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ABSTRACT 

The purpose of this research was to determine whether 

spores of the green muscardine fungus, Metarhizium anisopliae 

(Metsch.) Sorokin would migrate through sand and soil by the 

action of water and a wetting agent under laboratory and 

field conditions. M. anisopliae ~s an entomogenous path

ogen occurring naturally in soils and is widely used in 

experimental microbial control attempts. Knowledge of the 

migration of the spores of M. anisopliae could establish 

the fungus as an effective agent in controlling hard-to

reach soil inhabiting insect pests and encourage its use in 

the field as a biological control agent. 

Laboratory trials consisted of placing a spore sus

pension of M. anisopliae on the surface of three types of 

sterile soils, i.e. coarse sand, sand-loam mixture, and 

soil of the Plainfield series which had been placed in 

plexiglas columns. This topical application was followed 

by lSOml of sterile distilled water. Samples of the soils 

were taken at Scm intervals to a depth of 35cm. Spores 

were found to have traveled to an average depth of 30cm in 

the sand and Plainfield soil and 20cm in the sand-loam 

mixture. Unsterile Plainfield soil was placed in a stain

less steel column and treated in the same manner as the 

sterile soils. In this soil, the spores migrated to a 

depth of 20cm. 

The surface of eight one-quarter square meter field 
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plots were sprayed with a spore suspension of M. anisopliae • 
. 

At the end of two months, the fungus was found at a depth 

of 18cm. M. anisopliae had migrated to a depth of 30cm after 

four months. There was no evidence that M. anisopliae 

occurred naturally in the soils of the test area. 

A bioassay was devised to determine virulence of the 

spores after traveling through the soils. The larvae of 

the greater wax moth (Galleria mellonella) were inoculated 

with spores of M. anisopliae which were obtained from the 

cultures of the laboratory and field trials. All the larvae 

died of green muscardine disease. 

Based on an evaluation of past research and this inves-

tigation, it is believed that M. anisopliae has a high poten

tial as a microbial control agent against soil-inhabiting 

insects especially in conjunction with a pest management 

system such as an integrated control program. 

iv 



ACKNOWLEDGMENTS 

I wish to thank Dr. Hans G. Schabel, my major pro

fessor and the members of my graduate committee, Dr. Robert 

Miller and Dr. Marvin Temp for having faith in me the last 

seven years. I also wish to thank my family for their under

standing and patience when I ignored them with the excuse 

of study or work. 

v 



TABLE OF CONTENTS 
ABSTRACT --------------------------------------- iii 

ACKNOWLEDG~~NTS -------------------------------- v 

LIST OF TABLES --------------------------------- vii 

LIST OF FIGURES --------------------------------viii 

LIST OF APPENDICES------------------------------ xi 

INTRODUCTION ----------------------------------- 1 

LITERATURE REVIEW ------------------------------ 4 

MATERIALS AND METHODS -------------------------- 12 

RESULTS ---------------------------------------- 24 

Laboratory -------------------------------- 24 

Field Trials ------------------------------ 40 

Bioassay ---------------------------------- 45 

DISCUSSION ------------------------------------- 48 

CONCLUSION ------------------------------------- 67 

LITERATURE CITED ------------------------------- 68 

APPENDICES ------------------------------------- 72 

vi 



LIST OF TABLES 

Table 1. Vertical distribution of spores of Metar
hizium anisopliae in three columns of un
sterile Plainfield soil after topical ap
plication of a spore suspension and 150ml 
of sterile distilled water. +++ = 70-100% 
coverage on the culture plates; ++ = 30-70% 
coverage; + = 1-30% coverage; 0 = no col-
onies observed on the culture plates.---------41 

Table 2. Soil samples obtained from field plots two 
months after initial appli9ation of a spore 
suspension containing 6xl0 spores per ml 
of Metarhizium anisopliae. X indicates pre
sence, 0 indicates absence of the fungus. 
Plots 1-4 were scalped to mineral soil, 
plots 5-8 were left undisturbed. The soil 
is classified in the Plainfield series.-------43 

Table 3. Soil samples obtained from field plots four 
months after initial appli9ation of a spore 
suspension containing 6xl0 spores per ml 
of Metarhizium anisopliae. X indicates pre
sence, 0 indicates absence of the fungus. 
Plots 1-5 were scalped to mineral soil, 
plots 5-8 were left undisturbed. The soil 
is classified in the Plainfield series.-------44 

vii 



LIST OF FIGURES 

Figure 1. Typical growth and culture of Metarhizium 
anisopliae. This sample was obtained from 
field plot number 6 and placed on a selec-
tive medium then transferred to dextrose
peptone-yeast agar.---------------------------13 

Figure 2. The three columns constructed of plexiglas. 
The right column is filled with sand and 
each column has a bottom filter plug of fiber
glas. The columns are held together with 
glue and masking tape.------------------------13 

Figure 3. Front view of the three sided column con
structed of stainless steel and filled with 
a soil sample. To the left of the column 
is the detachable front panel and its 
mounting hardware.----------------------------15 

Figure 4. One of four plots one-quartersquare meter 
in size and scalped to mineral soil-----------19 

Figure 5. One of four plots one-quarter square meter 
in size and left undisturbed------------------19 

Figure 6. Location of the plots used in the field 
trials. The area had been planted to red 
pine (Pinus resinosa) the preceding spring. 
Flags indicate plots.-------------------------20 

Figure 7. Group of ten larvae of the greater wax moth 
(Galleria mellonella)inoculated with spores 
of M. anisopliae and placed on moistened 
filter paper in a sterile Petri plate.--------22 

Figure 8. Distribution of spores of M. anisopliae 
versus depth in columns of sterile sand,. 
sand-loam mixture, and Plainfield soil 
after topical application of 2ml of spore 
suspension and 150ml of sterile distilled 
water. Each plotted value represents an 
average of nine replicates. ------------------25 

Figure 9. Distribution of spores of M. anisopliae 
versus depth in three columns of sterile 
sand after topical application of 2ml of 
spore suspension and 150ml of sterile dis
tilled water. Each plotted value represents 
an average of three replicates obtained from 
each column. ---------------------------------27 

viii 



Figure 10. Distribution of spores of M. anisopliae 
versus depth in Column A of the sterile sand 
after topical application of 2ml of spore 
suspension and 150ml of sterile distilled 
water. -----~---------------------------------28 

Figure 11. Distribution of spores of M. anisopliae 
versus depth in Column B of sterile sand 
after topical application of 2ml of spore 
suspension and 150ml of sterile distilled 
water. ---------------------------------------29 

Figure 12. Distribution of spores of M. anisopliae 
versus depth in Column C of sterile sand 
after topical application of 2ml of spore 
suspension and 150ml of sterile distilled 
water. ---------------------------------------30 

Figure 13. Distribution of spores of M. anisopliae 
versus depth i~ three columns of sterile 
sand-loam mixture after topical applica
tion of 2ml of spore suspension and 150 
ml of sterile distilled water. Each 
plotted value represents an average of 
three replicates obtained from each col-
umn. ----------------------------------------31 

Figure 14. Distribution of spores of M. anisopliae 
versus depth in Column A of sterile sand
loam mixture after topical application 
of 2ml of spore suspension and 150ml of 
sterile distilled water. ---------------------32 

Figure 15. Distribution of spores of M. anisopliae 
versus depth in Column B of sterile sand
loam mixture after topical application 
of 2ml of spore suspension and 150ml of 
sterile distilled water. ---------------------33 

Figure 16. Distribution of spores of M. anisopliae 
versus depth in Column C of sterile sand
loam mixture after topical application 
of 2ml of spore suspension and 150ml of 
sterile distilled water. ---------------------34 

Figure 17. Distribution of spores of M. anisopliae 
versus depth in three columns of sterile 
Plainfield soil after topical application 
of 2ml of spore suspension and 150ml of 
sterile distilled water. Each plotted 
value represents an average of three re
plicates obtained from each column. ----------36 

ix 



Figure 18. Distribution of spores of M. anisopliae 
versus depth in Column A of sterile 
Plainfield soil after topical application 
of 2ml of spore suspension and 150ml of 
sterile distilled water. -------------------37 

Figure 19. Distribution of spores of M. anisopliae 
versus depth in Column B of sterile 
Plainfield soil after topical application 
of 2ml of spore suspension and 150ml of 
sterile distilled water. -------------------38 

Figure 20. Distribution of spores of M. anisopliae 
versus depth in Column C of sterile 
Plainfield soil after topical application 
of 2ml of spore suspension and 150ml of 
sterile distilled water. -------------------39 

Figure 21. Larvae of the greater wax moth (Galleria 
mellonella) 10 days after inoculation with 
spores of M. anisopliae which had migrated 
through 15cm of sterile sand. The larvae 
show signs of external fungal growth char
acteristic of M. anisopliae. ---------------46 

Figure 22. Larva of the greater wax moth (Galleria 
mellonella) two weeks after inoculation 
with spores of M. anisopliae which had 
migrated through 20cm of sterile sand-loam 
mixture. The insect is covered with the 
fungal growth diagnostic of M. anisopliae.--47 

X 



LIST OF APPENDICES 

Number 1. Local Climatological Data June-October------72 

Number 2. Formulation of Media------------------------78 

xi 



INTRODUCTION 

The use of entomogenous pathogens, i.e. various fungi, 

bacteria, viruses, etc. as a means of microbial control of 

noxious insects, is gaining appeal as more chemical pest

icides are being removed from the market due to their harm

ful effects against non-target organisms and their general 

pollution of the biosphere. 

