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European corn borer, Ostrinia nubilalis. This is a most aistinctive-organ-

ism on insects, and one of the most easily recogni;gd of the.enfomogenous
fungus species in lowa (Figure 9).‘ The large black spore heads are easily
distinguished with the unaided eye and are unmistakable once observed.

Pathogenicity tests conducted with this organism (Tables 2 and 3)
gave mortality rates of from 0 to 9 percent, with én average of less than
2 percent mortality for the seven strains tested., This organism is no
doubt a saprophyte, which grows on the carcasses of insects which died of
some cause other than the fungus. It is not uncommon on dead larvae of
the European corn borer, as it was recovered on 4 percent of the larvae
of 0. nubilalis examined in this study. The fungus grew well on almost
any medium on which it was inoculated, intluding Sabouraud's dextrose

agar.

No. 2 Asgergillus parasiticus Speare

Colonies on Czapek's solution agar with sucrose spreading rapidly,

forming a surface growth of crowded conidiophores with very few sterile
hyphae, in deeper yellow-green shades near ivy-green; reverse uncolored
or yellowish. Conidial heads radiate, abundantly produced and giving
color to the colony. Conidiophores given by Speare as 300 to 700p.long,
commonly under LOOp, with walls colorless, prominently rougher pitted,
enlarging from 3p at the foot up to 10 to 12p, and passing into vesicles
up to 35p in diameter. Sterigmata in one scries, 7 to 9y by 2.5 to 3u,
closely packed over the vesicular - surface, yellow. Conidia pyriform to
globose, very rough, 4 to 5y, occasionally 6p in long axis, green (Fig-

ure 9). No sclerotia or perithecia reported.
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"This organism is in the Aspergillus flavus complex. Although several

characteristics are given for distinguishing the two species, the morph~
ology seems to overlap, and probably the two are variations of a single
species. The species A. parasiticus is reported to be found on insects,
has shorter conidiophores than A. flavus, and is a slightly darker shade
of green. The strains of A. parasiticus reccovered in this séudy had
conidiophores that varied from short to long and color from pale

yellow to ivy green; the remaining distinctive Feafuré was that tﬂey wére
tfound growing on esxpired insccts. ﬁ; flavus has been reported trom insects,
but since A. parasiticus is presumed to be the cntomogenous member of this
group, and since some of the strains isolated in this study were shown to
be parasitic on insects, thc name A, parasiticus is used for these tungi

in this study.

The group ot organisms isolated and idcntified as Aspergillus parasit-
icus were typical of the spccieslexcept for the wide color range oi the
conidia. They ranged in color from yellow to pale yellow-green tc a ligiht
ivy.green. A tew could be called tan or light brown in color in the
older colonies (6 weeks old). Most of the organisms, however, were a
pale yellow-g(een and very typical of the type species described by Speare.

Twenty-tive differeﬁt strains of this organism were isolated from

cadavers of the European corn borer, Ostrinia nubilalis. Thirty-one

pathogenicity experiments were conducted with them (Tables 2 and 3). Mor-
tality ranged from O to 100 percent, with an average rate of 37 percent
mortality for the 31 tests.

Inconsistent results were obtained with A. parasiticus in the path-



ogenicity experiments. Results rahged from 37 to 100 percent MOrta}ity
with the same isolate. Speare had similar results in his experiments with
this organism, obtaining from 5 to 95 percent mortality with the same
strain of fungusl This variabjlity will probably prevent its -being
employed as a microbial insecticide. However, since it was recovered

from 14 percent of the European corn borers examined in this study, it
undoubtedly plays a significant role in the natural mortality éf wild'pop—
ulations of 0. nubilaliélin fowa. During the course of this étudy, this
organism was found repeatedly on European corn borer larvae which were
being reared oﬁ artificial diet. The mold inhibiters in the medium
appeared not to suppress the growth of this fungus. A. parasiticus,
therefore, could prove to be a proglem in mass rearing the European corn

borer.

No. 3 Aspergillus ustus (Bainier) Thom and Church

Colonies upon Czapek's solution agar spreading broadly, plane, sul-
‘cate, or umbonate, rarely zonate, more or less felted or floccose; at
first white, becoming olive-gray, yellow-brown, fuscous or russet to
purplish vinaceous with the development of mature conidial structures;
generally heavy sporing, with some coﬁidiophores arising frbm the sub-
stratum but more abundantly from aerial hyphae; reverse in shades of yel-
low, orange, and brown to almost black in age; odor not pronounced. Heads
radiate to irregularly hemispherical, sometimes loosely columnar (Figure 3
£), commonly splitting into more or less well-defined columns in age,
variable in size, ranging in color from dull green or olive-gray, through

grayish-brown to fuscous or fuligineus. Conidiophores arising from sub-
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merged hyphae ranging up to 500p long by 3 to ép, aerially borne conidio-
phores, ranging trom very short up to 1254 by 2 to bp, sinuous, sparsely
septate, with walls rather thin, smooth, and uniformly colored some shade
ot ?rown. Vesicles hemispherical to subglobose, 8 to 20p in diameter,
smaller in some strains. Sterigmata colorliess or colored, semi-radiate,
loosely arranged into two series, primary sterigmata & to 7p by 3p, second-
ary sterigmﬁta 5 to 7u by 2.0 to 2.5p. Conidia globose, 3.5 to 5.0y,
roughened,.echinulate to marked with conspicuous color Ears,-réngihg from
greenish through olive-gray to yellow-bro&n or fuligineus. Many strains
producing thick-walled hulle cells ranging in form trom irregularly ovate
or elongate in some strains, to serpentine, helicoid, or twisted in others,

