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Introduction
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<*Agriculture partly depends on the beneficial services = mrreteristoponsicbeiatcons
offered by nature:

»Some pollinators (bees) provide hive products such as honey,
wax, cerumen, bee bread, royal jelly, bee venom, and propolis.

»Natural enemies (parasitoids and
predators) reduce pest populations.

1\ \\\\\\\f
S ,v 9 > Soil invertebrates improve fertility.

Chemical insecticides constitute the
key drivers to the alarming global
decline of poIIinators
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Do maize plants require insect
pollination?

« Bees foraging on maize, other flowering crops (legumes,
sunflowers) and wildflowers (weeds) on, and around maize field
may be exposed to several chemical insecticides sprayed on
fields (Fernandez-Cornejo et al. 2014, Long and Krupke 2016).

 To protect pollinators, biopesticides based on entomopathogenic
fungi (EPF) can be used as alternatives to chemical insecticides.
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Ecotoxicological test of biopesticides e
« Ecotoxicological dossiers are available for registered biopesticides.

» Ecotoxicological dossiers are based on Organisation for Economic Co-operation and
Development (OECD,1998) guidelines to test suboptimal doses (<10’ conidia/mL)
through oral exposure in short bioassays (<96 hr) with honeybees.

 Stingless bees have never been used as test insects.

* Long (10-days) bioassays with honeybees and stingless bees can result in variable
toxicity levels depending on EPF isolates.

* International Organization of Biological Control (I0OBC) classification:
*»*Class 1: harmless (<25%),
*»Class 2: slightly harmful (25%-50%),
*»*Class 3: moderately harmful (51%-75%),
*’*Class 4: harmful (>75%)

/, Y g - . . .. :-'_4:‘\-:‘ and ».\l" CUulture
United Nations




P LT, -
= Ay A

\,//"\
Selected biopesticides screened for non-target effect s msosoicomma
on pollinators (honeybees and stingless bees)

Biopesticide isolate name Target pests

Metarhizium anisopliae ICIPE 7 Detain Fall armyworm
Metarhizium anisopliae ICIPE 78 Achieve, Fall armyworm, Spider
Mazao achieve mites,
Metarhizium anisopliae ICIPE 20 - Tuta absoluta, Fall
armyworm, leafminers
Metarhizium anisopliae ICIPE 62 Mazao Aphids
supreme Akutse et al., 2020
Metarhizium anisopliae ICIPE 69 Campaign Thrips, whiteflies,
leafminers
Beauveria bassiana ICIPE 284 - Fall armyworm
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Modelling performance of Effect of biopesticides on

Effect biopesticides on _ - _ Rt _

survival of bees in lab the biopesticides in bee bee pollination behaviour
colonies simulated and crop productivity in
temperatures. semi-field trials
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Effect of biopesticides on survival of bees i

/7 Training Workshop on Biological Control

Incubators
Honeybees Stingless bees Spray tower Honeybees Stingless bees
Apis mellifera  Meliponula ferruginea ”

« Applying 108 conidia/mL or 10-days survival bioassays
water on filter paper.
Fungal isolates « Exposure of 25-30
bees/cage in four replicates.
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Results

Kaplan-Meier survival curves of fungus-exposed bees
Honeybees Stingless bees
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Biological and Microbial Control

Susceptibility of the Western Honey Bee Apis mellifera
and the African Stingless Bee Meliponula ferruginea
(Hymenoptera: Apidae) to the Entomopathogenic Fungi
Metarhizium anisopliae and Beauveria bassiana
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Modellin g the perfo rmance of the bio pesticid S

|solates under bee colonies’ temperatures
Conidial germination

\'o
I’ Global Forum on Biological Control and ™
Training Workshop on Biological Control

Eight models from
literature

Observation of

conidial germ tubes Model validation »@

Thermal requirements
for isolates:

Tmin (°C), Topt (°C),
Incubation at -,4 Tmax (°C), Pmax

12, 16, 20, 24, , Model (%germination, mm/day)

| comparison
Mycelial mat 28, 32, 36°C Measurement of .GoodnSS_Of_fit
radial growth

*Adjusted R-squared
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Fungal suspension
(108 conidia/mL)

Mycellal growth
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Temperature dependent models tested ‘ez

Model tested

Briere 1

Briere 2

Ratkowsky 2

Ratkowsky 3

Lactin 1

Van Der Heide

CTMI (Cardinal temperature model
with Inflection)

8. Generalized beta function
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Results

Conidial germination curves by temperature-dependent models

ICIPE7

- ICIPE 20

- ICIPE 62
ICIPE 69
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ICIPE78 | /.

Conidial germination (%)

ICIPE 284, / /

Temperature (°C)
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Growth curves as predicted by 8 temperature-dependent models

Briere 1 Briere 2

Ratkowsky 2

LT ¢ ‘ 2 A

™ 7+ ICIPE 62 W N o 2

w |-%- ICIPE 89 LA w0 | o

- ICIPE78 2 - - w |

o [ ICIPE 284 s o | o |
=
e e s, AU =l |Solate Tmax | Pmax
Q 15 2 2 30 I 40 5 10 15 20 25 30 35 40
E Lactin 1 Van Der Heide (m m /d ay)
E w0 w | . w N
= = g S ICIPE 7 7.4 27.6 36.8 1.89
o ¢ = <
o ° 54 2 - ICIPE 20 135 26.8 37.0 2.28
E ° 4|0 3—5" 1|o 1I5 20 25 30 35 4|o s é’l)
o Seneratned beta fonction ICIPE62 3.7 284 37.2 1.85
§ 0 o A

8 S ICIPE 69 8.7 27.1 36.6 1.89

3 S ICIPE 78 7.3 26.5 36.7 1.54

° 1‘" ° ; 110 15 20 25 30 35 4Iu

Temperature (°C) ICIPE284 9.5 259 354 1.36
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Suitable models to describe the effect of
temperature on conidial germination and mycelial
growth of Metarhizium anisopliae and Beauveria
bassiana

Evanson R. Omuse, Saliou Niassy, John M. Wagacha, George O. Ong’amo,
Abdelmutalab G. A. Azrag & Thomas Dubois
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Effect of a biopesticide on survival, o
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stingless bee
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v . .
.Hive Experiment 3Tm Flight activity Experiment was
repeated three times
Buffer 3 in Apr 2020 — Jun
v 2020, Sep 2020 —
15 m Buffer 2 Nov 2020, and Dec
A 2020 — Feb 2021
I.-Iive Experiment Foraging activity,
survival
Buffer 1 & |
<] Introduction of bee
Cultivation of cucumber  colonies and application of Fruit set,
in screenhouses biopesticide (ICIPE 69) or maturation and
distilled water (control) yield)
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Number of bees/flower in 5 min

-6 -3 0 3 6 9 12 15 18
Post-treatment time (days)
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Fruit set and
maturation (%)

Fruit weight (g)
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A fungal-based pesticide does not harm pollination service
provided by the African stingless bee Meliponula ferruginea
on cucumber (Cucumis sativus)
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Conclusions " &
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* Mortality due to biopesticides did not exceed 17.4% for
honey bees or 11.0% for stingless bees.

= Biopesticides can germinate and grow optimally in
beehive conditions.

» Biopesticide did not hamper bee pollination behaviour
and success.

= The tested biopesticides can be safely used as to control
insect pests in bee-resourced crop systems.

= The interactions of bee pollinators and biopesticides can
also be limited by:

1.careful timing of biopesticide application to avoid peak
foraging periods.

2.improving ‘lure and infect’ application techniques.
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