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University of Kentucky scientists evaluated Agrotis ipsilon nucleopolyhedrovirus
(AgipMNPV) for suppressing black cutworms (Agrotis ipsilon Hufnagel) in turf representa-
tive of golf course habitats and on whole tees under actual play.  The results of these stud-
ies suggest AgipMNPV is better suited for targeted control of early instars than for season-
long control of black cutworms.
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Microbial products currently constitute less

than 0.1% of insecticides used on golf courses,

lawns, and sport fields (16).  Although modern

chemical insecticides labeled for turfgrass are less

broadly toxic than many used in the past, some

still have the potential to intoxicate pollinators

and other beneficial invertebrates, leach or run off

into surface or ground water, and impact aquatic

organisms (34).  Over-reliance on insecticides

also has led to resistance in certain turfgrass insect

pests (36).  Because of those issues, and especial-

ly in response to societal concerns and increased

restrictions on pesticides, it is imperative for the

turfgrass industry to move toward sustainable,

reduced-risk tactics for pest management (32, 33).

Turfgrass insect pests are naturally infect-

ed by various pathogens (10, 20), but of those,

only Paenibacillus popilliae (Dutky), the causal

agent of milky disease in Japanese beetle (Popillia
japonica Newman) grubs, and entomopathogenic

nematodes presently are marketed in the United

States (33).  Bacillus thuringiensis Berliner (Bt)

products are labeled against grass-feeding cater-

pillars but rarely used by the turf industry because

of their short residual and poor activity against

larger larvae (20).  A product with the fungus

Beauveria bassiana (Balsamo) was briefly mar-

Evaluating a Naturally-Occurring Baculovirus for

Extended Biological Control of Black 

Cutworms in Golf Course Habitats 
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SUMMARY

Golf courses are a potential market for microbial insec-

ticides, but how intensive management of such sites inter-

acts with efficacy of entomopathogens is poorly known.

University of Kentucky scientists evaluated Agrotis ipsilon
nucleopolyhedrovirus (AgipMNPV) for suppressing black

cutworms (Agrotis ipsilon Hufnagel) in turf representative

of golf course habitats and on whole tees under actual play.

Results include:

In independent trials on sand- or soil-based putting

greens and surrounds or fairway-height creeping bentgrass,

less than 1 week-old AgipMNPV residues [10 X 108 occlu-

sion bodies (OBs) per m2] typically resulted in 50–60%

lethal infection of introduced third-instars.  In most cases,

however, there was no residual control beyond 2–4 weeks.  

Spraying fairway-height bentgrass with AgipMNPV

alone (10 X 109 OBs per m2) gave 90, 85, and 7% infection

of second-instars introduced 4 days, 3 weeks, or 5 weeks

later, respectively, but adjuvants (optical brightener, lignin,

or both) intended to synergize and protect the virus  from

UV degradation did not extend infectivity.  

Fresh (less than 1 week) AgipMNPV residues killed

76–86% of neonates hatching from eggs on tees under play,

but levels of control plummeted within a few weeks.  Three

species of braconids, an encyrtid Copidosoma bakeri
(Howard), and a tachinid, Bonnetia comta (Fallen) collec-

tively killed 24–31% of larvae recovered from those tees.  

AgipMNPV seems better suited for targeted control of

early instars than for season-long control of black cut-

worms.  Golf turf is a severe environment for baculovirus-

es, so several applications per growing season would likely

be needed to effectively control caterpillar pests. 
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POTTER, Ph.D., Bobby C. Pass Endowed Professor of

Entomology;  Department of Entomology,  University of
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Black cutworm  larvae are active at night, chewing down the
grass surrounding their burrows in thatch and soil and caus-
ing brown pock marks that reduce smoothness and unifor-
mity of playing surfaces.
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keted in the 1990s but withdrawn due to inconsis-

tent performance.  Hurdles to commercialization

of microbial turfgrass insecticides include their

narrow spectrum of activity, relatively high cost,

short shelf-life, problems with in vitro production,

and competition from highly effective synthetic

insecticides (16).  