essentially as in Aspergillus flavipes,

Seven isolates were made of this organism, all from larvae of the

European corn borer, Ostrinia nubilalis. Pathogenicity tests conducted wicth

the organism (Tables 2 and 3) showed a range in mortality from 0 to 75 per-
cent, with an average of 28 percent fér the seven strains tested. This
organism remained green on the insect and did not turn brown with age as

it did on culture media. |In gross appearance on thc insect it greatly
resembled the various species of Penicillfum, but it could be distinguished
with the aid of a dissecting microscope by the vesicle at the tip or the
conidiophore which bears the conidia.

Aspergillus ustus was recovered trom slightly less than 4 percent of

the European corn borer cadavers that were examined in this study. Since
it is not widespread in nature, and since it is of low virulence it

probably has little adverse etfect on the insect population.
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Genus Beauveria

The genus Beauveria was established in 1912 by yuillemin in honor
of Beauverie, who, in 1911, had pointed out that character}stics ot this
grbup warranted its recognition as a distinct genus.

According to-MacLcod (1954), this genus contained only two species.
The two species werelg. bassiana, and B. tenella, which were séparated
according to spore shape. B. bassiana had globose spores aﬁd B. teneclla
had oval-shaped spores. All of the strains isolated in this study had
globose 5pore$'and werc thus identified as B. bassiana. The following

description was taken from MacLeod (1954).

MNo. U4 Beauveria bassiana (Bals.) Vuill.

Hyphae slender, 1.5 to 2y in diameter, hyaline, septate; colonies
flat, mealy, or tinely pulveruleﬁt with a chalky appearance somewhat like
the surface ot a newly brokcn piece of chalk, white to pale cream on the
surface, does not color thelundersurface of potato dextrose agar; phial-
ides, variable in shape, ventricose to filamentous, déveloﬁ on the main
hyphal branches or on short branchlets at right angles to the main axis,
branching may be repeated, forming compact globose heads; spores borne on
slender zig-zag conidiophore (Figure 3 D) that extends from an inflated
base, globose, 2.4y in diameter. |

This species was isolated ftrom tour species of insects in this study
(Table l).‘ Thirtcen isolates of the organism werc obtained. This organ-
ism had many different growth forms. Usually the growth was a thick

velvety white mass adhering closely to the insect (Figures 7, 11, and 12);



Figure 3.

Photomicrographs ot entomogenous fungi

A. Aspergillus parasiticus, conidiophores; apﬁrox.'BOOX

B. Aspergillus parasiticus, conidia; approx. 600X

C. Aspergillus ustus, conidiophores and conidia; approx. 300X

D. Beauveria bassiana, conidiophores and conidia; approx. 30001

Aspergillus ustus, mature spore head; approx. 1300X

[ &

F. Aspergillus niger, mature spore hcads; approx. 300X
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however, in one case the tungus formed long ropes of hyphae that extended
over ‘a centimeter tfrom the insect and greatly resembled the conidial stage
of the genus Cordyceps. The thick velvety white growth on the dead insect
vas usually easy to recognize. The characteristic appearance of Beauveria
allows it to be easily distinguished from other tungus species found on
insects.

Pathogenicity tests were conducted with the 13 strains of Beauveria
isolated from the various insects, using larvae of the European corn borer'
as test animals (Tables 2 and 3). HMortality rates of 75 to 100 percent
were obtained, with an average mortality rate oi 94 percent in 18 conducted
testg. This organism was recovered from approximately 7 percent of the
dead insects examined, and the pathogenicity tests that were conducted
showed the organism to be very pathogenic for the insect against which it
was employed. The virulence of this organism indicated that it probably
is an important natural control factor even though it is not as common in
nature as some of the less virulent species of fungi. It was by far the
most highly intective organism tested against the European corn borer in

this study, and the only one that produced consistently high mortality.
Genus Fusarium

This genus is frequently reported from insects, and was found to be

quite common on corn insects in lowa. Only one species, however, was

recovered in this study. The tollowing description vas taken from ‘/ollen-

vieber and Reirking (1935), and Gilman (1957).
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No. 5 Fusarium neoceras VWollenweber and Reinking

Microconidia single or in talse heads, not in chains, one-celled,
oval-spindle~shaped, seldom two-celled, exceptionally three-celled, later
scattered as dust in mycelium. Macroconidia (Figure 4 C) in sporodochia
and pionnotes, brownish-white-cream to incarnate, at times becoming
flecked with violet or blue tcnes, and varying in concentric zones of the
stroma, and laid on it in rings, straight or weakly curved, tapering at
both ends, slightly constricted at tip, with tenpin so slightly pedicellate
base, three-(three-to-five-) very seldom six- to nine septate. Macro-
conidia measurements are listed below:

O-septate, 5 to 18 x 2.75 to 4.5y
I-septate, 14 to 34 x 3.25 to 5.5
3-septate, 32 to 59 x 3.5 to 5y
5-septate, 55 to 67 x 4.5 to 5.5y

6- to 9-septate, 17 to 120 x L to 5y
Chlamydospores and sclerotia lacking

This fungus has not previously been reported trom insects., [t was
rirst reported trom soil and dead banana lcaf sheaths in Panama. The above
description tits the organism, with @ tew minor exceptions which are given
nere. Also, some additional details are added which were not included in

the original description.