Entomogenous fungi have long played a significant role 

in the history of insect pathology and are important in the 

dynamics and natural regulation of insect populations 

(Steinhaus 1956). Despite their potential, there are very 

few economically successful programs which utilize fungal 

pathogens in general pest control procedures. Many of the 

problems lie in the lack of specific documentation such as 

dosage requirements, timing of applications, host insect 

life cycle, and the introduction and survival of fungal 

pathogens under field conditions. 

Metarhizium anisopliae (Metsch.) Sorokin, the causal 

agent of green muscardine disease, is presently the second 

most widely used entomogenous fungus in experimental micro

bial control attempts and is continuously being appraised 

for its role in reducing pest populations. The fungus has 

been researched thoroughly under laboratory conditions but 

knowledge of the fate of the spores after topical applica

tion in the field is lacking. There is little information 

on the dispersal of the spores of M. anisopliae in soil 
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especially through the action of water. The present study 

was conducted to investigate this possibility that spores 

of M. anisopliae could migrate through sand or soil utili

zing water as the transport medium. This could encourage 

its use in the field as a microbial control agent either 

by itself or in conjunction with an integrated pest manage

ment system. 

M. anisopliae occurs naturally in the soil and attacks 

insects living in this environment. The fungus is particu

larly effective against the insect order Coleoptera (Urs 

and Govindu 1971). This order includes the white grub, 

Phyllophaga spp., which are serious pests in forest tree 

nurseries and plantations. These insects inhabit the soils 

of Central Wisconsin and are known to f~ed on the roots of 

red pine (Pinus resinosa) seedlings (Shenefelt and Sirnkover 

1950). Red pine is extensively planted in soils which the 

grubs prefer and the insects have caused severe losses in 

forest tree nurseries in Central Wisconsin. In one in

stance, 60% of a new plantation of red pine were killed 

by white grubs in one year (Pers. Obs.). 

Treatment with the soil insecticide Chlordane ®before 

planting the seedlings has proven successful (Speers and 

Schrniege 1971); however, the production of Chlordane @has 

been suspended and no other method of reducing the grub 

population has since been developed. Since M. anisopliae 

is an effective agent against white grubs, biological con-



----------

3 

trol of this pest utilizing the fungus as a microbial in

secticide was considered to be an alternative that would 

be more ecologically acceptable than chemical control. 

If M. anisopliae was found to migrate through the soil 

profile with the action of water and then reach areas which 

white grubs inhabit, the fungus could in essence become an 

effective means of controlling this pest in forest nur

series and plantations. 



LITERATURE REVIEW 

History 

M. anisopliae was first recorded as an insect patho-

gen in Russia in 1879 by Metschnikoff on the wheat cock

chafer, Anisoplia austriaca, Herbst. The fungus belongs to 

the form-class Deuteromycetes, form-order Moniliales with a 

taxonomic position near Penicillium. The genus has been in

cluded in the Xerosporae because the spores of the fungus are 

dry and powdery (Wakefield and Bisby 1941) . Names first as

cribed to the fungus included Entomophthora anisopliae, 

Metsch.; Oospora destructor, Delacroix; and Penicillium 

anisopliae, Vuillemin (Rockwood 1950). In 1883, Sorokin 

described the fungus further and elected the genus Meta

rhizium, thus the final combination became Metarhizium ani

sopliae (Metsch.) Sorokin (Latch 1965). 

The first attempts at using M. anisopliae as a bio

logical control agent was by Krassilstschik in 1884 who mass

produced the fungus on beer mash. The fungus was then ap

plied to small areas and it was reported to have killed 

50-80% of the sugar beet curculio, Cleonus punctiventris 

Germ. (Latch 1965). Subsequently, M. anisopliae has been 

widely tested as a control agent in reducing various pest 

populations. 

The cosmopolitan M. anisopliae is known to be highly 

pathogenic to over 200 species of insects representing 

seven different orders with Coleoptera (Scarabaeidae and 
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Curculionidae) being the most common host order (Yendol and 

Roberts 1970). The fungus is capable of attacking insects 

at any stage of development; however, the larval stage is 

generally the most susceptible. 

Description 

M. anisopliae is comprised of two forms; a short-spored 

form (forma minor) with conidia 5-Bp long; and a long-spored 

form (forma major) with conidia 9-14~ long (Latch 1965). 

It is thought that conidial length varies with the culture 

media suggesting that the difference between the forms are 

physiological (Tullock 1976). 

The conidia are one-celled, cylindrical to oval in 

shape, and usually truncate at both ends. Their color varies 

from light to dark olive green. The conidiophores are 

simple or branched and are closely compacted and individual 

chains of conidia are only distinguishable in the early 

stages of formation (Latch 1965). 

Culture 

M. anisopliae may easily be cultured on a wide variety 

of natural and synthetic media. Barnes et al. (1975) de-

termined growth and sporulation of M. anisopliae on media 

containing various peptone sources. Latch (1965) described 

the appearance of fungal colonies grown on potato-dextrose 

agar (PDA) and media other than PDA. Roberts (1966) ex-

amined four media to determine the best source of spores for 

the production of toxic substances. Submerse and surface 
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cultivation for large scale field use was described by 

Adamek (1965) and Latch (1975). 

A selective medium which acts against bacterial growth 

and minimizes the development of other fungi was formulated 

by Veen and Ferron (1966) . This medium has been successful 

in the isolation of M. anisopliae from soil. Another sel

ective medium which has been designated as CCE agar has re-

cently been tested for estimating populations of Metarhizium 

in soil without interference from competing fungi (Pereira 

et al. 1979). 

Germination 

Relative humidities higher than 90% were found to be 

necessary for the germination of spores of M. anisopliae 

with the best germination occurring at humidities of 100% 

and no germination occurring at relative humidities below 

90% (Walstad et al. 1970). 

Optimum temperatures for spore germination generally 

are considered to be from 25°-30°C. with the temperature 

range for normal growth being l0°-30°C. (Walstad et al. --

1970). M. anisopliae is relatively thermophilic with spores 

unable to germinate at temperatures below l0°C. The thermal 

death point is 49°C. (Schaerffenberg 1964). 

The influence of the hydrogen ion concentration shows 

that mycelial growth curves are fairly level in a range of 

pH 4.7-10 with the optimum pH being 6.9-7.4 (Vouk and Klas 

1931) • 
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Light appears to be detrimental to mycelial growth and 

the viability of the spores of M. anisopliae (Roberts 1977) . 

Spores of M. anisopliae generally do not germinate on 

unsterile soil, duff, or leaf litter but remain viable there 

for days or weeks n-Jalstad et al. 1970) . The spores will often 

germinate readily upon contact with the unsterile body wall 

of an acceptable host. Under optimum conditions, germina

tion commences after 15 hours with the appearance of germ 

tubes (Latch 1965). 

Viability 

The length of a spore's life is measured by its ability 

to germinate after a period of time. The survival of the 

spores of M. anisopliae over an extended period of time is 

affected by storage temperature. Spore viability dropped 

to virtually zero in less than four months when the spores 

were stored above 21°C.1 while spores held below 8°C. had 

an 80% survival rate after 12 months (Walstad et al. 1970). 

There was no germination or mycelial growth of spores after 

being stored for 11 months at room temperatures of 15°-24°C.1 

whereas those spores stored at 4° and -l5°C. germinated and 

had vigorous mycelial growth (Latch 1976) . Subzero temp

eratures are suitable for long term storage and spore sus

pensions held at -20°C. can remain viable for up to four 

years (Roberts and Campbell 1977) . 

Spore viability is also affected by relative humidities 

and spores survive longer at high or low than at median 
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humidities (Walstad et al. 1970). Maximum germination was 

retained when spores were stored at 8°C. and 75% relative 

humidity (Yendol and Hamlen 1973). Viability is also affected 

by light and spores survive longer in darkness than in light 

(Roberts and Campbell 1977). 

Bell and Hamalle (1970) stated that conidia could sur-

vive and still be effective after 40 days in dry sand or 

soil. Infection of host insects dropped only 30-50% after 

two years in greenhouse experiments with M. anisopliae 

(Muller-Kegler 1976). Bell (1975) found that M. anisopliae 

was viable for six months when stored outside in a silica 

gel bag and concluded that if spore material is kept dry, 

it could survive temperature fluctuations and remain viable 

and pathogenic for at least one year. 

