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methodologies that are effective yet environmentally 
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in the scientific literature as the following two citations, 
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Campbell, R.K., T.M. Perring, G.L. Barnes, R.D. 

Eikenbary, and C.R. Gentry. 1978. Growth and 

sporulation of Beauveria bassiana and Metarhizium 

anisopliae on media containing various amino 

acids. J. Invertebr. Pathol. 31: 289-295. 

Campbell, R.K., G.L. Barnes, B.O. Cartwright, and R.D. 

Eikenbary. 1983. Growth and sporulation of 

Beauveria bassiana and Metarhizium anisopliae on 

media containing various carbohydrate sources. J. 

Invertebr. Pathol. 41: 117-121. 
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CHAPTER I 

LITERATURE REVIEW AND CONCEPTS 

Although it may at first appear that the area of insect 

pathogenic fungi is a very restricted topic, the literature 

in the area is vast. Muller-Kegler, (1965) in producing the 

most thorough review in the field cites approximately 1200 

publications. In doing so he does not include non

pathogenic fungus-insect relationships or studies reported 

before 1937 or after 1963. The more recent literature is 

reviewed by Ferron (1978). In his review he indicates that 

the literature since 1963 comprises approximately 1000 

citations. It is apparent that interest in this field is 

increasing. 

B. bassiana holds a cardinal position of importance in 

insect pathology and indeed, in the science of pathology in 

general. Around 1800 a disease known as "mal del segno" or 

"calcine" or in France "muscardine" began to cause 

considerable difficulty in the silk industry by causing high 

mortalities among silkworm. Although the cause of this 

malady was unknown it was thought by various people to arise 

de novo, because of bad mulberry leaves used as food, or as 

a result of improper environmental conditions of temperature 

or humidity. 

1 



2 

One of the people in Italy who became interested in 

this malady was Agostino Maria Bassi (1773-1856). Although 

much of the importance of his work has been overshadowed by 

the work of Pasteur a few years later, it was actually Bassi 

who was initially responsible for: (1.) helping to 

overthrow the theory of spontaneous generation, (2.) 

establishment of the germ theory of disease, and (3.) 

assisting in the foundation of the modern principles of 

disinfection. 

These remarkable feats were derived from Bassi's 

experimental investigations of muscardine, which he showed 

to be caused by the fungus that we know today as Beauveria 

bassiana. 

The findings of Bassi may be summarized as follows: 

(1.) muscardine is a disease caused by~· bassiana. 

(2.) B. bassiana grows and develops in living 

silkworms. 

(3.) the diseased insect is rendered infectious to 

other individual insects and the infection may be 

transmitted. 

(4.) growth and development of the fungus are 

facilitated by warm, humid conditions. 

(5.) the pathogen can be destroyed by certain chemical 

and physical treatments such as lye, wine and 

brandy, boiling water, burning, and exposure to 

sunlight. 

Thus, it was Bassi who first showed experimentally that a 
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microorganism can cause an infectious disease in an animal 

(Bassi, 1835). A few papers review the importance of 

Bassi's work (Major, 1944; Ainsworth, 1956; Steinhaus, 1956, 

1975). 

Bassi himself did not name the organism with which he 

worked. For this purpose he enlisted the assistance of 

Giuseppe Balsamo Crivelli. Balsamo (1835) placed the 

organism in the genus Botrytis and named it ~otrytis 

paradoxa. He later changed the name to Botrytis bassiana in 

honor of Bassi. Later, Vuillemin (1912), as described in 

Steinhaus (1975), revised the taxonomy and made the fungus 

the type species of the genus Beauveria. This genus was 

recently reviewed and described as containing two species, 

~· bassiana and ~· brongniartii (= ~· tenella) (DeHoog, 

1972). Even more recently, two more species (~. velata and 

B. amorpha) have been described (Samson and Evans, 1982). 

As soon as the concept of infectious disease was 

developed it was not too great a leap to the idea of 

manipulating microorganisms to effect the control of pest 

insects. Indeed, Bassi (1835), during his experimental 

efforts to prove the infectious nature of the disease, was 

able to transmit the disease to insects other than the 

silkworm. He also was apparently the first to enunciate the 

idea of using the activities of microorganisms to control 

harmful insects (Bassi, 1836; as described in Steinhaus, 

1975). This idea of "microbial control" was not followed up 

on immediately but similar suggestions were made later by 
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Leconte (1874), Pasteur (1874), and Hagen (1879). 

About the same time that these suggestions were being 

made, the great scientist Elie Metschnikoff, who is most 

well known for his pioneering studies on phagocytosis and 

inflammation, was concerned with the destruction of cereal 

crops in Russia by the wheat cockchafer, Anisoplia 

austriaca. One of the naturally occurring population 

suppressants of A. austriaca was a fungus which Metschnikoff 

called the green muscardine. He named the fungus 

Entomophthora anisopliae and later changed the name to 

Isaria destructor. This is now known as Metarhizium 

anisopliae (reviewed by Tulloch, 1976). Metschnikoff 

suggested the use of M. anisopliae as a microbial control 

agent, but perhaps more importantly, he discovered that 

spores of the fungus could be produced on sterilized beer 

mash. Thus, he appears to have been the first to realize 

the importance of mass production on artificial media as an 

important characteristic of a microbial control agent 

(Metschnikoff, 1880). 

