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ABSTRACT 
 
IMPROVING THE SUSTAINABLE MANAGEMENT OF CARROT WEEVIL AND 

CARROT RUST FLY AT THE HOLLAND MARSH, ONTARIO  
 
 
 
Alexandra Stinson Dacey    Advisors: 
University of Guelph, 2020   Professor C. Scott-Dupree 
       Professor M.R. McDonald 
 
 
 

The Holland Marsh, Ontario is a major carrot-producing area in North 

America. Carrot weevil (CW) and carrot rust fly (CRF) are serious pests of 

carrots in the Holland Marsh, and current integrated pest management programs 

(IPM) no longer provide an acceptable level of control for either pest. This thesis 

investigated the efficacy of different control tactics to improve IPM of CW and 

CRF in the Holland Marsh. Applications of Rimon (novaluron) consistently 

reduced CW damage compared to other tested products, especially when 

applied at least twice, starting at the 2nd true leaf stage. Seeding carrots in late 

May or early June resulted in significantly less CW damage than carrots seeded 

earlier in the spring and were therefore identified as a possible cultural control of 

CW. Celery and carrot oils were attractive to CW and could be used in field traps 

to improve monitoring later in the growing season.  
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CHAPTER 1: LITERATURE REVIEW 
 

1.1 CARROT PRODUCTION IN CANADA 

The Holland Marsh (HM) is located approximately 60 km north of Toronto, 

Ontario and consists of 4,400 ha of prime agricultural land (Classens 2017). In 

1925, marshland in the area was drained, and growers began to grow vegetables 

in the characteristic ‘muck’ soil, which is high in organic matter (~70%). Carrots, 

onions, leafy greens, and Asian vegetables are the primary crops grown at the 

HM (Holland Marsh Growers Association 2013). The carrot, Daucus carota 

(Linnaeus), is one of the most widely consumed vegetables in the world, with 

over 8,500 ha grown annually in Canada, generating a farm gate value of 

approximately $129.9 million (Statistics Canada 2019). Cello-type carrots are the 

predominant type grown at the HM (McDonald et al. 2017). The annual farm gate 

value of carrots grown in Ontario has an estimated value of $50.7 million, with 

most of the province’s production taking place at the HM (Statistics Canada 

2016). 

1.2 CARROT PESTS IN THE HOLLAND MARSH 

There are two economically significant carrot insect pests in the HM: carrot 

weevil, (CW, Listronotus oregonensis [Le Conte]), and carrot rust fly (CRF, Psila 

rosae [Fabricius]). Larvae of both pests tunnel and feed on the carrot root, 

making it unmarketable and causing up to 90% crop loss in infested fields when 

no pest management programs are implemented (Chandler 1926; Boyce 1927; 

Boivin 1988; Collier and Finch 1996). The CW is native to North America and 
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generally damage the top third of the carrot root with vertical tunnels (Boivin 

1988; Boyce 1927) while the CRF, introduced in the late 19th century from 

Europe, damages the bottom two thirds of the carrot root with narrower, 

horizontal tunnels (See Fig. 1.1) (Stevenson 1981). 

  

Figure 1.1. A: Carrots damaged by carrot weevil (left) compared to healthy 
carrots (right). B: A carrot damaged by carrot rust fly (left) compared to a 
healthy carrot (right).  

 
There are integrated pest management (IPM) programs currently 

implemented at the HM for both of these insect pests to reduce reliance on 

pesticides and preserve soil quality, while keeping insect and disease damage to 

economically acceptable levels (AAFC 2015). These programs combine field 

monitoring and various control tactics that are both economical for the grower 

and environmentally sustainable (Flint and Van den Bosch 2012). Years of 

technical research are required to develop an effective IPM program, but there is 

often a lack of resources put toward the continued improvement of these 

programs once established (Flint and Van den Bosch 2012). Over time, with a 

changing climate and pests developing resistance to different control methods, 

strategies must be updated, such as the development of new tools and re-

A	 B	
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evaluations of products, in order to ensure that growers can continue to manage 

crop pests effectively (Flint and Van den Bosch 2012).  

1.3 CARROT WEEVIL 

1.3.1 Biology and Distribution 

The carrot weevil was first described in 1842 by Boheman but was 

referred to under various scientific names until Henderson determined its current 

name in 1940 (Boivin 1999; Pepper and Hagmann 1938). Carrot weevil is native 

to northwest North America and is now found in Canada across the central and 

eastern provinces, from Manitoba to Nova Scotia (Boivin 1999). It has been a 

pest of carrots since the end of the 19th century, and the first major CW 

infestation occurred in 1902 in parsley in Virginia. Carrot weevil was not reported 

as a pest in Ontario until 1969 (Boivin 1999).  

The CW attacks plants in the family Apiaceae, including both wild and 

cultivated hosts. There has been very little research into host preferences, 

though preliminary work has suggested CW prefer to oviposit in carrot, celery 

(Apium graveolens), parsley (Petroselinum crispum), and dill (Anethum 

graveolens) over wild hosts (Pers. comm. Annie- Ève Gagnon, AAFC, 2017). 

Cultivar trials conducted at the University of Guelph – Muck Crops Research 

Station (MCRS) at the HM found no evidence that CW have a varietal preference 

based on damage levels in Cello-type carrots, though some differences in the 

amount of CW damage have been observed among different cultivars of Jumbo-

type carrots in recent years (McDonald et al. 2017). Damage can also be variable 

among different Apiaceae species: damage in carrot fields has been recorded as 
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high as 40%, while growers of celery have reported damage in up to 90% of 

plants (Boivin 1999; Chandler 1926; Harris 1926).  

In mid- to late-May, females chew cavities in the petioles or crown of the 

carrot root, lay 2–5 eggs (Figure 1.2a) in each cavity, and seal them with a black 

exudate (Harris 1926). At 21 oC, females lay eggs for 88 d (averaging a total of 

156 eggs) on carrot slices and 94 d (averaging a total of 175 eggs) on foliage 

(Martel et al. 1976). Eggs are elliptical, 0.7 mm long x 0.5 mm wide, and pale 

yellow when first laid, turning black shortly before hatching. Larval eclosion 

occurs at 12.8 d at 18 oC or 4.5 d at 27 oC (Boivin 1999; Harris 1926). There is a 

day degree model to predict the start of oviposition and when oviposition is 90% 

complete. The base temperature is 7 oC, starting April 1.  First oviposition is 

predicted at 147 DD +/- 9DD and 455 DD +/- 47 DD indicates that 90% of 

oviposition is complete. Carrots seeded after 400 -450 DD will most likely escape 

CW damage (Bovin 1988). 

Larvae are creamy-white, legless grubs with a reddish brown head (Figure 

1.2b, Boivin 1999). First instar larvae start to feed on the crown surface of the 

carrot root immediately after eclosion (Boivin 1999). There are four larval instars 

requiring 19 (Martel et al. 1976) to 21 d (Harris 1926) to develop at optimal 

temperatures of 18.3–26.7 oC (Simonet and Davenport 1981). Fourth instar 

larvae cause the greatest amount of damage by creating vertical tunnels 5–8 mm 

in diameter that can reach up to half of the length of the carrot root (Boivin 1999).  

When the larvae are ready to pupate (Figure 1.2c), they exit the carrot and 

enter the soil to build an earthen pupation cell, which they create by bending their 
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bodies back and forth for 10–12 h (Boivin 1999; Harris 1926). Pupation occurs 

best in moist soil and is completed more rapidly at warmer temperatures (10 d at 

18 oC and 5 d at 27 oC) (Boivin 1999; Martel et al. 1976).  

Carrot weevil adults are dark brown snout beetles with some copper 

scales and are approximately 6mm in length and 4mm wide (Figure 1.2d, Harris 

1926). After emergence, adults feed for 10–12 d before the females begin 

ovipositing. The length of the pre-oviposition period decreases and number of 

eggs laid per female increases per day as temperature increases up to 29.4 oC 

(Harris 1926; Simonet and Davenport 1981). Females prefer to oviposit on 

carrots that have reached the 4th true leaf stage (TLS; Boivin 1988), but there is 

increasing evidence that they may oviposit in plants as early as the 2nd TLS in the 

HM (Telfer 2017). Stevenson and Boivin (1990) found evidence that CW 

oviposition is controlled by an interaction between temperature and photoperiod. 

Development from egg to adult takes approximately 57.6 d, although 

under controlled conditions, development may be more rapid (e.g., at 27 oC 

development from egg to adult took 37 d (Martel et al. 1976)). At one time it was 

though that the HM had only one CW generation, but there is increasing 

evidence of a 2nd generation emerging in September (Telfer 2017). Both CW 

pupae and adults overwinter in plant debris and ditches near the crop, within the 

top 5 cm of the soil (Grafius and Collins 1986). 
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Figure 1.2. A) Carrot weevil (CW) eggs; B) 3rd instar CW larvae; C) CW pupae; 

and D) CW adult.  
 

1.3.2 Management 

Monitoring 

 Monitoring CW allows growers to determine infestation levels in specific 

fields and throughout the entire HM. Monitoring also provides data for CW 

forecasting models, which are part of the existing IPM program (Telfer 2019). 

Treatment thresholds are based on a cumulative CW per trap count and usually 

trigger 0–2 insecticide applications per season in Ontario, though border 

applications may be all that are necessary (Boivin 1985; Chaput 1996). Both 

Boivin wooden plate traps (Figure 1.3) and carrot root sections (Figure 1.4) can 

be used to monitor adult activity beginning on May 1 (Chaput, 1996; Telfer 2017).  

 Wooden Boivin traps (Figure 1.3, Boivin 1985) with 3 mm spacing have 

traditionally been used to monitor CW in the field. These traps differ from other 

suggested traps such as pitfall traps, in that they provide shelter and protection 

for adult CW without limiting mobility (Boivin 1985). These traps are economical 

to build, durable, easy to implement, and are more species-specific than other 

tested monitoring traps (Boivin 1985). Since CW rarely fly, Boivin traps must be 
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placed directly on the soil surface to catch CW while they walk through the field 

(Perron 1971). Current IPM recommendations call for 6 traps for every 4- 6 ha, 

set along field borders where sheltered areas exist, about 3 m into the field and 1 

m apart. Traps should be set out on May 1, even if no carrots are seeded. The 

treatment thresholds are  1.5 to 5 cumulative weevils per trap, apply an 

insecticide at the second true leaf stage. If there are more than  5 cumulative 

CW/trap/day spray at the second and fourth true leaf stage.  (Chaput 1996).  

 Stevenson (1985) studied the effectiveness of using five carrot root 

sections (3 cm long, spaced 15 cm apart in a line) for monitoring CW and 

reported that peak oviposition in carrot sections occurred before the carrot crop 

was susceptible to attack. Satisfactory CW control was achieved using an action 

threshold of 0.3 oviposition cavities per section per day, which usually resulted in 

up to two insecticide applications per season. These sections are examined 

every 3–4 d for oviposition cavities, providing a seasonal record of the oviposition 

trends present in the field instead of simply the abundance of adults that are 

found in the wooden Boivin traps (Stevenson 1985).  

 Zhao et al. (1991) suggested a forecasting model that could simulate the 

CW field population dynamics in southwestern Quebec, but this model could 

potentially be modified for use in Ontario as climatic and environmental 

conditions are similar for both of these provinces. The model relies on data of the 

abundance of individuals that have reached each life stage, although this model 

does not identify major sources of mortality such as chemical application, limiting 

the predictive power (Zhao et al. 1991).  
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Monitoring and forecasting methods need to be improved to address the 

2nd generation that appears to be occurring in the HM (Stevenson 1976; Telfer 

2017). The use of wooden Boivin traps or carrot root sections are less effective 

as monitoring tools later in the growing season because carrots in these traps 

are no more attractive than carrots in the surrounding field. If effective attractants 

could be identified, this could improve late-season monitoring of the second 

generation of CW.  

 
Figure 1.3. A Boivin trap used for monitoring carrot weevil adults. The carrot bait 

and tightly spaced wooden slats attract and hold adult carrot weevil.  
 

 
Figure 1.4. A collection of carrot root sections used for monitoring carrot weevil 

oviposition.  
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Cultural Controls 

Crop rotation has been documented as a potential cultural control tactic for 

CW (Pepper and Hagmann 1938), but it is an impractical solution in the HM 

because available agricultural land is limited and intensely farmed. Fields at the 

HM are located close together, often without any field border, and CW can 

quickly travel between fields (Pepper and Hagmann 1938; Boivin 2013). Although 

adult CW are physically able to fly, they rarely do, making long distance migration 

rare (Pepper and Hagmann 1938). 

 Altering the seeding date of carrots could potentially reduce CW damage. 

Boivin (1988) investigated the effect of seeding dates on CW damage to carrots. 

Carrot weevil feeding and oviposition punctures first appeared around 100 DD7
o

c 

(mid-May), peaked at 400 DD7
o

c (late June) and decreased rapidly after that, 

indicating that delaying seeding until after oviposition could reduce CW damage 

(Boivin 1988). Carrot weevil adults started to feed as soon as the carrot 

cotyledons appeared and oviposition occurred regularly between the 4th and 8th 

TLS as females use the phenological stage of their host as an oviposition cue 

(Boivin 1988). Although the total number of oviposition punctures on bait carrots 

were not significantly different among the five seeding dates examined (ranging 

from early May to mid-June), significantly fewer eggs were recorded on later-

planted carrots and significantly fewer damaged carrots were observed at 

harvest than for early-planted carrots (Boivin 1988).  

 In an earlier study in the HM, Stevenson (1976) also looked at oviposition 

in relation to carrot growth stage and also conducted a seeding date trial. Little 
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oviposition occurred until the carrots had developed beyond the one true leaf 

stage. Oviposition began before the middle of May in 1973 and 1974 and the 

maximum rate of oviposition was found in the first half of June in 3 of 4 year. The 

author attributes the earlier peak in oviposition in 1975 as a result of warmer 

temperatures in May of that year, especially the higher number of days over 24 

oC, as Whitcomb (1965) found that the most oviposition occurred when maximum 

daytime temperatures were at least 24 oC.  

Telfer (2017) also conducted planting date trials and results were 

consistent with previous results that seeding later in the season reduces CW 

damage. 

Physical Controls 

Very little research has been done to identify physical control options for 

carrot growers to control CW. Rekika et al. (2008) evaluated the influence of an 

agrotextile floating row cover on the germination and determined that 

effectiveness of the agrotextile floating row cover in controlling CW damage 

depended on a combination of factors, including time of peak CW activity, crop 

growth, weather conditions, and timing of row cover removal (Rekika et al. 2008). 

Covering carrots for 40 d with the floating row cover after sowing reduced CW 

damage by 65–75%, due to an increase in air temperature under the row cover 

and quicker plant emergence (Rekika et al. 2008). These findings may be 

beneficial to carrot growers, particularly when accompanied by monitoring of CW 

activity to optimize timing of floating row cover removal (Rekika et al. 2008). It is 

important to note that CW damage only started to decline when the covering 
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period exceeded 20 d (Rekika et al. 2008). Although effective, row covers are not 

widely adopted by carrot growers, as implementation can be labor-intensive and 

expensive (Muehleisen et al. 2003). 

Conventional Chemical Controls  

Insecticides are the primary control methods used by carrot growers to 

control CW, although there are few registered products for use on these insect 

pests and growers are concerned about the potential for insect resistance. In 

Ontario, there are only a few insecticides registered on carrots for the 

management of CW.  These are:  the organophosphate Imidan WP (phosmet, 

Gowan Company, Yuma, Arizona, USA), the pyrethroids Matador 120 EC (λ-

cyhalothrin, Syngenta Canada, Guelph, ON) and Silencer 120 EC (λ-cyhalothrin, 

Adama Agricultural Solutions Canada Inc., Winnipeg, MB), and the 

benzoylphenyl urea IGR Rimon 10 EC (novaluron, Adama Agricultural Solution 

Canada Inc., Winnipeg, MB) (PMRA 2019). During the course of the study, the 

diamide Exirel (cyantraniliprole, FMC Corporation, Philadelphia, PA, USA) was 

registered through the minor use program for control of CW on root vegetables 

such as carrot in Canada (Van Dyk, 2019). 

A major concern for carrot growers is the reduced efficacy of phosmet due 

to CW resistance (Telfer 2017). Telfer (2017) conducted multiple field trials over 

the 2015 and 2016 growing seasons to compare both currently registered 

insecticides and new insecticides that could potentially control CW and be used 

in the future as an alternative to phosmet. As expected, phosmet applications did 

not reduce the amount of CW damage compared to untreated plots. Growers at 



	

	 	 	 12	

the HM generally do not use λ-cyhalothrin for CW control, and field trials in 2015 

and 2016 provided evidence that λ-cyhalothrin is not effective in reducing CW 

damage (Telfer 2017). Foliar-applied novaluron provided effective control of CW, 

though currently there are no application timing recommendations for growers 

who use this product (Telfer 2017). Other potential control options included 

cyantraniliprole (as both a seed treatment and foliar application) and 1% 

piperonyl butoxide (PBO) combined with phosmet (Telfer 2017). When adding 

1% PBO to cypermethrin or phosmet, the additive contributed to a significant 

reduction in CW damage, which is due to biochemical inhibition (Forrester et al. 

