged insect order, with body sizes ranging 131 

between 0.5-14mm long, although most species that live in temperate climates are 1-132 

2mm long (Lewis 1973). Female OT are 1.0-1.3mm long (Nakahara 1994); female WFT 133 

are somewhat larger, ranging from 1.5-1.7mm long (De Kogel et al. 1999; EPPO 134 

2002)(Figure 1.1).  135 

Thrips are hemimetabolous, but their final immature stage is a non-feeding, 136 

quiescent form that is referred to as a “pupa”. Although it does not undergo a complete 137 

transformation as in holometabolous insects, this “pupal” stage leads some 138 

entomologists to describe their development as intermediate between hemimetabolous 139 

and holometabolous (Parker et al. 1995). Both WFT and OT belong to the suborder 140 

Terebrantia which has two larval instars, followed by two sedentary instars (referred to 141 

as “pre-pupa” and “pupa”), before moulting into winged adults (Gullan and Cranston 142 

2005). While some thrips species exhibit apterous or brachypterous forms, neither is 143 

known to exist in either WFT or OT. 144 
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 145 

Figure 1.1. Adult female thrips: western flower thrips, Frankliniella occidentalis (left), and onion thrips, 146 
Thrips tabaci (right). 147 

In general, there is considerable similarity between the biological traits of these 148 

two species, however sex ratio is where the two species are fundamentally different. 149 

Three different reproductive types are known to exist among OT depending on their 150 

genetic lineage – thelytokous, arrhenotokous, and deuterotokous (Sogo et al. 2014; Fail 151 

2016). Thelytoky, in which unmated females produce female offspring, gives rise to 152 

entirely female populations. This is the most common reproductive form found in Europe 153 

(Van Rijn et al. 1995), and North America (MacIntyre-Allen et al. 2005a; Nault et al. 154 

2014). In a survey conducted in Poland over a period of two years including more than 155 

17,000 OT specimens, 99.7% were female (Olczyk and Pobozniak 2020). Arrhenotoky, 156 

in which unmated females produce male offspring, is more common in their original 157 
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home range in the Mediterranean (Lewis 1973), and to a lesser extent Japan (Aizawa et 158 

al. 2018). Deuterotoky, in which unfertilized eggs may develop into either males or 159 

females, is quite rare, although it has been observed in New York state (Nault 2006). 160 

Western flower thrips, on the other hand, are exclusively arrhenotokous, producing 161 

males when unmated and generally have a sex ratio that is two-thirds to three quarters 162 

female (Van Rijn et al. 1995; Zhao et al. 2017).  163 

The oviposition rate and lifetime fecundity of both species is difficult to define, as 164 

these traits are highly variable depending on temperature and food source. During her 165 

lifetime, a single female of either species may produce less than ten offspring under 166 

poor conditions, or more than 250 under optimal conditions (Robb and Parrella 1991; 167 

Katayama 1997; Murai 2000; Zhang et al. 2007; Aizawa et al. 2018). Estimates of their 168 

intrinsic rates of increase (R0) are also varied, but generally similar between the two 169 

species. Most estimates of the R0 of OT fall between 0.12-0.17, and WFT between 170 

0.13-0.19 (Robb and Parrella 1991; Brodsgaard 1994; Van Rijn et al. 1995; Murai 2000; 171 

Zhang et al. 2007; Nielsen et al. 2010).  172 

Development time can also play a significant role in population increase. Only 173 

two studies have directly compared both OT and WFT. For the local populations used, 174 

the two species did not have significantly different development rates in either study 175 

(Van Rijn et al. 1995; Stacey and Fellowes 2002). Degree days required (DDR) is a 176 

useful metric for comparing development data from different papers, even where the 177 

two species are not studied simultaneously. As with R0, the reported DDRs for these 178 

two species are variable within species, but there is also considerable overlap between 179 
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species. Western flower thrips have a reported DDR ranging from 194-268, and OT 180 

have a DDR from 179.6-269.6 (Table 1.1). Another way to compare studies is to plot the 181 

development time from egg to adult at different temperatures on a scatter chart (Figure 182 

1.2). Based on 15 studies, there are no clear differences between the two species in 183 

terms of development time overall.  184 

Table 1.1. Lower thermal threshold (Tmin) and degrees development required (DDR) for Frankliniella 185 
occidentalis and Thrips tabaci development. 186 

 Host plant Location Tmin (°C)    DDR Source 

Frankliniella occidentalis    

 peanut Texas 6.5 253.9 (Lowry et al. 1992) 

 bean England 6.7 233.4 (Stacey and Fellowes 2002) 

 chrysanthemum England 7.9 268 (McDonald et al. 1998) 

 chrysanthemum Japan 9.5 194 (Katayama 1997) 

 chrysanthemum California 11.8  -  (Robb and Parrella 1991) 

  average 8.48 237.32  

Thrips tabaci     

 bean England 5.86 260.83 (Stacey and Fellowes 2002) 

 cotton Iran 9.89 269.6 (Khani et al. 2004) 

 leek New Zealand 8.1 221 (Jamieson et al. 2012) 

 pollen Japan 10.8 220.6 (Murai 2000) 

 onion Texas 11.5 179.6 
(Edelseon and Magaro 
1988) 

  average 9.23 230.32  

      

Ontario is known for its temperature extremes. In Southern Ontario, the average 187 

low temperature is -6°C in January and the average high is 26°C in July. However, it 188 

may reach extremes from below -15 to over 30°C. Both thrips species originate in 189 

warmer climates where the temperatures rarely drop below zero, so it is not certain that 190 

they are able to tolerate cold extremes in Ontario, although there are strong indications 191 

that they do. Studies show that they can adapt to local temperature extremes, and both 192 
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species are capable of surviving outdoors in below-freezing temperatures (North and 193 

Shelton 1986; Kirk and Terry 2003; Szostek and Schwartz 2015). Adaptation to local 194 

climates has no doubt facilitated their worldwide establishment and may contribute to 195 

the variations in development rates reported in the literature (Table 1.1).  196 

 197 

Figure 1.2. Days of development time from egg to adult for Thrips tabaci (OT) vs Frankliniella occidentalis 198 
(WFT) by temperature based on data reported in 15 publications (Lublinkhof and Foster 1977; Edelseon 199 
and Magaro 1988; Robb and Parrella 1991; Lowry et al. 1992; Brodsgaard 1994; Van Rijn et al. 1995; 200 
Katayama 1997; McDonald et al. 1998; Murai 2000; Khani et al. 2004; Zhang et al. 2007; Nielsen et al. 201 
2010; Jamieson et al. 2012; Kaur et al. 2017; Li et al. 2017). 202 

Lower thermal threshold (Tmin) is one of the factors used in the determination of 203 

DDR, and it may also suggest how well a species is adapted to temperate regions such 204 

as Ontario. The reported Tmin data indicates that development continues for both 205 

species at temperatures around 6°C where they have established in cooler temperate 206 

regions such as England (Table 1.1) (Stacey and Fellowes 2002). While many insects 207 

will diapause at cold temperatures or short photoperiods, research on the overwintering 208 
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habits of thrips in Colorado found evidence that neither OT not WFT entered diapause 209 

during the winter months; although trap captures around an onion field ceased at daily 210 

average temperatures that were below 0°C, both species were caught on sticky cards 211 

during mid-winter warm spells with a daily average above 0°C (Szostek and Schwartz 212 

2015). Based on the available data, both OT and WFT should be capable of surviving 213 

the winter in Ontario to some extent, but whether or not a sizeable population would 214 

survive is unknown. The size of the overwintering population will in turn dictate how 215 

quickly the populations increase in the spring and the extent to which outdoor thrips 216 

populations contribute to thrips pressure within the greenhouse. 217 

1.5 Host plants and economic damage 218 

Onion thrips and WFT are primarily herbivorous, and feed on vascular plant 219 

tissue by piercing plant cells and sucking up the cell contents (Lewis 1973). On mature 220 

leaves and flower petals, the empty cells left behind after thrips feeding appear as 221 

unsightly silver scars and feeding on developing leaves and buds can lead to 222 

deformities (Jager et al. 1995; Childers 1997). For plants grown for their aesthetic 223 

appeal, the visible feeding damage caused by thrips can quickly render plants 224 

unmarketable and lead to substantial crop losses if their populations are not well 225 

managed (Lewis 1997a). Although it would take a very large population of thrips to 226 

cause plant death, feeding damage during even mild to moderate outbreaks can render 227 

ornamental plants unsalable due to these cosmetic defects. Additionally, many thrips 228 

species, including OT and WFT, can transmit plant viruses such as impatiens necrotic 229 

spot virus (INSV) and tomato spotted wilt virus (TSWV) that can further affect the 230 
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cosmetic value of plants (Shahraeen et al. 2002; Okuda et al. 2010; Rotenberg et al. 231 

2015; Smith et al. 2015; Ogada et al. 2016). As there is no effective treatment that can 232 

rid plants of these viruses, the destruction of the affected crops is the only solution once 233 

plants become infected. There is very little data on the economic losses attributed to 234 

thrips, but a report from the state of Georgia estimated that the losses attributed to 235 

thrips in greenhouse ornamentals was valued at $7.5 million USD in 2006 alone 236 

(Guillebeau et al. 2007). Ontario has more than twice the acreage in greenhouse 237 

ornamentals than Georgia, so the potential economic losses in Ontario could be 238 

substantially more. In a 2017 survey of ornamental growers in Ontario, 36% of growers 239 

listed thrips as their most damaging pest and estimated that this pest caused 240 

approximately 7% crop losses in their operations (Buitenhuis 2014, unpublished data).  241 

Both OT and WFT are highly polyphagous. The potential host range of WFT 242 

includes more than 250 species (Reitz 2009) including most of Ontario’s more 243 

commonly grown floriculture crops such as chrysanthemum (Chrysanthemum indicum), 244 

gerbera (Gerbera jamesonii), roses (Rosa spp.), and many types of spring bedding 245 

crops, and greenhouse vegetables such as tomatoes (Lycopersicon esculentum), 246 

peppers (Capsicum annuum), and cucumbers  (Cucumis sativus). Onion thrips have a 247 

reported host range that includes as many as 355 plant species (Gill et al. 2015). 248 

Although the preference of OT for various floriculture crops is still being defined, 249 

Jandricic (2018) found them on chrysanthemum, gerbera, Osteospermum spp., 250 

Geranium spp., New Guinea impatiens (Impatiens hawkeri), Mandevilla spp., and 251 

Cyclamen spp. during their survey of large floriculture facilities in Niagara, ON. Neither 252 

species are confined to greenhouse crops, and can be found in field crops such as 253 



 

14 

 

soybean (Glycine max) and alfalfa (Medicago sativa), as well as a variety of 254 

uncultivated plants including common weedy species such as clover (Trifolium 255 

pretense), dandelion (Taraxacum officinale), lambsquarters (Chenopodium album), 256 

pigweed (Amaranthus hybridis), flixweed (Descurainia sophie), prickly lettuce (Lactuca 257 

serriola), and common mallow (Malva neglecta) (MacIntyre-Allen et al. 2005a; Diaz-258 

Montano et al. 2011; Szostek and Schwartz 2015). Though they can both feed on 259 

hundreds of different plants, not all of them are optimal hosts, and a host plant with poor 260 

nutritional value or strong plant defenses will have negative impacts on development, 261 

fecundity, and longevity (Terry 1997). The development time of WFT from egg to adult 262 

is 40% longer on tomato versus cucumber plants, and their fecundity is 10 times greater 263 

on cabbage versus pepper plants (Zhang et al. 2007). Adult longevity of OT is about 264 

25% longer on cabbage versus onion, and fecundity is 9-35% greater on cabbage 265 

depending on the source of the thrips population (Li et al. 2014). 266 

In addition to leaf cell contents, both thrips species will feed on pollen as a source 267 

of protein. As their common name suggests, WFT rely heavily on floral resources and 268 

their fecundity declines dramatically in the absence of pollen (Katayama 1997; Hulshof 269 

et al. 2003; Reitz 2009). Onion thrips are less frequently associated with floral 270 

resources. However, Murai (2000) found that the addition of pollen also caused a large 271 

increase in fecundity for this species. Ganaha-Kikumura et al. (2012) found that OT 272 

were frequently collected from chrysanthemum flowers but noted that they are not 273 

known to cause visible flower damage. In addition to pollen, WFT are known to 274 

supplement their diet by preying on the eggs of two-spotted spider mites (Tetranychus 275 

urticae), eggs of predatory mites Phytoseiulus persimilis and Neoseiulus cucumeris, and 276 
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the first larval stage of greenhouse whiteflies (Trialeurodes vaporariorum) (Reitz 2009; 277 

van Maanen et al. 2012). Though less frequently documented, OT are also omnivorous 278 

and have been observed preying on spider mite eggs (Milne and Walter 1998; Silva et 279 

al. 2014). Both thrips species experience faster development time and higher fecundity 280 

when prey are added to their diet compared with a strictly herbivorous diet, and are 281 

attracted to plants where spider mites are present, indicating that animal prey is an 282 

important protein source and not just an occasional supplement (Silva et al. 2014).  283 

1.6 Cryptic species  284 

DNA barcode analysis has identified multiple genetically distinct clades, typically 285 

referred to as “strains”, for both WFT and OT. The strains were first identified based on 286 

differences in reproductive strategy and/or host range, and were later confirmed to be 287 

genetically distinct once the technology became available (Rugman-Jones et al. 2010; 288 

Jacobson et al. 2013, 2016). In New Zealand, there are two main strains of WFT – the 289 

wild “lupin strain” that was introduced in the 1930s, and the “greenhouse strain” that 290 

was introduced much later when pesticide-resistant WFT were invading the globe. 291 

These two strains, although morphologically the same, are different in terms of their 292 

reproductive rate and pest status. The greenhouse strain of WFT has a reproductive 293 

rate that is four-times higher than the wild strain (Nielsen et al. 2010). For OT, three 294 

main genetic lineages have been identified: 1) the “arrhenotokous tobacco group”, 295 

found primarily in Europe, 2) the “arrhenotokous leek group” found worldwide but 296 

uncommon, and 3) the more ubiquitous “thelytokous leek group” (Jacobson et al. 2016). 297 

In addition to their differing reproductive strategies, these groups have different 298 
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preferences in host plants, development times, reproductive rates, and some lineages 299 

appear better able to develop pesticide resistance than others (Fail 2016; Aizawa et al. 300 

2018).  301 

Populations of OT collected from onion fields in upstate New York identified both 302 

the thelytokous and arrhenotokous “leek group” lineages, however the thelytokous 303 

genotypes were more common (Jacobson et al. 2016). Given the proximity of these 304 

New York populations to the Niagara region, it is likely that the same OT lineages are 305 

present in Niagara. However, no genotyping has been done in Ontario to confirm which 306 

strains are most common either in outdoor or greenhouse crops. Neither have WFT 307 

populations in Canada been genotyped to determine which strains are prevalent. All 308 

WFT samples from a survey of greenhouses in the Netherlands and bean fields in 309 

Kenya belonged to the greenhouse strain, and it is assumed that this is the primary 310 

strain responsible for the global invasion of WFT (Mirnezhad et al. 2012; Hondelmann et 311 

al. 2017).  312 

Pesticide resistant populations are known to have an advantage in agricultural 313 

systems where pesticides are frequently used, but this usually comes with a fitness 314 

cost. For thrips this fitness cost comes in the form of lower reproductive rates than 315 

susceptible populations of the same species (Aizawa et al. 2018; Li et al. 2017). In a 316 

study conducted by Zhao et al. (2017),  WFT were much less susceptible to pesticides, 317 

allowing them to outcompete OT in the presence of pesticides. However, in the absence 318 

of pesticides, OT was able to outcompete WFT in a few generations. This superior 319 

pesticide resistance that made WFT so successful under previous pest management 320 
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programs may put it at a relative disadvantage now that growers have reduced their 321 

reliance on pesticides for thrips control. Because different genetic lineages have 322 

different life history traits and insecticide resistance capabilities, characterizing the 323 

genetic composition of local OT and WFT populations could help explain OT’s recent re-324 

emergence as a greenhouse pest. 325 

1.7 Behaviour 326 

Onion thrips and WFT are, like many thrips species, characterized as 327 

thigmotactic, meaning that they like to occupy tight spaces (Lewis 1973). This tendency 328 

offers protection from predation and unfavourable environmental conditions (i.e., 329 

desiccation). This behaviour also prevents them from being easily detected which has 330 

facilitated their invasion to new territories when infested plant material is exported 331 

globally (Morse and Hoddle 2005). Both OT and WFT exhibit this behaviour. However, 332 

their relative thigmotactic tendencies, the timing and duration of time spent in concealed 333 

versus exposed spaces have not been studied. 334 

The within-plant distribution and activity of thrips varies over the course of the 335 

day (Sites et al. 1992). Smith et al. (2016) determined that in New York state OT are 336 

engaged in more active flight in the evening and are more likely to be found near the top 337 

of the foliage at this time. In Israel, Ben-Yakir & Chen (2008) found that OT were more 338 

active in the morning. Smith et al. (2016) suggest the different habits observed were 339 

due to higher overnight and early morning temperatures in Israel compared with NY. 340 

The minimum temperature threshold for flight in OT and WFT is estimated to be 15-341 

17°C (Lewis 1973; Pearsall 2002), making flight less likely in climates with cool 342 
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overnight temperatures. In both cases, very little flight was observed in the afternoon, 343 

which is believed to be due to higher wind speeds. No studies of diel periodicity have 344 

been conducted on thrips inside greenhouses. If the theory of Smith et al. (2016) is true, 345 

OT in greenhouses would behave similarly to those in the Israel study and be more 346 

active in the morning as overnight temperatures inside the greenhouse remain elevated. 347 

However, there may be other variables contributing to the differences in diel periodicity 348 

and greenhouse trials are needed to validate or disprove this theory.  349 

Diel activity and thrips position on the plant during the day is an important 350 

consideration in thrips IPM programs. First, activity and position can affect accuracy of 351 

monitoring for OT populations on the plant with either visual scouting or plant taps. 352 

Second, this may affect the susceptibility of OT to pesticide applications that rely on 353 

direct contact to cause mortality. Foliar insecticide sprays are often applied in the late 354 

afternoon at the end of the workday due to re-entry interval regulations. However, if OT 355 

are found higher in the foliage in the morning, and lower in the foliage in the afternoon, 356 

the best time to apply foliar insecticides would be in the morning to increase the 357 

exposure of OT and improve efficacy. If WFT and OT demonstrate differences in within-358 

plant distribution in the afternoon under greenhouse conditions, this may offer an 359 

explanation for why IPM programs that include frequent use of microbial pesticides do 360 

not appear to be as effective for OT in commercial greenhouse operations (S. 361 

Jandricic1, personal communication), despite having demonstrated efficacy in laboratory 362 

trials and field trials in onion crops (Kumar et al. 2012; Wu et al. 2013; Patil et al. 2016; 363 

Gulzar et al. 2021a). 364 



 

19 

 

1.8 Integrated pest management of thrips in protected crops 365 

1.8.1 Monitoring 366 

Effective integrated pest management (IPM) of thrips begins with monitoring 367 

(scouting). In field crops that can tolerate some degree of damage such as onion, 368 

cotton, and strawberry, growers use monitoring strategies to determine if thrips 369 

populations have reached an economic injury threshold before applying control 370 

measures such as insecticides (Parrella and Lewis 1997). In greenhouse floriculture 371 

crops that are grown for their aesthetic value, the economic threshold is effectively zero, 372 

so it is prudent to assume that thrips are present and implement thrips control measures 373 

from the start of the crop. In this case, routine monitoring is relied on to identify 374 

increases in thrips numbers or feeding damage. Data collected during monitoring 375 

activities helps the grower assess if current control measures are effective and decide if 376 

new interventions are necessary (Jacobson 1997).  377 

Monitoring for thrips in greenhouse crops consists of the use of coloured sticky 378 

cards placed just above (in floriculture) or within (in greenhouse vegetables) the crop 379 

canopy, examining plants to look for adults, larvae, and associated feeding damage 380 

(Ugine et al. 2011), and plant taps to knock thrips out of plants onto a white pan or piece 381 

of paper to be more easily counted (Casey et al. 1999; Pizzol et al. 2010). Due to the 382 

small size of thrips, their damage is often more readily visible than the insects 383 

themselves.  384 

Sticky cards are the most common direct method of thrips monitoring, as they 385 

can be an accurate means of estimating WFT populations within the crop (Pizzol et al. 386 
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2010), and may detect thrips at lower population densities before damage becomes 387 

noticeable (Ugine et al. 2011). Yellow and blue are the colours most commonly used in 388 

greenhouse crops. Although most studies have found that blue sticky cards are 389 

preferred by WFT (Brodsgaard 1989; Natwick et al. 2007; Sampson et al. 2012), others 390 

have found that yellow cards are preferred (Davidson et al. 2012)(Jandricic unpublished 391 

data), and Gillespiel & Vernon (1990) found that blue and yellow were equally attractive. 392 

Studies of trap colour preference for OT have yielded similarly mixed results (Demirel 393 

and Yildirim 2008; Broughton and Harrison 2012; Roth et al. 2016; Pobozniak et al. 394 

2020). Some studies have found that colour preference is different in tests carried out in 395 

the laboratory versus the greenhouse, suggesting that the environment influences 396 

colour perception which may explain the lack of consensus (Bae et al. 2015; Ren et al. 397 

2020). Regardless of which colour is actually preferred by thrips, yellow cards are used 398 

most often in greenhouses since yellow cards are more attractive to other important 399 

greenhouse pests that are monitored simultaneously such as whiteflies, fungus gnats, 400 

and shore flies (Jacobson 1997), thereby streamlining and reducing labour costs 401 

associated with monitoring activities (S. Jandricic1, personal communication). 402 

1.8.2 Physical controls 403 

Physical control measures typically used in greenhouses include screens and 404 

mass trapping using sticky traps (Jacobson 1997). Since both WFT and OT have well 405 

established populations on both cultivated and wild hosts all over the world, the outside 406 

environment can be a major source of thrips in the warmer months. Opening vents to 407 

cool and ventilate the greenhouse provides thrips numerous points of entry. Insect-proof 408 

screens installed on the vents have been used for many years, however the efficacy of 409 
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the screen depends on the mesh size of the material and the size of the insects. Since 410 

thrips are so small, many insect screens are not fine enough to be effective against this 411 

pest  (Jacobson 1997). A screen that is fine enough to exclude 93% of whiteflies may 412 

exclude less than 30% of thrips (Bell and Baker 2000). There are finer mesh screens 413 

that exclude more than 90% of thrips, but these may compromise ventilation of the 414 

greenhouse (Bell and Baker 2000; Fatnassi et al. 2003) and alter greenhouse 415 

microclimates (Teitel 2007). Some screen materials have been developed with long-416 

lasting insecticides impregnated into the mesh that may ensure better exclusion of 417 

thrips while using a larger mesh size that permits improved airflow to maintain proper 418 

greenhouse ventilation (Arthurs et al. 2018). Screens made of materials with certain 419 

optical properties (colour, UV-transmittance, reflectance) can also improve efficacy by 420 

acting as a visual deterrent or limiting the host-finding behaviour of insects (Ben-Yakir et 421 

al. 2008; Legarrea et al. 2010). Despite the options available, screening is underutilized 422 

in Ontario greenhouses due to concerns over the ventilation issues mentioned above, or 423 

structural incompatibilities that prevent retrofitting screens on many top-vented 424 

greenhouse designs (S. Jandricic1, personal communication). 425 

Sticky cards, in addition to being an invaluable monitoring tool, can also be used 426 

on a larger scale for catching large numbers of thrips (“mass trapping”). Sticky card 427 

manufacturers offer larger cards 4-8 times the size of monitoring cards, as well as sticky 428 

tape that can be easily strung along the length of the bench above the crop canopy. As 429 

with monitoring cards, large mass trapping cards and tape can also be purchased in 430 

both yellow and blue. The efficacy of sticky traps can be enhanced using semiochemical 431 

lures. There are two different kinds of commercially available lures that are effective for 432 
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thrips - an aggregation pheromone, neryl (S)-2-methylbutanoate, that is attractant 433 

specific to WFT (Thripline from Bioline Agrosciences, ThriPher from Biobest), and a 434 

plant-volatile based kairomone, methyl isonicotinate, that is attractive to multiple thrips 435 

species (Lurem-TR from Koppert) (Kirk et al. 2021). The use of thrips lures are not yet 436 

widely adopted in commercial greenhouses in Ontario, though it is not clear if this is an 437 

issue of cost or a lack of data to demonstrate their potential efficacy to growers (S. 438 

Jandricic1, personal communication). 439 

1.8.3 Cultural controls 440 

Cultural control involves using growing practices that will directly or indirectly 441 

reduce pest populations by making the growing environment less conducive to the 442 

growth of insects, mites, and pathogens. Common examples include managing weeds 443 

(Kruidhof and Elmer 2020), and selecting resistant cultivars (de Jager et al. 1993; van 444 

Dijken et al. 1994), but more indirect variables such as fertilizer rates (Schuch et al. 445 

1998; Chau and Heinz 2006), greenhouse climate (Jacobson 1997; Kruidhof and Elmer 446 

2020), and pruning practices (S. Jandricic1, personal communication) can all contribute 447 

to reducing pest pressure. 448 

Since both OT and WFT have such an expansive host range, many common 449 

herbaceous weeds can act as host plants for thrips in and around the greenhouse. 450 

Removing these weeds and keeping green spaces around the greenhouse mowed is 451 

critical to reducing on-site thrips reservoirs (Jacobson 1997). Growers often elect to 452 

install a buffer zone of stone around the greenhouse perimeter to facilitate weed 453 

management. In addition to being a reservoir for thrips themselves, common weeds can 454 
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also act as a reservoir for plant viruses that can then be transmitted to crops by the 455 

thrips (Chatzivassiliou et al. 2007; Okuda et al. 2010). Alternatively, some research 456 

indicates that strategic plantings of certain plant species, such as Calendula spp., can 457 

enhance pest control by attracting both thrips and Hemipteran predators such as Orius 458 

spp., simultaneously acting as trap plants and banker plants and potentially reducing 459 

the number of pests that enter the crop (Messelink et al. 2021). 460 

Even within a plant species, different cultivars show different levels of 461 

susceptibility to herbivorous pests. If information on relative thrips susceptibility is 462 

known, growers should select less susceptible cultivars whenever possible provided 463 

they still meet consumer needs. Breeding for pest resistance is more common in 464 

vegetable crops than in ornamental crops. However, there has been some research into 465 

the traits that confer thrips resistance among different chrysanthemum varieties (Rogge 466 

and Meyhöfer 2021), which provides a basis for the development of more thrips-467 

resistant cultivars in the future.  468 

Susceptible plant varieties can also be useful for cultural control as trap plants. A 469 

trap plant can be any species or variety that is more attractive to the target pest than the 470 

main crop plant; flowering yellow chrysanthemums and marigolds are commonly used 471 

trap plants for thrips (Buitenhuis & Shipp, 2006; Chandio, 2020). This technique is most 472 

effective for intercepting thrips that are dispersing, but the efficacy of the trap plants 473 

depends on the relative attractiveness of the trap vs the crop (Buitenhuis & Shipp, 474 

