= D

Fall Armyworm: Management of a
Genetically-Complicated Migratory Pest

Rob Meagher and Rod Nagoshi
Behavior and Biological Control Research Unit

Center for Medical, Agricultural & Veterinary Entomology
USDA-ARS, Gainesville, FL

Understanding and Capitalizing on

14D 201
ecember 2010 Agricultural Biodiversity in IPM/IRM



Presenter
Presentation Notes
Thank you.  I’d like to thank Caydee Savinelli & Graham Head & Daniel Vincent for organizing this symposium and their invitation to me to talk this morning about some of the work that Rod and I have been doing with fall armyworm the last couple of years.


Objectives

species introduction

population management in sweet corn
genetic diversity - host strains
biodiversity - migratory haplotypes

how biodiversity affects pest management
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I’ll give a quick summary of fall armyworm life history and management in sweet corn.  I’ll then talk about how this species is genetically and biologically diverse and how this biodiversity may affect pest management.


Fall Armyworm
Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae)

* neotropical insect with no known diapause that
migrates ea. spring from s. FL & s. TX to the NE &
central U.S. & from s. AZ to central CA

e attacks several important field crops such as corn,
sorghum, rice, forage grasses, cotton & peanut &
vegetable crops such as sweet corn & pepper

* broad plant host range (> 60 plants)

* noted as serious pest in Venezuela in 1594; late 1700’s
in Georgia, described as species in 1797
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FAW is a noctuid, neotropical insect that…
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FAW larvae attack many host plants but especially whorl-stage plants but also in the ears.  FAW can seriously damage pasture and turf grasses and is an occasional pest of cotton and peppers.


Sweet Corn Acreage Planted

Florida
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One of the reasons for our interest with FAW is that it is a serious pest of sweet corn in FL, which is the largest fresh market sweet corn producing state.  Acreage averages about 40,000 a year, mostly in s FL & Palm Beach Co. ranks #3 nationally in sweet corn ac.


Pest Management

e chemical

— treatment thresholds in s. FL. avg. 5% infestation for all corn stages

* some growers will go higher if whorl-stage corn and infestation is by younger
stage larvae

— 30 products registered in FL for caterpillars, armyworms, or fall
armyworm

— growers spend = 20% of production costs on pest management w/
7.5% on insecticide costs
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Growers may use a combination of tactics to avoid damage.  The most common tactic is the use of insecticides.  Scouts and consultants in s. FL use an action threshold of 5%, although if the infestation is by small larvae in young corn, that number may be higher.  In 2010 30 products had the words caterpillar, armyworms, or FAW on the label.  Growers spend…


Pest Management

e plant resistance
— endogenous sources

e traditional breeding transferring genes (traits) from resistant land races into
sweet corn lines (‘Zapalote Chico sh2’)

* resistant characters include increased levels of cysteine proteinase, cuticular
lipids, C-glycosyl flavones (maysin)

— €xogenous sources

e Bt germplasm — almost exclusively in silage or forage corn systems
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Another tactic that may be used is resistant varieties.  Traditional breeding efforts have produced germplasm that offers reduced injury, although these varieties are not commonly used.  Commercial Bt sweet corn varieties are not planted in FL.


Pest Management

* biological
— several parasitoid & predator species are active but are generally

not considered in management decisions
» Cotesia marginiventris over 40% parasitization of young larvae

Cotesia marginiventris Chelonus insularis
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And finally, although natural enemies are not purposefully used by growers, that is they don’t release predators or parasitoids, there are several species that are quite active.  For example, my tech & I recently sampled sweet corn in MDC and found some fields with > 40% parasit. by Cotesia.  Other species are also active in the sweet corn system so a method needs to be developed to incorporate these species into management decisions.


Genetic / Biodiversity

* host strains - morphologically identical & sympatric
e overwintering populations involved in migration
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Now I want to talk about fall armyworm biodiversity.  The first topic area I’ll discuss is host strains, which are morphologically identical and sympatric.


