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Using Microbes °
to Manage Insect Pests
Where are We?
What Does The Future Hold?

Stefan Jaronski
USDA Agricultural Service,
* Northern Plains Agricultural Research Lab
Sidney MT USA

Microbes attacking insects is not

a new idea

* Earliest reports of
insect disease:

e 700 BC: China

* 322 BC- Aristotle
- “Historia

Animalium”

= 29-32 BC- Virgil

- “Georgica”

Earliest
lllustration
of Fungi
Killing
Insects
¢.1600




Louis Pasteur may have been
an early insect pathologist

(though he didn't know it) —
Pebrine disease in silkworms

Biological Pesticide Market

[~ 1.5+% of global pesticide market]

data, Courtesy BPIA

Biopesticide Growth Outpaces
Chemical Growth

(15.6% vs. 1.3% CAGR)
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(source: BCC Research)

Courtesy Bill Stoneman, Biopesticide Industry
Alliance




Figure 26: Indicator — Cumulative numbers of active substances
and products approved as biopesticides, in any one year

o Active substances = Products

.Jlmumllllm

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Source: HSE

For mare information see: werwpesticides gov.ulipesticides_forum_home.asp

One reason: Fewer chemicals, more expensive

Cost to Develop
a New Synthetic
Chemical (SMil)

1995 1997 1999 2001 2003 2005 2007

"Launches ¥ New Leads

Only one new chemical
active ingredient was
approved by the EPA in
2009

Courtesy Bill Stoneman, BPTA

Current
US Microbial
Insecticides

Granulosis Virus Chromobacterium subtsugae

NucleoPolyhedrosis Virus Paenibacillus lentimorbis

Bacillus popilliae Pasteuria penetrans

Bacillus thuringiensis kurstaki
B thur. aizawai

Paranosema locustae
Lagenidium giganteum
Beauveria bassiana
Metarhizium anisopliae

B thur. israelensis
Bacillus sphaericus

Isaria fumosorosea




C . AgBiochem
U * s - Ompanles Arysta Lifescience NA
v ' . .
into' microbials AZ Cotton Research &
Protection Council
Agraquest Marrone Bayer Crop Science
Agrivir Biolnnovations Bioworks
Anatis M&R Durango Circle One Global Inc.
Bioprotection Novozymes Growth Products Ltd
Arvesta Biologicals Jet Harvest Systems
Montana Microbial Products
Becker Planet Natural
Microbials Myco-Forests Corp
q Reuter :
Biotepp Mycologic Inc.
Certis Troy Biosciences Natural Industries Inc.

JABB US Forest Service Nufarm

Valent Biosciences NW Agricultural Products

LAM Intl Premier Horticulture Inc
Prophyta

Bayer‘ BASF Sylvan Bioproducts

Syngenta Monsanto Verdera Oy
OmniLytics

but first, a primer...

[Insect Pathology 101]

Insects have their fill of diseases ...

Viruses
Bacteria

Nematodes

Rickettsiae Fungl
Protozoa




Viruses: Virus

“Baculoviruses" 2
“Nucleopolyhedrosis Viruses" PClI"TlCleS

“6ranulosis Viruses"

Virus-killed
Caterpillar

Viruses in
gut wall

Viruses:

How the Baculovirus Works

The Baculovirus s sprayed
onto the foliage

. The caterpillar consumes
the Baculovirus

The caterpillar
dies within days

Baculovirus DNA m
Fr e

is spread through- el

out the <aterpillar

causing a genaral :

systemic infection The protein encapsulating
the Baculovirus DNA

dissolves and the
N DNA enters the
Baculovirus DNA is replicated & n stomach cells
the o J

by stomach cells u
stomach cells rupture. The |
caterpillar stops feeding

Each virus specific to particular moth species

Some virus products

Madex*3
[ sl
S '«*3;:'.'.'.:«1‘,
S Agpbichiens #

USDA does not endorse any commercial products. These are
provided as examples only.




The Bacteria

Bacillus thuringiensis; Bacillus sphaericus

 Novodor
p E====a
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Mode of Action
The ‘Bts’

= moths
= beetles

= mosquitoes

\ - e
—_— e &
> blackflies “'H --_I.|-"|-;._.-. T T
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Other bacteria are true pathogens

Bacillus lentimorbus
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Chromobacterium

substsugae




The Fungi

Typical Life Cycle

Sporulation Dispersion of

(=) Aerial Conidia

Germination &
Penetration thru Cuticle

Proliferation thru Haemocoel
as Blastospores or Hyphae

Mycoinsecticides: Se—
110 active, commercial products in 2006 ﬂ

B. bassiana
40%

M. anisopliae
9%

o —— 4
- BIOV.
=N —

Faria and Wraight Biological Control 43 (2007) 237-256




The Nematodes

f

intective juveniles
~ I >
AT

infective juvenile production enler via nalural openings (or via cuticle
for Heterothabditis)

t
e T oy RELEASE OF BACTERIAL CELLS
B — HOST DIES

mating in next generation

O e

- maling in Steinernema

hermaphradite in

Some Common Nematode

Products:
Nemasys, Nemasys H (Microbio)
Scanmask, Ecomask, Heteromask
(Biologic Co.)
Grubstake Hb, Grubstake-Hm,
6natNot (Integrated BioControl
Systems, Inc.)

Entonem, Larvanem, Scia-Rid
(Koppert B.V.)

10




Nematodes actively seek

out their targets
Types of Nematode Behavior:

Cruisers M Heterorhabditis
i =) Steinernema riobravis

Stalkers _

Steinernema
carpocapsae

Nematodes are
Biologicals

Need refrigerated storage and have
definite shelf life

Are affected by soil conditions (moisture,
heat, porosity)
Can be affected by greenhouse chemicals.