2006). Trap plants offer both visual and olfactory appeal and may be superior in terms 475 

of their ability to attract thrips compared to sticky traps. Since thrips are free to leave 476 
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after visiting a trap plant they require more frequent replacement than sticky traps. 477 

Although trap plants can be spot-treated with insecticides to kill thrips that are attracted 478 

to the trap plants, this approach is not recommended for managing thrips on trap plants 479 

due to the prevalence of insecticide resistance, particularly in WFT (Buitenhuis et al. 480 

2007). A better solution is to combine the use of the trap plant, such as marigold, with 481 

thrips predators and entomopathogenic fungi to create a system that is referred to as a 482 

“guardian plant” (Skinner 2009). This “attract and kill” strategy draws thrips away from 483 

the main crop, supports healthy populations of predators, and ultimately reduces pest 484 

pressure on the crop. 485 

1.8.4 Chemical controls 486 

Although growers relied on insecticides for many years to control all pests, there 487 

have been documented instances of insecticide resistance among thrips since the 488 

1950s (Lewis 1997b; Reitz 2009; Diaz-Montano et al. 2011). Resistance occurs in local 489 

population pockets, and a wide range of responses to a specific insecticide from entirely 490 

susceptible to entirely resistant can exist in nearby populations, making it difficult to 491 

generalize about product efficacy across all geographic areas (Broadbent and Pree 492 

1997; MacIntyre-Allen et al. 2005b). Both OT and WFT have an astonishing capacity for 493 

developing insecticide resistance and therefore any insecticide should be used 494 

judiciously. To date, the Arthropod Pesticide Resistance Database reports that OT and 495 

WFT have documented resistance to 20 and 30 active ingredients, respectively (Mota-496 

Sanchez and Wise 2021). The reason for this ability is both biological and behavioural – 497 

not only are thrips able to metabolically detoxify a wide range of active ingredients in 498 
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insecticides, but their cryptic behaviour, preference for tight spaces, concealed eggs, 499 

and subterranean pupation sites make it less likely that an individual will be exposed to 500 

a lethal insecticide dose (Jensen 2000). Another difficulty in managing insecticide 501 

resistance is that resistance genes persist within populations for long periods of time – 502 

sometimes many years – in the absence of pesticides, causing resistance to resurge 503 

more quickly when exposed to these insecticides (or related insecticides) in the future 504 

(Jensen 2000).  505 

The dominance of resistant thrips populations left Canadian growers without 506 

effective insecticide options by the mid to late 2000s (with the possible exception of 507 

DDVP, which has recently been de-registered), leading to a rapid move away from 508 

chemical control strategies in the floriculture greenhouse sector (Murphy et al., 2011). 509 

Anecdotally, growers are reporting that flonicamid, spirotetramat, imidacloprid, and the 510 

recently registered cyantraniliprole can provide control of OT outbreaks (S. Jandricic1, 511 

personal communication), however given their history of quickly developing insecticide 512 

resistance, and co-occurrence with WFT, chemical control is not a viable long-term 513 

solution for managing OT. 514 

Horticultural oil (mineral oil) and insecticidal soap (potassium salts of fatty acids), 515 

while classified as insecticides, have relatively rudimentary modes of action and there is 516 

less of a risk of resistance developing against these products. Soaps damage the 517 

insect’s cuticle causing them to desiccate, and oils smother the insects by obstructing 518 

their spiracles. These products are considered “reduced-risk” insecticides due to their 519 

short persistence time and low risk to human health (Baldwin 2008; Nile et al. 2019). 520 
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However, they rely on direct contact with the target pest to be effective, which can be a 521 

challenge when managing thrips that often feed on the undersides of leaves and hide in 522 

small crevices. Applying these products by immersing (commonly referred to as 523 

“dipping”) plant materials such as unrooted cuttings in a diluted solution circumvents this 524 

limitation by ensuring complete coverage and maximizing the potential efficacy of the 525 

product. 526 

Many floriculture crops are started from unrooted cuttings, and the importation of 527 

plant material often from tropical countries provides an easy route of entry for thrips. 528 

Their small size, as well as the fact that they lay their eggs within the plant tissue, make 529 

it easy for thrips to escape detection when imported plant materials are inspected. 530 

Immersing incoming unrooted cuttings in reduced-risk pesticides such as horticultural 531 

oils or insecticidal soaps is a strategy that can remove most incoming thrips allowing the 532 

grower to start with a low pest load (Romero 2011; Buitenhuis et al. 2019). 533 

1.8.5 Biological controls 534 

The poor performance of insecticides along with government initiatives to reduce 535 

pesticide use in agriculture have led Canadian greenhouse growers to use biological 536 

control as their primary means of thrips management (Shipp et al. 1991; Murphy 2014). 537 

Current IPM strategies commonly used to manage thrips in Ontario greenhouses 538 

involve regular releases of predatory mites (either Amblyseius swirskii or Neoseiulus 539 

cucumeris), biopesticide sprays (Beauvaria bassiana), mass trapping with yellow sticky 540 

cards or tape, and in some cases the use of entomopathogenic nematodes 541 
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(Steinernema feltiae), and other predators (Orius insidiosus, Dalotia coriaria, 542 

Stratiolaelaps scimitus)(S. Jandricic1, personal communication). 543 

Since OT have historically been a pest of outdoor crops, biocontrol research for 544 

OT in greenhouse crops is limited compared to the amount of research conducted on 545 

WFT. Even in outdoor crops, however, the propensity for OT to develop insecticide 546 

resistance has created interest in finding alternative management strategies. Several 547 

researchers have assessed various entomopathogenic fungi for their efficacy against 548 

OT in onion crops (Singh et al. 2011; Kumar et al. 2012; Patil et al. 2016). Some 549 

predatory mites have been tested against OT in greenhouse vegetables (Gillespie 1989; 550 

Wu et al. 2014). From this research we know that currently available microbial 551 

biopesticides such as Beauveria bassiana and Metarhizium anisopliae, and predatory 552 

mites such as Neoseiulus cucumeris and Amblyseius swirksii have the capacity to 553 

provide control of OT in the laboratory and greenhouse vegetables (Bakker and Sabelis 554 

1989; Gillespie 1989; Madadi et al. 2007; Wimmer et al. 2008).  555 

Why these biocontrol agents provide inadequate control in greenhouse 556 

floriculture crops is still unclear. Few studies have directly compared the efficacy of 557 

biocontrol products against both species, or on floriculture crops specifically. This 558 

makes it difficult to assess whether OT have a competitive advantage over WFT 559 

because they are less susceptible to the standard biocontrol program of predatory mites 560 

and B. bassiana or if the cropping systems plays a role. Different host plant 561 

characteristics and environmental conditions can alter the efficacy of biocontrol products 562 

(Price et al. 1980). Madadi et al. (2007) demonstrated that the number of thrips 563 
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consumed by N. cucumeris was significantly different on pepper, cucumber, and 564 

eggplant, which was corroborated by Shipp & Whitfield (1991) for pepper and 565 

cucumber. It is therefore difficult to predict how biocontrol products will perform on host 566 

plants that have not been tested. Consequently, it is imperative that the efficacy of these 567 

products are tested on greenhouse floriculture crops in order to generate accurate 568 

recommendations. 569 

Due to the long timeframe required to develop and register new biocontrol agents 570 

and pesticide products, it is necessary to utilize existing products to address the current 571 

pest management needs of growers. In addition to the products mentioned above, there 572 

are other biocontrol products on the market for thrips control that are not part of the 573 

standard biocontrol program, such as the predatory mites Amblydromalus limonicus, 574 

Amblyseius degenerans, and the entomopathogenic fungus Metarhizium brunneum ( = 575 

anisopliae). These products are used less frequently due to their higher price point, but 576 

their increased cost would be worthwhile should any of them prove more effective in 577 

managing multi-species thrips populations which include OT and WFT.  578 

1.9 Research objectives 579 

The recent increase in thrips outbreaks associated with OT in floriculture 580 

greenhouses in the Niagara region suggests that some aspect of the typical thrips IPM 581 

program is less effective for OT than it is for WFT. To test the veracity of this belief, we 582 

need to directly compare the efficacy of the core components of a biocontrol-based IPM 583 

program (monitoring, predatory mites, entomopathogenic fungi, and entomopathogenic 584 

nematodes) against both thrips species. It is necessary to first identify which 585 
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components may be underperforming in order to determine where improvements can be 586 

made. 587 

The primary goal of this research is to develop recommendations to improve the 588 

management of OT in floriculture greenhouses while maintaining effective control of 589 

WFT. Furthermore, this research aims to identify sustainable alternatives such as 590 

microbial biopesticides that can be used to control thrips in greenhouse floriculture 591 

crops. To accomplish these goals, this research is focused on the following objectives: 592 

1. Characterize the phenology, behaviour, and species composition of both thrips 593 

species in floriculture greenhouses in the Niagara region of Ontario; 594 

2. Evaluate the efficacy of monitoring strategies for detection of onion thrips in 595 

greenhouse floriculture crops;  596 

3. Evaluate the relative efficacy of commercially available predators against onion 597 

thrips and western flower thrips in lab bioassays and greenhouse trials; and, 598 

4. Evaluate the relative efficacy of microbial biopesticides, and entomopathogenic 599 

nematodes against onion thrips and western flower thrips in lab bioassays.  600 
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Chapter 2. Thrips species in commercial floriculture 601 

greenhouses: composition, phenology and invasion routes 602 

2.1 Background 603 

Since its global range expansion in the 1980s, western flower thrips (WFT), 604 

Frankliniella occidentalis (Pergande), has been the primary thrips pest in greenhouse 605 

floriculture crops in Canada and around the world (Kirk and Terry 2003). Due to the 606 

prevalence of WFT, as well as their small size, little attention has been paid to 607 

identifying thrips to species, and it is has been assumed that any light-coloured thrips on 608 

ornamental crops are WFT. The growing number of unmanaged thrips outbreaks and 609 

unusual damage patterns seen in greenhouse ornamentals in Ontario since 2012 (S. 610 

Jandricic, personal communication1) suggests other novel thrips species may have 611 

recently become pests of key ornamental crops. Onion thrips (OT), Thrips tabaci 612 

Lindeman, has been suspected as a probable emerging species (G. Murphy3, personal 613 

communication, Oct 9, 2019) due to its similar appearance to WFT and prevalence as 614 

an outdoor pest. This species was also the main thrips pest in both vegetable and 615 

floriculture greenhouse before it was supplanted by WFT (Broadbent et al. 1987; Shipp 616 

et al. 2002).  Onion thrips have persisted in Canada as an important pest of vegetable 617 

crops such as onions, leeks, and cabbage (Ontario Ministry of Agriculture Food and 618 

Rural Affairs 2021). 619 

                                            

3 Graeme Murphy, Greenhouse IPM specialist, bioLogical Control Solutions. Retired Greenhouse 
Floriculture IPM Specialis with the Ontario Ministry of Food, Agriculture, and Rural Affairs. 
graeme@biologicalcontrolsolutions.ca 
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There are two potential sources of thrips infestations for greenhouse crops - they 620 

can either be imported on plant material (e.g. plant cuttings for propagation), or they 621 

come in from the outside environment. In 2017 a study characterizing what pests were 622 

found on imported chrysanthemum cuttings found that 84% of samples contained thrips 623 

(Buitenhuis et al. 2019). However this study did not confirm which species of thrips were 624 

present.  Both OT and WFT initially invaded Ontario by way of imported plant material 625 

such as fresh vegetables, mature plants, and unrooted cuttings, but can now be readily 626 

found outside the greenhouse on a wide variety of wild and cultivated plants (Shipp et 627 

al. 2002; Miliczky and Horton 2011; Gill et al. 2015; Ontario Ministry of Agriculture Food 628 

and Rural Affairs 2021). Given OT’s global distribution and local establishment, both 629 

modes of introduction are possible sources for OT outbreaks in greenhouses.  630 

Although OT have been established in the region for at least the last century 631 

(Diaz-Montano et al. 2011), and WFT for nearly 40 years (Kirk and Terry 2003), there is 632 

very little published data that describes the prevalence or seasonal variations in thrips 633 

species composition within Canadian greenhouses and their surroundings. Broadbent et 634 

al. (1987) conducted surveys in and around greenhouse floriculture crops from 1983-635 

1986 when WFT first invaded Ontario, but no further greenhouse surveys have been 636 

published. At the time WFT were found in 20 of the 23 greenhouses surveyed, and the 637 

other three sites had exclusively OT, however they did not report further on the relative 638 

species proportions. There is one published study that examined thrips species 639 

composition outdoors in onion and soybean fields near the Thedford Marsh in Ontario 640 

(MacIntyre-Allen et al. 2005a), but nearly 20 years have elapsed since those surveys 641 



 

32 

 

were conducted, and it is not known how relevant those findings are to the Niagara 642 

region in Ontario where most greenhouse floriculture acreage is located.  643 

The goals of this research were to: 1) characterize the phenology and species 644 

composition of thrips in and around floriculture greenhouses in the Niagara region, and 645 

2) identify potential invasion routes. Understanding the source of thrips infestations as 646 

well as the timing of any population peaks that may exist can improve IPM outcomes by 647 

helping growers determine where and when to focus control tactics designed to prevent 648 

thrips entry and better anticipate increases in thrips pressure.  649 

2.2 Methods 650 

2.2.1 Survey of thrips species composition in floriculture crops, 2016-2019 651 

In 2016, thrips species were sampled via plant taps in 8 large commercial 652 

floriculture greenhouses in southern Ontario from June to August (Table 2.1). Crops 653 

were sampled using a “plant tapping” method, which is done by briskly but gently 654 

tapping plant foliage and flowers over a white tray to dislodge insects and collecting 655 

thrips adults with an aspirator. Aspirated adults are placed in vials filled with 90% 656 

ethanol for later identification. More than 50 thrips per greenhouse per crop were 657 

collected as thrips population density allowed, or as many as could be collected in a 658 

maximum 1-hour search effort if thrips populations were low. This resulted in 13-100 659 

adult thrips collected per crop, per date, depending on thrips pressure. Crops included 660 

potted and cut chrysanthemums (Chrysanthemum indicum L.), gerbera (Gerbera 661 

jamesonii Bolus ex Hooker f.), geraniums (Pelargonium spp. L’Hér.), New Guinea 662 
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impatiens (Impatiens hawkeri W.Bull) and tropical plants, including hibiscus (Hibiscus 663 

rosa-sinensis L.) and mandevilla (Mandevilla splendens (Hook.f.) Woodson).  664 

Table 2.1. Commercial greenhouses (site) in the Niagara region and crops sampled to determine thrips 665 
species composition from 2016 to 2019. 666 

Site Crops sampled 2016 2017 2018 2019 

1* Chrysanthemums  ● ● ● ● 

 Tropicals   ●  

2 Gerbera ● ●   

 Mandevilla ●    

3 Chrysanthemum ● ●   

 Hibiscus ●    

4* Chrysanthemum    ● 

 Gerbera ●    

 Osteospermum ●    

5 Chrysanthemums ●  ● ● 

6 Chrysanthemums ●    

 Gerbera ●  ● ● 

7 Geranium  ●    

 New Guinea impatiens ●    

8 Chrysanthemums ●    

9* Chrysanthemums   ● ● 

10 Gerbera   ●  

* Site 1 = “Greenhouse A”, Site 4 = “Greenhouse C”, Site 9 = “Greenhouse B” in 2019 species 
composition and phenology survey. 

Surveys of gerbera and chrysanthemum in commercial greenhouses were 667 

repeated in 2017, 2018, and 2019 (Table 2.1), to characterize populations of thrips 668 

species in economically important crops over time. Three of the sites surveyed in 2016 669 

were again sampled in July and August of 2017, to continue to look at summer thrips 670 

populations (i.e. those potentially resulting from invading thrips species from the outside 671 

environment). Four of the 2016 sites, plus two new sites, were sampled from October to 672 

December of 2018, to determine if these greenhouses would also have significant 673 
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numbers of thrips over the fall and winter (i.e. when no invasion from outside is 674 

possible), which may indicate persistence throughout the year.  675 

2.2.2 Thrips species composition and phenology inside and outside 676 
chrysanthemum greenhouses, 2019 677 

2.2.2.1 Commercial sites 678 

Three commercial floriculture greenhouses in the Niagara region were selected 679 

as study sites to monitor thrips populations both inside and outside over several 680 

seasons. This was to 1) establish the relationship between thrips populations inside and 681 

outside greenhouses to help determine sources of infestation, and 2) determine the 682 

accuracy of sticky cards relative to plant taps as a monitoring tool to determine thrips 683 

species composition and proportion. 684 

The three sampling sites were chosen based on greenhouses that hosted 685 

diverse thrips populations in the 2016-2018 surveys. All three operations produce a 686 

variety of potted floriculture crops, but the compartments chosen for this study 687 

contained only chrysanthemums (“study compartment”) to standardize between the 688 

three sites and better make comparisons. See Appendix A for aerial photographs and 689 

sampling layout. Descriptions of the study sites are as follows: 690 

1) “Greenhouse A” is a top-venting greenhouse located in Lincoln, Ontario, and 691 

surrounded by primarily vineyards, woodland, and residential property. The 692 

study compartment had three outside walls. This site uses biocontrol as its 693 

primary means of pest management, using predatory mites and weekly 694 

applications of the microbial biopesticide BotaniGard® (Beauveria bassiana 695 

strain GHA), with infrequent insecticide sprays on an as-needed basis to 696 
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manage outbreaks of non-thrips pests. This site was surveyed from May 2019 697 

until March 2020 after which point sampling ceased due to COVID-19 698 

restrictions (Table 2.2).  699 

2) “Greenhouse B” is a top-venting greenhouse located in Niagara-on-the-Lake, 700 

Ontario, and surrounded by vineyards and fruit orchards. The study 701 

compartment had three outside walls with large ventilation ports without 702 

insect-proof screening at crop height along the east and west walls (Figure 703 

2.1). This site uses an IPM program that combines chemical and biological 704 

controls with frequent insecticide applications to manage thrips, spider mites, 705 

and aphids. This site was surveyed from June 2019 until December 2019 706 

when chrysanthemum production ceased for the remainder of the winter 707 

(Table 2.2). 708 

 709 
Figure 2.1. Ventilation ports without insect-proof screening at study site "Greenhouse B" in 710 
Niagara-on-the-Lake, Ontario. 711 
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3) Greenhouse C is a side-venting greenhouse located in St. Catharines, 712 

Ontario, and surrounded by highway, vineyards, and outdoor nursery crop 713 

production. The study compartment had one outside wall. This site uses 714 

biocontrol as its primary means of pest management, using predatory mites 715 

and twice-weekly applications of BotaniGard® with infrequent chemical 716 

pesticide sprays on an as-needed basis to manage outbreaks of non-thrips 717 

pests. This site was surveyed from June 2019 until October 2019 when 718 

chrysanthemum production ceased for the remainder of the winter (Table 719 

2.2). 720 

Table 2.2. Sampling intervals for sticky cards and plant taps at Greenhouse A, B and C in the Niagara 721 
region. Plant taps for each interval were conducted on the end date. All sampling dates were in 2019 722 
unless otherwise stated. 723 

Interval Greenhouses surveyed Start date End date 

T01 A May 21 Jun 4 

T02 A,B Jun 4 Jun 20 

T03 A,B,C Jun 20 Jul 2 

T04 A,B,C Jul 2 Jul 16 

T05 A,B,C Jul 16 Jul 31 

T06 A,B,C Jul 31 Aug 14 

T07 A,B,C Aug 14 Aug 27 

T08 A,B,C Aug 27 Sep 12 

T09 A,B,C Sep 12 Sep 25 

T10 A,B,C Sep 25 Oct 9 

T11 A,B Oct 9 Oct 24 

T12* A,B Oct 24 Nov 7 

T13 A Nov 7 Dec 5 

T14 A Dec 5 Jan 13, 2020 

T15 A Jan 13, 2020 Feb 13, 2020 

T16 A Feb 13, 2020 Mar 11, 2020 

* Outdoor monitoring ceased after Nov 7. 
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2.2.2.2 Survey method, 2019 724 

Paired 25 x 10 cm blue and yellow sticky cards were installed inside and outside 725 

each greenhouse. Horiver brand cards (Koppert Canada Limited, Scarborough, ON) 726 

were used for both colours (blue and yellow) to ensure consistency in glue type. Four 727 

pairs of cards (one pair consisted of one blue and one yellow card) were mounted on 728 

bamboo poles using black binder clips 1.5m from the ground and 0.5m from the outer 729 

wall for each of the outer walls of the study compartment (Figure 2.2). Cards on the 730 

poles outside were overlapped slightly (<2cm) to provide stability to the pair of cards in 731 

windy, outdoor conditions. Poles were spaced at least 12m apart.  732 

 733 

Figure 2.2. Sticky card set-up outside the study compartment at Greenhouse A in Lincoln, Ontario. 734 
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Inside the compartment, four corresponding pairs of cards were hung on twine 735 

strung between posts approximately 1.25-1.5 m from the ground. Pairs of cards were 736 

hung approximately 7.5m from each outer wall inside the study compartment. Each pair 737 

of inside cards were mounted 5cm apart but were not touching or overlapping as with 738 

outside cards (Figure 2.3).  739 

Every two weeks, cards were collected and replaced with new cards. Collected 740 

cards were wrapped with clear plastic film and stored in the freezer until trapped thrips 741 

could be counted. Outdoor card monitoring ceased November 7, 2019, at which point 742 

outdoor temperatures were consistently below 8°C, the minimum developmental 743 

threshold for both thrips species of interest, WFT and OT (McDonald et al. 1998, 744 

Morsello et al. 2008). 745 

 746 

Figure 2.3. Sticky card set-up inside study compartment at Greenhouse A in Lincoln, Ontario. Yellow 747 
cards in background were part of the regular IPM program in this operation and not part of the study. 748 
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Each time the cards were changed, thrips were also collected from the crop in 749 

the study compartment using plant taps (described in section 2.2.1). As in previous 750 

surveys, 100 adult thrips were collected per sampling period per location when thrips 751 

were present in sufficient numbers. If thrips populations were very low we collected as 752 

many thrips as could be found during a 30-min search. Collected thrips were stored in 753 

70% ethanol and returned to the lab for identification. 754 

The samples collected from the crop via plant taps were examined under a 755 

stereo microscope (40x magnification) and thrips were identified to species based on 756 

morphological features (Stannard 1968; Mound and Kibby 1998; Cluever and Smith 757 

2017). Uncommon species and a subset of OT and WFT samples were further 758 

examined under a compound microscope to confirm species identifications using 759 

structures visible at 100x magnification. A subset of samples as well as any thrips that 760 

we could not confidently identify were sent to the National Insect Collection (NIC) in 761 

Ottawa, ON for confirmation. Samples were used to develop a simplified identification 762 

key designed for growers with access to only a stereo microscope (Summerfield and 763 

Jandricic 2021, Appendix B). Accuracy of the simplified key was confirmed by 764 

systematists at the NIC, and use of the key was validated through grower testing and 765 

workshops. Sticky cards were examined under a stereo microscope and thrips species 766 

were identified based on visible features using this key. Thrips did not need to be 767 

removed from the sticky cards to positively identify more than 99% of samples. 768 

Plant taps samples were used to determine which species were present in the 769 

crop and the relative proportions of WFT and OT. Additionally, card count data (inside 770 
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and out) was used to track the changes in the number of each species and relative 771 

proportions in each environment over time. This data was also used to assess the 772 

relationship between outdoor and indoor species composition as it relates to sources of 773 

infestation. For the sake of clarity, the relationship in thrips species composition 774 

between indoor cards and plant taps as it relates to the accuracy of sticky cards for 775 

thrips monitoring are further investigated in Chapter 3. 776 

2.2.3 Cuttings as a potential source of infestation 777 

Imported unrooted chrysanthemum cuttings of several varieties from two major 778 

suppliers (Table 2.3) were collected weekly from Jun 6 to Aug 29, 2019.  Fifty cuttings 779 

of each variety were planted in potting mix in fully enclosed vented containers (3.8L) 780 

and held at approximately 24°C for 2 weeks to allow any eggs that were present in the 781 

leaf tissue to reach adulthood. Cuttings were then washed in 70% ethanol, and any 782 

insects present were collected by filtering the ethanol through filter paper (grade 417, 783 

VWR International, Mississauga, ON) using a Büchner funnel. The residue on the filter 784 

paper was examined under the microscope, and any adult thrips present were identified 785 

to species.  Later versions of this assay involved laying the cuttings out in an empty 786 

container that also contained a mini-cucumber so any thrips present would migrate to 787 

the cucumber as an alternate food source as cuttings dried out. After 2 weeks, the 788 

cucumber and container were rinsed with ethanol and processed as above. The 789 

decision to switch to the cucumber method was made to reduce the labour time of the 790 

assay, and it worked as well as the planting method. 791 

 792 
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Table 2.3. Chrysanthemum cutting varieties sampled for the presence of thrips. 793 

Variety name Supplier Total #cuttings  

Breeze Dark Bronze Dümmen1 950 

Breeze Dark Red Dümmen 550 

Breeze Fox Orange  Dümmen 100 

Breeze Yellow Dümmen 550 

Breeze Purple Dümmen 850 

Golden Emporia Syngenta2 400 

Grandview Orange Syngenta 50 

Outrageous Red Syngenta 50 

Pelee Syngenta 400 

Providence Syngenta 50 

Springdale Purple Syngenta 50 

 Total 4000 
1 Dümmen North America Inc., Columbus, OH, USA 
2 Syngenta Flowers North America, Gilroy, CA, USA 

2.2.4 Statistical analysis 794 

2.2.4.1 Plant Samples 795 

Thrips species data (based on in-crop plant taps) are reported as the proportion 796 

of total thrips found in each crop, for each sampling period.  Thrips found on cuttings are 797 

reported as simple numbers. No statistical analyses were necessary for reporting. 798 

2.2.4.2 Card Samples 799 

All card count data were analyzed using SAS® Studio Version 3.8 (Copyright © 800 

2013-2018, SAS Institute Inc., Cary, NC). To determine the effect of card location 801 

(inside or outside the greenhouse) on thrips catches, a generalized linear mixed model 802 

(GLMM) with repeated measures (using Proc GLIMMIX) was conducted on thrips 803 

counts, with each thrips species analyzed separately. Card counts in each location 804 

(inside versus out) were averaged for each sampling date and for each site to 805 

standardize counts. This was because cards would occasionally go missing/be 806 
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unusable over the sampling interval within commercial facilities, and different study sites 807 

necessitated different numbers of cards because of layout. Thrips counts (OT or WFT) 808 

were the response variable, and study site, card location and the site-by-location 809 

interaction were fixed variables. Count data were log (x+0.1) transformed prior to 810 

analysis to better meet the assumptions of variance of the model. For both WFT and OT 811 

data, time interval was specified as the repeated measure with study site as the subject. 812 