1993; Telfer 2017). In 2015 and 2016, in-furrow applications of either 

imidacloprid or thiamethoxam + cyantraniliprole followed by foliar applications of 

either flupyradifurone or cyantraniliprole did not reduce CW damage or improve 

yield (Telfer 2017). Telfer (2017) conducted laboratory trials using a custom built 

1/9th scale Potter spray tower examining adult contact exposure, but found only 

two of the tested insecticides, clothianidin and phosmet, caused mortality in over 

50% of CW adults. This observed mortality in the lab did not result in decreased 

CW damage from use of these chemicals in the field (Telfer 2017). Telfer (2017) 

concluded that currently registered insecticidal products and the corresponding 

recommendations for use did not provide adequate CW damage prevention, and 

more effective chemical control options need to be identified.  

Biopesticide Controls 

 Bacillus thuringiensis is microbial biopesticide that is toxic to many 

coleopteran species, though very little research has been conducted to examine 
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the toxicity of B. thuringiensis to CW. Saade et al. (1996) compared the toxicity of 

B. thuringiensis to 6 unidentified bacterial strains isolated from Canadian soils to 

CW. The strains Btt (B. thuringiensis tenebrionis), A429, and A30 were most 

toxic to CW adults, though the mortality of CW that had previously been exposed 

to extracted proteins of strains other than Btt and A429 was not significantly 

different from untreated CW (Saade et al. 1996).  

 Clavet et al. (2013) evaluated a commercially available formulation of 

Beauveria bassiana (BotaniGard), also a microbial biopesticide, used for control 

of annual bluegrass weevil (L. maculicollis) adults, a weevil species closely 

related to CW, in Petri dish assays and simulated field studies with turfgrass 

plugs with and without neonicotinoid insecticides. Using formulated B. bassiana 

caused 99% mortality in Petri dish assays 1 d after treatment (Clavet et al. 2013). 

BotaniGard provided 28, 50 and 78% mortality in the turf trials at the highest 

label rate at 7, 10, and 14 d after treatment, respectively (Clavet et al. 2013). 

Field trials are needed to determine whether BotaniGard would cause similar 

mortality rates in CW.  

1.4 CARROT RUST FLY 

1.4.1 Biology and Distribution 

Although native to Europe, the CRF was first detected in Canada in 

Ottawa in 1885 and has since been reported everywhere in the country that 

carrots are grown. Carrot rust fly adults are small, shiny black flies, approximately 

6 mm long with characteristically reddish heads and long yellow legs (Marshall 

2017).  
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The CRF is multivoltine with 2–4 generations per year, depending on 

climate (Ashby and Wright 1946). Judd et al. (1985) recorded three distinct adult 

generations per year in the Fraser Valley, BC (mid-late May, late July/early 

August, and mid-October), but Boivin (1987) found two distinct adult generations 

in southwestern Quebec, the first starting at 1554.8 degree days (DD) ± 156 DD 

above 3 oC. Females lay white, sub-cylindrical eggs (0.6–0.7 mm long and 0.15 

mm diameter) in the soil near the host (Ashby and Wright 1946). There are three 

larval instars; the 1st larval instar is approximately 0.6–2 mm, the 2nd instar is 2–5 

mm, and the 3rd instar is 5–9.9 mm long (Ashby and Wright 1946). When ready 

to pupate, the larvae leave the carrot root and enter the soil (Ashby and Wright 

1946).  

McLeod et al. (1985) calculated the threshold temperature and DD above 

those temperatures necessary for complete development of eggs (94 DD at 4.5 

oC), larvae (625 DD at 2.02 oC), and pupae (374 DD at 1.47 oC). Under field 

conditions between mid-May and early September, CRF development from egg 

to adult took between 84–100 d (Collier and Finch 1996). Seasonal conditions 

affect the incidence and intensity of diapause of CRF (Stevenson and Barszcz 

1991), but laboratory studies have determined that 100% of larvae exposed to 

temperatures below 13 oC enter diapause (McLeod et al. 1985). The first 

generation of adults begins to emerge in the HM after approximately 220 DD at 5 

oC and is present until the end of June. The 2nd generation emerges at the end of 

July (1150 DD at 5 oC), and a partial third generation emerges in mid-October 

(Collier and Finch 1996).  
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Damage to the carrot root is caused by the larval stage of the CRF: 1st and 

2nd instar larvae feed primarily on side roots of carrots, and after the 2nd instar 

moults, the 3rd instar larvae will feed and mine through the main taproot, causing 

direct economic damage (Muehleisen et al. 2003). 

1.4.2 Management 

Monitoring 

Carrot rust fly adults are monitored at the HM with orange-yellow sticky 

traps placed within 2 m of the edge of carrot fields (Vernon et al. 1994), set 10 

cm above the canopy height (Judd et al. 1985) for optimal attractiveness (Figure 

1.5). These traps permit growers to determine when action thresholds have been 

reached so that CRF can be managed with properly timed insecticide 

applications (Perron 1971). In Ontario, the action threshold for insecticide 

application is 0.1 flies per trap per day (FTD) for fresh market carrots and 0.2 

FTD for processing carrots (Chaput 1996). In some other areas high-quality 

Rebell carrot fly sticky traps (Andermatt UK, West Sussex, UK) are 

recommended for CRF monitoring as they are the easiest to handle and service 

and catch up to 7x more flies than any other tested trap (Collier et al. 1990). 

Collier et al. (1990) found significantly more CRF were caught per unit area on 

vertical sticky traps placed 1 m above the ground than in horizontal water traps. 

Finch and Collier (1989) found CRF adults were caught in greater numbers on 

the lower surface of traps inclined at 45o compared to horizontal water traps, 

though Lemay (2017) did not find similar success when traps were placed at an 

angle at the HM.  
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 Forecasting models require various indices to predict peak CRF activity 

accurately. Stevenson (1983) identified several indices that predict CRF peak 

seasonal activity with minimal error: 1) soil temperature indices were most 

accurate when a base of 3 °C was used, and 2) the summation of soil 

temperature DD was the most effective index for prediction of events involving 1st 

generation adults. Lemay (2017) evaluated one CRF forecasting model based on 

DD and found it accurately predicted the emergence of the 1st generation of CRF, 

but the prediction of 2nd generation emergence was inaccurate by 150 DD at 3 

oC. Lemay (2017) investigated the relationship between CRF damage at harvest 

and abiotic parameters such as air and soil temperature and precipitation based 

on historical data from the HM, but did not test the accuracy of the forecasting 

indices developed by Stevenson (1983) and outlined in a forecasting model by 

Vernon et al. (1994).   

                              
Figure 1.5. A yellow sticky trap set just above canopy height for carrot rust fly 

monitoring. Four traps are placed per field along the field edges and 
assessed multiple times per week.  
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Cultural Controls  

 As is the case with CW, crop rotation is not a viable management tactic for 

CRF because carrot fields at the HM are located close together and there are 

few other crops that are included in crop rotations with carrots, resulting in CRF 

quickly dispersing to potential host fields (Collier et al. 2003).  

 Altering the seeding date of carrots has not been previously found to have 

any effect on the amount of CRF damage observed at harvest. Due to very low 

CRF abundance, Boivin (1987) was not able to determine whether there was a 

correlation between seeding date and amount of carrots damaged by CRF at 

harvest time. Finch (1993) also mentioned late seeding as a technique to avoid 

the first CRF generation or harvesting early in the season to avoid the second 

CRF generation, but this may decrease yields and there has been little research 

to confirm the effectiveness of this tactic. 

Muehleisen et al. (2003) determined the effectiveness of between-row cover 

crops for preventing CRF damage, given that crop rotation can be impractical in 

intensely managed areas. However, due to low CRF pressure during the study, 

they could not verify whether the tested cover crops (Harbinger medic, Crimson 

clover, Subterranean clover, white clover, and common vetch) actually reduced 

CRF damage (Muehleisen et al. 2003). 

Physical Controls  

No previous research has been conducted to identify possible physical 

control options for CRF, though popular physical control options, such as row 

covers, are not economically viable for most growers (Finch 1993).  
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Conventional Chemical Controls 

Currently, there are 3 insecticides registered for management of CRF: 

cypermethrin (trade names Mako & UP-Cyde 2.5 EC) and λ-cyhalothrin (Matador 

120 EC & Silencer 120; both pyrethroids), and the seed treatment Sepresto 

(Bayer; clothianidin + imidacloprid) (PMRA 2019). Although numerous 

pyrethroids and organophosphates have been tested to control CRF, Muehleisen 

et al. (2003) concluded that these classes of insecticides are not effective against 

eggs or larvae and only reduce adults after numerous foliar applications. 

 Traditionally, recommendations for CRF control at the HM are to spray 

every 7–10 days during expected CRF activity, resulting in 5–6 applications per 

year (Stevenson 1981). However, both Stevenson (1981) and Judd et al. (1985) 

reported that no or significantly fewer sprays were needed in test plots once 

action thresholds based on trap catches were implemented. These studies 

concluded that implementing monitoring programs would be beneficial and 

commercially viable, especially with multiple traps placed in each field (Judd et 

al. 1985; Stevenson 1981).  

Future research on CRF control should focus on foliar-applied insecticides 

(e.g., cyantraniliprole, flupyradifurone, and chlorantraniliprole) and seed 

treatments (e.g., tefluthrin and cyantraniliprole), instead of in-furrow applications, 

which are inefficient due to the high organic matter in HM soils (Stevenson 1977, 

1983). Emphasis of future research should be placed on increasing reliance on 

pest forecasting systems (ensuring pesticide applications coincide with insect 
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pest attacks) and increasing field supervision (i.e., increasing field monitoring and 

implementing crop scout programs) (Finch 1993; Chaput 1996). 

Biopesticide Controls 

Currently, there are no commercially available biopesticides for CRF 

control (PMRA 2019). Although there are strains of Bacillus thuringiensis that 

target dipteran species, there is no evidence that B. thuringiensis is effective 

against CRF, and there is some evidence that commercial preparations of B. 

thuringiensis are not effective in the soil against insects that feed on roots (Finch 

1993).  

1.5 RESEARCH OBJECTIVES 

The main goal of this research was to improve the monitoring and 

management of CW and CRF in the HM and focused on 3 objectives:  

1) Improve the current chemical control methods for CW and CRF (Chapter 

2); 

1a) Identify insecticidal products not currently registered for control of CW 

and CRF that will effectively control these pests, 

1b) Compare application timing schedules to determine the most effective 

and economical pesticide application schedule for growers. 

2) Evaluate the viability of altered seeding dates as a possible cultural control 

tactic for CW and CRF (Chapter 3); and, 

3) Evaluate the use of essential oils as trap attractants to improve late 

season CW monitoring methods (Chapter 4). 
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CHAPTER 2: IDENTIFICATION OF ALTERNATIVE 
FOLIAR SPRAYS AND APPLICATION TIMINGS FOR 

CARROT INSECT PEST CONTROL 

2.1 ABSTRACT 

Insecticides are the primary control tactic for both carrot weevil (CW) and 

carrot rust fly (CRF) at the Holland Marsh (HM). Evidence of both earlier 

oviposition and resistance to the active ingredient phosmet by CW have led to 

the need for both novel insecticides and an update to the current application 

schedule recommendations. Field trials were conducted in 2018 and 2019 to 

evaluate the efficacy of various foliar insecticides to control both CW and CRF, 

and to identify the best application schedule for the effective management of CW. 

Rimon (novaluron) applications resulted in the fewest number of carrots 

damaged by CW of any tested foliar product, while Exirel (cyantraniliprole) also 

provided some control at lower rates. In the timing trials, application schedules 

that began at the 2nd TLS and included at least 2 applications resulted in the 

fewest CW-damaged carrots and the highest yields. Imidan (phosmet) and Exirel 

both provided CRF control in the 2019 insecticide efficacy trial. These trials 

provide evidence that the products currently registered for control of CW already 

include the most effective active ingredients available, and the application 

schedules for these products should be updated to provide improved CW control.  

2.2 BACKGROUND 

Insecticides are currently the primary strategy used by carrot growers to 

control CW and CRF at the HM. A survey conducted in 2015 showed that 91% of 
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the carrot production area in Canada was dependent on chemical control for 

insect pests (Agriculture and Agri-Food Canada 2015).  

 Over the past 30 years, CW management has depended on high rates of 

organophosphorus or organochlorine insecticides (Telfer 2019). Organochlorines 

were initially effective for CW control on parsley (Pepper and Hagmann 1938). 

For example, three applications of either one of two organochlorides, dieldrin and 

heptachlor (formulations and manufacturers unknown; Semel 1957), or dieldrin 

and parathion (formulations and manufacturers unknown; Wright and Decker 

1957), an organochloride and organophosphate, respectively, during the growing 

season achieved up to 90% reduction in CW damage. In carrots, soil 

amendments of dieldrin and parathion (formulations and manufacturers 

unknown) did not result in a significant reduction in damage (Wright and Decker 

1957). With the banning of DDT in 1972, a replacement for the organochlorines 

was required to ensure continued CW control (Martel et al. 1975; Stevenson 

1983, 1985). In-furrow applications of the carbamate insecticide carbofuran 

(formulation and manufacturer unknown) reduced CW damage by >85% in some 

field trials, although producers indicated it was ineffective at the HM, possibly due 

to degradation resulting from the enhanced microbiological degradation in muck 

soil (Stevenson 1977, 1983). Martel et al. (1975) summarized multiple laboratory 

experiments outlining the toxicity of phosmet and found that when applied as a 

0.1% solution sprayed directly to CW adults using a Potter spray tower built as 

outlined by Potter (1952) resulted in 100% CW mortality. A second laboratory 

experiment showed phosmet application directly to organic (muck) soil had some 
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residual activity (50% CW mortality) when applied at 0.56 kg a.i./ha (Martel et al. 

1975). In the field, two applications of 1.1 kg a.i./ha phosmet (Imidan 70 WP, 

Gowan Company, Yuma, Arizona, USA) sprayed during the oviposition period of 

the CW early in the growing season controlled damage successfully (Stevenson 

1983). Based on these results, phosmet was registered in Canada for CW control 

in the early 1980s (Stevenson 1983). Phosmet has continued to be used in carrot 

production as the industry standard for CW, though there have been increasing 

concerns from producers and researchers that CW has developed resistance to 

this insecticide, and this was demonstrated by Telfer 2017). Recently, chemical 

control options for CW were expanded to include λ-cyhalothrin (Matador 120 EC, 

Syngenta Canada, Guelph, ON) in 2014 and novaluron (Rimon 10 EC, Adama 

Agricultural Solution Canada Inc., Winnipeg, MB) in 2015 (Telfer 2017).  

 Phosmet is applied at very high rates of 1.1 kg a.i./ha and was, until the 

registration of λ-cyhalothrin and novaluron, the most used insecticide by weight in 

Canadian carrot production (Agriculture and Agri-Food Canada 2015). Phosmet 

trials for CW mitigation in 1991-1994 found that the insecticide provided excellent 

control (Pree 1996), but the continued use of phosmet has likely selected for CW 

with reduced sensitivity to the product (Agriculture and Agri-Food Canada 2014). 

In Telfer’s (2017) field trials, Imidan 70 WP did not significantly reduce CW 

damage compared to the untreated control. Matador 120 EC (λ-cyhalothrin) also 

failed to provide any CW control, though currently this product is rarely used by 

growers at the HM for CW control (Telfer 2017). This leaves only two potentially 

effective insecticide currently registered for CW control, Rimon 10 EC 
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(novaluron) and Exirel (cyantraniliprole) (Telfer 2017). Over the 2015 and 2016 

field seasons, the only chemicals that appeared to have any efficacy in reducing 

CW damage were novaluron and cyantraniliprole (Telfer 2017; Telfer et al. 2018). 

Both novaluron and cyantraniliprole have some trans-laminar and ovicidal or 

larvicidal properties, on which effective CW control may depend (Telfer 2017).  

With organophosphate insecticides becoming de-registered in Canada 

and the United States, carrot growers in Ontario have few options to control CRF. 

In Ontario, there are only 2 active ingredients registered for the control of CRF on 

carrots: cypermethrin and λ-cyhalothrin, both pyrethroids (PMRA 2019). Finding 

alternative insecticide options for these growers is crucial to ensure consistent 

control in the future. All currently registered chemical CRF control options are 

contact insecticides, applied as foliar adulticides. As CRF adults do not live in 

crop fields, but rather in the weeds and hedgerows alongside the fields 

(Petherbridge et al. 1942), chemical control options require precise timing and 

often depend on residual activity to achieve a knockdown effect on the adult 

population, though these options still need to account for environmental 

sustainability (Collier and Finch 2009). At the HM, although CRF pressure is 

generally low, it is constant and at times unpredictably very high (Lemay 2017). 

