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Founded in November 1998, the Quebec Strawberry and 

Raspberry Growers’ Association (APFFQ) represents 

nearly 500 producers from all regions of the province. 

Our dynamic and entrepreneurial members rely on sea-

sonal promotion campaigns and investment in research 

and development activities carried out in collaboration 

with local and national organizations. When it comes to 

developing the strawberry sector and making Quebec 

producers more competitive, advances in research are 

essential.

This publication—a portrait of Quebec strawberry  

research from the last decade—presents a variety of 

projects selected by the research community. Some are 

completed, while others are in progress. We hope this 

overview will help foster connections between produc-

ers,  researchers and others in the industry,  both  

at home and abroad, so that strawberry production may 

continue to flourish. 
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NICHE: YIELD

—

FEASIBILITY AND ADVANTAGE  

OF COOLING DAY-NEUTRAL  

STRAWBERRIES (SEASCAPE  

CULTIVAR) BY MICRO-SPRINKLER 

IRRIGATION

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA) 

RESEARCHERS AND COLLABORATORS:  

Carl Boivin (IRDA), Paul Deschênes (IRDA), Lota Dabio Tamini (IRDA), 
Ferme Onésime Pouliot, Daniel Bergeron (Laval University),  
Stéphane Nadon (IRDA), Stéphanie Tellier (MAPAQ)

YEARS: 2006–2009

ABSTRACT: 

Trials were conducted between 2006 and 2009 to determine the  
effectiveness of micro-sprinkler irrigation as a method for cooling 
day-neutral strawberry plants (Seascape cultivar). These trials were con-
ducted in a commercial strawberry operation at Ferme Onésime Pouliot 
on Île d’Orléans, Quebec, Canada, by IRDA in collaboration with the 
Direction de la Capitale-Nationale of the Ministère de l’Agriculture, des 
Pêcheries et de l’Alimentation du Quebec (MAPAQ). The objective was 
to determine the conditions under which micro-sprinkler irrigation is 
profitable. The technique cools strawberry plants during periods of  
intense heat and strong sunlight, which can otherwise impair develop-
ment and productivity. Micro-sprinkler irrigation applications were  
7 minutes long and spaced at least 60 minutes apart. An application was 
triggered when the temperature of the plant cover reached 27°C. A total 
of 170 applications of micro-sprinkler irrigation took place in 2007. 
Strawberry plants that received micro-sprinkler irrigation produced  
saleable yields that were 7% higher and fruits that were 8 to 15%  
larger than those that did not. 

Micro-sprinkler irrigation does not improve yield during rainy seasons, 
but it does result in larger fruits. The investment required for a mi-
cro-sprinkler irrigation system is $5,193/ha and can be profitable if the 
technique increases yield by 3.4% and cuts down on harvesting time by 
5% owing to larger fruit size. This project was made possible thanks  
to financial support from the Advancing Canadian Agriculture and Agri-
Food Program (ACAAF), an Agriculture and Agri-Food Canada program.

—

http://www.irda.qc.ca
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NICHE: PRODUCTION TECHNIQUES

—

SAWDUST AND BARK-BASED  

SUBSTRATES FOR SOILLESS 

STRAWBERRY PRODUCTION:  

IRRIGATION AND ELECTRICAL  

CONDUCTIVITY MANAGEMENT

RESEARCH CENTRE: Laval University 

RESEARCHERS AND COLLABORATORS:  

Claire Depardieu, Valérie Prémont, Carole Boily, Jean Caron

YEARS: 2011–2012 

ABSTRACT: 

The aim of this work was to optimize a soilless growing system for  
producing bare-root strawberry transplants in three organic substrates. 
Three trials were conducted in the Quebec City area to determine the 
productivity potential of a peat-sawdust mixture (PS25) and an aged 
bark (AB) material compared to conventional coconut fiber (CF)  
substrate. A first experiment was carried out to define appropriate irri-
gation set points for each substrate that allowed optimal plant growth 
and fruit yields. For all of the substrates, wetter conditions (irrigation 
thresholds of -1.0 kPa for CF; -1.5 kPa for AB and PS25, relative to  
-1.5 kPa for CF; -2.5 kPa for AB and PS25) enhanced plant growth and 
fruit production. The second trial was carried out to test the product ivity 
potential for commercial production of the three substrates using high 
tunnels. After the addition of a starter charge fertilizer to PS25, we  
successfully established bare-root plants that gave similar fruit yields to 
those in CF and AB. The productivity potential of PS25 and AB were 
further confirmed during a third trial under greenhouse conditions. The 
critical factor for plant establishment in PS25 was attributed to consistent 
nutrient immobilization by microorganisms as well as the retention of 
other elements in this growth medium. This study demonstrated that 
peat-sawdust and AB-based substrates are promising alternative  
substrates to coconut coir dust for strawberry cultivation in Northern 
America.

—

http://journals.plos.org

NICHE: YIELD

—

AN EASY METHOD  

FOR PROJECTING YIELD  

IN STRAWBERRIES  

(SEASCAPE CULTIVAR)  

THREE WEEKS IN ADVANCE

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA) 

RESEARCHERS AND COLLABORATORS:  

Carl Boivin (IRDA), Paul Deschênes (IRDA), 10 farm businesses,  
Daniel Bergeron (Laval University), Jérémie Vallée (IRDA),  
Stéphanie Tellier (MAPAQ), the Association des producteurs  
de fraises et framboises du Quebec (APFFQ)

YEARS: 2011–2015

ABSTRACT: 

Marketing strawberries grown in Quebec, Canada, poses challenges 
because producers are required, on a weekly basis, to guarantee food 
distribution chains a certain volume of fruit that will be harvested three 
weeks later. The volume is estimated on the basis of yield from previous 
years. These estimates tend to be ineffective, which makes the sector  
less competitive and compromises efficiency in the distribution chain.  
A promising method for projecting yield was developed by IRDA  
between 2011 and 2013, in collaboration with Ferme Onésime Pouliot, 
Ferme François Gosselin and the Direction de la Capitale-Nationale of 
the Ministère de l’Agriculture, des Pêcheries et de l’Alimentation du 
Quebec (MAPAQ). In 2014 and 2015, the method was subsequently  
validated across the province by 10 farm businesses that specialize in 
growing day-neutral strawberries (Seascape cultivar). Optimistic and 
conservative projections were made 3 weeks in advance, and fruit counts 
were performed on 60 randomly selected strawberry plants in each field. 
Each projection was compared to the actual yield for the corresponding 
period. 

In 2014, the conservative projections were closer to the actual yields in 
8 out of 10 businesses. The models were equally effective in 2015. This 
change can be explained by higher actual yields in 2015, which meant 
that the optimistic projections were closer to the actual yields in that 
season. The mean deviations between the theoretical and actual yields 
were approximately 35% (2015) and 40% (2014), indicating that the 
projections made in 2015 were more effective. The similarity indicating 
the variation between actual and projected yield showed that  
projections were relatively accurate for most sites. The similarity values 
for 2015 had high R2 values (0.53–0.97). The effectiveness was lower when 
certain factors (climate, disease, pests, etc.) affected the development of 
strawberry plants in the period between fruit counts and harvest. This 
project was made possible thanks to financial assistance from the 
MAPAQ through the Programme d’appui financier aux regroupements 
et aux associations de producteurs désignés (PAFRAPD).

—

http://www.irda.qc.ca

NICHE: PRODUCTION TECHNIQUES

—

USE OF LOW TUNNELS TO  

IMPROVE THE PRODUCTIVITY 

OF DAY-NEUTRAL STRAWBERRY 

PLANTS UNDER QUEBEC  

CLIMATIC CONDITIONS

RESEARCH CENTRE: Laval University 

RESEARCHERS AND COLLABORATORS:  

Annie Van Sterthem (Laval University), Yves Desjardins  
(Laval University), André Gosselin (Laval University), Louis Gauthier  
(Les Fraises de l’Île d’Orléans Inc.), Frédéric Breton (Dubois  
Agrinovation Inc.), Daniel Gingras (Unicoop, La Coop fédérée  
de Québec), Ysela Medina (Les Fraises de l’Île d’Orléans Inc.)

YEAR: 2013 

ABSTRACT: 

In Quebec, Canada, field strawberries, which are produced from June to 
September, have the greatest market value. However, the climatic con-
ditions during this period (especially rainfall) are frequently suboptimal 
for strawberry production. Covering strawberries by using low tunnels is 
an innovative and an interesting technique, that had never been studied 
for strawberry production in Canada. Low tunnels protect crops from the 
rain and also against the chilling stress often caused by low temperatures 
in spring and fall. The other advantage of using this technique is the 
extension of the harvest period by 2 to 3 weeks (until the beginning of 
October) when the market value is at its best. An experiment was  
conducted on Île d’Orléans, Quebec, Canada to study the use of low 
tunnels on the day-neutral cultivar Seascape in comparison with open 
fields. We determined the effects of different polyethylene (PE) films 
(clear or thermal) with different aeration conditions (0%, 1% and 2%) 
on growth, yield and quality of fruits. Low tunnels increased inside air 
temperature during cold weather conditions (including periods of frost). 
An improvement in growth, yield and quality of strawberries was meas-
ured under low tunnels. They can extend the production period by  
offering 1.7 to 3 times more marketable yield in the fall. The effects of 
low tunnels are much greater during cool and rainy seasons. The PE films 
had no significant difference for all parameters measured.

