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ABSTRACT 

INTEGRATED ORGANIC MANAGEMENT 

OF CABBAGE APHID  

ON BRUSSELS SPROUTS 

by 

Alina Sophia Harris 

University of New Hampshire 

 

Growers across the globe and in Northeastern United States have reported economically 

damaging populations of cabbage aphid (Brevicoryne brassicae) in Brussels sprouts 

(Brassicacea). The pest affects the Brassicacea family, which includes economically important 

agronomic, horticultural, and forage crops.  However, cabbage aphid management in certified 

organic systems is very challenging because tools are limited and reports evaluating efficacy of 

insecticides used in organic systems are sparse.  There are natural insect predators and 

parasitoids of aphids that may serve as biological control agents whose populations can be 

augmented using insectary plants.  Use of alyssum insectary intercropping has been successful 

for control of this pest in California but use of this practice is untested in the Northeast.  Our 

research aimed to find an integrated approach to managing cabbage aphid on Brussels sprouts by 

using chemical and biological pest management strategies in conjunction. Our overall goal was 

to explore the relationship between Brussels sprout and cabbage aphid in organic 

agroecosystems, with three specific objectives. 
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Our first objective was to evaluate three organic insecticides for their efficacy in 

controlling cabbage aphid.  We compared Azera (azadirachtin and pyrethrins), AzaGuard 

(azadirachtin), and M-pede (Potassium salts of fatty acids) against an untreated control.  In 2016 

a rotation of M-Pede and Azera provided moderate control of cabbage aphid with significantly 

more marketable clean (aphid-free) sprouts as compared to the unsprayed control.  In 2017, 

Azera and AzaGuard treatments had significantly less aphids on 28 Sept 2017 than the  

control and M-Pede treatments, but by final harvest there were no significant differences  

between treatments.  Aphid numbers continued to rise in all treatments into September 2017 until 

a spontaneous epizootic resulted in a collapse of aphid numbers.  In both 2017 and 2018 two 

different entomopathogenic (insect-attacking) fungi were identified on cabbage aphid.  Based on 

these observations, we conclude that Azera and AzaGuard insecticides may provide moderate 

control of cabbage aphid and further investigation is needed on years without fungal epizootics. 

Our second objective was to evaluate seven species of insectary plants in the field for 

their ability to attract predators and parasitoids of cabbage aphids.  Insectary plants were 

observed over ten sample dates (July through October) for hoverfly densities and sweep net 

samples were taken for hoverfly species identification.  Alyssum, buckwheat, cilantro, and dill 

had greater hoverfly densities than calendula, phacelia, and fennel.  Alyssum was found to be a 

low maintenance plant that hosts the most prevalent aphid-eating hoverfly species (Toxomerus 

marginatus) from July until frost. 

Our third objective was to determine whether parasitism of the cabbage aphid varied with 

proximity to insectary plants.  We used both sticky traps and visual observation on Brussels 

sprouts leaves to count aphids, predators, and parasites at distances ranging from four to 107 feet 

away.  In 2017, we found that predation and parasitism rates were not significantly different at 
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distances ranging from four to 107 feet from the insectary plants.  In 2018, aphid populations 

were not high enough to repeat the experiment.  From 2017 results, we concluded that proximity 

of insectary plants from the Brussels sprout crop did not correlate with predation or parasitism in 

distances observed in our study.  
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CHAPTER 1: 

LITERATURE REVIEW  

The Brassicaceae (Brassica) family is comprised of about 340 genera and 3,700 species.  

It is presumed to have been domesticated at around 1000 B.C.E. and has been cultivated for 

centuries across continents.  The Brassica family which includes Brussels sprouts, broccoli, 

cauliflower, kale, kohlrabi, radish, mustard, canola and cabbage is of vast economic importance 

world-wide (Pedras and Yaya, 2010).   According to the Food and Agricultural Organization, in 

2016, there were over 100 million tons of cabbage and other Brassicas produced by 153 

countries or territories in the world (FAO, 2016).   

Growers across the globe have reported economically damaging populations of cabbage 

aphid Brevicoryne brassicae (L.) (Hemiptera: Aphididae) (Bayhan et al., 2007; Ellis et al., 

1996a).  Common descriptors of cabbage aphid include ñgray aphidò, ñwinter aphidò, or ñmealy 

cabbage aphidò (Jankowska, 2005).  Cabbage aphid is a cosmopolitan Brassica pest that severely 

affects agronomic crops (oil-seed brassicas), forage crops, and horticultural crops (vegetables 

and ornamentals) (Gabrys, 2008; Singh and Ellis, 1993).  Economic losses include reduction in 

yield, storability, and marketability of the crop (Gadhave and Gange, 2016; Shah et al., 2004).  

Cabbage aphids have been reported to cause losses of up to 85% of crop yields and are vectors of 

about 20 plant viruses (Gabrys, 2008).   

Infestations of cabbage aphid have been reported in California (Brennan, 2016; Bugg et 

al., 2008), West Indian islands (Alam, 1992), Serbia (Marcic et al., 2007), France (Neuville et 

al., 2016), Brazil (Bacci et al., 2009; Mussury and Fernandes, 2002), Yunnan province of China 

(Chen et al., 2007), Poland (Jankowska, 2005), Lithuania (Duchovskienǟ et al., 2012), the United 
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Kingdom (Shah et al., 2004), Ethiopia (Nahusenay and Abate, 2018), Kenya (Bahana and 

Karuhize, 1986),  Iran (Amini et al., 2012) Lebanon, Syria, Turkey, Israel, Egypt, and Iraq 

(Bodenheimer and Swirski, 1957).   

Cabbage aphid lifecycle 

For integrated pest management to be effective it is paramount to understand the pestôs 

lifecycle.  Successful pest management requires the pest life cycle to be disrupted.  However, 

disruption of the cabbage aphid is particularly difficult with its complex lifecycle that enables 

survival in harsh conditions through polymorphism.  The lifecycle of the cabbage aphid is 

comprised of four nymphal instars. One cabbage aphid generation can develop in seven to 10 

days, but time period may be effected by temperature and relative humidity (Gabrys, 2008).  

Each instar, or life stage, has its own strategic function in the infestation of the host plant and are 

described below (Figure 1). 

(1) The first instar are females, described as virginopar ous aptera.  A ñvirginoparousò 

aphid indicates they were born from asexual reproduction and ñapterousò means they will not 

form wings.  Their bodies are grayish-green (1.6-2.6 mm long) with a dark head and are also 

covered in a gray-white mealy wax (Gabrys, 2008).  These non-winged aphids are the 

predominant instar found throughout the growing season and give birth to live nymphs that 

immediately start feeding on the host plant.  Newborn nymphs molt four times before reaching 

mature size.  Each non-winged aphid produces about 30 to 50 nymphs during this instar (Hafez, 

1961; Herrick, 1911; Hughes, 1963). 

(2) Next, winged progeny are formed.  These can fly to new host plants to start new 

colonies of aphids (Hughes, 1963).  A combination of seasonal environmental changes 

(photoperiod), overcrowding, and host plant quality decline induce the non-winged aptera to 
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birth the second instar, called alatae (ñwinged aphidsò) (Gabrys, 2008).  These aphids are also 

females and look similar to their mothers (1.6-2.8mm long with a black head) except they form 

wings and their outer coating of wax is thinner than that of non-winged aphids which make them 

appear more green (Gabrys, 2008). Winged aphids can travel up to 1 km (Chen et al., 2007) and 

their movement depends largely on wind currents (Hughes, 1963; Kennedy et al., 1959).  Like 

other aphids, cabbage aphid cannot combat wind currents greater than 2ft/sec (60cm/sec) 

(Hughes, 1963).  Thus, winged aphid dispersal from neighboring areas is largely dependent on 

prevailing wind.  Upon landing on a host plant, one winged female can asexually produce a new 

colony of progeny rapidly (Bugg et al., 2008).  Winged females are parthenogenic and 

viviparous; they reproduce asexually and give birth to fully formed non-winged aphids.  They 

produce about 15 to 30 nymphs in this instar (Hafez, 1961; Herrick, 1911; Hughes, 1963).  In 

parts of the world with mild winters the lifecycle is ñanholocyclicò and the entire lifecycle is 

comprised of only the first two female instars that rely on asexual reproduction (Gabrys, 2008; 

Hafez, 1961).  However, in different colder climates with harsher seasonal variation, cabbage 

aphids have adapted their lifecycle to become ñholocyclic.ò  This biologically strategic 

reproduction tactic survives the changes in weather by producing a third (sexual) and fourth 

(asexual) instar (Gabrys, 2008).  

(3) The third instar is comprised of apterous oviparae (winged, egg-laying) females and 

alatae (non-winged) males.  The female ovum is fertilized by the male sperm cell to produce 

fertilized eggs that are oviposited on Brassica host plants that can survive harsh temperatures and 

environmental changes (Hughes, 1963).  This sexual phase of the holocyclic lifecycle is induced 

by changing environmental factors such as cold temperatures (below 10-15°C for at least 24 

hours (Gabrys, 2008)), latitude (i.e. photoperiod), and potentially relative humidity 
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(Bodenheimer and Swirski, 1957; Hafez, 1961).  In turn, different regions in the world report 

different findings.  Low temperatures of 10°C in Israel (30°52ôN latitude and 35Á0ôE longitude)  

did not induce sexual reproduction and the cabbage aphid overwintered as live asexual, non-

winged adults (Bodenheimer and Swirski, 1957; Hafez, 1961).  In contrast, in France (46°36ôN 

latitude and 1Á53ôE longitude), higher temperatures of 20°C have been cited to induce sexual 

reproduction and produce some overwintering eggs, although the majority overwinter as non-

winged adults (Bodenheimer and Swirski, 1957; Bonnemaison, 1951; Hafez, 1961).  The present 

study takes place in Durham, NH (43°8ôN latitude and 70Á55ôW longitude) and has a latitude 

that falls in between Israel and France.  Researchers in Australia (24° 46ôS latitude and 134Á45ôE 

longitude) and Egypt (26°15ô latitude and 29Á16ôE longitude) found that cabbage aphid 

overwintered as asexual, non-winged aphids.  In contrast, cabbage aphid in Finland (63°14ôN 

latitude and 25°55ôE longitude) have been found to reproduce sexually and exclusively 

overwinter as eggs (Hafez, 1961).  Using the latitude of the places where sexual reproduction in 

cabbage aphid is reported, it appears that latitudes below 30° (North or South) result in asexual 

reproduction, and latitudes 46° (North) and above result in partial or exclusively sexual 

reproduction to survive through the winter. 

