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A B. cinereais prevalent on
blueberries

A No evidence that B. cinerea
IS an endophyte

A Most above -ground
blueberry tissues are
susceptible to infection by
B. cinerea

A Majority of the strains are
pathogenic
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Airborne Botrytis spore load

CFU/m3

Farm 2 2021: CFU/m? per sampling site
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Farm 2 2022: CFU/m?3 per sampling site
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Take-home message D
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1. Botrytis in blueberry orchards A N\
vary over a season and
Increase as the berries ripen.
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Take-home message Selenbosch

IIIIIIIIIIII
IIIIIIIIIIII

1. There are some fungicide resistance /
In orchards.

2. Cyprodinil/fludioxonil (Switch) and
Potassium Bicarbonate ( Agricure )
still provide good protection.

3. Fungicide resistance should be |
monitored.
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The mycobiome-of blueberryry-foraging: Western &%lusﬂggbosch
Cape honeybees (Apis melliferacapensisis)
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Support biodiversity
Food safety
Economic impact

Environmental indicators

ST T D S

Face several challenges
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Brief Report ’ Open access | Published: 09 January 2023

Beehives possess their own distinct microbiomes
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Lorenzo A. Santorelli, Toby Wilkinson, Ronke Abdulmalik, Yuma Rai, Christopher J. Creevey, Sharon Huws &
[

Jorge Gutierrez-Merino

Review > Microorganisms. 2022 Nov 29;10(12):2359. doi: 10.3390/microorganisms10122359.
Environmental Microbiome 18, Article number: 1 (2023) | Cite this article

Micro'"bee" ota: Honey Bee Normal Microbiota as a
Part of Superorganism

3404 Accesses | 20 Altmetric | Metrics

Daniil Smutin ' 2, Egor Lebedev 1 Maxim Selitskiy T Nick Panyushev !, Leonid Adonin ' 3

Affiliations + expand
PMID: 36557612 PMCID: PMC9785237 DOI: 10.3390/microorganisms10122359

The Bee Microbiome: Impact on Bee Health and Model for Evolution and
Ecology of Host-Microbe Interactions
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JOURNAL ARTICLE EDITOR'S CHOICE

Bees just wanna have fungi: a review of bee
associations with nonpathogenic fungi 3
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PMCID: PMC4850275 PMID: 27118586
FEMS Microbiology Ecology, Volume 99, Issue 8, August 2023, fiad077,

https://doi.org/10.1093/femsec/fiad077
Published: 08 July 2023  Article history v
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From literature

Relative abundance of
the top 10 genera
across different parts of
the bee mycobiome
from all reviewed
studies.

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe

n =
= o
1 1

Relative abundance (%)

2
(&)
1

Airsamples  Beebread

Honeycomb Outside Bee

Stellenbosch

IYUNIVESITHI
UNIVERSITEIT

forward together
sonke siya phambili
saam vorentoe

Genus

. Others

| Candida

. Aureobasidium
B steraria

. Saccharomyces
. Penicilliurm
. Zygosaccharomyces
B Hanseniaspora
B soerinus
B ciadosporium
B =nodotoruia
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Can bees spread Botrytis ?

Greenhouse
experiment
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Can bees spread Botrytis ?
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Feed preference
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Arenaset al., 2021; Kinet al., 2024
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Do bees like fungi? ) s
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pollens can be one of their important source. The essential amino acids

for honeybees are arginine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan and valine (De Groot,
1953). The concentrations of essential amino acids in bee-pollens,
expressed as the percenta ed from 34.59%

The pollen harvested in June 2016 at the blueberry apiary (blueberry management strategy
and/or double management strategy) had significant differences in five essential amino acids
(arginine (A3,103) = 23.11, P < 0.001), lysine (F(3,102) = 9.14, P < 0.001), tryptophan (F(3,103) =
12.57, P <0.001), methionine (F(3,103) =8.57, P < 0.001), and isoleucine (F(3,103) = 4.75, P <
0.01)) compared to pollen harvested at the farmland apiary (control management strateg

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe



Article | Open access

Nutritional benefit of fungal spores for honey bee
workers

Published: 24 September 2020

forward together
sonke siya phambili
saam vorentoe

([ Stellenbosch
UNIVERSITY
IYUNIVESITHI
UNIVERSITEIT

&

Jorgiane B. Parish, Eileen S. Scott & Katja Hogendoorn

Scientific Reports 10, Article number:

Original Articles

4926 Accesses |22 Ciations |4 Al The Incidental Collection of Fungal Spores by Bees and the
Collection of Spores in Lieu of Pollen

Dorothy E Shaw
Pages 158-176 | Published online: 01 Apr 2015

66 Cite this article https://doi.org/10.1080/0005772X.1990.11099059

New insights into the regulation of plant immunity

by amino acid metabolic pathways : : :
SOS - too many signals for systemic acquired

resistances

Jirgen Zeier

Affiliations + expand
PMID: 23611692 DOI: 10.1111/pce.12122

Free article

D'Maris Amick Dempsey 1, Daniel F Klessig

Affiliations + expand
PMID: 22749315 DOI: 10.1016/}.tplants.2012.05.011

[2 Full text links ¢¢ Cite
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The experiment

([ Stellenbosch
UNIVERSITY
IYUNIVESITHI
UNIVERSITEIT

Spore
suspension Botrytis cinerea Cladosporium spp.

