
BIOLOGICAL CONTROL

Fungicidal Effects of Glyphosate and Glyphosate Formulations on Four
Species of Entomopathogenic Fungi

W. E. MORJAN,1 L. P. PEDIGO,2 AND L. C. LEWIS3

Environ. Entomol. 31(6): 1206Ð1212 (2002)

ABSTRACT Fungicidal effects of glyphosate and glyphosate formulations on the entomopathogenic
fungi Beauveria bassiana (Balsamo) Vuillemin, Metarhizium anisopliae (Metchnikoff) Sorokin, No-
muraea rileyi (Farlow) Samson, and Neozygites floridana Weiser & Muma were evaluated under
laboratory conditions. Media previously inoculated with entomopathogenic fungi were exposed to
distilled water, glyphosate (active ingredient), seven glyphosate formulations, and Þve blank formu-
lations (carrier only). The fungicidal activity was determined by measuring inhibition in mycelial
growth in solid media (B. bassiana, M. anisopliae, and N. rileyi), and spore concentration in liquid
medium (N. floridana). Glyphosate did not have fungicidal activity against any of the fungi tested.
Fungicidal propertiesof glyphosate formulationsvariedamong fungal species.Neozygitesfloridanaand
M. anisopliae were susceptible to all glyphosate formulations. RoundUp Ready-To-Use was consis-
tently the glyphosate formulation with one of the strongest fungicidal properties. Fungicidal activity
of some formulations had a synergistic effect with glyphosate. RoundUp Original was the only
formulation that did not show any interaction on fungicidal activity between glyphosate and the
formulation. The results showed that the four fungi tested are susceptible to various glyphosate
formulations when exposed to Þeld concentrations.

RESUMEN Los effectos fungicidas de glyphosato y formulaciones de glyphosato fueron evaluados
bajo condiciones de laboratorio en los hongos entomopatógenos Beauveria bassiana (Balsamo)
Vuillemin, Metarhizium anisopliae (Metchnikoff) Sorokin, Nomuraea rileyi (Farlow) Samson, y
Neozygites floridanaWeiser &Muma. Medios de crecimiento previamente inoculados con los hongos
entomopatógenos fueron expuestos a agua destilada, glyphosato (ingrediente activo), siete formu-
laciones de glyphosato, y cinco formulaciones sin ingrediente activo (solamente inertes). La actividad
fungicida fue determinada enmedios de crecimiento sólidosmidiendo el área de crecimientomiceliar
inhibido (B. bassiana, M. anisopliae, y N. rileyi), y en el medio de crecimiento lṍquido determinando
la densidad de esporas (N. floridana). Glyphosato no tuvo ninguna actividad fungicida para ninguno
de los hongos. Las propiedades fungicidas de las formulaciones de glyphosato diferieron entre las
especies de hongos. Neozygites floridana y M. anisopliae fueron susceptibles a todas las formulaciones
de glyphosato. RoundUpReady-To-Use fue consistentemente una de las formulaciones de glyphosato
con propiedades fungicidas mas fuertes. La actividad fungicida de varias formulaciones tuvieron un
effecto sinérgico con glyphosato. RoundUp Original fue la única formulación que no mostró ninguna
interacción en la actividad fungicida entre glyphosato y la formulacion. Los resultados muestran que
los cuatro hongos en este estudio son susceptibles a varias de las formulaciones de glyphosato cuando
expuestos a concentraciones de campo.

KEY WORDS entomopathogens, nontarget effects, fungicidal effects, roundup, herbicide, biolog-
ical control

LITTLE IS KNOWN about the interaction among herbi-
cides and microorganisms compared with the knowl-
edgeof theeffects of herbicides onplants. Somedirect
effects of herbicides, besides killing weeds, may in-
clude predisposition of fungi to fungicides, acting as

synergistics orhaving fungicidal properties (Levesque
and Rahe 1992). Herbicides also may have indirect
effects caused by weed control. These may include
changes in the normal interaction between fungi,
crop, and weeds, and changes in microenvironment
(Levesque and Rahe 1992).
One of the herbicides that ranks among the top 10