Covariance structures for the repeated measures analysis were chosen based on best 813 

fit: the autoregressive heterogeneous covariance structure was used for OT, and a 814 

simple covariance structure for WFT. The Kenward-Rodger correction was applied for 815 

calculating degrees of freedom to adjust for type 1 bias associated with repeated 816 

measures analyses. Means comparisons employed a Tukey’s adjustment. 817 

To further examine the strength of the relationship between inside and outside 818 

card counts, a linear regression was conducted for each species. Card counts were 819 

averaged for each time interval, at each site, as in the previous analysis. The regression 820 

was conducted using PROC GLIMMIX using inside counts as the response variable, 821 

outside counts as the explanatory variable, and site as a random variable. No data 822 

transformation was necessary. As R2  values cannot be calculated in mixed models, 823 

Efron’s Pseudo-R2 was calculated by squaring the correlation coefficient between the 824 

observed and predicted values (Bowley 2015).   825 
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2.3 Results 826 

2.3.1 Survey of thrips species composition in floriculture crops, 2016-2019 827 

In the 2016 survey focusing on a variety of greenhouse floriculture crops, WFT 828 

and OT accounted for 97.6% of thrips collected, although the ratio of WFT:OT varied 829 

considerably depending on the crop (Figure 2.4). All thrips collected from 830 

osteospermum were OT, however this crop was only present at one greenhouse site, 831 

and the crop was subsequently sprayed with pesticides, resulting in only one sampling 832 

date in 2016.  Therefore, it is unclear if this is generally a preferred crop for this species. 833 

Similarly, geranium, hibiscus, mandevilla, and New Guinea impatiens were also only 834 

surveyed at a single facility, making it unclear if these crops are generally not preferred 835 

by OT. 836 

 837 

Figure 2.4. Thrips species composition in other floriculture greenhouse crops in the Niagara region 838 
sampled monthly between June and August 2016. “N.G. Impatiens” = to New Guinea impatiens. “Other” 839 
thrips includes Echinothrips americanus and unidentified species, less than 1% of samples could not be 840 
identified. “n=” indicates the number of greenhouse sites sampled for each crop. 841 
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Looking at thrips species found in chrysanthemum and gerbera over time (Figure 842 

2.5), OT were the dominant thrips species in gerbera in the first two sampling years, 843 

accounting for 71.5% and 60.7% of all thrips collected from this crop in 2016 and 2017, 844 

respectively. In 2018 and 2019, OT made up a very small proportion of the thrips in 845 

gerbera crops (Figure 2.5). Note that sampling sites were not consistent between years 846 

and that different greenhouses grew either potted or cut gerbera and used different IPM 847 

strategies.  848 

 
 

Frankliniella occidentalis    Thrips tabaci    Echinothrips americanus  Other 

Figure 2.5. Thrips species composition in gerbera and chrysanthemum crops in Niagara region 849 
greenhouses from 2016-2019. For gerbera, greenhouse sites were different in 2016/17 and in 2018/19. 850 
For chrysanthemum, one site was sampled all four years, however most sampling locations were different 851 
in 2016/17 and in 2018/19. “n=” indicates the number of sites sampled for each crop. 852 

Echinothrips americanus Morgan increased substantially in numbers in gerbera 853 

in 2018-2019, however, this may be an artifact of the inconsistencies in sampling 854 

locations or production style (potted versus cut gerbera). The species composition in 855 

chrysanthemum was much more stable over time despite changes in sampling 856 

locations. Onion thrips proportions ranged from 20% to 36% over the four sampling 857 
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years. Taking the average of all four sampling years, OT made up 27 ± 3.3% of all thrips 858 

samples in chrysanthemums.  859 

2.3.2 Survey of thrips species inside and outside chrysanthemum greenhouses, 860 
2019 861 

At the three greenhouse study sites sampled in 2019, a total of 64,096 adult 862 

thrips were collected on sticky cards and with plant taps. The sticky card samples 863 

contained a total of nine species (found on both inside and outside cards), five of which 864 

were also collected in the plant taps from the crop (Table 2.4). Together, OT and WFT 865 

accounted for 96.4% of thrips caught on sticky cards and collected from plant taps. 866 

Frankliniella fusca (Hinds) was the third most commonly found thrips species but 867 

comprised only 1.2% of samples.  868 

The category of “unknown thrips” includes specimens that were damaged 869 

beyond identification or not identifiable based on the characteristics that were visible on 870 

the sticky cards. Unidentified samples were only recorded from sticky cards, and if 871 

these represented species other than the nine that were previously identified, they were 872 

not collected from the crop. Since the unknown thrips comprised such a small 873 

proportion of the thrips samples, we did not pursue further identification. 874 

2.3.3 Sources of infestation 875 

2.3.3.1 Plant cuttings as a route of entry 876 

In the 4000 chrysanthemum cuttings sampled, all but one adult thrips collected 877 

were WFT. The only other thrips species recovered was a chrysanthemum thrips 878 

(Thrips nigropilosus), collected in week 33. A total of 66 thrips were collected, for an 879 

average of 1.65 thrips per 100 cuttings. The number of thrips varied by week from 0 880 
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(week 30) to a maximum of 14.5 thrips per 100 cuttings (week 35).  Thrips were found in 881 

9 of the 10 weeks of sampling, and more than 98% of thrips were found on cuttings of 882 

varieties supplied by one supplier. 883 

Table 2.4. Species identified at three commercial chrysanthemum greenhouses and the total number and 884 
relative proportions collected per sampling method. Sticky card data includes both yellow and blue cards. 885 
Species names listed in bold are documented pests of greenhouse crops1. 886 

Species Plant taps Sticky cards, 
inside 

Sticky cards, 
outside 

Total, all 
methods 

 # % # % # % # % 

Frankliniella 
occidentalis 

1342 77.2% 22611 85.2% 31479 87.9% 55432 86.5% 

Thrips tabaci 367 21.1% 3168 11.9% 2804 7.8% 6339 9.9% 

Frankliniella 
fusca 

25 1.4% 336 1.3% 445 1.2% 806 1.2% 

Anaphothrips 
obscurus 

0 0.0% 120 0.5% 661 1.8% 781 1.2% 

Echinothrips 
americanus 

1 0.1% 105 0.4% 90 0.3% 196 0.3% 

Aeolothrips 
fasciatus 

0 0.0% 61 0.2% 36 0.1% 97 0.2% 

Sericothrips 
variabilis 

0 0.0% 69 0.2% 106 0.3% 175 0.3% 

Tubilifera sp. 0 0.0% 12 <0.1% 26 0.1% 38 <0.1% 

Thrips 
nigropilosus 

3 0.2% 11 <0.1% 35 0.1% 49 <0.1% 

Unknown 0 0.0% 50 0.2% 133 0.4% 183 0.3% 

1 Lewis, 1997d; Shipp et al., 2002 

2.3.3.2 Immigration from outdoor sources 887 

Although thrips were consistently present outdoors throughout the summer and 888 

early fall at all greenhouse sites, there were significant differences between sites in the 889 

number of OT and WFT caught per sticky card (Table 2.5). Across all three study sites 890 

there were 11-fold more WFT than OT caught on sticky cards outside, on average, and 891 
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more than 7-fold more WFT than OT inside. Greenhouse B had the highest average 892 

number of WFT caught both inside and outside, while Greenhouses A had the highest 893 

average OT numbers caught both inside and outside.  894 

Table 2.5. Average number of Frankliniella occidentalis (WFT) and Thrips tabaci (OT), and 895 
proportion of OT (%) caught per 2-week interval from June 20 to October 9, 2019 at three 896 
commercial chrysanthemum greenhouses in the Niagara region of Ontario. 897 

Site Location WFT 
 

OT %OT 

  
Mean SE Mean SE 

 

Greenhouse A Inside 12.6 1.12 5.8 0.51 31.5%  
Outside 39.9 5.80 7.8 0.62 16.4% 

Greenhouse B Inside 60.6 9.76 0.7 0.15 1.2%  
Outside 134.3 24.64 2.9 0.44 2.1% 

Greenhouse C Inside 18.4 2.01 2.7 0.33 12.9% 

  Outside 37.8 4.86 3.2 0.38 7.8% 

There was both an effect of greenhouse site and a significant interaction between 898 

site and card location (inside versus outside) for OT, indicating that the relationship 899 

between card counts inside and outside the greenhouse was variable between sites. 900 

However, there was no interaction between site and location for WFT (Error! Not a 901 

valid bookmark self-reference.), indicating that relationship between card counts on 902 

inside and outside cards was similar between sites. The average number of WFT on 903 

cards outside were 2.0 to 3.2 times higher than inside, whereas OT counts on outside 904 

cards were 1.2 to 4.2 times higher than inside. 905 

In the regression analysis of WFT card counts, the number caught on outside 906 

cards was a significant predictor of the number caught on inside cards (F(1,27)=93.72, 907 

p<0.0001, pseudo-R2=0.83). The best fit linear equation was WFT(in) = 10.09 + 908 

0.24(WFT(out)). For OT, the number caught on outside cards was also a significant 909 
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predictor of the number caught on inside cards (F(1,27)=15.42, p=0.0005, pseudo-910 

R2=0.76), although the lower pseudo-R2 value indicates the linear model explained 911 

somewhat less of the variation in OT numbers compared to the results of the WFT 912 

regression. The best fit model was OT(in) = 1.95 + 0.25(OT(out)).  913 

Table 2.6. Results of repeated measures ANOVA on the differences between sites and 914 
locations (inside versus outside) on the average number of Thrips tabaci (OT) and Frankliniella 915 
occidentalis (WFT) adults caught per sticky card at 2 week intervals from May 21 – Nov 7, 2019. 916 

OT     

 Covariance parameters Estimate  Standard Error ChiSq Pr>ChiSq 

 Covariance structure ARH(1) 0.716 0.0998 0.00 1.000 
      

 Fixed effects Numerator df Denominator df F-value Pr>F 

 Site 2 2.826 45.75 0.0070 
 Location 1 2.826 8.90 0.0630 
 Site*Location 2 2.826 10.25 0.0507 

WFT     
 Covariance parameters Estimate  Standard Error ChiSq Pr>ChiSq 
 Covariance structure VC 1.578 0.2881 0.00 1.000 
      

 Fixed effects Numerator df Denominator df F-value Pr>F 
 Site 2 60 7.86 0.0009 
 Location 1 60 1.77 0.1883 
 Site*Location 2 60 0.18 0.8354 

 917 

2.3.4 Seasonal changes in thrips populations based on card catches 918 

Both the timing and amplitude of thrips population peaks differed between sites. 919 

The outdoor peaks of both OT and WFT occurred during the 5th time interval (T05) in 920 

this study, which ran from July 16-31, 2019. The peak WFT pressure inside the 921 

greenhouse also occurred in interval T05 at all three sites, whereas peak OT pressure 922 

occurred during the same interval at Greenhouse A only (the greenhouse with the 923 

highest outside pressure of OT). Peak OT pressure inside Greenhouse B occurred 1 924 
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sampling interval earlier (at T04, June 1-14), while the peak at Greenhouse C occurred 925 

in mid-to-late August (T07), a full month after the initial outside peak.  926 

  

  

  

Figure 2.6. Number of Thrips tabaci (OT; left) and Frankliniella occidentalis (WFT; right) caught on sticky 927 
cards during 2-week time intervals (T) from Spring to Fall 2019 inside and outside three commercial 928 
chrysanthemum greenhouses in the Niagara region of Ontario.  929 
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In terms of peak amplitude, Greenhouse B had the highest WFT pressure, and 930 

reached a peak of 393 WFT per outside card, compared to Greenhouses A and C, 931 

which peaked at 125 and 103 WFT per outside card, respectively (Figure 2.6). 932 

Greenhouse A had the highest OT pressure outside the greenhouse, with a peak of 15 933 

OT per card, compared to peaks of 6 and 7 OT per outside card at Greenhouses B and 934 

C, respectively. 935 

The number of WFT outdoors declined precipitously after the peak, with nearly 936 

three quarters (72.8%) of the total number of WFT caught being captured from July 2 to 937 

August 14th. The number of OT outdoors reduce slightly more gradually over time and 938 

experienced a second smaller peak T07 (Aug 14-27) in Greenhouse C and T08 (Aug 939 

27-Sep 12) in Greenhouse A. As a result, only 60% of the total number of OT caught 940 

outside were captured from July 2 to Aug 14. Inside the greenhouse, at Greenhouse A, 941 

OT numbers peaked again during T12 (Oct 24-Nov 7) after outdoor thrips pressure 942 

ceased. As the other two sites had stopped production of chrysanthemums at this point 943 

it is unknown if this is a general trend or isolated to this site alone. 944 

2.4 Discussion 945 

This is the first survey of commercial floriculture greenhouses in Ontario, and one 946 

of the first surveys in the world to show a consistent presence of OT in gerbera and 947 

chrysanthemum crops. Onion thrips were present in these crops across four years of 948 

sampling in the Niagara region. This is also the first study to show the broad range of 949 

important ornamental crops that are produced in Canada that can be infested with other 950 

thrips species besides WFT. Since this survey was completed, outbreaks of OT have 951 
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been observed in other greenhouse crops such as Cyclamen sp., Gloxinia sp., 952 

Cannabis sativa, and greenhouse herbs (S. Jandricic1, personal communication).  953 

The study of species composition outside chrysanthemum greenhouses in 2019 954 

found that both WFT and OT were present from the first sampling date in late May until 955 

temperatures dropped below 8°C in November. Although neither species are native to 956 

Ontario, they accounted for the majority of thrips collected on outdoor cards. MacIntyre-957 

Allen et al. (2005) also found that these two species comprised 97% of thrips collected 958 

in onion and soybean fields in Lambton County in their 2002-2003 surveys. Onion thrips 959 

have long been known to be able to overwinter in Ontario (Boyce and Miller 1954). 960 

Although Broadbent & Hunt (1991) determined that the WFT populations at the time 961 

could not overwinter in Southern Ontario, they posited that a biotype capable of doing 962 

so would eventually be selected for. The large numbers of WFT present early in the 963 

season suggests that they are now able to survive the winter in large numbers. 964 

However, this survey data cannot determine whether they do so directly via newly 965 

acquired cold hardiness or indirectly by seeking warmer refugia. Whichever is their 966 

mechanism for winter survival, it is clear that these species are now a permanent part of 967 

the agricultural landscape throughout the entire growing season in southern Ontario.  968 

The lack of OT found on chrysanthemum cuttings and the strong relationship 969 

between the number of thrips caught inside and outside the greenhouse (as evidenced 970 

by the high pseudo-R2 values and statistical significance of the regression analysis), 971 

strongly indicates that fly-ins from outside are the primary means of OT infestation in 972 

chrysanthemum greenhouses. Furthermore, the fact that greater numbers of thrips were 973 
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caught on outdoor cards compared to indoor cards, allow us to conclude outdoor 974 

populations as the primary source with a high degree of confidence. While the data 975 

collected does not exclude the possibility that resident OT populations in other 976 

greenhouse compartments may have contributed to infestation in our study 977 

compartments, these, too, were likely established from outside populations. The two-978 

week time interval used in this study may limit the precision of the data on a day-to-day 979 

basis. Future studies should include monitoring cards set up further away from the 980 

greenhouse that may further reinforce this relationship, and provide directional 981 

information that may help determine more specific infestation sources (i.e. which 982 

outside crops or habitat types are sources of thrips). Although this study only examined 983 

chrysanthemums, the ability of outdoor thrips populations to invade the greenhouse and 984 

establish themselves indicates that the same phenomenon is likely occurring in other 985 

greenhouse crops in Ontario. 986 

Although WFT were confirmed as the species found on imported cuttings, it is 987 

unclear how much these are contributing to WFT infestations. The majority of growers in 988 

Ontario are now using cutting dips to decrease the number of pests that may be 989 

introduced from imported cuttings (Summerfield 2018), further reducing the likelihood 990 

that cuttings are a major source of thrips invasions in operations that use this method. 991 

This survey found that there are large numbers of WFT outside, and that the inside 992 

WFT card counts closely mirror the outside card counts. The relatively high number of 993 

WFT outside the greenhouse, combined with the relatively low number of WFT that 994 

would be expected to emerge from cuttings after dipping, indicates that fly-ins from 995 

outside are likely the main sources of infestation for this species as well.  Future 996 
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research could use genetic analysis of thrips samples collected from cuttings, 997 

greenhouses, and outdoors. If imported WFT and outdoor WFT are genetically distinct 998 

populations, this could be used to confirm the assertion that outdoor populations are 999 

now the primary source of WFT. 1000 

Given that outdoor populations are the main source of thrips infestations, more 1001 

attention should be paid to stopping thrips at entry points before they settle in the crop. 1002 

Increasing the number of mass-trapping devices (sticky cards, tape, or trap plants) 1003 

would be most beneficial during the period of peak pressure from the beginning of July 1004 

through mid-August. This peak pressure period coincides with the hottest part of the 1005 

summer when greenhouse vents are open for longer durations. Many growers have 1006 

been hesitant to invest in insect-proof screening for their vents due to concerns around 1007 

airflow and their effect on greenhouse climate (Boulard et al. 2011), but recent uptake in 1008 

insect screening in Ontario vegetable greenhouses in response to the invasion of 1009 

pepper weevil has not confirmed these fears (Chiu 2020). There are many different 1010 

screen types available with various mesh sizes, air flow properties and insect exclusion 1011 

capabilities. Bell & Baker (2000) found that the 28 different screening products they 1012 

tested were able to exclude 13-95% of thrips, and that the better performing products 1013 

were not necessarily those with the smallest mesh size. Other screening options that 1014 

incorporate pesticides or specific spectral properties (i.e. increased light absorption or 1015 

reflectance) can further improve thrips exclusion capabilities by causing mortality, 1016 

increasing repellence, or changing thrips’ dispersal habits (Legarrea et al. 2010; Arthurs 1017 

et al. 2018).  1018 
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 The number of OT caught on sticky cards outside the greenhouse was found to be 1019 

a good predictor of OT caught on inside cards. However, this relationship was not as 1020 

strong as it was for WFT, as there was greater variability in the outside-to-inside ratio 1021 

between sites. Often, OT maintained a steady presence inside the greenhouse well 1022 

after outside populations declined and invasion from this likely primary infestation 1023 

source ceased, while WFT did not. This lends support to the suspicion that current IPM 1024 

programs do not control OT as well as they do WFT. The numbers of WFT were much 1025 

higher than OT inside the greenhouse in July but were reduced to near zero by early 1026 

October. Conversely, the IPM programs used were generally unable to eliminate OT 1027 

populations even when no new thrips were entering the greenhouse.  1028 

This is the first report showing that WFT were the dominant species in the 1029 

outdoor thrips populations in Ontario. The last survey exploring thrips species 1030 

composition in this province reported the reverse – OT accounted for approximately 1031 

90% of thrips found in 2002-2003 in Lambton county (MacIntyre-Allen et al. 2005a). 1032 

Since the Lambton County survey was conducted in a different growing region with 1033 

different primary crop types, this provides little insight as to how long WFT have 1034 

dominated the outdoor landscape in the Niagara region. Nor has there been a recent 1035 

survey of thrips species in Lambton County, so we do not know whether WFT have 1036 

increased in prevalence in the last 19 years in that region. As onions are a dominant 1037 

crop in Lambton County and greenhouses are scarce, it is reasonable to expect OT 1038 

would still be dominant in that region, however there is no data to support this 1039 

speculation. We therefore cannot determine if WFT’s current status as the primary 1040 

species in Niagara is due to the density of greenhouses or other land use patterns, 1041 
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changes in agricultural practices, adaptation by WFT to the environmental conditions of 1042 

the region, or some combination of these factors.  1043 

 In the absence of insecticides, OT have been shown to be competitively superior 1044 

to WFT in both laboratory and greenhouse experiments on vegetable crops (Zhao et al. 1045 

2017; Wu et al. 2021). The fact that WFT were the dominant species outdoors in this 1046 

study despite OT’s natural competitive advantage and pre-existing cold hardiness 1047 

indicates that another factor – such as widespread insecticide use – is allowing WFT to 1048 

succeed outdoors. While insecticide use has decreased over the last decade in the 1049 

greenhouse sector (Summerfield 2019), the land area treated with insecticides in 1050 

outdoor crops in Central Canada (Ontario and Quebec) increased by 149% from 1996-1051 

2016, most  notably in Southern Ontario which has the highest concentration of 1052 

cropland in the province (Weersink et al. 2019; Malaj et al. 2020). Nearly half of the land 1053 

area in the regional municipality of Niagara is agricultural land, 83% of which was 1054 

cropland as of the 2016 Census of Agriculture (Canada 2017). This means a large 1055 

proportion of the land surrounding Ontario’s floriculture greenhouses will be exposed to 1056 

insecticides to some extent. Although cuttings and imported plant material were 1057 

identified as the probable source of the original insecticide resistant “greenhouse strain” 1058 

in the early 2000s (Kirk and Terry 2003), it is likely that these resistant populations are 1059 

those that established outdoor populations in Ontario. Already having developed 1060 

insecticide resistance, these WFT would be well suited to the agriculturally intensive 1061 

landscape in Niagara. 1062 
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Although OT frequently develop insecticide resistance (Adesanya et al. 2020), 1063 

increases in insecticide use are more likely to favour WFT due to its superior ability to 1064 

develop resistance to most insecticide classes (Wu et al. 2021). While this resistance 1065 

provides a competitive advantage for WFT in the presence of insecticides, it also comes 1066 

with a fitness cost (Li et al. 2017). If insecticide resistance is driving WFT dominance 1067 

outside, the invading WFT could be at a competitive disadvantage compared to OT 1068 

once they enter the relatively pesticide-free environment of the greenhouse. Future 1069 

studies should evaluate thrips species composition in other regions with different land 1070 

use patterns, including those with a higher percentage of non-agricultural land to better 1071 

determine how landscape factors influence thrips pressure and species composition. 1072 

Mirnezhad et al. (2012) determined that different genetic lineages or “strains” of WFT 1073 

are associated with better insecticide resistance, and the same has been found in OT 1074 

(Aizawa et al. 2018). This concept is sometimes also referred to as “biotypes” or “cryptic 1075 

species”, such as in Bemisia tabaci (Brown et al. 1995; Horowitz et al. 2020). 1076 

Genotyping of thrips populations could determine what strains are present, including 1077 

those that carry genes associated with pesticide resistance. Comparing the relative 1078 

composition of different strains inside and outside the greenhouse could further 1079 

elucidate which are better able to establish under different pest management regimes.  1080 
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Chapter 3. Monitoring and mass trapping of onion thrips and 1081 

western flower thrips 1082 

3.1 Background 1083 

Monitoring is a fundamental part of integrated pest management (IPM), allowing 1084 

growers to confirm the presence of pests, make pest management decisions, and 1085 

assess the efficacy of IPM tactics (Böckmann et al. 2015). Sticky card traps are often 1086 

used for monitoring populations of flying pests in both field and greenhouse crops 1087 

(Casey et al. 1999). When used in larger sizes and quantities, sticky cards or tape can 1088 

also be used as mass trapping devices to intercept large numbers of pests before they 1089 

reach the crop (Sampson and Kirk 2013).  1090 

Several colours of sticky cards are available to correspond to the colour 1091 

preferences of various insect pests (Kirk 1984). Yellow sticky cards are often used in 1092 

greenhouses as they attract a variety of common greenhouse pests including whiteflies, 1093 

winged aphids, fungus gnats, and shore flies (Casey et al. 1999). Trap colour 1094 

preferences of western flower thrips, Frankliniella occidentalis (Pergande) (WFT), have 1095 

been extensively studied in the lab, greenhouse, and field.  Despite repeated study, no 1096 

clear consensus on optimal trap colour has been reached. Blue is most frequently cited 1097 

as the colour that is most effective for WFT (Brodsgaard 1989; Roditakis et al. 2001; 1098 

Ren et al. 2020). However, many other studies have found that yellow cards are equally 1099 

or more attractive than blue (Gillespie and Vernon 1990; Broughton and Harrison 2012; 1100 

Davidson et al. 2012; Bae et al. 2015). Research on trap colour for onion thrips, Thrips 1101 

tabaci Lindeman (OT), has been less extensive and primarily conducted in the field. 1102 

Those studies have also yielded conflicting results as to whether yellow or blue cards 1103 
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catch more OT (Teulon and Penman 1992; Broughton and Harrison 2012; Roth et al. 1104 

2016; Phillips et al. 2020; Pobozniak et al. 2020).  1105 

The utility of sticky cards as a monitoring tool is dependent on how accurately the 1106 

cards reflect the pest populations in the crop (Böckmann et al. 2015). For example, 1107 

sticky cards are a poor monitoring tool for Echinothrips americanus Morgan as they are 1108 

often found on older leaves positioned lower in the plant, and less inclined to fly 1109 

compared to other thrips species (Pijnakker et al. 2017). Anecdotal evidence from 1110 

commercial greenhouses in Ontario suggests that sticky cards may be less effective for 1111 

monitoring OT than WFT in greenhouse crops (G. Murphy3, personal communication, 1112 

Oct 9, 2019). However, there is no published data to support this possibility or suggest a 1113 

possible cause (e.g., reduced flight capacity). 1114 

In addition to sticky cards, growers monitor their crops by inspecting plants 1115 

directly. Due their small size, thrips are difficult to spot in the crop, so their feeding 1116 

damage is the main indicator that growers or crop scouts search for to signal thrips 1117 

infestation (Casey et al. 1999). Knowing the damage patterns of important pests 1118 

ensures more efficient scouting an increased likelihood of early detection (Ugine et al. 1119 

2006). However, damage patterns may differ between thrips species and crops (Riefler 1120 

and Koschier 2009; Reay-Jones et al. 2017). It is therefore possible that WFT and OT 1121 

may cause distinctive damage patterns in floriculture crops that will provide indications 1122 

as to which species are present and trigger a closer inspection of the thrips population 1123 

to confirm identifications and species composition. 1124 
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The objectives of this research were to: 1) determine which colour sticky card 1125 

catches more OT compared to WFT in chrysanthemum greenhouses; 2) determine how 1126 

monitoring with sticky cards represents actual thrips populations in the crop; and, 3) 1127 

identify differences in damage patterns caused by OT and WFT. These determinations 1128 

will help growers to identify the presence of OT more quickly during regular monitoring 1129 

activities and allow them to adjust their IPM program as needed. 1130 

3.2 Methods 1131 

3.2.1 Commercial greenhouse trials to assess optimal colour and accuracy of 1132 
sticky cards 1133 

Sticky card trials were conducted in the same three commercial potted 1134 

chrysanthemum greenhouses in the Niagara region detailed in Chapter 2, Section 0.  1135 

Here, we looked at whether yellow and blue sticky cards caught more OT and WFT. We 1136 

also examine the relationship between card capture and thrips collected directly from 1137 

the crop using plant taps as it relates to card accuracy for monitoring purposes.  For 1138 

total numbers of thrips caught via each sampling method refer to Table 2.4 in Chapter 2. 1139 