Baculoviruses (family Baculoviridae),

because of their virulence, speed-of-kill, and per-

sistence on protected plant parts and in soil (9),

seem suited for controlling lepidopteran (catepil-

lar-type) turfgrass pests.  Baculoviruses have been

used to control insect pests in agricultural and for-

est settings (5, 11, 25), but none have been devel-

oped or marketed for use on turf.  Prater et al. (35)

documented a natural epizootic of Agrotis ipsilon
nucleopolyhedrovirus (AgipMNPV) decimating

populations of the black cutworm, Agrotis ipsilon
(Hufnagel), on central Kentucky golf courses.  In

field trials in fairway-height creeping bentgrass,

freshly-sprayed residues of AgipMNPV gave

about 80% lethal infection of third- or fourth-

instars after 1–4 days, and about 50% lethal infec-

tion after 4 weeks.  That groundwork suggests that

AgipMNPV may provide short-term and residual

control of black cutworms in turfgrass settings

(35).   

Agrotis ipsilon (black cutworm) is a logi-

cal target for a baculovirus insecticide because it

is a nearly worldwide pest of golf course putting

greens and tees, as well as sport fields (34, 51, 52).

The larvae are active at night, chewing down the

grass surrounding their burrows in thatch and soil

and causing brown pock marks that reduce

smoothness and uniformity of playing surfaces

(34).  Birds foraging on the caterpillars pull up

tufts of grass, compounding the injury. Golf

course superintendents often apply insecticides

several times each growing season for cutworm

control.   

Viral occlusion bodies (OBs) can persist

on leaf undersides, in protected plant parts, and in

the underlying soil (9, 31).  Turfgrass is a peren-

nial system with dense foliage and thatch, so once

a reservoir of virus is established, it seemingly

would be protected from UV degradation and
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In earlier studes conducted by University of Kentucky scientists  on field trials in fairway-height creeping bentgrass, freshly-
sprayed residues of AgipMNPV gave about 80% lethal infection of third- or fourth-instars after 1–4 days, and about 50% lethal
infection after 4 weeks. 



weather.  It is not known, however, if the frequent

irrigation, mowing, and chemical inputs typical on

golf courses affect virus efficacy on tees or putting

greens under play.  

Optical brighteners used as fluorescent

stains for microbes (12) have been used to protect

entomopathogenic viruses, fungi, and nematodes

from inactivation by solar radiation (19, 27, 40).

Lignin, a natural plant polymer found in vascular

plants and trees, is also an effective UV protectant

(3, 31, 45).  Fluorescent brighteners can also syn-

ergize viruses, facilitating their arrival at the host

midgut epithelial cells (their initial target site) by

disrupting the peritrophic membrane (26, 29, 47).

However, most studies showing the benefits of

adjuvants were done in laboratory or greenhouse

settings (24, 26, 40), and none have involved 

turfgrass.   

This study evaluated AgipMNPV as a bio-

insecticide for short-term and extended control of

black cutworms in turfgrass settings representa-

tive of golf course habitats and on whole golf tees

under actual play.  Our working hypothesis was

that preventively applying the virus would deposit

enough infective occlusion bodies in the thatch

and soil to suppress successive generations of A.
ipsilon during the growing season. Adjuvants

intended to enhance viral performance and protect

the virus from UV degradation were also tested in

combination with field applications of

AgipMNPV.  New information on the parasitoid

complex impacting A. ipsilon populations on

Kentucky golf courses was obtained from recov-

ery of sentinel larvae in the various experiments. 

Materials and Methods

Insects and Virus  

Agrotis ipsilon eggs and larvae from a

colony maintained on soybean-based diet were

shipped from a commercial insectary (Benzon,

Carlisle, PA) via overnight mail and transferred to

our assays within a few hours of arrival. The

AgipMNPV isolate used was originally obtained

from naturally-infected, late-instar A. ipsilon from

central Kentucky golf courses (35).  Frozen infect-

ed caterpillars were macerated in 0.1% sodium

dodecyl sulfate (SDS) for 10 minutes, filtered

through five layers of cheese cloth, and cen-

trifuged at 900 X g for 10 minutes.  The pellet

contents were resuspended in 0.5% SDS and cen-

trifuged again.  Re-suspension and centrifugation

were repeated with 0.5M NaCl with the final sus-

pension in distilled water. Sodium azide was

added at 0.02% concentration to prevent bacterial

growth. This purified occlusion bodies (OB) sus-

pension was stored at 4o C.  