herbicidesused in theUnitedStates in agricultural and
nonagricultural situations is glyphosate (Cox 1995).
Glyphosate (N-[phosphonomethyl]glycine) is a
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broad-spectrum herbicide sold under the trade names
ofRoundup,Rodeo,Accord,Kleenup, andVision. The
total sales of Roundup were approximately $1 billion
in 1991 (Levesque andRahe 1992). In Canada in 1988,
81%of the forests treatedwithherbicideswere treated
with Roundup (Levesque and Rahe 1992).
Glyphosate inhibits the biosynthesis of aromatic

amino acids in shoots and roots tips in plants and some
microorganisms by inhibiting the enzyme EPSP (5-
enolpyruvylshikimate-phosphate)of the shikimic acid
pathway (Jaworski 1972, Steinrücken and Amrhein
1980). The absence of the shikimic acid pathway in
animalsmeans thatglyphosatehasvery lowtoxicity for
animals (Levesque and Rahe 1992).
Because glyphosate is a nonselective herbicide, its

use in agriculture crops was limited to preplanting
sprays, spot sprays, or screen sprays. Thus, sprays
rarely covered 100% of the crop area once the crops
emerged.However,with genetically engineeredcrops
resistant to glyphosate, such as Roundup Ready Soy-
bean and Roundup Ready Corn, glyphosate is now
sprayedonnearly 100%of theplanted area after emer-
gence.
Some formulated glyphosate have shown some fun-

gicidal properties. These properties vary among
pathogenic and saprophytic fungal species (Grossbard
and Atkinson 1985, Chakravarty and Chatarpaul
1990a,Wardle and Parkinson 1992). For example, fun-
gicidal effects from formulated glyphosate have been
reported in species such as Rhizoctonia solani Kühn
(Black et al. 1996), Fusarium solani (Martius) Sac-
cardo (Abdulsalam et al. 1990, Kawate et al. 1992),
Glomus etunicatum Becker & Gerdemann (Paula and
Zambolim 1994), Nectria galligena Bresadola (Burgiel
and Grabowski 1996), Septoria nodorum Berkeley
(Harris and Grossbard 1979), and Phytophthora spp.
(Utkhede 1982, Kassaby 1985, Kassaby and Hepworth
1987); but no detrimental effects from these formu-
lations have been reported against species such as
Drechslera teres (Saccardo) Shoemaker (Toubia-
Rahme et al. 1992) and Pythium ultimum Trow (Ka-
wate et al. 1992).
Although glyphosate may negatively affect micro-

organisms, it has been suggested such effects are not
likely under Þeld conditions (Cox 1995). The reason-
ing is that glyphosatebinds to clay andmany soil types,
reducing its movement in the soil (Cox 1995). There-
fore, glyphosate formulations will be present in the
surface of the soil of the areas treated. Knowing this,
and that the half-life of glyphosate can be up to 141 d
in Iowa soils (Cox 1995), negative consequences may
occur to entomopathogenic fungi that generally in-
habit the soil surface.
In Iowa and othermidwestern states, entomopatho-

genic fungi play a key role in causing diseases in
arthropod populations. With adequate moisture and
temperature, entomopathogenic fungi are considered
the most important mortality factor of several arthro-
pod pests, maintaining populations below economic
thresholds. The twospotted spider mite (Tetranychus
urticae Koch) in soybeans and corn is maintained at
subeconomic levels by Neozygites floridana Weiser

and Muma in Þelds with high relative humidity (Klu-
bertanz 1989, Klubertanz et al. 1991). Another pest is
the green cloverworm [Hypena scabra (F.)] on soy-
beans, which is usually suppressed byNomuraea rileyi
(Farlow)Samson(Rice 1997).Other pests suppressed
by fungi include the alfalfa weevil [Hypera postica
(Gyllenhal)] by Zoophthora phytonomi (Arthur)
Batko in alfalfa Þelds (Giles et al. 1994), and grass-
hopper (Acrididae) populations by Entomophaga
grylli (Fresenius) Batko (Pickford and Riegert 1963).
In crops where environmental conditions or chem-