Over the growing seasons in 2015 and 2016, Lemay (2017) evaluated 21 

formulated insecticide products with 15 different active ingredients for their 

efficacy in controlling CRF (Lemay 2016). However, as a result of low CRF 

pressure, no conclusions could be made on their efficacy (Lemay 2016).  
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Carrot rust fly and CW can be viewed as a pest complex on carrots, and 

therefore, a single insecticide solution to manage both pests would be ideal for 

carrot growers. Seed treatments or in-furrow applications can be acceptable 

components of an IPM program, especially as these methods would target the 

destructive larval life stage of both pests while removing the need for accurately 

timed insecticide application (Lemay 2016). However, due to the faster rate of 

active ingredient degradation in muck soils (Edwards 1966; Guth et al. 1977) it is 

likely that the protection provided by seed treatments (Ester et al. 2007) and from 

in-furrow application (Stevenson 1976) will not be adequate later in the season in 

August, especially for the 2nd generations of CRF and CW. There are currently no 

seed treatments registered for CW control on carrots, though Sepresto 75 WS 

(clothianidin + imidacloprid; Bayer CropScience) is currently registered for CRF 

suppression on carrots (PMRA 2019). 

The use of novel insecticides is expected to improve CW and CRF 

management, but it is important to consider the environmental and health effects 

of these insecticides. New insecticides have been developed with greater 

environmental sustainability in mind, with reduced non-target toxicity that can 

increase the sustainability of the IPM program (Majumdar 2009). The 

Environmental Impact Quotient (EIQ) and EIQ-Field Use Rating (EIQ-FUR), 

developed by Kovach et al. (1992), allows for a relative comparison of potential 

impacts of all pesticides. The system converts various measures of toxicities and 

exposure routes into rankings and are separated into three major components: 

worker safety, consumer safety, and environmental safety (Telfer 2017). The field 
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use-rating component adjusts EIQ values based on the amount of active 

ingredient introduced into the environment, increasing the relevance for field use 

comparisons (Kovach 1992).  

Field trials were conducted in 2018 and 2019 to evaluate the effectiveness 

of various insecticides and foliar products to control both CRF and CW. With the 

recent advancements in research and development in chemical control, and the 

lack of alternative CRF and CW control methods, it is important to investigate 

both novel insecticides and alternative insecticide application timing schedules, 

especially for products such as Rimon, which have no published 

recommendations. The EIQ and EIQ-FUR for each active ingredient tested was 

also calculated and included in the analysis. The goals of this research were to 

evaluate the effectiveness of the current IPM program at the HM and to evaluate 

insecticides and different application timings to determine if the management of 

CW and CRF can be improved.    

2.3 METHODS 

2.3.1 Field Trials 
 
 A series of field trials were performed at the University of Guelph Muck 

Crops Research Station (MCRS) (44.041517, -79.598588) on muck soil (pH ~ 

6.8, organic matter ~ 64.8%) in 2018 and 2019. Trials were performed in similar 

locations as previous trials to ensure high CW pressure during both field 

seasons. For all trials, carrots (cv. Cellobunch) were direct seeded (70 seeds/m) 

onto a raised bed using a Stanhay© precision belt seeder (Stanhay Webb Ltd., 

Bourne, UK). Cellobunch is one of the most common cultivars used by fresh 
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market carrot growers at the HM. A 1-m pathway was used between each block 

in the foliar efficacy trials and a 1.5-m pathway was used for the Rimon timing 

trials.  

2.3.1.1 Insecticide Efficacy Comparison 
 

In 2018, five insecticides, one entomopathogenic nematode, and one 

microbial agent were assessed for their efficacy in reducing CW damage (Table 

2.1). In 2019, five insecticides and two microbial agents were assessed (Table 

2.2). In both years, carrots were direct seeded on 17 May. A randomized 

complete block arrangement with five replications per treatment was used. Each 

plot consisted of two 5-m long rows, spaced 86 cm apart. Within each block, one 

plot received no foliar sprays to serve as an untreated control. In 2018, all 

treatments were applied on 12 and 29 June, and 12 July (2, 4, and 6 true-leaf 

stage (TLS), respectively) according to existing IPM recommendations using a 

CO2 backpack sprayer equipped with 4 TeeJet 8004 fan nozzles calibrated to 

deliver 350 L/ha at 240 kPa. In 2019, treatments were applied on 19 and 27 

June, and 9 July using the same methods as 2018. On 9 August and 4 October 

2018, and 12 August and 7 October 2019, carrots from two 1.2-m sections of row 

were taken from each plot and assessed for CW and CRF damage. On 15 

August and 12 October 2018, and 15 August and 9 October 2019, carrot 

samples were washed in a small drum washer and visually inspected for CW and 

CRF damage. The number of insect-damaged and marketable carrots was 

recorded after the August sample and both the number and weight of damaged 
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and marketable carrots was recorded after the October sample. A carrot was 

considered marketable if it did not show signs of insect damage.  

Table 2.1. Insecticide treatments and application rates for the foliar insecticide 
efficacy trial at the Holland Marsh, ON, 2018. All treatments applied at 2, 4, and 6 
true leaf stage.  

Formulation Active Ingredient IRAC 
No.  

Rate 

control distilled water n/a n/a 
Imidan 70 WP phosmet 1B 1.6 kg/ha 
Harvanta cyclaniliprole 28 1.2 L/ha 
Exirel cyantraniliprole 28 500 ml/ha 
Exirel cyantraniliprole 28 1000 ml/ha 
Rimon 10 EC novaluron 15 820 ml/ha 
Nemasys Steinernema feltiae n/a 500,000 IJs1/m 
No Fly WP Isaria fumosorosea UNF 4483.4 g/ha 

1IJ = infective juvenile 
 
Table 2.2. Insecticidal treatments and application rates for the foliar insecticide 
efficacy trial at the Holland Marsh, ON, 2019. All treatments applied at 2, 4, and 6 
true leaf stage.  

Formulation Active Ingredient IRAC 
No.  

Rate 

control distilled water n/a n/a 
Imidan 70 WP phosmet 1B 1.6 kg/ha 
Delegate spinetoram 5 400 g/ha 
Exirel cyantraniliprole 28 1000 ml/ha 
Exirel cyantraniliprole 28 1500 ml/ha 
Rimon 10 EC novaluron 15 820 ml/ha 
Botanigard Beauveria bassiana UNF 1170 ml/ha 
BeetleGone! Bacillus thuringiensis 11A 11.2 kg/ha 

 

2.3.1.2 Insecticide Application Timing 
 

Various application-timing schedules for Rimon were tested in 2018 and 

2019 to determine the most effective schedule. Carrots (cv. Cellobunch) were 

direct seeded (70 seeds/m) onto raised beds using a precision seeder on 17 May 

2018 and 17 May 2019. A randomized complete block arrangement with four 

replications per treatment was used. Plots consisted of four rows, 86 cm apart 

and 5 m in length. Rimon 10 EC (820 ml/ha) was applied at the 2 TLS, 4 TLS, 
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2+4 TLS, 4+6 TLS, and 2+4+6 TLS. Two additional treatments combining Rimon 

(R) and Exirel (E; 750 ml/ha) were applied at the 2 TLS (R) + 4 TLS (E) + 6 TLS 

(R) + 8 TLS (E) or (R) in 2018. A summary of application timings and the 

corresponding dates can be found in Table 2.3. An untreated control (no spray) 

was also included. Treatments were applied on 13 June (2 TLS), 28 June (4 

TLS), 11 July (6 TLS), and 25 July (8 TLS) using a tractor mounted sprayer fitted 

with TeeJet Air Induction Even Flat spray tips (AI9503 EVS) at 415 kPa 

calibrated to deliver 500 L/ha. On 9 August and 4 October 2018 and 12 August 

and 7 October 2019, carrots from two 1.16-m sections of row were taken from 

each plot to be assessed for CW and CRF damage. On 15 August and 12 

October 2018 and 12 August and 9 October 2019, carrot samples were washed 

in a small drum washer and visually inspected for CW and CRF damage. The 

number and weight of damaged and marketable carrots was recorded. A carrot 

was considered marketable if it had no insect damage.  

Table 2.3. Summary of calendar dates corresponding to the application timings 
compared in 2018 and 2019 Rimon timing field trials conducted at the MCRS, 
HM.  
Application Timing (TLS) 2018 Dates 2019 Dates 
control n/a n/a 
2 13 June 20 June 
4 28 June 2 July 
2+4 13, 28 June 20 June, 2 July 
4+6 28 June, 11 July 2, 12 July 
2+4+6 13, 28 June, 11 July 20 June, 2, 12 July 
2(R)+ 4(E) + 6(R) + 8 (E) 13, 28 June, 11, 25 July n/a 
2(R)+ 4(E) + 6(R) + 8 (R) 13, 28 June, 11, 25 July n/a 
 

2.3.2 Statistical Analysis 
 
 The data generated by both the foliar insecticide and Rimon timing trials 

were analyzed using a one-way ANOVA generalized linear model using RStudio 



	

	 	 	 29	

version 3.4.2 (RStudio Team, Boston, MA). An alpha value of 0.05 was used, 

and CW and CRF damage data were analyzed separately. Fixed effects were 

treatment (either insecticide or application timing) and sampling date (August or 

October). Block was the random effect. Studentized residuals were plotted and 

examined to ensure the assumptions of the ANOVAs were met. Least squares 

means were calculated for each of the fixed effect variables and compared using 

a Tukey’s HSD test.  

2.4 RESULTS 

2.4.1 EIQ-FUR Summary 
 
 The EIQ and EIQ-FUR values for all insecticides used in field trials in 2018 

and 2019 are listed in Table 2.4. The EIQ values were calculated based on the 

calculation outlined by Kovach (1992):  

EIQ={[C(DT*5)+(DT*P)]+[(C*(S+P)2*SY)+(L)]+[(F*R)+(D*(S+P)/2*3)+ 
(Z*P*3)+(B*P*5)]}/3 

DT=Dermal Toxicity  D=bird toxicity  R=surface loss potential 

C=Chronic Toxicity  S=soil half-life  P=plant surface half-life 

SY=systemicity   Z=bee toxicity  L=leaching potential  

F=fish toxicity   B=beneficial arthropod toxicity 

 

Phosmet had the highest EIQ and EIQ-FUR of any product tested, with an EIQ-

FUR over 13x higher (32.8) than the second highest EIQ-FUR (Exirel; 2.5).  
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Table 2.4. Environmental Impact Quotient (EIQ) and EIQ-Field Use Rating (EIQ-
FUR) values for all insecticides used in insecticide efficacy field trials at the Muck 
Crops Research Station, Holland Marsh, ON, 2018-2019. All ratings are based 
on a single application.  

Chemical Formulation Rate a.i. 
(%) EIQ EIQ-

FUR 
Cyclaniliprole Harvanta 1.2 L/ha 4.55 n1 n 
Cyantraniliprole Exirel 500 ml/ha 10 11.7 0.5 
Cyantraniliprole Exirel 1000 ml/ha 10 11.7 1.0 
Novaluron Rimon 10 EC 820 ml/ha 10 14.3 1.0 
Cyantraniliprole Exirel 1500 ml/ha 10 11.7 1.5 
Spinetoram Delegate 400 g/ha 25 27.8 2.5 
Phosmet Imidan 70 WP 1.6 kg/ha 70 32.8 32.8 
1n = no current data on EIQ & EIQ-FUR for this product 

2.4.1 Insecticide Efficacy Field Trials 
 
Year 1 - 2018 
 

At the midseason sample in August, the plots treated with Rimon had 

significantly fewer CW damaged carrots than the untreated control, the two 

biological product treatments (NoFly and Nemasys), or Harvanta (Fig. 2.1; p = 

6.60e-5; F = 1.2; df = 7, 32; p = 0.00251). At harvest in October, the low rate (500 

ml/ha) of Exirel-treated plots (p = 0.00243) had significantly fewer carrots 

damaged by CW than the control, and Rimon-treated plots had significantly fewer 

CW-damaged carrots than any other treatment, including Exirel (p = 1.13e-11; F = 

1.2; df = 7, 32; p = 2.63e-6). As with many other carrot trials conducted at the 

MCRS in 2018, the amount of CRF damage was very low, with damage not 

exceeding 2.5% of carrots from any treatment, and there were no significant 

differences in the amount of CRF damage among treatments (Fig. 2.2; F = 1.0; df 

= 7, 32; p = 0.425). No significant differences were observed among treatments 

at harvest in marketable yields (Fig. 2.3; F = 0.96; df = 7, 32; p = 0.476), though 
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numerically Exirel (at the low rate) and Rimon had the highest marketable yield of 

any treatment.  

 
Figure 2.1. Percent (±SE) of carrots with carrot weevil damage from both August 

and October sampling in a trial evaluating foliar insecticide efficacy at the 
University of Guelph – Muck Crops Research Station, Holland Marsh, ON, 
2018. Different letters denote significant differences among treatments for a 
single sample date (α=0.05).  

 

 
Figure 2.2. Percent (±SE) of carrots with carrot rust fly damage from October 

sampling in a trial evaluating foliar insecticide efficacy at the University of 
Guelph – Muck Crops Research Station, Holland Marsh, ON, 2018. No 
significant differences observed among treatments (α=0.05). 
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Figure 2.3. Marketable weight (±SE) of carrots from October sampling in a trial 

evaluating foliar insecticide efficacy at the University of Guelph – Muck 
Crops Research Station, Holland Marsh, ON, 2018. No significant 
differences observed among treatments (α=0.05). 
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significantly less CRF damage than applications of either Botanigard or Rimon. 

Marketable yield significantly differed among treatments, with plots treated with 

Rimon (p = 0.00545), Imidan (p = 5.43e-5), and both the high (p = 9.07e-5) and 

low (p = 0.00248) rates of Exirel having significantly higher marketable yields 

than in plots treated with Delegate (Fig. 2.6; F = 1.1; df = 9, 30; p = 7.39e-7).   

 
Figure 2.4. Percent (±SE) of carrots with carrot weevil damage from both August 

and October sampling in a trial evaluating foliar insecticide efficacy at the 
University of Guelph – Muck Crops Research Station, Holland Marsh, ON, 
2019. Different letters denote significant differences among treatments 
(α=0.05).  
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Figure 2.5. Percent (±SE) of carrots with carrot rust fly damage from October 

sampling in a trial evaluating foliar insecticide efficacy at the University of 
Guelph – Muck Crops Research Station, Holland Marsh, ON, 2019. Different 
letters denote significant differences among treatments (α=0.05). 

 

 
Figure 2.6. Marketable weight (±SE) of carrots from October sampling in a trial 

evaluating foliar insecticide efficacy at the University of Guelph – Muck 
Crops Research Station, Holland Marsh, ON, 2019. Different letters denote 
significant differences among treatments (α=0.05). 
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2.4.2 Insecticide Application Timing Field Trials 
 
Year 1 - 2018 
 

Applications of Rimon at the 2+4+6, or 2+4 TLS, and rotations of RERE 

resulted in significantly less CW damage than the control at the August 

(midseason) assessment (Fig. 2.7; F = 3.1; df = 7, 24; p = 0.0179). At the 

October sample, applying Rimon at the 2+4 or 4+6 TLS, or rotating RERE 

resulted in fewer CW damaged carrots than the untreated control plots (F = 2.8; 

df = 7, 24; p = 0.0295). As with many other carrot trials conducted at the MCRS 

in 2018, the amount of CRF damage was very low (Figure 2.8), with damage not 

exceeding 2.5% of carrots from any treatment, and there were no significant 

differences in the amount of CRF damage among treatments (F = 0.69; df = 7, 

24; p = 0.680). The two treatments that included three applications of Rimon 

resulted in significantly higher yields at harvest than the untreated control (Table 

2.9; F = 0.96; df = 7, 24; p = 5.94e-13).  
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Figure 2.7. Percent (±SE) of carrots with carrot weevil damage from both August 

and October sampling in a trial evaluating Rimon application timings at the 
University of Guelph – Muck Crops Research Station, Holland Marsh, ON, 
2018. Different letters denote significant differences among treatments 
(α=0.05). 

 

 
Figure 2.8. Percent (±SE) of carrots with carrot rust fly damage from October 

sampling in a trial evaluating Rimon application timings at the University of 
Guelph – Muck Crops Research Station, Holland Marsh, ON, 2018. No 
significant differences observed among treatments (α=0.05). 
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Figure 2.9. Marketable weight (±SE) of carrots from October sampling in a trial 

evaluating Rimon application timings at the University of Guelph – Muck 
Crops Research Station, Holland Marsh, ON, 2018. Different letters denote 
significant differences among treatments (α=0.05). 
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2+4 (p = 0.00673), 2 (0.0388), and 2+4+6 (p = 0.0140) TLS having significantly 

higher marketable yields than the untreated control (Table 2.12; F = 0.78, df = 5, 

18; p = 4.27e-10).  