(4) In the spring the eggs hatch into fundatrix , sometimes called ñstem mothersò that 

congregate at the top portion of the host plant.  Fundatrix are parthenogenic and give birth to the 

first nymphal instar of non-winged aphids (Hughes, 1963).  The top portion of biennial plants 

such as Brussels sprouts, kale and wild relatives makes for an ideal concentration of food 

reserves for newly emerged cabbage aphids in the apical flower meristem region.  This food 
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source is temporary for the cabbage aphids because the plant translocates its reserves to the seeds 

and in turn, the plant begins to senesce (Hughes, 1963). 

 

Figure 1. The lifecycle of cabbage aphid in a cold climate with all four life stages.  Life stages 

(1), (2), and (4) use asexual reproduction whereas life stage (3) uses sexual reproduction and is 

shaded. 
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Brussels sprouts as a cabbage aphid host 

Of the various Brassica species that are hosts to cabbage aphid, Brussels sprouts are 

particularly affected. The physiology of the Brussels sprout plant is particularly vulnerable to 

cabbage aphid infestations.  Its large leaf canopy shelters insects on the main stem part of the 

plant.  Cabbage aphids are apt to hide in crevices of leaves or under the leaf canopy (Figure 2A).  

Moreover, leaves are prone to curling or folding in response to cabbage aphid infestations on the 

leaf margin (Bahana and Karuhize, 1986; Lammerink, 1968; Seaman, 2016).  Thus, aphids 

protected by leaves may remain untouched by insecticides that work by contact, making it 

difficult to obtain effective chemical control.  Furthermore, Brussels sprouts are a long season 

crop that can range from about 93 to 110 days in maturity.  As a long season crop, the Brussels 

sprouts are suitable hosts for the cabbage aphid, since winged aphids distribute themselves into 

agricultural crops starting in the beginning of July in New Hampshire (Sideman, Levy, and 

Harris; unpublished) and sometimes as early as June.  

Figure 2. (A) View of Brussels sprouts underneath leaf canopy; (B) characteristic yellow on the 

opposite side of the leaf from a cabbage aphid infestation. 
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Cabbage aphid prefers new growth but is found throughout plant (low, middle, and high 

leaves) as well as on both sides of leaves (Rimaz and Valizadegan, 2013) and detailed scouting is 

needed to find the first aphids of the season.  Once infested, plants may show yellowing on the 

opposite side of the leaf from aphid infestations (Figure 2B) or stunted growth (Bahana and 

Karuhize, 1986).  Cabbage aphid is difficult to control, particularly in certified organic field 

systems with our current knowledge and tools. 

Cabbage aphid in Northeastern United States   

Trends in winter Brassica production in the Northeastern United States may play a part in 

the survival of cabbage aphid.  Farmers that follow cultural practices of tilling-in crop residue 

may still grow Brassica crops in protected environments (i.e. high tunnels, low tunnels, row 

covers).  Two Brassica crops, kale and mustards, are commonly grown during the winter in these 

environments.  These protected or temperature-controlled environments provide mild 

temperatures, shelter, and host crops for cabbage aphid.  Thus, these conditions may possibly 

allow for asexual phases to survive the winter.  Hafez, (1961) found that continued low 

temperatures of 4.9°C and 5.5°C did not allow for survival of young nymphs or completion of 

maturity, whereas temperatures of 13.1°C and 17.8°C allowed for their development.  Unheated 

protected environments in the Northeast reach temperatures below 5°C, however, these 

temperatures fluctuate from very cold to much warmer during the day.  Further studies are 

needed to test the effects of protected environments on cabbage aphid survival. 

With cold temperatures in the Northeast, we hypothesize aphids in the spring hatch from 

eggs on overwintered Brassicas or are birthed from live aphid adults that have survived in 

microclimates with less harsh temperatures.  It is possible that these microclimates exist on crop 

residue below the soil surface (deeper than a few cm) or in protected environments.  Preliminary 
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data has shown the first aphids found in crop fields are winged aphids and appear in random 

locations in July of most years (Sideman and Levy, unpublished).  Once winged aphids land on a 

plant, they reproduce asexually and rapidly produce a large colony of non-winged nymphs.  

Once these colonies reach a certain density, new winged aphids are formed, and they spread 

from these original colonies (Hughes, 1963).   

A recent study conducted at the University of New Hampshire Woodman Research Farm 

showed a decline in marketable yield of Brussels sprouts when cabbage aphid was not controlled 

properly in an organic system (Levy and Sideman, 2017; Levy and Sideman, unpublished).  In a 

survey conducted in 2017 (Levy and Sideman, unpublished), commercial farmers reported crop 

losses caused by cabbage aphid ranging from 0 to 100%.  Thirty-three farmers from Vermont, 

New Hampshire, Massachusetts, New York, Maine, and Rhode Island responded to the survey, 

growing between 6 and 14.4 acres of Brussels sprouts.  Using grower-reported price, yield, and 

cabbage aphid loss data, the average Brussels sprout crop value per grower was between $7,000 

and $25,000; the total potential crop value ranged from $197,000 to $713,000.  Cabbage aphid 

infestations resulted in a range of losses. The range spanned from an average of $2,000 to 

$11,184 per grower, with a total estimated loss ranging from $54,000 to $300,000. The majority 

experienced 0% to 50% total crop loss attributed to cabbage aphid.    

Cabbage aphid demands insecticide and labor expenses (Zhang and Hassan, 2003) that 

decrease profitability in Brussels sprouts (Bacci et al., 2009).  Insecticides have historically and 

currently been one of the main tools used in attempt to control cabbage aphid around the world 

(Bacci et al., 2009; Bahana and Karuhize, 1986; Bodenheimer and Swirski, 1957; Ellis et al., 

2000, 1996b; Zhang and Hassan, 2003) and locally in the Northeastern United States (Levy and 

Sideman, unpublished).  Of the 33 attendees at a recent webinar focused on cabbage aphid 
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management in the Northeast, 88% described themselves as certified organic or preferred using 

insecticides that are approved for certified organic operations.  This suggests that certified 

organic and low-input growers are having trouble managing this pest with the tools available to 

them (Scheufele, S, unpublished).  Currently, reports evaluating the efficacy of organic-approved 

insecticides against cabbage aphid are sparse, and farmers are discouraged from growing 

Brussels sprouts (Levy and Sideman, unpublished).   

Cabbage aphids are particularly difficult to control for several reasons.  Their 

polymorphism of both asexual and sexual reproduction allows them to survive extreme abiotic 

conditions as well as produce winged forms to disperse to different conditions (Bacci et al., 

2009; Bodenheimer and Swirski, 1957).  Since aphid colonies reproduce rapidly, an ideal control 

agent should act quickly on the first winged aphids that appear in the crop field.  Non-winged 

aphids stay mostly stationary on the leaf and have a piercing and sucking mouthpart (Shah et al., 

2004) that feeds only on the phloem (sap) of their host plant (Rimaz and Valizadegan, 2013).  

Because of this specialized feeding mechanism, ingestion of the outer surface of the plant where 

foliar insecticides are applied is largely bypassed (Bodenheimer and Swirski, 1957).  For this 

reason, aphid insecticide types must be either contact insecticides or systemic insecticides that 

make the phloem toxic (Bodenheimer and Swirski, 1957).  Systemic pesticides are typically 

toxic to target organisms that are phytophagous (eat the plant), but not toxic towards beneficial 

predators and parasitoids (Bodenheimer and Swirski, 1957).  Systemic pesticides may maintain 

their efficacy for longer than foliar spray insecticides that rapidly degrade in field environments 

(Henn and Weinzierl, 1989).  

Bacci et al. (2009) reports failures of controlling cabbage aphid in Brazil with current 

insecticides and discusses the complexity of management with insecticides.  Brassica crops also 
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have other insect pests, such as lepidopteran caterpillars and fleabeetles (Tukahirwa and Coaker, 

1982) as well as fungal disease, such as Alternaria (Nowicki et al., 2012).  In these complex, 

multi-faceted agroecosystems, there are many confounding variables that may help one aspect 

but may hinder another.  For instance, a grower may apply an insecticide or fungicide in hopes of 

controlling a target pest, but it may have detrimental consequences for non-target beneficial 

organisms.  Repeated use of broad-spectrum insecticides against pests have caused secondary 

outbreaks (Walter, 1999), insect resistance to insecticides (Rimaz and Valizadegan, 2013), and 

deleterious effects to beneficial non-target insects (Walter, 1999).  Selective insecticides have 

modes of action that target a specific pest but can minimize harmful effects to natural enemies 

(Bacci et al., 2009; Giles and Obrycki, 1997).  Bacci et al. (2009) predict that insecticides are 

likely to remain as one of the tools for the management of cabbage aphid but advocate for 

integrated pest management that also utilizes biological control.  Use of practices that protect or 

minimize harm to beneficial organisms are forms of ñconservationò biological control. 