—

http://theses.ulaval.ca
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NICHE: IRRIGATION

—

A DRIP IRRIGATION STRATEGY  

IN DAY-NEUTRAL STRAWBERRY 

PRODUCTION IN QUEBEC

RESEARCH CENTRE: Laval University 

RESEARCHERS AND COLLABORATORS:  

Daniel Bergeron (MAPAQ), Jean Caron (Laval University),  
Jean Noreau (MAPAQ), Carl Boivin (IRDA), Michèle Grenier (IRDA), 
Ferme Onésime Pouliot

YEARS: 2007–2008

ABSTRACT: 

Strawberries represent an important crop in Quebec and require strict 
irrigation management. The tensiometer is an attractive irrigation  
management tool, but no recommendations have been adapted to this 
crop in Quebec. Three different irrigation treatments ( 5,  18 and  33 kPa) 
were applied to day-neutral strawberry plants (Seascape cultivar). During 
the two wet seasons during the research period, no difference in yield 
was observed between treatments. The  33 kPa treatment produced  
a greater number of fruits with a smaller mean weight. The  5 kPa  
treatment required more than twice as much water as the two other 
treatments. The  18 kPa treatment was the most attractive of the three. 
Crop evapotranspiration during the harvest period was estimated at a 
mean of 2.0 mm per day, which corresponds to a mean crop coefficient 
of 0.60. In addition, it was shown that irrigation run times of 45 to  
60 minutes are too long and can lead to water loss from percolation 
under the root zone in the soil type used in this study (sandy clay loam 
with a high proportion of gravel).

—

www.theses.ulaval.ca



NICHE: IRRIGATION

—

IRRIGATION STRATEGIES FOR 

DAY-NEUTRAL STRAWBERRIES 

(SEASCAPE CULTIVAR)

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA) 

RESEARCHERS AND COLLABORATORS:  

Carl Boivin (IRDA), Paul Deschênes (IRDA), Daniel Bergeron (IRDA), 
Ferme François Gosselin, Luc Belzile (IRDA) and Stéphane Nadon (IRDA)

YEARS: 2009–2010

ABSTRACT: 

In Quebec, day-neutral strawberries are usually grown in raised beds 
covered with black polyethylene mulch and watered by drip irrigation. 
This type of cropping system is conducive to drying of the soil surround-
ing the drip line. The physical properties of the soil also influence soil 
water distribution within beds. For this reason, it is essential to be aware 
of the soil water dynamics and adjust the irrigation strategy accordingly. 
A number of strategies such as varying the spacing between emitters (10 
to 30 cm), the application rate per emitter (0.008 to 0.024 L/min), the 
application run time (20 to 60 min), the volume of water per application 
(12 to 50 L) and the number of drip lines (1 to 2) were studied in 2009 
and 2010 in commercial strawberry production at Ferme François Gosse-
lin on Île d’Orléans, Quebec, Canada. The trials were conducted by IRDA, 
in collaboration with the Direction de la Capitale-Nationale of the 
Ministère de l’Agriculture, des Pêcheries et de l’Alimentation du Quebec 
(MAPAQ). The parameters studied were soil water distribution, root 
development, yield and water use efficiency. During the period of max-
imum productivity, the use of two drip lines increased yield by 19.4%, 
while 30 cm spacing between emitters with one drip line decreased yield. 
Using two drip lines required twice the volume of water relative to oth-
er strategies. Spacing emitters closer together both increased yield and 
improved soil moisture. It is advisable to restrict water volume, increase 
irrigation frequency and increase the number of emitters. This project 
was made possible thanks to financial support from the Advancing Ca-
nadian Agriculture and Agri-Food Program. This program from Agricul-
ture and Agri-Food Canada was delivered through the Conseil pour le 
développement de l’agriculture du Quebec.

—

http://www.irda.qc.ca

NICHE: PLANT PROTECTION

—

EVALUATING BIOLOGICAL  

INSECTICIDES AND LOW-RISK  

INSECTICIDES IN CONTROLLING 

THE SPOTTED-WING DROSOPHILA 

(DROSOPHILA SUZUKII)

RESEARCH CENTRE: Carrefour industriel et expérimental  
de Lanaudière (CIEL) 

RESEARCHERS AND COLLABORATORS:  

Audrey Bouchard, Roxane Pusnel, Jacinthe Tremblay,  
Sébastien Martinez, Vincent Myrand, Pierre Lafontaine 

YEARS: 2014–2016 

ABSTRACT: 

Fruit crops are considered important crops in Canada. Currently, the fruit 
industry is up against a new insect that causes a high level of damage: 
the spotted-wing drosophila (SWD), Drosophila suzukii. There are very 
few insecticides approved in Canada to control this pest at this time. 
Although some insecticides have been approved for use on an emergen-
cy basis in recent years, these are temporary solutions, and their efficacy 
and persistence is not well known. For this reason, it is essential to  
determine the efficacy and the effective duration of different insecticides 
designed to control SWD adults and/or larva and, as much as possible,  
of relatively low-risk products that can be used in organic agriculture.  
To this end, a two-year (2014–2015) project has been conducted at the 
CIEL. The project includes a laboratory component during the first year 
and a field component during the second year. Eleven insecticides were 
tested: RIPCORD, Suffoil-X, PureSpray GREEN, Entrust 80W, Delegate WG, 
Danitol, BioCeres WP, Exirel 100 SE, Movento® 240 SC, Matador 120EC 
and EverGreen. 

In the 2014 laboratory trials, three insecticides were accompanied by a 
mortality of over 90%, observed until 14 days after application:  
RIPCORD, Danitol and Matador 120EC. These products significantly  
reduced egg laying and development of SWD in fruits. In addition, the 
insecticides Entrust 80W, Delegate WG, Exirel 100 SE and EverGreen 
provided a sufficiently high mortality rate, i.e. over 70% mortality,  
observed until 7 days after treatment. They maintained a very low level 
of emergence until 14 days after application. In the 2015 field trials, 
despite very high variability among replicates, as well as a tarnished 
plant bug attack, three insecticides had a protective effect on fruits  
in one of the samples: RIPCORD, Exirel 100 SE and Danitol. Although  
no significant difference was found for the insecticide Delegate, this 
product also appears to be an interesting option.

—

NICHE: PLANT PROTECTION

—

DEVELOPMENT OF A  

SCREENING TOOL FOR  

INSECT VECTORS OF  

STRAWBERRY VIRUSES

RESEARCH CENTRE: Laval University 

RESEARCHERS AND COLLABORATORS:  

Valérie Fournier (Laval University), Stéphanie Tellier (MAPAQ),  
Richard Hogue (IRDA), Phanie Bonneau (Laval University)

YEARS: 2014–2016 

ABSTRACT: 

Strawberry decline is caused by persistent (SMYEV and SCrV) and 
semi-persistent (SMoV, SVBV and SPaV) viruses. The primary vectors of 
these viruses are the strawberry aphid (Chaetosiphon fragaefolii) and 
the greenhouse whitefly (Trialeurodes vaporariorum). This two-year 
(2014–2016) study entails five objectives. Firstly, we compared the  
effectiveness of two screening tools: yellow sticky traps and yellow bowl 
traps. The results show that yellow sticky traps were more effective at 
capturing aphids and whiteflies of all species combined. However, the 
two tools were equally effective at screening the strawberry aphid.  
Secondly, we determined the flight activity of the primary vectors  
province-wide. Our results indicate that winged strawberry aphids were 
present in fields from mid-June to mid-September, and again for a brief 
period in mid-October. Flight activity in the greenhouse whitefly took 
place from early June to late October. 

Thirdly, we evaluated the prevalence of the persistent viruses in over 200 
specimens of captured winged strawberry aphids. Our results indicate 
that roughly 40% of these aphids were infected with persistent viruses. 
Fourthly, we determined the capacity of wild strawberry plants to act as 
a natural viral reservoir. Our results indicate that nearly two thirds of 
runners from wild strawberries sampled near commercial strawberry 
fields were infected with at least one of the viruses, meaning that wild 
strawberries do represent a viral reservoir. Finally, the last objective was 
to track the accumulation of viruses in commercial strawberry plants by 
comparing protected and exposed control plants. Our results confirm 
that the control plants that were exposed in the field accumulated  
viruses following vector insect flight activity. This study was funded by 
component 2 of the Innov’Action program, by the MAPAQ’s Appui  
au développement de l’agriculture et de l’agroalimentaire en région 
program, and by the Association des producteurs de fraises et framboi-
ses du Quebec.