 
Figure 2.10. Percent (±SE) of carrots with carrot weevil damage from both 

August and October sampling in a trial evaluating Rimon application timings 
at the University of Guelph – Muck Crops Research Station, Holland Marsh, 
ON, 2019. Different letters denote significant differences among treatments 
in the October assessment.  There were no differences in the August 
assessment (α=0.05). 
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Figure 2.11. Percent (±SE) of carrots with carrot rust fly damage from October 

sampling in a trial evaluating Rimon application timings at the University of 
Guelph – Muck Crops Research Station, Holland Marsh, ON, 2019. Different 
letters denote significant differences among treatments (α=0.05). 

 

 
Figure 2.12. Marketable weight (±SE) of carrots from October sampling in a trial 

evaluating Rimon application timings at the University of Guelph – Muck 
Crops Research Station, Holland Marsh, ON, 2019. Different letters denote 
significant differences among treatments (α=0.05). 
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2.5 DISCUSSION 
 
 Currently, there are very few insecticides registered for the control of CW 

and CRF. With some products, like pyrethroids (including λ-cyhalothrin), being 

phased out over the next few years, and documented resistance of CW to 

phosmet, carrot growers in Ontario are in desperate need of alternative, effective 

products. While many growers at the HM have adopted Rimon (novaluron) as 

their product of choice to control CW, until recently there were no published 

recommendations for the most effective application timing schedule for this 

product. Currently, the label states that treatment should start at pre-determined 

monitoring thresholds, and be sprayed every 7 days. Carrot growers need both 

updated, effective application timing schedules for novaluron and alternative 

rotation products.  

In 2018, both cyantraniliprole and novaluron, two currently registered 

active ingredients for the control of CW, significantly reduced CW damage, 

though novaluron was able to do so consistently between the two sampling dates 

and resulted in the highest yield of any treatment. Exirel has since been 

registered through the minor use program for control of CW on root vegetables 

such as carrot in Canada (Van Dyk, 2019). Phosmet is also registered for CW 

control in Canada; however, it has not historically provided consistent reductions 

in CW damage, except in the 2019 field trial. These results are consistent with 

previous research completed by Telfer (2017), also at the MCRS at the Holland 

Marsh, that found an approximately 20% decrease in the amount of damage in 

carrots treated with either cyantraniliprole or novaluron compared to the 
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untreated control. In 2019, the three products that are currently registered for CW 

control (phosmet, novaluron, and the two tested rates of cyantraniliprole) resulted 

in significantly less CW damage than untreated control plots at the midseason 

sample taken in August. In October 2019, the low rate of cyantraniliprole no 

longer resulted in significantly less CW damage than the control, though 

phosmet, novaluron, and the high rate of cyantraniliprole were all effective at 

reducing CW damage. These field trials are part of a larger, ongoing series of 

studies studying CW control at the MCRS, and the 2019 results were the first and 

only time that phosmet was identified as being an effective control option since 

this research began in 2010 (Telfer et al. 2018).  

In the insecticide efficacy trial, there were no statistically significant 

differences among treatments in final yield at harvest (October sample) in 2018, 

though an overall trend showed that the treatments with the highest amounts of 

CW damaged carrots also had the lowest yields at harvest. In 2019, applying 

phosmet, novaluron, and either rate of cyantraniliprole resulted in significantly 

higher marketable yields at harvest, which is most likely due to the significant 

reduction of damage by both CW and CRF in plots treated with these ingredients.  

 In the Rimon application timing trials, the active ingredient novaluron was 

effective at reducing CW damage when applied multiple times over the CW 

oviposition period. In 2018, plots sprayed twice with Rimon at either the 4+6, 

2+4, or 2+6 (as was the case in the RERE rotation) resulted in significantly less 

CW damage than the untreated controls. In 2019, any application of Rimon 

resulted in significantly less CW damage than the control. The current 
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recommendations for applying insecticides for CW control are to spray starting at 

approximately the 4th TLS, as it has previously been believed that CW do not 

oviposit in the smaller seedlings before the 4th TLS (Chaput 1996). In both 2018 

and 2019, and previously during field trials conducted at the MCRS in 2015 and 

2016 (Telfer 2017), CW did not conform to the DD predictions derived from 

Boivin (1988), with oviposition occurring as early as the 2nd TLS, but were 

consistent with the information in Stevenson (1976) that CW oviposit after the 

first TLS. In the novaluron timing trials, it is assumed that CW were ovipositing as 

early as the 2nd TLS because the plots sprayed at the 2nd TLS had significantly 

less damage than the plots sprayed at later stages. This trial  the current 

recommendations of the IPM program to start applications of insecticides at the 

2nd TLS  to provide adequate control of CW. In the timing trial, the two treatments 

that included three applications of novaluron in 2018 resulted in significantly 

higher marketable yields at harvest compared to the untreated control. 

Marketable yields in 2019 were significantly higher in plots treated with novaluron 

starting at the 2nd TLS compared to the control, regardless of how many 

applications were applied in total.   

No significant differences were observed among the treatments in either 

the insecticide efficacy or Rimon timing trial in 2018 in the amount of carrots 

damaged by CRF, though CRF damage was very low overall. This lack of 

damage aligns with an overall trend in recent years of very little CRF activity and 

damage at the HM (Lemay 2016). In 2019, however, CRF damage was unusually 

very high in both the foliar insecticide efficacy and Rimon timing trials. In the 
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foliar insecticide efficacy trial, phosmet and the two rates of cyantraniliprole were 

the only products that reduced the amount of CRF damage observed at harvest. 

Neither of these active ingredients are currently registered for CRF control. Since 

novaluron did not result in significant control of CRF in the insecticide efficacy 

trial, it is unsurprising that no application schedule of novaluron significantly 

reduced the amount of CRF damage below the untreated control. The results 

from these trials in both study years indicate that while infrequent, spikes in CRF 

activity do occur in some years at the HM, and there are currently no registered 

products that can be applied that will target both CW and CRF, and additional 

research into effective control methods for CRF is needed. Further field tests 

should be completed to provide further evidence that the currently registered 

products are consistently effective, and to test for any promising alternatives not 

currently registered for CW or CRF control.  

 A few limitations were identified that should be addressed in future studies 

to increase the scope of this research. Only foliar products were tested in the 

insecticide efficacy trial, and currently no seed treatments are registered for CW 

control and only one product is registered for CRF control. Seed treatments could 

be very effective in controlling CW and CRF damage, especially as it was 

confirmed that CW begins oviposition early in the season Seed treatments may 

be able to better target this early activity before foliar products are applied. Also, 

of the four biopesticides tested in the insecticide efficacy trials, none were able to 

effectively reduce CW or CRF damage. This is problematic as there are no 

currently registered biopesticides for either insect pest, and with the rise of 
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organic farming, carrot producers are looking for a variety of organic products for 

this sector. Future research must be completed to better test if any biopesticides 

could be effective for CW and CRF control. In the Rimon timing trial, application 

schedules were tested with the intent of controlling the first generation of CW at 

the HM, with extensive evidence showing the occurrence of a second generation 

of CW, field trials may be required to test if late season applications targeting the 

second generation would provide significant CW control.  

 The research conducted at the HM in 2018 and 2019 provides carrot 

growers with evidence for both insecticides that can be used in rotation and 

updated, effective application timing schedules for those products. The currently 

registered products for CW control are the most effective products available of 

the alternatives tested in both study years, with Imidan and Exirel (phosmet and 

cyantraniliprole, respectively) providing some protection against CRF. Although 

this research provides evidence that Imidan is effective at reducing damage by 

both CW and CRF, the higher EIQ and EIQ-FUR of Imidan does not make this 

product a long-term viable option for growers. Damage from CRF is usually very 

low and does not require additional applications of insecticides, though future 

research is required to ensure effective control options exist for growers in years 

with spikes in CRF activity. These results also provide confirmation that early 

application of Rimon (i.e. starting at the 2nd TLS) ensures lower CW damage. As 

this research has led to more concrete recommendations on effective application 

timings and identifying which products are the most effective for CW control, 

future work can be conducted to study which specific product rotations are both 
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cost effective and efficacious in controlling CW and can provide long-term control 

and slow resistance development. 
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CHAPTER 3: EVALUATION OF DIFFERENT SEEDING 
DATES AS A CULTURAL CONTROL OF CARROT 

WEEVIL AND CARROT RUST FLY 
3.1 ABSTRACT 
 

Although management of carrot weevil (CW) and carrot rust fly (CRF) 

primarily involves insecticides, alternative control tactics can offer a sustainable 

and cost-effective option to carrot growers interested in implementing an IPM 

program. By delaying the seeding date of carrots a few weeks later than normal 

at the Holland Marsh, growers can avoid peak CW oviposition and associated 

damage. It is unknown how this shift in seeding dates can affect CRF damage. In 

2018 and 2019, field trials were conducted at the University of Guelph’s Muck 

Crops Research Station (MCRS) at the Holland Marsh (HM) to evaluate the 

viability of altered seeding dates as a possible cultural control of CW and CRF. 

An economic analysis was also performed to determine the effect of seeding 

date on the number and weight of marketable carrots at harvest. Carrots from the 

last two seeding dates in 2018 (8 and 19 June) had significantly less CW 

damage than carrots planted at any time in May, which was consistent with 

previous studies. CRF damage was significantly higher in carrot plots seeded on 

28 May 2018 and remained relatively high in plots seeded in early June, though 

the maximum proportion of carrots damaged by CRF was only approximately 

10%. These results provide further evidence that delaying seeding until early 

June at the HM could be an effective control measure, though additional 

research should be conducted to determine the connection between delaying 
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seeding and increased CRF damage, and also yield. Growers can benefit by 

delaying seeding of carrots until early June, which would allow for higher 

marketable yields with fewest damaged carrots and a decreased reliance on 

insecticides.  

3.2 BACKGROUND 

 Management of carrot weevil (CW) and carrot rust fly (CRF) at the Holland 

Marsh (HM), and across Canada, predominantly relies on foliar insecticides 

(Boivin 2013). Growers and integrated pest management (IPM) consultants must 

focus on alternatives to chemical controls as these products can be disruptive to 

beneficial insects, cause secondary pest outbreaks, harm the environment, and 

ultimately, result in increased input costs (Muehleisen et al. 2003). However, 

Lemay (2017) found that large plots sprayed according to the current IPM 

program had similar biodiversity and numbers of beneficial insects as non-

sprayed control  plots. Overall, growers are looking to reduce their reliance on 

chemical controls, though non-chemical management tactics need to be both 

economically and environmentally sustainable (Muehleisen 2003). 

Crop rotation is a cultural control that can be used as part of an effective 

IPM program for management of carrot insect pests if the new carrot planting is  

>1.0 km from fields previously planted with carrots (Boyce 1927; Bleasdale 1981; 

Muehleisen 2003; Stevenson and Chaput 1993). However, it is almost impossible 

to isolate carrot fields from a source of CW or CRF in areas of intensive carrot 

cultivation, such as the HM (Boivin 1994). Organic carrot farmers occasionally 

implement row covers to physically prevent insect pests from accessing the crop, 
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but installation of these covers is labour intensive and costly, and this approach 

is not suitable for conventional commercial carrot production (Muehleisen 2003). 

Altering the seeding date of carrots has been noted as a potential cultural control 

for CRF for over 200 years (Henderson 1814, Ellis 1987) and nearly 100 years 

for CW (Boyce 1927), though very little research has been conducted in the last 

few decades on the impact that altering carrot planting dates has on CRF or CW 

infestations and associated damage. As a result, altering seeding dates has not 

been widely implemented.  

Carrot weevils overwinter as adults, with most females mating prior to 

entering diapause (Baudoin and Boivin 1985). Adult females emerge the 

following spring, and oviposition begins at 147 +/- 9 Degree Days (DD) (base 

7°C) and is 90% complete around 456 +/- 46 DD7°C (Boivin 1988). Once the 90% 

oviposition threshold has been reached, insecticide applications are not 

recommended as most products target the adult life stage and application after 

this threshold has been reached would not result in decreased damage. At the 

HM, these DD thresholds are usually met between mid-May and mid-June. Early-

seeded carrot crops tend to be the hardest hit (with up to 75% of early seeded 

fields affected in New Jersey) due to the direct economic damage from CW larval 

feeding, while later plantings are almost damage free (Boyce 1927). Boivin 

(1988) concluded that the onset of CW oviposition is the most important factor in 

timing control measures aimed at mitigating adult numbers. 

 Field research conducted on muck soil in the HM in Ontario in the early 

1970’s demonstrated that early seeded carrots had the highest CW damage 
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(Stevenson 1976).  Similarly, research in southwestern Quebec in the 1970s and 

1980s provided some evidence that earlier seeding dates are prone to more CW 

damage than later-seeded carrots (Perron 1971; Boivin 1988; Stevenson and 

Boivin 1990). Later seeding dates did not, however, appear to affect carrot 

survival or yield at harvest (Boivin 1988). Carrot weevil adults start to feed as 

soon as the carrot cotyledons appeared (prior to the first true leaf stage), using 

the phenological stage of their host plant as a cue, and oviposition occurs 

regularly between the 4 and 8 true leaf stages according to Boivin (1988). 

However, Stevenson (1976) found that oviposition occurs mostly after the first 

true leaf stage. Carrots seeded in May are subject to more CW damage than 

those seeded in June, with up to 3 times more damage observed (Perron 1971). 

Based on DD, carrots seeded after 400 DD7°C should escape most CW damage 

(Boivin 1988). Parsley, another apiaceous crop prone to CW attack, has 

negligible CW damage when planted in late April or May compared to March or 

early April on muck soil in Ohio (Torres 2002). The increased prevalence of a 

second generation of CW at the HM means that additional strategies may be 

necessary to reduce late season damage, though knocking back the 1st 

generation of CW may result in fewer 2nd generation larvae (Boivin 2013).  

 Carrot rust fly differs from CW in that it has at least three distinct 

generations in Ontario (Judd et al. 1985; Lemay 2016), and some have 

suggested that at least two separate adult emergence peaks may occur in the 

spring, which may make altering seeding dates less effective in reducing CRF 

damage (McLeod 1985). Limited field research has been conducted in Canada to 
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evaluate the effects of altering the seeding date on CRF damage, though multiple 

studies were completed in New Zealand in the 1980s and 1990s (Ellis 1987; 

Berry 1997). Due to the climate and extended growing season in New Zealand, 

this research is difficult to translate into recommendations for carrot growers in 

Canada. Boivin (1987) attempted to evaluate the effect of seeding date on CRF 

damage in southwestern Quebec, but the population abundance was very low 

and no significant differences in the amount of CRF damage were found among 

the various seeding dates investigated. 

 Trials began at the HM in 2016 to evaluate the effects of altering seeding 

date on CW and CRF damage in carrots. In 2016 and 2017, a delay in seeding 

increased carrot survival and reduced CW damage, and optimal seeding dates to 

minimize CW attack were in late May/early June (Telfer et al., 2016; Telfer et al., 

2017). Yield was also significantly affected by seeding date, with the plots 

planted in late May/early June producing the greatest yield of marketable carrots, 

in the absence of insecticide application (Telfer et al., 2016; Telfer et al., 2017). 

In both years, CRF damage was extremely low and no seeding date had 

significantly different CRF damage (Telfer et al., 2016). In 2017, extreme flooding 

early in the season at the HM contributed to a highly variable stand count in 

seeding date trials (Telfer et al., 2017).  

 Damage observed during previous field seasons 2015-2017 suggested 

that CW may not adhere strictly to the established DD model for oviposition. To 

assess this possibility, a series of carrot seeding date trials were conducted in 

2018 and 2019 to further determine how altering carrot seeding date affects the 
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amount of CW and CRF damage at harvest, and whether altering seeding dates 

could act as a viable cultural control for both these insect pests.  

3.3 METHODS 

3.3.1 Field Trials 

 A series of carrot seeding date trials were conducted in 2018 and 2019 at 

MCRS (44.041517, -79.598588) on muck soil (pH ~ 6.8, organic matter ~ 

64.8%). Trials were performed in similar locations as previous trials (2015-2017) 

in an attempt to ensure high CW pressure during both field seasons. For all trials, 

carrots (cv. Cellobunch) were direct seeded (70 seeds/m) onto a raised bed 

using a Stanhay© precision belt seeder (Stanhay Webb Ltd., Bourne, UK). 

Cellobunch is one of the most common cultivars used by fresh market carrot 

growers at the HM. In 2018, carrots were seeded on 1, 9, 18, and 28 May; and 8 

and 19 June; and in 2019, on 30 April; 10 and 21 May; 3, 11, and 20 June. The 

dates selected were based on the historical CW oviposition period in the HM, 

with the intention that the last age cohort should escape all CW oviposition from 

overwintered adults. The experiment was arranged in a randomized complete 

block design. Plants were seeded in plots of three, 8 m long rows spaced 66 cm 

apart. Each block consisted of six plots (one per seeding date treatment) spaced 

2 m apart. No insecticides were applied to the plants.  