3.2.1.1 Relative efficacy of yellow & blue sticky cards 1140 

Pairs of yellow and blue Horiver sticky cards (25 x 10cm, Koppert Canada 1141 

Limited, Scarborough, ON) were mounted inside and outside commercial greenhouses 1142 

as described in Chapter 2, Section 2.2.2 “Survey method, 2019”. The Horiver cards 1143 

were selected because they were the yellow and blue cards that caught the greatest 1144 

number of thrips compared to other available manufacturers in previous studies 1145 

conducted in floriculture greenhouses in the Niagara region (Jandricic 2019). The cards 1146 

were collected every 2 weeks and replaced with new cards, then sealed, stored, and 1147 
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processed as described in Chapter 2, Section 2.2.2, “Survey method, 2019”. For 1148 

sampling dates refer to Table 2.2. 1149 

To determine the relative efficacy of the two card colours, for each yellow/blue 1150 

card pair the proportion of thrips caught on each colour was calculated. The following 1151 

equations were used to calculate proportions for OT and WFT separately: 1152 

𝑇ℎ𝑟𝑖𝑝𝑠 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑛 𝑦𝑒𝑙𝑙𝑜𝑤 =  
# 𝑡ℎ𝑟𝑖𝑝𝑠 𝑜𝑛 𝑦𝑒𝑙𝑙𝑜𝑤

𝑇𝑜𝑡𝑎𝑙 # 𝑡ℎ𝑟𝑖𝑝𝑠 𝑜𝑛 𝑦𝑒𝑙𝑙𝑜𝑤 + 𝑏𝑙𝑢𝑒
  1153 

𝑇ℎ𝑟𝑖𝑝𝑠 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑛 𝑏𝑙𝑢𝑒 = 1 −  𝑇ℎ𝑟𝑖𝑝𝑠 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑛 𝑦𝑒𝑙𝑙𝑜𝑤  1154 

3.2.1.2 Accuracy of monitoring data using sticky cards (species ratio) 1155 

To determine how accurately the sticky cards represent the actual thrips species 1156 

composition in the crop, the ratio of OT:WFT was calculated from cards mounted inside 1157 

the greenhouse and compared to the ratio of OT:WFT collected using plant taps at the 1158 

end of each sampling interval. See Chapter 2, Section 2.2.1 for description of plant 1159 

tapping method. For each sampling method – yellow cards, blue cards, or plant taps - 1160 

the following calculation was used to determine the species ratio (expressed as %OT) 1161 

at each site: 1162 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑂𝑇 𝑢𝑠𝑖𝑛𝑔 𝑚𝑒𝑡ℎ𝑜𝑑 𝑥 =  
# 𝑂𝑇 𝑢𝑠𝑖𝑛𝑔 𝑚𝑒𝑡ℎ𝑜𝑑 𝑥 

#𝑇𝑜𝑡𝑎𝑙 𝑡ℎ𝑟𝑖𝑝𝑠 𝑢𝑠𝑖𝑛𝑔 𝑚𝑒𝑡ℎ𝑜𝑑 𝑥
  1163 

We did not assess the accuracy of cards to predict OT and WFT pressure in 1164 

terms of abundance as pressure in the crop at all three sites was generally low 1165 

throughout most of the trial period. 1166 
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3.2.2 Research greenhouse trials to determine differences in damage patterns 1167 

3.2.2.1 Thrips colonies 1168 

An OT colony was established from individuals collected from chrysanthemums 1169 

(Chrysanthemum indicum L.) at commercial Greenhouse A and marigolds (Tagetes 1170 

patula L.) at the Vineland Research & Innovation Centre (VRIC) in Vineland, Ontario. 1171 

The colony was subsequently reared on miniature cucumber fruits (Cucumis sativus) 1172 

(method adapted from DeGraaf and Wood 2009) and cabbage leaves (Brassica 1173 

oleracea). A WFT colony was established from individuals collected from roses (Rosa x 1174 

hybrida) at VRIC. They were subsequently reared on miniature cucumber fruits, 1175 

marigold plants (Tagetes patula ‘Bonanza yellow’, Stokes Seeds Ltd., Thorold, ON), and 1176 

bean plants (Phaseolus vulgaris ‘California red kidney’, Stokes Seeds Ltd., Thorold, 1177 

ON).  1178 

3.2.2.2 Plants 1179 

Chrysanthemum plants were grown from unrooted cuttings (Syngenta Flowers 1180 

North America, Gilroy, CA, USA). The variety ‘Springdale Purple’ was used for the 1181 

preliminary trial and flowering plant trial, and ‘Grandview Pink’ was used for vegetative 1182 

plant trials. Different varieties were used because ‘Springdale Purple’ cuttings were 1183 

unavailable at the time the vegetative plant trial began. The cuttings were dipped in 1184 

0.1% mineral oil (‘Landscape oil’, Plant Products Inc., Leamington, ON) to kill any thrips 1185 

or spider mites that may have been present. The stems of the cuttings were dipped in 1186 

0.1% Indole-3-butyric acid (Stim-root #1, Master Plant-Prod Inc., Brampton, ON) and 1187 

planted in plug trays filled with moistened potting mix (Agro Mix® G6, Fafard, Saint-1188 

Bonaventure, QC). No insecticides or biocontrol agents were applied after the cuttings 1189 
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were rooted so that the plants were free of residues and predators that may negatively 1190 

impact thrips in the trials.  1191 

For the preliminary and flowering plant trials, plants were grown until all flowers 1192 

were fully open (approximately 10 weeks after cuttings were rooted). For the vegetative 1193 

plant trial, plants were grown for four weeks after rooting. Prior to the experiments, 1194 

lateral stems were removed to create a single-stemmed plant. 1195 

3.2.2.3 Damage assay method 1196 

The preliminary trial had 6 replicates and was conducted in December 2019. The 1197 

flowering plant trial was conducted in December 2020 and had 10 replicates. The 1198 

vegetative plant trial was conducted in March 2020 and included 8 replicates.  1199 

Each plant was infested with 20 adult female OT or WFT and individually 1200 

enclosed to prevent thrips escape. For the preliminary and flowering plant trials, plants 1201 

were covered with a clear plastic ventilated enclosure crafted from 2L beverage bottles 1202 

(Figure 3.1). Plants grown for the vegetative plant trial had become too tall for the 1203 

plastic bottle enclosures and so cages constructed from thrips-proof mesh were used 1204 

instead (60 x 60 x 60 cm, BugDorm-2, Megaview Science Co., Taiwan). 1205 

The plants were assessed for leaf and flower damage after 2 weeks (preliminary 1206 

trial and flowering trial) and 3 weeks (vegetative trial). For the flowering plant trial, the 1207 

number of thrips on each plant was also quantified. Adult thrips and larvae were 1208 

collected from each plant using a “plant washing” method (Ota 1968). Leaves and 1209 

flowers were submerged in 70% ethanol and shaken briskly for 30 seconds to dislodge 1210 

the insects. The plant material was removed, and the ethanol was poured through filter 1211 

paper (grade 417, VWR International, Mississauga, ON) using a Büchner funnel. The 1212 
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number of larvae and adults retained on the filter paper were then counted under a 1213 

stereo microscope at 20x magnification.   1214 

 1215 

Figure 3.1. Experimental setup for flowering plant damage assay. A single chrysanthemum plant is 1216 
enclosed in a ventilated dome constructed from a 2L plastic beverage bottle. The edge of the dome is 1217 
pressed down 1cm into the substrate to prevent thrips escape. 1218 

3.2.2.4 Damage assessments 1219 

Each leaf and flower was assigned a damage score (Table 3.1). Leaf damage 1220 

score was based on the estimated percentage of the leaf surface that was covered in 1221 

visible feeding scars (Figure 3.2). This method is similar to visual percentage estimates 1222 

developed by Terry and Chilingar (1955) that is often used to determine vegetation 1223 

cover when conducting ecological field assessments (Tripp et al. 2018). The flower 1224 

damage score was based on the estimated percentage of flower petals that had visible 1225 

feeding damage. Where the damage criterion is a range, the damage score is the 1226 
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median of the range, as described by Chiang et al. (2017). For example, if the criterion 1227 

is 10 – 20 %, a median of 15% would be used as the damage score. This method of 1228 

damage estimation was chosen as it combines the speed of a rating scale (ordinal 1229 

data), while still allowing the values to be analyzed as ratio data.  1230 

Table 3.1. Scoring criteria used to assess feeding damage. See Figure 3.2 for examples of damaged 1231 
leaves. Scoring system was designed based on the work of Terry and Chilingar (1955) and Chiang et al. 1232 
(2017). 1233 

Leaf score Description Criteria 

0 No damage No damage 
1 Minimal damage 1% of leaf surface damaged 
4 Light damage 2 to 5% of leaf surface damaged 
16 Moderate damage 6 to 25% of leaf surface damaged 
60 Heavy damage 26 to 95% of leaf surface damaged 
100 Completely destroyed >95% of leaf surface damaged 
   

Flower score   

0 No damage No damage 
1 Minimal damage 1% of petals damaged 
24 Moderate damage 2 to 50% of petals damaged 
73 Heavy damage 51 to 95% of petals damaged 
100 Completely destroyed >95% of flower petals damaged 

   

The position of each leaf (from top to bottom) was recorded. The upper half of the 1234 

leaves were assigned to the ‘top’ stratum and lower half were assigned to the ‘bottom’ 1235 

stratum. If there was an odd number of leaves, the middle leaf was assigned to the 1236 

bottom stratum. For example, if the stem had 21 leaves where leaf number 1 is the top 1237 

leaf and number 21 is the leaf closest to the substrate, leaf numbers 1 -10 would be in 1238 

the top stratum and leaf number 11 – 21 would be in the bottom stratum. The plants in 1239 

the vegetative trial produced lateral shoots during the trial period. As both the lateral 1240 

shoots and upper leaves on the main stem were newer growth, leaves from the lateral 1241 

shoots were assigned to the ‘top’ stratum.  1242 
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 1243 

Figure 3.2. Examples of thrips feeding damage on chrysanthemum leaves and the estimated percent 1244 
damage area category to which they would be assigned. Visual estimate methods based on Terry and 1245 
Chilingar (1955). 1246 

For all three trials, the proportion of leaf damage (LD) per stratum (expressed as a 1247 

percentage) was calculated by dividing the sum of leaf damage scores in the stratum 1248 

(LDtop or LDbottom) by the sum of leaf damage scores in the whole plant.  1249 

For example: 1250 

%𝐿𝐷𝑡𝑜𝑝 =  
𝑠𝑢𝑚 𝑜𝑓 𝐿𝐷𝑡𝑜𝑝

(𝑠𝑢𝑚 𝑜𝑓 𝐿𝐷𝑡𝑜𝑝 + 𝑠𝑢𝑚 𝑜𝑓 𝐿𝐷𝑏𝑜𝑡𝑡𝑜𝑚) 
 × 100 1251 

In the second trial involving flowering plants, for each plant the flower damage 1252 

score (FD) per thrips was calculated by dividing the average flower damage score per 1253 

plant by the total number of thrips per flower.  1254 

%𝐹𝐷 𝑝𝑒𝑟 𝑡ℎ𝑟𝑖𝑝𝑠 =  
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐹𝐷 𝑝𝑒𝑟 𝑝𝑙𝑎𝑛𝑡

(#𝑡ℎ𝑟𝑖𝑝𝑠 ÷ #𝑓𝑙𝑜𝑤𝑒𝑟𝑠)
 × 100 1255 
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3.2.3 Statistical Analysis  1256 

All data were analyzed using the GLIMMIX procedure in SAS® Studio Version 1257 

3.8 (Copyright © 2013-2018, SAS Institute Inc., Cary, NC). In all cases, models were 1258 

chosen that best fit assumptions of variance for the various tests. 1259 

3.2.3.1 Sticky card colour efficacy 1260 

Card colour data (expressed as proportions of each thrips species caught on 1261 

yellow versus blue cards for each collection date) was analyzed as a generalized linear 1262 

mixed model (GLMM) with repeated measures.  A beta distribution with the link = logit 1263 

function in SAS was used as this is most appropriate for proportion data and produced 1264 

the best fit for the data. Data were x+0.0001 transformed to eliminate zero data when 1265 

using a beta distribution. Proportion of thrips was the dependent variable. Thrips 1266 

species, card colour, site, and card location (inside and outside) were the independent 1267 

variables. Sampling interval was specified as the repeated variable with card nested 1268 

within study site as the repeated measure subject. A standard variance components 1269 

covariance structure was used, and the Kenward-Roger bias correction was specified to 1270 

adjust for type 1 error bias that can occur with repeated measures models. All 1271 

interactions between thrips species, card colour, card location, and study site were 1272 

examined, and we found all 2-and 3-way interactions with study site to be significant 1273 

(F(2,1336) ≥3.39, p ≤0.034 for all tests). As multiple pairwise comparisons with between 1274 

interactions can result in loss of power and don’t necessarily reflect the objectives of the 1275 

original experimental design (Spurgeon 2019) we looked at the data subsets using the 1276 

simple effects test. Specifically, we examined the effect of colour on thrips proportions 1277 
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within each thrips species by card location by study site condition, using a Tukey’s 1278 

adjustment (Spurgeon 2019). Ultimately, this yielded the same trends as doing separate 1279 

analyses on card colour for each greenhouse but is more efficient.  1280 

3.2.3.2 Accuracy of monitoring cards 1281 

The ability to accurately predict proportions of OT found in the crop using card 1282 

counts was analyzed as a GLMM with repeated measures using a Gaussian 1283 

distribution. Percent OT was the dependent variable. Monitoring method (yellow cards, 1284 

blue cards, or plant taps) and site were independent variables (fixed effects). Sampling 1285 

interval was specified as the repeated variable with study site as the repeated measure 1286 

subject. A standard variance components covariance structure, and Kenward-Roger 1287 

bias correction were used. Simple effects comparisons were used to examine the 1288 

differences between sampling methods within each study site. 1289 

3.2.3.3 Damage trials 1290 

Foliar damage data per stratum (expressed as estimated proportion of total plant 1291 

damage) for all three trials (preliminary, flowering trial, and vegetative trial) was 1292 

analyzed as a GLMM with a Beta distribution (link = logit). Proportion of total plant 1293 

damage was modelled against plant stratum, thrips species, and plant stage (vegetative 1294 

or flowering). Experimental trial was treated as a random blocking factor. All two-and-1295 

three-way interactions were also included as fixed effects in the analysis. To determine 1296 

if thrips species preferred different plant strata, contrast statements were constructed to 1297 

compare proportion of plant damage on top vs. bottom strata for each thrips species by 1298 

plant stage (flowering or vegetative). Tukey’s adjustment was applied to all analyses.  1299 
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Average flower damage per thrips in the flowering plant trial was analyzed as a 1300 

one-way ANOVA with damage score as the dependent variable and thrips species as 1301 

the independent variable.  For this model, square root transformed data with a Gaussian 1302 

distribution better met the assumptions of variance. As the residuals were not 1303 

homogeneous, the residuals were grouped by thrips species (RANDOM _residual_ / 1304 

subject = rep*thrips group=thrips) although this did not ultimately alter the outcome of 1305 

the test. 1306 

3.3 Results 1307 

3.3.1 Relative efficacy of yellow & blue sticky cards 1308 

Results of F-tests on thrips species, card colour, card location and study site, as well as 1309 

their interactions, are given in Table 3.2, as are the results of simple effects tests. 1310 

Simple effects tests indicated that in two of the three greenhouses, A & B, yellow cards 1311 

caught a significantly higher proportion of both thrips species compared to blue cards 1312 

inside the greenhouse. At Greenhouse C, yellow cards caught similar proportions of OT 1313 

as in Greenhouse A and B. However, blue cards caught a significantly higher proportion 1314 

of WFT at this greenhouse (Figure 3.3). For all study sites, there was no significant 1315 

difference between card colours in the proportion of thrips of either species caught on 1316 

cards directly outside the greenhouse at (t(1336)= -1.67 – 1.18  P ≥ 0.096 for all tests).  1317 

  1318 
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Table 3.2. Generalized linear mixed model analysis of variance of the effect of location (inside vs outside 1319 
the greenhouse), and thrips species (OT vs WFT) on the proportion of thrips caught on yellow vs. blue 1320 
sticky cards at different study sites (Tukey adjusted). OT = Thrips tabaci, WFT = Frankliniella occidentalis. 1321 

Covariance parameters Estimate  Standard Error ChiSq Pr>ChiSq 

Interval (repeated measure) 0.0505 0.001893 
  

Fixed effects Num. df Den. df F-value Pr>F 

Colour 1 1336 53.69 <0.0001 

Colour*species 1 1336 13.84 0.0002 

Colour*location 1 1336 21.28 <0.0001 

Colour*species*location 1 1336 4.4 0.0125 

Simple effect comparisons Num. df Den. df t-value Pr>T  

Greenhouse A  

  

Yellow vs. blue, inside, OT 1 1336 -7.22 <0.0001 

Yellow vs. blue, inside, WFT 1 1336 -5.99 <0.0001 

Yellow vs. blue, outside, OT 1 1336 -0.97 0.3318 

Yellow vs. blue, outside, WFT 1 1336 0.43 0.6659 

 Greenhouse B  

  

Yellow vs. blue, inside, OT 1 1336 -6.03 <0.0001 

Yellow vs. blue, inside, WFT 1 1336 -7.64 <0.0001 

Yellow vs. blue, outside, OT 1 1336 -0.65 0.5138 

Yellow vs. blue, outside, WFT 1 1336 -1.67 0.0959 

Greenhouse C  

  

Yellow vs. blue, inside, OT 1 1336 -2.68 0.0075 

Yellow vs. blue, inside, WFT 1 1336 4.83 <0.0001 

Yellow vs. blue, outside, OT 1 1336 -0.82 0.4113 

Yellow vs. blue, outside, WFT 1 1336 1.18 0.2402 

 1322 
  1323 
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 1324 

 1325 

 1326 

 1327 

Figure 3.3. Proportion (%) of Frankliniella occidentalis (WFT) and Thrips tabaci (OT) caught on yellow vs. 1328 
blue sticky cards inside and outside three commercial greenhouses (A) Greenhouse A, (B) Greenhouse 1329 
B, and (C) Greenhouse C. Significant differences between yellow and blue cards are indicated by 1330 
asterisks where * = p<0.05, ** =p<0.01, *** = p<0.001; ns = not significant. 1331 

0%

10%

20%

30%

40%

50%

60%

70%

WFT OT WFT OT

Inside OutsideP
e
rc

e
n
t 

th
ri
p
s
 p

e
r 

c
o
lo

u
r 

±
S

E

A

***

ns

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

WFT OT WFT OT

Inside Outside

P
e
rc

e
n
t 

th
ri
p
s
 p

e
r 

c
o
lo

u
r 

±
S

E

B

ns ns

***

***

0%

10%

20%

30%

40%

50%

60%

70%

WFT OT WFT OT

Inside Outside

P
e
rc

e
n
t 

th
ri
p
s
 p

e
r 

c
o
lo

u
r 

±
S

E

C

Yellow Blue

ns ns*** **

*** 
 ns 



 

71 

 

3.3.2 Accuracy of monitoring data using sticky cards 1332 

In comparing the species ratio of OT:WFT determined by sticky cards compared 1333 

to plant taps, there was a significant interaction effect between monitoring method and 1334 

study site on the proportion of OT captured (Table 3.2). Despite finding that yellow 1335 

cards were more attractive than blue cards for both OT and WFT in 2 out of our 3 study 1336 

sites (as shown in Section 3.3.1), both card colours captured similar ratios of OT:WFT 1337 

within each greenhouse. However, the species ratios on both card colours differed 1338 

significantly from the ratio of OT:WFT collected from the crop using plant taps at 1339 

Greenhouses A and C. At Greenhouse A, sticky cards predicted a higher ratio of 1340 

OT:WFT than was found in the crop, and at Greenhouse C sticky cards predicted a 1341 

lower ratio of OT:WFT than was found in the crop (Table 3.3). Only in Greenhouse B did 1342 

the cards accurately reflect the ratio of OT:WFT in the crop (i.e., the monitoring methods 1343 

were not statistically different from each other in the proportion of OT). 1344 

Table 3.3. Average species ratio of Thrips tabaci (OT) to Frankliniella occidentalis (WFT) at three 1345 
commercial chrysanthemum greenhouses as determined by different monitoring methods: yellow sticky 1346 
cards, blue sticky cards, and plant taps. Different letters indicate significant differences (α=0.05) between 1347 
monitoring methods within each site. 1348 

Site Method OT : WFT SE  

Greenhouse A Yellow card 38.5 : 61.5 5.96 a 
 Blue card 37.2 : 62.8 5.38 a 
 Plant tap 20.8 : 79.2 7.03 b 

Greenhouse B Yellow card 3.9 : 96.1 1.57 a 
 Blue card 0.5 : 99.5 5.38 a 
 Plant tap 0.9 : 99.1 0.29 a 

Greenhouse C Yellow card 19.2 : 80.8 4.24 a 
 Blue card 8.2 : 91.8 5.38 a 
 Plant tap 40.2 : 59.8 12.76 b 

       

 1349 
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Table 3.4. Generalized linear mixed model analysis of variance of the differences between monitoring 1350 
methods (yellow sticky cards, blue sticky cards, and plant taps) on the proportion of Thrips tabaci relative 1351 
to Frankliniella occidentalis (i.e., species ratio) collected at three commercial chrysanthemum 1352 
greenhouses (‘site’) over time from May until November 2019 (Tukey adjusted).  1353 

Covariance parameters Estimate  Standard Error ChiSq Pr>ChiSq 

time (repeated measure) 0.0028 0.00536 0.31 0.2881 

residual 0.0248 0.00707     

Fixed effects Num. df Den. df F-value Pr>F 

method 2 28.52 0.86 0.4348 

time 11 14.83 1.83 0.1375 

method*site 6 31.72 9.78 <0.0001 

method*time 22 26.41 1.58 0.1306 

Simple effect comparisons   DF t-value Pr>T  

Greenhouse A - yellow vs blue 24.78 -0.19 0.9800 

yellow vs tap  24.78 2.55 0.0407 

blue vs tap  24.78 2.74 0.0262 

Greenhouse B - yellow vs blue 35.12 0.07 0.9970 

yellow vs tap  35.12 -0.28 0.9582 

blue vs tap  24.78 -0.58 0.8340 

Greenhouse C - yellow vs blue 28.91 -1.14 0.4979 

yellow vs tap  28.91 -3.51 0.0038 

blue vs tap  24.78 -2.77 0.0246 

     

3.3.3 Damage patterns 1354 

Foliar damage caused by both OT and WFT consisted primarily of very small 1355 

scars throughout the plant. None of the leaves in these trials had a damage rating 1356 

greater than 16 (6-25% of leaf surface damaged) in any of the trials, and 67 and 62% of 1357 

damaged leaves were assigned the lowest score of 1 for OT and WFT respectively.  1358 

Foliar damage was analyzed in both vegetative and flowering plants. Despite the 1359 

generally low foliar damage in these experiments, there was still a significant three way 1360 

interaction between stratum, species, and plant stage on damage scores (F(4,85)=2.71, 1361 

p=0.0354) (Figure 3.4). Contrast statements determined that more damage scars were 1362 

found on leaves on the upper half of the chrysanthemum plants infested with WFT in 1363 
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both vegetative (F(1,85)=17.80, p<0.0001) and flowering plant stages (F(1,85)=12.86, 1364 

p=0.0006). For OT, there was more damage on upper leaves in flowering plants 1365 

(F(1,85)=34.25, p<0.0001), but no difference between strata on vegetative plants 1366 

(F(1,85)=2.08, p=0.1530).  1367 

 1368 

Figure 3.4. Proportion (%) of total estimated area of leaf damage on the bottom vs top stratum of 1369 
chrysanthemum plants caused by Thrips tabaci (OT) and Frankliniella occidentalis (WFT), on the foliage 1370 
of plants in flowering and vegetative states. 1371 

In the flower damage trial looking at the damage caused on flower petals, the 1372 

average number of thrips recovered was lower in the WFT treatment (20.3) compared to 1373 

OT treatment (75.7). The average flower damage score per thrips was greater for WFT 1374 

(0.15% per thrips) than for OT (0.02% per thrips), although this difference was not 1375 

significant (F(1,18)=3.74, p=0.069). The low power of this test (power=0.45) indicates that 1376 

more replicates would be needed to confidently determine significance. 1377 

3.4 Discussion 1378 

3.4.1 Card colour efficacy 1379 

 The results of the commercial monitoring trial suggest that yellow is generally more 1380 

effective than blue at trapping thrips both WFT and OT in floriculture greenhouses in the 1381 
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Niagara region of Ontario. More OT were caught on yellow cards at all three study sites 1382 

and more WFT were caught on yellow cards at two of the three sites. Outside the 1383 

greenhouse at all three sites neither thrips species were caught in equal numbers on 1384 

both colours. 1385 

In one of the three study sites, Greenhouse C, blue cards caught more WFT than 1386 

yellow, while yellow cards continued to catch more OT. This result indicates that 1387 

although OT and WFT are often similar to each other in terms of their relative catch rate 1388 

on yellow versus blue sticky cards, they are not identical. It also demonstrates that the 1389 

effect of greenhouse environment on the relative efficacy of yellow and blue cards 1390 

differs between greenhouses. That there was consistently no effect of colour on the 1391 

number of thrips caught of either species on outdoor cards, while the relative efficacy of 1392 

card colours varied between sites inside greenhouses, suggests that greenhouse 1393 

environment affects the appearance or attractiveness of cards in some way. Other 1394 

researchers have also found differences in which card colour catches more thrips 1395 

between study environments, whether going from laboratory to greenhouse (Bae et al. 1396 

2015; Ren et al. 2020) or greenhouse to field (Roth et al. 2016). The influence of 1397 

environment on the relative efficacy of yellow and blue cards may help explain the lack 1398 

of consensus in the literature regarding optimal trap colour for thrips. 1399 

A possible environmental variable that could produce this effect is differing light 1400 

conditions inside the greenhouses. Since none of the study sites used supplemental 1401 

lighting, these differences are most likely caused by the greenhouse cover materials. As 1402 

natural light enters the greenhouse, some parts of the light spectrum will be excluded 1403 
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depending on the material. There are many kinds of greenhouse cover materials, each 1404 

with their own light transmitting properties; the addition of whitewash, films, or even the 1405 

accumulation of dust over time can further impact the quantity and quality of light that is 1406 

transmitted (Von Zabeltitz 2011). Of particular importance to insects is the amount of 1407 

UVA and UVB radiation that is transmitted into the greenhouse as this has been shown 1408 

to affect the flight behaviour of both pest and beneficial insects (Dáder et al. 2015). 1409 

Future research should examine the efficacy of different card colours under a wide array 1410 

of greenhouse cover material types to discover if there are any trends that could allow 1411 

growers to determine which card colour will be most effective on thrips species in a 1412 

given greenhouse environment. 1413 

Although a few studies also found that OT and WFT showed no clear difference 1414 

between yellow and blue cards in outdoor environments (Demirel and Yildirim 2008; 1415 

Broughton and Harrison 2012), other studies conducted outdoors have found 1416 

differences between the number of both WFT and OT caught on different coloured 1417 

cards (Teulon and Penman 1992; Chen et al. 2004; Natwick et al. 2007; Roth et al. 1418 

2016). An alternative explanation for the differences observed between cards inside and 1419 

outside the greenhouse could be the setup of this experiment. The outside cards in this 1420 

study were directly adjacent, whereas inside the greenhouse they were separated by 5 1421 

cm. Thrips have delicate wings consisting primarily of a fringe of fine hairs, making them 1422 

particularly weak fliers (Lewis 1973). Air currents outside may have caused OT and 1423 