F. neoceras is closely allied to another specics F. monilitorme which

is distinguished by the ditference in size ot the macroconidia, the pro-
duction of a pink, instead ot blue or purpie, color in the substratum, and

microconidia formed in chains rather than singly and in talse heads. These
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two”organisms are very closely related and are probably variations of a
single species, since all types of gradations were found in this group of
organisms -from corn-insects in Jowa. Because most of the forms recovered
were best described by the description of F. neoceras, tﬁey were placed in
this species. The microconidia:in this group of organisms are at first
formed in chains (Figure 4 A). Later these are pulled into heads by the
production of mucilage around the microconidia (Figure 4 B). it is this

stage, resembling the genus Cephalosporium, that is most frequently

encountered on the insect, and the fungus must be transferred to arti-
ficial media before the macroconidia typical of Fusarium are produced.

On culture media various strains of this organism stained the sub-
strate, The color ranged from pure white through yellow to brown, into
blue and purple, and from yellow into pale orange and pale to dark pink.
On the insect, the color was almost always white; it was on occasion a
pale pink or a light orange in color. The growth on media was usually
loose and floccose, but occasionaliy became quite thick and smooth and
closely resembled a culture of B. bassiana in gross morphology. This type
of growth occurs infrequently on the insect and could be confused with
Beauveria, but examination under a dissecting microscope will reveal the
absence of sporodochia which are so characteristic of the genus Beauveria.
This superficial resemblance to Beauveria in gross morpholégy has perhaps
caused confusion, because this organism is very abundant on corn insects
in lowa. Any white fungus found on insects is likely to be called Beau-
veria, because this is the only well-known white fungus which occurs on

insects. Since the microconidia are most frequently encountered on insects
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in this species, and since the microconidia are more easily produced on
artiticial media, some measurements of the spores were taken and are
listed here: microconidia range in length from 4.5p to 24.5y and in
width from 1.1p to 7.5p. The microconidia are usually single-celled,

but spores with two cells are frequently seen. Three-celled microconidia
arc not uncommon. These multiple-celled microconidia are easily distin-
guished from the multi-celled macroconidia by the much thicker diameter
in relation to their total length.

This was the most common organism reéovered from insects during the
course ot this study. Thirty-six isolates were obtained from tour species
of insects (Table 1). The majority of thesc organisms were isolated from
the European corn borer. Pathogenicity tests conducted with this organ-
ism (Tables 2 and 3) showed that in general Che organism was not highly
pathogenic, although some strains produced up to 100 percent mortality in
some tests. A total of 60 pathogenicity experiments were carried out
with the 36 isolates and produced an average of 21 percent mortality among
larvaé of the European corn borer. The organism would be considered
mildiy pathogenic to saprophytic and probably is an opportunist when the
insect has been weakened by some factor in its environment. The high per-
centage of insects collected that were infected with this bréanism indi-

cates that the spores of this species must be citremely abundant in nature.
Genus Metarrhizium

This is a small genus with only three or four species. The most

well known and cosmopolitan species in the genus is Metarrhizium anisop-




Figure L,

Photomicrographs of entomogenous tungi

A.

Fusarium neoceras, chains ot microconidia; approx. 13004

Fusarium ncoceras, heads of microconidia; approx. 1300X

Fusarium ncoceras, macroconidia; approx. 3000X

Fusarium ncoceras, dried mucilage around the microconidia;

approx. 1300%

Metarrhizium anisopliae, culture on agar; approx. 1300%

Metarrhizium anisopliae, conidia; approx. 3000:x
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liae, which is the only species of the genus recovered during this study.

The description which fo]lows;was taken from Petch (1931), and Vgillemin‘

- . ~

(190L).

No. 6 Metarrhizium anisopliae (Metsch.) Sorokin

The fungus forms a large thallus of which the filaments are compressed
and branched, forming small hummocks, often confluent and disappearing
under the mass of conidia they produced. Conidiophore and the branches,
either isolated, in pairs, or in verticils, arise below the septa of the
upper part of this stalk. The conidia (Figure 4 E) are formed in basipetal
succession, and are united by a disjunctor which is a modification of the
membrane, flattened and compressed by the pressure of the growth of new
conidia. The resulting conidial chains often reach a length of 800p or
more. The conidia are olive green in color (Figure 9), cylindrical, 4 to
154 by 2 to 3.5p, with rounded ends (Figure 4 F). Chlamydospores can be
obtained on certain-artificial media.

