Improving Pollination Quality in Seed Crops
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colony is alive, a hive is a box.
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Swarming
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Pollen trap

beeequipmentaustralia.com

Buzzingacrossamerica.com



Supplemental feed
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teeth.org.au/sugar



Breakdown

* Part one: Supplemental feeding
e Chapter 1: Supplemental feeding in carrot seed
* Chapter 2: Supplemental feeding in canola
* Chapter 3: Supplemental feeding and colony health

* Part two: Hive space requirements
* Chapter 4: Supering during carrot seed



Part 1: Supplemental Feeding



Why should |
care?

~1/3 of crops depend on or at
least benefit from pollinators
(Klein et al, 2007)

Honey bees are the most widely
used pollinator

US vegetable seed is worth over
$125,000,000 (USDA NASS 2019)

US carrots are worth over
$750,000,000 (USDA NASS 2019)




Pollen transfer between fields lowers seed purity.

Benedict Vanheems
growveg.com

almanac.com/plant
/carrots
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Omega-3 events (LBFLFK and NS-
B50027-4) in BASF Canola Seed

L]
| ra n S g e n I C C rO p S RESEARCH TRIANGLE PARK, NC, April 13, 2021 — BASF has detected the presence of 2 distinct events (more

commonly referred to as GMO traits) in canola seed samples taken from BASF's hybrid seed production fields
in the United States. These events are designed to increase Omega-3 fatty acid content in the seed oil. While
the detected events, LBFLFK or BASF-Cargill Omega-3 and NS-B50027-4, owned by Nuseed, are approved
for cultivation in the United States, they have not yet received approval in key export countries.

All affected 2020 hybrid seed lots were isolated and contained on farm or recalled from the commercial
channel. BASF is working with customers to replace this recalled seed in time for the 2021 planting season.

Based on these findings and information regarding additional field activities with the Omega-3 events in 2018
and 2019, we immediately initiated testing of retained lots from hybrid canola seed produced in these years in

Montana and Washington State.

Until February 2021, no Nuseed authorized third-party laboratory was available to test for Nuseed's NS-
B50027-4 event. BASF's investigation and retained seed sample testing is ongoing.

=X

Hines 2021

RASF ia wnrkina with the ~rannla esad distribiitinn channal on nracdinict recalle in an affart tn nrevent cesad




Honey bees can fly up to 9 kilometers.
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. Optimal Foraging Theory
2-3km

‘ Geometric Framework
Up to 9.5km




Monocultures and hybrid production decrease
food resources.

Beeinformed.org



Poor nutrition is not immediately evident, but
the effects can be long lasting

Available Forage

Colony Nutrition

Adult Nutrition

Larval Nutrition




The 4 P’s
N

o Poor Nutrition
Created with BioRender.com



Feeding sugar syrup increased the collection
of kiwi pollen. []r
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Feeding pollen substitute decreased the
collection of other pollen other plants.
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Going forward, two different cropping
systems will be used.

uky.edu/ccd/production/crop-resources/gffof/canola almanac.com/plant/carrots



Goals

* Improved isolation between fields
* Decreased risk of transgene escape
e Healthier, more valuable, colonies
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Chapter 1:
Carrot seed

Terroir Seed



Hypothesis 1 : Providing
supplemental in-hive feeding will
increase the number of foragers
working in the field without
impacting overall foraging activity.




Fed

Unfed

‘ Field




How does feeding impact foraging behavior?

Fed
n=20

40 colonies

Unfed
= n=20




The waggle dance is uc~d to communicate
the location and qu- P A " aresource
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Waggle Dance Game:
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https://askabiologist.asu.edu/bee-dance-game/how-to-play.html
https://askabiologist.asu.edu/bee-dance-game/how-to-play.html

Observation hives allow to observe the inner
workings of a hive

https://www.beelistener.co.uk/



Waggle dances can also be used to decode
foraging behavior

Fed
n=2

4
observation
hives




Unfed

Fed
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Hypothesis 2 : Providing
supplemental in-hive feeding
will decrease the amount of

non-carrot pollen collected.