Virulence 

A high degree of virulence is important if the fungus 

is to be successful as a biological control agent. M.ani-

sopliae is a facultative parasite and may be cultivated and 

raised for several generations on a variety of artificial 

media. If the parasitic phase of the life cycle is omitted 

there is some loss of virulence. Fox and Jaques (1958) 

found continued subculturing caused a decline in virulence 

which was indicated by failure of the inoculum to cause 

disease. Rockwood (1950), on the other hand, stated that 

virulence may be maintained in artificial substrates on 

approximately the same level through a number of generations 
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and up to seven years. Latch (1965) reported that iso

lates grown on artificial media showed no change in vir

ulence after six months but that after 11 months, virulence 

had dropped by 24%. At this time, it is not known how 

many generations M. anisopliae can be cultivated on artifi

cial substrates without loss of virulence. Therefore arti

ficial subcultures of M. anisopliae are routinely inter

rupted by passage through host insects to insure virulence. 

Mode of Infection 

M. anisopliae initiates infection orally or percut

aneously by germinating spores which produce germ tubes that 

typically grow over the surface of the host insect (Schabel 

1976 The germ tube produces clavate, terminal dilations 

called appressoria at varying' intervals which have been con

firmed as origins for the penetrating hyphae (Schabel 1978). 

The invasive hyphae enter the host tissues and ramify 

throughout the hemocoel. Schabel(l978) also found that 

on adult pales weevils (Hylobius pales) hyphae grew exten

sively within the procuticle with a distinct preference 

for the interlamellar spaces. After filling the host with 

mycelium, emergence hyphae, will under prop~r conditions, grow 

through the integument to eventually produce spores on the 

external surface of the host. In the early stages of infec

tion, the insect shows general ill effects, cessation of 

feeding, weakness, and disorientation. Soft-bodied hosts 

tend to change color and the cuticle often shows dark 
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melanotic spots. 

Toxins 

Two insecticidal substances have been isolated from 

filtrates of M. anisopliae. These toxins include the so

called destruxins A and B which are cyclic peptides. M. 

anisopliae is among those fungi which kill before exten

sive invasion of the organs takes place and it is thought 

that the production of toxic substances by the fungus is 

responsible. These toxins appear to be liberated into 

the host by intact hyphae and hyphal bodies. It has been 

suggested that M. anisopliae would prove to be more pro

mising as a pathogen than as a source of toxins (Roberts 

1965). 

Soil Aspects 

There is little information as to the persistence and 

mobility of M. anisopliae after it has been applied in the 

field. Latch and Falloon (1976) found little spread of 

the fungus from inoculated areas to adjacent areas and 

what migration occurred was probably from the infected host 

insects. Although the inoculum was only mixed into the top 

lOcm of soil, M. anisopliae spores were found to be present 

in material taken 20-30cm from the soil surface. The 

spores were presumed to have been washed down the soil pro

file by rain or through the activities of small organisms 

such as ants or millipedes. Burges (1950) and Hepple (1960) 

reported that fungi producing dry spores such as M. ani-
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sopliae, have little likelihood of being washed to lower 

levels in soil. 

Toxicity to Vertebrates 

There are no current reports of allergic reactions or 

infections to vertebrates by M. anisopliae. Latch (1976} 

reported that animals which had been fed spores of M. ani

sopliae in their diet, showed no abnormal symptoms in their 

behavior and upon conclusion of the trial when the test 

animals were sacrificed and autopsied, no tissue or organic 

abnormalities were observed. Wasti et al. (1980} assessed 

the toxicity of M. anisooliae to birds and concluded that 

the fungus did not cause any mortality or abnormal behavior 

although he observed a small decline in body weight. Do

sages were considerably higher than amounts normally used 

in programs in field trials and when extrapolated to man, 

were found to be greater than any possible exposure or 

contamination. M. anisopliae is considered neither toxic 

nor pathogenic to man or other warmblooded animals. How

ever, as with any insecticide, microbial or chemical, proper 

precautions such as the use of protective clothing and 

face masks should be taken whenever the spores are handled. 



l1ATERIALS AND METHODS 

Fungus 

A strain of M. anisopliae was isolated from a pales 

weevil obtained in Orange County, North Carolina, which 

had died of green muscardine disease. A culture was grown 

on dextrose-peptone-yeast agar (DPY) , prepared according 

to the specifications of Schaerffenberg (1964) (App.2). 

Live white grubs approximately three centimeters in length 

were obtained in late April from a newly plowed field in 

Wood County, Wisconsin. These grubs were inoculated by 

brushing spores of the North Caroiina isolate onto the in

tegument of the larvae. The grubs subsequently died of 

green muscardine disease and formed the characteristic 

external fungal tufts of growth associated with M. anisop

liae. Hyphal tip transfers were made from the grubs to 

the DPY agar and the resultant sporulating cultures (Fig. 1) 

were verified to be ~· anisopliae. Subcultures were placed 

in slant tubes and used within a ten month period. 

Columns 

Plexiglas Columns 

Three plexiglas columns consisting of a back plate, 

two side plates, and a base plate all cemented together 

with epoxy glue were designed. Three one-quarter inch 

holes were drilled into the base plate to provide drainage. 

The front plate was constructed in such a manner that it 

would fit into the sides and base plates and yet be easily 

12. 
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Fig. 1. Typical growth and culture of Metarhizium 
anisopliae. This sample was obtained from field 
plot number 6 and placed on a selective medium 
then transferred to dextrose-peptone-yeast a ar. 

Fig. 2. The three columns constructed of plexi
glas. The right column is filled with sand and 
each column has a bottom filter plug of fiberglas. 
The columns are held together with glue and mask
ing tape. 
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removed. An entire column measured 6x6x35cm and was firmly 

held together with masking tape (Fig. 2). The columns were 

rinsed in 95% ethyl alcohol for sterilization. A plug of 

fiberglas soaked in the alcohol was fitted into the base 

of the column. Other sterilization procedures were not 

found to be necessary as the number of contaminating col

onies on the culture plates was minimal and they were easily 

recognized and discarded. The soil sample used for each 

trial was first sterilized in an autoclave for 15 minutes 

and then placed in the column. No special precautions were 

taken to keep the columns of sand or soil aseptic. 

Stainless steel column 

The stainless steel column was constructed by bending 

a single piece of stainless steel to form the back and 

side panels. A base plate was welded to this three sided 

column and three one-quarter inch holes were drilled into 

the base plate to provide drainage. A front plate fitted 

snugly over the sides and base plates and the whole column 

was held firmly together with three rigid stainless steel 

bands and wing nuts (Fig. 3). The column measured 7x7x35cm 

and could be sterilized together with the soil in an auto

clave. The construction of a steel column was necessary 

in order to obtain intact soil profiles from soil pits. 

Soil 

Three different types of soil were used: coarse sand, 

a sand-loam mixture, and soil classified in the Plainfield 

series. The latter consists of "deep extensively drained 
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Fig. 3. Front view of the three sided column con
structed of stainless steel and filled with a soil 
sample. To the left of the column, is the detach
able front panel and its mounting hardware. 

sandy soil on outwash plains" (USDA Soil Consv. Serv. 1977). 

These soil types are characteristic of soils found in Cen-

tral Wisconsin the area of this research. 

Sand 

Sand was obtained from the substratum of a Plainfield 

type soil at a depth of five feet and consisted of a yel-

lowish brown, single-grained, loose sand containing less 

than 95% quartz with an acidity of pH 5.9. 

Sand-loam mixture 

The sandy loam was obtained from the plow layer (soil 

ordinarily moved in tillage, about 5-8 inches in thickness) 

of a Plainfield type soil. The sand-loam mixture consisted 

of 50% coarse sand and 50% sandy loam. Both the sand and 
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sand-loam mixture were sifted through a number 35 soil 

sieve to remove lumps and debris before sterilization and 

placement in the'plexiglas columns. 

Plainfield soil 

The Plainfield soil was a typical Plainfield type soil 

having a profile which included an Ap, Al, B2, and Cl to 

C3 horizons. A soil pit was dug and a column of soil as 

undisturbed as possible to a depth of 35cm was obtained by 

pressing the stainless steel column against the profile thus 

forcing the soil into the column. This soil was sterilized 

intact in the steel column. Control trials were conducted 

in which the column of soil was not sterilized in order to 

determine if there were any antibiotic or fungistatic 

effects occurring. 

Three replicates of each of the above soils were taken. 

Administration of the Inoculum 

After the columns had been filled with the correspon

ding type of soil, sufficient amounts of sterile distilled 

water (SDW) were allowed to flow through the columns to 

pack the soil and bring the soil to field capacity. This 

helped to prevent channels through which the spores might 

readily wash. 