Metschnikoff's observation theM· anisopliae is capable 

of growth on a medium such as beer mash points to the 

important fact that this fungus, as well as B. bassiana, are 

facultative pathogens. That is, they are capable of 

saprophytic growth on a wide variety of media as opposed to 

obligate pathogens, which require living hosts in order to 

grow. There is, of course, a complete spectrum of 

nutritional requirements among the fungi. Although there 



5 

are exceptions, a relationship seems to exist between a 

pathogen's nutritional requirements and the extent of this 

host range (MacLeod, 1954). There are two extremes: (1.) 

species with wide host ranges are usually capable of growing 

on a wide variety of simple media without absolute 

requirements for specific nutrients; they are thus 

metabolically diverse; and (2.) species with very narrow 

host ranges usually have nutritional requirements so complex 

that they have never been grown in culture. 

Both B. bassiana and M. anisopliae fit into category 

number (1.) above. The host range for~ bassiana is in 

excess of 500 insect species and that of ~· anisopliae is 

more than 200 species (Fargues and Remaudiere, 1977). 

Furthermore, both species are capable of growth and 

sporulation on a wide variety of natural and chemically 

defined media (Dresner, 1949; Samsinakova, 1966; Barnes et 

al., 1975; Campbell et al., 1978, 1983). 

Although both ~ bassiana and ~· anisopliae have been 

known to cause disease in a wide variety of hosts, there 

exist numerous subspecific pathotypes within each species 

that are more closely linked to their hosts and exhibit a 

limited host range (Ferron et al., 1972; Fargues, 1976). It 

has been suggested that differences in the ability of 

different pathotypes to utilize various nutrients might be 

related to their differences in host specificity (Pelletier 

and Keitt, 1954; MacLeod, 1959). 



6 

In order to understand how the pattern of nutrient 

utilization by the fungal pathogen might be related to host 

specificity and adaptation within the host-pathogen 

relationship, it will be instructive to review the disease 

cycle. There are ten steps in this cycle (after Roberts and 

Humber, 1981) as follows: 

(1.) Attachment of the conidium (spore) to the insect 

cuticle. Since the major route of invasion in 

both fungi is through the cuticle this is the 

obvious first step. Conidia are likely adapted 

for attachment but the chemical and physical 

parameters involved are unknown. 

(2.) Germination of the conidium on the insect cuticle. 

The cuticle normally provides a very effective 

barrier to microorganisms. There is now evidence 

that, in addition to serving as a physical 

barrier, the cuticle may contain substances which 

inhibit conidial germination. This interaction 

could therefore be the first having an influence 

upon host specificity. Koidsumi (1957) found 

medium chain saturated fatty acids, especially 

caprylic acid, to be present. When extracted 

these could inhibit the germination of Aspergillus 

flavus and ~ bassiana conidia. Caprylic and 

other fatty acids were extracted from Heliothis 

zea and Spodoptera frugiperda larvae and found to 

inhibit germination of g. bassiana conidia (Smith 
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and Grula, 1982). Interestingly, these same 

workers were unable to extract such fatty acids 

from pecan weevil larval epicuticle and they found 

that the type of carbon and nitrogen nutrients 

present in media amended with caprylic acid 

influenced the amount of germination inhibition 

observed with B. bassiana. It is not known 

whether these antifungal materials exist in 

sufficient amounts at the intact cuticular surface 

to inhibit germination. Robinson (1966) used 

normal and dewaxed excised sclerites of Tenebrio 

molitor and found no difference in germination 

when spores of several entomopathogenic fungi were 

applied to the epicuticle. Furthermore, Smith and 

Grula (1981) could find no correlation between the 

abilities of B. bassiana mutants to germinate and 

grow on media containing caprylic acid and the 

pathogenicity of the mutants. It may, therefore, 

be that antifungal compounds in the epicuticle are 

not of great importance in some host-pathogen 

relationships. 

(3.) Penetration of the cuticle. The germ tube may 

penetrate directly or an appressorium may be 

formed which attaches firmly to the cuticle and a 

narrow infection peg then sent into the cuticle 

(Zacharuk, 1973). This process involves both 

enzymatic and physical activities. 



8 

The enzymes which are produced by germinating 

conidia have not been identified but it is known 

that colonies may produce proteases, lipases, and 

chitinases when grown on various media. In B. 

bassiana these enzyme activities did not dissolve 

excised insect cuticle when applied alone but the 

cuticle was dissolved by a mixture (Samsinakova et 

al., 1971). It was also found that the amount of 

lipase activity was correlated with virulence 

(Samsinakova and Misikova, 1973). 

As further penetration occurs, various 

defense reactions of the host may be brought into 

play. The most common of these reactions is 

melanization. This usually occurs upon contact 

with the hemolymph and disruption of basement 

membrane cells or hemocytes. Because free 

tyrosine and various prophenyl-oxidases are 

abundant in hemolymph, material released from 

cellular disruption may activate one or more of 

the enzymes' precursors thus resulting in melanin 

formation (Hackman, 1971; Jeuniaux, 1971). Once 

the hemolymph is reached cellular immune responses 

may also occur (Harshbarger and Faust, 1973; Salt, 

1970). These may result in the formation of a 

cyst or granuloma. Both melanization reactions 

and granulomatous reactions may be overcome by 

successful pathogens. The ability to overcome 



them is undoubtedly of great importance in 

determining host specificity. 

(4.) Growth of the fungus in the hemocoel. 

Multiplication in the hemocoel usually occurs as 

yeast-like hyphal bodies which reproduce by 

budding. 

9 

In almost all insects studied to date a very 

high concentration of free amin0 acids 

(aminoacidemia) is characteristically found in the 

hemolymph (Florkin and Jeuniaux, 1974). However, 

variations in the pattern of amino acids present 

in different species and at different life stages 

are great. Generally, the peptide content is low 

although the protein concentration may be high. 

Hence, there is a readily available quantity of 

nitrogen present in the form of amino acids. An 

unusual aspect of insect hemolymph is the usual 

presence of large amounts of trehalose. This 

serves as the major form of carbohydrate 

transport. 