WFT to have poorer control of their flight compared to the relatively still air of the 1424 

greenhouse. The variable outside air currents, as well as the closer proximity of the 1425 

cards, may have caused some thrips to miss their intended target. Future experiments 1426 
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should place yellow and blue cards further away from each other outside the 1427 

greenhouse, and/or use larger cards to provide a larger target for incoming thrips. 1428 

In greenhouses, the location of vents is also an important factor in pest invasion. 1429 

Jakobsen et al. (2006) studied top-venting greenhouse compartments that used a 1430 

climate regime that decreased the degree of vent openings. By creating smaller 1431 

openings for entry, they observed a 40% decrease in the number of thrips entering the 1432 

greenhouse. Greenhouse C has large side vents, and this has been demonstrated to 1433 

have an impact on the number of thrips caught on cards. Side vents may provide easier 1434 

access to thrips from outdoors as they are closer to the ground where thrips prefer to fly 1435 

(Ben-Yakir and Chen 2008; Smith et al. 2016). Previous research conducted in Niagara 1436 

has demonstrated that proximity to the vents plays a large role in the number of thrips 1437 

caught on cards in these types of greenhouses (Murphy3 and Jandricic1, unpublished 1438 

data). Since this was the only side venting GH in the study, it is not possible to 1439 

conclusively demonstrate what role the vent position had on the efficacy of yellow vs 1440 

blue traps. Further research in which sampling is done at several side venting 1441 

greenhouses would be needed to determine the relationship between venting style and 1442 

card efficacy, and how this may interact with greenhouse cover type. 1443 

Based on the results of this study, and a review of the literature, it is clear that it 1444 

is not appropriate to make general claims about optimal card colour for thrips as it is 1445 

likely that card colour efficacy is situational, and may be affected by several factors such 1446 

as thrips species, direction of airflow, light conditions, placement in the crop, and the 1447 

colours and glues used by different manufacturers (Roditakis et al. 2001; Chen et al. 1448 

2004; Phillips et al. 2020; Ben-Yakir and Carvalho 2021). Since yellow is the most 1449 
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effective colour for other important pests (Casey et al. 1999), and in many situations 1450 

yellow is most effective for thrips (or is at least equally effective as blue) yellow cards 1451 

are the most advantageous choice if growers are interested in trapping multiple pests. If 1452 

thrips are to be the main focus of a large mass trapping effort then it would be advisable 1453 

for growers to run trials in their own facilities to determine which colour performs best in 1454 

their greenhouse environment. 1455 

3.4.2 Accuracy of monitoring cards 1456 

In this study, sticky cards were not a reliable indicator of the relative proportion of 1457 

OT and WFT found in the crop at two of the three study sites. Anecdotal reports from 1458 

IPM consultants found disproportionately low total thrips counts on monitoring cards in 1459 

crops that were suffering high OT infestations had disproportionately low (G. Murphy3, 1460 

personal communication, February 10, 2020). This was corroborated in one of the sites 1461 

in this study, however another site demonstrated that it was also possible for monitoring 1462 

cards to overestimate the proportion of OT. 1463 

The placement of sticky cards (i.e., within or above the crop canopy) may impact 1464 

card catches. The typical recommendation for trapping thrips is to place cards just 1465 

above the crop canopy (Casey et al. 1999). However, there is evidence that this card 1466 

position may not be optimal in all crop types. Although Gillespie & Vernon (1990) found 1467 

that more WFT were caught at or just above the crop canopy in greenhouse cucumber, 1468 

other studies found more thrips were caught in the lower strata (Brodsgaard 1993; 1469 

Roditakis et al. 2001). Unpublished research by S. Jandricic found no difference in WFT 1470 

catches between large mass trapping cards placed on the bench just above the crop 1471 
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canopy compared to those mounted on support post beside the crop in Niagara 1472 

chrysanthemum greenhouses. To date, no research has been done to examine the 1473 

efficacy of sticky cards placed in different positions in any greenhouse crop for OT, so it 1474 

is possible that different card placement could increase card capture for this species. 1475 

Further studies looking at the effect of card placement in a variety greenhouse crops are 1476 

needed before the findings in this study can be generalized.  1477 

The movement patterns of thrips, as well as crop management practices can 1478 

further contribute to trap capture rate. Previous studies have demonstrated that WFT 1479 

are primarily attracted to trap plants when dispersing (Buitenhuis and Shipp 2006), and 1480 

are less likely to be attracted to trap plants once they have become established in the 1481 

crop. The same is likely true for mass trapping and monitoring cards. In potted 1482 

chrysanthemum operations, entire benches of mature plants are disrupted on a weekly 1483 

basis for packaging and shipment, disturbing adult thrips in the process. The constant 1484 

movement of plant material in weekly operations may increase the frequency of thrips 1485 

dispersal within the greenhouse compartment (both WFT and OT) than are found in 1486 

other cropping systems. Once disturbed, WFT and OT may employ different dispersal 1487 

strategies. For example, WFT may disperse further to reach benches with budding and 1488 

flowering plants compared to OT due to their preference for flowers (Childers 1997; 1489 

Rhainds et al. 2005). Different dispersal patterns within greenhouse compartments 1490 

could skew species ratios caught on cards. However, there is no research examining 1491 

the dispersal behaviours of OT within greenhouse floriculture crops. A better 1492 

understanding of their movements may lead to more efficient monitoring of OT in this 1493 

cropping system. For now, scouting the crop to look for feeding damage and performing 1494 
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plant taps is a more reliable method of monitoring thrips numbers and species 1495 

proportions than card assessments. 1496 

3.4.3 Damage patterns 1497 

Some differences in feeding damage patterns caused by OT and WFT to 1498 

chrysanthemum plants were observed on both flowering and vegetative plants. On 1499 

flowering plants, WFT caused more feeding damage on flower petals than OT did per 1500 

thrips. This corroborates observations by Ganaha-Kikumura et al., (2012), who noted 1501 

that they frequently collected OT from flowers but they did not cause visible feeding 1502 

damage to this part of the plant. In contrast, WFT have a well-documented preference 1503 

for feeding on flowers (Childers 1997; Rhainds et al. 2005). The degree to which we can 1504 

generalize the findings of this study to other floriculture crops is unknown, as very little 1505 

information has been published about OT on ornamental plants. Despite this limitation, 1506 

because WFT consistently cause damage to blooms, feeding damage that is primarily 1507 

on foliage with little accompanying flower damage should signal that a thrips species 1508 

besides WFT may be present, and initiate further investigation.  1509 

On both vegetative and flowering plants, WFT left more feeding scars on leaves 1510 

in the upper stratum than in the lower stratum. Onion thrips also left more scars on 1511 

upper leaves in flowering plants, however in vegetative plants there was no difference in 1512 

the amount of damage between strata. A similar phenomenon has been observed in 1513 

foxglove aphids, Aulacorthum solani (Kaltenbach) (Jandricic et al. 2014). This species 1514 

showed a strong preference for the upper stratum when plants were flowering. The 1515 

authors suggest this is likely because they are drawn to the flowers located at the top of 1516 
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the plant. Although OT cause less damage to flowers, they do feed on pollen and can 1517 

often be found in flowers (Murai 2000; Ganaha-Kikumura et al. 2012). Therefore, it is 1518 

possible that they are also drawn to the upper stratum based primarily on its proximity to 1519 

flowers.  1520 

Since WFT consistently feed primarily on the upper stratum and flowers, unusual 1521 

amounts of damage on the lower stratum should alert crop scouts that another thrips 1522 

species is present. It should be noted, however, that other thrips species besides OT 1523 

have been found to feed more heavily on lower strata. Chrysanthemum thrips (CT), 1524 

Thrips nigropilosus Uzel, feed more intensively on mature chrysanthemum leaves 1525 

(Bullock 1965). This aligns with damage associated with CT infestations on lower strata 1526 

of chrysanthemums and marigolds in greenhouses in the Niagara region (personal 1527 

observations). Although not often a problem pest, CT are widely distributed and can 1528 

quickly cause severe damage whenever they do become established (Kucharczyk et al. 1529 

2019). Therefore, heavier feeding damage on the lower leaves cannot be assumed to 1530 

be caused by OT and further identification should be pursued. 1531 

3.4.4 Conclusions 1532 

Inside the greenhouse, yellow cards were more effective than blue for both OT 1533 

and WFT in this study, however there was evidence for site-dependent variability for 1534 

WFT. Therefore, any large-scale mass trapping effort aimed at thrips should be 1535 

preceded by in-house efficacy tests to determine which colour will be most effective for 1536 

a specific greenhouse. If growers are not willing to perform efficacy tests, yellow should 1537 
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be chosen as it is generally reliable for thrips as well as other greenhouse pests of 1538 

interest such as fungus gnats, whitefly, and leaf miner.  1539 

Greenhouse trials in potted chrysanthemum found that neither yellow or blue 1540 

monitoring cards provided a reliable estimate of the ratio of OT:WFT on the plants. Plant 1541 

taps should be used instead of, or in conjunction with, cards to assess species 1542 

composition before deciding to apply insecticides for OT.  1543 

When conducting plant inspections, the presence of foliar damage without 1544 

damage to flowers, or heavier damage to the lower leaves is a good indication that a 1545 

species other than WFT is present. A closer investigation should take place, involving 1546 

plant taps and identifying thrips species under the microscope. 1547 

Future research priorities should include: 1) in situ studies of yellow and blue 1548 

sticky cards in a variety of greenhouse crops and greenhouse cover types to identify the 1549 

environmental parameters that influence card colour efficacy for thrips; 2) determining 1550 

dispersal patterns of OT and optimal card placement within greenhouse floriculture 1551 

crops to improve monitoring accuracy and mass trapping efficiency for OT; and 3) 1552 

further characterization of OT feeding damage patterns in other floriculture crops that 1553 

can prompt growers to conduct closer inspections of thrips species composition.  1554 
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Chapter 4. Relative efficacy of predatory mites and Orius 1555 

insidiosus for the management of onion thrips & western 1556 

flower thrips 1557 

4.1 Background 1558 

Predatory phytoseiid mites are the cornerstone of a typical thrips biocontrol 1559 

program, (Mouden et al. 2017; Daughtry and Buitenhuis 2020) due to both their efficacy 1560 

and minimal cost per predator. Neoseiulus cucumeris (Oudemans) and Amblyseius 1561 

swirskii (Athias-Henriot) are the two mite species most commonly used by floriculture 1562 

growers in Ontario (S. Jandricic1, personal communication). Mites feed primarily on first 1563 

instar thrips larvae, with limited feeding on eggs and second instar (Bakker and Sabelis 1564 

1989; Vangansbeke et al. 2014; Dalir et al. 2021). The predatory hemipteran, Orius 1565 

insidiosus (Say), is occasionally used to provide additional support to predatory mites in 1566 

some crops (Van Lenteren et al. 2020). Orius insidiosus is a generalist predator that 1567 

feeds preferentially on thrips, and will attack both adults and larvae (Baez et al. 2004).  1568 

Research on thrips predators has primarily focused on western flower thrips 1569 

(WFT; Frankliniella occidentalis Pergande). Fewer studies have been conducted with 1570 

onion thrips (OT; Thrips tabaci Lindeman) as prey, but published research confirms that 1571 

A. swirskii, N. cucumeris, and O. insidiosus all consume OT (Bakker and Sabelis 1989; 1572 

Gillespie 1989; Wimmer et al. 2008; Kumar et al. 2014).  1573 

Growers with mixed populations of OT and WFT are proceeding under the 1574 

assumption that thrips predators should be equally effective at suppressing both 1575 

species. However, adequate control of OT is not being achieved with the biocontrol 1576 

program that typically works well for WFT-only populations (S. Jandricic1, personal 1577 
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communication). A likely explanation is that one or more components of the thrips IPM 1578 

program are not equally effective for both thrips species. Given the importance of 1579 

predators in the thrips IPM strategy, any decrease in their efficacy could have a 1580 

substantial impact on the success of the program.  1581 

With no studies directly comparing predation rates between OT and WFT, we 1582 

cannot conclude whether these predators consume equal numbers of both thrips 1583 

species. Furthermore, as these two thrips species are typically found in mixed 1584 

populations (Chapter 2), prey preference could play an important role in how effectively 1585 

predators manage them. Previous research has demonstrated that phytoseiid mites and 1586 

Orius spp. do exhibit prey preferences. Studies have explored preference between 1587 

thrips and two-spotted spider mites (Tetranychus urticae) (Xu and Enkegaard 2010; 1588 

Rahmani et al. 2016), greenhouse whiteflies (Trialeurodes vaporariorum) (Messelink et 1589 

al. 2008; Van Maanen et al. 2012), and other predator species (Chow et al. 2008; 1590 

Buitenhuis et al. 2010). However, only one study has looked at prey preference 1591 

between different thrips species (Reitz et al. 2006). This study, examining the 1592 

preference and predation rate of Orius laevigatus on F. occidentalis and F. bispinosa 1593 

confirmed that predators can exhibit prey preference even between congeneric species. 1594 

In order to properly assess predator efficacy, it is important to test them in the 1595 

cropping system in which they will be used (Scott Brown et al. 1999). The host plant 1596 

may impact predator efficacy depending on the way predator and prey interact with the 1597 

plant. For example, N. cucumeris catch fewer thrips on cucumber and eggplant 1598 

compared to pepper due to the presence of plant trichomes that impede the mite’s 1599 
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movement (Madadi et al. 2007). Conversely, although pubescent leaves such as 1600 

gerbera and chrysanthemum decreased the walking speed of A. swirskii compared to 1601 

smooth rose leaves, there was no difference in their predation rate on first instar WFT 1602 

on chrysanthemum than on rose leaves (Buitenhuis et al. 2014b). No similar studies 1603 

have been conducted with N. cucumeris on chrysanthemums, nor comparative studies 1604 

of host plant effects on both mite species or multiple prey species. Therefore, we do not 1605 

know the extent to which the host plant may affect the relative efficacy of these two 1606 

predators, or whether predation on OT and WFT will be affected equally. 1607 

It can take several years for new biocontrol agents and insecticides to be 1608 

developed and approved for commercial use, so to address the immediate need for 1609 

improved control of OT, it is necessary to find solutions among existing products. Two 1610 

other thrips predators that are commercially available but used less frequently are 1611 

Ambydromalus limonicus (Garman and McGregor) and Amblyseius degenerans 1612 

(Berlese). On cucumber plants, A. limonicus has a higher predation rate on WFT than 1613 

N. cucumeris and A. swirskii (van Houten et al. 1995; Messelink et al. 2006), and A. 1614 

degenerans had a higher predation rate than N. cucumeris on some host plants (Scott 1615 

Brown et al. 1999), so both may be good candidates. 1616 

The goal of this research was to 1) determine the relative predation rate and prey 1617 

preference of A. swirskii, N. cucumeris, A. degenerans, A. limonicus and Orius 1618 

insidiosus against OT and WFT in the laboratory, 2) determine if the less frequently 1619 

used A. degenerans or A. limonicus offer better control of OT than A. swirskii or N. 1620 

cucumeris in the laboratory, and 3) evaluate if predation rate and preference results in 1621 
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the lab reflect efficacy trial outcomes of predators against OT and WFT on whole 1622 

chrysanthemum plants. 1623 

4.2 Methods 1624 

4.2.1 Insects and biological control agents 1625 

4.2.1.1 Thrips 1626 

 An OT colony was established from individuals collected from chrysanthemums at 1627 

a commercial greenhouse and marigolds at the Vineland Research & Innovation Centre 1628 

in Vineland, Ontario, and subsequently reared on miniature cucumber fruits (Cucumis 1629 

sativus) and cabbage leaves (Brassica oleracea). A WFT colony was established from 1630 

individuals collected from roses at the Vineland Research & Innovation Centre, and 1631 

subsequently reared on miniature cucumber fruits, marigold plants (Tagetes patula 1632 

‘Bonanza yellow’), and bean plants (Phaseolus vulgaris ‘California red kidney’).  1633 

4.2.1.2 Identification of larval thrips 1634 

In choice assays and the greenhouse experiment it was necessary to 1635 

differentiate between larval stages of OT and WFT during data collection. Larvae of OT 1636 

and WFT can be distinguished from each other based on the colour of the abdominal 1637 

setae – in WFT these setae are clear, very coarse, and stand perpendicular to the body, 1638 

whereas in OT these setae are dark, finer in texture, and do not stand perpendicular to 1639 

the body (Figure 4.1). Additionally, WFT larvae are typically yellow in colour and have a 1640 

glossy cuticle, whereas OT are off-white to beige in colour and have a matte cuticle. 1641 

The colour of the setae is difficult to distinguish in 1st instar larvae, and so in the 1642 
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predatory mite prey choice assay, the surviving larvae were retained until they reached 1643 

the 2nd larval instar to confirm their identity.  1644 

 1645 

Figure 4.1. Second instar Frankliniella occidentalis (left) larva and Thrips tabaci (right). Distinguishing 1646 
features of F. occidentalis larvae are their long, clear abdominal setae that stand perpendicular to the 1647 
body, yellow body colour, and glossy cuticle, whereas T. tabaci larvae have dark-coloured abdominal 1648 
setae that are shorter and less erect, off-white to beige body colour, and matte cuticle. 1649 

4.2.1.3 Predators 1650 

 Predatory mites A. swirskii, A. degenerans, A. limonicus, and Neoseiulus 1651 

cucumeris, and the predatory bug, O. insidiosus, were obtained from Biobest Canada 1652 

Ltd. (Leamington, ON). For the laboratory assays, new predators were ordered for each 1653 

trial and temporarily housed in a growth chamber (25°C, 70%RH, 16hrs light) in vented 1654 

plastic containers. The mites and their carrier materials were transferred to containers 1655 

and placed on top of sponges on a larger tray filled with water with a few drops of 1656 

unscented dish soap to prevent escape. The mites were provided with a mix of Ephestia 1657 

kuehniella eggs (Beneficial Insectary, Redding, CA) and cattail pollen (Nutrimite®, 1658 
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Biobest Canada Ltd., Leamington, ON) adhered to strips of Post-it labelling tape as a 1659 

food source until they were used in the assays. The O. insidiosus were also given strips 1660 

of E. kuehniella and pollen, as well as a bean plant in the period between receipt and 1661 

the start of the assay. For the greenhouse trial, predatory mites were used immediately 1662 

upon receipt. 1663 

4.2.2 Predation rate and prey preference of predatory mites 1664 

The experimental arena used for predatory mite assays was a modified Munger 1665 

cell-type arena (Munger 1942; de Jager et al. 1993) consisting of two glass microscope 1666 

slides, a bean leaf disc, and craft foam with a 2 cm circle cut in the center that formed 1667 

the arena space (Figure 4.2). After placing the thrips larvae and mites inside, the parts 1668 

of the cell were held firmly together with two binder clips, one on each side of the arena 1669 

space.  1670 

Adult female predatory mites (determined based on size) were moved into petri 1671 

dishes lined with moistened filter paper for a period of 24hr to starve them prior to both 1672 

predation rate and prey choice assays. For the predation rate assays for each thrips 1673 

species, all four mite species (A. swirskii, A. degenerans, N. cucumeris, A. limonicus) 1674 

were tested to determine predation rate on 1st instar larvae over a 24hr period. As mites 1675 

are generally known to eat 4 to 7  thrips per day (van Houten et al. 1995; Madadi et al. 1676 

2007; Nielsen et al. 2014; Hewitt et al. 2015), we provided an excess of thrips. Eight 1st 1677 

instar larvae of either OT or WFT for one predatory mite were moved into the arenas 1678 

using a paint brush; arenas containing only thrips larvae and no mites were set up as a 1679 

control. The arenas were sealed and placed in a growth chamber (25°C, 70%RH, 16hrs 1680 
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light). After 24hrs the number of live OT, WFT and mites were recorded. Both fully 1681 

consumed and intact dead thrips carcasses were counted as dead when reporting 1682 

predation rate. Data from dishes in which the mite had died were not included in the 1683 

results. This trial was repeated with 2nd instar larvae for A. swirskii only. As 2nd instar 1684 

thrips are larger, only 6 larvae were provided in each arena. Otherwise, all methodology 1685 

was as described above.  1686 

 1687 

Figure 4.2. Munger cell arena used for predatory mite choice & no-choice trials. The arenas were 1688 
constructed with the abaxial side of the leaf facing up into the arena space. Thrips larvae and predatory 1689 
mites were placed on top of the leaf disc in the arena space created by the circle opening in the foam 1690 
layer and sealed in by the top microscope slide. The layers were held together firmly with binder clips. 1691 

For the 8-hr prey preference assays, A. swirskii and N. cucumeris (the two most 1692 

common mites used by Ontario growers) were presented with a mix of four OT plus four 1693 

WFT larvae. Control arenas were also set up with no mites. The arenas were sealed 1694 

and placed in a growth chamber (settings as above). After 8hr the predatory mite was 1695 

removed. The number of live thrips larvae for each species was recorded, and then the 1696 

arenas were re-sealed and returned to the growth chamber. The larvae were counted 1697 

again 48hr later to confirm species identifications.  1698 
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4.2.3 Predation rate and prey preference of Orius insidiosus  1699 

For the O. insidiosus assays, a bean leaf disc (47mm) was placed inside a small 1700 

petri dish with the same interior diameter. The leaf disc was sealed to the inner edge of 1701 

the petri dish with a thin ring of plasticine to prevent thrips from escaping or finding their 1702 

way under the leaf disc. A 4mm diameter hole was made on the top of the dish just 1703 

large enough to fit the tip of an aspirator so that thrips adults and O. insidiosus could be 1704 

added to the dish without them escaping during the transfer process. Once the insects 1705 

were added to the dish the hole was sealed with a small ball of plasticine.  1706 

Adult O. insidiosus were first transferred into the assay dish with the bean leaf 1707 

24hr before the introduction of thrips and placed in the growth chamber (25°C, 70%RH, 1708 

16hrs light). After a 24hr period without prey or pollen, twenty adult thrips (either OT or 1709 

WFT) were added to the assay dish and returned to the growth chamber for another 1710 

24hr. Larval thrips were not tested due to the high volume of larvae that would be 1711 

required. The predator was removed, and the number of surviving and dead adult thrips 1712 

were counted. Data from dishes in which the predator died were not included in the 1713 

results. 1714 

As with the predatory mites, the O. insidiosus assay was repeated comparing 1715 

single-species (no-choice condition) and mixed-species (choice condition) dishes to 1716 

determine prey preference, including control dishes in which no predator was added. 1717 

These trials used 8 thrips per species as a starting number and the number of surviving 1718 

and dead adult thrips were counted after 8hr.  1719 
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4.2.4 Relative efficacy of Amblyseius swirskii and Neoseiulus cucumeris in 1720 
potted chrysanthemum 1721 

 A greenhouse trial was conducted from May-July 2021 in a small research 1722 

greenhouse (8.5 x 7m) at VRIC, Vineland Station, Ontario. Due to supply shortages of 1723 

chrysanthemum cuttings at the time of the trial, a mix of two varieties were used, 1724 

‘Springdale Purple’ and ‘Grandview Pink’ (Syngenta Flowers North America, Gilroy, 1725 

CA). As commercial greenhouses typically grow multiple varieties of potted 1726 

chrysanthemum in the same compartment, even on the same bench, using more than 1727 

one variety is reflective of real growing conditions. 1728 

Unrooted cuttings were submerged in a 0.1% solution of mineral oil (Landscape 1729 

Oil, Plant Products, Leamington, ON) to remove any unwanted pests, e.g. external 1730 

populations of thrips or spider mites (Buitenhuis et al. 2019).  Chrysanthemum stems 1731 

dipped in 0.1% Indole-3-butyric acid (Stim-root #1, Master Plant-Prod Inc., Brampton, 1732 

ON) to promote rooting, and planted in plug trays filled with moistened potting mix (Agro 1733 

Mix® G6, Fafard, Saint-Bonaventure, QC). The trays of cuttings were then placed in 1734 

transparent plastic bags to create a humidity chamber for 2 weeks until rooted. After 1735 

rooting the plants were transplanted into 4-inch pots, with 3 cuttings per pot. Four pots 1736 

of ‘Springdale Purple’ and two pots of ‘Grandview Pink’ were then placed into a 60 x 60 1737 

x 60cm thrips-proof mesh (160 μm) insect rearing cages (BugDorm-2, Megaview 1738 

Science Co., Taiwan) to create the experimental arena. A drip-irrigation emitter was put 1739 

in each of the pots and the plants were watered with 300ppm fertilizer solution (Plant-1740 

Prod Solutions 17-5-17 Complete, Master Plant-Prod Inc., Brampton, ON) throughout 1741 



 

91 

 

the duration of the experiment. Supplemental lighting (high pressure sodium lights) was 1742 

used as needed to create an 18hr photoperiod. 1743 

Each cage was infested with a starting population of 20 thrips in the following 1744 

treatments: 1) OT only, 2) WFT only, and 3) Mixed population with equal numbers of 1745 

both species (ten OT and ten WFT). Thrips were released on 2 release dates due to the 1746 

availability of adult thrips at the beginning of the trial. Ten days after the plants were 1747 

potted, each cage was infested with 10 adult female thrips, and another 10 females 1748 

were released per cage five days later. However, over the course of the experiment 1749 

contamination occurred in the “OT only” and “WFT only” cages. The “OT only cages” 1750 

had a final contamination level of less than 4% WFT. More OT infiltrated or established 1751 

in the “WFT only” cages, however, such that these cages ended up with an average 1752 

contamination of 23% OT. Therefore, these cages are more accurately described as 1753 

“WFT-dominant”. 1754 

In order to ensure similar numbers of A. swirskii and N. cucumeris per cage, we 1755 

first determined the average number of predatory mites of each species in the same 1756 

volume of the bran carrier material they were packaged in. This was determined by 1757 

counting the number of the predatory mites in ten 0.6ml samples under the microscope 1758 

and averaging total counts of adults and nymphs. The average weight of each 0.6ml 1759 

sample of carrier material was then determined. This was used to calculate the weight 1760 

required to provide a sample containing approximately 100 mites of either species. The 1761 

appropriate weight of carrier material was then measured out into individual 30ml 1762 
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portion cups. Mite counts and portion preparation were completed in separate labs to 1763 

avoid cross-contamination. 1764 

The portioned mites were then distributed evenly on the foliage of the plants in 1765 

each cage. This provided us with approximately 100 predatory mites per cage (for a 1766 

predator:prey ratio of 100:20), along with the feeder material (Astigmatid mites such as 1767 

Tyrophagus putrescentiae (Schrank)) and oviposition substrates that normally 1768 

accompany commercially reared mites.  Half of the cages received A. swirskii, and the 1769 

other half received N. cucumeris. No predator-free treatments were included as this trial 1770 

was designed to compare the industry standard, N. cucumeris, to the best performing 1771 

mite from the lab trials, A. swirskii. The goal was to validate the results of the lab trials 1772 

and determine if A. swirskii was better able to manage OT or mixed thrips populations 1773 

than N. cucumeris. As these goals could be accomplished without a no-predator control, 1774 

and no commercial greenhouse would grow a chrysanthemum crop without thrips 1775 

management in place, it was decided not to include a no-predator treatment in favour of 1776 

maximizing the number of replicates. 1777 

Two weeks after the first release of mites, half of the plants in each cage were 1778 

collected (2 Springdale Purple and 1 Grandview Pink). Stems were cut at the soil 1779 

surface, and the foliage was sealed in plastic bags which were stored in a cooler (4°C) 1780 

until they could be processed. Two days after the plants were collected, another 100 1781 

mites were released into the cages on the remaining plants following the methods 1782 

above, and two weeks after that the remainder of the plants were collected. 1783 
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Insects and mites were removed from the collected foliage using plant washes 1784 