Spores of M. anisopliae were suspended in a .4% sol

ution of the wetting agent polyoxyethylene sorbitan mono

laurate (Tween 20 ®> • A hemocytometer was used to calcu

late the spore suspension which contained an average of 



17. 

5xl0 7 spores per ml. A standard volume (2ml} of spore sus

pension was pipetted carefully over the surface of the soil 

after the column had drained of excess water. This was 

immediately followed by 150ml of SDW pipetted in lOml in

crements. Both the spore suspension and the additional 

water were slowly poured on the surface of ehe soil to pre

vent disturbance of the upper layers of the soil. No 

standing water was allowed to accumulate on the surface 

of the soils. 

Culturing Techniques 

Samples of the drainage water were taken after the 

addition of lOOml of SDW and again after another additional 

50ml of SDW. These samples were cultured to determine 

whether any spores had migrated completely through the col

umn. When the column had stopped draining, it was placed 

in a horizontal position and the face plate carefully re

moved. The outer lcm of soil was discarded to avoid those 

spores which might have traveled more rapidly down the 

smooth surface of the columns. A sterile probe was used 

to remove .005-.015 grams of soil from the center of the 

column. Three samples were removed at Scm intervals 

throughout the length of the column and placed in sterile 

Petri dishes (Warcup 1950}. The nutrient agar medium (DPY} 

was carefully poured over the samples and the plates were 

incubated at 25° c. for three days. An initial count was 

made of any colonies found to be present on the medium after 
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the incubation period. Three replicates were made for each 

of the sterile soil types. 

Samples of the non-sterile soil were taken at Scm in-

tervals and placed in sterile Petri plates. A selective 

medium for the isolation of M. anisopliae from soil pre-

pared according to the specifications of Veen and Ferron 

(1966) was carefully poured over the sample. This medium 

eliminated many contaminants and slowed the growth of 

competitors thus allowing colonies of M. anisopliae to 

grow. Colonies of M. anisopliae were transferred through 

hyphal tips to the nutrient agar medium in order to confirm 

the actual presence of the fungus. The sporulating col-

onies were also examined microscopically for final ver-

ification that the fungus was M. anisopliae. 

Field Procedure 

Eight one-quarter square meter plots were prepared for 

the field trial. Four of these plots were scalped to the 

mineral soil (Fig. 4.) while the sod was left undisturbed 

on the other four plots (Fig. 5.). A plant water mister was 

used to spray each plot with 140ml of spore suspension con-

7 taining an average of 6xl0 spores of M. anisopliae per ml. 

This topical application was immediatley followed by three 

liters of distilled water. 

The eight plots remained exposed to the full radiation 

of the sun. Complete weather data were provided by the Nat-

ional Weather Service in Madison, Wisconsin situated ap-
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4. One of four plots one-quarter square 
o mineral soil. 

Fig. 5. One of four plots one-quarter square 
meter in size and left undisturbed. 
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. 
proximately 100 miles south of the test site (App. 1}. The 

plots were located in a field which had been planted to red 

pine the preceding spring (Fig.6}. The soil was of the 

Plainfield series and was from the same area from which the 

soil samples had been taken for the laboratory investigation. 

Fig. 6. Location of the plots used in the field 
trials. The area had been planted to red pine 
(Pinus resinosa} the preceding spring. Flags in-· 
dicate plots. 

Two samples each were taken of each plot at two and four 

month intervals after the initial application of the spore 

suspension. The sample obtained two months after appli-

cation of the spores was taken at 2cm intervals to a depth 

of 20cm. The second sampling four months after the initial 

application was taken at Scm intervals to a depth of 30cm. 

A section of soil from the plots was removed to provide 
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vertical access to a depth of 35cm. Two soil samples (.005-

.015 g.) were removed with a sterile probe at each respec-

tive interval and placed on sterile Petri dishes. The 

selective medium formulated by Veen and Ferron (1966) was 

carefully poured over the soil samples and the samples were 

incubated at 25° C. until sporulation occurred. At this 

time, colonies which were though~ to be M. anisopliae were 

transferred to the DPY agar and incubated to establish the 

identity of the fungus. Microscopic examination of the 

spores was also made to confirm this identity. 

A control sampling was taken in the same area as the 

field trial to determine if M. anisopliae was occurring 

naturally in the soil. This sample was taken approximately 

50 feet from the original plots to minimize any possible 

drift of spores from the prepared plots. A soil pit was 

dug and two samples each were obtained at Scm intervals to 

a depth of 30cm. These samples were handled in the same 

manner as the samplings taken from the prepared plots. 

Bioassay 

A bioassay was devised to determine if the spores of 

M. anisopliae would lose their virulence while migrating 

through soil. Larvae of the greater wax moth were ob-

tained from a live bait store for this portion of the re-

search. Ten larvae were inoculated for each three samples 

and soil types. The spores were obtained from the cultures 

which had successfully produced colonies of M. anisopliae 
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from the different soils and depths. A camel's hair brush 

was used to brush the spores onto the integument of the 

larvae. The brush was dipped into 95% ethyl alcohol to 

sterilize it between each application of spores onto a 

larva. Each group of larvae were placed on moistened filter 

paper fitted into a sterile Petri dish (Fig. 7). The larvae 

were then stored at room temperature and checked every 24 

hours for signs of mycosis. 

-, 

Fig. 7. Group of ten larvae of the greater wax 
moth (Galleria mellonella) inoculated with spores 
of M. anisopliae and placed on moistened filter 
paper in a sterile Petri plate. 

A bioassay was also made of the positive cultures 

taken of the samples from the field plots, to determine if 

any inhibitory effects due to fungistasis would affect 

spore virulence. 



23. 

A control group of ten larvae each were placed in ten 

sterile Petri dishes. These larvae were handled and kept 

in the same manner as the larvae which were inoculated with 

the spores of M. anisopliae. 



RESULTS 

Laboratory 

Spores of M. anisopliae migrated downward through the 

columns of all three types of soils. Fig. 8 shows the 

variability of migration of spores in the three types of 

soil, i.e. coarse sand, sand-loam mixture, and Plainfield 

soil. 

Composite soil ~ data 

The rate of migration observed in the columns of 

sterile sand indicated a high retention of spores on the 

sand surface followed by a sharp decrease at the Scm level. 

At lOcm the number of colonies had again increased to a 

level almost that found on the surface. The number of 

colonies then declined as the depth increased. No spores 

traveled completely through any of the columns of sterile 

sand. 

The sterile sand-loam mixture as indicated in Fig.8 

had a gradual decrease in the number of spores to the Scm 

depth where an average ofl4S colonies per sample were 

plated out. By lOcm level, the number of spores had de

creased sharply to less than 20 colonies per sample. Few 

spores traveled past the 20cm depth and no spores migrated 

completely through the columns of the sterile sand-loam 

mixture. 

The sterile Plainfield soil (Fig. 8) showed a higher 

variability in its curve than the other two soil types. 

24. 
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COMPOSITE SOIL TYPE DATA 
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Fig. 8 Distribution of spores of Metarhizium anisopliae versus depth 
in columns of sterile sand, sand-loam mixture, and Plainfield soil after 
topical application of 2ml of spore suspension and 150ml of sterile 
distilled water. Each plotted value represents an average of nine 
replicates. 



26. 

There was a drop in the number of spores at the Scm depth 

similiar to the curve represented by the sterile sand. 

After Scm the concentration of spores was relatively con-

stant down to 20cm indicating spore migration through this 

depth. From the 20cm depth, the number of colonies decreased 

and approached zero by 3Scm. No spores traveled completely 

through the columns of sterile Plainfield soil. 

Sterile sand 

Fig. 9 shows the migration of the spores of M. ani-

sopliae versus column depth for the three columns of sterile 

sand. All three columns show a decrease in the number of 

colonies to Scm followed by a sharp increase at lOcm. In 

columns A and C the number of spores declined after lOcm 

as depth increased approaching zero by 2Scm. Column B 

however, maintained a constant concentration of colonies 

from lOcm through !Scm before declining and approaching 

zero at 3Scm. Fig. 9 indicates the variability of the 

migration of spores between the three columns while Fig. 

lO,ll,and 12 show the variability within Columns A, B, and 

c. Each set of graphs demonstrates the repeatability of 

the trials with the sterile sand and indicates the same 

general migration trend. 

Sterile sand-loam mixture 

Fig. 13 represents the concentration of colonies versus 

depth in the three columns of sterile sand-loam mixture. 

This graph shows the variability of migration of spores 
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Fig. 9. Distribution of spores of Metarhizium anisopliae versus depth 
in three columns of sterile sand after topical application of 2ml of 
spore suspension and lSOml of sterile distilled water. Each plotted 
value represents an average of three replicates obtained from-each 
column. 
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Fig. 10. Distribution of spores of Metarhizium anisopliae versus depth 
in Column A of the sterile sand after topical application of 2ml of 
spore suspension and lSOml of sterile distilled water. 
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Fig. 11. Distribution of spores of Metarhizium anisopliae versus depth 
in Column B of sterile sand after topical application of 2ml of spore 
suspension andlSOml of sterile distilled water. 