icals negatively affect entomopathogens, spider mites
usually become a serious pest very rapidly (Campbell
1978, Brandenburg and Kennedy 1983, Bower et al.
1995). This is caused by their extremely short gener-
ation time (14 d to complete a generation) and female
fecundity (�300 eggs per female) (Huffaker et al.
1969). In Iowa in 1988, 2.4 million acres of soybeans
were treated with insecticide because of a spider mite
outbreak (Higley and Boethel 1994), and many Þelds
that were not treated on time had yield losses of
40Ð60%(Higley andWintersteen 1989). In 1997, small
outbreaks of spider mites in Þelds planted with trans-
genic soybeans were reported in Story County, IA
(L. P. Pedigo, personal communication). If ento-
mopathogenic fungi are susceptible to glyphosate for-
mulations, spraying this herbicidewith 100% coverage
in soybean Þelds may be detrimental to the ento-
mopathogenic fungi. Thus, this could enhance pest
outbreaks requiring the use of insecticides.
Therefore, the objective of this study was to eval-

uate the effects of glyphosate and glyphosate formu-
lations on the entomopathogenic fungi Beauveria bas-
siana, Nomuraea rileyi, Metarhizium anisopliae
(Metchnikoff) Sorokin, and Neozygites floridana.

Materials and Methods

Isolates. Four species of entomopathogenic fungi
were obtained from USDA-ARS collection of ento-
mopathogenic fungi (ARSEF) Ithaca,NY.The species
included: (1) Beauveria bassiana (Deuteromycetes:
Moniliales) cultureNo. 501 (R.L. Jones) isolated from
European corn borer, Ostrinia nubilalis (Hübner)
(Lepidoptera: Crambidae), (2) Nomuraea rileyi
(Deuteromycetes: Moniliales) culture No. 762 (T. A.
Coudron) isolated from green cloverworm, Hypena
scabra (Lepidoptera: Noctuidae), (3) Metarhizium
anisopliae (Deuteromycetes: Moniliales) culture No.
324 (Commonwealth ScientiÞc and Industrial Re-
search Organization FI48) isolated from Austracris
guttulosa (Orthoptera: Acrididae), (4) Neozygites
floridana (Zygomycetes: Entomophthorales) culture
No. 662 (R. A. Humber) isolated from twospotted
spider mite Tetranychus urticae (Acari: Tetranychi-
dae).

Growth Media. B. bassiana and M. anisopliae were
grown on Sabouraud dextrose agar plus 1% yeast ex-
tract (SDAY) (4% dextrose, 1% peptone, 1.5% agar,
and 1% yeast extract). N. rileyi was grown on Sab-
ouraud maltose agar plus 1% yeast extract (SMAY)
(4% maltose, 1% peptone, 1.5% agar, and 1% yeast
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extract). Each petri dish had 13 ml of media. N. flori-
dana was grown in liquid tissue culture medium
(GraceÕs medium, and 5% fetal bovine serum).

Treatments. The treatments consisted of seven
glyphosate formulations, Þve blank formulations (for-
mulations without the active ingredient, isopro-
pylamine salt), glyphosate (pure active ingredient as
isopropylamine salt) as a control for formulations, and
distilled water as a control (Table 1). The concentra-
tion of glyphosate, glyphosate formulations, and blank
formulations were standardized to 0.96% active ingre-
dient, the lowest recommended dose for Þeld appli-
cations.

InVitroTests.Experimentswere conducted at 21�
2�C, and fungi were grown for 21 d. Fungal inocula
were cultured from the original isolates in petri dishes
(solid media) for B. bassiana, M. anisopliae, and N.
rileyi, and in tissue culture ßasks (liquid medium) for
N. floridana. Conidia grown in petri dishes were har-
vested in 100-ml vials containing sterilized distilled
water. This spore-suspensionwas used for inoculation
in theexperimentwith fungi grown in solidmedia.The
N. floridana, inoculum consisted of the liquid medium
with fungus without dilutions. The concentration of

spores was 13.7 � 106 spores/ml for B. bassiana, 6.2 �
106 spores/ml forM.anisopliae, 5.5� 106 spores/ml for
N. rileyi, and 180 � 106 spores/ml for N. floridana.
Petri dishes containing media speciÞc for each fun-

gus were inoculated by pouring 1 ml of spore suspen-
sion on themedia and distributedwith a sterilized cell
spreader (6 cm long). Treatments were applied by
individual blank paper discs of 6.36 mm diameter
(BBL, Fisher, Pittsburgh, PA). The blank paper discs
were submerged individually for 5 min in beakers
containing designated treatments (Table 1). Then the
discswereplacedona sterile petri dish to let themdry,
and after dried, they were placed in the inoculated
petri dish (Fig. 1). Each treatment had 10 replicates.
For N. floridana, 8 ml of medium was poured into

tissue culture ßasks (50 ml capacity) and inoculated
with 1 ml of spore suspension. Treatments (Table 1)
were applied to individual culture ßasks with 1 ml of
treatment solution. Each treatment had six replicates.