Small-Plot Field Evaluations in Golf Course
Settings 

Field trials evaluating AgipMNPV against

A. ipsilon were conducted on three types of sites

representative of golf course settings at the

University of Kentucky’s Turfgrass Research

Center (UKTRC), Spindletop Farm, near

Lexington.  Independent replicated trials were run

concurrently on a soil-based (push up) putting

green, a sand-based putting green, and in an adja-

cent stand of fairway-height grass.  The turfgrass

at all three sites was ‘Penncross’ creeping bent-

grass, Agrostis stolonifera L., on a Maury silt

loam (fine, mixed, mesic typic Paleudalf) with a

pH of 6.3.  The push-up green and fairway stand

were on homogeneous, original soil where no

sand topdressing had been applied.  The sand-

based green was constructed with a 95% sand

content rootzone mix according to United States

Golf Association Method guidelines (4). 

Both greens were mowed at 4.0 mm

(0.157 inches) five times per week and irrigated

from a permanent sprinkler system to prevent vis-

ible stress.  Nitrogen fertilizer (urea; 46-0-0) was

applied to all sites in September, October, and

November at 0.48 kg actual N per 100 m2 (1.0 lb

N per 1,000 ft2) per application.  Fungicides were

applied curatively for control of fungal diseases,

and dithiopyr (0.07 kg AI/ha) was applied for

crabgrass control.  The fairway-type turf was

mowed at 1.6 cm (0.63 inches) three times per

week and irrigated as necessary to prevent

drought stress. 
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Six pairs of treated and untreated 1-m2

plots were marked on each site.  Purified virus

suspension was applied at 10 X 108 OBs per treat-

ed plot in 162 ml of distilled water using a hand

sprayer (Solo, Newport News, VA) on September

11, 2007.  Three passes were made in alternating

directions to ensure even coverage.  Light post-

treatment irrigation (162 ml per plot) was applied

to move virus residues to lower grass blades,

stems, thatch, and upper soil. 

Twenty, third-instar A. ipsilon were intro-

duced onto each plot 1 week and 6 weeks after

application (September 18 and October 26, 2007)

and again on May 13, 2008 to determine if the

virus had remained infective in the thatch layer.

Larvae were confined in circular metal enclosures

(39.0 cm diam × 10.2 cm height) driven 2 cm into

the ground.  We used different quadrants of each

plot for the successive infestations. Enclosures

were covered with 0.64-cm mesh wire hardware

cloth to prevent bird predation. Grass was not

mowed while cutworms and enclosures were in

the plots.

Surviving larvae were recovered after 4

days by using a soap flush consisting of 1.3 ml

lemon-scented Joy dishwashing detergent

(Proctor & Gamble, Cincinnati, OH) per liter of

water (34).  Larvae were rinsed with distilled

water as soon as they surfaced, placed in individ-

ual capped 30-ml cups with soybean-based noctu-

id diet (6) and monitored until death or pupation.

Death due to viral infection was verified by exam-

ining blood for viral occlusion bodies using a

phase-contrast microscope. 

Residual Activity on a Closely-Mowed Putting
Green Versus Surrounds 

On golf courses, A. ipsilon developing

from eggs laid in peripheral areas (surrounds)

often crawl onto putting greens as late instars (51).

Because higher-mowed turf seemingly would be a

less harsh environment for virus longevity, apply-

ing AgipMNPV to surrounds might provide

longer-lasting control than treating only greens

(35).  That hypothesis was tested on a sand-based

creeping bentgrass green at the UKTRC, main-

tained as described above, and in the irrigated sur-

rounds consisting of a mixture of creeping bent-

grass, clover, and tall fescue mowed at 16 mm

(0.63 inches) three times per week. 

Six pairs of treated and untreated 1-m2

plots were marked on both the green and about 2

meters into the adjacent surrounds.  Purified virus

suspension was applied at 10 X 109 OBs per treat-

ed plot in 162 ml of distilled water using a hand

sprayer. Twenty, early third-instars were intro-

duced onto each plot 4 days after application, fol-

lowed by groups of 20 second-instars at 14 and 36

days after application.  Larvae were confined in

metal enclosures, as described earlier, with differ-

ent plot quadrates used for each challenge.

Surviving larvae were recovered 4 days post-treat-

ment using a soap disclosing solution, rinsed, and

placed individually in cups with artificial diet, and

death from viral infection was assessed as

described above.   