So how are we using these
microbials?

As inundative

(albeit biological)
catastrophic

density independent
mortality factors

7 |

“i.e. like chemicals ...

11




How to make them work better, cheaper?

The *“traditional” approaches
« Deliver them more efficiently
* Make them more persistent, work

e =

¢ Make them more virulent =

How to make microbes better, cheaper?

Make application more efficient thru formulations

BotaniGard 22WP
+ 0.06-0.08% Silwet L77®

Spores penetrated in substantial

numbers into 5-6t petals of unopened

flower

Control much better than 22WP alone

12




How to make microbes better, cheaper?

Creative, ‘traditional’ approaches

Make application more efficient thru novel
formulations

Carnuba wax carrier e.g. Entostat®;
or Candelilla wax powder

How to make microbes better, cheaper?

Creative, ‘traditional’ approaches

Combine chemical stressors with
fungi

- to stress insects’ immunity

- alter behavior

How to make them work better, cheaper?

Make (get) a ‘better’ microbe

How?
Traditional
« Screening for the ‘best’ isolates
- Let Nature provide
¢ Classical mutation selection - tradeoffs
Novel
« Transgenic approaches: virulence factors,
enhanced detox mechanisms
- BUT, regulatory, societal challenges

13




Let’s think outside the box

Bring the insect to the microbe

« Fatty acids attractive to grasshoppers
Use the insect to vector the microbe to its kin

« Japanese beetle

* Pine bark beetle

¢ Adult click beetle
Use another insect to transfer the microbe to where it’s
needed

* bees vector Beauveria to flowers
Take advantage of target insect’s behavior to increase
transfer efficiency:

« spraying bark over which Gypsy Moth larvae must crawl;

« Spray mosquito resting habitat (resting boxes in urban

area)
* Put the spores where (cherry fruit fly) larvae fall to pupate

H Outside the box

The insect pathogenic fungi,
Beauveria, Metarhizium, Isaria
as plant endophytes
Beauveria are endophytic in S omen Vil et 2006

maize, cocoa, date palm, coffee, grapes, LAl EE R

tomato, banana, sorghum, medicinal poppy, jute,
broad bean, cassava, cotton, strawberries,
wheat ...

Metarhizium are endophytic in
rape, beans, switchgrass, yew, rice;
more famously associated with root systems.

Beauveria, Metarhizium, Isaria
as endophytes

Can be artificially introduced
in at least some plants

- Foliar application

- Seed treatment

- Root dip

14




Visualization of the concept by one university-industry group

B 1l crop protec
hytic ento

B Formulation
B3
rsaning Cudthation | Application:

Farmentation

Wettable
powders for
spray
applications

Film
coatings
for soed
treatments

Beads

Courtesy Anant Patel, Bielefeld University

How do these endophytic fungi act on an
insect pest?

=» Direct infection of insects

=>» Indirect effect - secreted metabolites

from Quesada-Moraga et al. 2006

15




Induction of Systemic Resistance,
to herbivores, by endophytes

Jmmonate & 1
Etiyleme

Induced Systemic
Brstane (15K}

Induction of Systemic Resistance, to
herbivores

16

Induction of Systemic Resistance, to
herbivores — leaf miners and beans

Endophytic colonization by, or
more likely, exposure to
Beauveria and Trichoderma
affected survival of

two leaf miners in beans

o b b
' ' I b
Contol ICIPE279 GILU3 54501 FIsTL
Fungal endophyte isolates

No. of pupae emerged

Akutse et al. 2013 Fungal Ecology 6, 293 - 301




And more...

ORI Py

07 rey
P
e | EFiy

Metarhizium anisopliae LHLO7-inoculated
soybean plants displayed significantly

- higher shoot length,

- shoot fresh and dry biomass,

- chlorophyll contents,

- transpiration rate,

- photosynthetic rate and leaf area,

under salt-induced salt stress as compared
to non-inoculated control plants.

Metarhizium LHLO7
elevated proline and
reduced superoxide
dismutase and
malondialdehyde,
reduced abscisic acid and
elevated jasmonic acid
levels

Phytohormone Effects?

Induction of Systemic
Resistance without
endophytism does occur

Physiclegical and Molecular Plant
Pathology

! 3 "m
_ebil, e & Wb T0G1 Fagm 20130 &'

Characterisation of systemic resistance in sugar beet elicited by a
- phyllosph Bacillus
biological control agent

Induction of Systemic Resistance

Plants can recognize molecular patterns

L4
R

Microbes on plant’s cuticle are
a molecular pattern ...

=l




There are all sorts of molecular patterns
‘perceived' by plants

Induced Systemic
Bobianse (1SR)

Newman et al 2013 Frontiers in Plant Science Vol. 4 Art. 139

Manipulating the existing crop plant
microbiome for better plant health

= 10,000,000 microbes / cm? leaf surface;
=10,000,000,000 microbes, 30,000 species / gram
root associated soil

=> 100s microbe species living in xylem, phloem

18




A plant can be a crowded ‘hotel.’

Environmental Stresses

_:Sllhky Pathogen  Drought

19

e GEOS
WLy

P, fuonescons /
Preuedomonas syringae ESC.100

Psewdomonas chiororag
Preudomonas cepacl

Strepronyees grisesvirds Kol
B. substilis + B, amyloliqueisciens
Preudomonss spp. + Arospinilum spp.