Conservation biological control 

Biological control is the use of living organisms to reduce pest populations.  ñClassicò 

biological control and ñinundative releaseò both introduce insect enemies into an area to control 

pests (Laubertie, 2007).  However, this experiment mainly focuses on ñconservationò biological 

control, which takes a systems approach to recognize the multi-faceted interactions between 

organisms in the agroecosystem (Bacci et al., 2009).  Two forms of conservation biological 

control are investigated in the current study: (1) the use of insecticides against cabbage aphid that 

limit the harm of beneficial organisms such as predatory insects, parasitic insects, and 

entomopathogenic fungi; (2) manipulation of the agroecosystem to attract and enhance fitness of 
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antagonists of aphids already present in the region to increase their effectiveness as biological 

control agents (Bacci et al., 2009; Debach and Rosen, 1991).  

Organic-approved insecticides  

Commercialized products.  Though other commercialized insecticides are available, this 

study focuses on insecticides that are permitted for use in certified organic systems and will be 

referred to as ñorganic-approvedò insecticides.  A local crop reference guide lists a plethora of 

organic-approved insecticides for treatment of aphids (McKeag and Dicklow, 2017).  Seaman 

(2016) compiled a literature review of experiments that evaluated the efficacy of organic-

approved insecticide materials on control of aphids.  Active ingredients that were found to be 

efficacious against aphids in more than half of experiments reviewed by Seaman (2016) include 

azadirachtin (trade names: Aza-Direct, AzaGuard, Azera, AzaMaz, AzaSol, Azatrol-EC, Ecozin 

Plus 1.2 ME, Molt-X), neem oil (trade name: Trilogy), and pyrethrins  (trade names: Azera, 

Pyganic EC 1.4 II, Pyganic EC 5.0 II).   Potassium salts of fatty acids (M-pede) were found to 

have poor efficacy alone but acted as a synergist in insecticide mixtures.  A number of other 

active ingredients were listed for aphid control, however, literature is lacking on the efficacy of 

the following active ingredients: garlic juice (tradenames: Biolink, BioLink insect and bird 

repellant, Envirepel 20, Garlic Barrier AG, BioRepel), Rosemary oil+peppermint oil 

(tradename: Ecotec), cinnamon oil (tradename: GrasRoots), chromobacterium subtsuggae str. 

PRAAA4-1 (trade name: Grandevo),  Isaria fumosorosea Apopka str. 97, formerly known as 

Paecilomyces fumosoroseus (tradename: PFR-97 20% WDG),  Beauveria bassiana strain 

GHA  (tradename: Mycotrol ESO), and Lecanicillium muscarium, previously known 

as Verticillium lecanii (trade name: Mycotal). 
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Of the above listed active ingredients, most are botanical insecticides that are naturally 

derived from plants (Henn and Weinzierl, 1989).  Potassium salts of fatty acids are generally 

regarded as distinct from botanical insecticides, but are produced from fatty acids that come from 

either natural plant or animal sources (Henn and Weinzierl, 1989).  Other active ingredients 

listed are biological pesticides with living organisms as the active ingredient.  Beauveria 

bassiana strain GHA, Lecanicillium muscarium, and Isaria fumosorosea Apopka str. 97 are 

entomopathogenic fungi that parasitize aphids.  Chromobacterium subtsuggae str. PRAAA4-1 is 

an insecticidal bacterium.  

Uncommercialized products.  There are botanical products that have not been 

commercialized that have potential for greenhouse or controlled environment use against 

cabbage aphid.  Pavela (2006) demonstrated that essential oils of catnip (Nepeta cataria) and 

lavender (Lavandula augustifola) applied as fumigant aerosols caused 90% mortality in cabbage 

aphid in a greenhouse experiment. 

Entomopathogenic fungi 

Naturally-occurring entomopathogenic fungi in the environment.  Insect pathogens 

play a role in insect population dynamics (Chen et al., 2007).  It is not uncommon for 

spontaneous outbreaks of naturally occurring entomopathogenic fungi to cause epizootics in the 

field that collapse aphid populations (Chen et al., 2007).  Entomophthorales is an order of 

entomopathogenic fungus that is parasitic to aphids in crop fields, especially in the autumn 

during periods of high humidity (Reyes-Rosas et al., 2012; Shah et al., 2004).  In particular, 

Pandora neoaphidis (homotypic synonym Erynia neoaphidis) has been demonstrated to reduce 

cabbage aphid by 90% on canola in Mexico (Reyes-Rosas et al., 2012).  With certain 

temperatures and relative humidity conditions in the field it is possible for many aphid 
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populations to plummet rapidly, however Shah et al. (2004) conclude that fungal attacks occur 

too late in the season to reliably control aphids.  Though most of the aphids are killed during 

such outbreaks, there can be significant negative effects on marketability and storability of these 

crops due to presence of dead fungi-infected aphids and prior aphid feeding damage (Shah et al., 

2004).  Though fungal outbreaks may take place later in the year when aphid colonies are more 

established, it is likely that entomopathogenic fungi spores are present with the arrival of the first 

winged aphids into the field (Chen et al., 2007).   

Spores of aphidophagous fungi are distributed through infected winged aphids (Chen et 

al., 2007).  The spores of the fungi remain dormant on the body of the aphid until climatic 

conditions are suitable for germination, such as the high humidity caused by abundant rainfall 

(Chen et al., 2007).  Chen et al. (2007) evaluated entomopathogenic fungi on trapped winged 

aphids in China (latitude N, 25°04; E, 102°41) from the top of a 6-story building (altitude 200 

meters).  Over an 11-month period Chen et al. (2007) trapped aphids and observed them for 

fungal parasitism in petri dishes on cabbage leaves (23 ± 2°C and 16L:8D photoperiod).  They 

concluded that Entomophthorales spores were present on trapped aphids throughout the entire 11 

months and was responsible for over 90% of aphid mortality.  Higher cabbage aphid mortality 

due to Entomophthorales correlated with the higher relative humidity from May to August 

compared to the rest of the observation period.  They also identified the species of fungi and 

found that 95% of cabbage aphid was infected by three dominant species (P. neoaphidis, E. 

planconiana, or B. bassiana).  Aphids infected with P. neoaphidis died between one to four days 

post-trapping, whereas aphids infected by B. bassiana died between three to six days after 

trapping. 
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In a greenhouse setting, Hall and Burges (1979) found mixed results on the efficacy of 

Lecanicillium muscarium (previously known as Verticillium lecanii (Zimmermann)), as a control 

agent on aphids.  They found that a single spray of a solution that included L. muscarium spores 

controlled green peach aphid for the remainder of the crop production, whereas its efficacy 

against chrysanthemum aphid (Macrosiphoniella sanborni) and Brachycaudus helichrysi was 

variable and plant quality was not satisfactory. 

Seven wild isolates of P. neoaphidis were evaluated for their pathogenicity against 

cabbage aphid in a laboratory setting (Reyes-Rosas et al., 2012).  The fungal isolates were 

collected in Mexico from three types of aphids (bird cherry-oat aphid (Rhopalosiphum padi (L.)), 

corn aphid (Rhopalosiphum maidis (Fitch)), and the green peach aphid).  Three of these isolates 

had over a 70% mortality rate on cabbage aphid, suggesting that some isolates of P. neoaphidis 

are a potential biological control agent of cabbage aphid (Reyes-Rosas et al., 2012).  They have 

been shown to be fatal within a 24 hour period in laboratory conditions (24 ± 1 °C, 65 ± 10% 

RH) (Kim et al., 2013; Vu et al., 2007). 

Effects of insecticides on entomopathogenic fungi.  From a practical standpoint, it is 

important to remember that some synthetic pesticides have been found to be incompatible with 

entomopathogenic fungi (Neves et al., 2001; Sajjad Ali et al., 2018).  Some insecticides used for 

the control of aphids have fungicidal properties, such as neem products (Girish and Shankara, 

2008; Henn and Weinzierl, 1989).  It is plausible that insecticide applications aimed to control 

cabbage aphid could prevent or minimize the beneficial effects of naturally occurring 

entomopathogenic fungi.  In the same way, it is plausible that Brassicas crops sprayed with 

fungicides aimed to control fungus that attacks the host plant (i.e. Alternaria) may hurt or 

prevent naturally occurring entomopathogenic fungi.  Studies that evaluated the efficacy of 
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mixtures that combined entomopathogenic fungi (B. bassiana) with neem products report mixed 

results.  Sajjad Ali et al, 2018 reports that a binary mixture of neem extract and B. bassiana were 

less effective in their control of wheat aphid (Sitobion avenae) than neem extract or B. bassiana 

on their own.  They hypothesized the lower mortality rate and higher fecundity rates attributed to 

the binary mixture may be due to neem leaf extract causing deleterious effects on mycelial 

growth, conidiogenesis, and spore germination of B. bassiana when neem extract concentration 

of 5% or higher was used (Castiglioni et al., 2003).   

In contrast, laboratory studies have demonstrated binary mixtures of entomopathogenic 

fungi and botanical insecticides to be compatible or even more efficacious than when used singly 

(Mohan et al., 2007; Russo et al., 2015).  A laboratory study showed that neem can have 

synergistic effects with specific strains of B. bassiana (Mohan et al., 2007).  Mohan et al, 2007 

tested 30 isolates of B. bassiana for compatibility with azadirachtin of which 23 were compatible 

and even showed synergist insecticidal effects on a lepidopteran pest.  A binary mixture of B. 

bassiana and eucalyptus (Eucalyptus camaldulensis) extract resulted in higher mortality rates of 

wheat aphid than only B. bassiana and eucalyptus used on their own (Sajjad Ali et al., 2018).  

Like neem, eucalyptus extract contains a terpenoid compound that is a feeding deterrent 

(decreases appetite) and growth regulator (of maturation and reproduction) (Russo et al., 2015).  

Most insecticides do not specify compatibility with entomopathogenic fungi; further research is 

needed to understand these complexities and their implications for commercial field crops. 