3.3.2 Data Collection 

Two 1.5 m sections of row from each plot were flagged, and in 2018 the 

number of carrots was recorded at the 2 and 8 TLS and the difference was 

calculated in order to determine the number of dead carrots. In 2019, stand 
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counts were conducted at the cotyledon, 2nd, 4th, 6th, and 8th TLS to determine 

trends in carrot mortality. On 9 August and 4 October in 2018 and 12 August and 

7 October in 2019, carrots from one random 1.5 m section of row were sampled 

from each plot to assess the carrots for CW and CRF damage. On 15 August 

and 11 October, 2018 and 12 August and 10 October, 2019, carrot samples were 

washed in a small drum washer and visually inspected for CW damage. Damage 

from CRF was only assessed during the October assessment. The number and 

individual weight of insect-damaged and marketable carrots was recorded. A 

carrot was considered marketable if it did not show signs of insect damage. The 

1.5 m sections of row were used for assessment in order to easily calculate the 

yield data (i.e. 1.5 m sample’s total weight in kg x 10 /number of 1.5 m sections = 

t/ha). 

3.3.3 Statistical Analysis  

 The data generated by the seeding date trials (i.e. proportion of carrots 

damaged by CW per sample, proportion of carrots damaged by CRF per sample, 

and marketable carrot assessments) were each analyzed using a one-way 

ANOVA generalized linear model using RStudio version 3.4.2 (RStudio Team, 

Boston, MA). An alpha value of 0.05 was used and CW and CRF damage data 

were analyzed separately. Fixed effects were treatment (seeding date) and 

sampling date (August or October). Block was the random effect. Studentized 

residuals were plotted and examined to ensure the assumptions of ANOVA were 

met. Least squares means were calculated for each of the fixed effect variables 

and compared using a Tukey’s HSD test.  
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3.4 RESULTS 

Year 1 - 2018 

Seeding date had a significant effect on the amount of CW damage on 

carrots at midseason (F = 19.0; df = 5, 24; p < 0.0001) and harvest (Fig. 3.1; F = 

6.4; df = 5, 24; p < 0.0001). Carrots seeded on 1 (p = 2.15e-5) and 9 (p = 0.0194) 

May displayed significantly more CW damage at midseason than the other four 

seeding dates, and carrots seeded on 8 (p = 8.53e-5) and 19 (p = 0.0351) June 

displayed significantly less damage than almost any other seeding date at 

harvest. In general, CW damage decreased with later seeding dates and as a 

result marketable yield (in t/ha) also increased. 

There was a significant difference in the amount of CRF damage observed 

at harvest among seeding dates (Fig. 3.2; F = 2.529; df = 5, 24; p < 0.001). 

Carrots seeded on 28 May had significantly more CRF damage than carrots 

seeded on the three previous seeding dates (p = 3.1e-16). Marketable yield at 

harvest was similarly affected by seeding date (F = 9.561; df = 5, 24; p < 0.0001; 

Figure 3.3). The latest planting, 19 June, had significantly lower marketable yield 

than the previous seeding date (P = 1.26e-6).  

 



	

	 	 	 54	

 
Figure 3.1. Percent (±SE) of carrots with carrot weevil damage prior to harvest 

(August) and at harvest (October) in a study evaluating carrot seeding dates 
at the University of Guelph – Muck Crops Research Station, Holland Marsh, 
ON, 2018. Different letters denote significant differences among treatments  
for each seeding date (α=0.05). 

 

 
Figure 3.2. Percent (±SE) of carrots with carrot rust fly damage at harvest 

(October) in a study evaluating carrot seeding dates at the University of 
Guelph – Muck Crops Research Station, Holland Marsh, ON, 2018. Different 
letters denote significant differences among treatments (α=0.05). 
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Figure 3.3. Marketable weight (±SE) of carrots from the October sample, 2018 

assessment in a trial evaluating seeding date at the University of Guelph – 
Muck Crops Research Station, Holland Marsh, ON, 2018. Different letters 
denote significant differences among treatments (α=0.05). 
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11 June (p = 0.00210) resulted in significantly higher CRF damage at harvest 

than the other seeding dates, excluding 3 June. No significant differences in 

marketable yield were observed among seeding dates (Figure 3.6; F = 1.2; df = 

5, 23; p = 0.344).  

 

 
Figure 3.4. Percent (±SE) of carrots with carrot weevil damage prior to harvest 

(August) and at harvest (October) in a study evaluating carrot seeding dates 
at the University of Guelph – Muck Crops Research Station, Holland Marsh, 
ON, 2019. Different letters denote significant differences among treatments 
for each seeding date (α=0.05). 
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Figure 3.5. Percent (±SE) of carrots with carrot rust fly damage at harvest 

(October) in a study evaluating carrot seeding dates at the University of 
Guelph – Muck Crops Research Station, Holland Marsh, ON, 2019. Different 
letters denote significant differences among treatments (α=0.05). 

 

 
Figure 3.6. Marketable weight (±SE) of carrots from the October sample, 2019 

assessment in a trial evaluating seeding date at the University of Guelph – 
MCRS, Holland Marsh, ON, 2019. No significant differences among 
treatments were found (α=0.05). 
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Marketable Analysis 

Year 1 - 2018 

There were significant differences in the amount and weight of marketable 

carrots seeded on different dates between 1 May and 20 June, 2018 (Table 3.1). 

The percentage of marketable carrots in plots significantly increased with later 

seeding dates as observed during both August (F = 46.68; df = 5, 24; p < 0.0001) 

and October (F = 17.25; df = 5, 24; p < 0.0001) samples. The number of 

marketable carrots in plots significantly varied among seeding dates, with plots 

seeded at the end of May and the first week of June having significantly more 

carrots than any other seeding date (F = 14.87; df = 5, 24; p = 1.102e-6). Plots 

seeded on 8 June had significantly more marketable carrots than any other 

treatment except those seeded 28 May. Carrots seeded 19 June were 

significantly larger than the carrots assessed in any other treatment (F = 6.412; df 

= 5, 24; p = 6.47e-4).  

Table 3.1. Analysis of marketable carrots (±SE) from August and October 
assessments in a trial evaluating seeding date at the University of Guelph – 
Muck Crops Research Station, Holland Marsh, ON, 2018. Different letters denote 
significant differences among treatments (α=0.05).  
Treatment % Marketable1 

(Aug) 
% Marketable 

(Oct) 
# Marketable 
Carrots (Oct) 

Weight/carrot 
(g) 

1 May 10.9 ± 3.9 a 7.4 ± 3.9 a 5.8 ± 2.8 a 92.7 ± 32.4 a 
9 May 24.8 ± 7.2 a 27.0 ± 3.6 ab 16.4 ± 3.5 abc 122.9 ± 8.2 a 
18 May 51.3 ± 6.0 b 34.0 ± 4.0 b 22.6 ± 2.7 bc 128.2 ± 19.6 a 
28 May 55.9 ± 5.7 b 35.7 ± 4.7 b 25.6 ± 4.6 cd 108.4 ± 8.1 a 
8 June 86.6 ± 3.3 c 65.1 ± 5.9 c 38.6 ± 2.1 d 118.3 ± 12.5 a 
19 June 98.7 ± 1.3 c 64.9 ± 9.1 c 10.4 ± 1.7 ab 241.4 ± 30.9 b 
1Percentage is based on assessed sample 
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Year 2 – 2019 
 

Plots seeded on 30 April (p = 0.0218) or 10 May (p = 3.27e-7) had 

significantly lower percentages of marketable carrots at the August sample than 

plots seeded later (Table 3.2; F = 44.0, df = 5, 23; p = 5.24e-11). Very few 

marketable carrots were observed at the October sample and no significant 

differences were observed among seeding dates (F = 1.5; df = 5, 23; p = 0.227). 

Plots seeded on 3 or 11 June (p = 4.13e-5 and p = 0.0221, respectively) had 

significantly more marketable carrots than in plots seeded on 30 April, 10 May, or 

20 June (F = 1.0; df = 5, 23; p = 0.00418). The individual weights of marketable 

carrots (g) were extremely high in the 2019 seeding date trial, though no 

significant differences were identified (F = 1.1; df = 5, 23; p = 0.372).  

Table 3.2. Analysis of marketable carrots (±SE) from August and October 
assessments in a trial evaluating seeding date at the University of Guelph – 
Muck Crops Research Station, Holland Marsh, ON, 2019. Different letters denote 
significant differences among treatments (α=0.05).  
Treatment % Marketable 

(Aug) 
% Marketable 

(Oct) 
# Marketable 
Carrots (Oct) 

Weight/carrot 
(g) 

30 April 1.77 ± 0.50 a 0.48 ± 0.24 ns 47.4 ± 5.61 a 1520 ± 369.3 ns 
10 May 3.33 ± 0.65 a 0.50 ± 0.17 60.8 ± 2.23 a 1304 ± 147.9 
21 May 5.96 ± 0.40 b 0.69 ± 0.27 61.8 ± 7.52 ab 680.5 ± 187.4 
3 June 7.69 ± 0.24 bc 1.43 ± 0.71 72.0 ± 8.43 b 1105 ± 365.1 
11 June 8.10 ± 0.30 c 0.75 ± 0.37 87.6 ± 15.7 b 953.8 ± 293.0 
20 June 8.81 ± 0.38 c 1.63 ± 0.33 54.8 ± 5.03 a 1294 ± 191.8 
1Percentage is based on assessed sample 

 

3.5 DISCUSSION 
 
 Carrot growers in Ontario need alternative non-insecticidal control 

measures to use as part of the IPM programs for CW and CRF. These alternative 

controls need to be sustainable and cost-effective to ensure growers will use 

them. Previous research indicated that the timing of carrot seeding has impact on 
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the amount of CW and CRF damage observed at harvest, with later seeding 

dates generally having fewer damaged carrots. By comparing the amount of 

insect pest damage on harvested carrots that were seeded on different dates and 

analyzing the effects of seeding date on marketable carrots, recommendations 

can be formed that encourage growers to alter carrot seeding dates, 

supplementing the insecticides already used as a management tool.  

 The damage caused by CW and CRF was compared in field trials in 2018 

and 2019, and the marketable yield at harvest was determined for carrots seeded 

at various dates over a 2-month period in late spring. Results indicated that there 

was a 2- week window of time in late May and early June for seeding carrots to 

reduce CW damage with minimal insecticides and resulted in higher yields of 

marketable carrots. These results are similar to those observed in trials 

conducted at the MCRS in 2016 and 2017 (Telfer et al. 2016; Telfer et al. 2017).  

 Overall, the amount of CW damage in the 2018 and 2019 field trials 

decreased with later seeding dates. In 2018, the amount of CW damage was 

significantly lower in the last two seeding dates compared to almost every other 

seeding date for both the August and October assessment. Similar results were 

observed in the 2019 seeding date trial, with the final three seeding dates (3, 11, 

20 June) resulting in significantly less CW damage at both the August and 

October sampling dates than the first two seeding dates (30 April, 10 May). 

Perron (1971), Stevenson (1976), Boivin (1988), Stevenson and Boivin (1990), 

and Telfer (2017) reported similar observations and concluded that carrots 

seeded earlier in the growing season are prone to more CW damage than later-
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seeded carrots. As carrots seeded during the first few weeks of May have 

emerged and are small seedlings by late May, they may be ideal candidates for 

CW oviposition (ultimately damaging or even killing the carrot) at this time, 

especially if there are few alternative hosts as later seeded carrots had not yet 

emerged.  

 In the 2018 field trial, the amount of CRF damage observed at harvest 

was unusually high, and statistical differences among seeding dates were 

observed. In previous years, the number of CRF damaged carrots was very low 

and there were no significant differences. The amount of CRF damage spiked to 

approximately 10% in plots seeded on 28 May, significantly higher than the 

amount of damage observed in plots seeded earlier in May. This spike in CRF 

damage, which occurred a few weeks after the peak CW oviposition, could be 

attributed to the later activity of CRF compared to CW. CW start laying their eggs 

at approximately 147 +/- 9  DD7
o

c and complete 90 % oviposition at 

approximately 455 +/- 46 DD 7
o

c, while the 1st generation of CRF does not 

emerge until approximately 362 +/1 33 DD3
o

c. In 2019, CRF damage was 

unusually very high in all three field trials conducted at the MCRS (see Chapter 2 

for Insecticide efficacy and Rimon timing trials). This damage was significantly 

higher in plots seeded on 11 June (87.9% of carrots with CRF damage) than 

almost any other seeding date, though no seeding date had less than 28.6% of 

carrots damaged with CRF – almost three times higher than the highest 

proportion recorded in 2018.  
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 Cole (1987) hypothesized that high levels of chlorogenic acid in carrot 

roots early in the season due to damage by other pests could predispose them to 

more severe attack by CRF later in the season. However, in the 2018 trial, while 

80–95% of sampled carrots in the early-seeded plots showed CW damage, few 

carrots (<4% of assessed carrots) from those plots were damaged by CRF. In 

2019, while the first three seeding dates showed significantly more CW damage 

than the three dates in June, the three seeding dates in June had numerically 

more CRF damage. Almost all research trials conducted at the MCRS over the 

past 10 years have observed negligible CRF damage at harvest, and with only 

two years of such results, it is difficult to determine if those results were indicative 

of a new trend.  

 Contrary to the findings of Perron (1971), Boivin (1988), Stevenson and 

Boivin (1990), the present trials provided evidence that the amount of damage by 

CW did affect the marketable yield (as defined by carrots without insect damage) 

of carrots at harvest. Overall, the percentage of marketable carrots in 2018 was 

higher in plots seeded later in spring (28 May or 8 June), even though carrots 

seeded on those dates had the highest number of carrots damaged by CRF. The 

highest amounts of CW damage were observed in plots planted during the first 

10 days of May, which resulted in the fewest number of carrots at harvest due to 

considerable carrot loss. Plots seeded on 19 June were an exception, with the 

majority of seedlings in these plots dying off shortly after emergence due to 

unseasonably hot and dry temperatures, resulting in a small number of carrots 

remaining in the plot at sampling. Very few of these remaining carrots were 
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damaged by either CW or CRF. The carrots that did survive to harvest were 

significantly larger than the marketable carrots observed in the other plots, likely 

because the surviving carrots in the 19 June plots had comparatively more space 

for growth throughout the season, while carrots in other plots were crowded by 

other carrots, preventing them from growing to an equally large size. In 2019, in 

large part due to the high amounts of damage from both CW and CRF, 

marketable yield was very low. Although no significant differences in marketable 

yield were identified, the plots seeded on 3 June had almost three times more 

damage than the three earlier seeded plots, which shows a similar trend to the 

2018 results.  

 Both Boivin (2013) and Telfer (2017) noted the increased prevalence of a 

second generation of CW in Ontario and Quebec, and even Stevenson (1976) 

observed evidence of a partial second generation of CW in 1975. There was an 

increase in CW damage from the August to the October assessment dates in 

both the 2018 and 2019 field trials, which provides further evidence of a second 

generation of CW at the HM. Additional research should be conducted to identify 

possible control measures that could help reduce the amount of damage 

observed from second generation CW oviposition, such as additional insecticide 

applications. As CRF has at least three generations in Ontario, and possibly two 

separate spring emergence peaks (Judd et al. 1985; Lemay 2016), altering 

seeding dates will not provide as consistent and predictable reduction of CRF as 

for CW. Further, higher CRF damage was observed in later seeded plots, which 

complicates the recommendation to growers that they should delay seeding 
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carrots until late May/early June to reduce CW damage. Growers could combine 

insecticides used to specifically control CRF with delayed seeding to reduce the 

amount of damage seen at harvest from both insect pests.  

 As all of the field trials were conducted at the MCRS at the HM, these 

results may only be applicable to carrots grown at the HM and surrounding 

region. These results may also be applicable to the carrot growing regions of 

southwestern Quebec, which is the second largest carrot-producing region in 

Canada, after the HM. This region has soil that is also very high in organic matter 

and a similar climate to the HM, though repeating these trials in that region would 

provide a better indication of the applicability of these results to other regions. 

