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Complete metamorphosis

Winston Fig. 4.1

Honey bee Swallowtail butterfly



Three castes
“Biology of 
the Honey 
Bee” Fig. 4.6



Queens Workers



Grafting Worker Larvae into 
Queen Cells

Photo: Zachary Huang



Almond Bloom
2 million honey bee colonies
1 million queens produced



Bee problems reported (pesticide related?)

Queen breeders: 
- Up to 80% of queens are dying during 

development in weeks after almond bloom
Pollinators: 
- Classic adult “bee kills” observed occasionally
- Brood failure in weeks following almond bloom



1. Which pesticides and combinations are 

bees exposed to during almond bloom

2. Which pesticides and combinations could 

cause adult bees to die?

3. Which pesticides and combinations can 

cause developmental problems in workers 

and queens?



“Bee Safe” pesticides applied to 
almonds during bloom

• Fungicides, herbicides, a 
few insecticides

• Low acute toxicity to adult 
bees in laboratory testing 

• Carry no cautionary 
language on label regarding 
bee exposure





Insecticides applied 

during bloom 



Fungicides applied 

during bloom 



Nearly all 

insecticides 

applied 

during 

almond 

bloom are 

tank mixes 

with 

fungicides



Acute worker toxicity: Insecticides and combinations



Acute worker toxicity: Insecticides and combinations



Acute worker toxicity: Insecticides and combinations



Acute worker toxicity: Insecticides and combinations

Thiamethoxam 

(positive control)



Insecticide
max lb. a.i. 

per acre

chlorantraniliprole 

(Altacor)
0.099

methoxyfenozide 

(Intrepid)
0.25

diflubenzuron 

(Dimilin)
0.25



Fungicides



Fungicides



Fungicides



Fungicides



Fungicide

boscalid + 

pyraclostrobin 

(Pristine)

iprodione 

(Rovral)

propiconazole 

(Tilt)

Insecticide
max lb. a.i. 

per acre
0.344 0.5 0.225

chlorantraniliprole 

(Altacor)
0.099

methoxyfenozide 

(Intrepid)
0.25

diflubenzuron 

(Dimilin)
0.25



Fungicide

boscalid + 

pyraclostrobin 

(Pristine)

iprodione 

(Rovral)

propiconazole 

(Tilt)

Insecticide
max lb. a.i. 

per acre
0.344 0.5 0.225

chlorantraniliprole 

(Altacor)
0.099 1 : 3.47 1 : 5.05 1 : 2.27

methoxyfenozide 

(Intrepid)
0.25 1 : 1.38 1 : 2 1: 0.90

diflubenzuron 

(Dimilin)
0.25 1 : 1.38 1 : 2 1: 0.90

ratio of insecticide : fungicide



Collect frame of brood 

from colony

Oral application 

Uniformly aged cohort 

of young bees

Treat groups with 

varying doses of 

pesticides in pollen

Count living and dead 

bees daily for 10 days





Positive 

Control



Insecticide 

alone

boscalid + 

pyraclostrobin 

(Pristine)

iprodione 

(Rovral)

propiconazole 

(Tilt)

chlorantraniliprole 

(Altacor)

methoxyfenozide 

(Intrepid)

diflubenzuron 

(Dimilin)

thiamethoxam 

(positive control)
0.04 ppm









Insecticide 

alone

boscalid + 

pyraclostrobin 

(Pristine)

iprodione 

(Rovral)

propiconazole 

(Tilt)

chlorantraniliprole 

(Altacor)
> 4000 ppm

methoxyfenozide 

(Intrepid)
> 4000 ppm

diflubenzuron 

(Dimilin)
> 4000 ppm

thiamethoxam 

(positive control)
0.04 ppm





Insecticide 

alone

boscalid + 

pyraclostrobin 

(Pristine)

iprodione 

(Rovral)

propiconazole 

(Tilt)