BaciGold, Hiseick ST, Subtilex

Rhizo-Plus, Serenade, Rhapnody, Tacgm, Tae-Technical
Atfre

Pix plus

Concentrate; ViekdShie
Sonata ASD), Ballard
Cormpanson, Systeen 3, Ko
o +000
EcoGuard, Green &
Blue Circle, Deny, Imercept

Blightian A506, Conquer, Victs

Bio-Save 10, 11, 100, 110,1000, and 10 LP
Cedomon

Intercept

Mytestop

Bio Yield

Bkt

ak, Kocdiak HE, Epéc




The Plant Microbiome

There is no such thing as a magic bullet

(if you think there is, | have a bridge over the
Yellowstone River to sell you).

20




Integrated Pest Management

A Predators Microbials
Sterile 4 Larasites
insects

Physical _—"

measures ~_ Cultural

practices
Plant resistance

Pheromones/repellents

— Chemicals

Many tools used as a system

Integrated Pest Management
(U.S. National IPM Network).

“Integrated Pest Management (IPM) is a
» sustainable approach
e to managing pests

* by combining biological, cultural, physical and
chemical tools in a way that

* minimizes economic, health, and environmental
risks”.

Preventive (long term) measures ®,

Cultural practices
crop ratation, enhancemernt of soil guality, choice of resistant varisties,
wyater management, monitoring! screening, fieldsanitation, mechanical

barriers, postharvest treatment

Habhitat management
wild flovwer strips, hedgerows, functional biodiversity (begulation of
pests through conservation and enhancing of indigenous natural enemies)

Biological pest control
introciuction of predators and pathogens (e.g. beneficial insects,
bacteria, viruses, fungi)

Biopesticides and physical measures /
plant extracts, natural products, pheromones, insect traps and bans,'."

(Synthetic pesticides) o

Curative (short term) measures ¥

INFONET Biovision

21




Integrated Pest Management

Sterile
insects

Physical_—" \«."'“{

measures

Predators
& parasites

R

T
5

Plant resistance

Microbials

— Chemicals

~_ Cultural

practices

Pheromones/repellents

Many tools used as a system

E.g., Integration with cover crops
(sugar beets)

Plots had
significantly
lower root
damage with
Metarhizium
when
Integrated with
rye cover crop.

OBE: Oat-Bushel-
Equivalents

Root Damage Index (0-9)

Rye Rye
30BE 30BE
Ma G

Another example:

Ma G Rye Ma S

30BE
Ma s

Strawberry IPM system — UC Dept of Agriculture & Natural Resources

Coop Extension

Untreated

Assall 70 WP [3 oz) 4A*
Vacuism

Rimon 0.83 EC {12 floz) 15 +
Brigade (16 az) 3A

Sequoia (4.5 or) 4C
P07 (21b) +

Vacuum

Sivanto (14 fl or) 4D
Sequola (4.5 oz) 4C
B, bassiano+ (1art)

B, bassianc+pyrethrum 3A (1gr1)

8. bassiano+pyrethrum 34 (1gr1)

Untreated
Assall 70 WP (3 oz) 44

Vacuum

Sequeia (4.5 oz) 4C
Pir07 (2 1b) +

Sivanto (14 fl oz) 4D +

Sivanto (14 fl oz) 4D
Sivanto (14 fl oz) 4D

8. bassiana+pyrethrum 3A+
8, bavsiana+ [1art}

Vacuum

[1qrt}

Untreated
Assall TOWP (3 oz) 4A

Macuum

Vacuum

Vacuum

Rimon 0.83 EC (12 1 o2) 15 +
Brigade (16 oz) 3A

Vacuum

Beleaf 50 $G (2.8.01) 9C

8. basslana+pyrethrum 34 [1grt)
Beleaf 50 5G (2.8 01) 9C

Rimon 0.83 EC (12 fl oz) 15 +
Brigade (16 o1] 3A

22
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IPM with microbial

in chrysanthemums

introduce Dacnusa for leafminers

early in week, Beauveria for thrips

late in week, apply fungicides

Apply predaceous mites
Apply Beauveria

Spray Beauveria weekly
Apply Bt for lepidoptera, as needed

Apply cinnamaldehyde (cinnamon oil)
only to mite “hotspots”

Week 8: Introduce Diglyphus for leafminers

And this program was designed by a farmer

Ultimate goal is

Insect / Resistance/

nematode Tolerance
Biocontrol

Chemical
Inputs
(limited)

Disease '/ Acqired

A . Systemic
An m' Biocontr RZsisTanca
bio-based

pest and pathogen

management system

\ Nt
AThank you for your attention

Do wot ask for whom the Beauvenia smdes,

Tt sncles fon Thee.




IMPROVING THE EFFICIENCY

OF BIOLOGICAL CONTROL
(OR HOW TO BUILD A BETTER BC AGENT)

MAY _ Micho ANRIAL VENICLE
Jeff Littlefield

Department of LRES
Montana State University

KEY POINTS

* What is biological

ry

Control of Pesi_:.
and Weeds by

control?
* The Players involved
» Types of biocontrol
* Our goals

* Failure matrix

WHAT IS BIOLOGICAL CONTROL?

Natural control vs Biological control

»>Natural control — the regulation of a pest
populations by naturally occurring enemies

24




Detritivores

WHAT IS BIOLOGICAL CONTROL?