Due to possible behavioural differences in CW on different soil types (Bykova & 

Blatt 2018), any recommendations based on these results may only be 

applicable for carrots grown in muck soil. Future studies could compare the effect 

of alternative seeding dates on CW control on carrots grown in mineral soil to the 

trials conducted on the muck soil of the HM. Researchers and farmer groups 

should encourage all carrot growers in the region to determine if delaying 

seeding until early June is a feasible option for them and adopt this practice if 

possible. As alternative seeding dates have been carefully studied at the HM 

since 2015, efforts should be shifted to support and encourage growers in 

adopting alternative non-chemical control options as part of their IPM program 

such as delayed-seeding for CW damage control. These results can also help 

growers understand the varying risk of CW damage and time their insecticide 

applications, as carrots seeded in April or May may reach the CW threshold 
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earlier, requiring earlier spraying.  In short, the risk of CW damage will be higher 

in earlier seeded carrots and careful monitoring and spray timing will be needed 

for these crops.  Late seeded carrots could avoid most or all CW damage, and 

monitoring and insecticide application may not be needed at all.  
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CHAPTER 4: EVALUATION OF ESSENTIAL OILS AS 
CARROT WEEVIL ATTRACTANTS FOR LATE SEASON 

MONITORING 
4.1 ABSTRACT 
 
 Recently, a 2nd late season generation of carrot weevil (CW) has been 

identified at the Holland Marsh (HM). There are currently no effective monitoring 

techniques for CW in carrots late in the growing season. Monitoring for CW could 

be improved with the use of an attractant in conjunction with currently used bait 

traps; however, there has been little research conducted on possible attractants 

that are more preferred by CW than carrots. The objective of this study was to 

identify an essential oil of an apiaceous plant that could increase the 

attractiveness of CW bait traps so that scouts and growers could effectively 

monitor for the second generation of this insect pest at the HM. A series of 

laboratory choice test experiments were conducted using lab-reared CWs to 

compare the attractiveness of carrot, celery, dill, parsley, and caraway essential 

oils – all documented hosts of CW. These experiments were conducted in three 

ways: single choice tests, two oil choice tests, and choice tests using oil applied 

to a carrot slice. In the single oil choice tests, female CWs were significantly 

more attracted to celery oil than any other oil. This was not observed for the male 

+ female choice tests. When single drops of oil were added to a slice of carrot, 

CWs were significantly more attracted to carrot with celery, carrot, or dill oil than 

carrot slices alone or in combination with parsley or caraway oil. This 

demonstrated that CW have a preference to carrot and celery essential oils, 
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especially when combined with fresh carrot root. Monitoring of the second 

generation of CW might be improved by the use of one of the essential oils that is 

more attractive to the CW than carrots 

4.2 INTRODUCTION 
 

Carrot weevil (CW) is considered multivoltine, having as many as three 

generations per year, but historically only one generation has been observed in 

Ontario (Harris 1926; Stevenson 1976; Chaput 1996; Boivin 1999). Since 

oviposition by CW is influenced by an interaction between temperature and 

photoperiod (Stevenson and Boivin 1990), multiple generations are possible if 

the weather is warmer in the early spring (Stevenson 1976) and later in the 

summer and early fall, or if host plants are available to CW early in the spring, 

allowing earlier adult maturation (Chaput 1996; Boivin 1999; PRRP 2017). 

Recently, there has been increasing evidence of a 2nd late season generation of 

CW occurring at the HM, possibly due to warmer and extended growing seasons 

as a result of climate change (Boivin 2013; Telfer 2018). Only one generation 

occurred in southwestern Quebec until the mid-1990s, but a 2nd generation has 

since appeared with significant economic importance (Boivin 2013; Gagnon 

2018). This 2nd generation of CW is difficult to monitor, as the current traps use 

carrots as bait and these are no longer attractive towards the end of the growing 

season when bait carrots are competing with surrounding fields of carrots. A 

second generation of CW in the HM was reported in one of four years (1975) by 

Stevenson (1976) and recently, a 2nd generation of CW occurring during late 
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summer and early fall at the Holland Marsh (HM) was confirmed (PRRP 2016; 

Telfer 2018).  

Monitoring is a critically important aspect of any IPM program. By 

monitoring pest population dynamics and local weather patterns, along with 

predetermined action thresholds for a specific insect pest, growers can determine 

if and when management tactics (e.g., insecticide applications) need to be 

initiated (IPMCC 2016; PRRP 2017). Boivin (1985) evaluated five potential trap 

designs for their efficacy in capturing CW adults: two different wooden traps (one 

with 3 mm spacing of wooden plates and another with 6 mm spacing) baited with 

a carrot, one pitfall trap, one pitfall trap with a bait carrot and funnel at the 

opening, and one trap consisting of a cylindrical container containing a bait carrot 

with a funnel at both open ends. Both wooden traps containing a bait carrot were 

found to be significantly more effective at capturing and retaining CW adults than 

the other three traps, as they protected the CW from high temperature exposure, 

captured large numbers of emerging overwintering adults, and were selective 

enough for easy identification (Boivin 1985). The trap utilizing the 3 mm spacing 

(i.e., Boivin trap) has been widely adopted by growers and scouts, is economical 

to construct  ($4.42 per trap in 2018 CAD), durable, and easy for growers and 

crop scouts to use (Boivin 1985). Boivin traps are placed in the field along the 

border rows of fields (~2 m from the edge) and approximately 50-100 m apart 

before CW adults have emerged from overwintering. Current action thresholds 

are 1 and 5 cumulative CW/trap/day for initiation of the 1st and 2nd insecticide 

application, respectively (PRRP 2017). 
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 Occasionally, crop scouts will also utilize carrot root sections (5 large 

carrot pieces, >3 cm in diameter, spaced 10–15 cm apart between carrot rows), 

placed in similar locations as the Boivin traps, as a secondary monitoring method 

for CW (Stevenson 1985; Telfer 2017). These carrot pieces are examined every 

3–4 days to determine oviposition rate and provide a seasonal record of CW 

activity more precisely than Boivin traps, as they allow researchers to determine 

oviposition rates and predict abundance, as opposed to estimating abundance 

based on Boivin trap catches (Stevenson 1985). This method, while providing an 

early warning to growers of the necessity for insecticide application, is less 

selective than Boivin traps (Stevenson 1985; Telfer 2017). These traps not only 

attract CW, but other beetles and insects, as well as field mice that consume the 

bait carrot. Neither the Boivin trap nor the carrot root sections are especially 

attractive to CW later in the season when the carrot sections are in direct 

competition with the surrounding carrot crop, therefore scouts and growers need 

an improved trap attractant for monitoring this 2nd generation.  

Finding a different attractant will be important for monitoring the 2nd 

generation of CW. Telfer (2018) and Gagnon (2018) recently conducted research 

to determine other host plants of the CW. Carrot weevil primarily feed on carrots; 

however, they are also known to feed on and oviposit in other apiaceous plants, 

such as celery (Apium graveolens), parsley (Petroselinum crispum), and dill 

(Anethum graveolens) (Pepper 1938; OMAFRA 1993; Boivin 1999; AAFC 2017). 

Telfer (2019) assessed the possibility of a better attractant for CW than carrots in 

order to improve current monitoring techniques and possibly as a bait crop 
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adjacent to carrot fields. Celery, carrot, parsley, and dill were transplanted into 

window boxes at the 4th true leaf stage (TLS) and placed in the field during CW 

oviposition (Telfer 2019). Parsley and celery plants had significantly more CW 

oviposition pits over the season than carrot or dill plants (Telfer 2019). Similarly, 

Gagnon et al. (2018) attempted to increase the attractiveness of bait traps, such 

as the Boivin trap, for 2nd generation CW using essential oils. Essential oils of 

celery, carrot, parsley or dill consistently attracted more CW compared to empty 

containers (Gagnon 2018), though these oils were not compared to one another 

to rank potential attractiveness. When those same oils were presented on a fresh 

carrot slice, however, the four essential oils lost their attractiveness, except for 

caraway oil (Gagnon 2018). These tests provided evidence that the volatile 

compounds released by essential oils of the four apiaceous plants are just as 

attractive for the CW as fresh carrot (Gagnon 2018).  

 In the current study, a series of laboratory choice tests were conducted to 

compare the attractiveness of apiaceous essential oils to CW adults, which could 

increase the attractiveness of bait traps for the 2nd generation of CW at the HM. 

Essential oils are a convenient alternative to pheromone traps and would be 

convenient to growers and crop scouts as they are economical and easy to use. 

Essential oils of carrot, parsley, celery, dill, and caraway were used in choice 

tests that not only compared the attractiveness of each oil to fresh carrot root, but 

also the comparative attractiveness of the oils to each other, which has not been 

previously studied. In Gagnon’s (2018) choice tests, parsley oil was not included, 



	

	 	 	 71	

though Telfer (2018) noted significantly higher oviposition rates on parsley in the 

field.  

4.3 METHODS 

4.3.1 Carrot Weevil Rearing 
 

Carrot weevils were reared at the University of Guelph using the methods 

of Martel et al. (1975) and Telfer (2017). Adults were collected from multiple 

commercial fields at the HM in the summer of 2018 to initiate the culture. Carrot 

weevils were reared at 24 ± 1 °C, 70 ± 10% relative humidity (RH) and 18:6 

light:dark photoperiod. Adults were kept in 3.8 L glass jars in cohorts of 

approximately 100–150 individuals with a whole carrot ≥ 3cm in diameter for 

feeding and oviposition. A 15 cm filter paper (Whatman Grade 1 Qualitative, GE 

Healthcare Life Sciences, Mississauga, ON) was placed on the bottom of each 

jar, and a Kim Wipe™ (30 cm2; Kimberly-Clark Professional, Roswell, GA, USA) 

was placed over the mouth of each jar. On top of the Kim Wipe, a piece of No. 18 

wire mesh (1 mm openings) was secured using two elastic bands. Every 2–3 

days, the carrot, filter paper, and Kim Wipe were replaced. The carrots that were 

removed from jars were placed in a 25 L X 18 W X 10 H cm plastic container for 

larval development for 7–10 days. The carrots were then placed on 20 X 28 cm 

mesh letter trays and placed in a 25 L X 18 W X 10 H cm plastic container with a 

1 cm layer of sterilized muck soil from the HM in which the CW could pupate. 

Newly emerged adults were placed in Petri dishes (5 per dish) and maintained in 

a refrigerator at 1 ± 0.5 °C to induce quiescence. Quiescencing adults were 

maintained until needed for laboratory trials.  
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4.3.2 Laboratory Choice Tests 

 Choice test bioassays were conducted in three ways: 1) single oil choice 

tests (apiaceous essential oil vs. empty cup), 2) two oil choice tests (apiaceous 

essential oil vs. different apiaceous essential oil), or 3) choice tests with carrot 

slice as a base (essential oils were applied to a slice of carrot and then placed in 

arena) vs. either plain carrot slice or carrot slice with another essential oil. All 

choice tests are listed in Table 4.1. Additional tests were completed using 

blended carrot root (carrot ‘slurry’) and included as part of the choice tests with 

carrot slice as a base, as it may be possible that attractive volatiles are released 

when carrot roots are blended to a slurry.  

Table 4.1. List of choice tests conducted with essential oils, carrot slurry or carrot 
slice. The choice tests were: single oil choice tests, two-oil choice tests, and 
choice tests with oil on a carrot slice base, at the University of Guelph, Guelph, 
ON in 2019.  
Single Oil Choice Tests Two-Oil Choice Tests Oil Choice Tests with  

Carrot Base (Slice) 
Control1 vs. Carrot Oil Carrot vs. Celery Control vs. Slice 
Control vs. Celery Oil Carrot vs. Dill Slice vs. Slice + Carrot Oil 
Control vs. Dill Oil Carrot vs. Parsley Slice vs. Slice + Celery Oil 
Control vs. Parsley Oil Carrot vs. Caraway Slice vs. Slice + Dill Oil 
Control vs. Caraway Oil Celery vs. Dill Slice vs. Slice + Parsley Oil 
 Celery vs. Parsley Slice vs. Slice + Caraway Oil 
 Celery vs. Caraway Slice vs. Slurry 
 Dill vs. Parsley Slice vs. Carrot Oil 
 Dill vs. Caraway Slice + Carrot Oil vs. Slice + Celery Oil 
 Parsley vs. Caraway Slice + Carrot Oil vs. Slice + Dill Oil 
  Slice + Carrot Oil vs. Slice + Parsley Oil 
  Slice + Carrot Oil vs. Slice + Caraway Oil 
  Slice + Celery Oil vs. Slice + Dill Oil 
  Slice + Celery Oil vs. Slice + Parsley Oil 
  Slice + Celery Oil vs. Slice + Caraway Oil 
  Slice + Dill Oil vs. Slice + Parsley Oil 
  Slice + Dill Oil vs. Slice + Caraway Oil 
  Slice + Parsley Oil vs. Slice + Caraway Oil 
1Control = empty container with no carrot slice or essential oil. 
 

All experiments were carried out on a bench-top in the laboratory at 18˚C 

± 1˚C. One stainless steel tray (51 x 38 cm) was placed in each of two mesh-
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sided dome cages (BugDorm Insect Rearing Tent, 60 X 60 X 60 cm) to create 

two bioassay arenas (Figure 4.1). Tape was used to delineate a 10 cm2 area in 

the back corners of the tray to set boundaries around the attractant containers. A 

2.5 cm2 area was marked out along the front edge of the tray to serve as a 

starting position for the CW at equal distance from the choice containers. Each 

attractant container consisted of a 2.5 H X 2.5 D cm clear plastic container glued 

inside a 10 x 20 cm clear plastic container. Three ventilation holes (0.5 mm 

diameter), spaced 1 cm apart, were made in the outer container of each 

attractant container 1 cm above the base of the outer container. Choice tests are 

listed in Table 1. The essential oils tested were: carrot (100%, NOW Foods, 

Bloomingdale, IL, United States), celery (Apium graveolens 100%, Aliksir 

Essential Oils, Quebec City, QC), dill (Anethum graveolens 100%, Aliksir 

Essential Oils, Quebec City, QC), parsley (Petroselinum crispum, Sheer 

Essence, Delhi, India), and caraway (Carum carvi 100%, Aliksir Essential Oils, 

Quebec City, QC). When applying the essential oils, one drop (0.035 ml ± 0.002 

ml) was placed directly on the bottom of the 2.5 cm2 clear plastic inner container, 

except in the choice tests using a carrot as a base, when the drop of oil was 

placed on a carrot slice 5 cm ± 1 cm thick and weighing approximately 20 ± 5 g. 

These slices were then placed in the inner container of the larger plastic 

attractant container. For the trials with the carrot slurry, 1 large carrot was 

blended with 1 cup of water using a heavy duty blender (Waring Commercial, 

Stamford, CT, USA), and the inner container of the outer attractant container 

were filled with the slurry to be approximately the same size and volume as the 
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slice of carrot. Plastic attractant containers (both inner and outer cups) were 

replaced after each test. 

 

Fig. 4.1. Bioassay arena in a stainless steel tray where essential oil choice tests 
were conducted on carrot weevils (CW). Ten adult (5 females and 5 males) 
CW were placed on the starting point (red circle) and the potential 
attractants were placed in plastic containers in the upper left and right 
corners. Movement of CW fully across the pink line around the attractant 
containers was assessed as a preference for a specific attractant. 

 
 At least one hour before each test, 2-4 week old CW adults (choice tests 

with a carrot base slice) or 1-week-old CW adults (single and two-choice tests), 

depending on availability, were removed from the refrigerator to take the CW out 

of cooling induced quiescence. Groups of 10 CW (5 females and 5 males) were 

placed on the marked starting point in the stainless steel tray and a timer was 

started. Once a CW fully crossed the tape surrounding either attractant container, 

the time was recorded, the individual removed, and its sex was determined and 

recorded. Weevils were sexed following the protocol described by Whitcomb 
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(1965). At 30 min, any remaining CW were removed, their sex was determined, 

and they were recorded as non-responders. After each test, the stainless steel 

tray was wiped with 5% bleach to remove any residue left by CWs and residues 

of the oils and slurry, which may otherwise have interfered with future tests. Each 

choice test was repeated 6 times with a different cohort of 10 weevils.  

Preliminary trials were run that demonstrate that the proposed 

experimental set-up was conducive to CW making a choice. CW showed a 

preference for carrot slices (F = 10.22; df = 2, 15; p < 0.01) over the control. The 

set-up was conducive to CW making a choice because they were statistically 

inclined to choose the plain carrot slice, a known attractant, when no other baits 

were offered. 

4.3.2 Statistical Analysis 

Each choice test was analyzed separately using a one-way ANOVA 

generalized linear model in RStudio version 3.4.2 (RStudio Team, Boston, MA) 

with the response the weevils made as the fixed effect and block as the random 

effect. Studentized residuals were plotted and examined to ensure the 

assumptions of the ANOVAs were met. Least squares means were calculated for 

each of the fixed effect variables and compared using a Tukey’s HSD test. All 

tests were conducted at an alpha value of 0.05. 

4.4 RESULTS 
 

The results are summarized as males + females combined and females 

alone. Females oviposit directly in the host plant, and therefore their choice of 

host has greater implications for economic damage to the crop. Overall, the 
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proportion of non-responders was low (<20%) in most choice tests, and 

instances where the non-responder rate exceeded 20% are noted below.  

4.4.1 Single Choice Tests 
 
Male and Female Sample 
 
 When analyzing the choices of the entire CW cohort (male + female), 

there was no preference for cups containing one drop of oil compared to the 

empty cups (control) (carrot oil: F = 0.094, df = 1, 10, p = 0.765; celery oil: F = 

1.5, df = 1, 10, p = 0.253; parsley oil: F = 1.5, df = 1, 10, p = 0.246; caraway oil: F 

= 0.056, df = 1, 10, p = 0.817) (Table 4.2). The only exception was in the tests 

using dill oil, where significantly more CW walked to the empty cup than the cup 

containing a drop of dill oil (F = 11, df = 1, 10, p = 0.00852).  