—

http://www.fsaa.ulaval.ca
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NICHE: PLANT PROTECTION 

—

EVALUATING THE EFFICACY  

OF FIVE BIOPESTICIDES FOR  

CONTROLLING BOTRYTIS  

CINEREA IN STRAWBERRIES

RESEARCH CENTRE: Phytodata Inc. research company 

RESEARCHERS AND COLLABORATORS:  

Catherine Thireau, Marianne Lefebvre, Anne-Marie Fortier 

YEARS: 2013–2015

ABSTRACT: 

The objective of this research was to determine the efficacy of five  
biofungicides for controlling grey mould (Botrytis cinerea) in summer 
strawberries. The experiment was conducted in Montérégie-Est, on a 
farm with a significant history of grey mould. Trials were conducted in a 
field of strawberry plants (Jewel cultivar) planted in matted rows in their 
second year of production. Applications began at the start of blossoming 
and were repeated every 7 to 10 days depending on weather conditions. 
In total, 7 applications were performed in 2013 and 5 in 2014 (1000 L/ha 
application volume rate, TJ60-11005 nozzle, 35 psi pressure). Eight treat-
ments, with 4 repetitions each, were compared:

1. Untreated controls

2.  Conventional treatment: Bravo 500 in spring, followed by Supra  
Captan 80, Cantus WDG and Switch 62.5 WG in alternation

3. MilStop (potassium bicarbonate)

4. Regalia Maxx (extract of Reynoutria sachalinensis)

5. StorOx (hydrogen peroxide) 

6. Botector (Aureobasidium pullulans DSM 14940 and DSM 14941)

7. AEF-1301 (extract of turpentine)

8. AEF-1315 (Clonostachys rosae) (2014 season only)

The incidence of Botrytis was measured three days after each application, 
starting at the 10% green berry stage. Each measurement involved  
randomly selecting 10 flower stalks in each plot. The total number of 
green and red berries was recorded, along with the number of berries 
affected by grey mould. At the end of the experiment, total cumulative 
and saleable yields were calculated for each plot in tonnes per hectare, 
as well as the percentage of berries with signs of Botrytis. 

Over the course of the two seasons, the weather was conducive to grey 
mould development. The proportions of berries affected at harvest was 
similar in both years.

Only MilStop was found to be effective at controlling grey mould,  
although this was the case only in 2013. None of the products reduced 
the incidence of grey mould relative to controls in the second year.  
However, even though no significant difference was found between 
treated plots and untreated controls, the results did highlight an inter-
esting fact: the efficacy of all biofungicides tested was equivalent to that 
of the chemical fungicides in current use.

—
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—

THRIPS CONTROL IN FIELD  

STRAWBERRY PRODUCTION 

RESEARCH CENTRE: Laval University 

RESEARCHERS AND COLLABORATORS:  

Conrad Cloutier (Laval University), Valérie Fournier (Laval University), 
Stéphanie Tellier (MAPAQ)

YEARS: 2016–2019

ABSTRACT: 

Thrips are important and relatively well known insect pests that affect  
a number of crops. When it comes to field strawberry production in 
Canada, however, they are considered emerging pests, and recent stud-
ies dealing with the topic deserve more attention. Quebec strawberry 
producers have seen the impact of thrips grow considerably in recent 
years, leading to substantial losses in fruit yield. Currently, insecticide 
alternatives are available but few. Because of the products’ extremely 
low action thresholds and low treatment efficacy, recurrent applications 
are required, which means users often reach the annual allowable  
limit. In addition, the seasonal arrival of thrips and other pests means 
that producers must apply the products continuously throughout the 
growing season. In addition to optimizing screening methods and  
gaining new knowledge about thrips, the goal of this project is to test 
new alternative control methods for these pests in field strawberry pro-
duction in Quebec, in the context of integrated pest management  
systems designed to reduce the usage of broad-spectrum insecticides. 
Two approaches will be explored: mass trapping and the push-pull strat-
egy. This research will allow field strawberry producers to more fully 
understand the biology, seasonal changes and real risks associated  
with thrips. It should contribute to the development of integrative ap-
proaches to preventing and curbing thrips damage that have first-hand 
applications in commercial field strawberry production and that can also 
be exported to other at-risk fruit and vegetable crops. 

—

NICHE: PLANT PROTECTION 

—

DEVELOPMENT OF A  

PYROSEQUENCING METHOD  

FOR DETECTING AND  

QUANTIFYING MUTATIONS  

ASSOCIATED WITH BOSCALID  

RESISTANCE IN BOTRYTIS CINEREA

RESEARCH CENTRE: Agriculture and Agri-Food Canada (AAFC), 
Phytodata Inc. research company 

RESEARCHERS AND COLLABORATORS:  

Mélanie Gobeil-Richard (University of Sherbrooke), David-Mathieu 
Tremblay (AAFC), Carole Beaulieu (University of Sherbrooke),  
Hervé Van der Heyden (Phytodata), Odile Carisse (AAFC)

YEAR: 2014

ABSTRACT: 

Botrytis cinerea Pers., the imperfect form of Botryotinia fuckeliana (de 
Bary) Whetzel, is the ascomycete fungus responsible for causing grey 
mould in hundreds of host plants, including strawberries and raspberries. 
The pathogen is considered to be high risk for developing fungicide re-
sistance. A number of synthetic fungicides designed to combat the dis-
eases caused by B. cinerea are approved for use in Canada. One recently 
introduced and frequently utilized such fungicide is Boscalid. The use of 
this fungicide has led to resistance in B. cinerea. With more and more 
documentation on the genetics of resistance mechanisms available, a 
handful of mutations responsible for Boscalid resistance have been iden-
tified on the gene for succinate dehydrogenase subunit B (SdhB). Amino 
acid substitutions triggered by single-nucleotide polymorphisms (SNPs) 
are associated with resistance to this product. The most common muta-
tions found in resistant individuals are substitution from histidine to ty-
rosine (H272Y), arginine (H272R) or leucine (H272L) at codon 272 of 
SdhB. There is also a substitution from proline to phenylalanine (P225F) 
at codon 225 and a substitution from asparagine to isoleucine (N230I) at 
codon 230. Molecular tools exist to study these substitutions, but they do 
not allow for quantitative analyses and their precision is limited. For this 
reason, it is important to develop a reliable method to better understand 
the problem of fungicide resistance and manage it more effectively. 

The objective of this research was to develop a new tool to detect and 
quantify mutations related to Boscalid resistance in B. cinerea. Using a 
bank of B. cinerea individuals already characterized as having five  
mutations present (P225F, N230I, H272L, H272Y and H272R) and being 
resistant to Boscalid, a new pyrosequencing trial was carried out on the 
PyroMark (QIAGEN) platform. Use of the PyroMark Q24 as a detection 
and quantification tool for five mutations associated with Boscalid  
resistance pushes the limits of existing technologies. The technique, 
based on sequencing by synthesis, generated quantitative data with a 
precision of 5%. There was a linear relationship (R2 = 0.99) between  
proportions (0–100%) of spores from resistant and sensitive individuals 
analyzed with the PyroMark Q24. Pyrosequencing is a promising tech-
nology because it can analyze a large number of samples more quickly 
and more precisely than the alternatives. Also, since it offers the option 
of combining samples, it has applications in population studies. The 
availability of this new information will improve understanding and 
management of the problem of fungicide resistance.

—

http://onlinelibrary.wiley.com

NICHE: PLANT PROTECTION

—

EVALUATING THE EFFICACY  

OF NEW ACARICIDES AT  

CONTROLLING THE CYCLAMEN 

MITE, PHYTONEMUS PALLIDUS 

(BANKS), AND THEIR IMPACT  

ON NATURAL ENEMIES

RESEARCH CENTRE: Carrefour industriel et expérimental  
de Lanaudière (CIEL) 

RESEARCHERS AND COLLABORATORS:  

Pierre Lafontaine, Jacinthe Tremblay, Audrey Bouchard,  
Sébastien Martinez

YEARS: 2009–2010 

ABSTRACT: 

The cyclamen mite, Phytonemus pallidus (Banks) (Acari: Tarsonemidae), 
is a phytophagous mite that is invisible to the naked eye. The pest can 
cause major damage in strawberry crops. There are currently six active 
ingredients authorized in Canada to control cyclamen mites in strawberries: 
endosulfan, dicofol, abamectin, diazinon, dimethoate and insecticidal 
soaps. However, only endosulfan, abamectin and dicofol are recommended 
in Quebec (CRAAQ 2010, RAP 2008) because of the low efficacy of the 
other products and associated potential resistance (Roy 2002, RAP 2008). 
Organic control methods are currently not effective at controlling this 
pest. Furthermore, the effective and most often used ingredient, endo-
sulfan, is about to be taken off the market because of its negative envi-
ronmental impacts and high level of toxicity.

The goal of this project was to evaluate the efficacy of new acaricides  
at controlling the cyclamen mite in the field, and to evaluate their effect 
on natural enemy populations. Three trials took place in 2009 and 2010 
in an experimental strawberry plot in Lavaltrie, Quebec, Canada.  
The following products were tested: (1) Oberon™ 240 SC (spiromesifen), 
(2) Kanemite® 15 SC (acequinocyl), (3) Envidor® 240 SC (spirodiclofen),  
(4) Movento® (spirotetramat), (5) Fujimite® 5 EC (fenpyroximate) and  
(6) Mesa™ (milbemectin). Plants treated with these products were  
compared to an untreated control and to a commercial control treated 
with Agri-Mek® (abamectin).

It was not possible to reach any firm conclusions regarding the efficacy 
of these products at controlling the cyclamen mite in a field context. 
However, the toxic effect of Fujimite and Mesa was demonstrated in 
laboratory trials, and the efficacy of Agri-Mek was confirmed. These 
products are effective when they come into contact with cyclamen mites. 
This suggests that the absence of significant results in the field trials may 
be because of the chemicals’ failure to reach their intended target rather 
than the ineffectiveness of the products themselves. No phytotoxicity 
symptoms were observed in strawberry plants, and the treatments had 
no effect on yield per plant. The effect of the products on natural enemy 
populations could not be determined because an insufficient number of 
enemy specimens were found in the field during the trials.

