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ABSTRACT  Beaureria bassiana Balsamo) Vuillimen has been identified as a naturally
occurring pathogen of larval lesser cornstalk borer, Elasmopalpus lignosellus (Zeller). Studies
were conducted to determine the effects of a commercial B. bassiana spore preparation
(ABG-6178, Abbott Laboratories on larvae of E. lignosellus. B. bassiana was virulent to first
and third instars in bioassays in which inoculum was applied to leaf substrates: First instars
were more susceptible than third instars. Larvae treated with B. bassiana continued to develop
and consume food at normal rates until they died or pupated. Higher conidial levels were
required to cause mortality when inoculum was mixed into the larval soil habitat. Sterilizing
soil before bicassaving resulted in a 10- and 1,000-fold reduction in LC,, values required to

kill first and third instars, respectively.
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LESSER CORNSTALK BOREs. ztasmopatpus ligico-
sellus (Zellery, is a pest of many important agri-
cultural crops. An alternative to chemical control
for E. lignosellus is biclogical control: survevs of
parasites and pathogens have revealed an arrav of
potential biotic control agents (Chalfant et al. 1982),
However, no research has been done to increase
the effectiveness of these natural control agents.
Pathogens identified from larvac of E. lignosellus
include a granulosis virus: an entomoposvirus; a
microsporidium: a Bacillus sp.: and sc veral fungi,
including Beauveria bassiuna (Balsamor \uilli-
men, Aspergillus spp.. and Fusarium sp. . Johnson
1978, Funderburk et al. 1984) The entomopox-
virus, the granulosis virus. and the microsporidium
are obligate intracellular pathogens and must be
produced within larvae. In contrast. the fungal
pathogen B. bassiana may be readily mass pro-
duced on various mveological media. This fungus.
already in wide-scale use tn eastern Europe, USSR,
and China. is currently being researched in the
United States for its potential against various soil-
dwelling and stem-boring insect pests : Gottwald &
Tedders 1983, Feng et al. 1983, McCov et ul. 1983,

Preliminary bioassavs in our laboratory dem-
onstrated that first instars of £. lignosellus were
susceptible tou commercial B. bassiana spore prep-
aration (ABG-6178: Abbott Laboratories. North

Departmient of Entomologs and Nematology, University of
Florida, Gasnesvitle, Fla 523351

Flonda Department of Agnienlture and Consumer Services,
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Chicago. dIL) The objective of our studv was t.
determine the effects of this B. bassiana strain o
the consumption, development, a-:d wortality o
first and thir ! instars of E. lignosetius. Additiona
assavs also were performed to evaluate the effec

of B. bassiana-treated soil on t'.. survival of larvae

Materials and Methods

Elasmopalpus lignosellus were reared on an ar-
tificial diet (Chalfant 1975) in 30-ml plastic rearing
cups at 27 = 2°C with a 14:10 (L:D) photoperioc
and 60 = 5% RH. Larvae used in the experiments
were first and third instars, Third instars used ir
the bioassays were transferred as neonates to ex-
cised sovbean leaflets and allowed to feed until
reaching the third instar

A wettable-powder spore preparation of B. bas-
siana (hatch #16297-147, Abbott Lahoratories) was
suspended and diluted in sterile distilled water to
obtain the following range of concentrations: 0, 10.
0. 100, 300. and 1,000 colouy-forming units
(CFU) em® leaf surface. A 40-ul droplet of each
concentration was spread across the underneath
surtace of a sovbean leaf disk (1.7 em diameter)
and allowed to air dry. One first or third instar was
placed in each 30-ml plastic rearing cup containing
one treated leal disk and allowed to feed on the
treated leaf disk for 5 d. Cups were placed in plastic
crispers and maintained in an incubator at 27 =
2°C and photoperiod of 1410 (L:D). The experi-
ment consisted ot six treatments with three repli-
cations per treatment and 20 larvae per replication.
Mortality was monitored 2,5, 7, 9. 12, 14, 16, 19,
and 21 d Tollowing treatment. Untreated control
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Table 1. Estimates of LC|y. LC;50, and LCyy (CFU/cm?
leal surface) for B. bassiana 12 d after treatment against
first and third instars of E. lignosellus
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Table 2. Calculated LT3, values (days) for first and
third instars of E. lignosellus treated with various concen-
trations (CFU/em® leof surface) of B. bassiana

In-

star LCi=95% CL) Slope

First LClo =870 <« 10°1:222 < 19-1.78 « 10°HY 112
LCsp =121 < 10! (1.93 % 101-6.05 =< 10Y)
LCy = 1.68 « 10° (318 x 10°-1.08 x 10%)

Third  LCjo = 128 < 10! (1.1 x 10Y-1.06 % 10-%) Q.50
LCsp = 5.07 x 108 (182 < 10%-1.83 x 10H

LCap = 187 < 10% (8.03 x IM-373 x 10H

mortality data were corrected using an Abbott's
(11925) formula before probit analysis was done,
and estimates of LC,,, LC,, LCy, and LT, and
the confidence limits (CL, of each estimate were
determined by probit analvses using SAS (SAS In-
stitute 1982).