Aoki and Chigusa (1968) studied the mycelial 

growth by B. bassiana on various amino acids. 

Furthermore, Aoki and Yanase (1970) found that 

those amino acids producing the best mycelial 

growth were also the best for the formation and 

multiplication of hyphal bodies. 



With these facts in mind it is possible to 

hypothesize the following sequence· of events 

(where-> means "leads to" or "implies"): 

high nutrient utilization ability 
-¥ 

rapid hyphal body multiplication 
-¥ 

effective circumvention of host 
defenses and greater toxin production 

-¥ 
more rapid death of host 
(hence greater virulence) 

This hypothesis therefore implies that a high 

10 

degree of virulence is related to the pathogen's 

ability to utilize specific nutrients or patterns 

of nutrients present in the host's hemolymph. Of 

course, many other factors are probably involved, 

especially in the circumvention of host defenses. 

(5.) The production of toxins. Both B. bassiana and M. 

anisopliae cause death in their hosts before 

extensive invasion of organs takes place. Toxins 

are thought to be responsible. To date, all known 

toxins were isolated and identified from mycelia 

or culture filtrates. Most of them are small 

molecules, although enzymes are also found in 

culture filtrates. It is usually assumed that 

toxins are produced by the fungus alone but it is 

also possible that toxic compounds are produced by 

the diseased host (Kucera and Samsinakova, 1968; 

Roberts, 1966, 1969). 
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(6.) Death of the host. This may be preceded by 

various abnormal behaviors such as sluggishness, 

tremors, or loss of coordination. Often small 

melanotic spots are observable on the cuticle 

which are sites of germ tube invasion. Also, in 

the case of B. bassiana infections, generalized 

color changes in the host may occur due to the 

production of bactericidal pigments (Basyouni et 

al., 1968). 

(7.) Growth in the mycelial phase with invasion of 

virtually all organs of the host. Since both of 

these fungi may produce antibacterial compounds 

and since all of the host organs are replaced with 

mycelia the cadaver can sometimes appear quite 

normal. 

(8.) Penetration of hyphae from the interior through 

the cuticle to the exterior of the insect. If the 

cadaver is held under conditions of low humidity 

the fungus will remain within the host but the 

fungus will grow through the cuticle if the 

humidity of the environment is high (Roberts and 

Yendol, 1971). 

(9.) Sporulation of the mycelium on the exterior of the 

cadaver. 

(10.) Dispersal of the infective conidia to other 

locations where they may encounter other hosts and 

so renew the disease cycle. This is accomplished 
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passively by the effects of wind, water, or other 

insects and animals. 

As pointed out above, information concerning the 

utilization of nutrients by ~· bassiana and ~· anisopliae 

may be important in providing insight into the basic nature 

of the host-pathogen relationship. This would be especially 

true if there is a correlation between the ability to use 

nutrients and the presence and amounts of the same nutrients 

in the host's (pecan weevil) hemolymph. 

Of course, nutritional information would also be of 

value for the development of more efficient and effective 

mass production media. The ability to mass produce conidia 

is an important component of any future microbial control 

technology using these fungi. The ability of these fungi to 

utilize unusual nutrients would also be of value in the 

development of selective media for their isolation from soil 

or plant surfaces. Such media would be of great assistance 

in the kinds of field studies that will be required for the 

further development of these fungi as control agents. 

Although media have been used for this in the past (Martin, 

1950) and new media have been recently developed (Doberski 

and Tribe, 1980; Lingg and Donaldson, 1981) none of these 

are based on the kinds of nutritional data required to 

obtain the true selectivity and efficiency that are 

important in soil ecological studies. 
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CHAPTER II 

GROWTH AND SPORULATION OF BEAUVERIA 

BASSIANA AND METARHIZIUM ANISOPLIAE ON 

MEDIA CONTAINING VARIOUS AMINO ACIDS 

Introduction 

Initial observations of the entomopathogenicity of 

Beauveria bassiana and Metarhizium anisopliae were made well 

over a century ago. However, since that time control 

efforts utilizing these fungi have met with slow development 

due to two major factors: (1.) the necessity of selecting 

and maintaining highly virulent isolates for a particular 

insect pest, and (2.) the overriding importance of the 

microenvironment on the development of epizootics. Although 

field trials with these fungi to control foliar pests have 

met with only sporadic success, their use in the naturally 

more favorable soil environment appears highly promising 

(Hurpin and Robert, 1972). The authors have been interested 

in the control of the pecan weevil, Curculio caryae, a major 

pest of pecans which diapauses for 1-2 years in the soil and 

for which a high degree of control in laboratory tests with 

these fungi has been observed (Neel and Sikorowski, 1972; 

Swingle and Seal, 1931; Tedders et al., 1973). Knowledge of 

nutrient utilization for growth and sporulation by these 
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fungi has two possible applications to the development of 

control methodology. The first of these is the development 

of efficient mass production media. Roberts (1966) 

investigated the effect of various inorganic and organic 

(peptone) nitrogen sources on the growth and toxin 

production of ~- anisopliae and found that Neopeptone 

(Difco) produced greater mycelial yields than sodium 

nitrate. Barnes et al. (1975) studied the growth and 

sporulation of ~· bassiana and M. anisopliae on a number of 

peptone sources and found several that induced both good 

mycelial growth and sporulation. The preservation of, and 

selection for, highly virulent isolates is a second possible 

application of nutritional data. Pelletier and Keitt (1954) 

made an extensive study of the amino acid nutrition of 

Venturia inaegualis. They pointed out numerous variables 

that may influence the growth of fungi and suggested that 

interisolate variability of amino acid utilization may be of 

potential importance in relation to pathogenicity and host 

specificity of the fungus. The differential effects of 

amino acid nitrogen sources on the formation of hyphal 

bodies of ~- bassiana and Spicaria fumoso-rosea were studied 

by Aoki and Yanase (1970), and Aoki (1968) found that in 

general there is a correlation between the amino acid 

content in silkworm larval body fluid and the suitability of 

amino acids for the growth of a B. bassiana isolate. Such a 

correlation could possibly be the basis of an isolate 

selection technique that would be simpler and more cost-
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effective than the currently used bioassay technique. The 

current inability to mass-rear the pecan weevil presents 

problems in procuring uniform larvae for bioassay and an 

alternative technique is highly desirable. Also desirable 

is the development of specialized mass-production media. 