G) 
~ 
CIS 

...... 
ll< 

f,.j 
G) 
Q. 

Ill 
G) 

•.-t 
s::: 
0 ...... 
0 
CJ 

1M 
0 

0 :z: 

300 

250 

200 

150 

100 

30. 

STERILE SAND 
Column C 
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Depth of Column (em.) 
Fig. 12. Distribution of spores of Metarhizium anisopliae versus depth 
in Column C ·Of sterile sand after topical application of 2ml of spore 
suspension and lSOml of sterile distilled water. 
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STERILE SAND-LOAM MIXTURE 
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Fig. 13. Distribution of spores of Metarhizium anisopliae versus depth 
in three columns of sterile sand-loam m1xture after topical application 
of 2ml of spore suspension and 150ml of sterile distilled water. Each 
plotted value represents an average of three replicates obtained from 
each column. 
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STERILE SAND-LOAM MIXTURE 
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15 20 
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25 30 35 

Fig. 14. Distribution of spores of Metarhizium anisopliae versus depth 
in Column A of sterile sand-loam mixture after topical application of 
2ml of spore suspension and 150ml of sterile distilled water. 
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Fig. 15. Distribution of spores of Metarhizium anisopliae versus depth 
in Column B of sterile sand-loam mixture after topical application of 
2ml of spore suspension and 150ml of sterile distilled water. 
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STERILE SAND-LOAM MIXTURE 
Column C 
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Depth of Column (em.) 

25 30 35 

Fig. 16. Distribution of spores of Metarhizium anisopliae versus depth 
in Column C of sterile sand-loam mixture after topical application of 
2ml of spore suspension and l50ml of sterile distilled water. 
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between the columns while Fig. 14, 15, and 16 show the 

variabilities observed within the columns. These curves 

indicate that the spores of M. anisopliae migrated to a 

depth of Scm. At increased depths the number of colonies 

decreased sharply approaching zero between 10 and 15cm. 

The pattern of scatter between the three columns were re

latively similiar showing the repeatability of the migrat

tion of spores through columns containing a sterile sand

loam mixture under laboratory conditions. 

Sterile Plainfield soil 

Fig. 17 shows the variability of migration of spores 

versus depth for the three columns containing the sterile 

Plainfield soil. Fig. 18, 19, and 20 represent the var

iability within the columns of soil. These graphs have a 

much wider range of variation than those representing the 

sterile sand and sand-loam mixture. 

Column A (Fig. 18) shows a gradual decrease in the 

number of spores to the lOcm depth followed by a slight in

crease in concentration of spores between 15 and 20cm. 

This was followed by a decrease in spore concentration 

which approached zero by 35cm. 

Column B (Fig. 19) shows a decrease in the number of 

spore concentration at lOcm similiar to the increase noted 

in Columns A and C. By 30cm, all replicates had few if 

any colonies plating out. 

Column C (Fig. 20) shows a general decrease in con-
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Fig. 17. Distribution of spores of Metarhizium anisoeliae versus depth 
in three columns of sterile Plainfield soil after top~cal application 
of 2ml of spore suspension and lSOml of sterile distilled water. Each 
plotted value represents an average of three replicates obtained from 
each column. 
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STERILE PLAINFIELD SOIL 
Column A 

20 

Depth of Column (em.) 
Fig. 18. Distribution of spores of Metarhizium anisopliae versus depth 
in Column A of sterile Plainfield soil after topical application of 
2ml of spore suspension and lSOml of sterile distilled water. 
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STERILE PLAINFIELD SOIL 
Column B 

15 20 ~5 30 35 
Depth of Column (ern.) 

Fig. 19. Distribution of spores of Metarhiziurn anisooliae versus depth 
in Column B of sterile Plainfield soil after topical application of 
2rnl of spore suspension and lSOrnl of sterile distilled water. 
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STERILE PLAINFIELD SOIL 
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Fig. 20. Distribution of spores of Metarhizium anisopliae versus depth 
in Column C of sterile Plainfield soil after topical application of 
2ml of spore suspension and lSOml of sterile distilled water. 
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centration of spores to the Scm depth followed again by an 

increase in spore count at lOcm. After lOcm, spore con

centration gradually diminished with depth to virtually 

zero by 35cm. 

Unsterile Plainfield soil 

The trial initiated with the columns of unsterile soil 

taken from the field test area showed a general downward 

migration of spores similiar to those columns containing the 

sterile soil. Table 1 represents the depths at which col

onies of M. ·anisopliae were present on the culture plates. 

The number of colonies of M. anisopliae from each sample 

could not be counted as there were other contaminants 

growing on the plates even though a selective medium _for the 

isolation of M-. anisopliae was utilized. It was only deter

mined if M. anisopliae was present or absent at the depths 

sampled. The cultures indicated that spores were present 

in relatively high numbers to the 15cm depth showing a 

general downward migration trend. By 20cm, the number of 

colonies on the culture plates had decreased and by 30cm 

had virtually approached zero. Cultures of the drainage 

water indicated no evidence of any colonies of M. anisopliae 

~igrating completely through any of the columns containing 

the unsterile soil. 

Field Trial 

Soil samples were taken from eight test plots which 

had had spores of M. anisopliae sprayed on the surface. 
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Column A Column B Column C 
-

Surface +++ +++ 

Scm l +++ +++ I 
I 

lOcm ++ ++ 

15cm + +++ 

20cm 0 + 

25cm 0 0 

30cm 0 0 

Table 1. Vertical distribution 
Metarhizium anisopliae in three 
unsterile Plainfield soil after 
plication of a spore suspension 
sterile distilled water. +++ = 
erage on the culture plates; ++ 
coverage; + =· 1-30% coverage; 0 
observed on the culture plates. 
servation taken two weeks after 

+++ 

+++ 

+++ 

+ 

+ 

+ 

0 

of spores of 
columns of 
topical ap
and 150ml of 
70-100% cov
= 30-70% 
= no colonies 
Initial ob

inoculation. 
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Two months after the initial application of spores, it was 

observed that the spores had migrated downward to 18cm 

(Table 2)~ Fungal colon~es were present from the surface 

to 18cm. By 20cm, no colonies were observed for any of the 

eight plots. The soil samples were placed on the selective 

medium to reduce some of the contaminants. Accurate counts 

of the number of colonies found at each depth could not be 

taken due to other contaminants, however, the cultures did 

indicate that colonies of M. anisopliae could be grown from 

samples of soil taken from the test plots down to a depth 

of 18cm. Viable inoculum were found in 68% of all samples 

taken from the plots which were scalped to mineral soil and 

75% of the plots which were left undisturbed after two 

months. 

Two samples were taken at Scm intervals from the field 

plots and placed on the selective medium four months after 

the initial application of spores (Table3). The percent of 

plots with viable inoculum was 75% in samples taken from the 

plots which had been scalped to mineral soil, and 50% on 

the undisturbed plots. Seventy five percent of the plots 

showed evidence that the inculum had migrated to 20cm while 

38% indicated migration to 25 and 30cm. Table 3 shows the 

results of the positive cultures of M. anisopliae at the 

various depths in samples obtained from the field plots 

four months after initial application of spores. 
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Plot # Sur- Ave. 
face 2cm 4cm Gem Scm lOcm 12cm 14cm 16cm 18cm 20cm % 

--· 
1 X X X X 0 X X X X X 0 

2 X X X X X X 0 0 0 X 0 

3 X X X 0 0 0 X X 0 X 0 

4 X X X X X 0 X X X 0 0 

% Present 100 100 100 17S so so 7S 7S so 7S 0 68 

s X X X X X X X X X X 0 
--

6 X X X X 0 X X 0 X X 0 

7 X X X X X X X X X X 0 

8 X X X X 0 0 0 X X 0 0 

~ Present 100 100 100 100 so 7S 7S 7S 100 so 0 7S 

Table 2. Soil samples obtained from field plots two mont~s after 
initial application of a spore suspension containing 6xl0 spores 
per ml of Metarhiziurn anisopliae. X indicates presence, 0 indicates 
absence of the fungus. Plots 1-4 were scalped to mineral soil, plots 
S-8 were left undisturbed. The soil is classified in the Plainfield 
series. 

--



44. 