—
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NICHE: PLANT PROTECTION 

—

EVALUATING THE EFFICACY  

OF REDUCED-RISK PESTICIDES  

FOR CONTROLLING THE CYCLAMEN 

MITE IN STRAWBERRY CROPS 

RESEARCH CENTRE: Phytodata Inc. research company 

RESEARCHERS AND COLLABORATORS:  

Catherine Thireau (Phytodata), Franck Bosquain, in collaboration  
with the Carrefour industriel et expérimental de Lanaudière (CIEL)

YEARS: 2016–2018

ABSTRACT: 

The general objective of this research project is to test the efficacy of 
reduced-risk products for controlling the cyclamen mite (Phytonemus 

pallidus) in strawberry crops and to determine whether adding a non-
ionic surfactant improves the efficacy of the following products: Agri-
Mek, SuffOil, Kopa, FujiMite, Nealta and Golden Pest Spray Oil. Plots 
treated with these substances will be compared to an untreated control. 
In total, 10 treatments will be evaluated in an experimental design that 
features randomized complete blocks with 3 repetitions each.

Two sites will be prepared: one in Montérégie-Est and the other in the 
Lanaudière region. The trials will take place over a 3-year period. The 
strawberry plants selected (conventional type, planted in matted rows) 
will be in their first year of growth in 2016. In the first year of the pro-
ject, treatments will be applied after strawberry renovation. Two treat-
ments will take place in the second year: one in the spring, and the 
other after renovation. A final treatment will take place in the spring of 
the third year.

Measurements will be taken once prior to each treatment and twice 
afterward. For each measurement, cyclamen mite damage will be eval-
uated by inspecting 10 randomly selected plants in each plot. Populations 
will be measured by removing 5 young partially unfurled leaves, for a 
total of 150 leaves per measurement, followed by a count in the labora-
tory. Measurements at harvest will take place in June of 2017 and 2018.

This project was made possible thanks to financial assistance from the 
Ministère de l’Agriculture, des Pêcheries et de l’Alimentation du Quebec 
(MAPAQ), as part of component 4 of the program Appui au développe-
ment et au transfert de connaissance en agroenvironnement. 

—



YEARS: 2014–2018 

ABSTRACT: 

Powdery mildew caused by Podosphaera aphanis is a common disease 
of day-neutral strawberry and requires fungicide applications to be  
controlled. Several studies have shown that silicon (Si), in the form of soil 
amendments, reduces powdery mildew in multiple crops, and thus could 
be used to reduce pesticide input in strawberry culture. This study was 
conducted to evaluate the prophylactic role of Si against powdery  
mildew in strawberries. Three and six day-neutral cultivars were tested 
in 2014 and 2015, respectively, for their susceptibility to powdery mildew 
and their absorption rate of Si in a high-tunnel setting. Strawberries 
supplied with Si showed a significant increase in Si content in leaves 
compared to untreated plants in both years (p < 0.0001) and all cultivars 
were similar in their ability to absorb Si. June-bearing cultivars absorbed 
significantly more Si compared to day-neutral cultivars (p < 0.0001).  
In both years, Si treatment significantly reduced powdery mildew severity 
on leaves and fruits (p < 0.0001) with the Verity and Charlotte cultivars 
showing the greatest reduction. These results support the hypothesis 
that Si could be used as a preventive control measure against powdery 
mildew in a commercial setting. A parallel study will be conducted in 
2016 in order to evaluate the potential of Si amendments at suppressing 
powdery mildew and other diseases in field-grown strawberries.

—

http://www.organicagcentre.ca

NICHE:  PLANT PROTECTION 

—

WEATHER-BASED RISK  

ASSESSMENT MODELS FOR  

COMMON LEAF SPOT AND  

BLACK SEED DISEASE OF  

STRAWBERRY CAUSED BY  

MYCOSPHAERELLA FRAGARIAE 

RESEARCH CENTRE: Saint-Jean-sur-Richelieu Research  
and Development Centre, Agriculture and Agri-Food Canada (AAFC) 

RESEARCHER:  

Odile Carisse (AAFC)

YEAR: 2016

ABSTRACT: 

Common leaf spot of strawberry (Mycosphaerella fragariae) is a sporad-
ic disease. On susceptible cultivars and under favourable weather condi-
tions, M. fragariae causes black seed disease, reduced plant vigor, and 
reduced yield the following year. Logistic regression analysis was used to 
examine the relationship between weather and outbreaks of common 
leaf spot and black seed. Information collected at 100 location-years was 
used to develop the models. The response variables were fields with an 
average of more than 10 lesions per leaf at the beginning of flowering 
(10% flowering) or with black seed symptoms on more than 5% of  
the fruits at harvest. Nonparametric correlation and logistic regression 
analysis was used to identify combinations of temperature, relative  
humidity, and rainfall during the spring period (bud break to 10%  
flowering) as predictor variables. Based on model prediction accuracy, 
sensitivity, and specificity, only a few models correctly classified fields  
(> 80% correct classifications). The best predictors were temperature and 

NICHE:  PLANT PROTECTION 

—

EVALUATION OF THE POTENTIAL  

OF CERTAIN PREDATOR INSECTS 

AND MITES TO CONTROL THE  

CYCLAMEN MITE, PHYTONEMUS 

PALLIDUS (BANKS)

RESEARCH CENTRE: Carrefour industriel et expérimental  
de Lanaudière (CIEL) 

RESEARCHERS AND COLLABORATORS:  

Jacinthe Tremblay, Audrey Bouchard, Pierre Lafontaine

YEARS: 2009–2010

ABSTRACT: 

The cyclamen mite, Phytonemus pallidus (Banks) (Acari: Tarsonemidae), 
is a difficult pest to control with insecticides because it lives in young 
furled leaves in the core of the plant, where it feeds on the plant’s sap. 
Certain mites and insects may be useful in keeping cyclamen mite popu-
lations down, but their efficacy in Quebec’s growing conditions has not 
yet been determined. The objective of this project is to evaluate the 
potential of various insects and mites to control cyclamen mites in straw-
berries. A number of trials were conducted in 2012, 2013 and 2014.  
Laboratory trials were conducted to determine the predation behaviour 
and feeding preferences of different mites and insects. Trials were  
conducted with no choice of prey (1 predator with cyclamen mites) and 
with a choice of prey (1 predator with equal quantities of cyclamen mites 
and two-spotted spider mites, Tetranychus urticae). Predators were also 
introduced to greenhouse strawberry plants in order to observe how 
predators and cyclamen mite populations change in confined conditions. 

The laboratory tests revealed that Neoseiulus fallacis appears to be an 
excellent predator of the cyclamen mite, reducing its numbers even in 
the presence of the two-spotted spider mite. The trials demonstrated 
that N. fallacis can effectively reduce cyclamen mite populations within 
two weeks and keep them down for up to eight weeks. More in-depth 
studies are needed to verify whether this efficacy carries over to field 
conditions and whether it would actually result in lower damage and 
higher yields. Also, the release technique remains to be determined.

—

NICHE: PLANT PROTECTION

—

THE ROLE OF SILICON IN  

THE SUPPRESSION OF  

STRAWBERRY POWDERY MILDEW

RESEARCH CENTRE: Laval University 

RESEARCHERS AND COLLABORATORS:  

Samuel Ouellette (Laval University), Marie-Hélène Goyette  
(Laval University), Linda Gaudreau (Laval University), Martine Dorais  
(AAFC-Laval University), Annie Van Sterthem (Les Fraises de l’Île 
d’Orléans Inc), André Gosselin (Laval University), Richard Bélanger 
(Laval University) 

rain (frequency and duration). The best models were validated with an 
independent data set (n = 20) and prediction accuracy was similar than 
the accuracy for the original data sets. Considering that management 
actions such as fungicide applications are not needed every year and  
in every field, these models could be used to identify fields at risk for 
common leaf spot and black seed diseases. 

—

NICHE: PLANT PROTECTION

—

IMPROVEMENT OF  

IDENTIFICATION AND  

KNOWLEDGE ON NEW  

GENOTYPES OF BOTRYTIS  

CINEREA (GREY MOULD)  

THREATENING CANADIAN  

AGRICULTURE

RESEARCH CENTRE: Saint-Jean-sur-Richelieu Research  
and Development Centre, Agriculture and Agri-Food Canada (AAFC)

RESEARCHER:  

Odile Carisse (AAFC) 

YEARS: 2015–2017 

ABSTRACT: 

Botrytis cinerea is the second most important plant pathogen worldwide. 
Botrytis spp. are major pathogens of small fruits including strawberry, 
raspberry, vegetable and legume crops. Botrytis-induced diseases can  
be found in nurseries, fields, greenhouses and storage rooms. These 
diseases are difficult to control because of the ability of the pathogen to 
survive under adverse environments, to profusely produce spores that 
are wind dispersed, to infect different plant tissues under a wide range 
of environmental conditions, to stay in a quiescent stage for up to  
several weeks, and to develop resistance to fungicides. Disease manage-
ment is complicated by the presence of genotypes which might have 
different ecological behaviours and disease epidemiology profiles.

Advances in our knowledge on Botrytis population genetics, genome 
organization and host pathogen interactions have greatly expanded  
the breadth of research questions. For example, do these different  
genotypes have the same fitness including survival ability, response to 
environment, infection strategy or aggressiveness? Do they compete 
among each other? Do they have the same host range? Despite the 
availability of a variety of molecular tools, there is a scarcity of tools  
that could be used to answers these questions, specifically tools for the 
quantification of genotypes at the population level. 