Growth Inhibition Measurements. The fungicidal
effects of the treatments were evaluated after 21 d.
Fungicidal effects in B. bassiana, M. anisopliae, and N.
rileyi were quantiÞed as the area (cm2) around the
blank paper discs with no and poor mycelial devel-
opment. Measurements were taken by capturing dig-
ital pictures of the petri dishes using an Apple Com-
puter (Cupertino, CA) G3 computer equipped with a
Scion Corporation (Federick, MD) CG-7 frame-grab-
ber and a Sony (Itasca, IL) DXC-3000A color video
camera. This apparatus was set to capture images at a
resolution of 18.8 pixels/mm2. The photographs were
analyzed using Scanalytic, Incorporated (Fairfax, VA)
IPLab image analysis software, measuring the area
around paper discs showing fungal inhibition. For N.
floridana, fungicidal properties of the treatmentswere
measured as the spore concentration (primary
conidia/ml) by using a hemacytometer.
Data were analyzed as a completely randomized

design and separation of means was done using least
signiÞcant comparisonanalysis (Fisherprotected least
signiÞcant difference [LSD]) (PROC analysis of vari-
ance, SAS Institute 1985).

Table 1. Treatments used in this study (treatments at 0.96%
[AI])

Treatment with glyphosate Treatment without glyphosate

RoundUp Ready-To-Usea

RoundUp Ultra 2b

RoundUp Originalb RoundUp Original (blank)b

RoundUp Prob RoundUp Pro (blank)b

RoundUp Ultrab RoundUp Ultra (blank)b

RoundUp RTb RoundUp RT (blank)b

RoundUp Ultra RTb RoundUp Ultra RT (blank)b

Glyphosate (99% purity)c Distilled water (control)

Blank formulations were diluted to the equivalent of the dilutions
of glyphosate formulations (0.96% [AI]).

a Formulationobtained fromcommercial retailer (WallMart,Ames,
IA)

b Formulation obtained fromMonsanto Company (St. Louis, MO)
c Active ingredient obtained from Chem Service (West Chester,

PA)

Fig. 1. Graphic representation of petri dishes inoculated with entomopathogens and distribution of treatments applied
withblankpaperdiscs.Numbers and letter represent treatments.W,distilledwater;G, glyphosate; 1,RoundUpReady-To-Use;
2, RoundUp Ultra2; 3, RoundUp Original; 4, RoundUp Original blank; 5, RoundUp Pro; 6, RoundUp Pro blank; 7, RoundUp
Ultra; 8, RoundUp Ultra blank; 9, RoundUp RT; 10, RoundUp RT blank; 11, RoundUp UltraRT; 12, RoundUp UltraRT blank
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Results and Discussion

Effect of Glyphosate.No statistically signiÞcant dif-
ferences in fungal inhibition were detected between
glyphosate (N-[phosphonomethyl]glycine) and dis-
tilled water on the four entomopathogenic fungi
tested (P � 0.05) (Table 2; Fig. 2). These results
indicate that spore germination and mycelial growth
of B. bassiana, M. anisopliae, N. rileyi, and N. floridana
are not affected by glyphosate active ingredient when
exposed to a Þeld concentration of 0.96% (AI). In
contrast, studies with the plant pathogenic fungi
Fusarium solani and Pythiumultimumhave shown that
mycelial growth and spore production are stimulated

or inhibited by glyphosate (pure active ingredient),
depending on concentrations of the active ingredient
(Kawate et al. 1992).
Even though studies on the fungicidal properties of

glyphosate against several species of plant pathogenic,
saprophytic, and entomopathogenic fungi have re-
ported high variability, we were not able to compare
these data with our results. Those studies used herbi-
cide formulations containing glyphosate, but glypho-
sate (active ingredient) alone was not tested (Harris
and Grossbard 1979; Utkhede 1982; Johal and Rahe
1984; Kassaby 1985; Chakravarty and Sidhu 1987;
Kassaby andHepworth 1987;Mekwatanakarn and Siv-