Residual Activity With or Without Adjuvants

An experiment initiated in August 2008

tested whether increased protection and residual

activity is provided to AgipMNPV by an optical
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bodies per treated plot in 162 ml of distilled water using a
hand sprayer.



brightener (Blankophor P167- Bayer Corp.,

Pittsburgh, PA) a lignin (Polyfon, MeadWestvaco,

Charleston, SC), or a combination of the two.  The

study site consisted of fairway-height creeping

bentgrass maintained as described above. Virus

suspensions were prepared as described earlier,

with adjuvants added at 1% of the final volume of

solution. Combination treatments contained 1% of

each adjuvant. Treatments included brightener

and virus; lignin and virus; brightener, lignin, and

virus: virus alone; and untreated controls. 

Virus solutions (40 ml per plot) were

applied with a hand sprayer to small (0.25 m2)

plots at 10 × 109 OB per m2.  Four replicates of

each treatment were applied 5 weeks, 3 weeks,

and 3 days before larvae were introduced, except

the brightener, lignin and virus combination,

which was only applied at 5 and 3 weeks before

challenge because available virus was limited at

the time. Metal enclosures, as described earlier,

were driven into the turf, and all plots were simul-

taneously challenged with 20 second-instars on

September 18, 2008.  The larvae were left to feed

for 5 days before being recovered using a soap

flush, rinsed, placed individually in 30-ml cups

with soybean diet, and monitored until death or

pupation. Death from virus infection was assessed

as before.  

Residual Efficacy of AgipNMPV on Golf Course
Tees under Play  

Field tests were conducted on whole tees

and surrounding areas at two central Kentucky

golf courses (University Club Golf Course,

Lexington; Cherry Blossom Golf Course,

Georgetown, KY) in 2008.  Six holes (i.e., the

composite unit made up of tees, fairways, and

greens) were chosen on each course and two tees

per hole were selected for use.   Both courses have

4–5 oval or rectangular tees per hole; only back

and front tees were used because they receive less

play.  All tees were composed of creeping bent-

grass, which was mowed at 1.3 cm  (0.5 inches)

three times per week, and irrigated to prevent vis-

ible drought stress.  

One tee of each hole, as well as a 2-meter

buffer of surrounding higher-mowed turf, was

sprayed with virus (10 × 108 OBs per m2) on each

course.  The AgipMNPV suspension needed to

treat the 12 total tees and surrounds required about

16,000 virus-killed late-instar A. ipsilon (8,000

per golf course) which were cultured in the lab in

winter 2007–08 and frozen until enough virus was

produced.  Virus suspensions were delivered using

a  backpack sprayer (Solo, Newport News, VA) at

a spray volume of 162 ml/m2 between 1800–2200

hours.  A. ipsilon crawl onto tees from surrounds

(52), so treating a buffer zone may reduce popula-

tions.  Treating in the evening may reduce UV

light degradation.  Six similarly-sized tees on the

same holes served as controls on each course.

Tees were treated in early May and maintained by

the golf course staff under their normal manage-

ment regimes, except that no surface insecticides

were applied.  

Virus residual efficacy was determined by

sampling naturally-occurring A. ipsilon popula-

tions and by inoculating the tees with eggs or lar-

vae.  The former were sampled by soap flush once

per month on three 1-m2 areas of each tee.  In

addition, each tee was inoculated with 20 second-

instars and 150 eggs three times (mid-May, mid-

June, early August 2008).  Neonates (120 per tee)

also were implanted once, 2 months after applica-
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Larvae were confined in circular metal enclosures driven 2
cm into the ground.



tion on July 27 and  August 2 at Cherry Blossom

and University Club, respectively.  

Second-instars were confined in 39-cm

diameter metal enclosures covered with wire

mesh, as described earlier.  Eggs and neonates

were confined in white PVC cylinders (10.0-cm

diam × 10.2-cm height) driven 2 cm into the

ground to prevent escape and predation by non-

flying insects.  Different areas of each tee were

used on each sample or inoculation date, and those

dates were on alternate weeks for the two golf

courses because of the large amount of time

required to treat, inoculate, and sample the 12 tees

on each course.  