The relative consumption and development of
B. bassiana-infected larvae were compared with
those of untreated larvae. Leaf disks, removed from
bioassay containers, were cleaned of debris and
oven dricd. Fresh leaf disks were supplied at 3, 7,
12. 14, 16, and 19 d after exposure. Consumption
was measured by subtracting the weight of re-
maining dried leal disks from an average of 20
whole teaf disks. Weight of surviving larvae was
recorded at 9. 14, and 21 d {or larvace exposed as
tirst instar and at 7 and 14 d for larvae exposed as
third instar. The stage of development of treated
and untreated larvae was recorded at 7. 14, and
21 d after treatment for first instars and at 7 and
14 d for third instars. Days to pupation and pupal
weight also were determined. These data were sub-
jected to analvsis of variance for a randomized
complete block design  Cochran & Cox 1957) with
significantly different means (P < 0.031 separated
by Duncan’s (1953) multiple-range test.

The persistence of B. basstana in soil (Grossar-
enic Paleudult. loamy siliceous. thermie) collected
in Quiney, Fla., was investigated using the same
spore preparation ot B. bussiana as described pre-
viously. The range of concentrations in this exper-
iment was 1,000-500,000 CFU e’ of field soil.
The experiment for first instars consisted of five
fungal treatments and two soil treatments taute-
claved and unautoclaved soil), with six replications
per soil treatment and 10 larvae per replication.
The experiment involving third instars consisted of
six fungal treatments 1nd two soil treatments, with
four replications per fungal-soil treatment and 10
larvae per replication. The autoclaved soil used in
the experiments was autoclaved twice. The sor-
ghum seedlings nsed in these assavs were germi-
nated in 1d-cm Petri dishes lined with tilter paper
and kept moist with a 6.23% benomyl solution to
prevent funeal growth. A l-em sample of auto-
claved or unantoclaved soil was praced in a 30-ml
plastic rearig cap, and u 40-gl droplet of the ap-
propriate spore concentratton was imixed -.',entl_\'
it the sold and allosed o drv. One 3-d-old sor-

105y (295% CLY

CFU/em?

First instar Third instar

10 3 7.3-122) 196 (31.5-15.7)
30 835 (9.7-7.2) 12.4(15.7-106)
100 6.6 (7.9-4.9) 126 (145-11.4)
500 5.7 (6.3-3.0) 10.2(12.0-8.7)
1.000 44 (3.1-3.3) 6.3 (8.1-3.3)

ghum seedling and one first instar were placed in
each cup containing soil treatments. Cups were
placed in crispers and maintained in an incubator
al 27 = 2°C and photoperiod of 14:10. For the
third instar, a second sorghum seedling was added
to each cup 4 d later. Mortality of-first and third
instars was recorded 8 d after exposure, and dose-
response data were analyzed as previouslv de-
seribed.

Results and Discussion

Diiferences in susceptibility to B. bassiana ap-
plied on leaf substrates between first and third in-
stars of E. lignoseilus are evident in the analvses
of the dose~response data at 12 d after treatment
(Table 1). The estimated LC., and LC,, values for
first and third instars represented a -i- and 111-fold
difference in susceptibility, cespectively. As B. bas-
sidnu cencentrations inereased. calculated LTy,
values decreused for first and third instars (Table
2% At dosages of 30 CFU cmi? leaf surface or higher,
time to 307 mortality of first instars ranged be-
tween about 4 and $ d. whereas 30% mortality of
third instars oceurred between about 6 and 12 d
after treatment,

Weight and development timnes of untreated and
surviving B. bassiana-treated E. lignosellus larvae
were statistically similar (Table 3). Most larvae ex-
posed us (irst instars to rates of 10? conidia: cm® or
greater died before suecessfully pupating. Larvae
exposed as first instars to rates of 30 conidia/cm?
or less were fifth or sixth instars 1.4 d after exposure,
with mean days to pupation at these rates ranging
between 16.1 and 17.5. Mean dayvs to pupation for
larvae exposed as third instars and surviving to
pupation ranged between 8.5 and 10.7 at all dosage
rates,

Mean cumulative leat consumption of untreated
and B. bassiana-treated larvae was statistically sim-
ilar (Table ). As with estimates for weight and
development. reliable estimates of cumulative leaf
consumnption 1 d after exposure were not obtained
for larvae exposed us first instars to rates of 102
conidia, em? or ¢reater becanse of high mortality.
Leaf consmnption inecreased greatly with devel-
opment antil larvae neared pupation. Cumulative
consinption of untreated larvae over development
From tirst instar to pupation was deseribed by the
regression equation Y = —0.00203X - ().000393X:
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(P < 0.0001: r* = 0.88), whete X is davs of larval
development and Y is meen cumulative leaf econ-
sumption in grams.