Eight strains of ﬁhis organism were jsolated from three different
insect 5pecies.(Tablé 1). Several other insect cadavers were diagnosed as
Metarrhizium kills early in this invesfigation; however, those determina-
tions could not be checked by propagating the organism on artificial
media. Most.authors reported luxurious growth on potato slices and
potato agar.- Only vegetative growth was obtained on these media during
these investigations, and spores were never prodﬁced. Several insect

cadavers, tentatively identified as Metarrhizium kills, were lost in the

process of finding @ suitable culture medium. Tnis fungus was finally

successfully cultivated on a 2 percent agar medium with no added nutrients,
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“and also the same medium with 10 grams of Borden's Esbilac per 1000 cc.of
water.
Pathogenicity tests conducted with this fungus on larvae of thé
European corn borer gave morgg]ity rates of 55 to 100 percent, Qith an
average of 72 percent for 1% tests (Tabléé 2 and 3).

. This organism can be contused only with Aspergillus parasiticus.

These two species are the only entomogenous tungi with light green spores.
4. anisopliae has pale gray-green spores, and A. parasiticus has pafe yel-
]ow—greén spores. Figurc 9 gives a comparative gross morphology of the
twio species. The other grecen-spored fungi tound on corn insects have a
dark blue~green color. Because several isolatcs‘of what probably was M.
anisopliae were lost in the process of working out culture techniques, it
is ditficult to make a definite statement concerning the rate ot occur-
rence of M. aﬁiség]iae among‘corn insects in lowa. Eight isolates were
definitely identified as ji. anisogiiae. Since the pathogenicity rate was
high tor the group, it can be said that this specics probably does con-

tribute an eftective amount of suppression upon wild insect populations.

Genus Mycoderma

H. clayi is the only species of this genus known Lo occur on corn
insects. This species is host specitic in the duropean corn borer. The

description of the organism was taken from Hctalnikov et al. (1928).

No. 7 Mycoderma clayi Metalnikov et al.

A Gram-positive elongated cell, extraordinarily large, measuring 9 to

16p in length, and 1.5 to 3p in width. HNo other microorganism, isolated



from corn borer larvae, has'ever approached this size. The morphology
6%»the organism indicated ﬁhat it is a typical yeast. By staining the
living célls, two to four vacuoles with metachromatic granules become
Qisible. The propggation takes place by typical budding. The buds are
usually formed at one of the ends of the rod (Figure 5 A). The yeast
grows well on most media, such as Sabouraud's medium, Mayer's fluid, and
others. Malted water is the most favofable medium.

Usually the yeast degenerates on'artificial culture-med}a, loses its
original form and develops a mycelium. in Mayer's fluid iﬁ'preserves its
budding form best. DeQelopment of spores has not been cbserved.

This organism was recovered from three different specimens of 0.
nubilalis. Pathogenicity tests conducted with M. clayi (Tables -2 and 3)
gave no kill of larvae when it was épplied to the epidermis of ‘the test
insect. One strain of the organism was force-fed to European corn borer

larvae, and also failed to kill the insects. It was concluded that M.

clayi would be of little value as a microbial inscecticide.

Genus Paecilomyces

The genus Paecilomyces was established in 1907 by Bainier for a

saprophytic mold which produced verticillately branched conidial struc-
tures that superficially resembled those produced by Penicillium, but
which lacked green color. The following description was taken from Raper

and Thom (1949).
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No. § Paecilomyces varioti Bainier

.Colonies spreading broadly upon all common media, in shades of yel-
lowishfbrown;.neVer green, with superticial growth consisting mostly of
trailing tertile hyphae or ropes of hyphae, becoming powdery in appear-
ance when mature; reverse of colony not discolored in some strains, devel-
oping bluish-green shades in others; fertile hyphae septate, usually
short, mostly creeping; conidial fructifications either terminal or on
short branches of crceﬁing or partially érect hyphae,‘consisting of sep-
arate sterigmatic cells, or of verticils, or series of verticils of-
branchlets and sterigmata irregularly discributed along the fertile
hyphac; sterigmata 15 to 20p by 3p with long acuminate tubes usually bent
away trom the axis of c¢he cell and widely divergent at the apices, bear-
ing long chains of conidia; conidia clliptical or fusiform (Figure 5 C),
5 to 7p by 2.5 to 3.0p, yellowish to brownish, smooth-walled, swelling in
germination to 10u and producing two or more tubes. ({ln culture the

organism closely resembles the genus Scopulariopsis, which is included in

tiis scudy, but the conidia of the two gencra are very distinccive.)

Both isolates of this organism obtained in this study viere recovercd
trom adults of the European corn borer. None of the 170 larvae examincd
in this study were found iniccted with this fungus.

Paihogenicity cests produced from 11 to 55 percent mortality among
the larvae ot the European corn borer, with an average of 22 percent tor

four tests conducted (Tables 2 and 3).



Genus Penicillium

Penicillium was established by Link in 1809 (Raper and Thom 1949).
Raper and Thom's (1949) monographic treatment of the genus listed almost
150 species. The iollowing descriptions were based on .cheir specices dis-

cussions.