(Ota 1968; Buitenhuis et al. 2007). The foliage was submerged in 5L of 0.1% solution of 1785 

a surfactant (Triton x-100, Sigma-Aldrich) in room temperature (20-24°C) water in a 1786 

plastic wash pan (11L). The foliage was agitated in the solution briskly for 1 min, then 1787 

leaves and stems were removed and discarded. The wash water was then passed 1788 

through a funnel lined with a very fine mesh (220 μm) fabric filter. The residues 1789 

collected in the fabric filter were rinsed out into a 1L beaker filled with 70% ethanol. The 1790 

ethanol was then vacuum filtered through a filter paper (grade 417, VWR) and Buchner 1791 

funnel. The filter paper was then transferred to a petri dish, which was kept in a freezer 1792 

until the thrips and mites could be identified and counted.  1793 

Filter papers were examined under a microscope and all thrips larvae and adults 1794 

were identified as in Chapter 2 (Section 2.2.2.2) and counted. Predatory mites were 1795 

counted, and the adult females were collected and placed in 70% ethanol to confirm 1796 

species identification under a compound microscope at a later date. 1797 

4.2.5 Statistical analysis 1798 

All analyses were conducted using Proc GLIMMIX in SAS® Studio Version 3.8 1799 

(Copyright © 2013-2018, SAS Institute Inc., Cary, NC). In all cases, models were 1800 

chosen that best fit assumptions of variance for the various tests. 1801 

4.2.5.1 Predator lab assays 1802 

In the no-choice assays using predatory mites against larval thrips, there were 1803 

15-24 replicates per predator for 1st instars, and 21 replicates against 2nd instars, after 1804 

removing replicates where mites were missing or dead. The difference in control 1805 
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mortality between thrips species was not statistically significant so uncorrected mortality 1806 

was analyzed. Predation rate (i.e., the total number of dead thrips whether consumed 1807 

entirely or killed) was analyzed using a generalized linear mixed model (GLMM) with a 1808 

Poisson distribution and log link function. Poisson distribution was selected to best fit 1809 

the count data (Bowley 2015). Thrips mortality (number of dead thrips) was the 1810 

dependent variable, thrips species and predator species were the independent 1811 

variables, and experiment block was specified as the random effect. Contrast 1812 

statements were conducted to determine differences between predation rates on OT 1813 

and WFT within each predator species. Simple effect comparisons using the 1814 

SLICEDIFF statement in SAS was used to determine the difference in predation rate 1815 

between predator species for OT and WFT separately.   1816 

In the no-choice assay using the predator O. insidiosus on adult thrips, 22 1817 

replicates of the experiment were achieved by repeating the experiment over 3 time 1818 

blocks. As there was uneven mortality between thrips species in the controls, corrected 1819 

mortality rate was calculated using Abbott’s formula (Abbott 1925): 1820 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 =
(# 𝑑𝑒𝑎𝑑 𝑖𝑛 𝑝𝑟𝑒𝑑𝑎𝑡𝑜𝑟 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 − # 𝑑𝑒𝑎𝑑 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙)

(# 𝑝𝑟𝑒𝑦 𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑 𝑎𝑡 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑡𝑟𝑖𝑎𝑙 − # 𝑑𝑒𝑎𝑑 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙)
 1821 

Differences in corrected mortality between thrips species was analyzed using a similar 1822 

GLMM as above, specifying a beta distribution with logit link function, as this was the 1823 

best fit model for proportion data. Corrected predation (number of thrips consumed per 1824 

day) was calculated by multiplying the corrected mortality rate by the total number of 1825 

prey provided at the start of the trial. Although data analysis was conducted using 1826 
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corrected mortality rate, the results are presented as corrected predation for ease of 1827 

interpretation. 1828 

In the choice assays using predatory mites, the total number of replicates (20 reps 1829 

A. swirskii and 22 reps N. cucumeris) were achieved by repeating the experiment over 5 1830 

time blocks. The difference in control mortality between thrips species was not 1831 

statistically significant so uncorrected mortality was analyzed. Differences in the 1832 

predation rate between OT and WFT in the mixed species dishes was analyzed using a 1833 

GLMM with experiment blocks specified as the random effect. The default Gaussian 1834 

distribution was the best fit for this model. Contrast statements were constructed to 1835 

determine the differences between the number of OT and WFT consumed for each 1836 

predator.   1837 

For the choice assay with O. insidiosus, the 18 replicates were completed in a 1838 

single time block. Similar to the no-choice O. insidiosus trial, there was uneven mortality 1839 

between thrips species in the control treatment, so corrected mortality and predation 1840 

rate were calculated as above. The difference in corrected mortality rate between thrips 1841 

species was analyzed using a GLMM with a beta distribution and logit link function.  1842 

4.2.5.2 Predatory mite greenhouse trial 1843 

Due to the unintended contamination of OT into the WFT-dominant cages, by 1844 

week 4 a range of species proportions existed within each cage type, from 2 to 52% OT 1845 

in “WFT-dominant” cages, 23 to 73% OT in the “Mixed” cages, and 81 to 100% OT in 1846 

the “OT-only cages”. Preliminary analysis using the proportion of OT in each cage as a 1847 
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continuous variable as a predictor of total thrips population did not yield significant 1848 

results, so the original categorical variables were used for remaining analyses. 1849 

The effect of time, mite species, and thrips population type (OT only, WFT 1850 

dominant, or mixed population) on the number of OT, WFT, or total thrips were each 1851 

analyzed separately with a repeated-measures GLMM. A Poisson distribution with log 1852 

link function and heterogeneous autoregressive covariance structure was used for all 1853 

three analyses. Least square means simple effect comparisons (using the SLICEDIFF 1854 

function in GLIMMIX) with Tukey’s adjustment were used to analyze the differences 1855 

between mite species by time and population type, and between time points by mite and 1856 

population type.  1857 

To determine if the predator treatments effected the thrips species ratios in each 1858 

population type, the percent OT per 3 plants was analyzed as above but using a beta 1859 

distribution with logit link function as this is the best fit for proportion data. An 1860 

autoregressive covariance structure was specified for the repeated measure. 1861 

The number of predatory mites in each cage was also analyzed with a repeated-1862 

measures generalized linear mixed model (GLIMMIX), to determine if prey population 1863 

type had an effect on predator population growth. The negative binomial distribution 1864 

with log link function, and simple covariance structure was the best fit for this data. 1865 

4.3 Results 1866 

4.3.1 Predation rate and prey preference of predatory mites 1867 

In predatory mite no-choice trials using first instar larvae as prey, A. swirskii 1868 

consumed the most OT, but there was no significant difference between predatory mite 1869 
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species with WFT as prey (Table 4.1). There was a significant effect of predator species 1870 

on predation rate (Table 4.2). In paired contrasts between OT and WFT consumed for 1871 

each predator species, A. swirskii consumed significantly more OT first instar larvae 1872 

than WFT larvae, whereas the other predators, N. cucumeris, A. degenerans, and A. 1873 

limonicus, consumed equal numbers of both thrips species (Table 4.2). 1874 

Table 4.1. Predation rates (number of thrips killed or consumed) of predator species on Thrips tabaci 1875 
(OT) and Frankliniella occidentalis (WFT) in 24hr no-choice trials and 8hr choice trials, and Tukey’s 1876 
adjusted p-value of contrasts between thrips species. Predators tested were Amblyseius swirskii, 1877 
Neoseiulus cucumeris, A. degenerans, Amblydromalus limonicus, and Orius insidiosus, as well as no-1878 
predator controls for each trial. 1879 

  T. tabaci  F. occidentalis Adj. p-value 

Trial Predator N Avg. SE    N Avg. SE    (OT vs. WFT) 

No-choice (24hr), 1st instar                

 A. swirskii 24 6.2 0.36 A  22 4.5 0.42 A 0.0139 

 A. limonicus 15 5.1 0.65 AB  15 4.7 0.56 A 0.6935 

 A. degenerans 20 4.1 0.37 B  19 3.3 0.33 A 0.1772 

 N. cucumeris 21 3.7 0.44 B  20 3.3 0.42 A 0.5364 

  Control 35 0.7 0.12 C  29 0.7 0.15 B 0.9728 

No-choice (24hr), 2nd instar               

 A. swirskii 21 1.0 0.20   21 1.9 0.28  0.0022 

  Control 21 0.1 0.07 
 

 21 0.1 0.1 
 

1.0000 

No-choice (24hr), Adults                

 O. insidiosus 22 13.0 1.27    20 5.3 0.91   

 (corrected)1   9.4 1.16     4.6 0.90  0.0020 

  Control 25 3.8 0.50    25 0.8 0.16   <0.0001 

Choice (8hr), 1st instar              
 

 A. swirskii 20 2.7 0.22    20 1.6 0.24  <0.0001 

 N. cucumeris 22 2.8 0.23    22 1.5 0.18  <0.0001 

  Control 43 0.7 0.13    43 0.4 0.08    0.0813 

Choice (8hr), Adult               

 O. insidiosus 19 5.9 0.54    19 3.9 0.44   

 (corrected)1   4.1 0.54     3.2 0.42  0.1879 

  Control 20 1.8 0.36    20 0.8 0.12 
 

 0.0060 

A, B, C – Different letters represent significant differences (α=0.05) between predator species within each thrips 
species for each developmental stage as determined by simple effects comparisons (Tukey’s adjusted). 

1 Corrected predation rate was calculated by multiplying the corrected mortality rate (Abbott 1925) by the total 
number of thrips provided at the start of the trial. Data analysis was conducted using corrected mortality rate 
(Abbott, 1925), but results are presented as corrected predation for ease of interpretation. 

  1880 
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Table 4.2. Effect of predatory mite species and thrips species on predation rate1 (number of thrips killed 1881 
or consumed) on first instar thrips larvae in 24hr no-choice trials. Thrips species used as prey were Thrips 1882 
tabaci (OT) and Frankliniella occidentalis (WFT). Predatory mites tested were Amblyseius swirskii, 1883 
Neoseiulus cucumeris, A. degenerans, and Amblydromalus limonicus, as well as a no-predator control. 1884 

Covariance parameters Estimate Standard Error ChiSq Pr>ChiSq 

block 0.01387 0.01508 2.4 0.0608 

     

Fixed effects Num. df Den. Df F-value Pr>F 

Predator 4 204 39.7 <.0001 

Thrips 1 204 2.71 0.1014 

Predator*Thrips 4 204 0.57 0.6877 

Contrasts - between thrips    

A. swirskii OT vs. WFT 1 204 6.16 0.0139 

N. cucumeris OT vs. WFT 1 204 0.38 0.5364 

A. degenerans OT vs. WFT 1 204 1.83 0.1772 

A. limonicus OT vs. WFT 1 204 0.16 0.6935 

Control OT vs. WFT 1 204 0 0.9728 
1 Generalized linear mixed model using SAS® GLIMMIX. 
 
 

Table 4.3. Effect of predatory mite species and thrips species on predation rate1 (number of thrips killed 1885 
or consumed) of Amblyseius swirskii on second instar thrips larvae in 24hr no-choice trials. Thrips species 1886 
used as prey were Thrips tabaci (OT) and Frankliniella occidentalis (WFT).  1887 

Covariance parameters Estimate Standard Error ChiSq Pr>ChiSq 

block 0 n/a   

Residual 0.6893 0.109   

Fixed effects Num. df Den. Df F-value Pr>F 

Predator 1 79 56.11 <.0001 

Thrips 1 79 4.99 0.0283 

Predator*Thrips 1 79 4.99 0.0283 

Contrasts - between thrips     

A. swirskii OT vs. WFT 1 79 9.98 0.0022 

Control OT vs. WFT 1 79 0 1 
1 Generalized linear mixed model using SAS® GLIMMIX. 
 

In the no-choice trial with second instar thrips, there was a significant interaction 1888 

between predator and thrips species (Table 4.3). In paired contrasts, there was a 1889 

significant difference between the number of OT and WFT consumed by A. swirskii 1890 

consumed (Table 4.3). Contrary to the results of the no-choice trials with first instar 1891 
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larvae, on second instar thrips larvae A. swirskii consumed 77% more WFT than OT 1892 

(Table 4.1). 1893 

In the 8hr choice trial, when presented with first instar larvae of both thrips 1894 

species simultaneously, there was a significant effect of thrips species but not predator 1895 

species on predation rate (Table 4.4). Both A. swirskii and N. cucumeris consumed 1896 

significantly more OT than WFT. Amblyseius swirskii consumed 42% more OT than 1897 

WFT, and N. cucumeris consumed 45% more OT than WFT (Table 4.1). 1898 

Table 4.4. Effect of predatory mite species and thrips species on the predation rate1,2 (number of thrips 1899 
killed or consumed) on first instar thrips larvae in 8hr choice trials. Thrips species Thrips tabaci (OT) and 1900 
Frankliniella occidentalis (WFT) were offered in equal numbers in the same experimental arena. 1901 
Predatory mites tested were Amblyseius swirskii, and Neoseiulus cucumeris. 1902 

Covariance parameters Estimate Standard Error ChiSq Pr>ChiSq 

block -0.039 0.0131 0.18 0.3378 

residual (VC) 1.003 0.1601 
  

Fixed effects Num. df Den. Df F-value Pr>F 

Predator 1 4.532 0.09 0.7804 

Thrips 1 17.17 32.29 <0.0001 

Predator*Thrips 1 17.17 0.10 0.7597 

Contrasts     
N. cucumeris OT vs. WFT  1 20.66 18.18 0.0004 

A. swirskii OT vs. WFT  1 14.7 14.26 0.0019 
1 Generalized linear mixed model using SAS® GLIMMIX.  

4.3.2 Predation rate and prey preference of Orius insidiosus 1903 

In the no-choice trials, O. insidiosus consumed twice as many OT adults 1904 

compared to WFT (Table 4.1) (F1,35=11.19, p=0.0020). However, when presented with 1905 

both species in the choice trial, they did not show a significant species preference 1906 

(F1,34=1.81, p=0.1879). 1907 
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4.3.3 Relative efficacy of Amblyseius swirskii and Neoseiulus cucumeris in 1908 
potted chrysanthemum 1909 

The total thrips population increased from week 2 to week 4 in every treatment, 1910 

but only in the WFT-dominant populations with A. swirskii was this increase not 1911 

statistically significant (t=-1.69, p=0.0977) (Figure 4.3). However, this may be an artifact 1912 

of the week 2 total thrips population that was significantly higher in this treatment group 1913 

compared to others. 1914 

In looking at the total number of thrips per population type, there was a significant 1915 

interaction between population type and mite species (F2,42.63=8.49, p=0.0008), 1916 

population type and time (F1,43.63=7.24, p=0.0019), and time and mite (F1,43.63=16.04, 1917 

p=0.0002). At 2 weeks after the first predatory mite release, there were significantly 1918 

fewer total thrips in N. cucumeris-treated compared to A. swirskii-treated OT-only (t=-1919 

2.31, p=0.0256) and WFT-dominant populations (t=-3.88, p=0.0004), but no difference 1920 

between the two mite species in the mixed thrips populations (t=0.93, p=0.3596) (Figure 1921 

4.3). At 4 weeks, there were fewer total thrips with A. swirskii in the mixed thrips 1922 

populations (t-=3.39, p=0.0015), but no difference between the two mite species in the 1923 

OT-only (t=0.35, p=0.7309) or WFT-only populations (t=-0.38, p=0.7031). 1924 
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  1925 

Figure 4.3. Total number of thrips per 3 plants in cages with OT (Thrips tabaci) only, WFT (Frankliniella 1926 
occidentalis) dominant, and mixed populations with equal numbers of both species. Cages were treated 1927 
with Neoseiulus cucumeris and Amblyseius swirskii. Sampling intervals “week 2” and “week 4” refer to 1928 
number of weeks after predatory mites were first released. Asterisks indicate significant difference in 1929 
simple effects comparisons (* α = 0.05, ** α = 0.01 *** α = 0.001). “OT only” cages had >90% OT, “WFT 1930 
dominant” cages had 67-88% WFT. 1931 

 1932 

Figure 4.4. Proportion of total thrips that were Thrips tabaci (OT) and Frankliniella occidentalis (WFT) in 1933 
three prey population treatments at 2 sampling intervals 2 weeks and 4 weeks after Neoseiulus 1934 
cucumeris and Amblyseius swirskii were first released. “OT only” were started with only OT, “WFT 1935 
dominant” cages were started with only Frankliniella occidentalis (WFT), and the presence of the other 1936 
species in these cages was the result of unintended contamination. “Mixed population” was started with 1937 
equal proportions of both thrips species. Treatments with the same letter are not significantly different 1938 
from each other (α=0.05). 1939 
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More OT invaded the cages of WFT-dominant populations than the reverse 1940 

(Figure 4.4). At the final sampling point, OT accounted for 12% and 33% of thrips in the 1941 

N. cucumeris- and A. swirskii-treated WFT-dominant populations, respectively. There 1942 

was a significant interaction of time and mite on the species proportions (F(1,47.83)=8.25, 1943 

p=0.006). From week 2 to week 4, the proportion of OT across all population types 1944 

increased significantly in the A. swirskii-treated populations (t(50.92)= -3.6, p=0.0008), but 1945 

not in the N. cucumeris-treated populations (t(44.65)= 0.4, p=0.6905). 1946 

 1947 

Figure 4.5.  Mean number of Amblyseius swirskii and Neoseiulus cucumeris +/-SE per 3 chrysanthemum 1948 
plants with prey populations of Thrips tabaci (OT only), Frankliniella occidentalis (WFT dominant) or a mix 1949 
of both species at 2 weeks and 4 weeks after the first predator release. Treatments with the same letter 1950 
are not significantly different from each other (α=0.05). 1951 

There was a significant interaction of predator, time, and population type on the 1952 

number of predatory mites in each treatment (F2, 70.68=3.29, P=0.0431) in which the 1953 

number of predatory mites in the A. swirskii-treated populations of all prey treatments at 1954 

the second time point (week 4) were significantly higher than A. swirskii at the first time 1955 

point (week 2) and N. cucumeris at all time points. There was no difference between N. 1956 

cucumeris-treated populations at any time point or with any prey population (Figure 4.5).  1957 

bc bc bc
bc bc

b
bc

c
bc

a

a

a

0

10

20

30

40

50

60

70

80

OT only WFT dominant Mixed OT only WFT dominant Mixed

week 2 week 4

#
 p

re
d
a
to

ry
 m

it
e
s
 p

e
r 

3
 p

la
n
ts

 +
/-

S
E

N. cucumeris A. swirskii



 

103 

 

4.4 Discussion 1958 

The primary goal of this study was to determine if there was a difference between 1959 

predators commonly used in floriculture biocontrol programs in their ability to control OT 1960 

and WFT. This was to fill an important gap in the scientific literature, as no direct 1961 

comparisons for these two thrips species had been made, despite the coexistence of 1962 

these thrips species floriculture (Chapter 2, Section 2.3.1; Boaria 2014) and vegetable 1963 

greenhouses (Veres et al. 2008; Teulon et al. 2014). In all but one scenario in our 1964 

laboratory trials, predators consumed as many or more OT as they did WFT, and OT 1965 

was preferred over WFT by the two most common greenhouse predators (N. cucumeris 1966 

and A. swirskii). Based on these results along, this suggests that thrips predators should 1967 

control OT at least as well as WFT. 1968 

The most noteworthy finding from this study comes from comparing the results of 1969 

the laboratory trials and the greenhouse trial. The patterns of relative predator efficacy 1970 

of A. swirskii and N. cucumeris against OT and WFT that were observed in the 1971 

laboratory were not reflected in the greenhouse trial. Based on the laboratory trials, we 1972 

would have expected A. swirskii to outperform N. cucumeris in all cases.  Specifically, 1973 

we would expect 1) OT-only populations to be 40% lower in A. swirskii cages than N. 1974 

cucumeris cages, and 2) WFT-dominant populations to be 23% lower in A. swirskii 1975 

cages than N. cucumeris cages. Comparing just the efficacy of A. swirskii against the 1976 

two prey types, we would also expect OT-only populations to be 28% lower than WFT-1977 

dominant populations in A. swirskii cages. However, the outcome of the greenhouse 1978 

cage trials showed little effect of either predator type (A.swirskii vs. N. cucumeris) or 1979 

total thrips populations. In all cages, thrips populations increased 400-800%, despite a 1980 



 

104 

 

starting predator-prey ratio of 100:20. Although WFT-only cages had lower final thrips 1981 

numbers than OT cages with both predators, this was not significant.   1982 

Without closely examining the behaviour of individual mites, thrips and their 1983 

interactions on the plants, it is only possible to speculate about the potential 1984 

mechanisms that contributed to the discrepancy between the lab and greenhouse trials. 1985 

One factor that likely contributed to this is the frequency with which predators and prey 1986 

interact. ‘Encounter rate’, as it is commonly called, is of the main determinants of 1987 

predation rate (Reitz et al. 2006). Within-plant distribution can play a critical role in 1988 

encounter rate and biocontrol efficacy (Jandricic et al. 2016b). If the within-plant 1989 

distributions of predator and prey overlap they are more likely to encounter each other, 1990 

leading to higher predation rate than on a prey species that does not share the same 1991 

distribution. However, as discussed in Chapter 3, section 3.3.3, OT and WFT both fed 1992 

preferentially on the upper stratum of chrysanthemum plants. This would suggest that 1993 

the encounter rate may be the same for both thrips species.  1994 

Predator avoidance behaviour can reduce the encounter rate between predators 1995 

and prey that would otherwise share the same habitat. This is the case for WFT, F. 1996 

tritici, and O. insidiosus - all three insects primarily spend time in and around flowers on 1997 

pepper host plants, however, O. insidiosus preys more heavily on WFT (Baez et al. 1998 

2004; Reitz et al. 2006).  Frankliniella tritici move away from the flowers more readily 1999 

than WFT do in the presence of the predator. This reduces their encounter rate and 2000 

therefore reduces the likelihood they will become prey (Reitz et al. 2006). The arena 2001 

used in laboratory assays offers little opportunity to hide or escape, eliminating an 2002 
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important defensive behaviour. Uiterwaal & DeLong (2018) determined that arena size 2003 

was the most important determinant of predation rate in experiments using ladybird 2004 

beetles on a variety of prey types. If, like F. tritici, OT use avoidance tactics more 2005 

frequently than WFT, the space limitations of the lab assay arenas could explain the 2006 

discrepancy between the results of the lab and greenhouse trials. 2007 

Thrips exhibit other more direct defensive behaviours to ward off predator 2008 

attacks. These behaviours include jerking their abdomen to strike their opponent 2009 

(“wagging”), and producing a droplet of sticky excrement (Bakker and Sabelis 1989; 2010 

Jandricic et al. 2016a). Bakker & Sabelis (1989) demonstrated that first instar OT larvae 2011 

were able to reduce the “capture success rate” (CSR) of Neoseiulus barkeri by up to a 2012 

factor of 35 with these defensive behaviours. Both CSR and encounter rate contribute to 2013 

what may be interpreted as prey preference (Reitz et al. 2006). As both prey types are 2014 

readily accepted by A. swirskii and N. cucumeris (Gillespie 1989; Wimmer et al. 2008), 2015 

and avoidance is limited by the arena size, a difference in CSR between OT and WFT 2016 

may have produced the higher predation rate on OT observed in the laboratory choice 2017 

assay. Western flower thrips are approximately 25 to 50% larger than OT (Nakahara 2018 

1994; De Kogel et al. 1999). As a larger species, combative defenses such as wagging 2019 

may be more effective for WFT than for OT. However, these defensive behaviours may 2020 

be inconsequential for a larger predator such as O. insidiosus, which may explain why 2021 

there is a lack of preference between the two species.  2022 

Differences in leaf surface and plant architecture make every plant species a 2023 

unique landscape that can change the movement and behaviour of both predator and 2024 
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prey, resulting in differences in predator efficacy between crops. The impact of host 2025 

plants on thrips predator efficacy has previously been documented for N. cucumeris 2026 

(Sörensson and Nedstam 1993; Scott Brown et al. 1999; Madadi et al. 2007), O. 2027 

insidiosus (Sörensson and Nedstam 1993; Herrick et al. 2021), and A. swirskii (Wimmer 2028 

et al. 2008).  Madadi et al. (2007) found that N. cucumeris had a higher predation rate 2029 

on OT on pepper leaves than on eggplant or cucumber leaves due to the high density of 2030 

trichomes on the latter two crops. Buitenhuis et al. (2014) also found that trichomes 2031 

impeded walking speed of A. swirskii, however, their predation rates were higher on 2032 

gerbera leaves (densely pubescent) compared to rose leaves (glabrous). However, no 2033 

research has been done comparing the degree to which A. swirskii and N. cucumeris 2034 

are affected by different host plants. Chrysanthemums have moderately pubescent 2035 

leaves (Figure 4.6), so it is possible that different abilities of predators and prey to 2036 

navigate this leaf surface may have impacted predator efficacy in the greenhouse cage 2037 

trial.  2038 

 2039 

Figure 4.6. Varying degrees of leaf pubescence. Pepper (Capsicum annuum; left) has no trichomes, 2040 
chrysanthemum (Chrysanthemum indicum; middle) is moderately pubescent with uniformly short 2041 
trichomes, and cucumber (Cucumis sativus; right) is very pubescent with a mix of long and short 2042 
trichomes.  2043 
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Successful biocontrol of pests in ornamental crops is typically achieved through 2044 

inundative releases of high number of predatory mites released prophylactically 2045 

(Daughtry and Buitenhuis 2020). Although a high predator-prey ratio was released at 2046 

the beginning of this trial (100 mites:20 thrips), two weeks after the first release the 2047 

number of both N. cucumeris and A. swirskii had decreased by 80%. However, this 2048 

recovery rate was similar to previous research by Buitenhuis et al. (2014a), in which 2049 

less than 18% of N. cucumeris that were released were recovered from gerbera plants. 2050 

However, by the end of the 4-week trial A. swirskii cages had four times as many 2051 

predatory mites as did the N. cucumeris cages, indicating their populations were able to 2052 

reproduce more quickly. However, despite significantly outnumbering N. cucumeris, and 2053 

having much higher predation rates in the lab, these advantages did not translate into A. 2054 

swirskii providing better pest suppression in 2 out of 3 treatments. That N. cucumeris 2055 

was so often able to achieve similar control with fewer mites suggests that they may be 2056 

a more effective predator in chrysanthemum crops than laboratory assays would 2057 

suggest.  2058 

While A. swirskii did not manage OT-only populations better than N. cucumeris, 2059 

they did suppress total thrips numbers more effectively in mixed thrips populations. 2060 

However, the proportion of OT increased significantly from week 2 to 4 in A. swirskii -2061 

treated cages in both WFT-dominant and mixed populations, whereas the proportion of 2062 