In autoelaved soil. third mstars were 1.300-fold
more susceptible to B. bassiana than tirst instars
{Table 3). In unautoclaved soil, only a 1.3-fold dif-
ference existed between the susceptibility of third
and first instars. Furthermore, autoclaving the soil
substrate resulted in - 3.4- and 72.3-fold reduction
in the conidial dosage reqnired to kill an estimated
50% of firs’ and third instars, respectively.

Based nn analvses of the dose-response data (Ta-
ble 1), first instars of E. lignosellus appear to be
more susceptible to B. bussiana than those of other
lepidopterous pests repo-ted in the literature. For
example, [gnoffo et al. 1 1982), using a similar assay
protocol, reported LC,, values of 1.39 < 10 CFU/
cm* leafl surface of B. bassiana against neonate
Trichoplusia ni (Hiitbner). Similarly, approximate-
ly 3 x 10* CFU ‘cm? was the calculated LC,, value
for frst instars of Ostrinia nubilalis (Hiibner) lar-
vae (Feng et ai. 1983). These values are 10- and
3,000-fold greater, respectively, than the caleulat-
ed LC,, (12,1 CFU - em® for lirst instars of E. lig-
nosellus. The slope value of 1,12 from the dose-
response regression line for first instars of E. lig-
nosellus was similar to slope values of 107 to 1.33
calculated for the above-mentioned inseets. The
results of the leat disk bioassay indicated that with
maturation, larvae of E. lignosellus became in-
creasinglyv resistant to B. basswna. A similar re-
sponse has been reported with other lepidopterous
defoliators challenged with B. bassiuna (Gardner
& Noblet 1979, Feng et al. 19855, Dosage and the
age of host had a direet influence on the time re-
quired for B. bassiana to kill larvae of E. ligno-
sellus. Larvae treated with B. bassiana continued
to consume {oliage and mature at a normal rate.

The results of the B. basstiana-soil assavs indi-
cated that high levels of spores would be required
to provide control of E. fignosellus under field con-
ditions. To achicve 90% mortality of first or third
instars, un estimated dosage of 1P CFU cm of soil
would be required. Potentially, localizing inocu-
lum application to the stem of host plants would
reduce the inoculun load required to suppress pop-
ulations, The equivalent susceptibility of tirst and
third instars under these conditions suggests that
the lurger larvae are contacting higher levels of B,
basswana in the soil than first instars. Whether this
is related to differences in imsect movement. feed-
ing behavior. or bodv surfuce area is unknown.
However. these results suggest that dosages that
will control neonate larvae will effectively reduce
numbers of later instars. Sterilizing soil before assay
caused a 10- and LOOO-fold reduction in the LC,,
values required o kiil irst and third instars, re-
spectively, Fungistatic mechanisms such as those
described by Lingg & Donaldson (1951 mav be
operating ta inhibit the bioactivity ot B. basswana
inour sl Alternativelv, B bassiana mav be grow-
iy segetativedy in autoclaved soil. resulting in in-

ffects of B. bassiana on weight and development of E. lignosellus lorvae exposed as first or third instar

Table
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Table t. Effects of B. bassiana on cumulative lenfl consumption by larvae of E. lignosellus exposed as first or third
instar
Mean leaf diy wt consumption, mg (=SEM}s
Instar CFU,em?  ——
n Day 3 n Dav 9 n Day 14
First 0 34 1.60.2) 43 11.340.7) 32 41.2(2.3)
10 33 1503 38 115D 29 41.7(7.8)
50 373 1.2(0.2) 23 9.2(1.'}) 9 32.2(6.7)
100 44 0.4(0.1) 11 11.3(1.6) ND
500 38 1.6 (0.2) 9 8.6 (1.6) ND
1,000 28 L.2(0.4) 3 5.6(1.3) ND
Third 0 52 31.1(1.9) 44 33.042.9) 41 53.7(2.6)
10 36 28.4(1.7) 42 32.8(3.0) 38 56.6 (2.9)
50 19 28.6(2.6) 33 44.6(4.2) 28 30.5 (4.1)
100 35 31.12.0) 32 33.9 (4.2} 28 29.6 (4.2)
300 48 29.6 (2.6} 28 37849 24 39.3(5.3)
1.000 43 277070 15 40.8(5.9) 11 39.6 (6.3)

Means within columns are not significantly different
4 ND, not determined because nearly all larvae died

oculum levels higher than the original CFU level
added to soil substrates.

Beauvaria bassiana shows promise as a biological
control agent against larvae of E. lignosellus. The
fungus was highly virulent to first and third instars
when inoculum was applied to leaf surfaces, but
first instars were more susceptible than third in-
stars. Larvae treated with 8. bassiana continued to
develop and consume food at nermal rates until
death or pupation occurred. Higher levels were
required to cause mortality when inoculum was
mixed with soil. Consequently, better rasults may
be obtained in field efficacy experiments bv ap-
plying inoculum of B. bassiana directly to crop
structures used as food rather than to the larval soil
habitat.
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(P < 0.05; Duncan’s {1953) multiple range test).
before 14 d.
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