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OTHER HIGHLIGHTS

• Scab (fruit): 0%    vs  1.4%.   (2013)
• Scab (foliage) : 0.2% vs  2.3%.   (2013)
• Aphids:  7% vs  4%  (3-yr assessment) 

Leafhoppers: 2.5% vs 15.7%   (2012)
• SBFS complex: 1.0% vs 7.3% (2015-2016)
• Spider mites: 0.5 vs 0.5 (3-yr assessment)

(motiles/leaf)
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From : Knoch & Tavares, pers. comm

PLA wetting

Surface topology 
Solvent-induced treatment

PLA Solvent Coagulant Drying

Surface chemistry
PICVD treatment

Contact angle = 100°

Contact angle = 145°

Contact angle = 80°
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MESH SIZE VS EXCLUSION - LAB TESTS

Thorax : 1,76 ± 0,02 mm (female)
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MATERIALS & METHODS 

NETS
� Six nets with mesh sizes ranging from 0.4 x 0.4 to 2.8 x 2.8 mm (depending on the species  

tested), 3D-printed from strands of polylactic acid (PLA).

� Two commercial nets made of polyethylene (HDPE): ProtekNet60 (mesh size: 0.95 x 1.90 mm 
and Artes 5x4 (mesh size: 2.2 x 3.4 mm).

LABORATORY TRIALS
� Cylindrical cage with 2 compartments (Fig. 1) separated in the center by a section of net 

(varying according to the treatment).

� Introduction of 35 to 50 individuals according to the species (pupae or mummies) in the lower 
compartment.

� Yellow sticky trap suspended in the upper compartment.

� Devices placed vertically * and covered with aluminum foil (except the upper end)
= Use of phototropism (+) and geotropism (-);
* except for tests with A. aphidimyza which have been performed horizontally;

� Percentage of individuals that crossed after 6 days.

FIELD TRIALS
� 10-12 apple trees (cv Honeycrisp) protected with a row-by-row, complete exclusion system 

(Fig. 2) in a pesticide-free experimental orchard. 

� Treatments : 1) current standard net (ProtekNet: 0.95 x 1.90 mm); 2) larger mesh net
(Artes: 2.2 x 3.4 mm); 3) control (no nets) ; n= 5.

� Nets installed from bud break until harvest and opened 2 days during bloom (~ 9AM-6PM) to 
ensure pollination.

� Infested apple shoots (~50/treatment) visually sampled weekly from June 7 to September 12.

� Aphid and ant density on each shoot was rated as follows:
0=no aphids/ants; 1=1-5 ; 2=6-25 ; 3=26-50; 5=51-125; 5=more than 125.

� Number predators or parasitoids (mummies) (any life stage) was also noted.

RESULTS & DISCUSSION
� Under laboratory conditions, parasitoids A. matricariae and A. abdominalis were able to pass 

through net apertures only slightly larger than the width of their thorax. For predatory species 
A. aphidimyza, apertures had to be more than twice its thorax width (Fig. 3).

� In the lab, A. aphidimyza was almost completely excluded by ProtekNet’s smaller mesh size 
(0.95 x 1.90 mm), while more than 75% of the individuals were able to pass through Artes nets 
(2.2 x 3.4 mm).

� In the fi eld, A. aphidimyza represented more than 80% of all natural enemies observed in 
unnetted plots and almost all of those observed under nets.

� Abundance of cecidomyiids in trees covered by nets of larger mesh size was similar to that 
observed in unnetted plots, while signifi cantly lower numbers were observed on trees covered 
by nets of smaller mesh size (p<0,0001) (Table 1). Permeability of this net to cecidomyiids was 
however greater in orchards than in laboratory tests, eggs or larvae being observed on more 
than 40% of infested shoots.

 CONCLUSION
� Nets with a mesh size larger than the 

current 0.95 x 1.90 mm standard used 
in our studies may favor the entrance 
of benefi cials while continuing to 
provide effective protection against 
other apple pests. 

� Use of bio-based polymers to replace 
fossil-fuel-based products may 
further improve these systems by 
reducing the use of pesticides without 
potentially increasing greenhouse 
gas emissions.
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INTRODUCTION

� Exclusion nets can prevent damage caused by the vast majority of apple pests without the 
use of insecticides [1, 2, 3] but can sometimes be accompanied by increased infestations 
of aphids of various species, possibly related to the exclusion of their natural enemies [4]. 

� Mesh size and shape can infl uence exclusion effi cacy of pests [5, 6] as well as the possibility of 
entrance of benefi cials [7]. In northeastern North America apple orchards, the guild of natural 
enemies of Aphis spp. is composed of a large variety of predators including a cecidomid fl y 
and several species of braconid and chalcid parasitoid wasps [8, 9, 10].

� To improve exclusion systems currently being developed for fruit trees, the permeability 
of different bio-based polymer insect nets and of two commercial polyethylene nets to 
Aphidoletes aphidimyza (Diptera: Cecidomyiidae), Aphidius matricariae (Hymenoptera: 
Braconidae) and Aphelinus abdominalis (Hymenoptera: Aphelinidae) was tested under 
laboratory and fi eld conditions.