Natural control vs Biological control

» Biological control — the
manipulation of natural enemies
to achieve desired levels of
control

THE PLAYERS

25




Predators
Parasitoids
Nematodes
Pathogens

Weed
herbivores

GUILDS OF BIOCONTROL AGENTS

Multiple & varied
hosts

Larger than host

Fairly mobile
Immature & adults may

have similar feeding
habits

Generally operate
under higher pest
populations

PREDATORS

PREDATORS: FUNCTIONAL CLASSIFICATION
¢ Ambushers
+ Searchers for passive prey

* Pursuers of active prey

26




harlequin
ladybird
Harmonia
axyridis

Green lacewing -
Chrysoperla carnea

27




Ground Beetles

Single host
Smaller than host
Narrow host range

Fairly mobile only as
adults

Immature & adults
have different feeding
habits

More effective under
lower pest populations

PARASITOIDS

Mostly Hymenoptera
Some flies & other
orders

Solitary, gregarious,
polyembrionic

Multiple parasitism
Vs superparasitism

External vs internal

PARASITOIDS

28




PARASITOIDS CAN ALTER HOST
BEHAVIOR

29

PARASITOIDS - HOST INTERACTIONS

Ovimtur———.aﬁv~.‘
" Hemocytes —————— P v

Waspegg—-—'—':._\""

& Polydnavirus




« Small, clear, worm-like

- Three familes:
Steinernematidae,
Heterorhabditidae &
Rhabditidae

- Wide host range

- Cruiser vs ambush spp

- Mutualistic bacteria

- Kill host 24-48 hr

- Sensitive to low moisture
. Optimal temperature

NEMATODES

Applied as
“biopesticide”
Include bacteria,
fungi, & viruses
Broad host range
Limited shelf life

Sensitive to
environmental
conditions & UV

PATHOGENS

ENTOPATHOGENS

* Nosema locustae

* Milky spore

* Beauveria bassiana
« Thrips
+ Whiteflies
« Aphids

* Bacillus thuringiensis
(V)
« Lepidoptera larvae

« Fungus gnats or black flies
* Beetles




WEED HERBIVORES

Mostly insects — weevils,
moths, tephritid flies, etc.

Host specific or narrow
host range

Largely internal feeders or
gall makers

Immatures & adults may
or may not have different
feeding habits

Used primarily in classical
BC for exotic weeds

TYPES OF BIOLOGICAL CONTROL

+ Classical/ Inoculation - initially
small numbers of natural enemies
are released in target pest areas
for long-term control.

« Rugmentative/ Inundative —
large numbers of natural enemies
are released to control a target
pest for a short amount of time.

Conservation - changing
environmental conditions to aid
in natural enemy survival.

GOALS?

Dependent upon:

* Type of pest
* Level of control required

* Speed of control

¢ Scale of control




POPULATION REGULATION

Economic Injury Level
Tolerance Level

Pest Density

POPULATION REGULATION

Economic Injury Level
Tolerance Level

2
i)
@
a)
i
3
o

""““"“ CASE EXAMPLE - TANSY
RAGWORT

Flea Beetles/100 plants

Flea Beetles/100 plants

32




ARE WE SUCCESSFUL?

Insect Biocontrol ‘Weed Biocontrol

Biotic

e o : .
Biotic Potential | & - 5 i Abiotic

33




FAILURE MATRIX (WEED BC)

Plant Community Climate Prior to release
Host density Temperature Site selection, colony
Succession Precipitation source, collection, sex

ratio, etc.

Interactions Site Characteristics Release
Predation/parasitism Soil, slope, aspect Methods, wrong agent or
Competition Shade, moisture host, timing, life stage,

etc.
Elevati Post release
Synchronization Temperature Site management, agent
Physiology Precipitation detection, vandalism,
Fecundity & behavior disturbance
Genetic diversity Latitude
Emigration

Personnel
Seasons, day length Training, experience,
Disturbance prioritization, follow-up

Fire, flood, cultivation

Modified from Coombs OR Dept. Ag.

TOP 10 REASONS FOR BIOCONTROL FAILURE

Tap 10 reasons
for bivoantrol
fuilre

TOP 10 REASONS FOR BIOCONTROL FAILURE

# 10 - My pest is not
the PEST




\’_ Dalmatian toadflax

ellow Toadflax 1

Mecinus
janthiniformis

Mecinus
janthinus

TOP 10 REASONS FOR BIOCONTROL FAILURE

# 9 - Mating failure (or are my

beer goggles fogged up?)

USING SEMIOCHEMICALS TO MANIPULATE
THE SPATIAL DISTRIBUTION OF
DIORHABDA CARINULATA

ALEX M. GAFFKE!, DAVID K.WEAVER!, SHARLENE E. SING?

35




WHY MANIPULATE AN AGENT

« Increase establishment

« Easier to monitoring

» Control agent’s distribution
* Increase herbivory on target plant
* Manage spread to avoid critical habitat

SEMIOCHEMICALS

* Male produced aggregation pheromone
* (2E, 4Z)-2,4-heptadien-1-ol (Cossé et al. 2005)
« Aggregation causing green leaf volatiles (Cossé et al. 2006)
¢ (E)-2-hexenal
¢ (2)-3-hexenal
¢ (2)-3-hexen-1-ol
¢ (2)-3-hexenyl acetate

TOP 10 REASONS FOR BIOCONTROL FAILURE

36

# 8 -You call this a niche?




+SE

can proportion established

Larinus minutus attacks diffuse
knapweed stems & destroys seeds

Both agents have
strong individual
offocts

Plant performance &
reductions are

3o

. 44~
Cyphocleonus achates attacks diffuse knapwoed roots

zoology.ubc.ca

SEEDHEAD FEEDERS

INSECT BIOCONTROL

© Homoptera
® Lepidopien

Number of natural cnemics rekased

Mills. 2006. Trophic and
Guild Interactions in
Biological Control, 191-220.