Growth curve determinations for B. bassiana and M. 

anisopliae on an asparagine medium and their mycelial growth 

and sporulation responses on different amino acids and KN03 

are reported in this chapter. 

Materials and Methods 

Mycelial Growth and pH Curves 

Preparation of media. Because a literature search 

revealed no quantitative comparison of mycelial growth and 

concomitant medium pH changes between ~· bassiana and M. 

anisopliae isolates, we elected to obtain such data. For 

this purpose L-asparagine was provided as the sole nitrogen 

source in a basal synthetic liquid medium containing the 

following per liter: 2.000 g of asparagine, 10.000 g of D

glucose, 1.000 g of KH2P04, 0.500 g of MgS04•7H20, 1.447 mg 

of Fe(N03)3•9H20, 0.880 mg of ZnS04•7H20, 0.406 mg of 

Mnso4 ·4H2o, 0.005 ug of biotin, 0.100 ug of thiamine, and 

distilled water to 1 liter. This amount of asparagine is 

equivalent to 0.425 g of elemental nitrogen/liter. After 

thorough mixing, the pH was standardized at 7.0 using 1 N 

NaOH. Fifty-milliliter aliquots were dispensed into 250-ml 

Erlenmeyer flasks that had been precleaned using 1 N HCl and 
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then plugged with cotton stoppers. The flasks of media were 

sterilized for 20 min at 121°C, resulting in a slight 

lowering of the medium pH to an average of 6.8. 

Inoculum and inoculation of media. The isolates of B. 

bassiana (Bb Re No. 4SS) and ~· anisopliae (Ma Re No. 4SS) 

used in this investigation were obtained from infected pecan 

weevil larvae removed from pecan orchard soil near 

Stillwater, Oklahoma and stored under mineral oil on slants 

of Proteose Peptone No. 2 (Difco)-dextrose agar (PP2DA). 

Both isolates were single-spore-derived, and conidiospores 

for inoculum preparation were obtained from 2-week-old PP2DA 

cultures grown in Petri dishes. Each Erlenmeyer growth 

flask received 1 ml of inoculum containing 70,000 spores/ml 

as standardized with a hemacytometer. The inoculum

suspending fluid was modified from that recommended by 

Burges and Thomson (1971) and prepared as follows: 0.0425 g 

of KH2P04, pH adjusted to 7.2 with 1 N NaOH, 0.2 ml of 

Triton X-100 , 0.05 ml of Dow Anti-Foam A , and distilled 

water to 1 liter. In the case of M· anisopliae, the spore 

suspension required a subsequent blending for 1 min to break 

apart clumps of spores. 

Culture and harvesting techniques. The construction of 

growth curves for each fungus was divided into two phases: 

Days 0-20 and Days 21-40. For each phase a sufficient 

number of flasks was inoculated to allow the harvest of five 

flasks per day plus an additional number for "check" 
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harvests on a few days not included in that phase. Harvests 

in the first phase did not begin until Day 3. In nearly all 

cases the check harvests correlated quite closely with the 

harvests for those days, and hence only one mean was 

calculated for ten replicates on those days. Most of the 

values graphed are the means of five replicates. In all 

cases the five flasks harvested each day were randomly 

selected from the remainder. 

The fungi were still cultured at 24°C. Mycelial yields 

were separated from the media with predried and weighed 

filter papers in polyethylene funnels, and filtrates were 

saved for pH determinations. All yields were washed with 

250 ml of distilled water after which the papers and yields 

were dried for 24 hr at 100°C and weighed. 

Growth and Sporulation on Various 
Amino Acids 

Twenty-four amino acids and KN03 were utilized to 

determine their effects on growth and sporulation of ~· 

bassiana and M. anisopliae. Inoculation and harvesting 

procedures used were the same as those outlined above except 

for necessary differences pointed out below. 

The same basal medium was utilized in every case with 

only the different amino acids being changed. Each medium 

tested received a sufficient amount of amino acid to be 

equivalent to 0.425 g of elemental nitrogen/liter. All 

flasks were inoculated as above and still-cultured for 2 

weeks at 24°C. Each amino acid test consisted of nine 
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flasks, five of which were harvested to determine mycelial 

mass and filtrate pH. To quantitate spore production, 20 ml 

of a 0.1% Triton X-100 solution was added to each of the 

four remaining flasks. Each was then agitated for 1 min on 

a reciprocal shaker set a 100 strokes/min. A 10-ml aliquot 

of fluid was removed from each of the four flasks, and these 

aliquots were pooled to give one spore sample per amino 

acid. The spore concentration of each agitated sample was 

determined with a hemacytometer thus providing a relative 

determination of sporulation. All data for mycelial growth, 

sporulation, and filtrate pH were subjected to analysis of 

variance. 

Results 

Mycelial growth and growth medium pH changes are 

illustrated in Figure 1 for both B. bassiana and M. 

anisopliae. Both fungi attained essentially the same growth 

maximum of about 0.22 g on the 20th day of growth. However, 

~· bassiana maintained a more rapid growth rate than M. 

anisopliae during about the first 12 days, after which M. 

anisopliae grew faster until Day 20. In both fungi this 

rapid growth phase was accompanied by a decline in filtrate 

pH which was quite precipitous in the case of B. bassiana. 