Host Strains

* identify source locations of migrants in Louisiana

— populations in PR, FL, GA, LA, TX, & MEX characterized using
protein electrophoresis

— populations collected from rice in PR was highly divergent from
those collected from corn at all other locations

e rice strain: rice, pasture, turf, millet
e corn strain: maize, sorghum, cotton

— host strains not caused by feeding on host plant

* physiological & behavioral differences
— differential feeding on host plants (CS better on corn, RS on grass)
— mating - time of females calling (CS early in evening, RS late)
— oviposition (RS more selective to grasses)
— pheromone blend production & male response
— consistent results between labs have been difficult to achieve! =
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Research in the early & mid-80s in LA by Dr. Pashley Prowell was designed to determine the source location of moths into the state.  Populations from Mex. to PR were characterized & one collected from rice in PR was highly divergent from those collected from corn at the other locations.  RS was then collected in bermudagrass in LA & studies showed that host strains were not caused by feeding on host plants.  Since that time many studies have investigated various physiol. & behavioral differences betw. strains, although many results are difficult to reproduce between labs.


Host Strains

e separated using genetic markers

— polymorphisms in the Cytochrome Oxidase subunit I
(COl) gene generate mitochondrial strain-specific
haplotypes

e >20 strain-specific polymorphic sites
— genomic (tandem repeats) markers available (FR)

— triose phosphate isomerase (Tpi) gene provides strain-
specific polymorphisms
e used to study interstrain hybridization since inherited from
male parent

e geographic genetic variability found in “corn
strain” populations from Mexico, Colombia, &
Brazil
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Since the 2 strains are identical, they are separated using genetic markers, specially polymorphisms in the COI gene, genomic tandem repeats, and more recently from Rod’s work, polymorphisms in the Tpi gene.  Variability has also been described within punitive corn strain populations in Latin America.


How Do Host Strains Affect Management?

* chemical
— differential susceptibility to insecticides between host strains

e plant resistance

— little known about traditional germplasm differences in corn but
large differences in pasture grasses w/ RS

— differential host strain susceptibility to some Bt toxins
* biological

— natural enemy profiles different among host plants but no evidence
of host strain differences
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So, how does the biodiversity of genetic host strains affect population management?  Researchers have found differential susceptibilty to insecticides betw. strains, generally w/ RS being more susceptible to most materials…


Biodiversity

 host strains - morphologically identical & sympatric

e overwintering populations involved in migration
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Now let me talk about another form of diversity, that between overwintering populations in TX & FL.


Seasonal Distribution
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Fig. 1. Seasonal distribution of the fall armyworm in the United States.
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Early observations of caterpillars showed a northward expansion of populations from areas of continuous generations in the south to infestation in late season crops in the summer and fall in the north.


Migration

FAW does not
survive freezing
winters

FLand TX
source of U.S.
FAW

A

FAW overwinters in Tex

...and Florida

FlLogipa® L1
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So it was realized that adult movement out of s TX & s FL occurred each spring but it wasn’t known where they went.


Quebec
Tifton
Gainesville
Homestead
Puerto Rico
Virgin Is.
Guadeloupe

French Guiana

14 December 2010

Migration

Understanding and Capitalizing on
Agricultural Biodiversity in IPM/IRM

Caribbean Basin



Presenter
Presentation Notes
What also wasn’t known was the influence of Caribbean populations to the mainland.  A study by E. Mitchell and seemingly a cast of thousands (since there are many names on the paper) was done comparing pheromone trap capture in various locations to wind current data.


Migration

seasonal migration from south to north in U.S.

moth captures in traps plus analysis of wind
currents provided circumstantial evidence of
movement between the Antilles & continental U.S.

however, no direct evidence that population
reservoir in Caribbean contributes to temperate
regions of North America

meteorological evidence supports theory of
southward migration in fall
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Conclusions from that work and a previous study suggested that…


Overwintering Populations
Portion of the Cytochrome Oxidase I Gene
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Haplotype-1: A A
Haplotype-2: A G
Haplotype-3: G A
Haplotype-4: G G

e Four corn-strain haplotypes in all locations.