Table 2. Effect of glyphosate, glyphosate formulations, and blank formulations on the in vitro growth of three entomopathogenic fungal
species

Treatment

Entomopathogenic fungi

Beauveria
bassiana

Metarhizium
anisopliae

Nomuraea rileyi

RoundUp Ready-To-Use 2.93 � 0.84a 6.84 � 1.70a 7.55 � 1.63a
RoundUp Ultra 2 0.56 � 0.80cde 4.25 � 1.73b 3.11 � 1.65c
RoundUp Original 0.23 � 0.26e 2.80 � 1.38bcd 0.43 � 0.60d
RoundUp Original blank 0.33 � 0.42de 1.91 � 1.45d 0.08 � 0.21d
RoundUp Pro 2.67 � 1.09a 4.17 � 1.56b 0.85 � 1.01d
RoundUp Pro blank 0.99 � 0.60c 2.15 � 0.99cd 0.27 � 0.41d
RoundUp Ultra 3.13 � 1.01a 3.10 � 2.47bcd 3.30 � 2.58c
RoundUp Ultra blank 1.89 � 0.9b 1.96 � 1.96d 2.84 � 1.82c
RoundUp RT 0.91 � 0.68cd 1.64 � 1.48d 1.38 � 1.65d
RoundUp RT blank 0.44 � 0.49cde 2.47 � 2.18cd 5.22 � 2.64b
RoundUp Ultra RT 2.92 � 0.50a 3.55 � 1.54bc 3.53 � 1.79c
RoundUp Ultra RT blank 0.99 � 0.54c 2.97 � 2.65bcd 3.56 � 1.74c
Distilled water 0e 0.09 � 0.20e 0.19 � 0.37d
Glyphosate 0e 0 � 0e 0.23 � 0.26d

Data are average area of fungal growth inhibited (cm2) � SD.

Fig. 2. Effect of different glyphosate, glyphosate formulations, and blank formulations on the in vitro growth ofNeozygites
floridana.Data are average spore concentration (spores �106/ml; � SD). Bars with same letters are not statistically different
(P � 0.050, Fisher protected LSD test)
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asithamparam 1987; Estok et al. 1989; Sharma et al.
1989; Abdulsalam et al. 1990; Chakravarty and Cha-
tarpaul 1990a, 1990b,Mietkiewski et al. 1990;Martens-
son 1992; Abdel-Mallek et al. 1994; Paula and Zam-
bolim 1994; Burgiel and Grabowski 1996). Fungicidal
activity of commercial herbicide formulations may be
caused by the active ingredient, the inert ingredients,
or an interaction between these. Therefore, differ-
ences in fungicidal activity observed among studies
may vary because of differences in the formulations
tested, rather than glyphosate alone.

Effect of Glyphosate Formulations. The fungicidal
property of glyphosate formulations varied among
species of the fungi tested (Table 2; Fig. 2). N. flori-
dana and M. anisopliae were susceptible to all gly-
phosate formulations, but not to glyphosate (active
ingredient) (Table 2; Fig. 2). Among the ento-
mopathogenic fungi tested in solid media, B. bassiana
showed less susceptibility to glyphosate formulations,
with a growth inhibition of�3.13 cm2, comparedwith
M. anisopliae (6.84 cm2) and N. rileyi (7.55 cm2) (P �
0.05) (Table 2). RoundUp Ready-To-Use was consis-
tently the glyphosate formulation with one of the
strongest fungicidal properties on the four ento-
mopathogenic fungi (P � 0.05) (Table 2; Fig. 2).

Beauveria bassiana growth was inhibited by Þve of
the seven glyphosate formulations (Table 2).
RoundUpReady-To-Use, RoundUpPro, RoundUpUl-
tra, and RoundUp Ultra RT had the strongest fungi-
cidal properties, inhibiting spore germination andmy-
celial growth in an area ranging from 2.67 to 3.13 cm2

(Table 2). The formulations RoundUp Original and
RoundUp Ultra two did not signiÞcantly inhibit my-
celial growth and spore germination of B. bassiana
(P � 0.05) (Table 2).