37




TOP 10 REASONS FOR BIOCONTROL FAILURE
# 7 —Too HOT - Too COLD - Too

Dry - Too WET (The Goldilocks
Syndrome)

Too Cold

PUNCTUREVINE BIOCONTROL

-,

-

THE COTTON CUSHION SCALE

California introduced 1880
State-wide 1886

38




NATURAL ENEMIES FOUND

‘m..mww.
.. ¥ 2

Vedalia Beeties vs Cottony Cushion Scale:
classical biological control

Rodolia cardinalis Cryptochaetum iceryae

NATURAL ENEMY RELEASED

1890: Cotton Cushion scale eliminated

OTHER IMPORTED NATURAL ENEMY
OF THE COTTON CUSHION SCALE

39




CLIMEX - SOFTWARE TO PREDICT THE
EFFECTS OF CLIMATE ON SPECIES

TOP 10 REASONS FOR BIOCONTROL FAILURE

# 6 — Hey! Some *#@$#!!!
sprayed (set fire to, cultivated,

flooded, etc.) my plots

RUSSIAN KNAPWEED
& GRAZING

Percent Stems Infested

Aulacidea Japiella
Aa a




PESTICIDES SIDE EFFECTS DATA BASE

http://www.biobest.ca/ http://side-effects.koppert.nl/

TOP 10 REASONS FOR BIOCONTROL FAILURE

# 5 - Wrong place — wrong time

(I should have checked my

Outlook calendar)

SITE SELECTION & RELEASE

Site selection
« Suitable habitat

« Sites not prone to fires,
flooding, or other natural
disturbances

* Adequate plants

« Small vs. large infestations

Release methods
* Timing

* Numbers released

Ly




TOP 10 REASONS FOR BIOCONTROL FAILURE

# 4 - When the consumers are

consumed m 1 g

June

40
30;
20;
10;

0.
June S

TOP 10 REASONS FOR BIOCONTROL FAILURE

| # 3 -“The Little moth .... beetle
| ....fly... that couldn’t (or Too
little or Too late)

Impact studies

CABI -July 2015

£
e
=

| m

conlrol  mfested control infasted control Infested

I
tiomass (g
o

ground blomass [g|
[

=
rurrbes of fizwer hiscs

biow
belcwgound
E) n

-> Significant impact on biomass and number of
flower heads

42




Interactions among biocontrol agents

Aulacidea alone

TOP 10 REASONS FOR BIOCONTROL FAILURE

# 2 — The penguin

effect —What we have
here is a lack of
diversity!

TOP 10 REASONS FOR BIOCONTROL FAILURE

# 2 — The penguin affect

43




INCREASING DIVERSITY & STRUCTURE

Key Design Considerations

« Provide plant diversity and structure in
the buffer.

* Protect buffer from disturbances (e.g.,
pesticides, tillage).

* Predation of insect pests generally
increases with the percentage of buffer
habitat in the area.

« Locate buffers throughout the fields and
landscape to encourage dispersal of
beneficial insects.

* Buffers may provide habitat for some pest
insects but this can be reduced by
selecting appropriate plants.

* Beetle banks are long, planted berms that
provide habitat for beneficial insects .

Beetle Banks

oNNBCt one end of Deetis bank
Plants that attract 1o fskd marge hatitat
beneficial insects o | Y—
(see 5.2)

TOP 10 REASONS FOR BIOCONTROL FAILURE

# 1 — Stupid peoples (we

have met the enemy and
they are us)
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BIOLOGICALLY BASED IPM TECHNOLOGIES

Biological Control

ADDITIONAL REFERENCES

The Xerces Society: Farming with Native Beneficial Insects.

http://www.xerces.org/conservationbiocontrol/

Conservation Biological Control — Pedro Barbosa, Academic Press
Michigan State U.: http://nativeplants.msu.edu/

British Columbia Ministry of Forests, Lands & Natural Resource
Operations (Publications & manuals):

http://www.for.gov.bc.ca/hra/Plants/publications.htm#manuals

EDDMaps Biological Control of Invasive Plants (USFS Manuals):
http://www.eddmaps.org/biocontrol

G philinagley Jeff Littlefield Department of LRES, MSU, PO 173120, Bozeman,
MT 59717 (406) 994-4722 e-mail: JeffreyL@Montana.edu
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1M of Wi During the 2010
Morales, PhD Thesis
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Pulse crops: lentil field in
rotation with wheat
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Smooth brome has been
suggested as a dead-end
trag crop

Smooth brome has been
suggested as a dead-end
trag crop

Smooth brome has been
suggested as a dead-end
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Smooth brome has been
suggested as a dead-end

Fuo, 2~Disgrm showjng ground plan of trapping methods; (A) armngement of the
prooctive raps oics sripped farm; (B) best method of puarding » large il from

sttack by sawfly,

Transects

Smooth brome

Transects

117




Sawfly oviposition preference
(June)
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Sawfly mortality is higher in
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Sawfly mortality is higher in
smooth brome
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Sawfly cutting is lower in smooth
brome

120
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Smooth brome is a source of

parasitoids and a sink for wheat stem
sawflies.