The minimum pH in both cases occurred prior to the time 

maximum growth was achieved. A decline phase was evident 

for both fungi concurrent with an increase in pH to a level 

equal to or greater than the initial pH of the medium. The 



onset of this pH rise seems to be correlated with the 

decline in the initial rapid growth rate but nevertheless 

occurs before Day 20. 
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Yield and sporulation rates for ~· bassiana are shown 

in Table I. Tryptophan and alanine were definitely the best 

overall nitrogen sources for both growth and sporulation. 

Other sources eliciting high sporulation rates were 

glutamine, KN03, phenylalanine, and norleucine. However, in 

the case of the latter two sources, a large number of the 

spores produced were irregularly shaped. It seems probable 

that for B. bassiana those amino acids well utilized for 

growth are not also automatically well utilized for spore 

production. 

Yield and sporulation data for ~· anisopliae are shown 

in Table II. Again, it may be seen that tryptophan was the 

best for production of mycelial mass, with glutamic acid and 

histidine producing slightly less. All three of these 

sources elicited very good sporulation rates. Nitrogen 

sources containing sulfur were very poorly utilized for 

spore production by ~· anisopliae. 

By comparing overall means of Table I to those of Table 

II, it may be seen that in general~· bassiana produces much 

greater numbers of spores and significantly greater mycelial 

mass than ~· anisopliae. This general trend is accompanied 

by an increased amount of variability as evidenced by the 

greater values for least significant differences for ~· 

bassiana. 



Figure 1. Comparison of mycelial growth and medium pH 
changes over time for Beauveria bassiana and 
Metarhizium anisopliae. A liquid medium with 
L-asparagine as the sole nitrogen source was 
utilized. Vertical bars represent one standard 
deviation. Curves were drawn by eye. 
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TABLE I 

GROWTH AND SPORULATION OF BEAUVERIA 
BASSIANA ON MEDIA CONTAINING 

DIFFERENT SINGLE AMINO 
ACIDS, KN03, 

AND CONTROL 

2"h 

Amino Acid Mean Weighta Mean pHb SporulationC 

L-tryptophand 0.2222 6.29 625.2 
L-alanined 0.2218 4.41 483.0 
L-asparagined 0.1948 5.68 191.0 
L-arginined 0.1870 4.06 414.4 
L-serined 0.1854 4.30 96.8 
L-glutamined 0.1804 4.75 612.4 
L-valinee 0.1726 5.14 269.1 
glycined 0.1686 4.29 389.0 
L-cysteined 0.1638 3.93 88.7 
L-histidined 0.1508 3.75 229.2 
L-hydroxyprolinee 0.1490 4.21 141.3 
L-threonined 0.1370 4.38 201.8 
L-prolined 0.1338 4.10 45.3 
L-lysined 0.1282 3.24 367.9 
L-ornithined 0.1270 2.93 205.9 
KN03f 0.1174 7.43 659.2 
L-aspartic acidd 0.1140 6.91 410.5 
L-norvalinee 0.1110 4.15 317.2 
L-leucined 0.1092 4.40 414.3 
L-phenylalanined 0.1084 4.75 750.0 
L-glutamic acidd 0.0964 4.74 120.5 
L-norleucined 0.0890 4.12 829.6 
L-isoleucined 0.0470 6.67 443.0 
L-methionined 0.0452 3.78 450.9 
L-cysteic Acidd 0.0084 6.07 244.0 
Control (no nitrogen 

source) 0.0012 6.38 76.2 
LSD (P = 0.05) 0.0173 0.18 27.4 
Overall means 0.1296 4.80 349.1 

aMean weight = mean dry weight (grams) of spores and mycelia 
produced for five replicates. 

bMean pH = mean filtrate pH for five replicates. 
csporulation = mean number of conidiospores in thousands for 

10 fields counted (using a hemacytometer) of a pooled sample 
from four test flasks. 

dobtained from Nutritional Biochemicals Corp., Cleveland, 
Ohio. 

eobtained from Sigma Chemical Co., St. Louis, Missouri. 
fobtained from Fisher Scientific Co., Fairlawn, New Jersey. 



TABLE II 

GROWTH AND SPORULATION OF METARHIZIUM 
ANISOPLIAE ON MEDIA CONTAINING 

DIFFERENT SINGLE AMINO 
ACIDS, KN03, 

AND CONTROL 
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Amino Acid Mean Weighta Mean pHb SporulationC 

L-tryptophand 0.2568 6.39 329.0 
L-glutamic acidd 0.1760 4.92 400.4 
L-histidined 0.1722 5.89 230.7 
L-glutamined 0.1490 3.71 58.4 
L-cysteined 0.1444 4.85 28.5 
L-asparagined 0.1178 4.86 84.2 
glycined 0.1130 5.80 72.3 
L-arginined 0.1080 4.68 43.3 
L-isoleucined 0.1040 5.47 107.2 
K.No3e 0.0934 6.41 49.1 
L-ornithined 0.0902 3.97 83.8 
L-serined 0.0896 5.28 59.8 
L-leucined 0.0876 4.44 17.5 
L-alanined 0.0858 4.85 50.1 
L-prolined 0.0804 5.20 69.0 
L-phenylalanined 0.0804 6.00 31.3 
L-valinef 0.0698 4.22 20.9 
L-aspartic acidd 0.0684 5.91 28.0 
L-lysined 0.0396 4.44 161.0 
L-norleucined 0.0390 5.59 90.6 
L-norvalinef 0.0296 4.82 58.3 
L-methionined 0.0238 4.50 10.5 
L-hydroxyprolinef 0.0210 5.62 13.7 
L-threonined 0.0206 4.85 39.0 
L-cysteic Acidd 0.0078 5.11 13.0 
Control (no nitrogen 

source) 0.0004 6.51 1.6 
LSD (P = 0.05) 0.0153 0.14 11.5 
Overall means 0.0872 5.17 82.7 

aMean weight = mean dry weight (grams) of spores and mycelia 
produced for five replicates. 