NO NET ARTES 5X4 PROTEKNET 60

APHID

A. pomi 80.28 ± 4.21 b 82.58 ± 3.66 b 97.71 ± 4.02 a

APHID ALLIES

Formicidae 3.52 ± 0.25 a 3.2 ± 0.16 a 3.42 ± 0.2 a

NATURAL ENEMIES

Cecidomyiidae 1.49 ± 0.17 a 1.48 ± 0.21 a 0.48 ± 0.07 b

Chamaeyiidae/Syrphidae 0,278 ± 0.073 a 0.008 ± 0.004 b 0.003 ± 0.002 b

Chrysopidae 0,004 ± 0.003 a 0 a 0 a

Coccinellidae 0,01 ± 0.003 a 0 b 0 b

Braconidae 0,01 ± 0.006 a 0.002 ± 0.002 a 0.003 ± 0.002 a

Table 1.  Abundance of aphids, ants and aphid natural ennemies weekly recorded on infested apple shoots 
in fi eld experiments. Different letters indicated signifi cant differences (Į =0.05).

Fig. 2. Complete exclusion system tested in apple orchard..

Fig. 1. Experimental set up for testing exclusion in laboratory..
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Figure 3 Percentage of individuals (mean ± SE) that passed 
through different nets under laboratory conditions. Different 
letters indicated signifi cant differences (Kruskal Wallis ; 
Į=0.05).

MATERIALS & METHODS 

NETS
� Six nets with mesh sizes ranging from 0.4 x 0.4 to 2.8 x 2.8 mm (depending on the species  

tested), 3D-printed from strands of polylactic acid (PLA).

� Two commercial nets made of polyethylene (HDPE): ProtekNet60 (mesh size: 0.95 x 1.90 mm 
and Artes 5x4 (mesh size: 2.2 x 3.4 mm).

LABORATORY TRIALS
� Cylindrical cage with 2 compartments (Fig. 1) separated in the center by a section of net 

(varying according to the treatment).

� Introduction of 35 to 50 individuals according to the species (pupae or mummies) in the lower 
compartment.

� Yellow sticky trap suspended in the upper compartment.

� Devices placed vertically * and covered with aluminum foil (except the upper end)
= Use of phototropism (+) and geotropism (-);
* except for tests with A. aphidimyza which have been performed horizontally;

� Percentage of individuals that crossed after 6 days.

FIELD TRIALS
� 10-12 apple trees (cv Honeycrisp) protected with a row-by-row, complete exclusion system 

(Fig. 2) in a pesticide-free experimental orchard. 

� Treatments : 1) current standard net (ProtekNet: 0.95 x 1.90 mm); 2) larger mesh net
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� Nets installed from bud break until harvest and opened 2 days during bloom (~ 9AM-6PM) to 
ensure pollination.

� Infested apple shoots (~50/treatment) visually sampled weekly from June 7 to September 12.

� Aphid and ant density on each shoot was rated as follows:
0=no aphids/ants; 1=1-5 ; 2=6-25 ; 3=26-50; 5=51-125; 5=more than 125.

� Number predators or parasitoids (mummies) (any life stage) was also noted.

RESULTS & DISCUSSION
� Under laboratory conditions, parasitoids A. matricariae and A. abdominalis were able to pass 

through net apertures only slightly larger than the width of their thorax. For predatory species 
A. aphidimyza, apertures had to be more than twice its thorax width (Fig. 3).

� In the lab, A. aphidimyza was almost completely excluded by ProtekNet’s smaller mesh size 
(0.95 x 1.90 mm), while more than 75% of the individuals were able to pass through Artes nets 
(2.2 x 3.4 mm).

� In the fi eld, A. aphidimyza represented more than 80% of all natural enemies observed in 
unnetted plots and almost all of those observed under nets.

� Abundance of cecidomyiids in trees covered by nets of larger mesh size was similar to that 
observed in unnetted plots, while signifi cantly lower numbers were observed on trees covered 
by nets of smaller mesh size (p<0,0001) (Table 1). Permeability of this net to cecidomyiids was 
however greater in orchards than in laboratory tests, eggs or larvae being observed on more 
than 40% of infested shoots.

 CONCLUSION
� Nets with a mesh size larger than the 

current 0.95 x 1.90 mm standard used 
in our studies may favor the entrance 
of benefi cials while continuing to 
provide effective protection against 
other apple pests. 

� Use of bio-based polymers to replace 
fossil-fuel-based products may 
further improve these systems by 
reducing the use of pesticides without 
potentially increasing greenhouse 
gas emissions.
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Figure 3 Percentage of individuals (mean ± SE) that passed 
through different nets under laboratory conditions. Different 
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BUMBLEBEE POLLINATION
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Orchard catches:
2014 :1 Rockburn
2016 :1 Rockburn
2019: 3 (in 3 localities)

Protection from « upcoming » BMSB

Catches in Montreal: 
2014:2

2016: 75
2017-18-19: established



To be continued…

• Multi-task netting / systems
• Mechanized install /opening/ closing
• Spraying through nets (fertilizers, thinners, pesticides)
• Optimized orchard design + training system
• Varietal suitability
• Full-block systems
• ProtekNet (1 x 2 mm) vs DrapeNet (2 x 7 mm) vs Artes (2.3 x 

3.4mm)
• Photoselective netting
• …
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