Blueberry R

pollen g

In
field
pollen
Fynbos
pollen
| | =
Day 0O Day 5
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Honeybees were
Pollen was subjected to RNA

subjected to GCMS extraction and qPCR

Kitson et al. 1996; Molnar-Perl and Katona, 2000; Sobolevsky et al.,2003; Matyash et al., 2008; Stenerson et
Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe al., 2011, Proestos et al., 2013; Conradieet al., 2024 Brutscheret al., 2015.



Amino acid analysis
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Amino acid analysis

Total amino acid

concentration
. N
B. cinerea
Fynbos (Native)
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Increased amino acid availability Y
enhanced nutrition and
physiological support

Reduced amino acid levels limit
availability for honeybee use Y
potentially weakening bees
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Take-home message

1. Bees are able to spread pathogens.

2. Fungal spores can increase the
nutritional value of pollen.

3. The study challenges reductionist
views and highlights
Interconnectedness of pollinators,
pathogens, and agricultural systems.
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Fungi within blueberry packhouses

Fungi in Packhouse

20

15~

Plate counts

10+

CFU/m3

Packhouse \ .

1002 Swabs

samples
collected
for the
2024/2025 |
season Botrytis Identify Bc‘))tggtkirs‘ :l?;zpots in the
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Fungi within blueberry packhouses Stclenbosch

A General threshold 1000 CFU / m 3
A Global discrepancies

A 200-300 CFU / m 3 often set for
sterile environments

A Indoor to Outdoor (I/O) ratio

A Indicative of favourable fungal
survival conditions

A Acceptable:> 1
A Poor: <2
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Characterisation of the fungal populationin
citrus packing houses

Published: 23 October 2008

Identification of fungal population in the

Volu

environment and on surfaces of stone fruit
packinghouses

Published: 06 December 2016

Postharvest Biology and Technology

ELSEVIER Volume 128, June 2017, Pages 153-160

Penicillium air mycoflora in postharvest fruit
handling environments associated with the
pear export chain

Ilonka Scholtz, Nazareth Siyoum, Lise Korsten o=




B. cinerea presence over time
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Fungi in the Main Packing Areas
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Fungi in the Main Packing Areas G Stemos e
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Intake Room Cooling Room Holding Room Main Room Area Dispatch Room

July 1.2 1.2 1.6 1.4 1.8 1.6

August 0.9 5.4* 5.4* 17.7* 24.5* 16.7*
August 0.7 3.9* 2.5% 53.1* 48.2* 27.3*
September 0.4 7.6* 2.8* 55.1* 39.1* 3.1*
September 0.1 0.3 1.0 17.8* 16.3* 0.5
October 0.1 0.0 1.0 4.3* 5.3* 0.3
October 0.3 0.5 0.9 13.0* 17.3* 0.2
November 1.2 1.2 0.6 10.7* 17.0* 3.2*

November 0.0 0.0 0.1 12.3* 6.4* 1.5

December 0.2 0.0 0.1 4.5*% 6.7* 0.1
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Fungi within blueberry packhouses [ sotemeos

Negative control 1

Sterile soaked cotton wool

Cladosporil Trichoderma

l

C. asperulati
C. europaeul
C. pseudo-

cladosporioi
C. proteacea
C.cladospor
C.ramotenel

2 | @ Negative control 2 ecies. 6 gener
C.tenellum - 7 »
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Pathogenicity Trials tcllenbosch
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B. cinerea P.crustosum P.expansum T. atroviride

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe



forward together
sonke siya phambili
IYUNIVESITHI saam vorentoe

UNIVERSITEIT

Pathogenicity Trials e

Pathogenicity Status
Day 5 Day 16
B. cinerea B1 X X X X X v
B. cinerea B4 X X v
B. cinerea B5 X X v X X X
P. expansum P1 X X v X X v
P. expansum N10 X X X X X
X X X X X
X X X X X
X X X X X
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Human Health Assessment
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Take-home message

1. Fungal spores in packing facilities
Increase over the season.

2. Botrytis at low levels and can be
controlled with cold treatment.

3. Different fungal species in facilities,
some of which are potential
pathogens.

4. Fungal loads should be monitored
and managed.
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