chlorantraniliprole 

(Altacor)
> 4000 ppm > 4000 ppm

methoxyfenozide 

(Intrepid)
> 4000 ppm 40 ppm

diflubenzuron 

(Dimilin)
> 4000 ppm > 4000 ppm

thiamethoxam 

(positive control)
0.04 ppm



Insecticide 

alone

boscalid + 

pyraclostrobin 

(Pristine)

iprodione 

(Rovral)

propiconazole 

(Tilt)

chlorantraniliprole 

(Altacor)
> 4000 ppm > 4000 ppm 4000 ppm

methoxyfenozide 

(Intrepid)
> 4000 ppm 40 ppm > 4000 ppm

diflubenzuron 

(Dimilin)
> 4000 ppm > 4000 ppm 4000 ppm

thiamethoxam 

(positive control)
0.04 ppm





Insecticide 

alone

boscalid + 

pyraclostrobin 

(Pristine)

iprodione 

(Rovral)

propiconazole 

(Tilt)

chlorantraniliprole 

(Altacor)
> 4000 ppm > 4000 ppm 4000 ppm 0.4 ppm

methoxyfenozide 

(Intrepid)
> 4000 ppm 40 ppm > 4000 ppm 400 ppm

diflubenzuron 

(Dimilin)
> 4000 ppm > 4000 ppm 4000 ppm 40 ppm

thiamethoxam 

(positive control)
0.04 ppm



A bee kill may 

have occurred 

on these 

20,000 acres



Developmental effects: Queen development 
Winston, “Biology of the Honey Bee”

hypopharangeal 
glands

mandibular 
glands

nurse worker bee 

consumes pollen + 

pesticides

royal jelly 
secretions



Pollen with 
Pesticides



Image source: beeinformed.org

Image source:agriculture.vic.gov.au/

Grafting queen cells

Young larvae (24 - 48 hrs), 

produced by the same 

queen, are grafted into JZ-

BZ queen cell cups

30-60 cups per treatment



5-frame swarm box as queen cell starter



Sugar syrup 

Empty comb 

Grafted queen cups

pollen (treatment) 

Dummy frame (foundation) 

Swarm box setup (5 frames)

3 lb. of nurse bees in box 



Boxes are closed then moved 
to a dark, temperature 
controlled (70 - 76 F) room for 
4 days



Day 8: place capped queen 

cells in cages, then back to 

the incubating colony for 

emergence

Day 10: remove 5 queen cells 

per treatment for establishing 

mating nucs. Leave the 

remaining cells to emerge in 

the incubating colony

Day 11 - 17: record emerged 

queens and mortality every 2 -

3 days. 

Collect queens on day 17. 





Χ =166, df=7, 











Conclusions

1. Insecticides are applied in tank-mixes 

during bloom (rarely alone)

2. Some tank-mixes of insecticides and 

fungicides can kill adult bees directly 

3. Others tank-mixes kill developing bees





Jody Johnson, 

Cullaborate



Can Application Time Limit 

Fungicide Exposure to Honey 

Bees in Almonds?
J Johnson, Cullaborate, LLC, Baltimore MD, J.Pettis, Honey Bee Inst.,

Univ. of Bern, Switzerland, G. Wardell, Wonderful Orchards, Lost Hills, CA, 

D. Lopez USDA Bee Res. Lab, Beltsville MD
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Why do we worry about fungicides around bees

when honey bees (HB) are animals and not the 

targeted fungi?

We worry because :

1) There are reported effects in HBs (Johnson et 

al.2013, Pettis et al 2013, Brattsten et al.1994)

2) The fungicide’s mode of action may share 

common biochemistry with the animal kingdom. 

(Radice et al.1998)

3) The fungicide may interfere in an unanticipated 

way with the animal’s biochemistry (Iwasa et 

al.2004 , Brattsten et al.1994)

4) Beneficial fungi utilized by HB to make bee bread 

may be negatively impacted (Yoder et al. 2013)

Iprodione(Rovral)↑
Propiconazole (Tilt) ↓
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Propiconazole demethylation

inhibitor

Puccinia graminis (stem 

rust) haustorium penetrating 

wheat cell

Brown rot on almond
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Propiconazole

Demethylation

Demethylation required 

for ergosterol synthesis 

and functional fit in 

membrane.