Metarhizium anisopliae growth was inhibited by all
glyphosate formulations (P � 0.05) (Table 2). The
formulationwith thehighest fungicidal propertieswas
RoundUp Ready-To-Use, which inhibited an area of
6.84 cm2 (Table 2). The formulation with the lowest
fungicidal properties on M. anisopliae was RoundUp
RT, inhibiting an area of 1.64 cm2 (Table 2).

Nomuraea rileyi mycelial growth and spore germi-
nation was inhibited by three of the seven glyphosate
formulations (P � 0.05) (Table 2). RoundUp Ready-
To-Use had the highest fungicidal activity, inhibiting
7.55 cm2 (Table 2). There were no statistically signif-
icant differences among three glyphosate formula-
tions (RoundUp Original, RoundUp Pro, and
RoundUp RT) and the controls (glyphosate and wa-
ter) which suggests that fungicidal activity against N.
rileyi is very low or nonexistent with these formula-
tions (Table 2).

Neozygites floridana spore concentration (primary
conidia/ml) was reduced by �50% by all glyphosate
formulations (P � 0.05) (Fig. 2). RoundUp Ready-
To-Use was the formulation with the strongest fungi-
cidal activity, having less than 4� 106 spores/ml com-
pared with 189 � 106 spores/ml with distilled water
(P � 0.05) (Fig. 2). The glyphosate formulations with
the lowest fungicidal activity were RoundUp Original
(83 � 106 spores/ml), RoundUp Ultra two (73 � 106

spores/ml), and RoundUp RT (69 � 106 spores/ml)
(Fig. 2).
Inhibition in colony growth by a glyphosate formu-

lation (not identiÞed in the study) has already been
documented on four entomopathogenic fungi, B. bas-
siana, M. anisopliae, Paecilomyces farinosus (Holmski-
old) Brown and Smith, and Paecilomyces fumosoroseus
(Wize) Brown and Smith (Mietkiewski et al. 1997).
Similarly, inhibition of mycelial growth in B. bassiana
has been shown with RoundUp 4E (Gardner and Sto-
rey 1985). These studies did not test technical glypho-
sate alone. Thus, our Þnding that glyphosate does not
have fungicidal activity against B. bassiana, M. aniso-
pliae, N. rileyi, and N. floridana, but several formula-
tions did, lead us to believe that the fungicidal activity
observed in those studies was caused by the formu-
lations (inert ingredients alone or interactions among
inert ingredients and glyphosate).

Interactions of Glyphosate and Formulations. In-
teractions in fungicidal properties between formula-
tions and active ingredient were observed in four of
the Þve formulations tested. Every fungus had at least
one blank formulation (formulation without active
ingredient) that had signiÞcantly higher or lower fun-
gicidal activitywhencomparedwith its corresponding
glyphosate formulation (P � 0.05) (Table 2; Fig. 2).
RoundUp Original was the only formulation that did
not show any interaction in fungicidal activity be-
tween formulation and glyphosate (P � 0.05) (Table
2; Fig. 2). Thus, its fungicidal activity observed on M.
anisopliae and N. floridana was from the inert ingre-
dients alone.
Greater fungicidal activity was observed against B.

bassiana by three of the Þve formulations containing
glyphosate (RoundUp Pro, RoundUp Ultra, and
RoundUpUltra RT) comparedwith their correspond-
ing blank formulations (P � 0.05) (Table 2). Similarly,
one formulation containing glyphosate (RoundUp
Pro) showed higher fungicidal activity against M.
anisopliae than its corresponding blank formulation
(P � 0.05) (Table 2). Thus, inert ingredients in these
formulations seem to have a synergistic effect with
glyphosate, perhaps inhibiting mycelial growth and
spore germination. Lack of statistically signiÞcant dif-
ferences (P � 0.05) between the glyphosate formu-
lations and their equivalent blank formulations sug-
gests that glyphosate does not interact with the inert
ingredients on their fungicidal activity on B. bassiana
(RoundUp Original and RoundUp RT) and M. aniso-
pliae (RoundUp Original, RoundUp Ultra, RoundUp
RT, RoundUp UltraRT) (Table 2).
The glyphosate formulation RoundUp RT had sig-