bMean pH = mean filtrate pH for five replicates. 
csporulation = mean number of conidiospores in thousands for 

10 fields counted (using a hemacytometer) of a pooled sample 
from four test flasks. 

dObtained from Nutritional Biochemicals Corp., Cleveland, 
Ohio. 

eobtained from Sigma Chemical Co., St. Louis, Missouri. 
fobtained from Fisher Scientific Co., Fairlawn, New Jersey. 
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Discussion 

As is evident in Figure 1, ~· anisopliae appears less 

likely to suffer cellular lysis and loss of soluble cellular 

components than B. bassiana when both are grown on an 

asparagine medium. Lysis with increasing age of the culture 

is probably responsible both for the decline in mycelial 

weight and the rise in medium pH (Roberts, 1966). The 

sporulation data of Table I suggest the existence of a 

survival response in ~· bassiana when this fungus is 

provided with a less than satisfactory nitrogen source for 

mycelial growth. Note that a significant number of spores 

were produced even when no nitrogen source was provided. No 

evidence for a similar mechanism in M. anisopliae was 

uncovered (Table II). 

The excellent utilization of tryptophan in this study 

by both fungal isolates is of some interest. Pelletier and 

Keitt (1954) surveyed the results of amino acid utilization 

studies with 22 fungal organisms. They then grouped the 

amino acids into "good," "fair," or "poor" sources of 

nitrogen, finding that generally, tryptophan was a "poor" 

source of nitrogen. It has been known for some time that 

wide vs narrow host ranges in entomogenous fungi are 

correlated with simple vs complex nutritional requirements 

(MacLeod, 1954). The authors are interested in determining 

if interisolate variability of nutritional factor 

utilization, e.g., tryptophan, may be used as an indicator 

of relative virulence of isolates to a particular pest 
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species. Additional research with different fungal isolates 

will be necessary to answer this question. 

Other research in this area should include assessments 

of virulence and environmental stability of spores produced 

on various nutritional factors. It is possible that a 

synthetic medium may be developed especially designed for 

high spore production with only minimal mycelial growth. 

Summary 

Natural isolates of two entomogenous fungi, Beauveria 

bassiana and Metarhizium anisopliae, were cultured in liquid 

culture media containing 24 amino acids and KN03 to 

determine their effect on growth and sporulation. In 

addition, the growth and medium pH changes for each isolate 

grown on an asparagine-containing medium were compared. 

Tryptophan and alanine were most effective for growth and 

sporulation of ~· bassiana, although glutamine and KN03 also 

produced large numbers of regularly shaped spores. 

Tryptophan, glutamic acid, and histidine were all well 

utilized for both growth and sporulation of M. anisopliae. 

Nitrogen sources containing sulfur were poorly utilized for 

sporulation by ~· anisopliae. In general, ~· bassiana 

produces greater mycelial mass and much larger numbers of 

spores than ~· anisopliae. Both fungi attained nearly the 

same growth maximum on asparagine medium though B. bassiana 

exhibited an initially more rapid growth rate. In both 

fungi this rapid growth phase was accompanied by a decline 



in medium pH followed by a rise in pH during the decline 

phase of growth. 
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CHAPTER III 

GROWTH AND SPORULATION OF BEAUVERIA 

BASSIANA AND METARHIZIUM ANISOPLIAE ON 

MEDIA CONTAINING VARIOUS CARBOHYDRATES 

Introduction 

Knowledge of carbohydrate utilization for growth and 

sporulation by these fungi has two possible applications to 

the development of control methodology: (1.) Selection and 

preservation of highly virulent isolates, and (2.) 

development of efficient mass production media. Roberts 

(1966) investigated the effect of several inorganic and 

organic (peptone) nitrogen sources on mycelial growth and 

toxin production of ~· anisopliae and found that Neopeptone 

(Difco) produced greater yields of mycelium than did sodium 

nitrate. Barnes et al. (1975) determined growth and 

sporulation of B. bassiana and ~· anisopliae on many peptone 

sources and found several that induced both good mycelial 

growth and spore production: Tryptone (Difco), Casitone 

(Difco), and yeast extract (Difco) for~· anisopliae; 

Soytone (Difco), Casitone (Difco), and Neopeptone (Difco) 

for B. bassiana. Campbell et al. (1978) studied utilization 

and sporulation of both fungi on a wide variety of amino 

acids and amides. Both fungi responded well on several 

34 
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compounds; L-tryptophan and L-alanine for ~· bassiana; and 

L-tryptophan, L-glutamic acid, and L-histidine for M. 

anisopliae. Since no previous comprehensive study has been 

reported it was deemed necessary to investigate growth and 

sporulation of these fungi on a wide variety of carbohydrate 

compounds. Research on 22 mono- and oligosaccharides is 

reported in this chapter. 