MNo. 9 Penicillium cyclopium \iestling

Colonies upon pzapek's solution agar usually'growing rapidly, attain-
ing 5 diameter of 4.5 to 5;0 cm. in 12 to 14 days at room temperaturc;
usually more or less radially furrowed, from 500p to 1000y deep, azonalc
or broadly zonate in age, in some cultures tending to develop limited
sterile overgrowths, with margin compact, white, 1 to 2 mm. wide during
the growing period, oirten tininning in age, heavily sporing throughout and
shading quickly through light bluish or green shades in young conidial
arcas to deeper shades ncar bluish gray-green (Figure 13), artemisia
green or lilly green at maturity, with surface typically appearing gran-
ular or "mealy'; conidiophores arising from the substratum, often crowded
into tascicles or cwufts, but usuaily borne more or less separately; e:iu-
date lacking in some sitrains, abundantly produccd in others, clear or
very faintly colored in pink or orange shades; odor pronounced, ''moldy"
but difticult to characterize; reverse uncolored or yellowish at firse,
becoming orange-brown or cven purplish in 2 weeks in most strains, remain-
ing cssentially colorless in others; penicilli large, about 50 to 60p in
length, asymmetrically brancihed, bearing tangled chains of conidia in

irrecgular masses up to 150p long; conidiopihorcs arising from the sub-
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stracum, mostly. 200 to LOOp in length by 3.0 to 3.5y in diameter, some-
times coarser, with walls typically roughencd but in some strains appear-
ing smooth or nearly so; pcnicillus usually showing one or occasionally
morc branches, 15 to 30p by 2.5 to 3.5k, ofcen appressed and like the

| méin axis usually bearing 3 to & metulae 10 to 154 by 2.5 to 3.3u, cach
supporting a verticil of & to 8 sterigmata measuring 7 to 10y by 2.2 to
Z.0p, with apices ending abruptly in conidial chains; conidia mostly
subglobose 3.5 to 4.0p in diameter but with both globose and elliptical
conidia observed, the latter commonly ranging irom 3.3 to 4.0p, by 2.5

to 3.0p{ vith Qalls smoo ti or.delicate]y rougaened.

The torms of this species recovered in this study were typiqal‘of the
species and the genus eicept that no globose spores were observed. This
species has previously been reported from fnsccts by Charles (1941) but
has not previously been rcporied Fhém the curopcan corn borer, Ostrinia
nubilalis. This species can be distinguished from other members of the
genus recovered in this study by its darker bluc-grecen color (Figure 13),
and by the oval shaped spores (Figure 5 £).

Eight isolates were made of this organism, all irom the European

corn borer, Ostrinia nubilalis. Pathogenicity c:periments conducted with

this tungus species produccd mortalities of 3 to Lk percent, with an
average of 6 percent ior 11 tusts (Tables 2 and 3). This species is no
doubt saprophytic on dead insccis and probably contributes little to the

suppression of inscct populations.
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No. 10 Penicillium decumbens Thom

Colonies on Czapek's solution agar slowly spreading, attaining a
diameter of 2.0 to 3.0 cm. in 12 to 14 days at room tcmperature, almost
velvety in some strains, in others showing a tendency to develop white
mycclial overgrowths in central areas, in still others almost floccose
and fairly deep up to | to 2 mm. but all charactcrized by loosely inter-
woven and trailing nyphae bearing short conidiophores, sporulating over
the whole colony surtace, marginal growth in some strains very thin,
largely submerged in zones irom 1 to 3 mm. wide, colored in grayish
yellow-green shades near tca green (Figure 13); in older colonies develop-
ing surface tufts ov sterile secondary mycelium; cxudate lacking or incon-
spicuous; odor distinctive, iragrant, suggesting soap perfumes; reversce
colorless or with a slight greenish cast; conidiophores 50 to 100y by 2.0
" to 2.5p, with apices slightly enlarged, smooth or fincly roughened, borne
at successive nodes upon trailing hyphae which in marginal areas of many
strains grow stolon-like along the substractum; pcenicilli almost entircly
monoverticillate and only occasionally showing a branch, producing loose
columns of conidia up to 100p in length; stcrigmata mostly in compacs
clusters up to 12 or 15 in number, 7 to 9u by 2.0 to 2.5y, sometimes borne
at two immediately adjacent levels; conidia elliptical to subglobose 2.0
to 2.5p in long axis, occasionally up to 3.0y, smootih, appearing slightly
green under che microscope.

This organism has nol previously been reported from invects. It is
saprophytic to weakly parasiltic. The pathogenicity tests conducted with

¢his fungus produced mortality rates from 0 to 37 percent, with an average



Figurc 5. Photomicrographs of entomogenous fungi

A. Mycoderma clayi, budding cells; approx. 3000X

B. Paccilomyces varioti, conidiophores; approx. 600X

C. Paecilomyces varioti, sterigmata and conidia; approx. 3000.

D. Penicillium pubcrulum, typical penicilli; approx. 1300X

£. Penicillium cyclopium, sterigmata and conidia; approx. 3000X

F. Penicillium decumbens, typical penicilli; approx. 1300X
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of 13 percent for.a total of eight tests conducted (Tables 2 and 3). P.
decumbens is distinguished from other members of the genus Penicillium
found on corn insects in lowa by the monoverticillate branching of the
conidiophore and the globular shaped spores. Its low incidence on
insects in nature, together with its low pathogenicity, indicates that
probably it has little or no effect on the natural reduction of inscct

populations.