The goal of this project is to move a few steps forward by developing 
new molecular tools and use newly developed ones to answer theoretical 
and applied questions regarding Botrytis pathogens. Among the theo-
retical questions are: what is the spatio-temporal pattern of Botrytis 
genotypes? Is this pattern similar for different crops? Is the arrival of new 
genotypes predictable? Among the applied questions are: what is the 
agricultural significance of these new genotypes? How could they be 
monitored and managed?

—
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NICHE: ENTOMOLOGY

—

KNOWLEDGE ON THE SPOTTED 

WING DROSOPHILA,  

A MAJOR PEST OF BERRY CROPS

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA) 

RESEARCHERS AND COLLABORATORS:  

Annabelle Firlej (IRDA), Daniel Cormier (IRDA), Jean-Philippe Légaré 
(MAPAQ), Stéphanie Tellier (MAPAQ), Christian Lacroix (MAPAQ), 
Liette Lambert (MAPAQ)

YEARS: 2016–2017 

ABSTRACT: 

The spotted-wing drosophila (SWD) is a major pest of berry crops in 
Quebec that has been written about in numerous publications around 
the world. The volume of published information is so great that it has 
become a challenge for those working in the sector to make sense of it 
all. To address this problem, we will conduct a literature review on vari-
ous aspects of the SWD (biology, life cycle, overwintering, host plants, 
etc.) and the available integrated control methods that are applicable to 
the Quebec context. We will do so by consulting bibliographic resources 
and specialists in the sector.

OBJECTIVES:

Take stock of the available knowledge on the SWD, a major pest of  
berry crops.

1. Gather scientific intelligence

2. Consult specialists in the sector

3. Produce a literary review and a summary sheet

—



NICHE: ENTOMOLOGY

—

STUDY OF THE LIFE CYCLE  

OF THE BROWN STINK BUG  

AND ITS EFFECT ON LETTUCE  

AND STRAWBERRY CROPS

RESEARCH CENTRE: Phytodata Inc. research company

RESEARCHERS AND COLLABORATORS:  

Catherine Thireau, Marianne Lefebvre, Anne-Marie Fortier 

YEARS: 2016–2018 

ABSTRACT: 

The general objective of this project is to verify and specify the criteria 
for treatment with an insecticide for controlling the brown stink bug 
(family Pentatomidae, genus Euschistus, species servus, with two poly-
phytophagous subspecies: E. s. euschistoides and E. s. servus). Unlike with 
the tarnished plant bug (Lygus lineolaris), there is no established action 
threshold for suppressing the brown stink bug in strawberry crops. The 
recommended applications of phytosanitary products to control this pest 
are currently the same as for the tarnished plant bug, even though the 
damage it causes is not well documented.

Six sites will be established in Montérégie-Est during each year of the 
project. Monitoring at each site will consist of installing a cage in which 
brown stink bugs are confined and evaluating the plants and fruits  
located beneath the cage. Additional observations will be done on  
10 randomly selected plants in the field. Since the production cycle of 
conventional strawberry plants lasts roughly two months, the second 
round of monitoring will take place in day-neutral strawberry plants 
located near the fields monitored in the first half of the season.

Monitoring populations by means of this cage technique will enhance 
our understanding of the life cycle of this pest and will be useful in  
developing a model based on degree-days to predict its appearance.  
The resulting measurements will help characterize the damage caused 
by the brown stink bug, to distinguish it from that caused by the  
tarnished plant bug and to pinpoint the time at which the brown stink 
bug does its damage.

—

NICHE: ENTOMOLOGY

—

ADAPTATION OF METHODS FOR 

SCREENING AND CONTROLLING 

THRIPS IN STRAWBERRY CROPS

RESEARCH CENTRE: Laval University

RESEARCHERS AND COLLABORATORS:  

Valérie Fournier (Laval University), Patrice Thibault (RIHoD),  
Stéphanie Tellier (MAPAQ)

YEARS: 2011–2012 

ABSTRACT: 

The primary objective of the project was to measure the impact of thrips 
populations on the production of field strawberries in Quebec and  
to develop a more effective pest strategy. The research took place at 
three farms on Île d’Orléans over a single growing season in the field. 
The strawberry plants were of the Seascape cultivar, with some newly 
planted and some in their second year. Thrips sampling was done on a 
weekly basis from May to October, followed by identification in the 
laboratory. Thrips were counted on a biweekly basis throughout the 
season to compare the two screening methods. Next, two plots were 
created, and plants treated with two thrips control products (Delegate 
and lignin sulfonate, also known as Uxofane) were compared with an 
untreated control. Finally, at several points during the season, blooms 
were marked, thrips on the blooms were counted and fruit quality at 
harvest was assessed.

The project made it possible to gather or validate the following infor-
mation: 

1.  The eastern flower thrips (Frankliniella tritici), a native species, is the 
predominant thrips species in strawberry production in Quebec.

2.  The conventional insect screening technique of beating is acceptable 
when compared to visual observation, as analyses demonstrate a mod-
erate R2 value. However, using an aspirator and performing a visual 
count is a more precise method and is preferable for screening thrips 
in high-density growing environments.

3.  Thrips control is problematic and difficult, as there are few products 
approved for use on strawberries in Canada. Even with repeated  
applications, the insecticide Delegate did not reduce populations to 
an acceptable level, and its effectiveness was comparable to that  
observed in the untreated controls.

4.  The action threshold developed in California (10 thrips/bloom) is not 
adapted to conditions in Quebec.

5.  Thrips can cause fruit bronzing when a number of conditions are  
met, including high populations during a period of intense heat and 
sunshine. 

6.  It was not possible to verify whether Uxofane reduces fruit bronzing, 
as there was no heatwave during the trial period. However, we did 
observe that this product did not cause phytotoxicity to plants in the 
dosage applied. It is nevertheless important to mention that Uxofane 
is not approved for phytosanitary treatment in Canada.

—

NICHE: ENTOMOLOGY 

—

PEST CONTROL STRATEGIES  

TO REDUCE THE PLANT HEALTH 

IMPACT OF THE SPOTTED-WING 

DROSOPHILA

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA)

RESEARCHERS AND COLLABORATORS:  

Annabelle Firlej (IRDA), Daniel Cormier (IRDA), Valérie Fournier  
(Laval University), Justin Renkema (University of Florida)

YEARS: 2016–2018 

ABSTRACT: 

The spotted-wing drosophila (SWD) is a particularly problematic pest 
given its high egg-laying capacity and its population explosion during 
harvest time at the end of the growing season. Insecticides do not read-
ily reach SWD larvae that are buried in fruits. In Quebec, controlling the 
SWD mainly involves repeated, alternating applications of insecticides 
that are toxic for pollinators and, in certain cases, associated with  
considerable environmental risk indices (ERIs) and health risk indices 
(HRIs). The purpose of this research project is to determine the effect of 
delaying the insecticide application with respect to the first capture, and 
to evaluate the potential of natural enemies to control SWD populations, 
with a view to reducing the plant health impact of SWD.

—
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NICHE: PLANT PATHOLOGY 

—

DETERMINING THE SPATIAL  

DISTRIBUTION OF POWDERY  

MILDEW SPORES IN  

STRAWBERRIES AT  

THE FIELD SCALE

RESEARCH CENTRE: Phytodata Inc. research company

RESEARCHERS AND COLLABORATORS:  

Hervé Van der Heyden (Phytodata), Marianne Lefebvre (Phytodata), 
Odile Carisse (AAFC)

YEARS: 2010–2012

ABSTRACT: 

The objectives of this research project were achieved. The mechanism 
that was used successfully increased our understanding of the dispersal 
of powdery mildew spores in strawberry plants. Spore catches and  
disease severity were higher in 2010, but the results were consistent from 
one year to the next. The results indicate that spatial aggregation of 
inoculum occurred throughout the sampling period, at both spore trap 
heights. This effect became more pronounced as inoculum quantities 
rose, which is a consequence of the increase in outbreaks; it later dimin-
ished towards the end of the season. Symptoms on young leaves seemed 
to appear in a random fashion and all throughout the season. Also, the 
aerial conidium concentration (ACC) was associated with symptom  
severity one day after inoculum capture only as inoculum quantities  
rose. Fewer spores were captured at a height of 1.0 m than at a height 
of 0.15 m above the foliage. However, the distribution of airborne  
inoculum followed the same pattern at both heights and was represent-
ative of the mean. It follows that the 1.0 m trap height is more advanta-
geous, because it is more representative of a large surface area. In addi-
tion, having 24 traps set at this height made it possible to accurately 
predict whether the two action thresholds, established at 50 and  
100 spores per m3 of air, had been reached or exceeded. This result sug-
gests that it is possible to use just one trap at a height of 1.0 m above the 
soil for a surface area comparable to the one used in the study and still 
obtain a reliable approximation of mean airborne inoculum. The weath-
er variations in this study were consistent with the literature: they had 
no apparent effect on the incidence of powdery mildew in strawberries, 
except for rainfall two days prior to spore capture; this was observed only 
in traps positioned at a height of 0.15 m above the foliage.