OT remained steady in N. cucumeris-treated cages. This suggests that A. swirskii 2063 

preferentially preyed on WFT while N. cucumeris preyed on both WFT and OT equally. 2064 

The fact that thrips numbers did not increase significantly from week 2 to 4 in A. 2065 

swirskii-treated WFT-dominant populations, while thrips numbers tripled in OT-only 2066 
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populations further supports this theory. The increase in OT proportion over time in A. 2067 

swirskii-treated cages corroborates what IPM specialists have theorized, that unequal 2068 

suppression of OT by some biocontrol agent(s) could be responsible for OT outbreaks. 2069 

One of the limitations of this study was that the two predatory mite species were 2070 

released at the same rate as each other, whereas recommended release rates for N. 2071 

cucumeris are often double the rates that are recommended for A. swirskii due to their 2072 

substantially lower cost. At the release rates used in this study, N. cucumeris-treated 2073 

populations were not significantly different than A. swirskii population in two of three 2074 

population types, and OT proportions did not increase over time when treated with N. 2075 

cucumeris. Therefore, at recommended release rates it is plausible that N. cucumeris 2076 

would be superior to A. swirskii in managing thrips populations that include both WFT 2077 

and OT. Future research comparing these two mite species at multiple rates are needed 2078 

to determine the optimal release rate to achieve good control, while also being 2079 

economically viable.  2080 

 Time and resources did not allow us to conduct greenhouse trials on A. limonicus, 2081 

A. degenerans, or O. insidiosus. Although the lab results for A. limonicus and A. 2082 

degenerans did not demonstrate greater efficacy than A. swirskii, the results of the 2083 

greenhouse trial demonstrates that the lab results may not be a good representation of 2084 

realized predator efficacy. Recent trials demonstrated that A. limonicus provided 2085 

superior control of chilli thrips (Scirtothrips dorsalis Hood) to A. swirskii in roses in 2086 

greenhouse cage trials, despite showing no difference in laboratory assays (Schoeller et 2087 

al. 2020, 2021). Research by Labbé et al. (2019) found that A. limonicus provided 2088 
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control of WFT on pepper that was equal to A. swirskii and superior to N. cucumeris 2089 

under cool, short-season conditions (22°C day:17°C night, 65%RH, 11-13hrs natural 2090 

daylight). Given that OT populations persist in the greenhouse in late fall and winter 2091 

(Chapter 2, Section 2.3.4), the potential to provide better control during cooler months 2092 

makes A. limonicus worthy of further study.  2093 

The results of this study demonstrate that while all thrips predators tested have 2094 

the capacity to control OT as well as they do WFT (based on predation rate and prey 2095 

preference), it is clear that whole plant trials are necessary to adequately assess their 2096 

ability to control mixed thrips populations in a crop. As such, greenhouse cage trials 2097 

should be repeated with A. limonicus and O. insidiosus to determine their potential to 2098 

manage OT. Trials of longer duration (e.g., a full potted chrysanthemum crop cycle of 2099 

10 weeks) may further elucidate how predators affect species ratios and identify which 2100 

provide better long-term control in mixed thrips populations. Further investigations into 2101 

within-plant distribution and predator avoidance behaviour of OT and WFT may offer 2102 

insights into the mechanisms contributing to predator efficacy.2103 
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Chapter 5. Relative efficacy of entomopathogenic fungi and 2104 

nematodes for the management of onion thrips and western 2105 

flower thrips 2106 

5.1 Background 2107 

Integrated pest management (IPM) in greenhouse ornamentals typically requires 2108 

the simultaneous use of multiple biological control agents (BCAs) for a single pest to 2109 

achieve the pristine condition required of plants grown for their aesthetic appeal 2110 

(Brodsgaard, 2004; Daughtry & Buitenhuis, 2020). While predators are usually the first 2111 

line of defense against thrips, entomopathogenic fungi and nematodes are often used in 2112 

conjunction to augment control (Murphy 2014; Brownbridge and Buitenhuis 2019).  2113 

Entomopathogenic nematodes (EPNs) target soil-dwelling stages of thrips, which 2114 

can complement foliage-dwelling predators such as A. swirskii, N. cucumeris, and Orius 2115 

spp., resulting in better overall thrips control by attacking all stages of development 2116 

(Ebssa et al., 2006; Pozzebon et al., 2015). Entomopathogenic fungi (EPF) products 2117 

can also be used to target soil-dwelling life stages of thrips, either by mixing granular 2118 

formulations into the substrate, or drenching with liquid or wettable powder formulations 2119 

(Jaronski 2010; Saito and Brownbridge 2016, 2018). However, in greenhouse crops 2120 

EPFs are more often applied as a foliar spray (Brownbridge and Buitenhuis 2019), and 2121 

increasingly, as cutting dips (Buitenhuis et al., 2019).  2122 

The use of entomopathogens for thrips control in greenhouse crops has largely 2123 

focused on the primary pest species, western flower thrips (WFT; Frankliniella 2124 

occidentalis Pergande). Onion thrips (OT; Thrips tabaci Lindeman) are becoming more 2125 

prevalent in greenhouse ornamentals, however, to date, most research on 2126 
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entomopathogens for OT control has been done on outdoor crops. The prevalence of 2127 

pesticide resistant OT in crops such as onions and cabbage has generated interest in 2128 

alternative strategies that can be used in outdoor agricultural systems (Wu et al. 2013; 2129 

Woldemelak 2020; Gulzar et al. 2021b). Consequently, more extensive research has 2130 

been published on the use of entomopathogens for OT than there has been for 2131 

predatory BCAs against this pest. However, only one study has been published directly 2132 

comparing the relative efficacy of EPFs for managing both OT and WFT (Thungrabeab 2133 

et al. 2006), and no comparative studies have been published for EPNs.  2134 

Much of the research that has been done on entomopathogens for thrips control, 2135 

including the aforementioned study comparing OT and WFT (Thungrabeab et al. 2006), 2136 

has been conducted on fungal and nematode strains cultivated from wild hosts, not 2137 

commercial products. The variability in efficacy between different strains has been well 2138 

documented for both EPFs (Wraight et al. 1998; Wu et al. 2013; Hemalatha et al. 2014) 2139 

and EPNs (Ebssa et al. 2001a; Premachandra et al. 2003; Matuska-Łyzwa 2013). Given 2140 

this variation, it is difficult to extrapolate the potential efficacy of EPN and EPF products 2141 

for commercial use from research trials that did not use commercial strains of those 2142 

organisms.  2143 

The literature clearly indicates that EPN and EPF can cause significant mortality in 2144 

both OT and WFT. However, due to the lack of comparative studies and limited 2145 

research on commercial strains, it is not clear whether both thrips species are equally 2146 

affected by the products currently available on the Canadian market. Of the 2147 

commercially available EPNs, Steinernema feltiae (Filipjev) is the species typically used 2148 



 

112 

 

in greenhouse crops (Buitenhuis et al. 2013; Murphy 2014). Two other species, S. 2149 

carpocapsae (Weiser) and Heterorhabditis bacteriophora Poinar are typically 2150 

recommended for other soil dwelling pests such as beetle larvae and caterpillars 2151 

(Osborne et al. 2004). However, numerous studies have demonstrated they can also 2152 

infect and kill thrips (Premachandra et al. 2003; Kashkouli et al. 2014; Hussein and El-2153 

Mahdi 2019; Gulzar et al. 2021b). Two species of EPF are commercially available for 2154 

thrips control in greenhouses in Canada, Beauveria bassiana and Metarhizium 2155 

brunneum (Petch)4. Beauveria bassiana products are used most frequently by growers 2156 

in Ontario (Buitenhuis 2014, unpublished data). 2157 

It also is uncertain if previous laboratory results translate into effective control of 2158 

both species on greenhouse floriculture crops. This is especially true for EPNs that have 2159 

been studied using mineral soils or filter paper as substrates. Floriculture crops are 2160 

grown in soilless media, which differ substantially from mineral soils in properties such 2161 

as moisture retention, particle size, porosity, and water potential (Raviv and Lieth 2008). 2162 

These properties affect the movement and host finding capacity of EPNs, and therefore 2163 

their efficacy as biocontrol agents (Ansari et al. 2007; Koppenhöfer and Fuzy 2007; 2164 

Kapranas et al. 2017). For this reason, it essential to study EPNs in the substrate in 2165 

which they will be used.   2166 

                                            

4 The commercially available Metarhizium sp. product (Met52TM, Novozymes BioAg Limited) was was 
registered in Canada under the original name Metarhizium anisopliae strain 52. This organism was 
recently reclassified as M. brunneum, a species within the M. anisopliae species complex (Bischoff et al. 
2009). The product label still lists M. anisopliae as the species, though taxonomically it is actually M. 
brunneum strain F52. 
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This study addresses knowledge gaps by determining whether there is a 2167 

difference in susceptibility between OT and WFT to commercial strains of EPNs and 2168 

EPFs. Further, it aims to identify which product(s) may be most effective at suppressing 2169 

thrips populations in soilless media typically used in floriculture crops. This study 2170 

focuses on four commercially available products - three EPN species, S. feltiae, S. 2171 

carpocapsae, and Heterorhabditis bacteriophora, and one EPF, B. bassiana (strain 2172 

GHA).  2173 

5.2 Methods 2174 

5.2.1 Insects and control agents 2175 

Thrips 2176 

 Onion thrips and WFT colonies were reared as described in Chapter 3 (3.2.2.1). 2177 

Nematodes 2178 

 Entomopathogenic nematode species S. feltiae, S. carpocapsae, and H. 2179 

bacteriophora were obtained from Sierra Biological (Lyndonville, NY, USA) and stored 2180 

in a refrigerator until use. The EPNs were produced using in vivo rearing methods, 2181 

whereas most other companies use in vitro rearing. For every assay, one packet of 1 2182 

million nematodes was hydrated in a beaker with 500mL room temperature (20-24°C) 2183 

tap water for 10 min. To verify viability and determine concentration of live infective 2184 

juveniles (IJ) in the solution, a 50µl sample was pipetted onto a petri dish and the 2185 

number of live and dead nematodes were counted using a microscope at 40x 2186 

magnification. Live nematodes are recognized by i) movement; and, ii) a J- or C-shape, 2187 



 

114 

 

while dead nematodes are usually perfectly straight (Lacey and Kaya 2007). This 2188 

process was repeated 3 times and used to calculate the average concentration of live 2189 

nematodes per mL. Sufficient water was added to dilute the nematode solution to equal 2190 

2000 live IJ/mL. 2191 

Microbial Biopesticides 2192 

 Three microbial biopesticide products are registered for greenhouse use in 2193 

Canada that contain B. bassiana – BioCeres® (strain ANT-03; Anatis Bioprotection), 2194 

BotaniGard® (strain GHA; Lam International Corporation), and VeliferTM (strain PPRI 2195 

5339; BASF Canada Inc.). Botanigard® 22WP (B. bassiana strain GHA) was used in 2196 

this study as it is the most commonly used by growers in Ontario (S. Jandricic1, 2197 

personal communication). Prior to use, the viability of the product and enumeration of 2198 

conidia in suspensions were assessed based on methodology described in Inglis et al. 2199 

(2012). A series of dilutions was plated onto ¼ strength Sabourad dextrose agar (SDA) 2200 

and incubated at 26°C for 16hr. Three 22 x 22 mm glass coverslips were placed on top 2201 

of the media at random. One hundred conidia under each coverslip were examined 2202 

under a phase contrast microscope at 400x magnification and the number of 2203 

germinated and non-germinated conidia were counted. The average of the three counts 2204 

was calculated to determine percent viability. To determine conidial concentration of the 2205 

suspension, the conidia in three samples of the suspension were quantified using a 2206 

haemocytometer for each assay, and averaged. 2207 
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5.2.2 Efficacy of entomopathogenic nematodes 2208 

 The arena used for the EPN laboratory assays follows the methods used in Saito 2209 

& Brownbridge 2016 (Figure 5.1). It was constructed from a 120ml translucent plastic jar 2210 

with a screw on lid (Qorpak®, Berlin Packaging, Chicago, IL, USA). A 4cm hole was cut 2211 

in the lid to permit ventilation. A 5.5cm diameter sticky card disc was cut to fully cover 2212 

the opening of the jar. Five 1mm air-holes were punched in the center of the card which 2213 

was placed with the glue side facing the inside of the jar. The opposite side of the sticky 2214 

card disc was covered in wax paper. Fine mesh (200 μm) fabric was placed over top of 2215 

the sticky card disc to catch any thrips that managed to escape through the air-holes in 2216 

the sticky card disc. The lid was then screwed on, securing the sticky card disc and 2217 

mesh firmly in place. 2218 

Moist potting mix (Agro-Mix® G6, Fafard, Saint-Bonaventure, QC) was added to 2219 

the bottom of the jars as a pupation substrate for the thrips. The potting mix is 2220 

composed of peat moss, perlite, and coconut husk fiber. Moisture content of the mix 2221 

was standardized by adding 250ml to 100g (ca. 1L) of oven-dried potting mix. After 2222 

allowing time for the potting mix to hydrate, 13g of mix was added to each cup and 2223 

patted down so that the depth of the substrate was 2cm as it has been found that most 2224 

WFT and OT pupate within the upper 2cm (Helyer et al. 1995; Deligeorgidis and 2225 

Ipsilandis 2004). 2226 
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 2227 

Figure 5.1. Nematode cup assay set-up (after Saito & Brownbridge 2016). 2228 

 To obtain same-aged cohorts of pupal thrips for assays, a cohort of first instar 2229 

WFT and OT (≤24hr difference in age) were moved onto detached chrysanthemum 2230 

leaves (Chrysanthemum indicum cv. ‘Springdale Purple’, Syngenta Flowers North 2231 

America, Gilroy, CA, USA) in 250ml plastic containers (SOLO®, Dart Container 2232 

Corporation, Mason, MI, USA). The containers were placed in a growth chamber (25°C, 2233 

70%RH,16hr photoperiod) for 6 days. Ten late 2nd instar larvae nearing pupation were 2234 

then moved onto a small piece of chrysanthemum leaf (approximately 2cm2) on the 2235 

surface of the substrate in the assay arena. The jars were placed in the growth chamber 2236 

(conditions as above). After three days, the leaves were removed and inspected for 2237 



 

117 

 

larvae that had not pupated or had died in the transfer. The number of dead or non-2238 

pupating larvae was recorded and subtracted from the starting number of the jar.  2239 

Then 1mL of either nematode solution or water (control treatment) was pipetted 2240 

evenly onto the substrate. The surface area of the substate was 19.63cm2, therefore the 2241 

nematode application rate was equivalent to approximately 100IJ/cm2, which is the high 2242 

recommended rate for ornamental crops given by nematode suppliers. After the 2243 

nematodes were applied, the sticky card disc was placed on top of the jar, followed by 2244 

the mesh, which were then secured by the lid. The jars were then returned to the growth 2245 

chamber for 7 days. Each sticky card, the sides of the cup and substrate surface were 2246 

examined to determine the number of thrips that successfully reached adulthood were 2247 

counted in each jar. In the first set of replicates, an attempt was made to look through 2248 

the substrate to recover pupal corpses to verify nematode infection. The nature of the 2249 

substrate made identifying decomposing thrips pupae among the pieces of peat moss 2250 

extremely difficult. No pupae were successfully recovered during the search and 2251 

therefore no searches of the substrate were done in the subsequent trials.  2252 

5.2.3 Efficacy of entomopathogenic fungi 2253 

 The arena used for testing the efficacy of entomopathogenic fungi follows the “leaf 2254 

disc sandwich” method described in Ugine et al. 2005 (Figure 5.2). The “leaf disc 2255 

sandwich” was created by stacking a 2.5cm filter paper (Grade 417, VWR International, 2256 

Mississauga, ON), two 2cm diameter chrysanthemum leaf discs (‘Springdale purple’) 2257 

with the abaxial sides facing each other, and a second filter paper on top. Prior to 2258 

assembly, each filter paper was moistened with 35µl of reverse osmosis (RO) water, 2259 
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and the abaxial surface of both leaves within the sandwich were sprayed with their 2260 

respective treatments using a Potter spray tower and allowed to dry. The sandwich was 2261 

then put into a 30ml translucent plastic portion cup (SOLO) and sealed with a lid.  2262 

 2263 

Figure 5.2. Entomopathogenic fungi "leaf disc sandwich" bioassay setup (after Ugine et al. 2005) 2264 

The spray tower was calibrated prior to the start of the trial to ensure even spray 2265 

coverage. To do this, 2cm discs were cut out of filter paper and weighed individually on 2266 

a micro-analytical balance. Discs were arranged in a petri dish and sprayed with 5ml of 2267 

RO water. Then each disc was weighed again, noting the location of each disc within 2268 

the spray tower. Fine adjustments were made to the spray nozzle assembly until the 2269 

difference between discs sprayed was less than 0.01g. 2270 
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For the assays, the leaf discs were sprayed 6 at a time in a 100mm petri dish. 2271 

Two discs the same diameter as the leaf discs (2cm) cut from stiff plastic film were also 2272 

included in each dish to confirm the conidia concentration applied to the leaf discs 2273 

(Figure 5.3). The leaf discs and control discs were placed on top of a filter paper to 2274 

prevent the discs from sticking to the petri dish and facilitate movement after the spray. 2275 

After each spray the control discs were submerged in 0.01% surfactant (TritonTM X-100, 2276 

Dow Chemical Canada ULC, Calgary, AB) solution (2 to 5mL depending on spray 2277 

concentration) and vortexed to dislodge conidia. The number of conidia in the surfactant 2278 

solution were determined using haemocytometer counts. These counts were then used 2279 

to determine the number of conidia per mm2 that were applied to the leaf discs. 2280 

Three rates of BotaniGard were applied to the discs over the course of the 2281 

experiment: 1) 2.5g/L – the maximum recommended label rate; 2) 1.25g/L – the 2282 

minimum recommended label rate; and, 3) 0.125g/L - 10% of the minimum 2283 

recommended label rate, as well as a water-only control. These rates were chosen to 2284 

be representative of spray conditions as they would be applied in a commercial 2285 

greenhouse. After the leaf disc sandwich had been treated and assembled, ten 3-day 2286 

old 2nd instar thrips (either OT or WFT) larvae were transferred to the top filter paper. As 2287 

per Ugine et al. (2005), the thrips then crawled between the leaf discs for feeding as 2288 

they are thigmotactic, thereby exposing themselves to the EPF. The cups were then 2289 

sealed and placed in a growth chamber (25°C, 70%RH, 16hr photoperiod) for 5 days. 2290 

The leaf discs, filter papers, and inside of the cup were then searched, and the number 2291 

of dead and living larvae counted. 2292 
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 2293 

Figure 5.3. Petri dish arrangement for Potter spray tower application of Beauveria bassiana for leaf disc 2294 
assay with 6 x 2cm chrysanthemum leaf discs and 2 x 2cm clear plastic control discs (arrows) on top of 2295 
filter paper. 2296 

5.2.4 Statistical analysis 2297 

All data were analyzed using the GLIMMIX procedure in SAS® Studio Version 2298 

3.8 (Copyright © 2013-2018, SAS Institute Inc., Cary, NC, USA). In all cases, models 2299 

were chosen that best fit assumptions of variance for the various tests. For both the 2300 

EPN and BotaniGard assays, corrected thrips mortality was calculated using Abbott’s 2301 

formula (Abbott 1925) with control mortality for each species within each experimental 2302 

block. Corrected mortality of thrips was analyzed using a generalized linear mixed 2303 

model (GLMM) with a beta distribution with logit link function, as this is the most 2304 

appropriate distribution for proportion data and provided the best fit for the model for 2305 

both trials based on the assumptions of variance. 2306 
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For the EPN trials, a total of 20 replicates were completed over 2 time blocks for S. 2307 

feltiae and 20 corresponding replicates untreated controls. Steinernema carpocapsae 2308 

and H. bacteriophora were tested simultaneously in a separate set of trials, with 15 2309 

replicates for each species completed over 2 blocks with 15 corresponding replicates of 2310 

untreated controls. Nematode species and thrips species were fixed effects and 2311 

experiment block was specified as a random effect. Contrast statements were 2312 

constructed to determine the difference in thrips mortality rate between OT and WFT for 2313 

each nematode species, as well as between nematode species for each thrips species. 2314 

For the BotaniGard trials, a total of 21 replicates per rate for each thrips species 2315 

were completed over 5 time blocks, however control mortality of OT in block 3 was 2316 

much higher than in the other blocks (62.7% in block 3 vs. mean of 10.1% for other 2317 

blocks), so the data from this block was discarded leaving 17 replicates remaining. The 2318 

effect of thrips species and BotaniGard rate on corrected mortality of thrips was 2319 

analyzed as above, with experiment blocks as a random effect.  2320 

5.3  Results 2321 

5.3.1 Efficacy of entomopathogenic nematodes 2322 

Mortality rates in the control treatments were high (47.0% and 45.7% for OT and WFT, 2323 

respectively), but were consistent between thrips species (F(1,57)=0.09, p=0.7684). Both 2324 

nematode species and thrips species had a significant effect on corrected mortality, but 2325 

their interaction was not significant (Table 5.1). Neither S. carpocapsae nor H. 2326 

bacteriophora caused significantly different corrected mortality in OT compared to WFT 2327 

(Table 5.2). There was, however, a significant difference in corrected mortality between 2328 
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thrips species for S. feltiae.  While all three EPNs caused similar corrected mortality in 2329 

OT (40.7%-53.3%), the corrected mortality of WFT caused by S. feltiae (13.6%) was 2330 

considerably lower than that caused by S. carpocapsae (34.7%) or H. bacteriophora 2331 

(36.3%) (Figure 5.4). 2332 

Table 5.1. Corrected mortality1 rate of pupating Thrips tabaci and Frankliniella occidentalis exposed to 2333 
entomopathogenic nematodes Steinernema feltiae, S. carpocapsae and Heterorhabditis bacteriophora in 2334 
a laboratory assay. 2335 

Covariance parameters Estimate  Std. Error ChiSq Pr>ChiSq 

Block  0 n/a 0 1.000 

Scale 1.8105 0.4100   

Fixed effects Num. df Den. df F-value Pr>F 

Thrips species 1 92 9.47 0.0028 

Nematode species 2 92 3.91 0.0234 

Thrips*Nematode 2 92 1.78 0.1738 

1 Predation rate was corrected using Abbott’s formula (Abbott 1925) using the control mortality for each thrips 

species within each experimental block. Generalized linear mixed model analysis. 

 

Table 5.2. Mean corrected mortality rate1 (%) of Thrips tabaci (OT) and Frankliniella occidentalis (WFT) 2336 
exposed to entomopathogenic nematodes Steinernema feltiae, S. carpocapsae and Heterorhabditis 2337 
bacteriophora, and results of contrast analysis.  2338 

Nematode species % OT 
mortality ±SE 

% WFT 
mortality ±SE 

F-value (1,92) Pr>F 

S. feltiae 40.9 6.27  13.6 5.54  9.75 0.0024 

S. carpocapsae 40.7 7.72  34.7 9.87  0.33 0.5690 

H. bacteriophora 53.4 8.90  36.3 3.93  2.44 0.1213 

1 Predation rate was corrected using Abbott’s formula (Abbott 1925) using the control mortality for each thrips 

species within each experimental block.  
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 2339 

Figure 5.4. Mean corrected mortality (%) of pupating T. tabaci (OT) and F. occidentalis (WFT) when 2340 
treated with entomopathogenic nematodes Steinernema feltiae (Sf), S. carpocapsae (Sc) or 2341 
Heterorhabditis bacteriophora (Hb) in a laboratory assay. Lower case letters represent differences 2342 
between nematode species for OT, upper case letters represent differences between nematode species 2343 
for WFT (α=0.05). Mortality was corrected using Abbott’s formula (1925). 2344 

5.3.2 Efficacy of entomopathogenic fungi 2345 

There was a significant effect of the rate of B. bassiana on thrips mortality, but no 2346 

effect of thrips species or interaction between rate and species (Table 5.3). There was 2347 

no difference between OT and WFT in mortality rate in pairwise contrasts (Table 5.4). 2348 

There was no significant difference between high (2.5g/L) and low (1.25g/L) label rates 2349 

on corrected mortality of thrips (t92=1.52, p=0.2886). The rate that was ten-fold lower 2350 

than the low label rate (0.125g/L) still caused 26% corrected mortality, however this was 2351 

significantly lower than both the high and low label rates (t92≥5.60, p≤0.0002 for both) 2352 

(Figure 5.5). 2353 
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Table 5.3. Mortality rate of 2nd instar Thrips tabaci and Frankliniella occidentalis larvae exposed to 2356 
Beauveria bassiana strain GHA (BotaniGard® WP) in a laboratory assay. 2357 

Covariance parameters Estimate  Std. Error ChiSq Pr>ChiSq 

Block  0.1193 0.1374 3.46 0.0315 

Scale 2.8328 0.5649   

Fixed effects Num. df Den. df F-value Pr>F 

Thrips species 1 92 0.01 0.9376 

Rate 2 92 16.49 <0.0001 

Thrips*rate 2 92 0.05 0.9509 

     

Table 5.4. Mean conidia density and corrected mortality rate (%) of Thrips tabaci (OT) and Frankliniella 2358 
occidentalis (WFT) at three rates of Beauveria bassiana strain GHA (BotaniGard® WP) in a laboratory 2359 
assay, and results of contrast analyses. 2360 

Rate Conidia/ 
mm2 

% OT 
mortality 

±SE  % WFT 
mortality 

±SE  F-value 
(1,124) 

P>F 

2.5g/L 1161.7 61.3 6.63  59.9 6.55  0.03 0.8622 

1.25g/L 604.6 50.1 5.70  52.2 6.50  0.08 0.7838 

0.125g/L 75.9 25.5 3.46  25.8 6.93  0.00 0.9702 

 2361 
Figure 5.5. Corrected percent mortality of thrips (Thrips tabaci and Frankliniella occidentalis) 2nd instar 2362 
larvae exposed to Beauveria bassiana strain GHA (BotaniGard® WP) at three application rates in a 2363 
laboratory assay. Thrips species were combined as the analysis showed that there was no effect of thrips 2364 
species or interaction between species and rate. Mortality was corrected using Abbott’s formula (1925). 2365 
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5.4 Discussion 2366 

This study sought to determine if there was a difference in susceptibility of OT 2367 

and WFT to entomopathogenic biocontrol products, and to identify the most promising 2368 

EPN species for managing OT. The laboratory tests demonstrate that both thrips 2369 

species are equally susceptible to the most commonly used EPF species, B. bassiana 2370 

(BotaniGard). Two of the three nematode species tested, S. carpocapsae and H. 2371 

bacteriophora, were as effective for OT as they were for WFT. The only 2372 

entomopathogen for which there was a difference between the two thrips species was 2373 

S. feltiae, which caused significantly less mortality in WFT than in OT. These results are 2374 

promising as they demonstrate that all the commercially available products tested have 2375 

the potential to control OT at similar rates as WFT in an IPM program targeting both 2376 

thrips species. 2377 

The natural mortality rates in the untreated controls in the EPN trial were 2378 

relatively high compared to the mortality rates seen in in the predatory mite assays 2379 