No. 11 Penicillium pubcrulum Bainier

Colonies on Czapek's solution agar growing more or less restrictedly,
attaining a diameter of 3.0 to 3.5 cm. in 2 wecks at room temperature, with
surface velvety to somewhat granular, raised and occasionally almost um-
bonate in central areas, with submarginal areas radiately wrinkled, azo-
nate during the rapidly growing period but becoming more or less zonate in
age and often showing a thin, spreading marginal area up to 1 cm. in width,
closely but delicately zonate; growing margin white to light gray-green,
Imm. wide, quickly becoming darker, fruiting arceas at first bluish-green
but shading guickly'to slate olive and finally to dark olive gray (Figure
13), at 2 to 3 weeks commonly showing an area of submerged growth up to
2mm, wide surrounding the colony and.bearing scattered penicillif reverse
yellowish to tan to almost brownish black in colony center, with surround-
ing agar uncolored; crudate lacking or limited in amount, colorless; odor
moldy to sourish, strong; conidiophores arising primarily from a tough
basal mycelial fé]t, gencrally less than 200y in length by 3.5 to 4.0p
wide, slightly sinuous with walls more or less roughened; penicilli

asymmetric, consisting of a terminal verticil of metulae or of such a
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Vurticil withibranches and metulae arising from a lower node, often irreg- -
ularly branched; branches usually 10 to 20p by 2.8 to 3.5p; metulae usually
in groups of 2 to 4, ranging in dimensions irom 9.0 to l5p by 2.5 to 3.5p;
sterigmata usually in groups of 3 to 5 and measuring 7.0 to 9.0p by 2.5

to 3.5y, with form not distinctive, conidia globosc to subglobose, with
walls smooth or delicately roughened, mostly 3.0 to 3.5p in diameter but
variable in size up to 5.0 to 5.5p.

P. puberulum was recovered from four diifercnt specimens of Ostrinia
nubilalis. The species has not previously been reported from insects. It
is distinguished from the other two species of Penicillium recovered trom
insects in this study by the asymmetrical branching of the conidiophores
and the globose coﬁidia.

Pathogenicity e:periments conducted with P puberulum gave mortality
rates ot from O to 25 percent, with an average oi 15 percent for a series
ot Tive tests (Tables 2 and 3). The organism is no doubt a saprophyte or

a low-grade pathogcen.

Genus Rhizopus

The genus hhizopus was established in 1820 by threnberg. It is a com-
mon gends, cosmopolitan in nature, and found in many habitats. The des-

cription below was taken trom Gilman (1957).

No. 12 Rhizopus stolonifer (chr. ex. Fr.) Vuillemin

Stolons creeping, rccurving to che substrate in the torm of aracihnoid
hyphae, which are sirongly raised and distant irom the substrate and im-

planted at each node by means of rhizoids. The internodes often atcain a
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length of 1 to 3 cm. and the hyphae are more or less branched. Sporangio-
phores rarely single, united in groups of threc to five or more, 0.5 to &4
mm. in height by 24 to LZp in diameter. Apophyses broad,~cuneiform. Spor-
angia hemispheric 100 to 350y (Figure 6 E and F). Columellae broad, hemi-
spheric, depressed, 70p in diameter by 90p in height (250 by 320p ma:imum).
spores unequal, irregular round or oval, angular, striate, 9 to 12p long
by 7.5 to 8p in diamecter, of a gray-blue. Zygosporcs round, or oval, 160
to 220p in diameter. Exinc brown-black, verrucose. . Suspensors swollen,
usually unequal. Azygosporcs present, No chlamydospores..

R. stoloniter was recovered from two larvae of the turopean corn

borer, Ostrinia nubilalis. The two strains were tested for pathogenicity

(tabies 2 and 3). One sitrain produced mortalicy rates of 37 to 87 percent
in two tests conducted, while the other strain killed 22 to 25 percent

ot the larvae. The average mortality ratc for the four tests was 42 per-
cent. The organism is not common on corn insccis in lowa, but does scem
to be weakly pathogenic ior the European corn borer. The fungus has been

previously recorded from the larva of a Sphingidae (Charles 1941),

Genus Scopulariopsis

This genus was cstablished by Bainier in 1907 itor a mold chat is
morphologically similar to Penicillium although probably not genetically
rclated to that genus. Many species of this genus have been recorded,
but no one has attempted o do a comparative study of the group as yet;
thereftore, the taxonomy of the genus is rathcr ncbulous at this time.

The following description was taken from Raper and Thom (1949).
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No. 13 Scopulariopsis brevicaulis (Sacc.) Bainier