 Proportion of haplotypes 2 and 4 differ between TX and FL
populations.
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Well, more recent work by Rod showed that in sequencing a portion of the COI gene, two sites with different nucleotides produced a possibility of 4 haplotypes.  Even though all 4 are present in all specimens, the ratio of hap. 4 to 2 is different betw. TX and FL populations.
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Overwintering Populations
COI Haplotype Ratios: TX, FL
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and TX populations.

If all haplotypes migrate
equally well, then can use
these ratios to identify
the origin of a migrating
population.
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You can see this in this graph where ratios < 0.5 are diagnostic of TX popul. & > 1.5 are diagnostic of FL popul.  Each haplotype group is represented by collections during different years and in different crops.


Methodology for Mapping Migration
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Therefore migrant populations should have the same ratio as the source populations and this should give us an opportunity to follow moths out of the south.


Cumulative Data 2007-2010

‘ Predominantly TX @ Predominantly FL

Consistent pattern

TX primary source

FL limited to east coast
Limited mixing
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Here are results from 4 years of sampling which shows TX popul. w/ ratios < 1 in red & FL popul. w/ ratios > 1 in blue.  Generally the pattern was consistent across years and TX appears to be the source for most of the country, w/ FL limited to the Atlantic coastal plain.


How Do Different Overwintering Populations Affect
Management?

* chemical
— geographic differences in insecticide mortality
* biological

— natural enemy profiles different among host plants but no evidence
of overwintering population differences

e plant resistance
— little known about traditional germplasm differences

— Cry IF field resistance in corn, southern Puerto Rico 2007 (Storer
et al. 2010)
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So, going back to the theme of the symposium, how does diversity in overwintering populations affect management?  Several reports have shown differential insecticide susceptibility among popul. in FL compared to the south central US and Central America.  W/ biol. control we know that natural enemy profiles may be different among host plants, but there is no evidence of overwintering population differences.  There is no indication that there are differences w/ traditional germplasms, but Bt resistance has recently been discovered in PR.


What About Puerto Rico?

e tropical corn production (year-round) with
continual pest pressure

* insect migration & w/in island dispersal limited
* long history of insecticide/Bt use
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From Storer et als. paper, what are some factors in PR that may have contributed to the development of resistance?...


Florida & the Caribbean
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One reason resistance in PR may be important to FL growers is the evidence that perhaps there is gene flow between the Caribbean & FL.  Rod’s “FL” haplotypes are similar to popul. characterized from PR, & quite different from popul. in Brazil which is more like TX.


o .

e tropical corn production (year-round) with

continual pest pressure
— temperate/FL bred lines in production from October thru April

— lower populations in winter when cold fronts move through though
can concentrate populations in relatively small area (Homestead)

— spring & summer w/ very susceptible cover crops (sorghum-
sudangrass)

* insect migration & w/in island dispersal limited

— much different — annual migration out of FLL & amble opportunity
for w/in state movement (no mountains!!)

* long history of insecticide/Bt use
— many of the same products used in both areas
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FL sweet corn conditions are not too different from those in PR.  Although FL isn’t tropical, s FL does have continuous generations of FAW and acceptable hosts…


Conclusions

* by discovering & understanding w/in species
diversity of FAW as described by genetic host
strains and overwintering populations, we believe
FAW management can be improved w/ future
research

 more info ca. FAW pathways can be heard at
Rod’s talk 1463 (which I’m presenting) Wed.
morning, 9:14 in Brittany
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So, I’ve tried to show you that…


Fall Armyworm Lab

Amy, Mirian, Nancy, Rob, Sunil, Jane & Rod
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