(8.3%) and B. bassiana assay (14.5%). This difference may be due to a combination of 2380 

developmental stage used (pupae versus larvae), the assay environment, and duration 2381 

of the assay. However, a relatively high control mortality in the EPN assays is not 2382 

unusual when compared to similar laboratory assays assessing EPN efficacy in soil or 2383 

potting substrates. Saito & Brownbridge (2016), upon whose assay method this trial was 2384 

based, recorded control mortality of WFT ranging from 29.2-38.2%. Helyer et al. (1995) 2385 

used a peat/loam substrate and reported a control mortality of WFT of 31.3%. Both the 2386 

type of substrate and pupation depth may impact natural mortality rate. Ansari et al. 2387 

(2008) compared substrate types and found the lowest control mortality in bark (12%), 2388 
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moderate mortality in peat (25.5%), and higher mortality in coir (31.5%). They posited 2389 

that higher mortality in peat and coir might be attributed to suffocation in the relatively 2390 

more compact and waterlogged peat and coir substrate, compared to the more open, 2391 

aerated bark substrate. This was corroborated by Ebssa et al. (2004) who found 2392 

increasing natural mortality of WFT with increasing moisture content in peat-based 2393 

potting mix, from only 6.1% mortality in the driest treatment up to 34.5% in the wettest 2394 

treatment. However, highly saturated peat is representative of typical conditions in 2395 

commercial floriculture operations, as EPNs are applied using a soil drench with large 2396 

volumes of water to ensure EPN survival and movement in the substrate (Miles et al. 2397 

2012; Glenister and Shields 2020). 2398 

The results of this study indicate that S. feltiae is less effective at infecting and 2399 

killing WFT than OT, and that it is less effective for WFT than S. carpocapsae and H. 2400 

bacteriophora. Saito & Brownbridge (2016) reported a similarly low corrected mortality 2401 

rate of 13.2% for WFT exposed to S. feltiae in potting mix substrate. However, most 2402 

reports for WFT mortality caused by S. feltiae are much higher - Premachandra et al. 2403 

(2003) recorded a mortality rate of approximately 40% using the same nematode 2404 

density that was used in this trial (100 IJ/cm2), as did Ebssa et al. (2001a). As in our 2405 

study, Premachandra et al. (2003) found that H. bacteriophora caused higher WFT 2406 

mortality than S. feltiae. Ebssa et al. (2001b) found that the two species were equally 2407 

effective, but both were superior to S. carpocapsae in a second study (Ebssa et al. 2408 

2001a). There was no difference in OT mortality rates caused by the three nematode 2409 

species in this study, which is consistent with the findings of Saffari et al. (2013) and 2410 

Gulzar et al. (2021). However other studies on OT have found different efficacy between 2411 
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EPN species. Hussein & El-Mahdi (2019) found that S. carpocapsae was more effective 2412 

for OT. Kashkouli et al. (2014) found that S. feltiae was superior against pre-pupal OT, 2413 

but S. carpocapsae was superior against pupal OT, and H. bacteriophora was inferior to 2414 

both. The lack of consensus in the literature may be due to the variety of assay 2415 

conditions used, the variety of species strains, and nematode culturing methods. The 2416 

documented differences in virulence between strains make it difficult to generalize about 2417 

the effectiveness of a species (Ebssa et al. 2001a; Premachandra et al. 2003; Matuska-2418 

Łyzwa 2013), or discern whether differences are due to strain or assay method. This 2419 

highlights the importance of validating EPN results using commercial strains in the 2420 

substrates in which they will used to get an accurate picture of how they will perform 2421 

when implemented as part of an IPM program.  2422 

There are several studies that compare the differences in the way nematode 2423 

species perform in different soil types and demonstrate that the substrate used does 2424 

impact EPN efficacy. For example, H. bacteriophora is more mobile in soils with high 2425 

organic matter, whereas S. carpocapsae is more mobile in clay (Barbercheck and Kaya 2426 

1991). Other studies have confirmed H. bacteriophora performs well in peat based 2427 

potting mixes and other substrates with a high percentage of organic matter 2428 

(Koppenhöfer et al. 1995; Koppenhöfer and Fuzy 2006), and Shapiro et al. (2000) noted 2429 

that this species was very consistent across soil types. Although S. carpocapsae has 2430 

been found to be less mobile in peat substrates (Kapranas et al. 2017), it has 2431 

demonstrated a preference for the soil surface (Koppenhöfer et al. 1995) which may be 2432 

advantageous for controlling thrips in greenhouse crops.  2433 
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Both OT and WFT pupated in the upper 2cm of sandy-loam soil (Deligeorgidis 2434 

and Ipsilandis 2004), however in very moist soil with high organic matter 78% of WFT 2435 

pupated in the upper 0.5cm (Helyer et al. 1995). Experimental manipulation of pupation 2436 

depth showed that placing thrips pupae 8mm deep in a potting mix substrate nearly 2437 

doubled the natural mortality rate of WFT compared to pupae placed on the substrate 2438 

surface (Ebssa et al. 2001b). Thrips must balance the risk of desiccation if pupating too 2439 

near the surface with the risk of suffocation if pupating too deep in moist soils. In the 2440 

well-watered substrate and humid environment of most greenhouse floriculture crops, 2441 

thrips are therefore unlikely to penetrate deep into the soil, which would favour a 2442 

surface-dwelling species such as S. carpocapsae.   2443 

No difference was observed between OT and WFT in their susceptibility to 2444 

formulated B. bassiana strain GHA in this study. This is in contrast to the findings of 2445 

Thungrabeab et al. (2006) who determined that OT was more susceptible to this EPF 2446 

than WFT. Though theirs was also a laboratory assay there were a few differences in 2447 

their experimental setup that may have led to this discrepancy. First, the strains of B. 2448 

bassiana used in their study were cultivated from wild populations and were not 2449 

commercial strains. Like EPNs, EPFs can also vary in efficacy depending on the strain 2450 

being used (Thungrabeab et al. 2006; Wu et al. 2013). Second, thrips were sprayed 2451 

directly with the biopesticides, whereas in the present study thrips were added to the 2452 

leaf discs after they had been sprayed. In a crop environment thrips are likely exposed 2453 

via both direct and indirect contact to fungal spores on greenhouse plants.   Lastly, 2454 

Thungrabeab et al. (2006) ran their assays on the leaves of multiple host plants, but 2455 

chrysanthemum was not one of the hosts tested. They determined that there was a 2456 
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significant interaction between host plant and thrips species on the mortality rate of 2457 

thrips caused by B. bassiana. Therefore, given that host plant may change the relative 2458 

susceptibility of thrips species to EPFs, we cannot make direct comparisons between 2459 

the current study that used chrysanthemums and studies that used different host plants.  2460 

The results of the predatory mite greenhouse trial (discussed in Chapter 4) serve 2461 

as a caution against accepting the results of laboratory assays as an accurate 2462 

representation of realized efficacy when used in a crop. Both EPNs and EPFs depend 2463 

on specific environmental conditions to achieve good persistence and efficacy (Jaronski 2464 

2010; Shapiro-Ilan et al. 2017). The realized efficacy of EPNs and EPFs may depend on 2465 

temperature, humidity, soil moisture, and application and post-application irrigation 2466 

methods (Koppenhöfer and Fuzy 2007; Radová and Trnková 2010; Wraight et al. 2016; 2467 

Sanderson et al. 2017). Therefore, the results observed in a laboratory assay under 2468 

tightly controlled conditions may not be the same as the results observed in a more 2469 

variable greenhouse environment. The disconnect between efficacy data from 2470 

laboratory and greenhouse trials has also been observed for EPNs and EPFs. For 2471 

example, Ebssa et al. (2001b) found that WFT mortality rates in their potted plant trial 2472 

were half that of their laboratory assay. Even at 2.5 times the rate of IJs used in lab 2473 

trials, EPNs failed to achieve the same degree of efficacy in potted crops. Gulzar et al. 2474 

(2021) found that from laboratory to greenhouse assay H. bacteriophora decreased in 2475 

efficacy against OT from 70% to 39% mortality, S. carpocapsae increased in efficacy 2476 

from 65% to 85% mortality, while S. feltiae was the same in both trials (65% mortality). 2477 

In addition to environmental variables, the equipment and technique used for foliar 2478 

applications of EPF products can dramatically alter the spray coverage (Chapple et al. 2479 
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2007; Ugine et al. 2007). The dense canopy structure of many floriculture crops makes 2480 

adequate coverage challenging, resulting in high spray deposition on the top leaves and 2481 

upper surface, and substantially less on the underside of leaves and canopy interior 2482 

where pests are often found. This can have a considerable impact on their efficacy 2483 

because these products rely on direct contact with the host. It is therefore important to 2484 

validate these findings in greenhouse trials, ideally under a variety of growing 2485 

conditions.  2486 

Anecdotally, commercial growers who routinely used BotaniGard sprays continue 2487 

to have persistent OT problems while their WFT populations remain under control in the 2488 

Niagara growing region (S. Jandricic1, personal communication). Since OT and WFT 2489 

were equally susceptible to this EPF species under laboratory conditions, differences in 2490 

the behaviour of the two thrips species may be responsible for the perceived shift in 2491 

relative efficacy seen in practice. As previously mentioned, entomopathogens require 2492 

direct contact to infect the host insect. Differences between thrips species behaviour 2493 

may cause one to encounter fungal conidia or nematodes more frequently than the 2494 

other. Differences in the movements of thrips within and between plants throughout the 2495 

day could be of particular relevance to foliar applications of EPFs. This daily cycle is 2496 

referred to as “diel periodicity”. Research has demonstrated that dispersal patterns of 2497 

OT and WFT vary throughout the day, however the time of peak activity differs among 2498 

reports (Sites et al. 1992; Ben-Yakir and Chen 2008; Smith et al. 2016). Research from 2499 

New York state found that OT are engaged in active flight in the afternoon and more 2500 

likely to be found near the top of the foliage (Smith et al. 2016), whereas in Israel (Ben-2501 

Yakir and Chen 2008) OT were found to be more active in the morning. Smith et al. 2502 
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(2016) posited that this difference was due to cooler overnight temperatures that dipped 2503 

below the minimum flight threshold of 15-17°C in New York state, compared to the 2504 

warm overnight temperatures in a Mediterranean climate. If this is true, we should 2505 

expect thrips inside greenhouses to behave similarly to the findings of Ben-Yakir & 2506 

Chen (2008) as nighttime temperatures inside the greenhouse remain elevated. If OT 2507 

are found higher in the foliage in the morning, and lower in the foliage in the afternoon, 2508 

they are less likely to come in contact with foliar applications of EPFs that are typically 2509 

applied in the afternoon. As discussed in Chapter 4, the size of the arenas used in 2510 

laboratory assays limits the movements of thrips, removing the effect that behavioural 2511 

choices might have on the efficacy of the product. 2512 

This is the first study that compared the relative efficacy of commercial 2513 

entomopathogenic fungal and nematode products to control OT and WFT. The results 2514 

indicated that these products should be equally effective for both thrips species, and 2515 

possibly more efficacious for OT in the case of S. feltiae. These results need to be 2516 

validated in greenhouse trials to ascertain if greenhouse conditions and/or differences in 2517 

thrips behaviour reduce successful control of one or both thrips species. This research 2518 

only looked at a single strain of each species. Since previous research has documented 2519 

differences in efficacy between strains of EPNs and EPFs (Ebssa et al. 2001a; 2520 

Premachandra et al. 2003; Thungrabeab et al. 2006; Matuska-Łyzwa 2013; Wu et al. 2521 

2013), these results should also be repeated with other commercial products. The 2522 

growing environments in floriculture greenhouses are unique compared to greenhouse 2523 

vegetables and outdoor crops and are highly variable due to the many plant types 2524 

included in this commodity group. Further research is needed on how EPN and EPF 2525 
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efficacy is affected by substrate type, irrigation method, canopy structure, relative 2526 

humidity and other abiotic variables that are unique to greenhouse floriculture cropping 2527 

systems. Although S. feltiae is almost exclusively the species used for WFT control in 2528 

greenhouse crops, this research demonstrates that S. carpocapsae and H. 2529 

bacteriophora may offer better control of WFT in greenhouse ornamentals and are 2530 

worthy of further consideration.   2531 
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Chapter 6. Conclusions 2532 

Since their arrival in the 1980s, western flower thrips (WFT; Frankliniella 2533 

occidentalis) have been the primary concern of greenhouse growers, both in Canada 2534 

and abroad (Shipp et al. 2002; Kirk and Terry 2003). Consequently, they have also 2535 

been the focus of most research on integrated pest management (IPM) of thrips in 2536 

greenhouse crops. Surveys of commercial floriculture crops in Niagara revealed that 2537 

onion thrips (OT; Thrips tabaci) are not only prevalent in these crops, but also have a 2538 

consistent presence outdoors from spring through fall. Because of their ubiquity in the 2539 

landscape surrounding greenhouses, OT will continue to be a potential pest in Ontario 2540 

for the foreseeable future. Therefore, it is necessary to develop more robust IPM 2541 

programs that are able to manage both WFT and OT sustainably and reliably. 2542 

6.1 IPM recommendations 2543 

6.1.1 Monitoring 2544 

Yellow sticky cards caught more OT than blue cards at all three study sites and 2545 

more WFT at two of the three sites. As yellow cards are also most effective for other 2546 

important greenhouse pests such as whiteflies, fungus gnats, and aphids (Casey et al. 2547 

1999), this colour card should be used in most cases. If growers plan to undertake a 2548 

large mass trapping effort primarily targeting WFT, in-house testing should be done to 2549 

determine whether yellow or blue cards are superior in their particular operation.  2550 

It is possible to differentiate WFT and OT on sticky cards under a microscope 2551 

with 40x magnification. Sticky cards can be used to confirm the presence of OT, 2552 
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however the results from the commercial sites studied in this thesis demonstrated that 2553 

cards often do not accurately depict the proportion of species in the crop. Therefore, it is 2554 

necessary to collect thrips directly from the crop plants using plant taps to determine the 2555 

OT:WFT ratio. 2556 

While scouting the crop, thrips feeding damage on the foliage without 2557 

accompanying damage on the flowers, or heavier damage to the lower leaves indicates 2558 

that a species other than WFT is present and should be investigated further. Collecting 2559 

thrips from the crop using plant taps is the best way to determine which species are 2560 

present in the crop, as well as assess species ratio. A high percentage of OT may 2561 

warrant alterations to IPM tactics. The ratio of OT:WFT that a crop can tolerate before 2562 

increases in damage are observed will vary between crops. Keeping records of thrips 2563 

numbers, species ratios, and severity of crop damage will help growers to establish 2564 

thresholds for their own operations.  2565 

Thrips pressure inside the greenhouse closely mirrored the number of thrips 2566 

caught outside the greenhouse. Monitoring cards set up outside the greenhouse could 2567 

serve as an early warning for when thrips populations begin to increase rapidly, alerting 2568 

growers that it is time to intensify IPM efforts, such as by increasing the release rate of 2569 

thrips predators and density of mass trapping cards. 2570 

6.1.2 Mass trapping and exclusion 2571 

The close relationship between thrips pressure outside and inside the 2572 

greenhouse strongly indicates that outside thrips populations are now the primary 2573 
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source of thrips infestation. As such, greater attention needs to be paid to preventing 2574 

invasion and establishment of incoming thrips.  2575 

Insect screening is an under-utilized control measure in Ontario greenhouses that 2576 

has the potential to dramatically reduce pest pressure (Bell and Baker 2000; Ben-Yakir 2577 

et al. 2008). While initial investment to retrofit a greenhouse may be high, given that 2578 

thrips are consistently listed as the most common and challenging greenhouse pest 2579 

(Summerfield et al. 2015; Summerfield 2019), both the potential savings in pest 2580 

management inputs and reduction of crop losses may compensate for the upfront cost. 2581 

Particularly for growers who consistently experience OT outbreaks, installing thrips-2582 

proof screening is more likely to be a worthwhile investment.  2583 

Mass trapping is a less costly solution compared to screening that can be used to 2584 

intercept invading thrips, and can be implemented immediately. Yellow sticky cards and 2585 

trap plants have demonstrated efficacy of capturing dispersing thrips and reducing pest 2586 

populations in the crop (Buitenhuis and Shipp 2006; Natwick et al. 2007; Sampson and 2587 

Kirk 2013). Mass trapping efforts should be increased during July and August when 2588 

both OT and WFT outdoor populations are highest.  2589 

Another lower-cost exclusion tactic involves altering the climate regime in the 2590 

greenhouse to minimize vent openings. Jakobsen et al. (2006) demonstrated that by 2591 

simply changing greenhouse climate parameters that reduced the duration and degree 2592 

of vent openings in a top-venting greenhouse (“dynamic climate regime”) resulted in a 2593 

40% reduction in thrips numbers entering the greenhouse from outside. Growers should 2594 
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evaluate whether alterations can be made to their climate regimes that can reduce the 2595 

extent to which their vents remain open during periods of high thrips pressure. 2596 

6.1.3 Predators 2597 

Despite consuming more OT than WFT in laboratory trials, both N. cucumeris 2598 

and A. swirskii failed to provide adequate control of thrips populations with a high 2599 

proportion of OT in the greenhouse trial. However, OT numbers were similar in high-OT 2600 

populations treated with N. cucumeris compared to A. swirskii despite being released at 2601 

the same rates, and 4-fold higher A. swirskii populations by the end of the trial. 2602 

Recommended release rates for N. cucumeris are typically twice that of A. swirskii. 2603 

Furthermore, relative proportions of OT increased over time in A. swirskii-treated 2604 

populations whereas species ratios were unchanged in N. cucumeris-treated 2605 

populations. As N. cucumeris are also less expensive compared to A. swirskii, they may 2606 

offer a better return on investment when OT proportions are high. However, this trial 2607 

needs to be repeated to validate these results.  2608 

Efforts to streamline biocontrol programs and reduce pest management 2609 

expenses, combined with the advent of long-duration sachets, have led to heavy 2610 

reliance on predatory mites for thrips control. However, the results of the greenhouse 2611 

trial and anecdotal evidence from commercial greenhouses indicates that predatory 2612 

mites cannot provide adequate control of mixed thrips populations. Therefore, a return 2613 

to a more balanced, multi-faceted approach is needed. 2614 
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Predatory mites primarily target only one life stage (first instar larvae). Integration 2615 

of predators and other biocontrol agents that target the other life stages may improve 2616 

control. Orius insidiosus prey on both larvae and adults and consumed the same or 2617 

more OT compared to WFT in the choice and no-choice laboratory trials, respectively. 2618 

The addition of O. insidiosus to a predatory mite-based IPM program may therefore 2619 

improve thrips suppression, however, greenhouse trials are needed before this can be 2620 

confirmed. 2621 

6.1.4 Entomopathogenic nematodes 2622 

If behavioural avoidance of predators is the reason for inadequate control of OT, 2623 

better control may be achieved by increasing the use of control agents that target 2624 

immobile soil-dwelling stages for which avoidance is not an option.  2625 

Entomopathogenic nematodes (EPNs) caused equal or greater mortality in OT 2626 

compared to WFT in laboratory assays using peat-based soilless media that is typically 2627 

used in greenhouse floriculture. Although Steinernema feltiae is the EPN species used 2628 

most frequently against thrips in greenhouse crops, S. carpocapsae and H. 2629 

bacteriophora provided equal control of OT and superior control of WFT in laboratory 2630 

assays. This is corroborated by previous research findings demonstrating superior 2631 

control by S. carpocapsae (Hussein and El-Mahdi 2019) and H. bacteriophora (Ebssa et 2632 

al. 2001b; Premachandra et al. 2003). Furthermore, H. bacteriophora have been found 2633 

to be more effective in soils with high proportions of organic matter, including peat-2634 

based potting mixes (Barbercheck and Kaya 1991; Koppenhöfer et al. 1995; 2635 

Koppenhöfer and Fuzy 2006). Given these findings, these alternative EPN species may 2636 
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offer better thrips suppression in greenhouse floriculture crops. However, while S. feltiae 2637 

and S. carpocapsae are usually comparably priced, H. bacteriophora are more 2638 

expensive. If greenhouse trials produce the same results as the laboratory trials, the 2639 

extra cost of H. bacteriophora would not be justified if S. carpocapsae provide 2640 

equivalent control. 2641 

6.1.5 Entomopathogenic fungi 2642 

The laboratory assays determined that OT and WFT are equally susceptible to 2643 

BotaniGard (Beauveria bassiana strain GHA) given equal exposure. As with predatory 2644 

mites, it may be possible that the realized efficacy of BotaniGard differs between thrips 2645 

species when applied to a crop, due to differences between thrips in their behaviour 2646 

and/or within-plant distribution. Therefore, in order to maximize efficacy, it is necessary 2647 

to use application methods that maximize coverage to ensure that OT will come in 2648 

contact with the product wherever they are located within the plant. Using cold foggers 2649 

or low volume mist (LVM) spraying techniques create finer droplets that better penetrate 2650 

dense foliage and deposit more product on hard to reach areas like the undersides of 2651 

leaves (Brownbridge 2018). 2652 

6.2 Future directions 2653 

6.2.1 Expand thrips population surveys 2654 

Although greenhouses are “protected crops”, they are not closed systems that 2655 

exist in isolation from their surrounding environment. The 2019 survey data 2656 

demonstrated a strong relationship between thrips pressure inside and outside the 2657 
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greenhouses in Niagara. Given this relationship, ongoing monitoring of outside thrips 2658 

populations in greenhouse growing regions may offer an early warning of changes in 2659 

thrips population dynamics that may impact greenhouse crops. An expansion of this 2660 

survey to other crops, growing regions in Canada, and other countries is needed to 2661 

determine the scope and universality of this phenomenon. An examination of the 2662 

literature reveals a paucity of data on thrips species composition in Ontario and 2663 

worldwide. Without local historic records to compare the current survey data to, this 2664 

limits our ability to determine if and how thrips communities have changed over time. 2665 

Regular monitoring efforts in the future can be compared to this data and determine 2666 

how thrips communities respond to changes in climate and land use patterns. 2667 

6.2.2 Validate laboratory findings in greenhouse trials 2668 

As evidenced by the laboratory and greenhouse trials on N. cucumeris and A. 2669 

swirskii, validation of laboratory findings is needed to assess the efficacy of BCAs when 2670 

they are applied to a crop. Orius insidiosus and A. limonicus are both promising 2671 

predators that should be evaluated in whole plant trials. Given the critical role 2672 

environmental conditions play in the efficacy of EPNs and EPFs, validation of these 2673 

results in whole plant trials under greenhouse conditions is even more critical.  2674 

Entomopathogenic nematode or EPF products are unlikely to be used alone, and 2675 

typically form a part of a multi-faceted IPM program involving thrips predators. Results 2676 

of previous research on combining EPFs and EPNs with predatory insects have shown 2677 

variable results as to whether or not they lead to additive control of WFT (Ebssa et al. 2678 

2006; Pozzebon et al. 2015; Saito and Brownbridge 2016, 2018; Wu et al. 2016). Future 2679 
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research needs to be scaled up in complexity to explore the relationships between 2680 

predators, EPNs, EPFs, and thrips species to get a better understanding of which 2681 

combination of products offer the most reliable thrips suppression in greenhouse crops 2682 

affected by multi-species thrips populations. Systematic testing of combinations of thrips 2683 

management tactics (e.g., N. cucumeris plus S. carpocapsae compared to each 2684 

biocontrol agent individually) is needed to determine which result in additive control. 2685 

This research should also be combined with economic cost-benefit analyses to identify 2686 

combinations that balance efficacy and affordability. 2687 

6.2.3 Evaluate more biocontrol options 2688 

There are yet more biocontrol options that were not evaluated in this study. Other 2689 

commercial strains of EPN and EPF may generate different results and should be 2690 

tested to identify if any may be particularly useful for managing OT. The rove beetle, 2691 

Dalotia coriaria, and soil-dwelling predatory mites Gaeolaelaps gillespiei and 2692 

Stratiolaelaps scimitus may be useful alternatives to EPNs to target soil-dwelling stages 2693 

of OT and WFT and complement control provided by foliar predators. The recently 2694 

commercialized Anystis baccarum is a generalist predator capable of feeding on adult 2695 

thrips and may further suppress thrips by targeting life stages that are too large for N. 2696 

cucumeris and A. swirskii to capture. 2697 

6.2.4 Evaluate insect screens and identify barriers to adoption 2698 

Insect screens appear to be an ideal solution in terms of efficacy, but there has 2699 

been limited uptake in Ontario. Retrofitting greenhouses with insect-proof screens would 2700 
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be a costly endeavor. Very little information has been published on the actual impacts of 2701 

insect screens on pest pressure. Research is needed to quantify the actual economic 2702 

benefits (i.e., reduction in crop losses and pest management inputs) of screens in 2703 

Canada. This data is necessary in order to conduct cost-benefit analyses to determine 2704 

under which circumstances they are a worthwhile investment.  2705 

In addition to the financial barrier, there is a pervasive belief that insect screens 2706 

lead to increases in plant disease due to the alterations in ventilation and greenhouse 2707 

microclimates. While considerable research has been dedicated to assessing and 2708 

modeling airflow and its impacts on microclimate, to the best of my knowledge no 2709 

concrete evidence of increased disease pressure due to insect screening has been 2710 

published. Evaluation of these impacts need to be studied in actual commercial 2711 

greenhouses to confirm or refute this belief. 2712 

Lastly, there may be logistical barriers that prevent installation of insect screens 2713 

in existing structures. The extent of these barriers needs to be evaluated to determine if 2714 

reasonable solutions can be devised to overcome them. Discussions with growers may 2715 

identify which of these reasons are the greatest barriers to insect screen adoption and 2716 

determine where best to focus research to address this issue.  2717 

6.2.5 Comparative behavioural studies of OT and WFT 2718 

Since laboratory trials consistently indicate that BCAs should be equally effective 2719 

for OT and WFT, it is probable that behavioural factors that cannot be represented in 2720 

the confines of a small assay arena are contributing to poor control of OT relative to 2721 

WFT in greenhouse crops. Two key behaviour traits are likely to impact biocontrol 2722 
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efficacy – within-plant distribution, and predator avoidance. Experiments should be 2723 

conducted to determine the within plant distribution on a large scale (i.e., plant stratum) 2724 

and a small scale (i.e., on main leaf surface or hidden in crevices) of both thrips 2725 

species. Laboratory assays could also be useful for determining each species’ 2726 

preference for tight spaces, as a preference for smaller hiding spaces in one species 2727 

would offer greater protection from both contact-based insecticides and predators.  2728 

Predator avoidance in a prey species is an important determinant of predation 2729 

rate. Reitz et al. (2006) previously demonstrated that although both WFT and F. 2730 

bispinosa occupy the same plant parts (primarily flowers), F. bispinosa moves away 2731 

from O. insidiosus more quickly than WFT and therefore is preyed on less frequently. 2732 

Similar trials should be conducted comparing the avoidance behaviours of OT and WFT 2733 

in the presence of predatory mites and O. insidiosus. Identifying which behaviours are 2734 

contributing to poor OT control may help identify solutions or narrow down directions for 2735 

future research that are most likely to lead to improved biocontrol outcomes.2736 
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Appendix A. Commercial sampling sites in southern Ontario. 
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Appendix B. Simple key to important thrips pests of Canadian greenhouses. 
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