Trap Crops
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Terms Used

Antixenosis - unattractive
(not recognized or repellent)

Antibiosis - causing mortality
(typically chemically-based)

Antibiosis and Antixenosis
nm@mml e |

Sawly Life Cycle

REEDER
60%

Antixenosis is rare

Grower Trap Crops




Hill Plots
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Unattractive Spring Wheat Varieties
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Trap Crops
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Parasitoids

Kremlin

Trap crop Trap. crop
Choteau (100)/Vida Choteau (150)/Vida

Willow Creek Big Sandy

a

PR B N e
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e e

124

Long Term Impact

Tap Cop | Trap Crop | Tap Crop | Tap Crop | Trap  Crop | Tap Crop | Trap Crop | Trap  Crop
Choteau/O'Neal  Choteau/ONeal  Choteau/O'Neal  Choteau/Vida | Choteau/O'Neal  ChoteauVida  Choteau/Vida  Choteau/Vida

2011 2012 2013

Willow Creek, MT

Cover Crops (nectar)

Female B. cephi longevity (days)
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Summary

1. Native parasitoids and host pest species have
moved into cultivated wheat in Montana

2. This represents a change from perennial to annual
monoculture vegetation that cannot be restored

3. Strategies that further sustainability and resilience can
be applied to conservation biological control
of wheat stem sawfly by native species

4. Considerable complexity exists that must be understood
by ecological observation and experimentation

5. Demonstrating an immediate benefit in yield from
parasitism events is compelling to growers

6. New crop rotations, cover crops and attention to
ecosystem services promise continued gains in IPM
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Incorporating classical biological
control into integrated management
of invasive weeds

Sharlene E. Sing

Western SARE Professional Development Program Workshop
Best Western Plus Heritage Inn — Great Falls, MT
March 1-2, 2016
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What makes it classical biological control?

¢ the target weed is not a native species
— weed’s native range is on another continent -
not North America
— weed was moved intentionally or accidentally
from native range
— weed became established and then invasive in
North America

e weed’s natural enemies are also not native
to North America

Goal of weed biocontrol:

¢ same rationale as for all weed control
approaches - to safely suppress weed
population below an economic or
ecological threshold

biocontrol agents ,*  weed population

released - without biocontrol

N EIL
b2

time s

weed density
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Goal of weed biocontrol:

NOT

¢ growing lots of bugs on weeds

* causing cosmetic damage only to
weeds

¢ impacting only individual weeds

Why use foreign bugs?

¢ all plants produce phytoprotectants -
biologically active and often toxic compounds,
to protect themselves from predation or
infection

OH

H
oM HO P

linarin

Why use foreign bugs?

« all plants produce phytoprotectants -
biologically active and often toxic compounds,
to protect themselves from predation

¢ insect herbivores evolve adaptations through
selection or spontaneous mutation

¢ this allows them to withstand the negative
effects of ingesting or contacting
phytoprotectants




Why use foreign bugs?
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adaptation is very ‘costly’ so insect
herbivores often specialize on only a few
related plant species

adaptation occurs through lengthy host
plant - herbivore association in their
shared native range

Why use foreign bugs?

the target weed’s native range is often the
best place to find candidate biocontrol
agents that:

— want to eat/use the weed

— can safely eat/use the weed

¢ this chemistry is also the basis of host
specificity:
— degree to which a potential biocontrol agent is
restricted in the number of plant hosts utilized

Integrating biocontrol into weed
management programs:

determine if weed biocontrol will
complement land use activities and
management objectives for the affected
area

— use the following questions to help determine if
biocontrol will be appropriate:




Integrating biocontrol into weed
management programs:
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1. What are the short- and long-term land use objectives for
the affected area, and how have they changed?
+ did the weed infestation follow a significant change in land use:

— resource extraction — grazing vs. timber harvest vs. gas/oil
wells vs. mining?

— road or other construction?

2. How urgent is the weed problem?

* long standing, chronic infestations of established, widespread
weed species more suited to biocontrol than
— new invaders (Priority 1A, 1B)
— species invading previously uncolonized areas (Priority 2A)
— small-sized or isolated infestations of well established
weed species (Priority 2B)
3. How tolerant will neighbors or the public be if target
weed abundance is slow to decline?

Integrating biocontrol into weed
management programs:

Il. determine the scope of the weed problem

1. develop a weed distribution map at a scale that
allows you to address the problem in a manner
consistent with your overall land management
objectives and your available weed management
resources

2. in large landscapes with significant weed
infestations and limited mapping resources,
identify priority areas for additional survey and
weed management efforts

Integrating biocontrol into weed
management programs:

11l. define overall goals of the IWM program
¢ goals broadly define the “what” or desired outcome of
management
— goals state general land use decisions or targets over
large areas and/or extended periods of time
— manage for something specific, instead of generically
against weeds
« objectives define the “how” or specific activities through
which desired outcomes can be achieved
— objectives must be SMART: specific, measurable,
achievable, realistic, and timely
* by defining what you want to achieve, you will be able to

determine if, when, and where you can integrate biological
control




Integrating biocontrol into weed
management programs:
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IV. understand the control methods available for

accomplishing your IWM goals

1. review available weed control methods (biological
control, physical treatments, cultural practices, and
herbicides)

— determine the conditions (when, where, if, etc.) under which
it might be appropriate to use each method or combination
of methods

— be realistic about control method benefits and limitations
2. identify resources that will be available for weed
management activities

— determine if they will be consistently available until you
meet your weed management program objectives

Biocontrol advantages

selective

sustainable - agents generally do not have to
be reintroduced once established

public acceptance is generally higher than
with other weed control methods

most economical option for large infestations

Biocontrol disadvantages

perceivable changes in target weed density are slow,
especially for showy (or particularly annoying) weed
species

population level impacts of biocontrol on the target
weed, not to mention effects of biocontrol on the
wider plant community, are often difficult to detect
through observation, and complicated to measure

some risk of undesirable effects on nontarget plants
permanent; cannot be undone

not successful in all situations

treatment efficacy is not predictable




Interaction of biocontrol with other
weed control methods:
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Physical treatments:
— hand pulling, mowing, tilling, etc.
— not recommended for weed species that reproduce from stem

or root fragments, or if germination increases following
disturbance

— labor intensive, difficult on rough terrain
— removes or destroys agents developing in weed stems or roots