Coloqies on Czapek's solution agar spreading rather broadly in most
strains, more restricted in others, comparatively thin, plane, or irreg-
ularly but not deeply furrowed, at first grayish white, then avellaneous,
or yellowish-brown even to light chocolate (Figure 7), with surface char=-
acterized by closely crowded, short conidiophores té produce powdery conij-
. dial areas overgrown by Joosely trailing floccose hyphae and ropes of
hyphae in most strains, deeper and less heavily SpOfing in'otheré, with
margin usually indeterminate and broadly spreading, azonaée or broadly
zonate from an uneven production of conidia. Conidiophores short, ﬁostly
10 to 30p (Figure 6 D), arising directly from the submerged hyphae, or
irregularly borne as lateral and perpendicular branches from trailing
~aerial hyphae and ropes of hyphae. Conidial fructifications either simple
and unbranched, sparingly.branched, or consisting of verticillate and
irregular branghing systems bearing numerous divergent chains of conidia
(Figure 6 A), often 150p in length iﬁ old colonies. Sterigmatic cells
often. continuous witﬁ'the conidiophores, variable, up to 20p by about 3.0
to 4.0p, sometimes tapering to slender conidium bearing tubes, in other
cases essentially uniform in diameter throughout. Conidia somewhat pear-
shaped (Figure 6 C), thick-walled, characteristically tuberculate but smooth
when young and often appearing so in liquid mounts under oil immersion, com-
monly measuring 6.5 to 7.5p by 7.5 to 9.0p, avellaneous to light brown in
mass, viable for several years, germinating by a single tube from the thin
center of the broad base into a bulbous enlargement from which mycelial

hyphae, about 2y in diameter, arise.



Figure 6. Photomicrograpi of entomogenous iungi

A. Scopulariopsis brevicaulis, conidiophore placement;
appro:. 600

B. scopularionsis brevicaulis, conidiophores and conidia;
: : approx. 13004

C. scopulariopsis brevicaulis, conidia with basal ring;
appro:. 3000:

D. Scopulariopsis brevicaulis, conidia; approx. 3000

£. Rhizopus siolonifer, sporaﬁgiophorc and spores;
appro::. 1300:

F. Rhizopus stolonifcr, maturc sporangia; approx. 1300X
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This genus has frequently been reported as parasitic on man and other
vertebrate animals, but until now has not been reported on insects. The
genus causes the disease '"American Blastomycosis' in humans (Raper and

Thom 1949).

This organism was recovered from 14 pupae of the corn earworm,

Heliothis zea, all taken in one spot from soil in one of the rearing cages
at Ankeny, lowa. The spores form.a light Browﬁ powdery covering over
almost the entire inéect cadaver (Figure'8).

Two pathogenicfty tests were run witﬁ this organism (Tables 2 and 3),
and mortality rates of 33 and L3 percent were obtained, using larvae of the
EurOpeén corn borer as test animals. This organism is weakly pathogenic

for Ostrinia nubilalis but may be more effective against the host from

which it was recovered. Larvae of Heliothis zea were not available for

testing purposes.



Figure 7: Fungi growing on Osﬁrjnig nubilalis

(Left to right)

Scopulariopsis trevicaulis

Beauveria bassiana

Paecilomyces varioti

Fusarium neoceras

Figure 8. Fungi growing on Ostrinia nubilalis
(Left to right)

Metarrhizium anisopliae

Scopulariopsis brevicaulis

Paecilomyces varioti

Beauveria bassiana

Aspefgj]lus us tus

Rhizopus stolonifer







Figure 9. ‘Fungi growing on Ostrinia nubilalis

Top: Metarrhizium anisopliae

Bottom: Aspergillus parasiticus

Figure 10. ASpe(gillds niger growing on Ostrinia nubilalis
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Figure 11, Beauveria bassiana growing on Diabrotica longicornis

Figure 12, Beauveria bassiana growing on Glischrochilus quadrisignatus

-
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Figure 13. Penicillium cultures on artificial media

Upper left: P. cyclopium
Lower left: P. puberulum

Right: P. decumbens
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CONCLUSIONS

The results of this study-on fungi isolated from corn insects indicate
that many more species of fungi are entomogenous than are reported in the
literature on the subject.

Many fungi norﬁally considered to be soil fungi grew readily on dead
insects. Some of them were parasitic and pathogenic. Others were strictly
saprophytic, using the dead insect és nutritive material.

It was concluded {rom this study that some of these organisms

(Beauveria bassiana, Hetarrnizium anisopliae, Aspergillus parasiticus,

and Fusarium neoceras) were sufficiently abundant and pathogenic to be of

value in the natural reduction of wild insect populations.

It was apparent that certain species could become important as
patihogens in insect rearing programs. The mold inhibitor in the arti-
ficial diet of laboratory-rcared European corn borer larvae did not deter

Aspergillus parasiticus irom infesting and killing the larvae.

The only fungi recovered during this study which produced sufficientiy
high mortality rates to be considered of value as microbial insecticides

were B. bassiana and M. anisopliae.
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SUMMARY

Dead insects, collected in various parts of the state of lowa, were
eamined in the laboratory for symptoms or signs of mycosis. Those
infected with ﬁuagi were foutine]y processed to isolate the -fungi concerned.

The isolated organisms were grown on culture s]ides, or were mounted
for microscopic examination, to identffy the species of fungus involved.

Pathogenicity experiments were conducted with each of the fungus
strains that was isolated. Larvae of tﬁe European corn borer, 0Ostrinia
nubilalis, were used.as test insects in all of the experiments. Two div-
ferent treatment methods were employed in these tests. The first type in-
volved a topical application of a water suspension of spores to the epider-~
mis of the test larvae using a microinjector. The second method causcd
the larvae to crawl througn a pure culture of the fungu§ to be tested.