Materials and Methods 

Preparation of test media 

The basal medium was an autoclaved, chemically defined, 

nutrient solution to which was aseptically added a fritted 

glass filter sterilized, single, water soluble carbohydrate 

compound. This basal medium contained 0.5 g MgSo4•?H2o, 3.1 

g KN03, 1.0 g KH2P04, 100 ~g thiamine, 5 ~g biotin, 0.2 mg 

Fe3+, 0.2 mg zn2+, and 0.1 mg Mn2+ in 800 ml of distilled 

water (Lilly and Barnett, 1951). The pH of the medium was 

4.3 + 0.2. Forty-five-milliliter aliquots were dispensed 

into 250-ml Erlenmeyer flasks. Six replicate flasks were 

utilized for each carbohydrate. Flasks were plugged with 

DiSPo foam-plastic closures and autoclaved at 121°C for 15 

min. After cooling, 5 ml of a fritted glass-filter 

sterilized carbohydrate solution was pipetted aseptically 

into each of six flasks of sterile basal medium to yield a 

final carbohydrate concentration equivalent to 20 g of 

glucose/liter. Sterilization of carbohydrates by filtration 

prevents hydrolysis and chemical reactions (Cochrane, 1958). 
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Glass filtration also prevents pH changes which can occur 

when Seitz filters are used (Browne, 1942). Sterilizing 

temperatures sustained for 15 min do not degrade amino acids 

and their amides (Windholz, 1976). Of the vitamins used, 

biotin is heat stable and thiamine is heat stable at acid pH 

during autoclaving (Lilly and Barnett, 1951). 

Inoculum and inoculation of media 

The isolates of ~· bassiana (Bb Re No. 4SS) and ~· 

anisopliae (Ma Re No. 4SS) used in this investigation were 

obtained from infected pecan weevil larvae removed from 

pecan orchard soil near Stillwater, Oklahoma and stored 

under mineral oil on slants of Proteose Peptone No. 2 

(Difco)-dextrose agar (PP2DA). Both isolates were single

spore-derived, and conidiospores for inoculum preparation 

were obtained from 2-week-old PP2DA cultures grown in Petri 

dishes. Other procedures were the same as reported earlier 

(Chapter 2 and in Campbell et al., 1978) with one exception: 

Each flask received 0.5 ml of spore suspension (50,000 

spores/ml). 

Culture and harvesting techniques 

The fungi were still cultured at 24°C for 2 weeks. 

Before harvesting, the flasks were hand shaken and a sample 

of the filtrate from each treatment was placed on a 

hemacytometer slide and the spore concentration was 

determined. Mycelia were vacuum filtered onto predried and 



Carbohydrate 

D-melezitose 
D-sucrose 
D-trehalose 
glycerol 
D-glucose 
D-mannose 
D-mannitol 
D-melibiose 
D-sorbitol 
D-raffinose 
D-maltose 
D-ribose 
i-erythritol 
D-lactose 
D-fructose 
D-arabinose 

TABLE III 

GROWTH AND SPORULATION OF BEAUVERIA BASSIANA ON 
MEDIA CONTAINING DIFFERENT SINGLE CARBOHYDRATE 

COMPOUNDS AND CONTROL 

Duncan's 
Mean multiple Sporulation 

weight a range values responseb 

0.5152 (0.1677) A 11.24 (2.86) 
0.4524 (0.1644) AB 31.08 (16.69) 
0. 3770 (0.0682) ABC 31.02 (12.15) 
0.3689 (0.0224) ABC 6.78 (2.61) 
0.3667 (0.0080) ABC 30.02 (8.91) 
0.3660 (0.0117) ABC 22.58 (6.58) 
0.3565 (0.1497) ABC 16.55 (3.73) 
0. 3117 (0.0217) ABCD 24.18 (7 .15) 
0.2876 (0.0167) BCD 24.28 (7.84) 
0.2850 (0.0198) BCD 13.13 (5.25) 
0.2283 (0.0431) CDE 27.48 (19. 35) 
0.1728 (0.1334) CDEF 8.56 (3.61) 
0.1667 (0.1208) CDEF 5.45 (0.80) 
0.1600 (0.1264) CDEF 6.13 (1. 94) 
0.1575 (0.0665) CDEF 20.78 (7. 94) 
0.1560 (0.1461) CDEF 5.62 (2.38) 

None (Control) 0.1540 (0.1392) CDEF 1.44 (0.62) 
D-galactose 0.1433 (0.0279) CDEF 17.08 (7.07) 
D-sorbose 0.1220 (0.1160) DEF 4.87 ( 1. 02) 
D-xylose 0.1203 (0.1163) DEF 18.04 (9.05) 
D-cellobiose 0.1203 (0.1163) DEF 5. 72 ( 1. 94) 
i-inositol 0.0516 (0.0079) EF 11.98 (5.22) 
L-rhamnose 0.0080 (0.0058) F 6.02 (3.85) 
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Duncan's 
multiple 

range values 

ABC 
A 
A 
ABC 
A 
ABC 
ABC 
ABC 
ABC 
AB 
AB 
ABC 
BC 
BC 
ABC 

BC 
c 

ABC 
BC 

ABC 
BC 

ABC 
BC 

aMean weight = average dry weight (g) of mycelium produced from six 
replicates. Values in parentheses are standard errors. 

bsporulation response = mean number of conidiospores in thousands/10 
fields counted (using a hemacytometer) of a pooled sample from six 
flasks. Values in parentheses are standard errors. 
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TABLE IV 