—



NICHE: PLANT PATHOLOGY

—

IDENTIFICATION  

OF THE CAUSES  

OF STRAWBERRY DECLINE

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA) 

RESEARCHERS AND COLLABORATORS:  

Richard Hogue, Edith Plante, Nathalie Daigle, Thomas Jeanne, 
Véronique Gagné, Vanessa Villeneuve

YEARS: 2014–2017 

ABSTRACT: 

Between 2012 and 2014, a rapid decline in strawberry plants was  
observed in many strawberry farms in the province of Quebec. The most 
commonly observed symptoms were a reddish colouring of the leaves, a 
reduced number of runners, a reduced yield and a rapid plant mortality. 
During the course of a study conducted between 2013 and 2015 in order 
to identify the causes of decline, strawberry plants (with and without 
symptoms of decline) were sampled with the soil around the roots. 
Leaves from plants with decline were proven infected with two or more 
viruses at 69% (2013), 76% (2014) and 30% (2015) whereas leaves from  
plants with no symptoms of decline were similarly infected at 41% (2014) 
and 11% (2015). The diminished rate of infection in 2015 would be due 
to the testing for viruses done on plants in nurseries in 2014.

The most frequently encountered viral combinations were SMoV-SMYEV, 
SMoV-SVBV and SMoV-SMYEV-SVBV. SPaV alone or in combination  
with SMoV was detected more frequently in leaves from apparently 
healthy plants whereas a combination of SMoV-SMYEV-SPaV was  
mostly detected in declined plants.

Phytoplasms were detected in less than 2% of the samples. Pathogen 
nematodes were detected in similar proportions in the soil of healthy 
plants and those with decline, and the threshold of tolerance was  
exceeded only in a few strawberry farms. The pathogen fungi Cylindro-

carpon, Fusarium, Pythium, Rhizoctonia and Verticillium were mostly 
detected in the roots of plants with decline, especially in 2013 and 2014 
when the percentage of strawberry decline was higher. The presence of 
two or more viruses is a dominant factor in strawberry decline, but the 
infection by opportunistic pathogen fungi proves to be necessary in  
order to enhance decline.

—

http://www.irda.qc.ca

NICHE: PLANT PATHOLOGY

—

A MECHANISM TO MONITOR  

FUNGICIDE RESISTANCE  

OF BOTRYTIS CINEREA  

IN STRAWBERRY, RASPBERRY  

AND GRAPE CROPS

RESEARCH CENTRE: Phytodata Inc. research company

RESEARCHERS AND COLLABORATORS:  

Hervé Van der Heyden, Odile Carisse (AAFC), Gayle Jesperson (BCMA), 
Paul Hildebrand (AAFC)

YEARS: 2012–2014

ABSTRACT: 

Despite the increasing challenges associated with pesticide use in general, 
fungicide applications are still a key component of all integrated pest 
management programs. Since the introduction of unisite fungicides in 
the early 1980s and their intensive use since that time, we have seen the 
appearance and selection of strains that show resistance to fungicides of 
various classes. In Quebec and elsewhere in Canada, levels of resistance 
are relatively unknown, and the number of samples required to obtain 
accurate data is an obstacle.

The objective of this research project was to develop a pilot network for 
monitoring fungicide resistance in Botrytis cinerea using sentinel farms.

In collaboration with researchers, agronomists, consultants and small 
fruit producers in Nova Scotia, Quebec, Ontario and British Columbia,  
we took an inventory of resistance in strawberry, raspberry, grape,  
cherry and blueberry crops using a molecular biology technique. The 
monitoring potential of sentinel farms was also evaluated in order to 
obtain accurate and reliable data on the resistance of B. cinerea to four 
fungicide families. 

The results highlighted the problem of variability with respect to sample 
size. For a mean incidence of 0.59, variance decreased by a factor of  
10 between a sample size of 10 (variance = 0.024) and a sample size of 
100 (variance = 0.003). Similarly, for a mean incidence of 0.19, the vari-
ance decreased by a factor of slightly more than 10 between a sample 
size of 10 (variance = 0.036) and a sample size of 100 (variance = 0.003). 
For the years 2012 and 2013, respectively, the results of this nationwide 
inventory showed fungicide resistance levels of 80% and 77% for  
strobilurins, 63% for dicarboximides, 73% and 71% for boscalid and  
finally 11% and 9% for fenhexamid. 

Our results suggest that sentinel farms could be a viable solution in  
addressing the sample size problem. It would be desirable for Quebec to 
create a minimum of seven sentinel farms that could be alternately  
monitored every second year. In collaboration with farmers’ associations, 
the Ministère de l’Agriculture, des Pêcheries et de l’Alimentation du 
Quebec (MAPAQ) and its Réseau d’avertissements phytosanitaires, seven 
farms should be selected in the following areas: Estrie, Sainte-Hyacinthe, 
Île d’Orléans, Trois-Rivières, Dunham, Napierville and Lanaudière.

—
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NICHE: PLANT PATHOLOGY 

—

DEVELOPMENT OF NEW  

DNA-BASED TOOLS TO DETECT  

AND QUANTIFY FUNGICIDE  

RESISTANCE AND TO ENHANCE  

THE VALUE OF AIRBORNE  

INOCULUM NETWORKS

RESEARCH CENTRE: Phytodata Inc. research company

RESEARCHERS AND COLLABORATORS:  

Hervé Van der Heyden (Phytodata), Odile Carisse (AAFC)

YEARS: 2014–2016 

ABSTRACT: 

The objectives of this project are: (1) to study the spatial interactions of 
single-nucleotide polymorphisms (SNPs) associated with fungicide  
resistance in Botrytis cinerea populations from infected grapes; (2) to 
study the spatial distribution patterns of SNPs associated with fungicide 
resistance in populations of B. cinerea from vineyards and Botrytis squa-

mosa in onion fields; and (3) to calculate sampling curves associated with 
mean SNP incidence estimates. Two fields were sampled in the case of B. 

squamosa (one in 2009 and one in 2010) and two in the case of B. cinerea 

(both in 2011), for a total of four sampling sites. The sampling was  
carried out by following the same experimental design as in the first 
experiment, except that 10 samples were taken in each quadrat. Samples 
were analyzed by means of PCR-RFLP, and the spatial distribution pat-
terns were characterized on the basis of probability distribution fitting.

In the first experiment, the proportions of mutation were 90%, 64%, 
67%, 33% and 1% for G143A, I86S, H272R, H272Y and N230I, respective-
ly. Our results indicate that three types of spatial relationships can arise 
when SNPs associated with fungicide resistance are compared by pairs: 
no spatial relationship (56%), spatial inclusion (31%) and spatial exclusion 
(12%). Despite the fact that over half the SNP pairs tested had no spatial 
relationship, the presence of 31% spatial inclusion supports models of 
coexistence between sensitive and resistant phenotypes, but suggests a 
higher level of complexity. For the second experiment, the beta-binomi-
al distribution fit the data more closely than the binomial distribution 
for all data sets. The estimated values for the aggregation index ranged 
from 0.09 to 0.23 (median value 0.20), indicating a local aggregation of 
SNPs within the same sampling unit. Finally, based on the observed  
aggregation, sampling curves were calculated for different incidences  
of SNPs and different levels of precision. These results place emphasis  
on the importance of sampling when it comes to early detection of  
fungicide resistance in epidemiology.

—

NICHE: PLANT PATHOLOGY 

—

DEVELOPMENT  

OF AN INTEGRATED MODEL  

OF FUNGICIDE RESISTANCE  

MANAGEMENT

RESEARCH CENTRE: Phytodata Inc. research company

RESEARCHERS AND COLLABORATORS:  

Hervé Van der Heyden (Phytodata), Odile Carisse (AAFC),  
Jean-Benoit Charron (McGill)

YEARS: 2016–2018

ABSTRACT: 

In Quebec, a major study conducted between 2009 and 2013 on over 
6,500 samples illustrated the extent of the problem of fungicide resist-
ance in Botrytis. The study authors also determined the minimum number 
of samples required to estimate the proportion of resistant  
organisms at the field scale. The study demonstrated how sample size 
can be a problem: sizes ranged from 30 samples with an incidence of 50% 
to 500 samples with an incidence of 5%. The development of molecular 
detection tools makes our research on sample size possible. While impor-
tant work has already been done, it is still difficult to establish a link 
between the presence of resistance and reduced efficacy in fungicide 
applications. Further development and use of molecular detection  
tools will help solve the sampling problem and will contribute to the 
understanding of resistance mechanisms at the field scale. The primary 
objective of this research is to develop a decision model for managing 
fungicide resistance. Botrytis squamosa and Botrytis cinerea will be used 
as model organisms for the following purposes: (1) to determine the 
proportion of resistant individuals above which fungicide applications 
become ineffective (action threshold), (2) to measure the impact of  
heterogeneity in sprays on the development of resistance, and (3) to 
generate data to validate and refine the decision model.

—



NICHE: PLANT PATHOLOGY

—

IMPROVING PLANT PEST  

MONITORING IN QUEBEC  

BY ESTABLISHING SENTINEL  

SPORE TRAP NETWORKS

RESEARCH CENTRE: Phytodata Inc. research company

RESEARCHERS AND COLLABORATORS:  

Hervé Van der Heyden (Phytodata), Odile Carisse (AAFC), Sylvie Rioux 
(CÉROM), Pierre Lafontaine (CIEL), Liette Lambert (MAPAQ)

YEARS: 2016–2019

RESEARCH OBJECTIVES: 

Airborne dissemination is one of the mechanisms by which phytopatho-
genic fungi reach sensitive plants within the same field or in an adjacent 
field. This short-distance dispersal plays a key role in the development 
of many economically important seasonal epiphytotic diseases. Diseases 
that spread via airborne dissemination are those that farmers use the 
greatest number fungicide applications to control. Since the late 1990s, 
the Phytodata team, in collaboration with Dr. Odile Carisse’s team, has 
been developing integrated pest management strategies based on  
concentrations obtained using spore traps. It has been shown that such 
moderate management approaches reduce the need for fungicide  
applications, especially when it comes to Botrytis squamosa in dry onions 
and Phytophthora infestans, which causes late blight in potatoes. This 
project is intended to standardize and universalize the use of spore traps 
for other pathosystems. 