Surviving larvae from the egg and larval

challenges were recovered by soap flush 10 days

post-introduction.  All naturally occurring or inoc-

ulated larvae recovered in the samples were held

on diet until death or pupation, which was fol-

lowed by evaluation of incidence of virus infec-

tion, evaluated by microscopic examination of

hemolymph as described earlier. Cutworms recov-

ered from all experiments were held until death or

pupation.  Any larva showing signs of parasitism

was watched closely until adult parasitoids had

emerged.  Wasps and flies were identified by C. A.

Boring (University of Kentucky) and E. R.

Hoebeke (Cornell University), respectively.

Voucher specimens are deposited in the

University of Kentucky Insect Collection. 

Because all assays were done in the field,

recovery of larvae following egg or larval chal-

lenges was variable. In most cases, 5–20 larvae

were recovered per plot.  Analyses for numbers of

healthy or virus-infected larvae recovered were

based on counts, so all replicates were included.

Lethal virus infection in the small-plot trials sim-

ulating different golf course settings, the compar-

ison of putting green turf versus surrounds, and

the trials on whole tees under play was analyzed
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Figure 1.  Mean (± SE) percentage lethal infection of 3rd-instar A. ipsilon following 4-day exposure to 1-week-old residues of

AgipNMPV applied at 10 X108 occlusion bodies per m2 in three different golf course-type habitats.  Lethal infection was signif-
icantly greater in treated than in untreated plots in all settings.



using one-tailed paired t-tests.  Percentage data

were normalized by arcsine square-root transfor-

mation before analysis, and those few plots from

which fewer than 5 larvae were recovered were

treated as missing values to avoid calculating per-

centages on inadequate sample sizes.  

For evaluation of efficacy with or without

spray adjuvants, percentages of larvae dying from

virus were examined by weighted factorial analy-

sis of variance (ANOVA) for main effects and

interaction of treatments and virus residue age.

Percentages of larvae dying from virus within 3

days after recovery from the field also were ana-

lyzed to test the hypothesis that adjuvants would

accelerate lethal infection.  

Within each residue age, a weighted two-

way ANOVA and one-sided Dunnett’s tests were

used to compare treatments in the absence of the

control, and to compare treatments versus control,

respectively.  The brightener/lignin combination

was excluded from ANOVA factorial analyses

because it had not been applied on all dates, creat-

ing an unbalanced experimental design.  It was,

however, included for analyses of infection in lar-

val cohorts exposed to 3- or 5-week-old residues.  

Results

Small-Plot Field Evaluations in Golf Course
Settings 

One-week-old AgipNMPV residues result-

ed in 50–60% lethal infection when challenged

with third-instars (Figure 1).  Infection rates from

the 1-week challenge were higher in treated than

in untreated plots regardless of type of site.

However, there was almost no infection on any of

the sites when the treated turf was challenged with

third-instars 6 weeks after application, or again

the following May.  Hemolymph smears revealed

only 11 virus-infected larvae (4.9 %) among those

recovered from treated plots after 6 weeks, and

only one virus-killed larva the following May. 
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Figure 2. Residual infectivity of AgipMNPV applied at 10 X 109 occlusion bodies per m2 either alone or in combination with
1% optical brightener, lignin, or both.  Data are means (± SE).  The legend denotes the age of residues on September 18  when
each plot was challenged with 20 second-instars for 5 days.  The treatment with both adjuvants was not tested (NT) with 4-day-
old residues because stocks of virus were limited at that time.  Adjuvants did not synergize or prolong infectivity. 



Residual Activity on Closely-Mowed Putting
Green and Surrounds  

Percentages of larvae killed by 3-day-old

virus residues did not significantly differ between

paired plots on the sand-based creeping bentgrass

putting green surface or higher-mowed mixed-

grass surrounds (59% versus 50%, respectively).

Infection in treated plots was lower in the 2-week

challenge (15% versus 95% lethal infection,

respectively), again with no difference between

putting green plots and surrounds.  Mortality from

exposure to 3-day-old residues was higher in

treated plots than in controls in both settings

(putting green: 59% versus 7 % infection, respec-

tively; surrounds: 50% versus 0% infection,

respectively).  Infection rates were similarly low

in treated and untreated plots on the green and in

the surrounds at 2 weeks after application (putting

green: 15% versus 2.5%, respectively; surrounds:

8.6% versus 0.8% infection, respectively).  No

larval death due to virus infection occurred at any

site when larvae were exposed to 4-week-old

AgipMNPV residues.   