Female Sample 
 

When female CW choices were analyzed separately, significantly more 

females chose the container with celery oil than the control container (F = 6.3, df 

= 1, 10, p = 0.0179) (Table 4.2). In the rest of the single choice tests, there were 

no significant differences between the number of females that chose the 

container with oil versus the control container (carrot oil: F = 1.8, df = 1, 10, p = 

0.207; dill oil: F = 0.31, df = 1, 10, p = 0.588; parsley oil: F = 3.75, df = 1, 10, p = 

0.0816; caraway oil: F = 2.5 e-29, df = 1, 10, p = 1.00).  
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Table 4.2. Percent (±SE) carrot weevil (male + female and females alone) that 
made either one of two responses in a laboratory trial comparing the 
attractiveness of apiaceous essential oils.  
Treatment Males + Females (%) Females (%) 
Control1 50.9 (4.2)ns1 42.9 (7.3)ns 
Carrot oil 49.1 (3.4) 57.1 (6.7) 
Control 45.6 (4.9)ns 43.3 (3.3)b2 

Celery oil 54.4 (4.7) 56.7 (3.3)a 
Control 62.1 (4.5)a 53.3 (8.4)ns 
Dill oil 37.9 (5.6)b 46.7 (8.4) 
Control 43.4 (11.9)ns 40.0 (14.7)ns 
Parsley oil 56.6 (10.6) 60.0 (9.3) 
Control 50.8 (5.2)ns 50.0 (8.6)ns 
Caraway oil 49.2 (4.8) 50.0 (8.6) 
1Control = empty container with no carrot slice or essential oil. 
2Different letters denote significant differences between treatments within each 
column for each choice test (α = 0.05). 
 

4.4.2 Two-Oil Choice Tests 
 
Male and Female Sample 
 

When analyzing the choices of males + females, there were no 

preferences in any choice test between the two tested oils (carrot vs. celery: F = 

0.031, df = 1, 10, p = 0.864; carrot vs. dill: F = 0.059, df = 1, 10, p = 0.813; carrot 

vs. parsley: F = 0.84, df = 1, 10, p = 0.381; carrot vs. caraway: F = 4.54, df = 1, 

10, p = 0.0588; celery vs. dill: F = 2.5e-29, df = 1, 10, p = 1.00; celery vs. parsley: 

F = 0.046, df = 1, 10, p = 0.835; celery vs. caraway: F = 0.78, df = 1, 10, p = 

0.397; dill vs. parsley: F = 4.4, df = 1, 10, p = 0.0619; dill vs. caraway: F = 0.028, 

df = 1, 10, p = 0.871; parsley vs. caraway: F = 0.34, df = 1, 10, p = 0.574) (Table 

4.3). There were two choice tests that had a high proportion of non-responders 

(>20%): carrot oil vs. caraway oil (26.7%), and parsley oil vs. caraway oil 

(21.7%).  

Female Sample 
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In all two-choice tests, no significant differences were observed in the 

number of female CW choices between the two treatments: carrot vs. celery (F = 

0.36, df = 1, 10, p = 0.563), celery vs. dill (F = 3.1, df = 1, 10, p = 0.110), dill vs. 

parsley (F = 4.0, df = 1, 10, p = 0.0729), carrot vs. dill (F = 0.050, df = 1, 10, p = 

0.828); carrot vs. parsley (F = 1.4, df = 1, 10, p = 0.263); carrot vs. caraway (F = 

0.87, df = 1, 10, p = 0.373); celery vs. parsley (F = 0.12, df = 1, 10, p = 0.734); 

celery vs. caraway (F = 1.8, df = 1, 10, p = 0.214); dill vs. caraway (F = 0.037, df 

- 1, 10, p = 0.852); parsley vs. caraway (F = 0.050, df = 1, 10, p = 0.828) (Table 

4.3). There were four choice tests that had a high proportion of non-responders 

(>20%): carrot oil vs. dill oil (20.0%), carrot oil vs. parsley oil (23.3%), carrot oil 

vs. caraway oil (33.3%), and celery oil vs. caraway oil (20.0%).  
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Table 4.3. Percent (±SE) of carrot weevil (male + female and females alone) that 
made either one of two responses in a laboratory trial comparing the 
attractiveness of two apiaceous essential oils.  
Treatment Males + Females (%) Females (%) 
Carrot oil 50.9 (7.2)ns1 46.2 (7.3)ns 
Celery oil 49.1 (6.2) 53.8 (8.4) 
Carrot oil 51.0 (4.9)ns 52.2 (11.6)ns 

Dill oil 49.0 (4.8) 47.8 (9.6) 
Carrot oil 44.9 (3.3)ns 39.1 (8.6)ns 
Parsley oil 55.1 (8.5) 60.9 (11.1) 
Carrot oil 61.4 (3.4)ns 60.0 (8.9)ns 
Caraway oil 38.6 (7.0) 40.0 (11.1) 
Celery oil 50.0 (3.4)ns 57.7 (6.8)ns 
Dill oil 50.0 (5.6) 42.3 (3.3) 
Celery oil 49.0 (7.0)ns 48.0 (6.1)ns 
Parsley oil 51.0 (3.3) 52.0 (7.3) 
Celery oil 43.1 (6.7)ns 37.5 (8.6)ns 
Caraway oil 56.9 (11.4) 62.5 (12.4) 
Dill oil 39.6 (7.6)ns 37.0 (9.9)ns 
Parsley oil 60.4 (4.2) 63.0 (6.1) 
Dill oil 49.0 (5.4)ns 48.0 (10.3)ns 
Caraway oil 51.0 (8.4) 52.0 (14.0) 
Parsley oil 46.8 (6.1)ns 48.0 (10.3)ns 
Caraway oil 53.2 (6.0) 52.0 (10.8) 
1ns = no significant differences (α=0.05).  

4.4.3 Choice Tests with Carrot Base 
 
Male and Female Sample 
 

When assessing the choices of males + females, parsley oil on carrot slice 

(F = 5.8, df = 1, 10, p = 0.0366) and carrot oil on carrot slice (F = 7.2, df = 1, 10, 

p = 0.0232) were chosen significantly more than carrot slice alone (Table 4.4). 

Carrot slice was chosen significantly more than carrot slice combined with celery 

oil (F = 7.0, df = 1, 10, p = 0.0246), and carrot oil on a slice was chosen 

significantly more than parsley oil on a slice (F = 16, df = 1, 10, p = 0.00255). 

There were no significant differences in the number of CW that chose either 

treatment in the following choice tests: carrot slice vs. carrot slice + caraway oil 
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(F = 0.077, df = 1, 10, p = 0.787), carrot slice + celery oil vs. carrot slice + 

caraway oil (F = 8.5e-30, df = 1, 10, p = 1.00), carrot slice + parsley oil vs. carrot 

slice + caraway oil (F = 0.88, df = 1, 10, p = 0.370), carrot slice + dill oil vs. carrot 

slice + caraway oil (F = 1.9, df = 1, 10, p = 0.200), carrot slice + dill oil vs. carrot 

slice + parsley oil (F = 2.7, df = 1, 10, p = 0.131), carrot slice + celery oil vs. 

carrot slice + parsley oil (F = 0.62, df = 1, 10, p = 0.451), carrot slice + carrot oil 

vs. carrot slice + caraway oil (F = 0.21, df = 1, 10, p = 0.656), carrot slice + dill oil 

vs. carrot slice + carrot oil (F = 0.018, df = 1, 10, p = 0.897), carrot slice + celery 

oil vs. carrot slice + dill oil (F = 1.6, df = 1, 10, p = 0.238), carrot slice + celery oil 

vs. carrot slice + carrot oil (F = 2.45, df = 1, 10, p = 0.148), carrot slice vs. carrot 

slice + dill oil (F = 3.9, df = 1, 10, p = 0.0763), carrot slice vs. carrot slurry (F = 

2.1, df = 1, 10, p = 0.177), and carrot slice vs. carrot oil (F = 0.33, df = 1, 10, p = 

0.585). There were two choice tests that had a high proportion of non-responders 

(>20%): carrot slice vs. carrot slice + caraway oil (23.3%), and carrot slice + 

celery oil vs. carrot slice + caraway oil (20.0%).  

Female Sample 

When assessing the choices of females alone, carrot slices combined with 

celery oil were chosen significantly more often than slices alone (F = 13.9, df = 1, 

10, p = 0.00393) (Table 4.4). Carrot slices with carrot oil were chosen 

significantly more than slices with parsley oil (F = 5.2, df = 1, 10, p = 0.0464) and 

slices with dill oil were chosen significantly more than slices with caraway oil (F = 

7.3, df = 1, 10, p = 0.0224). There were no significant differences in the number 

of CW females that chose either treatment in the following choice tests: carrot 
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slice vs. carrot slice + carrot oil (F = 4.8, df = 1, 10, p = 0.0540), carrot slice vs. 

carrot slurry (F = 1.6, df = 1, 10, p = 0.229), carrot slice vs. carrot slice + caraway 

oil (F = 0.29, df = 1, 10, p = 0.600), carrot slice + carrot oil vs. carrot slice + 

caraway oil (F = 0.14, df = 1, 10, p = 0.713), carrot slice vs. carrot oil (f = 1.5, df = 

1, 10, p = 0.267), carrot slice vs. carrot slice + dill oil (f = 2.8, df = 1, 10, p = 

0.128), carrot slice vs. carrot slice + parsley oil (f = 2.7, df = 1, 10, p = 0.130), 

carrot slice + celery oil vs. carrot slice + carrot oil (f = 0.15, df = 1, 10, p = 0.707), 

carrot slice + celery oil vs. carrot slice + dill oil (f = 0.2, df = 1, 10, p = 0.661), 

carrot slice + dill oil vs. carrot slice + carrot oil (f = 0.56, df = 1, 10, p = 0.470), 

carrot slice + caraway oil vs. carrot slice + celery oil (f = 1.1, df = 1, 10, p = 

0.323), carrot slice + celery oil vs. carrot slice + parsley oil (f = 0.27, df = 1, 10, p 

= 0.615), carrot slice + dill oil vs. carrot slice + parsley oil (f = 0.059, df = 1, 10, p 

= 0.813), and carrot slice + parsley oil vs. carrot slice + caraway oil (f = 1.8, df = 

1, 10, p = 0.207). There were three choice tests that had a high proportion of 

non-responders (>20%): carrot slice vs. carrot slice + carrot oil (23.6%), carrot 

slice vs. carrot slice + parsley oil (20.0%), and carrot slice vs. carrot slice + 

caraway oil (26.7%).  

Table 4.4. Percent (±SE) of carrot weevil (male + female and females alone) that 
made either one of two responses in a laboratory trial comparing the 
attractiveness of various apiaceous essential oils on a base slice of carrot root.  
Treatment  Males + Female (%) Female (%) 
Control1 28.6 (6.2)b2 15.0 (8.6)b 
Carrot slice 71.4 (10.1)a 85.0 (10.4)a 
Carrot slice 34.7 (6.5)b 32.0 (8.2)ns3 

Carrot slice + Carrot oil 65.3 (6.7)a 68.0 (9.4)  
Carrot slice 52.6 (6.1)ns 40.0 (12.0)ns 
Carrot oil 47.4 (6.1) 60.0 (12.0) 
Carrot slice 42.3 (7.6)ns 37.9 (11.5)ns 
Carrot slurry 57.7 (5.2) 62.1 (9.0) 
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Carrot slice 41.4 (5.6)ns 40.0 (8.9)ns 
Carrot slice + Dill oil 58.6 (5.6) 60.0 (8.9) 
Carrot Slice 40.4 (3.4)b 37.5 (6.8)ns 
Carrot Slice + Parsley oil 59.6 (6.0)a 62.5 (10.0) 
Carrot slice 52.2 (5.2)ns 45.5 (6.7)ns 
Carrot slice + Caraway oil 47.8 (10.9)  54.5 (10.3) 
Carrot slice 61.4 (6.1)a 27.3 (5.9)b 
Carrot slice + Celery oil 38.6 (5.5)b 72.7 (7.3)a 
Carrot slice + Celery oil 57.9 (6.7)ns 53.6 (11.1)ns 
Carrot slice + Carrot oil 42.1 (6.8) 46.4 (11.6) 
Carrot slice + Celery oil 55.0 (5.2)ns 53.6 (8.1)ns 
Carrot slice + Dill oil 45.0 (6.7) 46.4 (8.1) 
Carrot slice + Dill oil 50.9 (8.3)ns 43.3 (11.8)ns 
Carrot slice + Carrot oil 49.1 (10.3) 56.7 (12.5) 
Carrot slice + Carrot oil 62.3 (5.0)a 65.4 (8.0)a 
Carrot slice + Parsley oil 37.7 (21.1)b 34.6 (8.6)b 
Carrot slice + Carrot oil 53.6 (10.0)ns 46.2 (11.5)ns 
Carrot slice + Caraway oil 46.4 (10.5) 53.8 (13.3)  
Carrot slice + Celery oil 52.7 (4.8)ns 46.4 (10.9)ns 
Carrot slice + Parsley oil 47.3 (4.2) 53.6 (6.8) 
Carrot slice + Celery oil 50.0 (5.2)ns 57.7 (10.0)ns 
Carrot slice + Caraway oil 50.0 (7.3) 42.3 (8.0) 
Carrot slice + Dill oil 42.6 (6.0)ns 51.9 (8.4)ns 
Carrot slice + Parsley oil 57.4 (5.4) 48.1 (10.9) 
Carrot slice + Dill oil 58.6 (8.0)ns 64.3 (5.2)a 
Carrot slice + Caraway oil 41.4 (8.9) 35.7 (8.4)b 
Carrot slice + Parsley oil 55.6 (8.2)ns 57.1 (4.2)ns 
Carrot slice + Caraway oil 44.4 (6.8) 42.9 (8.9) 
1Control = empty container with no carrot slice or essential oil. 
2Different letters denote significant differences between treatments within each 
column for each choice test (α=0.05). 
3ns = no significant differences (α=0.05).  
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4.5 DISCUSSION 
 
 Without an effective late-season monitoring method for CW, growers and 

researchers will not be able to develop appropriate management tactics for the 

2nd late season CW generation at the HM and surrounding carrot-growing region. 

Current monitoring methods rely solely on traps baited with carrots, which are in 

direct competition with the vast quantities of carrots in the fields later in the 

season. Research was conducted to compare the attractiveness of several 

essential oils from apiaceous crops, all of which are known to be cultivated hosts 

of CW.  

 The results of the various choice trials indicated that CW has some 

preference for specific apiaceous hosts over others.  Essential oil of celery 

(Apium graveolens) was chosen by female CW over other essential oils in 

multiple tests. Assessing the female choices separately from the males was 

important, as the females lay the eggs in the prospective hosts and ultimately 

dictate where the damaging larvae will be. Similarly, Telfer (2019) noted that 

parsley and celery plants had significantly more oviposition pits than carrot or dill 

plants placed in grower fields during the CW oviposition period. Overall, no 

definitive ranking of host preference could be determined from the current study 

as too often the CW decisions were evenly split between the two choices 

available.  

 In the single choice tests (i.e., control vs. single essential oil), significantly 

more female CW chose the container with celery oil vs. the control. This 

demonstrates that females are attracted to celery oil. No similar observations 
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were made in any of the other single choice tests, with only approximately half of 

responding females choosing any container with oil. Although 60% of females 

chose the container with parsley oil, the amount of variation observed prevented 

results from being statistically different. When male + female responders were 

considered, only one test resulted in a statistically significant difference between 

the two containers. The container with dill oil was chosen fewer times than the 

control container, which may indicate an aversion by CW to dill oil, though similar 

trends were not observed when female choices were assessed alone.  

 No significant differences in the response of either male + female or 

female alone responses were observed in any of the two-choice tests. Thus, no 

conclusions could be made on possible host preferences based on the two-

choice tests. It is possible that the scent of both oils was too strong for the size of 

arena used, or that the scent of the oils dissipated too rapidly once placed in the 

arena, preventing the CW from being able to discern from which direction each 

oil was originating. There were also a number of choice tests that resulted in a 

high proportion of non-responders. Due to the lack of differences observed in 

both the single and two-oil choice tests, and the high number of non-responders, 

it may be necessary in future tests to combine oils with either fresh plant material 

or adjust the experimental set-up (i.e. different containers, larger arena, etc.) to 

encourage CW responses.  

In the choice tests when essential oils were applied to a carrot slice, some 

(5 of 17) tests yielded statistically significant results. Carrot slices + celery oil 

were chosen by female CW significantly more often than carrot slice alone, carrot 
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slices with carrot oil were chosen significantly more than parsley oil on slices, 

and dill oil on carrot slices was chosen significantly more than caraway oil on 

slices. Although no treatment led to consistently more responses throughout the 

trials, this study showed that celery, carrot, and dill oils may all be promising 

attractant options for increasing the attraction of CW to baited traps. These 

results also indicated that caraway oil is less attractive than the other oils 

because it was chosen significantly fewer times. This contradicts the findings of 

Gagnon (2018), who indicated that the addition of caraway oil on fresh carrot 

material was more attractive than an untreated control, although Gagnon did not 

compare the preference of the various essential oils to one another. 

There were some limitations to the design of this series of choice tests. 