Beauveria bassiana, and Metarrhizium anisopliae were found to be tihe

most pathogenic organisms recovered in this investigation. Aspergillus

parasiticus, and Fusarium ncoceras were less pathogenic but much morc com-
monamong the wild inscct populations. Other fungi recovered from dead
corn insects during the course of this study were found to be less virulent

and not abundant in naturc. These were: Aspergillus niger, Aspergillus

ustus, Mycoderma clayi, Paecilomyces varioti, Penicillium cyclopium,

Penicillium decumbens, Penicillium puberulum, Rhizopus stolonifer, and

S:opulariopsis brevicaulis. Aspergillus ustus, Fusarium neoceras,

Paccilomyces varioti, Penicillium decumbens, Penicillium puberulum,

and Scopulariopsis brevicaulis have not previously becen reported irom

insccts.
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A List of Media Used in this Study

1.  Corn meal agar

Ingredients:

Corn meal L0 gms.
Water 1000 ml.

Agar 20 gms.
Glucose 10 gms.

Simmer corn meal and water for | hour. Filter, and bring voiume back

up to 1000 ml. and add agar and glucose; heat to melt agar and glucose and

then autoclave,

2. Czapek's agar

Ingredients:
Sucrose 30 gms.
Sodium nitrate 3 gms.
Dipotassium phosphate 1 gm.
Magnesium sulfate 0.5 gm.
Potassium chloride 0.5 gm,
Ferrous sulfate 0.01 gm.
Water 1000 mi.
Agar 15 gms.

A commercial preparation can be obtained, or the medium may be mixed
with the above ingredients. Mix all of the ingredients and heat until

melted and then autoclave.

3. Brain-heart Infusion Agar

Ingredients:

Calf brain , 200 mg.
Beef heart, infusion from 250 gms.
Proteose peptone, Difco 10 gms.
Dextrose 2 gms.
NaCl 5 gms.
Disodium phosphate 2.5 gms.
Agar 15 gms.

Water 1000 mi.
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A commercial preparation can be obtained, or the medium may be mixed

with the above ingredients.

4., Littman Oxgall Agar

Ingredients:
Bactopeptone 10 gms.
Dextrose 10 gms.
Bacto-oxgall 15 gms.
Agar 20 gms.
Crystal violet 0.01 gms.
Water 1000 ml,

A commercial preparation can be obtained, or the medium may be mixed

with the above ingredients.

5. Sabouraud's Agar

Ingredients:
Glucose L0 gms.
Neopeptone 10 gms.
Agar 15 gms.
Water 1100 ml.

Commercial preparations are available, -or the medium may be mixed

using the above ingredients.

6. Nutrient Agar

Ingredients:
Bacto beef extract 3 gms.
Bacto peptone 5 gms.
Agar 15 gms.
Water 1000 ml.

Can be obtained commercially or mixed.
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/. Potato Dextrose Agar

Ingredients:
Potato infusion 200 gms.
Dextrose 20 gms.
Agar 15 gms.

Water , 1000 ml.

8. Blood Agar
Ingredients:
A commercial preparation base agar is obtained
(DIFCO # BLL) and to this is added:
Fresh blood 60 cc
Water 1000 ml

9. Thompson's Agar

Ingredients:
Potato 100 gms.
Bacto peptone 10 gms.
Active Dry Yeast 10 gms.
Fresh egg yolk ' .10 gms.
Agar ' 15 gms.

Water : 1000 ml.
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Table 4. Information on exposures of the photomicrographs

Figure Exposure Objective
No. time lens Film type Mount type?
Seconds b

3A 1710 10 Kodachrome 11 : c. S.
B 1/5 20 Ektachrome - Type F  C. S.
C 1/72 . L3 do. C. S.
D 1/2 97 do. C. S.
E 172 : 43 do. C. S.
F 1/2 . 10 do. c. S.

L A 1/2 B 43 Ektachrome Type F C. S.
B 1/5 43 do. c. S.
C ! 97 do. : L. P
D 1/2 43 do. €. S.
E ] 43 Kodachrome 0. P.
F ! 97 Ektachrome Type F L. P.

5A ! 97 Kodachrome 11 L. P,
B 1/2 20 Panatomic X c. S.
c 2 : 97 Kodachrome L. P. C. B.
D i ‘ 43 Kodachrome 11 L. P.:
E 1 97 do. L. P.
F i 43 do. C. S.

6 A 1/2 20 Ektachrome Type F~ C. S.
B 172 43 Ektachrome Type F  C. S.
C 1/2 97 do. - C. S,
D ] ) 97 do. - C. S.
E 1/5 43 do. L. P.
F ! ’ L3 do. ' " C..S.
4C. S. = Culture Slide.

L. P. = Lacto-Phenol mounted specimen.
L. P. C. B. = Lacto-Phenol mounted specimen, stained with Cotton Blue.
0. P. = On plate, culture was photographed on an agar plate.
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Table 5. Information on the close-up photographs

Figure - Exposure ' ,
No. F-Stop time Film type
Seconds : '
7 F-22 ] | Kodachrome 11
8 F-11 : I | do.
9 | F-16 | ] High Speed Ektachrome
10 F-8 R " Kodachrome 11
N F-11 . do.
12° |

13 F~11 1/2 High Speed Ektachrome

8Taken by Robert D. Jackson, U. S. Dept. of Agriculture