Residual Activity With or Without Adjuvants

Overall infection was 86, 60, and 20% at 4

days, 3 weeks, and 5 weeks after application,

respectively, with significant decline over time

(Figure 2).  The adjuvants, however, did not syn-

ergize or prolong infectivity. Four-day-old

residues of all treatments gave significantly high-

er rates of lethal infection than occurred in con-

trols.  Virus alone was the only treatment that pro-

vided significantly higher lethal infection 3 weeks

after application when compared to the control,

however, its efficacy was similar to all other treat-

ments.

Five weeks after application, infection lev-

els were low, highly variable, and did not signifi-

cantly differ in any of the treatments.  Percentage

of larvae dying from virus within 3 days after

recovery from the field decreased as virus

residues aged, but did not differ between treat-

ments, nor was there date by treatment interaction

(Figure 2).  

Residual Efficacy of AgipMNPV on Golf Course
Tees under Play  

Fresh (10-day-old) virus residues reduced

numbers of healthy (i.e., not lethally infected by

virus) larvae recovered from tees that had been

inoculated with eggs in mid-May by 76% and

82% at University Club and Cherry Blossom golf

courses, respectively (Figure 3). Similarly, 41%

fewer healthy larvae were recovered from treated

than from non-treated tees at University Club in

June, 10 days after the second inoculation with

eggs at 4 weeks after treatment.  However there

was no significant reduction at Cherry Blossom

(Figure 3). 

Numbers of non-infected larvae recovered

following the third inoculation with eggs, 12

weeks after treatment, did not differ between

treated and non-treated tees at University Club

(11.5 versus 3 , respectively), and in fact, were

somewhat higher on the treated than on the non-

treated tees.  Very few larvae were recovered fol-

lowing the same challenge at Cherry Blossom. No

significant treatment effect was evident when the

tees were challenged with cohorts of neonates two

months after treatment at University Club (9.5

versus 17.8 healthy cutworms recovered from

treated versus non-treated tees, respectively, or at

Cherry Blossom, 3.2 versus 6.5, respectively).   

Lethal infection of introduced second-

instars was significantly higher in treated plots at

1 week and 4 weeks after virus application at

University Club (Figure 4).  At Cherry Blossom,

however, percent lethal infection of second-instars

did not differ between treated and non-treated tees

at 1 week (15 verus 7, respectively) or 4 weeks

(9.7 versus 10, respectively) after application.

Natural infestation of the tees by A. ipsilon was

quite low, with only a few larvae recovered by

soap-drench sampling, so those data were not 

analyzed.  

Parasitism

Parasitoids emerged from 40 of the 164

neonate larvae (24%) that had been introduced

onto golf tees at University Club in June and
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recovered by soap flush after 10 days.  Of those,

30 were killed by the tachinid fly, Bonnetia comta
(Fallen), seven by braconid wasps, and the other

three were parasitized by Copidosoma bakeri
(Howard), a polyembryonic encyrtid wasp.   

At Cherry Blossom, 20 of the 65 larvae

(35%) recovered following the neonate introduc-

tions were parasitized, 10 by braconid wasps (two

Meteorus spp. and one Microplitis sp.), six by C.
bakeri, and four by B. comta.  C. bakeri para-

sitizes eggs of A. ipsilon (39), so its recovery in

samples of larvae presumed to have originated

from larval inoculations indicates that some larvae

recovered in those samples were from the natural

population. 

Seven of the 87 larvae recovered from the

tees at Cherry Blossom following the July13 egg

inoculation were parasitized, six by braconid

wasps and one by C. bakeri.  At University Club,

only one of the 87 cutworms recovered from the

July 10 egg inoculation was parasitized by a bra-

conid, but 22% (19 of 87) of those recovered fol-

lowing the August 28 egg inoculation of the same

tees were parasitized, 15 by braconids, three by C.
bakeri, and one by B. comta. No parasitoids

emerged from other inoculations at either golf

course. 

Discussion

Baculoviruses could realistically compete

with chemical insecticides for managing A.
ipsilon or other grass-feeding caterpillars on golf

courses or sport fields if one application provided

extended suppression once the virus became

established in the turfgrass (34, 35).  Potential

markets for AgipMNPV or other biological insec-

ticides include sustainably or organically-man-

aged golf courses, courses participating in envi-

ronmental stewardship programs (e.g., as wildlife

sanctuaries; 2, 14, 23), sites where surface runoff

of chemicals into ponds or streams is a concern

(48), and sport fields or other sites where the use

of chemical insecticides is prohibited or poses

unacceptable risk.  