First, all tests were conducted using CW reared from a culture initiated from 

specimens collected at the HM. As the HM grows predominantly carrots and 

celery, it is possible that this has allowed the specific strain of CW found at the 

HM to develop a preference for these crops over other tested plant oils. It is 

important to note that many of the choice tests that resulted in a high proportion 

of non-responders included caraway oil as a treatment, especially when weevils 

were in the presence of carrot stimulus. This may provide evidence that caraway 

oil actually acts as a deterrent when weevils are in the presence of carrot, though 

more research is necessary to determine this relationship.  

Secondly, though some choice tests led to consistent responses indicating 

a preference, many choice tests resulted in a high proportion of non-responders. 

During the single choice tests, with CW given a choice between two treatments - 
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one with a drop of oil and the other without, many individuals walked towards the 

empty container (possibly due to the visual stimulus). As previously discussed, 

this lack of attractive power of the oils may have been due to the scent of the oils 

being too weak (i.e., more than one drop is necessary to attract the CW), or 

conversely, one single drop of oil provided too strong a scent within the 

contained arena. As a result, the CW were confused as to the direction from 

which the attractant volatile was emanating. Future research also could be 

conducted to compare the attractiveness of essential oils as compared to fresh 

plant material, as very little research has been conducted comparing CW 

preference for fresh plant material versus essential oils. 

Overall, these results are interesting and provide a definite starting point 

for future research into the improvement of baited traps for 2nd generation CW 

populations in carrot fields. Celery oil was more attractive to CW than the other 

tested essential oils, especially when added to a slice of carrot root. However, 

carrot and dill oil are also promising alternatives as they were significantly more 

attractive than parsley and caraway oils in the choice tests. Essential oils can be 

a convenient tool for growers and crop scouts to implement within the current 

monitoring techniques. Future research should investigate how celery, carrot, 

and dill oils could be added to the current monitoring traps (i.e. quantity, how 

often oils should be applied, etc.) for field implementation.  
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CHAPTER 5: GENERAL CONCLUSIONS 
 

Currently, the IPM programs in place for CW and CRF are not always 

effectively reducing the damage on carrots,. It is important that IPM programs are 

constantly updated to account for changes in climate, carrot cultivar and possible 

behavioral changes in CW at the HM, and advances in science since the CW and 

CRF IPM programs were first put in place over 30 years ago. The overall goal of 

this research was to improve the monitoring and management of CW and CRF at 

the HM. There were three main objectives across three chapters:  

1) Improve the current chemical control methods for CW and CRF; 

1a) Identify insecticidal products not currently registered for control of CW 

and CRF that will effectively control these pests, 

1b) Compare application timing schedules to determine the most effective 

and economical schedule for growers. 

2) Evaluate altered seeding dates as a possible cultural control for CW and 

CRF; and, 

3) Evaluate the use of essential oils as trap attractants to improve late season 

CW monitoring methods. 

5.1 CHEMICAL CONTROLS 
 
Insecticide Resistance 
 

This study evaluated the efficacy of several registered and non-registered 

insecticides to reduce the damage caused by CW and CRF. Over the two years 

of the study, novaluron was the only active ingredient that consistently provided 
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effective control of CW. Cyantraniliprole and phosmet also provided some control 

of CW, though not consistently across tested rates and study years. Both 

cyantraniliprole and phosmet provided a significant reduction of CRF damage. 

While neither of these insecticides are registered for CRF control, they are both 

registered for CW control, so an application targeted for CW could provide the 

benefit of reducing CRF damage as well.  

This research focused primarily on products applied as foliar sprays. 

Future research should investigate other application methods. Seed treatments 

that provide systemic protection from larval damage may be the most effective 

way to target these insect pests, although there are no currently registered 

options for growers. Although some research has noted that soils high in organic 

matter, such as the muck soils of the HM, may degrade seed treatments, this 

method of application should still be explored for its potential benefits.  

There is evidence of increasing CW resistance to phosmet, products 

registered for CW control in the future should have multiple modes of action to 

prevent cross resistance from occurring. None of the products tested in either 

study year had multiple modes of action, though rotating products with 

ingredients from different chemical groups could also slow the development of 

resistance. Future research should evaluate different insecticide rotations using 

the currently registered products to identify which rotation provides the greatest 

reduction in pest damage while taking into consideration the cost to the producer.  

Application Timing 

Due to earlier CW activity observed in recent years, and the recent registration of 
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both novaluron and cyantraniliprole for CW control on carrots, research was 

completed to determine if the application timing schedule recommendations 

require updating. Over the two study years, results showed that applying 

novaluron at least twice in the spring, starting at the 2nd TLS significantly reduced 

the amount of CW damage at harvest and led to greater marketable yields. This 

confirms that the current IPM recommendations to start insecticide application at 

the 2nd TLS is an effective approach. As novaluron applications do not seem to 

be effective at reducing CRF damage, these trials did not provide evidence that 

the tested application schedules influenced the amount of CRF damage 

observed at harvest.  

 The results of the application timing trials led to concrete 

recommendations for growers looking for more effective control measures, 

though more research is needed. Future research should evaluate if the other 

registered products, (I.e., cyantraniliprole) provide similar results when applied on 

a similar schedule. Using different products may also provide evidence of which 

application schedule could further reduce CRF damage. As the tested application 

schedules only focused on the first generation of CW, which oviposit in May and 

June, it will be necessary to determine how application schedules could be 

modified to also target the 2nd late season generation of CW, which are laying 

eggs in August and September.  

5.2 ALTERED SEEDING DATE 
 
 As part of an effective IPM program, producers are recommended to 

incorporate both chemical and cultural control measures, such as altered seeding 
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dates, when attempting to reduce insect pest damage. This study compared the 

amount of damage from CW and CRF in carrots seeded on one of six seeding 

dates over May and June in 2018 and 2019. Overall, CW damage drastically 

decreased with later seeding dates, from ~90% of carrots damaged when seeded 

the first of May to 20-30% damaged by mid-June. Unsurprisingly, the plots with 

the lowest CW damage also had the highest marketable yields. It is 

recommended that carrot producers at the HM seed carrots starting June 1st in 

order to avoid the majority of the CW activity. By avoiding this damage, 

producers could also potentially reduce the number of insecticide applications 

necessary for effective CW control. This information can also inform the need to 

monitor for CW.  As early seeded carrots are at greater risk of CW damage, 

careful monitoring to determine spray thresholds, and careful timing of insecticide 

application is needed.  There may be no need to monitor CW in late seeded 

carrots.  

 With the multiple generations of CRF observed in Ontario and the 

possibility of two separate spring emergences, altering seeding dates did not 

provide as consistent and predictable control of CRF as it did for CW. Marketable 

yields appeared unaffected by CRF damage, as the seeding dates with the 

highest CRF damage also had the highest marketable yields, which may indicate 

that CRF damage does not impact marketable yields as strongly as CW damage 

does. Additional research should be conducted to determine the connection 

between delaying seeding and increased CRF damage. For producers 

concerned about CRF control, it is beneficial to combine chemical controls 
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targeted toward CRF and delayed seeding, in order to reduce the amount of 

damage from both CW and CRF.  

These results, though useful for HM growers, are not necessarily 

applicable to carrots grown outside of the HM region. However, these results also 

may be applicable to the carrot growing region of southwestern Quebec - the 

second largest carrot-producing region in Canada. This region also has soil very 

high in organic matter and a similar climate to the HM, though repeating these 

trials in that region would provide a better indication of whether these results are 

applicable to that region. Delayed seeding in the spring would not provide any 

control of the 2nd late season generation of CW, and alternative cultural controls 

should be investigated that could target this late summer CW activity.  

 As crop rotation has already been determined to not be effective at the 

HM due to the proximity of carrot fields to one another, alternative cultural control 

options that could be investigated include modification of adjacent non-crop 

habitat and trap cropping. Non-crop habitat within CW walking distance to carrot 

fields should be routinely monitored for possible host plants, such as wild carrot. 

Trap cropping could be utilized in conjunction with altered seeding dates, with a 

border of early seeded carrots around a late-seeded carrot field. 

5.3 MONITORING IMPROVEMENTS 
 

Before recommendations can be provided for the control of the 2nd 

generation of CW recently observed at the HM, it is critical that researchers and 

IPM crop scouts are able to monitor this late-season activity. The current 

monitoring methods used for CW are not effective later in the season, though 
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adding an attractant to monitoring traps may provide greater efficacy in 

monitoring these populations. This study compared the attractiveness of five 

essential oils of apiaceous plants known to be hosts of CW and identified both 

carrot and celery essential oils as being preferable compared to dill, parsley, and 

caraway oils, especially when combined with fresh cut carrot root.  

Although identifying the single most attractive scent is useful, future 

research could identify if combining oils from different host plants increases the 

attractive power. As this research was conducted under controlled laboratory 

settings, future studies should focus on the efficacy of these attractants in the 

field and also look at answering the following questions: 1) Can the oil be 

incorporated into the field monitoring trap?; 2) What quantity of attractant is most 

efficacious in the field?; and, 3) How often would attractant need to be replaced 

to retain efficacy? Essential oils would be a convenient, cost-effective attractant 

to use, though if it is not practical to apply to a field setting, alternative attractants 

will have to be identified.  

These results may also have wider implications than monitoring 

improvements. Growers interested in implementing cultural controls of CW could 

use the most attractive plant as a trap crop around a larger carrot field. Given 

that celery was the most attractive scent to female CWs, this may indicate that 

increased efforts are necessary to ensure current CW control measures are 

effective for celery growers at the HM with the expectation that CW would prefer 

to attack celery fields over carrot or parsley fields, given the choice.  
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Overall, the results of this research have provided suggestions for 

improving the efficacy of the IPM programs first developed for CW and CRF over 

30 years ago. Various aspects of the IPM program, including chemical controls, 

cultural controls, and monitoring methods, should continue to be updated to 

better monitor and manage CW and CRF populations at the HM. Commercial 

carrot producers should be encouraged to rotate among the currently registered 

insecticidal products frequently and carefully consider the dates they will seed 

their carrots. Future research should also focus on improving CW monitoring 

later in the growing season.  
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APPENDIX 1: CARROT WEEVIL REARING – STANDARD 
OPERATING PROCEDURE 

 
Materials Required 

1. 12 Plastic containers (42 x 29 x 17 cm), with lids (Type A Colony Boxes) 
2. 12 Mesh letter trays (20.3 x 27.9 x 5.1 cm) 
3. 3 Plastic containers (38 x 24 x 15 cm), with lids (Type B Colony Boxes) 
4. 3 3.8 L glass jars 
5. Elastic bands, 2 per glass jar 
6. 1 mm mesh, 1 m2 
7. 15 cm diameter filter paper (Whatman Grade 1 Qualitative) 
8. 30 cm2 Kim Wipe™ 
9. Soft forceps 
10. Bleach 
11. Hot glue gun 
12. Scissors 
13. Spray bottle with 5% bleach solution 
14. Muck soil (organic matter 60-70%) 
15. Carrots, leaves removed (3 cm+ in diameter, 15 cm+ in length) 
16. Dehumidifier 
17. Humidifier 
18. Colony growth room (24±1°C, 70-80% RH, and 16:8 h light:dark 

photoperiod) 
19. Labelling tape 
20. 2 18.9 L seed pails 
21. Pen 
22. Oven 
23. Fridge (4±1°C) 
24. Freezer (-20°C) 
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Procedure 
Colony Set-Up 

1. Ensure colony growth room is set up at 24±1°C, 70-80% RH, and 16:8 h 
light:dark photoperiod. Utilize humidifier and/or dehumidifier as necessary.  

2. All colony boxes and jars should be washed with soapy water, wiped down 
with a 50% bleach:water solution, rinsed with water then allow to dry.  

3. Place ~150 CW adults in a 3.8 L glass jar lined with filter paper and 
containing a single carrot; these are the initial ovipositing CW. Mark each 
jar with the date they were created on labelling tape. 

4. Cover each jar mouth with a small square of Kimwipe underneath a fine 
mesh square, sealed with an elastic band (Fig. A1). 

 
Maintenance 

1. Wash both the colony boxes and jars to be used with soapy water and 
wipe down with a 50% bleach:water solution before rinsing with water.  

Oviposition Jars 
2. Each jar of CW needs the carrot replaced with one recently washed carrot. 

Using the spray bottle with bleach solution, spray a new carrot and let dry 
1-2 min before replacing with the carrot that was in the glass jar.  

3. While replacing carrots, wipe down the inside of each jar to remove 
excess frass and moisture and replace the lining filter paper. Re-cover the 
mouth of the jar with a new piece of Kimwipe beneath the mesh cover 
secured with two elastic bands (Fig. A1).  

4. Carrots in jars containing ovipositing CW will contain CW eggs. These 
carrots should be placed into a clean Colony Box Type B (Fig. A2). Mark 
this colony box with the date on a piece of labelling tape. These carrots 
should be lightly sprayed using a spray bottle with the 5% bleach solution 
to prevent fungal growth. 

5. While replacing carrots in ovipositing CW jars, examine the ages of the 
jars and the carrots being replaced. If an ovipositing CW jar has been 
actively ovipositing for >4 weeks or the carrots appear to have minimal 
oviposition pits (Oviposition pits are generally covered in a black exudate. 
If unsure, carrots can be examined under a microscope. Eggs will be 
visible after removing the black exudate with forceps.), start a new 
oviposition jar using the overwintered adults from the fridge. Allow the 
overwintered CW 1 week to re-acclimate to the colony room, then begin 
using the overwintered CW jar as an oviposition jar and kill the CW in the 
old or ineffective oviposition jar by placing them in a freezer for 24 hours. 

Colony Boxes 
6. Examine the Type B Colony Boxes in use. Any boxes >7 days old should 

have their carrots placed into a Type A Colony Box (Fig. A3). The date 
marked on the labelling tape of Type B Colony Box should be moved to 
the Type A Colony Box. 

7. Type A Colony Boxes are filled with sterilized muck soil, ~2 cm depth on 
bottom of the colony box, and water is added using the spray bottle filled 
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with tap water until the soil becomes moist but not saturated. A mesh letter 
tray is placed inside the colony box, sitting above the soil (Fig. A3). 

8. Examine the Type A Colony Boxes in use. Spray any mold on the carrots 
or soil with 2% bleach solution. Once the carrots within these boxes are 
approximately 4 weeks old and rotten/withered, remove the old carrots 
and mesh letter tray they are placed on in the colony box. Weevil larvae or 
pupae should be visible in the soil once carrots are removed from Type A 
Colony Boxes. 

9. Use the soft forceps to sift through the soil of each Type A Colony Box to 
look for and collect new CW adults and place them into a petri dish lined 
with moistened filter paper. Once all newly emerged adults are collected 
and placed in the petri dish, seal with parafilm and label with the collection 
date. These petri dishes can be placed in the fridge for up to 2 months. 

10. If the soil in any Type A Colony box is dry, moisten the soil using the spray 
bottle filled with bleach solution. 

11. Any Type A Colony Boxes containing fewer than 5 CW pupae should be 
removed from the colony room and placed in a freezer for 24 hours. All 
other Type A Colony Boxes in the colony room should have their soil 
moistened using the water spray bottle. 

12. Remove the Type A Colony Box from the freezer at 24 h. Once the soil 
has thawed, store the soil in a 18.9 L pail covered with the lid. Label this 
pail ‘Used Soil’. 

13. After several Type A Colony Boxes worth of used soil has accumulated, 
transfer the soil into a large metal tray and bake the soil at 120°C for 24-
48 h for sterilization. Allow 2-3 h outside of the oven for the soil to cool 
before use in the colony. This soil should be stored in a 18.9 L pail 
covered with the lid labelled ‘Clean Soil’. 

14. Perform colony maintenance every 2-3 days to ensure carrots do not rot 
while the CW are ovipositing.  
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Figure A1. Carrot weevil colony jar used in rearing procedure. 
 

 
Figure A2. Colony Box Type B containing carrots after CW oviposition. 
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Figure A3. Colony Box Type A, containing carrots. The CW eggs in these carrots 
have hatched and CW larvae are currently feeding on the carrot. These larvae 
will drop into the soil when ready to pupate. 
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APPENDIX 2: STAND REDUCTION IN SEEDING DATE 
TRIALS 
	
 
Table A1. Average stand decrease in two carrot seeding date trials at the 
University of Guelph – Muck Crops Research Station, Holland Marsh, ON. 

Seeding 
Date No. 

Seeding Date 
(2018) 

% Stand 
Decrease1 

(2018) 

Seeding Date 
(2019) 

% Stand 
Decrease 

(2019) 
1 1 May 40.8 a2 30 April 19.3 a 

2 9 May 20.8 b 10 May 17.5 ab 
3 18 May 18.6 b 21 May 15.0 ab 
4 28 May 12.9 b 3 June 8.2 ab 
5 8 June 16.3 b 11 June 11.4 ab 
6 19 June  -- 20 June 2.6 b 

1 Stand decrease based on difference in number of carrots observed in 1.5 m 
sections of row between emergence and 8 TLS. 
2 Different letters within columns denote significantly different groups according 
to Tukey’s HSD (α =0.05). 
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