— removes stage-specific food resources of agents

— biocontrol can be applied to large, main infestations while
physical treatments can be used on surrounding small, satellite
weed populations

— mowing can be compatible with agents that develop
in the roots of the target weed

Interaction of biocontrol with other
weed control methods:

Cultural control:
— flooding, burning, grazing, seeding with competitive
species, etc.
— not recommended for weed species adapted to specific
cultural control methods
« fire adapted species: toadflax
« flood adapted species: saltcedar
— grazing can remove or destroy agents developing in weed
stems, flowers or seeds
* may not have a negative impact on root dwelling agents
* compatible with bison grazing (selective grass feeders)
— strategically timed grazing can increase attractiveness of
target weeds to biocontrol agents, and increase
competitive ability of desirable plant species

Interaction of biocontrol with other
weed control methods:

Chemical control:

— most effective on small infestations, including newly
established populations and recently established satellite
patches arising from nearby older, larger infestations

* may also be useful on the leading edge of large,
advancing infestations

— often too costly to be of practical use in treating extensive
infestations

— impractical in hard-to-access and environmentally sensitive
areas

— repeated applications may be required over time
— potential for nontarget damage to associated vegetation




Interaction of biocontrol with other
weed control methods:
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¢ Chemical control:

— all approved classical biological control agents are host
specific
* herbicide treatments reduce the local availability of target weed
stems, leaves, and flowers
« agents relying on food and shelter resources provided by affected
weeds may not survive if herbicides are applied when they are
unable to move on to hosts in an untreated area
— chemical and biological control can be successfully
integrated when agents are released on large infestations
and herbicides are applied to control smaller satellite
patches

— herbicide can be used to reduce dense above ground

biomass to make weed patches more hospitable for
biocontrol agents

Developing, implementing, and
managing IWM programs:

I. selecting appropriate release sites

1. infestations of at least 4 acres (1.6 hectares) are
typically the minimum size recommended for
biological control releases - larger infestations
are even more desirable

2. consider the site’s ease of accessibility, terrain,
and slope

3. consider land use and rare vs. chronic
disturbance factors

4. survey for presence of biological control agents

Developing, implementing, and
managing IWM programs:

Il. select appropriate bicontrol agents to release

1. agent efficacy
—  what will work well under your field conditions?
—  are your weed patches seasonally flooded?
— under snow until mid or late July?
—  subject to heavy wildlife or livestock grazing at ‘sensitive’ points
in agent’s life cycle?
2. agent availability
— do you know where you can get high quality agents?
3. match weed distribution and density to preferences
of agent(s)
— areyour weed patches too sparse, too dense, or too far
apart?




Developing, implementing, and
managing IWM programs:
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I1l. documenting releases

— permanently mark release sites

— record GPS coordinates

— generate a map and written directions to release site

— select a photo point with a unique, permanent
landmark in the background

—  used to visually document changes in weed infestations and
the plant community over time following the release of
biocontrol agents

—  avoid capturing images that mostly show only the target
weed without reference points that can identify specific
release sites!

Developing, implementing, and
managing IWM programs:

IV. monitoring the success of the program

— field observations of agent specific damage on the
target weed, annual photo points of the release
site, or simple monitoring transects to assess year-
to year changes in weed and agent populations,
and plant community, to determine:

1. where is it working?
are unanticipated ecological interactions
positively or negatively affecting control?

3. where is establishment or realized control lower
than expected, and why?

Standardized Impact Monitoring Protocol
(SIMP)

¢ systematic monitoring approach to assess
changes in the densities of both weed
biocontrol agents and the target weed

* can be easily modified to meet personal or
agency needs for monitoring most weed
biocontrol releases

¢ Available online at:
http://www.agri.state.id.us/AGRI/Categories/
Plantsinsects/NoxiousWeeds/Bio_Control.php
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Biological Control of Insect Pests Using
Entomopathogenic Nematodes
Scott Portman

Postdoctoral Researcher
WTARC

M
MONTANA/

STATE UNIVERSITY|

Outline

Part | -Biology and life cycle of entomopathogenic
nematodes (EPNs).

Part Il -Application of EPNs for insect pest
management.

Part 11l -Work at WTARC using EPNs against
sawflies and wireworms.

Part |
Biology and Life Cycle
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Nematode trophic ecology

The Soil Food Web

E o3 b

o 7| Artheopods

Nematodes /| Shoddon
et ferders

insect pathogenic vs. plant pathogenic

Plant pathogenic nematodes have stylet

Close-up
of stylet

Entomopathogenic Phytopathogenic

What are EPNs?

= EPNs are round worms -Phylum Nematoda
= EPNs are microscopic.
= Inhabit a variety of soil environments.

= Exclusively prey on insects.
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Evolution of entomopathy

Blaxter et al. 1995, Nature

Order -Rhabditida

Family -Steinernematidae
Genus -Steinernema >80 species

Family -Heterorhabditidae
Genus -Heterorhabditis >35 species

EPN Systematics

Family: Steinernematidae

Genus: Steinernema

1.
2.
3.
4.S. affine
5

8.S. rarum

10. S. ritteri

6.S. arenarium
7-S. intermedium

11.