Turfgrasses typically have a thatch layer

composed of living and dead stems, stolons, and

roots and partially decomposed organic matter

that accumulates between the living plants and

soil (18). Thatch binds and retains pesticide

residues (13, 28, 43), so we speculated it would

retain a virus reservoir that would induce lethal

infections for many weeks or months.  Virus

occlusion bodies can also persist on the underside

of leaves, in protected plant parts, and in the top-

soil (9).  

The hypothesis that higher-mowed grass

would protect the virus longer from UV degrada-

tion was not supported by infection rates in larval

9

Figure 3.  Mean (± SE) numbers of viable second- and third-

instars (excluding ones lethally infected by virus) recovered
10 days after inoculating golf course tees under play with A.
ipsilon eggs.  There were six treated and six non-treated
tees on each golf course.  Separate cohorts of eggs were
introduced 1 and 4 weeks after treated tees had been

sprayed with AgipMNPV (10 X109 occlusion bodies per m2).
Asterisks denote challenges in which there were fewer
viable larvae on the treated tees.



challenges. Fresh virus residues killed a high per-

centage of A. ipsilon in all heights of turf, but effi-

cacy lasted only a few weeks regardless of

whether the residues were on or around greens, on

tees, or in fairway-height grass. The frequent

mowing, clipping removal, and irrigation on golf

courses doubtless contribute to movement of virus

out of the turfgrass and, together with UV degra-

dation, account for loss of residual activity within

a few weeks.

Commercially produced baculoviruses

have been used to manage insect pests in agricul-

tural and forest settings (5, 11, 25, 44) and, in

some cases, one application has provided season-

long or multi-year control (15, 53).  Examples of

this include inoculative releases of a non-occlud-

ed virus of the rhinoceros beetle, Oryctes rhinoc-
eros L., in coconut palms (53), and releases of the

velvetbean caterpillar, Anticarsia gemmatalis
Hübner, baculovirus in soybean (15).  Our trials

on whole creeping bentgrass tees are the first to

evaluate a baculovirus for season-long control of

a pest on golf courses under actual maintenance

and play.  Although 1-week-old virus residues

reduced larval populations resulting from implant-

ed eggs by 76–82%, elevated infection of implant-

ed larvae lasted no more than a few weeks.  

Combining insect-pathogenic viruses with

optical brighteners (19, 40) or lignin (3, 30, 45)

may screen them from UV degradation and

enhance their longevity.  In this study, however,

such adjuvants failed to accelerate or extend effi-

cacy of AgipMNPV against A. ipsilon in fairway-

height creeping bentgrass.  Frequent mowing and

clipping removal of golf course fairways, tees,

and greens would soon remove viral occlusion

bodies deposited on grass blades, so residual virus

would be mostly on lower portions of the plants or

in the thatch or upper soil.  Any screening by adju-

vants might be less evident in a relatively dense

turfgrass canopy than in more exposed settings.   

Stilbene optical brighteners also bind to

the chitin in the caterpillar midgut, disrupting per-

itrophic membrane formation and increasing lar-

val susceptibility to baculovirus infection (47).

Thus their use as adjuvants can provide compara-

ble infection of target pests at lower virus applica-

tion rates (7, 40, 41).  The relatively high applica-

tion rate used in our field trial, where the virus

alone gave 80-90% infection for as long as 3

weeks, may have masked any short-term syner-

gism that might have been apparent at a lower

rate. 

Most of the previous studies documenting

synergism of a baculovirus by optical brighteners

were in systems where the plant canopy offered

significant protection from sunlight (49, 54).

Benefits of adding a brightener might be less evi-

dent in more exposed turfgrass systems, since

some brighteners themselves can be degraded

within a few days of application (46).  Boughton

et al (7), for example, found that the optical

brightener M2R, which reduced the LD50 of

AgipMNPV to A. ipsilon in the laboratory, failed

to enhance its efficacy against the same pest in

greenhouse- or field-grown corn. 

In caterpillars, a defense mechanism

known as midgut cell sloughing, triggered by

virus-challenged midgut epithelial cells, becomes

increasingly developed in later instars (17).