Abiotic parameters or agricultural practices that may affect cabbage aphid 

Effects of temperature on aphids.  Several experiments have studied the effects of 

abiotic parameters on aphids.  Temperature can affect which type of cabbage aphid instar is 

produced (sexual or asexual reproduction), rate of development (Hafez, 1961), and birthing rate 
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(how many aphids are produced in a time period) (Bonnemaison, 1951).  Hafez, (1961) found 

that low temperatures of 4.9°C and 5.5°C did not allow for survival of young nymphs or 

completion of maturity.  Cabbage aphid developed at temperatures as low as 13.1°C but 

optimum development occurred at 28.2°C.  Temperatures of 30.9°C resulted in survival of only a 

few individuals that developed more slowly.  Days to development of cabbage aphid ranged 

from eight days with optimal temperatures to 43 days with non-optimal temperatures.  

Bonnemaison (1951) evaluated cabbage aphid birthing rate on cabbage leaf discs at constant 

temperatures of 17°C and 24°C, as well as temperatures that alternated between 17°C and 24°C 

and found the fluctuating temperature treatment to have the highest birthing rate.  A growth 

chamber study that evaluated aphids on lettuce demonstrated that lower temperatures increased 

aphid rate of reproduction (Bugg et al., 2008), whereas field observations from Hughes (1963) 

state that colder weather seemed to decrease the reproductive rate of cabbage aphid.  

Effects of nitrogen fertility on aphids.  Petitt et al. (1994) demonstrated that differing 

nitrogen levels provided to cucumber plants affected reproduction of Aphis gossypii and also on 

pepper plants with green peach aphid.   Tariq et al. (2013) found that higher nitrogen 

concentrations in Brussels sprout leaves were positively correlated with cabbage aphid fecundity 

(birthing rate).  Van Emden (1965) found similar results; cabbage aphid fecundity was highest on 

aging leaves which they attributed to higher concentrations of nitrogen in the leaf phloem.  

Gabrys, (2008) reported that high levels of nitrogen applied to the soil of field crops positively 

affected aphid population development. 

Effects of drought stress on aphids.  Researchers report dry years to have particularly 

damaging infestations, compared to seasons with regular rain (Bahana and Karuhize, 1986; 

Petherbridge and Mellor, 1936).  Petherbridge and Mellor (1936) cited particularly intense aphid 
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infestations during the hot dry season of 1921.  Hafez (1961) cited similar fluctuations of 

cabbage aphid, likely due to weather.  They had substantial numbers of cabbage aphid in the hot 

dry year of 1959 in two different field locations, whereas the number of cabbage aphids in 1960 

with regular rain were less than a quarter of the year prior.  In England, Pollard (1969) also cited 

a season with virtually no cabbage aphids on single plants and attributed it to regular rain (7.06 

inches or 179.3mm in about a one-month period).  However, the mechanism for this 

phenomenon is not clear.  Possibilities include that host plant water status may affect aphid 

populations, aphids may be physically knocked off of plants by rain, or increased humidity may 

favor entomopathogenic fungi.  Broadbent (1953) who studied aphids of potatoes and Dunn and 

Wright (1955) who studied pea aphids (Acyrthosiphon pisum (Harris)) attributed declines in 

summer aphid populations to physical knockoff from heavy rain.   

Greenhouse studies found mixed results with water stress by hand-watering plants at the 

base.  Morris (1992) used the aphid Aphis varians and the host plant fireweed (Epilobium 

angustifolium).  They found aphid colonies decline in size when plants were watered one time 

per four days compared with treatments that were watered daily, or every other day (Morris, 

1992).  However, Khan et al. (2010) demonstrated that cabbage aphid was not affected by 

drought stress; cabbage aphid populations sizes did not change between water-stressed plants and 

their non-water stressed counterparts.   

 Tariq et al. (2013) evaluated Brussels sprout plants that had undergone moderate and 

severe levels of drought stress compared to a regular watering regime and demonstrated that 

plants that had undergone moderate levels of drought stress increased the performance and 

number of cabbage aphid.  Plants with moderate to high levels of drought stress also had higher 

nitrogen concentrations that were positively correlated with cabbage aphid fecundity (Tariq et 
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al., 2013).  In the same study, they also measured glucosinolate concentration, (plant defense 

compounds produced by many Brassica crops) and found that when root herbivory and moderate 

drought were combined, there was a 62% increase in the concentration of glucosinolate. 

Genetic resistance to cabbage aphid.  There have been at least 39 field and laboratory 

experiments evaluating Brassica genotypes for resistance to cabbage aphid (Singh and Ellis, 

1993).  In these studies, 950 Brassica genotypes were tested, 93 of which had moderate to high 

levels of genetic resistance to cabbage aphid.  Two forms of genetic resistance were found. 

Antixenosis affects the behavior of an insect pest and usually is expressed as the pest showing a 

non-preference to a resistant plant compared with a susceptible (not resistant) plant.  Antibiosis 

often results in increased mortality or reduced longevity and reproduction of the pest.  In 

Brassicas, antixenosis resistance to cabbage aphid is associated with red and glossy leaf 

phenotypes, whereas antibiosis does not have clear phenotypic attributes associated with it 

(Singh and Ellis, 1993).  Singh and Ellis (1993) cited five studies that specifically compared 

Brussels sprout genotypes for resistance to cabbage aphid and found that six Brussels sprout 

cultivars and two clones demonstrated cabbage aphid resistance.  Way and Murdie (1965) found 

antixenosis of Brussels sprouts to be associated with a glossy genotype and with low wax 

content.  Ellis et al. (2000) demonstrated that four wild Brassica species showed high levels of 

antibiosis to cabbage aphid.  Future Brassica breeding programs could possibly use these 

beneficial genetic resistance characteristics to incorporate in an integrated pest management 

scheme. 

Destruction of host crop residue.  Cabbage aphid eggs overwinter on Brassica plant 

residue that has not been plowed into the soil.  One of the cultural practices that may reduce 

cabbage aphid populations is the destruction of crop host residues; however, to the best of our 
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knowledge, studies evaluating the efficacy of destroying crop residue have not been published in 

the scientific literature  Wild Brassica relatives may persist in the surrounding environment and 

Shah et al. (2004) report that cabbage aphid can overwinter and live on alternative hosts beyond 

Brassica species. 

Color of insecticide. The color of insecticide materials that cover the host plant may also 

have an effect on the control of cabbage aphid (Moore, 1937; Painter, 1951).  Cabbage plants 

treated with an insecticide mixed with charcoal for black coloring had less than half the number 

of cabbage aphids compared to plants treated with a white insecticide (Painter, 1951).  Moore 

(1937) also found that cabbage sprayed with insecticides dyed different colors showed 

significant differences in number of cabbage aphid.  Plants with uncolored, white insecticide had 

fewer cabbage aphid than their red, green or black counterparts (but black had the least aphids of 

the last three).  There is potential for the addition of inert or compatible ingredients that alter the 

color of already moderately effective insecticides to increase efficacy.  

Light intensity. Painter (1951) concluded that differences in light intensity reflected from 

the leaves in the colored insecticide treatments was responsible for the differences in aphid 

numbers.  Gabrys (2008) state that aphids in flight respond to shape, size, and density of 

potential host plants.  Cabbage aphid are particularly attracted to the wavelength 550-590nm 

(Gabrys, 2008).  Host plants are more easily located by winged aphids if they are grown in bare 

soil which allows for light reflection contrast between the plant and the soil background (Gabrys, 

2008). Colored and reflective mulches are commercially available for field production of 

vegetables and could also be a potential option for aphid control, but material cost and disposal 

of these products should be considered.  Furthermore, natural enemies of aphids may also be 

affected.  
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Plant spacing. Way et al. (1996) found that spacing of Brussels sprout plants affected the 

number of cabbage aphid on plants treated with the same amount of soil-applied pesticide 

(menazon) per plant.  Plants with 36-inch spacing within row had fewer cabbage aphid than 

plants with 18-inch spacing. 

Overall aims, objectives and hypotheses 

There are many insecticides labelled for use in managing cabbage aphid, however, there 

are limited data about the efficacy of organic-approved, commercially available insecticide 

materials against cabbage aphid.  Use of alyssum insectary intercropping has been successful for 

control of aphids in California (Brennan, 2013) but use of this practice is untested locally where 

populations of natural enemies may be different.  These gaps in the literature, compounded with 

local crop losses (Levy and Sideman, unpublished) beg for more integrated pest management 

strategies against this persistent pest.   

Our overall goal was to explore the relationship between Brussels sprout and cabbage 

aphid in our local agroecosystem and find an integrated approach to managing this pest using 

chemical and biological pest management strategies in conjunction.  We had three specific 

objectives.  Our first objective was to evaluate four organic insecticide treatments for their ability 

to control cabbage aphid.  Our second objective was to evaluate seven species of insectary plants 

in the field for their ability to attract predators and parasitoids of cabbage aphids.  Our third 

objective was to determine whether predation and parasitism of the cabbage aphid varied with 

proximity to insectary plants.   

We hypothesized that one or more of the organic-approved insecticide treatments tested 

would provide a statistically significant decrease in cabbage aphid as compared with the 

untreated control, as measured either by number of aphids on leaves or percentage of infested 
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sprouts.  Our second hypothesis was that different species of insectary plants would result in 

different hoverfly densities and that number of other insects observed would selectively visit 

certain insectary plant species.  Our third hypothesis was that increased proximity to insectary 

plants would increase predation and parasitism of cabbage aphid.



 

41 

 

 

 

CHAPTER 2: 

CONTROL OF CABBAGE APHID USING INSECTICIDES  

 

INTRODUCTION  

As described in chapter 1, there have been surveys conducted in 2017 (Levy and 

Sideman, unpublished) and 2019 (Scheufele, unpublished) in which commercial farmers reported 

crop losses from cabbage aphid on Brassica crops.  Most of the farmers have organic 

certification or use reduced-risk methods in their operations (Scheufele, unpublished), which 

suggests that certified organic and low-input growers are having trouble managing this pest with 

the tools available to them.  Insecticides are a common form of control for cabbage aphids 

around the world (Bahana and Karuhize, 1986; Ellis et al., 2000) and locally in the Northeast 

United States.  This chapter focuses on insecticides that are permitted for use in certified organic 

systems and will be referred to as ñorganic-approvedò insecticides. Currently, efficacy reports of 

ñorganic-approvedò insecticides that control cabbage aphid are sparse, and farmers are 

discouraged from growing Brussels sprouts (Levy and Sideman, unpublished). 