GROWTH AND SPORULATION OF METARHIZIUM ANISOPLIAE 
ON MEDIA CONTAINING DIFFERENT SINGLE 

CARBOHYDRATE COMPOUNDS AND CONTROL 

Duncan 1 s Duncan 1 s 
Mean multiple Sporulation multiple 

Carbohydrate weight a range values responseb range values 

D-mannose 0.1720 ( 0.1125) A 38.52 (15.05) AB 
D-glucose 0.1317 (0.0606) AB 21.57 (6.93) ABC 
D-sucrose 0.0968 (0.0108) ABC 19.68 (4.35) ABC 
D-trehalose 0.0883 (0.0114) ABC 22.20 (12.63) ABC 
D-maltose 0.0840 (0.0150) ABC 19.96 (8.89) ABC 
D-mannitol 0.0650 (0.0138) BC 12.73 (6.09) BC 
glycerol 0.0616 (0.0079) BC 43.93 (19.63) A 
D-sorbitol 0.0567 (0.0049) BC 14.32 (5.53) BC 
D-xylose 0.0533 (0.0156) BC 20.58 (8.45) ABC 
D-raffinose 0.0360 (0.0121) BC 12.76 (8.75 BC 
D-sorbose 0.0283 (0.0145) c 0.73 (0.66) c 
D-fructose 0.0271 (0. 0047) c 23.71 (10.60) ABC 
D-melezitose 0.0240 (0.0051) c 8.78 (3.47) BC 
i-erythritol 0.0220 (0.0150) c 1.60 (0.90) c 
i-inositol 0.0217 (0.0060) c 45.55 (22.90) A 
D-galactose 0.0133 (0.0042) c 8.28 (3.41) c 
D-melibiose 0.0102 (0.0026) c 16.70 (7. 80) ABC 
D-ribose 0.0100 (0.0045) c 3. 77 ( 1. 51) c 
L-rhamnose 0.0050 (0.0029) c 2.18 ( 1. 06) c 
D-cellobiose 0.0050 (0.0022) c 1.17 (0.40) c 
D-lactose 0.0040 (0.0024) c 3.78 ( 1. 20) c 
D-arabinol 0.0020 (0.0020) c 12.42 (10.38) BC 
None (Control) 0.0000 (0.0000) c 1. 70 (1.13) c 

aMean weight = average dry weight (g) of mycelium produced from six 
replicates. Values in parentheses are standard errors. 

bsporulation response = mean number of conidiospores in thousands/10 
fields counted (using a hemacytometer) of a pooled sample from six 
flasks. Values in parentheses are standard errors. 
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weighed filter papers. All mycelia were washed with 250 ml 

of distilled water after which papers and mycelia were dried 

24 hr at 100°C and weighed. All data were subjected to 

analysis of variance. 

Results 

Differential mycelial growth and sporulation for B. 

bassiana and ~· anisopliae when grown on each carbohydrate 

are presented in Tables III and IV. D-melezitose provided 

the greatest mycelial yield of any of the carbohydrates used 

for B. bassiana. Three other compounds, D-sucrose, D

trehalose, and D-glucose induced sporulation statistically 

greater than that induced by the other compounds. With M. 

anisopliae, mannose afforded the most mycelium; and inositol 

and glycerol induced the greatest spore production. 

Interestingly, ~· bassiana proved capable of producing 

some mycelial growth without the presence of a carbon source 

(control), while~· anisopliae was unable to do the same. 

However, ~· bassiana could not sporulate under such 

conditions. 

Discussion 

Carbohydrate utilization patterns for B. bassiana and 

M. anisopliae strains investigated in this study appear to 

be different from those of most fungi. For most fungi, D

glucose, D-mannose, D-fructose, D-xylose, D-maltose, and D

raffinose are better utilized (Cochrane 1958). B. bassiana 
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exhibits a greater departure from the utilization pattern of 

most fungi (Cochrane, 1958) than does ~· anisopliae in its 

ability to utilize D-trehalose. Most fungi utilize 

tryptophan poorly or not at all but these species utilize 

this amino acid quite well (Campbell et al. 1978). The 

emerging nutritional information implies that these 

entomopathogens have different nitrogen and carbon 

utilization patterns than most fungi. This may have 

significance in relation to their pathogenicity to insects. 

For instance, D-trehalose promoted high growth and 

sporulation rates by both fungi. D-trehalose is the 

principal carbohydrate component of hemolymph of many 

species of insects (Florkin and Jeuniaux, 1974). 

The good results obtained when using D-melezitose for 

growth for B. bassiana implies the fungus may produce an 

enzyme capable of hydrolyzing D-turanose (Cochrane, 1958). 

The fungus also produces sucrase and trehalase as evidenced 

by the good utilization of sucrose and trehalose, 

respectively. ~· anisopliae produces sucrase, trehalase, 

cellobiase, and maltase. Slight utilization of many 

carbohydrates implies production of various "induced" 

enzymes. This could better be determined if a much longer 

growth period had been provided. 

This basic nutritional research on carbohydrate sources 

complements earlier studies in which peptone and amino acid 

sources were evaluated for inducing mycelial growth and 

sporulation of ~· bassiana and M. anisopliae (Barnes et al. 
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197 5; Campbell et al. 1978). These studies, coupled with 

nutrient analyses of the insects infected by these fungi, 

may provide insights concerning the host specificity of 

these fungi at the subspecific level. Future research 

should include studies of these pathogens in their natural 

soil environment, where certain factors such as soil humus 

can be increased, soil moisture can be regulated through 

irrigation, and the presence of other soil organisms can be 

manipulated. A recent study has indicated the importance of 

a number of these factors on conidial survival of B. 

bassiana in soil (Lingg and Donaldson, 1981). 

Summary 

Naturally occurring isolates of two entomopathogenic 

fungi, Beauveria bassiana and Metarhizium anisopliae, 

pathogenic to the pecan weevil, Curculio caryae, were 

cultured in flasks of a liquid synthetic culture medium 

containing one of 22 individual carbohydrate sources to 

determine growth and sporulation responses. B. bassiana 

grew best on D-melizitose but sporulated best on D-sucrose, 

D-trehalose, and D-glucose. ~· anisopliae grew best on D

mannose but sporulated best on i-inositol and glycerol. B. 

bassiana grew least on D-sorbose. Both fungi utilized D

trehalose, a major component of insect hemolymph. 
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