Neonate A. ipsilon are especially vulnerable to

AgipMNPV whereas later instars must ingest

higher dosages to become lethally infected (35).

Black cutworm moths deposit eggs on grass

blades in turfgrass settings (51), so neonates

would be exposed to virus residues and ideally are

killed before reaching destructive size.  

First-instars are highly susceptible to

insect predation (22) and difficult to sample by

soap drench and recover from turf field plots, so

second- or third-instars were used for most trials

herein.  Mortality from virus would likely have

been higher had neonates been used, a supposition

supported by the 76-82% reduction in larval pop-

ulation when the virus-sprayed tees were inoculat-

ed with eggs.  Lethal infection of the second- and

third-instars probably also would have been high-

er had the larvae been left to feed longer in the

treated turf, rather than being sampled, brought

back, and transferred to virus-free diet for assess-

ment after a few days .  

Golf putting greens receive more pesti-

cides per unit area than any other turfgrass sites

(42), so they are a focal point for concerns about
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insecticide leaching, surface runoff, and potential

exposure to golfers.  Golf, however, requires

smooth uniform playing surfaces, especially on

greens, so many golf superintendents treat for cut-

worms multiple times per growing season.  In the

northeastern United States, another key pest, the

annual bluegrass weevil (Listronotus maculicolis
Lietz; Coleoptera: Curculionidae), is increasingly

resistant to pyrethroids (36), which likely has been

exacerbated by reliance on the same chemical

class for cutworm control.  By diversifying

options for cutworm control, an AgipMNPV-

based bio-insecticide could be useful in resistance

management of L. maculicolis and other turf pests

(e.g., billbugs, chinch bugs) having similarly lim-

ited dispersal and out-crossing capability.        

Little is known about the identity of black

cutworm parasitoids in turfgrass habitats or how

much they contribute to biological control.

Although parasitism was not the focus of this

study, parasitoids emerged from 24% and 31% of

the cutworms recovered following neonate larval

introductions on tees of the two golf courses in

June, and from 22% of larvae recovered from egg

inoculation sites at University Club in August.  Of

those, Meteorus spp. and Microplitis sp. oviposit

into larvae (Bixby and Potter, unpublished data),

whereas C. bakeri is a polyembryonic encyrtid

that oviposits in the host egg (39).  Females of the

tachinid B. comta are attracted to host frass and

larviposit near the cutworm burrow; the planidial

maggot then burrows into the host larva (8, 37,

Bixby, unpublished data).  Clearly those para-

sitoids, and likely others, contribute to biological

control of A. ipsilon in turfgrass, so conservation

of their benefits is another reason why a selective,

baculovirus-based insecticide would be useful for

managing cutworms on golf courses.  

Conclusions

In summary, while it was hoped that

AgipMNPV could provide season-long control of

A. ipsilon in golf course settings, our results sug-

gest it may be better suited for targeted knock-

11

Figure 4.  Mean (± SE) percentage lethal infection by AgipMNPV in cohorts of second-instar A. ipsilon introduced onto treated

and untreated golf course tees at 1, 4, or 12 weeks after the virus was applied.  These data are from University Club only.
Asterisks denote challenges in which virus residues provided significantly higher infection than occurred on the non-treated
tees. 



down of early instars than for season-long residual

control. Golf courses are severe environments for

entomopathogens.  Daily or frequent mowing and

clipping removal, irrigation, and other intensive

management practices are not conducive to main-

taining lethal levels of baculoviruses on grass

foliage.  Multiple applications per growing season

may be required to manage cutworms or other

grass-feeding caterpillars on such high-profile

sites as putting greens.  Nonetheless, we were lim-

ited to spraying a self-made crude AgipMNPV

suspension. Better control possibly could be

gained by selecting for AgipMNPV strains having

higher virulence, or by formulating the virus with

synergists or performance-enhancing adjuvants

other than those tested.  

As with most entomopathogens, commer-

cial success of AgipMNPV would be facilitated

by advances in in vitro-production methodology

allowing the virus to be produced more economi-

cally and in greater amounts (5, 21, 50).  Despite

those hurdles, turf provides a strong potential mar-

ket for biological insecticides, and efforts to

develop AgipMNPV or other baculoviruses for

sustainable golf course management are

warranted.
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