Most organic-approved insecticides must directly smother or come in contact with the 

mostly stationary cabbage aphid; thus, good coverage is essential to ensure that insecticides, 

regardless of mode of action, reach the pest.  Local crop reference guides list a plethora of 

organic pesticides for treatment of aphid (McKeag and Dicklow, 2017; Seaman, 2016), but this 

chapter will focus on products with the following active ingredients: azadirachtin, pyrethrins, 

potassium salts of fatty acids, and entomopathogenic-fungi spores.  
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Neem products (Azadirachtin).  Products from the neem tree (Azadirachta indica 

(Meliaceae)) are used as botanical insecticides.  Girish and Shankara (2008) report that 

insecticidal properties of neem are the most effective among 2,400 plant species tested for such 

properties.  Azadirachtin is the primary and most recognized biologically active constituent of 

neem responsible for decreased numbers of insects (Henn and Weinzierl, 1989; Walter, 1999).  

However, other minor liminoid constituents of neem such as meliantriol, salannin, nimbandiol, 

nimbin, and deacetyl nimbinbandiol (Walter, 1999) are also biologically active and influence the 

activity of azadirachtin (Ahmed and Grainge, 1986; Henn and Weinzierl, 1989; Walter, 1999).  

One neem-based product, Neemix, contains nimbandiol, deacetylsalannin, deacetylnimbin, 

nimbin, 6-acetylnimbandisol, and salannin constituents, which have demonstrated synergistic 

activity (Walter, 1999).  These constituents are not efficacious against insects on their own but 

have been demonstrated to improve the efficacy of azadirachtin (Walter, 1999).  Moreover, the 

evolution of pest resistance against a complex of active ingredients in an insecticide may also be 

slower than that of a single pure compound insecticide (Pavela, 2006).  Furthermore, ñoriginalò 

essential oil complexes have been found to be more effective in the control of pests than single 

pure compounds (Walter, 1999).  Muhammad et al. (2018) used an original essential oil complex 

and reports that neem seed extract, turmeric (Curcuma longa) rhizome extract, and synthetic 

pyrethroid-based pesticides (Cypermethrin and Bifenethrin) reduced aphid populations in okra 

(Abelmoschus esculentus).  Plants treated with neem seed extract were found to have fewer 

aphids than plants treated with the synthetic pyrethroid insecticides, which were not statistically 

different than plants treated with turmeric rhizome extract. 

Despite the attempt to use concentration of azadirachtin as a marker for insecticidal 

activity of these mixtures, there is no standardization of neem-based products (Walter, 1999).  
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There are differences in the extraction process, formulation of solvents, and other adjuvants or 

ñinertò ingredients that affect insecticidal properties of neem-based insecticides (Walter, 1999).  

These differences make comparing insecticide efficacy difficult (Walter, 1999) and since neem is 

a mixture of multiple active compounds, it is hard to clearly identify the precise mode of action 

in various neem products that are prepared differently. 

Current literature shows that neem is a secondary feeding deterrent and growth regulator 

that causes insects to stop feeding and can interrupt reproductive maturity (Ahmed and Grainge, 

1986; Henn and Weinzierl, 1989; Mordue (Luntz) & Nisbet, 2000; Mordue (Luntz) et al., 1998).  

Primary anti-feedant properties of insecticides deter insects from ingesting the crop from the 

beginning, whereas the secondary anti-feedant properties of azadirachtin result post-ingestion.  

Aphids that have ingested azadirachtin experience a reduction of food consumption and digestive 

efficiency (Mordue(Luntz) & Nisbet, 2000).  A laboratory study reported that aphids slowed 

their feeding rate following 24 hours of a diet comprised of 25ppm azadirachtin (Nisbet et al., 

1994).  Azadirachtin terminates insects slowly in part by disrupting their molting cycle necessary 

for development, which in turn causes them to perish.  Thus, it has been shown that azadirachtin 

does not cause mortality to mature aphids (Pavela et al., 2004).  Since the kill time is slow, low-

functioning insects may remain on the crops, however, since azadirachtin has secondary anti-

feedant properties pests may feed less on the crop.  In this way, counting number of insects prior 

and after foliar application may still show a similar number of pests, but the damage to the crop 

may not continue (Walter, 1999).  Some neem products may be used in rotation with adulticides 

or practices that encourage conservation of beneficial insects that can parasitize or predate on 

adult pests (Walter, 1999). 
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Researchers have studied the effects of different concentrations of neem oil extract versus 

azadirachtin on aphids.  Opender (1998) tested various levels of neem seed oil extract (1%, 

1.5%, 2%) compared with different concentrations of azadirachtin (30ppm and 60ppm).  They 

found 49% to 70% fewer cabbage aphid offspring were produced in all insecticide treatments 

than in the water control treatment.  Reduction in offspring was greatest in 2% neem seed oil and 

60ppm azadirachtin.  Since Opender (1998) found similar results with both neem seed oil and 

pure azadirachtin, they attribute the reduction of cabbage aphid fecundity found in their 

experiment specifically due to the azadirachtin component of neem.  Mordue (Luntz) et al. 

(1998) and Nisbet et al. (1994) confirmed that specifically the azadirachtin constituent of neem is 

what interferes with the reproduction of aphids.  Female aphids fed a diet with 5ppm of 

azadirachtin had a significant decrease in fecundity within 48 hours (Mordue (Luntz) et al., 

1998).  Furthermore, aphids fed a diet with 10ppm azadirachtin produced young that were not 

capable of surviving (Mordue Luntz et al., 1996).  Adult green peach aphids (Myzus persicae) 

that were fed 25-100ppm azadirachtin for 26 hours slowed their asexual reproduction rate.  After 

50 hours of the diet nymph production had essentially halted or the nymphs produced did not 

reach sexual maturation (Nisbet et al., 1994). 

Studies evaluating azadirachtin had some effectiveness in controlling aphids, however, 

efficacy is dependent on aphid species and formulation of the insecticide mixture.  Effects of 

azadirachtin concentration levels vary according to aphid species.  To inhibit reproduction, the 

black bean aphid (Aphis fabae) require 3-3.5ppm azadirachtin (Dimetry and Schmidt, 1992) and 

the cabbage aphid require 60ppm azadirachtin (Opender, 1998).  The lettuce aphid (Nasonovia 

ribisnigri), the strawberry aphid (Chaetosiphon fragaefoli), and the green peach aphid require 

60-80ppm azadirachtin to inhibit reproduction (Lowery and Isman, 1996).  Nisbet et al. (1992) 
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reported a requirement of over 100ppm azadirachtin to induce antifeedant effects on green peach 

aphid.  Currently, field studies on azadirachtin products specifically against cabbage aphid are 

lacking in the literature.  Three out of four experiments using azadirachtin-based products had 

efficacy in the control of other aphids, whereas four out of seven experiments controlled green 

peach aphid (Seaman, 2016). 

Use of adjuvants or synergists may increase the efficacy of neem-based products against 

aphids in the field.  Seaman (2016) suggests mixing azadirachtin products with an oil.  Walter 

(1999) cite a field study demonstrating synergistic activity for increased efficacy against aphids 

(rosy apple aphids (Dysaphis plantaginea) and green peach aphids) when Neemix (neem) is 

mixed with stylet oil or M-pede (Potassium salts of fatty acids).  The increased efficacy of 

Neemix mixed with stylet oil or M-pede was attributed to the insecticide mixture drying slower 

than Neemix alone (Walter, 1999).  Mohan et al. (2007) showed that neem can have synergistic 

effects with specific strains of biological insecticides.  Neem also carries antifungal properties 

(Girish and Shankara, 2008; Henn and Weinzierl, 1989) which could be advantageous against 

phytophagous fungi, or could potentially be detrimental towards beneficial fungi. 

The effects of neem seed oil on natural insect enemies of aphids have been studied in the 

laboratory.  Lowery and Isman (1995) tested different concentrations of neem seed oil (0.5%, 

1.0% and 2.0%) for their effect on hoverfly (Eupeodes fumipennis (Thompson)), ladybeetle 

(Coccinella undecimpunctata L.), and parasitic wasp (Diaeretiella rapae (Mclntosh)).   

Coccinella undecimpunctata L. were severely affected; there was 100% mortality of larvae in all 

concentrations of neem seed oil; they were unable to pupate or eclose (emerge from pupa).  

Eupeodes fumipennis were not as sensitive, but still had a reduction in eclosion on neem oil seed 

treatments.  Diaeretiella rapae (Mclntosh) rate of aphid parasitism was not reduced on neem 
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seed oil treated plants indoors as well as in the field (Lowery and Isman, 1995).  Despite some 

detrimental effects of neem seed oil on some beneficial insects in the laboratory, Lowery and 

Isman (1995) conclude that use of neem products in field conditions are relatively benign to their 

natural enemies.  Schauer (1985) found parasitoid wasps that had been sprayed with azadirachtin 

still hatched at the same rate of their unsprayed counterparts.  If beneficial populations are 

diminished by broad spectrum insecticides, secondary pest outbreaks can occur (Walter, 1999).  

Walter (1999) concludes that the low impact of azadirachtin on natural enemies allows for it to 

be used as an integrated pest management tool in conjunction with biological control. 

Systemic properties of insecticides may reduce exposure to natural insect enemies of 

aphids.  Neem can be taken up by the roots of plants (vegetables and trees) and translocated to 

other parts of the plant as natural metabolites and act as a systemic insecticide (Basedow et al., 

2002; Henn and Weinzierl, 1989; Pavela et al., 2004; Sundaram, 1996).  Nisbet et al. (1992 and 

1993) concur that when azadirachtin is used systemically it has antifeedant effects on green 

peach aphid.  Pavela et al. (2004) found longevity of nymphal stage was inversely related with 

azadirachtin concentration at plant roots; as azadirachtin concentrations increased, longevity of 

nymphal cabbage aphid decreased.  However, mature cabbage aphid longevity was not affected, 

regardless of concentration (Pavela et al., 2004), which was confirmed by Nisbet et al. (1994).  