Plot # 
s Ave. rRee Scm lOcm !Scm 20cm 25cm 30cm % 

1 X 0 X X X X X 

2 0 X X X 0 0 0 

3 X X X X X X X 

4 X X X X X 0 0 

% Present 75 75 100 100 75 50 50 75 

5 X 0 0 X X 0 0 

6 0 X X X X X X 

7 X 0 0 0 0 0 0 

8 X 0 X X X 0 0 

% Present 75 25 50 75 75 25 25 50 

Table 3. Soil samples obtained from field plots four 
months after in~tial application of a spore suspension 
containing 6xl0 spores/ml of Metarhizium anisopliae 
X indicates presence, 0 indicates absence of the fungus. 
Plots 1-4 were scalped to mineral soil, plots 5-8 were 
left undisturbed. The soil is classified in the Plain
field series. 
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Control Trials 

None of the control samples indicated that M. ani

sopliae was naturally present in the soil. A few colonies 

that appeared suspiciously like M. anisopliae were trans

ferred to the DPY agar and allowed to sporulate. However, 

these colonies turned out to be Penicillium. Metarhizium 

was not found to be present in any of the control samples. 

Bioassay 

The larvae of the greater wax moth which were inocu

lated with the spores of M. anisopliae were examined every 

24 hours. Thirteen percent of the larvae were dead after 

24 hours. Forty eight hours after inoculation, 78% of the 

larvae were dead and after 72 hours, there was 100% mor

tality. All larvae showed flaccidity and shrinkage. With

in two weeks, the larvae were covered with the character

istic fungal growth diagnostic of M. anisopliae (Fig. 21 

and 22). 

The control group of larvae showed no sign of any 

fungal infection after 14 days. 
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Fig. 21. Larvae of the greater wax moth (Galleria 
mellonella) 10 days after inoculation with spores 

. ,.. 
• 

of Metarhizium anisopliae originating from cultures 
obtained from spores which had migrated through 15cm 
of sterile sand. The larvae show signs of external 
fungal growth characteristic of M. anisopliae 



47. 

Fig. 22. Larva of the greater wax moth (Galleria 
mellonella) two weeks after inoculation with spores 
of Metarhizium anisopliae originating from cultures 
obtained from spores which had migrated through 20cm 
of sterile sand-loam mixture. The insect is covered 
with the fungal growth diagnostic of M. anisopliae . 



DISCUSSION 

The objective of this research was to determine whether 

M. anisopliae would migrate vertically through soils follow

ing topical application of spores. This factor would be es

sential if the fungus is to be considered for field applica

tion as a microbial insecticide against soil-inhabiting in

sects. This research revolved around the possibility of M. 

anisopliae reaching white grubs, Phyllophaga spp. which at

tack the roots of various nursery and seedling stock includ

ing red pine. Red pine grows best on well-drained sandy 

soils and has been extensively planted in Central Wisconsin 

as a source of pulpwood for the area's paper mills. Since 

light sandy soil is also a favorite habitat of white grubs, 

red pine seedlings are often planted in areas of high grub 

infestation. 

The three types of soil tested in this experiment are 

commonly found in Central Wisconsin, the area of this re

search. Thirty percent of the soils in Central Wisconsin 

are classified in the Plainfield series (Hole 1976). This 

research·was designed to determine the migration of spores 

of M. anisopliae through coarse sand and sand-loam mixture 

of which the Plainfield soils consist. If spores traveled 

through these soils, it was assumed they would also trav-

el through the soil most commonly associated with red pine 

and white grubs. Because of the reduction of chemical 

spraying for. the control of white grubs due to enforcement 

by environmental groups, a biological agent such as M. 

anisopliae which is capable of existing in soils and is able 

48. 
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to migrate through soils wo~ld be of importance. 

The laboratory tests indicate that spores of M. ani

sopliae are capable of dispersing in soil through the dir

ect action of water·. Water may affect dispersal through 

splash, run-off, and percolation under natural conditions. 

Dispersal by water is also dependent on interstitial pore 

space, spore shape, and consistency of spore coat. Spore 

dispersal by water is considered effective in a vertical 

mode rather than a lateral one. 

Fungi which produce a mucilaginous spore mass are more 

capable of dispersing in the soil through the action of 

water than fungi which produce dry and powdery spores (Burges 

1950, Hepple 1960). Spores of M. anisopliae were suspended 

in a wetting agent (Tween 20) to help alleviate the antagon

istic action between the spores and water by artificially 

changing the behavior of the spores to lessen their resis

tance to wetting. The concentration of Tween 20 was .4%, 

which is known not to interfere with the viability or 

pathogenicity of the spores. 

The trials undertaken in the laboratory were concerned 

only with the dispersal of spores by the influence of water 

combined with Tween 20. The SOW poured on the columns and 

the distilled water sprayed on the field plots after the 

addition of the spore suspension, were equivalent to ap

proximately one and one-quarter inches of rain per acre. 

This amount was derived as an amount of rain that can be 

expected in the spring when red pine seedlings are planted. 
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If tree planting could coincide with a forecast of heavy 

rain, the spores would have a good chance of being washed 

into the upper layers of soil thus protecting them from 

direct exposure to the elements. 

The results from the trials conducted in the labora

tory were fairly constant due to the fact that the variables 

were kept to a minimum. The columns filled with the sterile 

sand and sand-loam mixture were consistent in particle size 

and compaction to each other and the methods of experimenta

tion were the same. The results indicated this by the re

peatability of the trials. Some variations could have oc

curred due to human inconsistency as to speed in which the 

SOW was added and the length of time elapsed between the 

final addition of SOW and the taking· of the samples. 

The spores were moved rapidly downward to the lOcm 

level in the columns filled with sterile sand. The reason 

for this retention of spores at that level is not clear, 

~ut it is possible that it may be due to the strong ad

hesion of the spores to the sand grains. An insignificant 

number of spores did migrate all the way down the column 

although not completely through the column. This research 

was concerned only with the possibility of spores migrating 

to a certain depth and not with the quantity of spores that 

reached that depth. Although spores did migrate to the 35cm 

depth, the amount of spores probably would not be significant 

in the incidence of infection in insects. 

The columns containing the sterile sand-loam mixture 
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also showed a general downward migration of spores but the 

spores migrated only to a depth of 20cm with the majority 

of spores retained at the Scm depth. This higher retention 

of spores at the upper levels of the columns might be at

tributed to the finer consistency of the soil. Small bodies 

such as spores also may carry electrical charges and it is 

possible that this ionization between the spores and the 

soil might be responsible for the retention of spores after 

traveling only a short distance. Spomer (1980) has shown 

that soils in containers develop a perched water table with 

the bottom 8-lOcm of the soil having a 100% pore saturation. 

This water distribution exhibits a sharp gradient in sand 

and silty clay loam soils and may block access of the spores 

to lower column levels. 

Results from samples of soil taken from the field and 

then sterilized showed the most variation. This was due 

partly to the method of obtaining the sample. Each sample 

was taken separately and on different days as only one 

stainless steel column was used in this part of the experi

ment. Only one column was constructed because of the dif

ficulty and expense in making the column. In comparison, 

the sterile sand and sand-loam mixtures were placed in 

three columns and the trials for all three replicates were 

accomplished at one time. Since each soil sample was ob

tained on different days, the soil sample would have been in 

a different state of moisture content. One sample could 
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have been more tightly packed in the column itself than 

another. Each sample was sterilized intact in the column 

and the trial then proceeded in the same manner as those 

conducted with the sand and sand-loam mixtures. The re

sults indicated that the spores moved through the column 

of soil without any of the sharp drops or peaks associated 

with the other types of soils. The majority of spores 

reached the 20cm depth before dropping off to insignifi

cant levels. This further penetration of spores could have 

been the result of the roots of the grasses providing 

channels through which the spores could more easily pass. 

The smaller number of spores at the surface of the columns 

of soil could have been a result of a looser consistency 

of the soil due again to the vegetative growth. Different 

horizons could act as a filter bed for the spores washed 

down from the soil surface, or the nature of the soil hor

izon itself could result in the migration or retention of 

the spores. 

The trial consisting of the three replicates of un

sterile soil was procured and conducted in the same fashion 

as the trial in which the soil was sterilized. One column 

was again utilized and each trial was obtained and con

ducted on different days. The same variables would thus 

enter into the results. The effect of unsterile soil on 

the spores of the fungus has to be considered. Micro

organisms which are naturally found in the upper layers 
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of soil and espec~ally associated with the roots of 

grasses could have had an antibiotic or fungistatic ef

fect which might account for the fewer number of spores 

observed on the surface and upper layers of the columns 

of unsterile soil. 

A selective medium for the isolation of M. anisop

liae was poured over the soil samples. An accurate count 

of the colonies of M. anisopliae could not be taken due 

to other fungal and bacterial contaminants. Fungistasis 

or antibiosis could have influenced the results. There 

did appear to be fewer colonies of M. anisopliae pre

sent on the plates than those samples taken from the 

soils which had been sterilized. The reduced number of 

colonies could also have been due to samples being placed 

in the selective medium which includes various antibiotic 

substances acting as bacterial and fungal inhibitors. 

Although these antibiotics are not supposed to inhibit 

the growth of M. anisopliae, they might reduce the 

germinating power of the spores. Fungistasis is an 

occurrence that must be taken into consideration when 

attempting to employ a fungus as a microbial insecti

cide. 