The general objective of this research is to popularize the use of spore 
traps to improve plant pest monitoring in Quebec. The specific objectives 
consist of (1) documenting and specifying the conditions of use and 
cataloguing action thresholds in relation to spore concentrations; (2) 
developing the necessary cross-disciplinary knowledge for the optimal 
use of spore traps with reference organisms (Sclerotinia sclerotiorum, 
Fusarium graminearum, Botrytis cinerea, Erysiphe necator and Plasmo-

para viticola); (3) establishing four pilot sentinel networks; (4) evaluating 
the potential of different types of traps with respect to diseases that are 
spread by the splashing of water (such as anthracnose in strawberries); 
and (5) identifying the obstacles involved in creating spore trap net-
works. Ultimately, we hope to gain the missing knowledge needed to 
standardize the use of spore traps in the context of climate change, and 
to develop guidelines for establishing spore trap networks in different 
crops.

—

NICHE: FERTILIZATION 

—

DEVELOPMENT OF AN  

INNOVATIVE GROWING  

STRATEGY COMBINING WATER  

AND NITROGEN MANAGEMENT  

IN DAY-NEUTRAL STRAWBERRIES 

TO AVOID THE NEED FOR  

FERTIGATION

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA)

RESEARCHERS AND COLLABORATORS:  

Christine Landry (IRDA), Carl Boivin (IRDA), Daniel Bergeron (MAPAQ), 
Ferme François Gosselin, Stéphanie Tellier (MAPAQ), Jérémie Vallée 
(IRDA), Julie Mainguy (IRDA)

YEARS: 2014–2016

ABSTRACT: 

Trials have been conducted since 2010 by the Institut de recherche  
et de développement en agroenvironnement, the Direction de la  
Capitale-Nationale of the Ministère de l’Agriculture, des Pêcheries et de 
l’Alimentation du Quebec (MAPAQ) and Ferme François Gosselin.  
These trials have been performed on day-neutral strawberries (Seascape 
cultivar) grown on commercial farms on Île d’Orléans, Quebec, Canada. 
The purpose of the trials was to determine the uptake of nitrogen (N) 
and to improve water distribution and N uptake from the soil in order 
to reduce or eliminate the need for fertigation. The trials were conduct-
ed over a 6-year period in an annual cropping system in which plants are 
grown in raised beds covered with black plastic (polyethylene) mulch and 
watered by drip irrigation. A number of conditions were tested: different 
application methods of granular fertilizer (broadcasting before bed 
preparation or across the width of the pre-bed vs. in narrow bands under 
the drip line), fertigation treatments (14 consecutive applications at 50 
or 100% of the usual control dosage [110–120 kg N/ha] vs. 7 applications 
every 2 weeks at 100% dosage), fertilizer types (conventional granular 
vs. controlled release fertilizer [CRF]), and number of drip lines (1, 2 or 3). 

Our results indicated that the amount of N applied generally exceeded 
total N uptake, which ranged from 45 to 91 kg N/ha, with an average 
value of 63 kg N/ha for treatments yielding as much or more than  
controls. Also, an analysis of raised beds in 14 sub-zones indicated the 
presence of large quantities of residual unused N in the area immediately 
surrounding them. Finally, the most promising cropping system that 
yielded as much as the “traditional” system seems to be a single appli-
cation of minimally leaching CRF broadcast over the width of the  
pre-bed, with 2 drip lines. However, further research is needed to  
improve water use efficiency. Based on the results obtained in this study, 
a number of producers will participate in a large-scale extension trial  
to be conducted in 2016–2018 (under the MAPAQ’s Plan d’action de 
l’approche régionale). The 6 years’ worth of studies supporting this work 
were funded by the Programme Innov’Action agroalimentaire and  
the Programme de soutien à l’innovation horticole (MAPAQ) as well as 
the Canadian Agricultural Adaptation Program (Agriculture and Agri-
Food Canada).

—

http://www.irda.qc.ca
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NICHE: FERTIGATION

—

EFFECTS OF FERTIGATION  

ON YIELD OF EVERBEARING 

STRAWBERRY (FRAGARIA  

X ANANASSA) CULTIVARS  

GROWN HYDROPONICALLY  

IN HIGH TUNNELS

RESEARCH CENTRE: Laval University 

RESEARCHERS AND COLLABORATORS:  

Christiana Sarraf (Laval University), Louis Gauthier (Fraises de l’Île 
d’Orléans Inc.), André Gosselin (Laval University), Yves Desjardins  
(Laval University) 

YEAR: 2011

ABSTRACT: 

Field-grown strawberries face telluric diseases that limit yields. To over-
come phytosanitary problems, strawberries can be grown in soilless  
systems. This project aims to increase yield of soilless-grown everbearing 
strawberries by optimizing the fertigation. We compared three nutrient 
solutions to determine the K/Ca and K/N ratios to obtain the highest 
yield. Two genetic selections were studied: Seascape and Charlotte.  
Our results showed that plants need N during the vegetative phase as 
well as during the flowering-fruiting phase and that strawberries react 
positively to fertigation during this phase.

—

http://theses.ulaval.ca

NICHE: ORGANIC PRODUCTION 

—

EVALUATION OF IRRIGATION 

STRATEGIES TO IMPROVE MINERAL 

NUTRITION OF ORGANIC SUMMER 

STRAWBERRIES GROWN IN RAISED 

BEDS COVERED WITH BLACK  

PLASTIC MULCH

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA) 

RESEARCHERS AND COLLABORATORS:  

Carl Boivin (IRDA), Paul Deschênes (IRDA), Jérémie Vallée (IRDA),  
Daniel Bergeron (MAPAQ-DRCN)

YEARS: 2015–2017 

DESCRIPTION: 

The project is taking place at IRDA’s Plateforme d’innovation en agricul-
ture biologique. Strawberries (Clery cultivar) are being grown in raised 
beds covered with black plastic mulch. The irrigation strategies studied 
in the summers of 2015 and 2016 were established based on the type of 
irrigation system (tube or fixed spray sprinkler), the number of drip lines, 
and the frequency and run time of irrigation applications. 

OBJECTIVES:

In the context of organic summer strawberries grown in raised beds 
covered with black plastic mulch, the objectives are to:

1.  Evaluate irrigation strategies to encourage moisture in the largest 
possible volume of soil

2. Improve mineral nutrition through better water supply 

3. Measure the impact of irrigation strategies on fruit yield

4. Determine the costs of the strategies under study

—

http://www.irda.qc.ca



NICHE: BIOLOGICAL PEST CONTROL 

—

THE STERILE INSECT RELEASE  

AS BIOLOGICAL CONTROL METHOD 

AGAINST THE SPOTTED-WING  

DROSOPHILA: STERILIZATION  

PROTOCOL, COMPETITIVENESS  

OF IRRADIATED MALES AND  

RELEASES IN SEMI-NATURAL  

CONDITIONS

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA) 

RESEARCHERS AND COLLABORATORS:  

Annabelle Firlej (IRDA), Jacques Brodeur (University of Montréal), 
Daniel Cormier (IRDA), François Fournier (Collège Montmorency), 
Véronique Martel (LFC), Marc Vreysen (IAEA), Carlos Cárceres (IAEA)

YEARS: 2014–2017

DESCRIPTION: 

The spotted-wing drosophila (SWD), Drosophila suzukii (Matsumura) 
(Diptera: Drosophilidae) is a new pest that appeared in Quebec in 2010 
and attacks berries. Damage to unprotected crops can be as high as 
100%. This research project consists of sterilizing SWD individuals in the 
laboratory and performing mass releases of them in crop fields are 
grown as a means of controlling indigenous SWD.

Objectives:

The primary objective of this project is to evaluate the potential of ster-
ile insects as a new biological method of controlling the SWD. This entails 
the following sub-objectives:

1. Developing a sterilization protocol for D. suzukii

2.  Assessing the competitiveness in semi-natural conditions of D. suzukii 

males that have been irradiated in the laboratory

This research was made possible thanks to financial assistance from the 
Programme Innov’Action agroalimentaire, an outcome of the Growing 
Forward 2 framework agreement between the Ministère de l’Agricul-
ture, des Pêcheries et de l’Alimentation (MAPAQ) and Agriculture and 
Agri-Food Canada.