Pavela et al, 2004 hypothesizes low concentrations of azadirachtin or botanical insecticides 

applied systemically could be more efficacious for control of pests compared to foliar 

application.  When applied to the foliage, azadirachtin effectively terminated Birch leafminer 

(Fenusa pusilla) through the leaf cuticle (Larew et al., 1987), but did not demonstrate 

translocation from leaf to leaf (Walter, 1999). 
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Pyrethrum, pyrethrins, pyrethroids.  Pyrethrum is the dried flowerhead of 

Chrysanthemum cinerariaefolium that has been ground into a powder (Henn and Weinzierl, 

1989).  Pyrethrins are six insecticidal compounds that are extracted from the ground flower 

powder and used to manufacture insecticide materials (Henn and Weinzierl, 1989).  Pyrethrins 

are more concentrated, since they constitute only 0.9-1.3% of the flowerheads themselves.  

Pyrethroid insecticides are synthetic compounds; they are not botanical insecticides (Henn and 

Weinzierl, 1989) and are not approved for organic production.  In contrast to pyrethrins, 

pyrethroids are more persistent in the environment, more toxic to insects, and effective at very 

low concentrations (Henn and Weinzierl, 1989). 

Pyrethrins mode of action is through the cuticle of the insect.  Pyrethrins disrupt ion 

exchange in nerve fibers and interrupt the regular transmission of nerve impulses.  In turn, the 

nervous system of insects become rapidly paralyzed by toxicity and they sometimes die (Henn 

and Weinzierl, 1989).  Despite initial acute toxicity, many insects can metabolize and detoxify 

pyrethrins and may recover, rather than die.  Piperonyl butoxide (PBO) is a common synergist 

ingredient in pyrethrin products that increases their efficacy by preventing insect recovery and 

survival (Henn and Weinzierl, 1989).  However, since PBO is a synthetic compound it is not 

approved for use in certified organic agriculture. 

Studies evaluating pyrethrin products demonstrated some efficacy in controlling aphids, 

however, different aphid species affected product efficacy.  In a review article, Seaman (2016) 

cites the organic-approved insecticide PyGanic EC 1.4 II (pyrethrins) to be effective in older 

experiments against cabbage aphid.  However, only one out of the three experiments using 

pyrethrin products cited had efficacy in the control of green peach aphid.  Pyrethrum was 

effective in the control of aphid on artichoke, however, was ineffective against aphids on spinach 
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and commercial greens (Casida, 1980).  Up to date field studies on pyrethrins against cabbage 

aphid on Brussels sprouts are lacking in the literature.  Since repeated used of synthetic 

pyrethroids can lead to insect resistance to pyrethrins (Casida, 1980), efficacy of these products 

against insects may change over time. 

Lab experiments reported that pyrethrin products evaluated on beneficial parasitic wasp 

Aphidius rhopalosiphi (Destefani Perez), and beneficial lady beetle Adalia bipunctata (L.) had 

100% mortality (Jansen et al., 2010).  Their results showed that pyrethrin products are potentially 

very toxic to natural enemies of aphids in a lab setting, however, literature does not confirm this 

finding in the field setting. 

Potassium salts of fatty acids (M-pede).  Other names that may refer to potassium salts 

of fatty acids are ñsoap saltsò (Dheeraj et al., 2013) or ñinsecticidal soaps.ò  Potassium salts of 

fatty acids are made by mixing potassium hydroxide with fatty acids (from animal fats or plant 

oils) (Dheeraj et al., 2013; Sy Mohamad et al., 2013).  Potassium salts of fatty acids are used as 

herbicides, fungicides, and algaecides (Dheeraj et al., 2013).  Oleic acid, a fatty acid found in 

high concentrations in olive oil has been shown to have high insecticidal properties.  Safer® 

soaps are trade name of potassium salts of fatty acids that are commercially available and 

according to Henn and Weinzierl (1989) the active ingredient is potassium salt of oleic acid.  

However, the current label of both Safer® Soaps and M-Pede reads ñPotassium salts of fatty 

acidsò, thus, comparisons of different fatty acids cannot be readily made. 

The mode of action is dependent on direct contact with the pest, which is a physical 

control that smothers the insect, rather than chemical insecticidal properties.  When potassium 

salts of fatty acids contact the surface of the pest, the cuticle (outer coating of the aphid) is 

penetrated (Henn and Weinzierl, 1989), spiracles (responsible for air exchange) are obstructed 



 

49 

 

and the insect is fatally suffocated (Dheeraj et al., 2013; Sy Mohamad et al., 2013).  Potassium 

salts of fatty acids work on most soft-bodied insect pests that do not have thickened cuticles 

(Henn and Weinzierl, 1989) and have been successful in the control of aphids (Dheeraj et al., 

2013; Sy Mohamad et al., 2013; Wafula et al., 2017).  For the soap to be effective, however, the 

material must contact the pest body while it is still in liquid form; once the material has dried, it 

no longer has insecticidal effects and degrades quickly (Henn and Weinzierl, 1989).  Jansen et al. 

(2010) concluded that potassium salts of fatty acids were not harmful to mobile natural enemies 

of aphids (parasitic wasps and lady beetles) and indicated it as a selective, safe alternative to 

other insecticides labeled for aphids that rely on chemical insecticidal properties.  

Studies evaluating soap products had some effectiveness in controlling aphids, however, 

aphid species appears to be important.  Six out of eight experiments using soap products had 

efficacy in the control of ñotherò aphids, whereas zero out of nine experiments controlled green 

peach aphid (Seaman, 2016).  Currently, field studies on soap products against cabbage aphid 

and are lacking in the literature.  Seaman (2016) suggests using M-pede (potassium salts of fatty 

acids) in combination with another labeled product, however, literature that shows increased 

efficacy with these mixtures or explanation of possible synergism is lacking. 

Entomopathogenic fungi-based insecticides.  Entomopathogenic fungi are parasitic to 

insects.  If conditions (i.e. relative humidity, temperature) are correct the spores will germinate 

and consume the body of the insect (Reyes-Rosas et al., 2012).  There are commercialized 

ñbiological insecticidesò that have entomopathogenic fungi spores as their active ingredient.  The 

specialized mouth part of the aphid does not allow for the ingestion of insect-harming bacteria or 

viruses to enter the aphid body as a biological control (Shah et al., 2004) but fungal spores can 

penetrate through the cuticle (outer coating) of the aphid (Reyes-Rosas et al., 2012).   
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A strain of Lecanicillium muscarium, previously known as Verticillium lecanii, is 

commercially available under the tradename Mycotal.  However, this specific biological 

insecticide material is not currently available in the United States.  Mycotrol ESO (active 

ingredient Beauveria bassiana) is a commercially available entomopathogenic fungi-based 

insecticide labeled for the control of aphids but has not been tested for efficacy of cabbage aphid 

in the Northeast.  Environmental factors play a large role in the success of entomopathogenic 

fungi (Reyes-Rosas et al., 2012) which makes it challenging to evaluate entomopathogenic 

fungi-based insecticides in field settings with changing environmental conditions. 

There are many materials that are listed for the control of aphids, however, there are 

limited experiments that investigate organic-approved, commercially available insecticide 

materials against cabbage aphid.  These gaps in the literature, compounded with local crop losses 

(Sideman, personal communication) beg for more organic-approved insecticide efficacy studies 

on cabbage aphid.  Therefore, the objective of this chapter was to evaluate four organic-approved 

insecticide materials (Azera, AzaGuard, M-pede, Mycotrol ESO) over three years to compare 

their efficacy against cabbage aphid in Brussels sprout in field conditions in Durham, NH. 
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MAT ERIALS AND METHODS  

Seedling production.  Prior research has identified ideal planting dates, cultivars, and 

topping dates for Brussels sprouts (Sideman and Saunders, 2015) that were used in the design of 

this experiment.  óDiabloô Brussels sprout seeds were purchased from Johnnyôs Selected Seeds 

(Winslow, Maine).  Brussels sprouts seeds were sown on 20 May 2016, 24 May 2017, and 31 

May 2018 into 128 plastic cell trays using Promix BX (Pro-Mix, Quakertown, PA) soil-less 

media.  Seeds were sown one seed per cell in 2016 and 2018.  Seeds were sown two seeds per 

cell tray in 2017 and seedlings were thinned on 2 Jun 2017 at cotyledon stage with the first true 

leaf emerging.   Seedling trays were fertilized with water soluble fertilizer two times each year 

before transplant [15Nï2.2Pï12.5K] (Peters Professional 15ï5ï15 CalïMag; Everris Intl., 

Geldermalsen, The Netherlands) at a rate of 300 ppm N.  

Field site preparation and transplanting.  Experiments were conducted in the same field 

in 2016, 2017 and 2018 at the University of New Hampshire at Woodman Horticultural Farm in 

Durham, New Hampshire, United States (43.150591ºN latitude and 70.942150º long).  Prior to 

transplanting into the field, 150lbs/acre of nitrogen (N) as 27-0-0 and 50lbs/acre of K20; (potash) 

as KCl (Potassium chloride (0-0-60)) were incorporated in the spring on all three years, based on 

soil test recommendations.  Raised beds were created with 1 line of drip tape buried 1 inch below 

the soil surface.  In 2016, raised beds were covered with 1 mil embossed plastic mulch, and for 

the following two years, with 0.6 mil Organix A.G. Film biodegradable black plastic mulch 

(Organix Solutions, Phoenix, Arizona).  Brussels sprouts were transplanted on 21 Jun 2016, 16 

Jun 2017, and 21 Jun 2018 into the field at the 5-leaf stage with healthy root development but 

before becoming root-bound.  Brussels sprouts seedlings were planted at 18-inch spacing with 

six feet between rows.  Plants were replaced when lost due to pest damage until three weeks after 
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transplant in all years. Applications of Dipel® DF were made throughout the growing season to 

combat cutworms, imported cabbageworm, diamondback moth, cabbage looper and salt marsh 

caterpillar pests.  There was not much success with controlling the cutworms, which were dug 

out by hand and the Brussels sprouts seedlings were replaced when the stem was girdled.  