(Fungistatic vs fungicidal)

Cholesterol found in 

animal cell, ergosterol

found in fungal cells

Membranes = physical 

barrier, regulate 

material exchange                        
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Propiconazole

Cholesterol                                                       ergosterol

During the biosynthesis of cholesterol, three demethylations occur, one on the 

C14 named 14α-demethylation and two on the C4 named 4α-demethylations 

(Cabrera-Vivas et al 2003)

P450’s

Propiconazole inhibits microsomal cytochrome P450s from midguts

of Spodoptera eridania sixth-instar caterpillars. (Brattsen et al. 1994). 



66

Iprodione affects lipid metabolism in grey mold

(Griffiths et al. 1998)

Iprodione affected  lipid metabolism of B.cinerea by 

decreasing phospholipids and increasing concentrations 

of diacylglycerols (precursors of phospholipids).

Concentrations inhibitory to growth. 

Most effective concentrations were 1-10pM   (10 -12 M)

Results suggests that iprodione is inhibiting reactions 

utilizing diacylglycerols
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Iprodione blocks cytochrome c reductase and might be endocrine active 

Iprodione induces lipid peroxidation by means of oxygen activation in 

fungi.The oxidative damage through production of free oxygen radicals 

(ROS) is due to interaction with the flavin enzyme NADPH 

cytochrome c reductase.  Normal electron flow from NADPH to 

cytochrome c is blocked (Radice et al 1998, 2001).  Because lipid (and 

membrane) synthesis  is prevented, mycelium growth is arrested.

Galli et al 2014 observed that iprodione and its metabolites bound to 

androgen receptor endocrine active. Iprodione bound similar to 

endogenous hormones in humans and zebrafish but less so in rat. 

de Loof 2006 Ecdysteroids- vertebrate vs invertebrate sex hormones
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To capture potential HB exposure to fungicide, 

we measured 4 metrics before and after AM and PM fungicide application:

Forager counts of:       (a) bees visiting flowers within a given area and 

(b) pollen-bearing bees returning to the hive. 

Fungicide levels in:     (a) pollen sampled directly from anthers and 

(b) pollen collected in traps at the hive. 



69

2015 study with iprodione

• Iprodione (Rovral 4F) was sprayed according to label at a 

uniform rate using an air blast ground rig either at 6pm on 

Day 1 in Zone 1, or at  11am  on Day 3 in Zone 2. Day 1 

yielded pre treatment data, Day 2 post-PM treatment, and 

Day 3, post-AM treatment. Pollen was trapped from 5pm to 

5pm of the following day. Foragers were counted for 3 min 

in flowers (1m2 area) and at hive entrances. Bloom density 

was measured by bloom count within the meter2. 
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Orchard maps for 2015 and 2017



71
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Results from 2015 study

Anther pollen after AM spray had highest concentrations of iprodione despite detectable spray drift. 

Anther pollen collected immediately after  AM spray had contaminant levels significantly higher than 

anther pollen collected the morning after  PM spray, (no detectable spray drift)- expected result

Contaminant concentration in forager-collected pollen was significantly higher following PM spray than 

following AM spray.-unexpected result

The simultaneously high loads of iprodione in anther pollen and the low loads in bee-collected pollen 

following AM spray may reflect declining forager activity within contaminated sites rather than a 

difference in iprodione in available forage.

Foraging activity decreased from Day 1 to Day 3-- expected result because almond bloom period was 

waning. 

In 2017, a period of more consistent bloom will be targeted because  we suspect that diminishing bloom  

affected our results.
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Intent of 2017 study

Investigate two fungicides – iprodione (Rovral) and propiconazole (Tilt)

–Repeat AM and PM sprays

–Repeat pollen collection at anthers and hive 

–Repeat counting of bee presence among almond blooms.