There is apparently no clear evidence of the origin 

or nature of soil fungistasis. Jackson (1965) reviews 

some of the possible sources of soil fungistasis with the 

conclusion that the inhibiting conditions in the soil could 
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be ascribed to a comple~ of different inhibitory factors 

including antibiotic reaction, a form of staling between 

like and unlike organisms, and/or toxic metabolites. Ro

berts and Campbell (1977) report that other microorganisms 

found in the soil could also produce fungistatic compounds. 

These interrelating factors probably act together in a 

synergistic fashion to produce conditions which are unsuit

able for spore germination. Fungistasis has been described 

from tropical to subartic soils and in a wide range of soil 

types. Lockwood (1964) reviews the theory, origins, and 

work conducted on soil fungistasis. Fungistasis would ap

pear to be a factor in the germination of the spores of M. 

anisopliae under natural conditions as Walstad et al. (1970) 

state that the spores do not germinate in unsterile soil. 

No attempt was made to determine whether other factors 

such as soil structure, soil microorganisms, wind, erosion, 

etc. would have an effect on the migration of spores of M. 

anisopliae. In establishing M. anisopliae as a microbial 

control agent, these dispersal factors must be taken into 

consideration. Once the inoculum is placed in the field, it 

is subject to the vagaries of the environment. The impor

tance of the dispersion of spores has been emphasized by 

Tanada (1963) in his statement that an insect pathogen lack

ing a high dispersal capacity may have a low potential of 

developing an epizootic even though it may possess a high 

virulence for the host coupled with efficient survival 
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capacities. 

Dispersal in ~ature occurs in various ways which in

clude both passive and active movement. Passive dispersal 

employs such agents as wind, water, animals, and other 

vectors. Active dispersal depends on either the mobility 

of the organism itself or on its growth. This growth can 

exhibit a definite search pattern for the host. Since the 

spores of ~- anisopliae are not motile and have not been 

found to germinate and grow·~. in soil (vlalstad et al. 1970}, 

the fungus must depend on passive mechanisms for its spores 

to be dispersed throughout the soil. 

Vectors such as earthworms, nematodes, mites, and 

various microorganisms are important biotic agents con-

. tributing to the dispersal of fungi. Insects are other 

important agents, especially the primary hosts since they 

have the closest association with the particular pathogen. 

These insects may contract the disease and transmit infec

tive material either externally or through the digestive 

system in the excretion of spores. Non-susceptible insect 

species may carry spores adventitiously through the soil. 

Mites have also been associated with the distribution of 

entomopathogenic soil fungi in a horizontal and vertical 

mode (Samsinakova and Samsinak 1970). Schabel (in press) 

reports on the possible role of several species of phoretic 

mites as carriers of the inoculum ofJ1. anisopliae against 

soil-inhabiting insects. Small animals, birds, and man 
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also contribute to the dispersal of fungal spores. 

The dispersal of spores of M. anisopliae under nat

ural conditions would depend on too many external and uncon

trollable factors for dependable and repeated success in 

the field. Spore dispersal therefore should rely pri

marily on manipulated dispersion. This would involve dir

ect introduction of the inoculum in an area which is in 

close approximation to the susceptible host. M. anisopliae 

could be used as a microbial insecticide where thorough 

coverage through repeated applications may place infective 

material in contact with the pest species. 

The soil which was used for this research was de

signated as a Plainfield sand having a 2-4% slope. The 

hazard to water erosion is slight and that of blowing soil 

severe. Permeability is rapid and the available water is 

low. Plainfield sand is suitable for forestation with 

species such as red pine, Eastern white pine EPinus strobus) 

and Jack pine (P. banksiana) with red pine being the pre

ferred species. Red pine has a high potential productivity 

with a yearly growth per acre of 210 board feet (USDA Soil 

Cons. Serv. 1977). While seedling mortality is low on 

Plainfield soils, white grubs are a serious pest of red 

pine seedlings especially when the pine transplants are 

planted in soils that have been idle for a year or more 

and have a heavy grass or weed cover (Rose and Lindquist 

1973). Damage is most severe on light soils such as 
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Plainfield sand. The white grub has been recognized as a 

problem for more than 50 years. In 1953, white grubs caused 

the principal injury to young plantations on 8000 acres in 

South Carolina (Speers and S.chmiege 1971} while in Central 

Wisconsin a loss of 10-15% of nursery stock is not unusual 

especially in the age class below 2-2 (Shenefelt and Sim

kover 1950}. The white grub was thus targeted as ·the in

sect used for this research. The insect is susceptible 

to green muscardine disease and M. anisopliae has been an 

important factor in grub control on several continents 

(Ritcher 1958} • There are more than 100 species in the 

genus Phyllophaga and most cause some type of damage to 

crops, grass pastures, and nursery plantings. The larvae 

of all species inhabit the soil and have a one to three 

year life cycle. Those species having a three year life 

cycle are considered the most injurious and happen to be 

commonly found in Wisconsin. The larvae cause damage by 

severing or girdling the lateral and tap roots of young 

seedlings causing injury or death. Populations of white 

grubs can build up on open land and populations of two or 

more per two square feet can cause high mortality (Speers 

and Schmiege 1971} • 

The adults lay eggs in the soil at a depth of 5-15cm. 

These hatch in two to three weeks and the larvae feed on soil 

organic matter. The larvae hibernate in the soil at var

ious depths depending on frost levels. The second summer 
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they feed on roots and are most injurious at this stage. 

The grubs again hibernate in the winter and return to the 

surface the following spring where they feed on roots until 

June. At this time, they make earthen cells at depths rang

ing from 8-30cm and change to the inactive pupal stage 

(Ritcher 1958) • They remain in this stage until the follow

ing spring when they emerge as adults. 

The larvae are very sensitive to moisture conditions 

and move up and down in the soil as moisture conditions 

change (Ritcher 1958). Therefore, it could be assumed that 

M. anisopliae would not be effective during dry years as the 

grubs would be at a depth to which the spores would be un

likely to migrate. 

The effect of M. anisopliae on the insect family Scar

abaeidae (to which the genus Phyllophaga belongs) has been 

studied by other researchers in its possible use as a>b4lo

logical control agent against these insects. Latch (1965) 

reported on the possible use of M. anisopliae for control

ling pasture-inhabiting grubs. Urs and Govindu (1971) 

experimented with M. anisopliae and infected several species 

of Scarabaeidae to observe disease incidence and found a 

number of species were susceptible to the fungus. Latch 

(1976) tested the pathogenicity of M. anisopliae to the 

coconut rhinoceros beetle and attempts to control this 

pest with the fungus have been made by spraying a spore 

suspension on the beetle's breeding sites. These studies 



59. 

have found M. anisopliae to be effective against the insect 

family Scarabaeidae in the field. 

Several white grubs obtained from the soils of Central 

Wisconsin were inoculated with spores of M. anisopliae to 

determine the effectiveness of green muscardine disease on 

this particular insect. All the larvae subsequently died 

of mycosis and were covered with the characteristic fungal 

tufts of growth diagnostic of M. anisopliae within three 

weeks. The identity of the fungus was confirmed by trans

ferring my£elial growth on the larvae to a nutrient agar 

medium and also by microscopic examination of the spores. 

It was assumed that the grubs which are native to the soils 

of Central Wisconsin are susceptible to M. anisopliae. 

The spores which were applied to the soil were ex

posed to changes in temperature and moisture conditions and 

subjected to direct radiation. The weather following the 

application of spores in mid-June was warm, sunny, and dry. 

No water was applied to the plots despite the dry condi

tions except the three liters of distilled water initially 

sprayed on the surface of the plots. The first sampling 

of the plots was taken after two months had elapsed from 

the initial application of spores. In this time, 7.24 inches 

of rain had fallen. Most of that precipitation came in the 

month of August with June recording only .63 inches of 

precipitation. The average temperature for th~ two month 

period was 70.2°F. with the sunshine averaging 66% (App. 1). 
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This first sampling produced colonies of M. anisopliae on 

the selective medium to a depth of 18cm. This was verified 

by transferring suspected colonies of M. anisopliae to the 

DPY agar, allowing these cultures to sporulate, and ob

serving the spores under a microscope. A few other contam

inants including Fusarium, Penicillium, Aspergillus, and 

Streptomyces were also found growing on the medium. 

The rains began in earnest shortly after the first sam

pling of the plots had been taken in mid-August and con

tinued through September. Between mid-August and mid

October when a second sampling was taken, an average of 

10.09 inches of precipitation had fallen, the average tem

perature was 59.9°F. and the possible sunshine was 57% (App. 

1). This second sampling indicated that the spores of M. 

anisopliae had migrated to a depth of 30cm. The environ

mental conditions in this portion of the research could 

not be controlled. It is not known whether the spores 

would have migrated further if the application of spores 

had been followed by wet conditions, either through natural 

means or through artificial irrigation. 