Brussels sprouts were topped (the apical meristem was removed) on the week of September 15 

and harvested in November after a few hard frosts in all years. 

Irrigation.  The timing of irrigation events was determined by regular evaluation of the 

root zone.  A clump of soil and the squeeze test was used to determine soil moisture (Healy, 

2012).  If a ball or clump of soil could be formed, no water was added.  If the soil was loose and 

falling apart, the drip irrigation was turned on for an hour interval and the root zone was re-

evaluated for moisture.  Throughout the course of the season bio-degradable mulch did start to 

rip and fray but did not seem to negatively affect the plants.  The bare soil exposed by rips 

needed more irrigation during sunny weather, but during rainy and moist periods allowed the 

overhead water to penetrate the soil bed.  On average, the drip irrigation ran about four hours 

weekly in 2016, 1.5 hours weekly in 2017, and only run twice for two hours over the course of 

the entire season in 2018 due to regular rainfall. 

Insecticide treatments. Choice of insecticide treatments was decided after gathering 

information from crop references (Seaman, 2016), discussions with growers (Levy and Sideman, 

unpublished), researchers and entomologists in the region regarding insecticide efficacy.   

In 2016 our insecticide treatments for cabbage aphid were Azera ([azadirachtin and 

pyrethrins] MGK, Minneapolis, MN) and M-pede used in rotation ([Potassium salts of fatty 

acids] Gowan Co, Yuma, AZ) against a control.  For this experiment, the control plot did not 

have any cabbage aphid insecticides applied to it.  No sprays were applied was applied to these 
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plots, except for an insecticide to manage lepidopteran pests, which was applied to the entire 

field on all treatments in all three years.  All plots were periodically sprayed with Dipel® DF ([B. 

thuringiensis var. kurstaki] Valent BioSciences, Libertyville, IL) per label recommendations for 

control of lepidopteran caterpillar pests that are not the focus of this experiment.  Applications 

rates ranged from 0.5lbs/acre when plants were young to 2lbs/acre when plants were larger, as 

greater amounts of mixed material was needed to ensure good coverage. 

In 2017 our three pesticide treatments for cabbage aphid were: (1) AzaGuard 

([azadirachtin] BioSafe Systems LLC, East Hartford, CT), (2) Azera ([azadirachtin and 

pyrethrins] MGK, Minneapolis, MN) and (3) M-Pede ([Potassium salts of fatty acids] Gowan 

Co, Yuma, AZ) against (4) an untreated control (Table 1).  The control was not water treatment; 

nothing was applied to these plots except for control of lepidopteran pests, which was applied to 

the entire field.  Nu Film-P ([Poly-1-p-Menthene] MKG, Minneapolis, MN), a ñspreader-stickerò 

adjuvant, was included in the Dipel® DF mixture as well as the AzaGuard treatment per label 

recommendations.  The Dipel® DF+Nu Film P mixture was applied using a high velocity 

cannon sprayer Jacto J400 (Jacto, Tualatin, OR, USA). 

  In 2018, the same treatments as 2017 were used, and another insecticide treatment was 

added: (5) Mycotrol ESO (LAM International Corporation; Butte, MT [Beauveria bassiana 

strain GHA]) (Table 1). 
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Table 1. Insecticide treatments used against cabbage aphid: tradenames, manufacturer, location, 

active ingredient, and rate of insecticide concentrate used per 3 gallons of water. Azera and M-

pede were used in rotation in 2016.  Azera, M-pede, AzaGuard + Nu Film P were used without 

rotation in 2017.  Azera, M-pede, AzaGuard + Nu Film P, and Mycotrol ESO were used without 

rotation in 2018.  Rate of concentrates are from label recommendations.  Since rate of 

concentrates are recommended as a range, the price per application reflects the same range.  

Prices are sourced from an average of available online prices without including shipping. 

Insecticide Treatments 

Insecticide 

Material 

Manufacturer and 

Location 

Active 

Ingredient 

Rate of concentrate Price range  

per  

application 

per acre 
per 3 

gallons 

water 

per acre 

Azera 
MGK, 

Minneapolis, MN 

azadirachtin 

and 

pyrethrins 

177 mL 
539mL-

946mL 
$65.5-$115 

M-Pede 
Gowan Co, Yuma, 

AZ 

potassium 

salts of fatty 

acids 

207 mL 1892mL $23  

Mycotrol 

ESO 

LAM International 

Corporation; 

Butte, MT 

Beauveria 

bassiana 

Strain GHA 

88.7 mL 
237mL-

946mL 
$25 - $99 

AzaGuard 

BioSafe Systems 

LLC, East 

Hartford, CT 

azadirachtin 28.5 mL 
295mL-

473mL 
$50 - $79 

Nu Film P 

(adjuvant 

mixed 

with 

AzaGuard) 

MKG, 

Minneapolis, MN 

Poly-1-p-

Menthene 
 4.9 mL 

61mL - 

121mL 
$1 - $2 
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Application timing. Decisions regarding insecticide application timing were made based 

on the sequential sampling protocol for economic thresholds for cabbage aphid published by the 

University of California Cooperative Extension (Natwick, 2009).  Based on number of data 

plants per plot, we sprayed when thresholds reached 14% of plants with at least one cabbage 

aphid per plot, compared to the recommended 15%.  Pesticide application decisions based on 

economic thresholds were also in alignment with specimen label recommendations at eight to 

10-day intervals .  Each plot was considered individually to determine economic damage 

thresholds per plot and insecticide treatments were only applied if the specific plot reached 

economic threshold, regardless of the other replications of the same treatment.  In 2016, 

treatments were rotated between M-pede and Azera.  In 2017, all spray treatment rates and 

mixtures remained the same throughout the growing season; sprays were not rotated.  Bamboo 

stakes (5ft) with colored flags were installed to delineate between cabbage aphid insecticide 

treatment plots and the untreated plants.  

Experimental design. A randomized complete block design was used in all three years.  

In 2016 there were four replications of two treatments with a total of eight insecticide and 

untreated plots.  Each plot was comprised of 39 plants, in three rows of 13 plants.  In 2017 there 

were three replications of four treatments with a total of 12 insecticide and untreated plots.  Each 

plot was comprised of 36 Brussels sprouts plants, in three rows of 12 plants.  In 2018, there were 

three replications of five treatments with a total of 15 insecticide and untreated plots.  Each plot 

was comprised of 30 Brussels sprout plants, in three rows of 10 plants.  In all years, treatment 

plots were surrounded with border of untreated Brussels sprout plants. 
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Data.  In 2016, six Brussels sprout plants were sampled; two plants from each row were 

chosen at random for aphid counts.  For both 2017 and 2018, nine plants per plot were sampled; 

three plants from each row were chosen at random for counting insects on their leaves.   In all 

three years, six leaves per plant were observed to count insects on both sides of the leaves.  For 

each plant, two leaves each from the lower, middle, and upper portion of the plant were observed 

for aphid count.  In 2016 there were seven observations, averaging every 14 days from 3 Aug 

2016 to 14 Nov 2016.  In 2017 there were 11 observations, averaging every 10 days from 19 Jul 

2017 to 2 Nov 2017.  In 2018 there were 11 observations averaging every 9 days from 29 Jul 

2018 to 8 Nov 2018. 

At harvest, we selected six plants (in 2016) or eight plants (in 2017) from the middle row 

of each plot (Figure 3).  All leaves were removed to view the ñsproutsò (the axial buds; the 

portion that is eaten).  Sprouts were observed superficially while still on the stalk and percentage 

of buds affected by cabbage aphid was determined per stalk.  In 2016, a sprout was considered 

ñinfestedò if there were enough aphids that peeling off the outer leaves of the sprout bud would 

not clean it entirely.  A sprout was considered to have ñfewò aphids if there were superficial 

aphids that could easily be cleaned off the outside of the sprout.  A ñcleanò sprout had no aphids 

from the outside view.  In 2017 there were no aphids on the outside of buds, which would have 

resulted in 100% ñcleanò sprouts under the 2016 definition but instead a closer method of 

inspection was used to discern differences between treatments.  Moreover, 10 of the Brussels 

sprout buds were sampled throughout the stalk (two in each quarter section of the stalk length) 

by pulling back the outer leaves of the bud to inspect for dead or alive aphids.  If there were one 

to five aphids (dead or alive) on the inside of the outer-most leaves of the sprout, there were 
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considered to be ñfew aphidsò (Figure 4).  Sprouts that were considered ñcleanò had to have zero 

dead or live aphids found when outer leaves of sprouts were pulled back.

Figure 3. Final harvest of the eight Brussels sprouts stalks in the center of each insecticide 

treatment plot in 2017. 

Figure 4. A sprout with ñfewò aphids in 2017.  The 

outer leaves of the Brussels sprout buds were pulled 

back to look for dead or live aphids.  One to five dead 

aphids were considered ñfew aphids.ò 
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Data analysis.  Printed Excel spreadsheets and field note books were used to collect data 

when scouting for insect populations.  Notebook data were entered into an Excel spreadsheet.  

We calculated the average percent infested sprouts per stalk for each replicate and summed aphid 

presence on leaves to evaluated difference in insecticide treatments.  Then, using JMP Pro 13 

statistical software, we tested for and confirmed normal distribution which was already present in 

both leaf count and percentage data.  Therefore, no transformation was used.  An Analysis of 

Variance (ANOVA) was conducted.  Tukeyôs honestly significant difference (HSD) was used to 

calculate means separation at Ŭ=0.05 for leaf count data.  
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RESULTS 

Count of cabbage aphid on Brussels sprouts leaves over time. 