–Repeat counts of foragers returning to hive

–Note prevailing wind directions each day

–Target the study to take place at peak bloom.



Special Thanks to the California 

Almond Board of California, 

Wonderful Orchards, USDA –

BRL, and Dr. Jeff Pettis
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Communication is the key

• Communication 

Chain
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Communication is the key

• Communication should occur between all pollination stakeholders along the communication 

chain about pest control decisions during bloom

• Agreements/contracts should include a pesticide plan that outlines which pest control materials 

may be used

• If treatment is deemed necessary, growers/PCAs/applicators should contact County Ag 

Commissioners so that beekeepers with nearby managed hives are notified 48 hours in advance

• Beekeepers should register hives and request optional notification from Ag Commissioners 

• Report suspected pesticide related incidences to County Ag Commissioners. Bee health 

concerns cannot be addressed without data from potential incidents

• Maintain communication with neighbors after hive removal
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© 2015 Kumail+

General Guidelines

• Provide adequate clean water for bees

• Never spray hives directly

• Turn off spray rig nozzles near hives

• Avoid hitting flying bees with any application

• Avoid application or drift onto blooming 

weeds in or adjacent to orchard

• Avoid applying systemic pesticides or those 

with residual toxicities prior to bloom
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General Guidelines

• Provide adequate clean water for bees

• Never spray hives directly

• Turn off spray rig nozzles near hives

• Avoid hitting flying bees with any application

• Avoid application or drift onto blooming 

weeds in or adjacent to orchard

• Avoid applying systemic pesticides or those 

with residual toxicities prior to bloom

• Agree on proper hive removal timing

• Continue communicating with neighbors that 

may still have bees foraging nearby
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If treatments are necessary during bloom

• Explore alternate timing options

– Dormant

– Delayed-dormant

– Post-bloom

• Be aware of presence of bees in the areas 

outside of your orchard

• Use IPM – only apply as needed based on 

sound monitoring, thresholds, decision 

support guidelines
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Insecticide Guidelines

• Do not spray insecticides at bloom

• One exception – Bacillus thuringiensis (Bt)

• Remember that most labels only note honey bee cautionary statements 

based on acute toxicity to adult bees, not impacts on developing brood

Newly emerged, 

wingless bees pulled 

from the combs by 

other bees

Empty cells of brood that 

failed in their attempts to 

emerge as adults
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Fungicide Guidelines

• Disease protection during bloom is critical

• Fungicide applications need to be made at 

certain times

– Late afternoon, evening

– Bees & pollen not present

– Ensure adequate drying time before bees begin 

foraging the following day
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Fungicide Guidelines

• Addition of adjuvants may be detrimental – proceed with caution until 

more is known

• Avoid tank mixes – synergistic impacts not well understood

Bee kill resulting from spraying a 

tank mix of an herbicide, spray oil, 

and foliar nutrient
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Signs of Bee Injury

• Excessive numbers of dead or dying adult honey bees in front of hives

• Dead newly-emerged workers or brood at the hive entrance

• Lack of foraging bees on a normally attractive blooming crop

• Adult bees exhibiting stupefaction; paralysis; jerky, wobbly, or rapid movements; 

spinning on the back

• Disorientation and reduced efficiency of foraging bees

• Immobile or lethargic bees unable to leave flowers

• Bees unable to fly and crawling slowly as if chilled

• Queenless hives
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More Information & Additional Resources

• Honey Bee Best Management Practices for Almonds         

(Almond Board of California)

– Almonds.com/BeeBMPs

– Supplemental quick guide – general

– Supplemental quick guide – applicator/driver

• English and Spanish

• almonds.com/growers/pollination#honey-bee-protection

• catalog.extension.oregonstate.edu/pnw591

http://www.almonds.com/BeeBMPs
http://www.almonds.com/growers/pollination
https://catalog.extension.oregonstate.edu/pnw591
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ipm.ucanr.edu/beeprecaution

http://www2.ipm.ucanr.edu/beeprecaution/


Questions?