How does feeding impact pollen collection?

Fed
n=5

10 colonies

Unfed
n=5

9

Kosne: ww ~s
of table salt.

Nutrition Facts

B
1133 servings per container
Serving size 1/4 tsp (1.29)

Amount per serving
Calories 0

!/ﬂy Value*
Total Carbohydrate 09 0%
Protein 0g T

Not a significant source of saturated fat, trans fat,
h cholestero!. dietary fiber, total sugars, added sugars,
vitamin D, calcium, iron and potassium.

RN GG IO aIa P e ——
‘The % Dlaily Value (DV) tells you how much a nutrient
in a serving of food contributes to a daily diet. 2,000
calories a day is used for general nutrition advice.

INGREDIENTS; SALT, YELLOW PRUSSIATE
OF SODA (AN ANTICAKING AGENT).

MORTON SALT, INC. CHICAGO, IL 60606

NUICCTIAMMON AALL 4 Armm AN ISALT /90C0Y




Expected results

- Carrot Pollen

Non-Carrot Pollen

Number of pollen pellets collected

Fed Unfed



Summer 2022
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Colored powders were removed too quickly.
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Hand painting requires to much time to mark

~a sufficient number of foragers.
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Spray paint was either cleaned off or lethal to
the bees. .

Foaay 2



Food coloring works for bees bemg fed but
not the control hives.




-luorophores have not
oees but work very wel

in other insects.

neen tested in honey

Hagler et al., 2021



Chapter 2:
Canola

PNW Canola Association




Hypothesis 3: Providing
supplemental in-hive feeding will
increase the number of foragers
working in the field without
impacting overall foraging activity.




Year one will utilize a single field.

Main field Test plot
Hives Test plot Test plot

(.75km)

Test plot
(1.5km) (3km) (5km)



Hypothesis 4 : Providing
supplemental in-hive feeding
will result in higher seed

purity.




Year two will utilize one field per treatment group

* *x




Expected results
3km Test Plot

Percentage of seed with glyphosate resistance

Fed Unfed



Year three will combine years one and two
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Chapter 3:
Colony health

Terroir Seed



How does feeding during vegetable
nollination impact colony health long-term?

Fed
n=20

40 colonies

Unfed




Hypothesis 5: Providing
supplemental in-hive feeding
during vegetable seed pollination
will improve colony health long

term.




Metrics
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* Frames of bees
* Frames of brood
* Frames of food

e Signs of disease
* Varroa mite load
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Summary

Movement of pollinators between seed fields decreases
seed value

Honey bees can fly extreme distances when needed
We want to remove that need

Bees are really hard to mark effectively



Part 2: Full Hives
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Goals

* Increase pollination quality
* Improve colony health

e Updated colony strength
recommendations

* Changes to beekeeping practices including
the timing of supering '

a3

Tohoneys bee co.



Traditionally growers have preferred the hives
_with the most frames of bees

Image courtesy of popeye.com



Behavioral studies show that colonies forage less
under those conditions (Seeley & Tovey, 1994

Photo by Lily Shui



What we want



What we don’t want



Hypothesis: Colonies with
more space will exhibit
increased foraging activity

Twohoneys bee co.



Large hive
Large colony

Small hive Small hive
Small colony Large colony
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How does adding a super impact foraging
activity?

Supered
n=20

40 colonies

Unsupered
- n=20




Unfed

Fed
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Expected results
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summary

* Honey bee foraging behavior decreases as available space in the hive
decreases

* The strongest hives may not be the best pollinators

* | will test how adding a super impacts foraging during carrot seed
pollination



4 BEEKEEPERS
- 2\
-~ ASSOCIATION

KEEP v BEE
W BUSINESS

Future Leaders for Food & Agriculture




Questions? E .. E

Riley.reed@wsu.edu
« www.linkedin.com/in/rileymreed ' }.. . -“.
* Feedback survey - '
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* https://bugmanriley.com/
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