Year one: 2016.  In mid-July the first winged aphids began to fly into the field, 

distributed in patches throughout the field  (Figure 5).  Plots where Azera and M-pede were 

applied in rotation had significantly fewer cabbage aphids than the control plots from 21 Sept 

2016 to 4 Nov 2016  (Figure 5).  Aphid numbers in the control plot continued to increase until 4 

Nov 2017, the last sample date before harvest (Figure 5).   

Year two: 2017.  In mid-July the first winged aphids were observed in the field, 

distributed in patches throughout (Figure 6).  The first winged cabbage aphid was found on 

down-wind edge of the field.  Cabbage aphid numbers increased in all treatment plots until mid-

September.  At peak aphid populations on 28 Sept 2017, plots treated with AzaGuard+ NuFilm P 

and Azera had significantly fewer cabbage aphids than M-pede and control plots (Figure 6).  28 

Sept 2017 was the only sample date in 2017 where significant differences of aphid numbers were 

found between treatments.  Following this peak, there was a substantial decrease in cabbage 

aphid numbers across all treatments (Figure 6).   

Year three: 2018.  Winged aphids did not reach the experiment plots until 27 July 2018.  

There were the greatest number of cabbage aphids on 8 Aug 2018 (mean of 0.22 aphids per six 

leaves) which resulted in only one third of the plots reaching economic threshold on that single 

date.  Populations were not severe enough to compare insecticide treatments and final harvest in 

all plots resulted in 100% clean sprouts.  
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Figure 5. Number of cabbage aphids per six leaves in 2016.  Azera and M-pede were applied in rotation; the control was unsprayed.  

Six Brussels sprouts plants were randomly selected per plot and cabbage aphids were counted on six leaves per plant.  Cabbage aphid 

count was summed per six leaves and means are from 4 replicates.  Error bars represent standard error.  Each marker signifies one of 

the 7 sample dates from 3 Aug 2016 to 4 Nov 2016.  Within date, treatment means followed by the same letter are not significantly 

different according to Studentôs T-test at Ŭ =0.05.  On dates with no significant differences between treatment means there are no 

means separation letters. 
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Figure 6. Number of cabbage aphids per six leaves in 2017.  Control plots were unsprayed.  Six Brussels sprouts plants were 

randomly selected per plot and cabbage aphids were counted on six leaves per plant.  Cabbage aphid count was summed per six 

leaves.  Means are from 3 replicates.  Error bars represent standard error.  Each marker signifies one of the 11 sample dates from 19 

Jul 2017 to 2 Nov 2017.  Within date, treatment means followed by the same letter are not significantly different according to Tukeyôs 

HSD at Ŭ =0.05.  On dates with no significant differences between treatment means there are no means separation letters. 
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Economic thresholds 

In 2016, economic damage thresholds were first reached on 19 Jul 2016 and not again 

until about two months later.  In 2017, economic damage thresholds were reached on 14 Aug 

2017 and were maintained in all plots until harvest. By mid-September every Brussels sprout 

plant within the experiment had a least one cabbage aphid.  Aphids remained at damaging levels 

until aphid populations in all plots, including the control plot, plummeted after 23 Oct 2017. 

Number of insecticide applications 

In 2016, cabbage aphid insecticide treatments were applied on eight dates, alternating between 

Azera and M-Pede (Table 2).  In 2017, cabbage aphid insecticides (Azera, AzaGuard+NuFilm P, 

M-Pede) were applied on seven dates as plots reached economic damage thresholds (Table 2).  

Dipel DF was applied six times in 2016 and Dipel DF + NuFilm-P was applied four times in 

2017.
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Table 2. Application dates of insecticides to experimental plots in 2016 and 2017. 

2016    2017 

Cabbage aphid 

insecticide applied z 
Dipel DF    

    

Cabbage aphid 

insecticides 

Dipel DF +  

Nu Film Py 

M-Pede 19 Jul 8 Jul     14 Aug 26 Jun 

Azera 13 Sep 11 Jul     24 Aug 21 Jul 

M-Pede 22 Sep 26 Jul     5 Sep 28 Aug 

Azera 28 Sep 12 Aug     14 Sep 5 Oct 

M-Pede 7 Oct 1 Sep     26 Sep  

Azera 12 Oct 9 Sep     12 Oct  

M-Pede 20 Oct      23 Oct  

Azera 2 Nov        

Number of 

applications 

per year 

8 6 

    

7 4 

    z Insecticides used to control cabbage aphid were rotated in 2016, but not in 2017. 

    yDipel DF was used to control caterpillar pests.  In 2016, no adjuvant was used  

    with Dipel DF, whereas in 2017 Nu Film P was mixed as a wetting agent 
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Final harvest: effects of cabbage aphid on harvest  

Final harvest 2016.  The rotation of Azera and M-pede resulted in 10 times more sprouts 

that were not infested contrasted with the unsprayed control plots.  The rotation of Azera and M-

pede resulted in 91% of sprouts with no visible aphids on the outside (ñcleanò), 8% of sprouts 

with few superficial aphids that could easily be cleaned off (ñfew aphidsò), and 1% of sprouts 

had enough aphids that peeling off the outer leaves of the sprout would not clean it entirely 

(ñinfestedò).  The unsprayed control plots resulted in only 9% ñcleanò sprouts, 58% ñfew aphidsò 

on sprouts, and 33% ñinfested sproutsò (Figure 7).  Data supported the hypothesis that 

insecticides would reduce aphid infestation compared the control. 

Final harvest 2017.  From the outside view of the Brussels sprouts stalk and sprouts 

there appeared to be adequate control of cabbage aphid in all treatments.  There were zero 

percent ñinfested sproutsò in 2017.  However, upon closer inspection by pulling back the outer 

leaves of the sprout, small numbers of mostly dead aphids were found.  The definition of ñcleanò 

sprouts was then changed to zero presence of dead or live aphids on the inside or outside of a 

sprout.  Though the mean percentage of clean sprouts treated with Azera (60%) and 

AzaGuard+NuFilm P (57%) were greater than those treated with M-Pede (39%) and the 

unsprayed control (41%), there were no statistical differences found between any of the 

treatments(p=0.099) (Figure 8).  Data did not support the hypothesis that one or more 

insecticides would show statistically greater efficacy against cabbage aphid compared to the 

control.  
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Figure 8. Final harvest: percent ñclean sproutsò not affected by cabbage aphid, 2017.  

ñClean sproutsò had zero aphids on the inside or outside of sprouts. There were no 

significant differences between treatments.  There were zero infested sprouts in 2017. 

The remaining  percentages per treatment had ñfew aphids.ò ñFew aphidsò had one to 

five (live or dead) aphids on the inside of the outer leaves of the sprout. 

Figure 7. Final harvest: percent sprouts affected by cabbage aphid, 2016.  Percent 

clean sprouts was significantly greater for Azera and M-pede in rotation than for 

unsprayed control treatment.  ñInfested sproutsò had enough aphids that peeling off the 

outer leaves of the sprout would not clean it entirely.  ñFew aphidsò had superficial 

aphids that could be easily clean off outside of the bud.  ñCleanò sprouts had no visible 

aphids on the outside of sprouts. 
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Naturally occurring entomopathogenic fungus   

In both 2017 and 2018,  we observed naturally occurring entomopathogenic fungi on 

parasitized cabbage aphid colonies on Brussels sprouts in the field during the second week of 

October.  On both years, we sent samples to specialists at the University of Vermont for 

identification.  Using microscopic features, Agrin Davari and Margaret Skinner determined the 

entomopathogenic fungus found in 2017 was very likely to be Neozygites 

fresenii (Entomophthorales: Neozygitaceae) (Figure 9) and likely Lecanicillium muscarium 

(Hypocreales: Cordycipitareae) in 2018. 

In 2017, there were very high numbers of cabbage aphid that collapsed suddenly in all 

treatments during the same period that entomopathogenic fungus was observed.  Cabbage aphid 

numbers peaked on 28 Sept 2017, and it is likely that entomopathogenic fungi germinated in the 

humid environmental conditions of 7 Oct 2017 through 10 Oct 2017.  It rained a small amount 

daily for an average of 0.38 inches, and the average number of hours with leaf wetness per day 

Figure 9. Microscope photographs of entomopathogenic fungus, likely Neozygites 

fresenii (Entomophthorales: Neozygitaceae) in 2017.  Photographs by Agrin Davari and 

Margaret Skinner at the University of Vermont. 
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was 10.  The average number of hours with Ó 90% relative humidity was 16.67, and windspeed 

averaged 2.87 miles per hour.  The average air temperature per day over this period was 67.70°F.  

The next observation date of aphid numbers on Brussels sprout leaves was 17 Oct 2017 and live 

aphid numbers had decreased, while the dead bodies of numerous aphids were left attached to the 

leaf with fuzzy gray-black-brown fungal mycelium (Figure 10).  

In 2018 we observed very few aphids in the field.  However, there was small preliminary 

experiment on the edge of the Brussels sprout field that tested the ability of netted low tunnels 

over Brussels sprouts plants to exclude pests.  When netting was lifted to view the plants, we 

noticed that there were substantial infestations of cabbage aphid under one of the four 

replications of low tunnels.  We noticed obvious fungal parasitism of aphids under this low 

tunnel on large infestations of aphids  (Figure 11A), which was identified to likely be 

Figure 10. Entomopathogenic fungus as seen by the naked eye in 

2017.  Photograph by Alan Eaton.  Tan circles are the shells of 

mummified aphids.  Fuzzy brown/green portions are the 

entomopathogenic fungi.  In between are light gray skin castings of 

cabbage aphids from developmental molting or deflated aphid bodies 

that predatory larvae leave behind. 
















































































































































































