niÞcantly less fungicidal activity against N. rileyi than
did its blank formulation (P � 0.05) (Table 2). This
indicates that glyphosate interferes with the inert in-
gredients present in that formulation in their fungi-
cidal activity on N. rileyi. No statistically signiÞcant
differences between the other four glyphosate formu-
lations and their respectiveblank formulations suggest
that there are no interactions on N. rileyi spore ger-
mination and mycelial growth (P � 0.05) (Table 2).
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Neozygites floridana spore concentration was sig-
niÞcantly higher in four of the Þve glyphosate formu-
lations (RoundUp Pro, RoundUp Ultra, RoundUp RT,
and RoundUp Ultra RT) than their equivalent blank
formulations (P � 0.05) (Fig. 2). This indicates an
antagonism or interference by glyphosate in the fun-
gicidal activity of these formulations. These results
may be caused by differences in the pH of the glypho-
sate formulations versus their corresponding blank
formulations as has been shown in studies with tad-
poles of four Australian frogs (Mann and Bidwell
1999).
Differences in fungicidal activity between glypho-

sate anddifferent formulations arenot surprising since
some of the inert ingredients in formulations may
increase or reduce the toxicity of the pesticide to
speciÞc organisms (Ware 1994). Though some inert
ingredients may increase the toxicity of the pesticide,
they are not toxic in themselves (Levesque and Rahe
1992, Ware 1994, Pedigo 2002). Glyphosate and
glyphosate formulations (processed active ingredient
plus addition of compounds that improve its proper-
ties) have been shown to have different toxicity to
four species of frogs (Mann and Bidwell 1999). In the
frog study, RoundUp R was the most toxic to the
immature frogs, compared with Touchdown R,
RoundUp R Bioactive, and glyphosate (pure active
ingredient) (Mann and Bidwell 1999). Also, differ-
ences in species sensitivity to the different glyphosate
formulations were observed (Mann and Bidwell
1999). Similarly, our study found that fungicidal ef-
fects of glyphosate formulations varied among species
of entomopathogenic fungi,withB. bassianabeing less
susceptible than M. anisopliae and N. rileyi (Table 2).
Of the fungi grown in the solid media, only RoundUp
RT with N. rileyi showed a negative interaction in the
fungicidal activity, when glyphosate was present (Ta-
ble 2). In contrast, all the interactions detected be-
tween glyphosate and the inert ingredients with re-
spect to fungicidal activity against fungi grown in solid
media, were positive synergistic effects (Table 2).
However, not all formulations were tested for inter-
actions of inert ingredients with the active ingredient
because some blank formulations were unavailable
(RoundUp Ready-To-Use and RoundUp Ultra 2).
The results of our in vitro study indicate that the

four entomopathogenic fungi tested (B. bassiana, M.
anisopliae, N. rileyi, N. floridana) are susceptible to
various glyphosate formulationswhenexposed toÞeld
concentrations. Determining which inert ingredients
are interacting with glyphosate or causing the fungi-
cidal activity to the entomopathogens should be eval-
uated. Even though formulations usually are classiÞed
information of most companies, cooperative studies
between them and public researchers would be ben-
eÞcial. In such studies, the companies could provide
information about the formulationÕs inert ingredients
to be tested for their fungicidal activity on ento-
mopathogens.However, if information about the inert
ingredients is not available, analytical studies should
be conducted to establish what the inert ingredients
are, so they could be tested both separately and in

combination. Determining the fungicidal activity or
interaction of individual inert ingredients could pro-
duce valuable information necessary to better under-
stand the nontarget effects of herbicide formulations.
Application of herbicideswith fungicidal properties

detrimental to entomopathogenic fungi may have a
direct impact on the natural epizootics necessary for
adequate pest regulation in treated Þelds. Therefore,
Þeld responses of entomopathogenic fungi and other
microorganisms important in agroecosystems to
glyphosate formulations and other agents with fungi-
cidal activity should be known and considered in in-
tegrated pest management (IPM) decision making.
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