The first sampling indicated that the plots which were 

left undisturbed had a higher percentage of viable spores 

than those plots which were scalped to the mineral soil. 

This could have been a result of the protection the sod 

provided. The grasses could have created a more favorable 

microenvironment by producing slightly lower soil temper-
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atures and a higher available moisture content. Spores 

were readily cultured from samples taken at the surface 

and upper layers of soil. Four months after the initial 

application of spores, the samples indicated a different 

percentage between the two types of field plots. A higher 

percentage of viable spores was cultured from those plots 

which had been scalped and the percent of viable spores from 

the undisturbed plots had decreased by 25%. Roots are as

sociated with their own microorganisms and these could have 

caused a fungistatic or antibiotic effect on the spores 

creating unfavorable conditions for their survival. 

There were fewer colonies of spores observed from the sur

face and upper layers of soil. 

A bioassay was devised to determine whether M. ani

sopliae remains virulent as it migrates through soils. 

Greater wax moth larvae were used for this bioassay. This 

insect was well suited for the bioassay because of its 

ready availability and its sensitivity to small amounts 

of the toxins produced by M. anisopliae. The larvae had 

been treated with insect growth regulators to prevent them 

from entering the pupal stage. Spores were brushed on 

the head and integument of the larvae. No attempt was 

made to determine the number of spores applied. A few of 

the larvae did spin a cocoon but not enough to affect the 

results. Roberts (1965) used the greater wax moth in his 

studies on the production of toxins produced by M. aniso-
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pliae. 

Is M. anisopliae then a suitable organism for microbial 

control of white grubs and other noxious insects? The out

look for practical application of M. anisopliae as a micro

bial insecticide in reducing pest populations is considered 

favorable for a number of reasons. The inoculum is easily 

prepared in bulk on natural or synthetic media from conidia. 

The spores can be disseminated over large areas either in an 

aqueous solution mixed with a wetting agent or in combination 

with dry fillers such as sand, silt, or talc. The conidia 

are able to withstand cold and temperature fluctuations and 

can adjust to either a saprophytic or parasitic mode of 

existence. Virulence can be maintained through a number of 

generations on artificial substrates. It has been shown 

that M. anisopliae can survive under field conditions for 

a period of time (Bell and Hamalle 1970, Walstad et al.l970, 

Bell 1975, Mfiller-K6gler 1976). 

M. anisopliae has a wide host range and cross infec

tion capabilities and has long been studied as a control 

agent against major insect pests. Adamek (1965), Schaerf

fenberg (1964), Latch (1965, 1976), Bell and Hamalle (1970), 

and Schabel (1976, 1978), have indicated that M. anisopliae 

indeed has potential and successfully infects a number of in

sect pests under laboratory conditions and in a few in

stances with small field trials. However, results of 

large scale field tests (Latch 1965, 1976; Fox and Jaques 
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1958), have ended with only minor successes and often with 

negative results. These results support the theory that 

control is dependent on proper conditions of temperature, 

humidity, and light which affect fungal spore viability and 

competitive ability. Fox and Jaques (1958) state that the 

quantity of spores applied is of secondary importance to 

environmental conditions which become the limiting factor. 

Even though M. anisopliae was found to migrate through the 

soil profile, environmental conditions would appear to 

prevail in control measures. This does not imply that 

M.,anisopliae could not be successfully employed in large 

scale pest control. Much of this research is not recent 

and the unsuccessful attempts could be due to a lack of 

knowledge on the background of the fungus (dosage require

ments, biochemical relationship between the fungus and 

insect, microenvironmental requirements, dispersal capa

bilities). 

The factors that do prevail are the environmental cond

itions. Environmental conditions can be altered to favor 

the fungus. Changing the soil by modifying cultural prac

tices or including a selective fungicide with the fungus 

to suppress agents in the soil that might inhibit it could 

be implemented. Repeated applications of the fungus in 

the role of a biological insecticide may also counteract 

the effect of the microenvironmental conditions. 

M. anisopliae by its natural existence in the soil, 
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has been involved in naturally occurring biological con

trol. Natural control can be defined as "the maintenance 

of a more or less fluctuating population density of an 

organism within certain definable upper and lower limits 

over a period of time" (DeBach 1964). Classical biologi

cal control on the other hand, is commonly understood as the 

regulation of a pest population by manipulating resident 

natural enemies to increase their regulating capabilities 

(Caltagirone 1981) • These pests usually reach a high pop-

ulation density and present economic problems to man. Bio

logical control is dependent upon a foundation of ecologi

cal principles and is implemented by manipulating bio

logical materials. 

A successful control program for the use of M. ani

sopliae against insect pests probably lies in an integrated 

program. Basically integrated control is a comprehensive 

systems approach to pest control that is ecologically sound 

and which utilizes a variety of control technologies com

patible in a pest management system with the ultimate ob

jective to produce otimum return (crop, comfort, recrea

tion) at minimum cost (Falcon 1973) . It would appear that 

none of the traditional methods of control; chemical, bio

logical, genetic, or cultural, alone can provide the final 

answer to pest control. However, a combination of two or 

more practices can often produce favorable results. The 

prime requisite for integrated control is basic ecological 
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knowledge, a thorough understanding of the target pest, and 

information about the pathogen in its use, safety, selectiv

ity, persistence, and dissemination. 

An example of a successful program utilizing the in

tegrated approach in a combination of practices including 

the application of M. anisopliae was established in North

east Brazil in the sugarcane fields. This program involved 

1) chemical insecticide which was combined with 2) cultural 

control with the burning of the sugarcane straws at the end 

of the season, 3) biological control using insect parasites, 

and 4) microbial control with the mass dissemination of 

spores of M. anisopliae. In this combination of integrated 

control, it was found that M. anisopliae was the most im

portant mortality factor in the regulation of the pest 

species in the sugarcane fields. M. anisopliae used alone 

in this case, would probably have met with little success 

(Falcon 1974). 

An integrated program for the control of white grubs 

in potential plantation or nursery sites is envisioned to 

include a three point attack, involving 1) cultural, 2)chem

ical, and 3) microbial practices. Preventive measures 

should be taken before seedlings are planted such as discing 

or plowing up the sod the spring preceding planting. This 

would expose the insects to the environment and predators 

such as various mammals and birds. The field should be 

kept free of grasses and weeds so that the adult insect 
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CONCLUSION 

Mankind is in constant competition with many pest 

species that interfere with his ability to produce food 

and fiber. There will be a continual need to pro·· 

vide means 'for effective control and management of these 

pests. Metarhizium anisopliae appears that it could be 

an effective candidate as a microbial agent of certain 

soil-inhabiting insects. It can be easily mass-produced 

on artificial media, it is fairly stable under field con

ditions, and it remains virulent and effective against a 

number of soil-inhabiting insects. Spores can migrate 

downward through soils with the aid of a wetting agent 

(Tween 20) and water and thus may be dispersed to areas 

inhabited by pest populations. Therefore, M. anisopliae 

should be effective in pest control management, especially 

in an integrated aspect and in habitats where optimum 

environmental conditions exist. 
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WEATHER 

• TORNADO 
T THUNDERSTDR" 
Q SQUALL 
R RAIN 
All RAIN SHOWERS 
lR ~REEZING RAIN 
L DRIZZLE 
ZL 'REEZINS DRIZZLE 
S SNOW 
SP SHOW PELL£TS 
IC ICE CRYSTALS 
Sll SNOW SHOWERS 
SG SHOll GRAIN$ 
IP ICE PiUETS 
A HAIL 
~ roc 
I' ICE roG 
Gr GAOIIHD roG 
80 B1.0WING OUST 
BN BLGWIN' SANO 
H BLCIIIN8 SNOW 
IY SLOWI~G SP~AY 
K SltOKE 
H HAZE 
0 OUST 

WIND 
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FOR EAST, 18 FOR SOUTH, 27 
FOR WEST. €NTRT OF 00 IM 
THE OIRECTIGN CBI.UPII INDI
CATES CALft • 

SPEED IS OPR£UU II KNOTS; 
llli.TIPlT IT 1.15 TO CONVERT 
TO ftiLES PEA HOUR. 
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APPENDIX 2. 

Formulation of .Media 

Dextrose-Peptone-Yeast Agar (DPY) as formulated by Schaerf-

fenberg (1964). 

dextrose 
meat peptone 
yeast extract 
agar 

30g 
lOg 

Sg 
20g 

lOOOml distilled water 

Selective medium for the isolation of Metarhizium anisopliae 

··· as formulated by Veen and Ferron (1966) • 

lOg dextrose 
lOg meat peptone 
15g oxgall 

.068g rose bengale 
30g agar 

lOOOml distilled water 
O.Sg Chloramphenicol R 

O.Olg/mlActidione R with 25ml of distilled water placed 
in the medium after sterilization. 

78. 


	Reinke M 1981 done