12. S. cavdatum
13. S. longicaudum
14.S. neocurtillae
15.

16. S. cubanum

17. S. puertoricense
18. S. bicornutum
19. S. monticolum
20. S. oregonense

21.S. abbasi

22. S. ceratophorum
23. S. karii

24. S. siamkayai
25.S. tami

26. S. thermophilum
27.S. sangi

28.S. loci

29. S. thanhi

30. S. pakistanense
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Family: Heterorhabditidae

: Heterorhabditis

. brevicaudis

marelatus

. poinari

. downesi

(= = S

6.
7
H. zealandica 8.
9

H. argentinensis

EPN Life Cycle

IJs enter insect host

Infective
W s release bacteria

Juveniles (IJs) | — ‘J“‘? e (e
J A\ Al -insect dies

2y

 Heterorhabditis
Hermaphrodite adults
s

IJs emerge } oy d-—'kﬂj:m Reproduction

females males

Host finding

Infective juvenile movement

‘(/\ ambush posture
«— distance

traveled ﬁ;? A ”




Getting inside the insect

Typically EPNS enter in one of 3 locations

Spiracles

Getting inside the insect

EPNs can also exploit weak points in the cuticle

Symbiotic bacteria

EPNs form mutualistic symbiosis with specific bacteria

Steinernema sp. Heterorhabditis sp.

Xenorhabdus F" ;-I Photorhabdus
L el e o4

Enterobacteriaceae, Gram negative
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Releasing symbiotic bacteria

Photorhabdus -entire gut Xenorhabdus -gut vesicle

Photorhabdus Xenorhabdus

pharynx

symbiotic
bacteria

Bacteria kills the insect

healthy wax worm infected wax worm

Bioluminescence

Bacteria causes the

dead insects to glow! E 3 Y.
5 % * R B
ﬂ_‘. f -

Wax worms infected with Photorhabdus luminescens




EPN Reproduction

g e Nematode Reproductive Cycle
e Sl - :

e 8 Egg it}
Ll % 4 o / e \
7 4 j,

Hermaphrodite

Emergence from host

Infective juveniles emerging

Part Il
Applications of EPNs
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EPNs have a broad host range

termite

white grub
Isoptera

Scarabaeidae

vine weevil army worm

Curculionidae #  Noctuidae

waxworm | - ; M : fruit fly
Pyralidae [ % " Drosophilidae

Pests controlled by EPNs

Sector Nematode Target pest

riobravae Citrus roc
. bacteriophora

carpocapsae

scapterisci

. bacteriophora
. feltiae

. feltiae

carpocapsae

. bacteriophora Black vine v
. megidis

carpocapsae  Dog flea

Commercial production of EPNs

Production of beneficial nematodes in Israel




Consumer products containing EPNs

Variety of products targeted for different insect pests

white grubs black vine  soil dwelling citrus root Lepidoptera
weevil pests weevil

Suppliers of EPNs

Company Address Website Nematodes

Application techniques -Sprayers

EPNs are generally mixed in water and applied by spraying.

backpack sprayer towed spray array self-propelled
boom sprayer
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Application techniques -Irrigation

EPNs can also be added to irrigation mixtures.

AR ES L i
side roll system pivot / linear system

Environmental conditions

Important to apply EPNs under the right conditions

= EPNs require moisture.
= Cannot survive direct sunlight.
= Apply at temperatures above 60°F.

= Require proper host insects.

Follow the directions!

For best results —
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Follow the manufacturer’s
recommendations.




Part lil
EPNs against sawfly and wireworms

Wheat stem sawfly (Cephus cinctus)

Saskatchewan Manitoba

— <
"

CANADA MT > $30 Million Losses
= Problem since 1920's

Dozens of Researchers

Oviposition Young larva

J Wheat Stem
Sawfly

Field damage M
Plant Lodging Internal
damage
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Sawfly larvae are well protected

Wheat stubble infected with sawfly

w

Insect protected from chemicals
and natural enemies

Sawfly larvae are well protected

T

Wheat stubble infected with sawfly
‘ 4 ¥ )

Insect protected from chemicals
and natural enemies

Exploit the plug

Combine EPNSs with carrier solutions

Chemicals that counteract the plug’s hydrophobic properties.
- Surfactants (Alypso)
- Detergents (Trition-X, Tween 80)

- lonic Compounds (Urea)
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Different species of EPNs against sawfly

% Mortality _Cephus cfntys larvae {N_= 20)

riobrave  bacteriophora | carpocapse dlaseri
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Alypso
Tritan-X
Tween 80

Urea

1.1 26.3 0.0 0.0
44.4 59 6.3
47.1 61.1 0.0
52.9 22.2 0.0
20.0 41.2 0.0

Different species of EPNs against sawfly

% Mortality _Cephus cfntys larvae {N_= 20)

riobrave  bacteriophora | carpocapse Krause

Alypso
Tritan-X

Tween 80

Urea

Mortality Rate

16.7

glaseri |
1.1 . 0.0 0.0
44.4 K
47.1 5
529 * i A A
L 0.0 59 6.7

20.0

Mortality of sawfly larvae

MH. hacterinphora
O 5. ricbrave

|3, feltac

H20 Alypso Trition-X  Tween-80 Urea
(Control)
Carrier solutions
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Wireworms (Family: Elateridae)

Wheat damaged by wireworms

Two problem species for Montana grain growers

Limonius californicus Hypnoidus bicolor

Wireworm lifecycle

wireworm feeding on wheat
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Tenebrio larvae similar to wireworms

Tenebrio molitor larvae wireworm larvae

Tested three EPN species

Added ~2400 EPNs to deli cups containing 10 immature T. molitor.

P I‘! o

H. bacteriophora o

S. felitiae

S. ribrave

Experimental design

Tested EPNs with different development stages of T. molitor

Number of % moilitor

Het is| Steinernema Steinernema

bacteriophora feltiae riobrave
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Mortality of Tenebrio molitor

OH. bacteriophora O 8. riobrave B S. feltiae

% Mortality

Early Instars Late Instars Pupae

Insect development stages
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