—

http://www.irda.qc.ca 

NICHE: BIOLOGICAL PEST CONTROL 

—

BIOLOGICAL CONTROL  

OF THE STRAWBERRY MITE  

PHYTONEMUS PALLIDUS  

(ACARI: TARSONEMIDAE)  

USING NEOSEIULUS CUCUMERIS 

(ACARI: PHYTOSEIIDAE)

RESEARCH CENTRE: Laval University 

RESEARCHERS AND COLLABORATORS:  

Stéphanie Patenaude (Laval University), Thierry Chouffot (Koppert 
Canada Ltd.), François Demers (Club Écolo-Max), Stéphanie Tellier 
(MAPAQ), Valérie Fournier (Laval University)

YEARS: 2016–2018

ABSTRACT: 

The strawberry mite (Phytonemus pallidus [Banks]), or cyclamen mite, is a 
phytophagous mite that mainly attacks the foliage, causing considerable 
damage and loss in fruit yield. This mite hides in the crown of the plant, 
making its control very difficult. In addition, the use of the most effective 
acaricide, endosulfan (Thiodan, Thionex), will be banned in Canada on 
December 31, 2016. Alternative control methods are therefore necessary. 
Biological control has the benefit of being environmentally friendly  
and safe for consumers and workers’ health. Moreover, no preharvest 
interval is required, and there is no resistance development. Several 
predatory mite species, such as Amblyseius swirskii, Neoseiulus fallacis, 
N. californicus and N. cucumeris have already shown efficacy at  
controlling the strawberry mite under sheltered and field conditions  
in Europe, the United States and Canada. For the current study, N. cucu-

meris has been selected for its best “value for money” compared to the 
other predator species. Its efficacy will be tested under field conditions 
in 2016 and 2017 at two strawberry operations in the Quebec City area.

—
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NICHE: SOIL HEALTH 

—

DEVELOPMENT OF A  

CROPPING STRATEGY  

BASED ON IMPROVING SOIL 

HEALTH TO RESTORE YIELD  

POTENTIAL OF STRAWBERRY 

PLOTS PLANTED IN MATTED ROWS 

WITH A HISTORY OF DECLINE

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA)

RESEARCHERS AND COLLABORATORS:  

Christine Landry (IRDA), Michèle Grenier (IRDA), Mylène Marchand-Roy 
(IRDA), Julie Mainguy (IRDA), Denis Giroux (RLIB), Christian Lacroix 
(MAPAQ-DRCA), Ferme Marivil Inc.

YEARS: 2015–2017

DESCRIPTION: 

We hypothesize that a cropping strategy based on adding organic mat-
ter to the soil using organic amendments and fertilizers will help restore 
soil health and strawberry yields by reducing strawberry decline symp-
toms. To test this hypothesis, virus-free strawberry plants will be trans-
planted into a field with a five-year history of decline, despite the use of 
farming practices that are recognized for providing high yields. A control 
plot receiving conventional mineral fertilizer will be compared to plots 
in which sources of organic matter are added. Carbon-rich cow manure 
compost and granular chicken manure will each be used at two different 
dosages. 

OBJECTIVES:

Restore the potential yield of site with a history of decline by adding 
organic amendments and fertilizers during the planting of strawberry 
plants in matted rows.

1. Verify whether organic amendments and fertilizers have an impact on:

• Root and above-ground development in plants

•  The appearance of decline symptoms and the spread of viruses to 
healthy plants that have been newly planted near a virus-infected 
field

• Biological activity, fertility and structural health in the soil

• Yield

2.  Compare the effectiveness of a biostimulant to that of conventional 
amendments and fertilizers

3. Compare the revenues and costs of the different strategies

—

http://www.irda.qc.ca

NICHE: SUSTAINABLE PRACTICES 

—

ECOLOGICAL ALTERNATIVES  

TO STRAWBERRY FIELD  

FUMIGATION

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA)

RESEARCHERS AND COLLABORATORS:  

Richard Hogue (IRDA), Thomas Jeanne (IRDA), François Demers (Club 
agroenvironnemental en horticulture), Stéphanie Tellier (MAPAQ) 

YEARS: 2012–2014 

ABSTRACT: 

Biofungicide or biofertilizer applications have been evaluated as eco- 
logical alternatives to soil fumigation in strawberry fields cultivated 
under an intensive (monoculture) or a rotation cropping system. 

In 2012, a growing season with a climate unfavourable to strawberry 
plant productivity, yields from plants grown under rotation cropping 
management were 12% to 51% higher than those obtained from plants 
grown under intensive management. Chloropicrin fumigation induced 
a yield increase of 60% for plants under rotation cropping management 
whereas the application in non-fumigated soils of the biofungicide Root-
Shield® WP (Trichoderma harzianum), the biofertilizer Microflora PRO 
(Bacillus spp.) and a compost enriched with Streptomyces spp. increased 
the yields by 37%, 13% and 30% respectively. The incorporation of the 
compost in combination with Streptomyces spp. was the only treatment 
that induced an additional 8% yield increase in fumigated soil under 
rotation cropping management. 

In 2013, a growing season with a climate favourable to strawberry plant 
productivity, yields increased by 18% in soil under intensive management 
fumigated with chloripicrin. The application of the biofungicide or the 
biofertilizers had no significant impact on the yields of soils under either 
type of cropping management, whether the soil was fumigated or not. 
The application of RootShield® significantly decreased the detection of 
plant-pathogrenic Rhizoctonia sp. in soil. Repeated soil fumigation of 
strawberry plants grown under intensive management increased the 
number of pathogenic nematodes and decreased microbial diversity and 
strawberry plant productivity. 

The 454 pyrosequencing analysis of bacterial populations showed that 
the fumigated soils under rotation cropping management recovered 
higher levels of richness and diversity in bacterial populations in compa-
rision to those under intensive management. Biofertilizer or biofungicide 
applications stimulated a rapid recovery of the beneficial bacterial  
populations in fumigated and non-fumigated soils. These populations 
may have contributed to the strawberry plants’ productivity due to their 
roles in the degradation of organic matter and the mineralization of 
nutrients or their suppressive interactions against pathogenic fungi and 
nematodes that harm strawberry plants.

—

http://www.irda.qc.ca



NICHE: SUSTAINABLE PRACTICES  

—

ASSESSMENT TOOL TO  

COMPARE THE ENVIRONMENTAL, 

ECONOMIC AND SOCIAL  

SUSTAINABILITY OF  

STRAWBERRY PRODUCTION  

SYSTEMS IN QUEBEC

RESEARCH CENTRE: McGill University 

RESEARCHERS AND COLLABORATORS:  

Valérie Gravel (McGill University), Maryse Gendron (McGill University), 
Odile Carisse (AAFC) 

YEARS: 2014–2017

ABSTRACT: 

Over the last decades, strawberry production in Quebec has evolved  
in response to consumers’ demand for high-quality fruits all year round. 
Production systems are now numerous and include matted rows, plasti-
culture, high tunnels and greenhouses. Producers are also asked to  
produce fruits in an environmentally friendly and socially responsible 
way, while maintaining a high profitability for their production. In this 
context, assessing the environmental, economic and social sustainability 
of different production systems is necessary albeit complex. The objective 
of this study is to develop a tool for comparing the environmental,  
economic and social sustainability of different strawberry production 
systems used in Quebec using a multi-criteria analysis model. Such a 
model is a hierarchical structure that divides a complex problem into 
smaller problems that are easier to solve. This type of model is composed 
of basic attributes, the inputs of the model, which correspond to the 
parameters of the different production systems. Basic attributes are 
combined into aggregate attributes using “if-then” utility functions. The 
aggregation continues until the root attributes are reached, which are 
the main outputs, such as the economic or overall sustainability. An  
example could be the aggregation of the basic attributes mean distance 
to water (DW) and low frequency of pesticide application (PA) into  
the aggregate attribute low risk of water contamination by pesticide 
(CP) using a utility function “if-then” (if DW is medium and PA is low, 
then CP is low). 

The DEXi software, which allows for the use of qualitative variables,  
was used for the development of the model. The model was developed 
from literature data, and was validated with producers and experts  
in strawberry production. Ultimately, the multi-criteria analysis model 
could be used as part of a didactic tool for growers and stake holders to 
promote environmentally sustainable practices within the strawberry 
industry.

—

NICHE: CLIMATE CHANGE 

—

ADAPTATION OF PHYTOSANITARY 

MEASURES FOR PESTS AND  

DISEASES OF FRUIT CROPS  

IN THE CONTEXT OF CLIMATE 

CHANGE

RESEARCH CENTRE: Institut de recherche  
et de développement en agroenvironnement (IRDA) 

RESEARCHERS AND COLLABORATORS:  

Annabelle Firlej (IRDA), Gaétan Bourgeois (AAFC), Anne Blondlot 
(Ouranos), Gérald Chouinard (IRDA), Daniel Cormier (IRDA), Vincent 
Philion (IRDA), Isabelle Drolet (CETAQ), Stéphanie Tellier (MAPAQ)

YEARS: 2016–2018 

ABSTRACT: 

The purpose of the project is to document the impact of climate change 
on pests and diseases that affect fruit crops in Quebec. We will list the 
pests and diseases that are at risk of evolving, as well as the exotic inva-
sive species that threaten four fruit crops in the context of climate 
change. We will make recommendations on future phytosanitary strat-
egies to be developed or adopted by policymakers and users.

OBJECTIVES:

This project is focused on four economically important fruit crops in 
Quebec (apple, cranberry, strawberry and raspberry). Its purpose is to:

•  Document the impact of climate change on pests and diseases 
present in Quebec

•  Document the exotic invasive species that are likely to affect  
specific crops in the future

•  Model the effect of climate change for six specific cases based  
on climate change projections for Quebec in 2041–2070

•  Identify and propose climate change adaptation measures  
for specific pests and diseases

—

http://www.irda.qc.ca 

18


