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ABSTRACT 

Phymatotrichum omnivorum was induced to produce sclerotia in soil 

culture under controlled environmental conditions in the laboratory. Re

quirements of exposure to red light and a water holding capacity of soil 

were established as beneficial for production of the sclerotia. The 

sclerotia were produced over a temperature range of 24-35 C. Abundant 

production of sclerotia was correlated with increase in length of strand 

hyphae. Formation of sclerotia was inhibited by exposure of the cultures 

to blue light. Significantly greater quantities of sclerotia were produced 

under a nutritional regime of high glucose to nitrogen ratio. Sclerotia 

were produced equally well with nitrogen supplied as either nitrate or 

ammonium salts. 

Sclerotia produced under controlled conditions in soil culture 

germinated over a temperature range of 15-37 C. Germinability was main

tained in sclerotia as long as the moisture content was maintained at 

50io of their fresh weight. Germination is apparently more dependent 

upon moisture content of the sclerotia than upon the nutritional and 

physical properties of their environment. 

Glycogen content of mature sclerotia was found to be 3of the 

dry weight. There was a rapid reduction in glycogen content in germina

ting sclerotia. Phosphorylase activity was highest in germinating 

sclerotia. Glycogen synthetase activity was highest in strand hyphae 

and mature sclerotia where glycogen is the major carbohydrate accumulated. 

xi 



There were no differences in total free amino acids among the 

vegetative mycelia and sclerotia of six isolates of P. omnivorum. 



INTRODUCTION 

The fungus, Phymatotrichum omnivorum (Shear) Duggar is a soil-

inhabiting organism well adapted to the alkaline soil, high temperatures 

and low humidity of the arid southwest (8, 72). It causes a root rot of 

more than 2,000 species of dicotyledonous plants and many coniferous 

species. 

The fungus has been under intensive study for 60 years. The 

fungus apparently survives inadvantageous conditions as hyphae and 

strands in and on infected plant debris. It survives in the form of 

sclerotia in the soil and produces conidia. Conidia have not been deter

mined to be functional propagules in nature. They are not generally 

viable and have not been observed to germinate and produce surviving 

cultures in the laboratory (62). 

Sclerotia have generally been considered to be a primary means 

of overwintering in the soil (Ml-, h-5, 51 > 79)- The factors involved in 

initiation, formation, and function of sclerotia as propagules of the 

fungus have not been fully understood. 

The purpose of this study was to investigate the nutritional, 

environmental, physiological factors and the variations among vegetative 

isolates of the fungus that effect production and abundance of sclerotia 

as disseminating propagules. 

1 



REVIEW OF LITERATURE 

I. General characteristics of the fungus* 

The fungus, Phymatotrichum omnivorum, is classified among the 

Mycelia Sterilia of the Fungi Imperfecti (6). Its life cycle may be con

veniently divided into three phases: a vegetative mycelium, an asexual 

spore and a resting sclerotium. Pammel in 1888, (59) first described 

the vegetative phase consisting of hyphae and hyphal strands. The 

asexual stage develops on warm, moist soil, appearing first as a fluffy, 

white growth in irregular or circular spore mats (62, 72); and gradually 

change from a creamy white to a buff color. !Hie spore mats are composed 

almost entirely of minute conidia. Sclerotia are generally considered 

to be the resting or carry-over phase of P. omnivorum. 

Sclerotia are known to occur in a great variety of life cycles 

of fungi. Generally, they have a similar function, constituting a per

sistent resting stage. They have considerable developmental structural 

diversity and differ in their behavior upon germination (44). It has not 

been possible to separate sclerotia into categories on the basis of their 

structure alone. De Bary (1887) and Lohwag (19^1) preferred to restrict 

the term, sclerotium, to those structures which germinate to form external 

reproductive structures. They separated other sclerotial types into a 

variety of sclerotioid categories. The sclerotia of P. omnivorum fall 

into one of the latter, in that they germinate to produce strand hyphae 

and mycelia. 

2 
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Sclerotia of P. omnlvorum were first observed in a laboratory-

culture of the fungus at Sacaton, Arizona in 1929 (^0« Hie following 

year sclerotia were discovered in cultivated soil in Texas (79). The 

sclerotia are small, round to irregularly shaped structures, attaining a 

diameter of 1 to 2 millimeters and are of firm texture. They are produced 

singly, in chains, or in clusters ranging in color from white-buff to dark 

brown (?2). The immature sclerotia are first covered with a fuzzy growth. 

The outside becomes hard said smooth as they mature. The interior cells 

are light in color and are composed of pseudoparenchymatous tissue (3^, 

6l). They are formed in soil and provide an ideal structure for survival 

of the fungus during periods which are unfavorable for vegetative growth. 

II. Initiation and formation of sclerotia. 

A. Morphology and development of sclerotia. 

Sclerotia arise as discrete initials on the vegetative mycelia. 

Two main types of development have been distinguished (8l). A terminal 

type of initial is formed by repeated branching of the hyphal tip, e.g. 

Botrytis allii, Botrytis cinerea, and Sclerotlum cepivorum. Alternatively, 

strand-type sclerotia are formed by the numerous side branches and bud-

like outgrowths of the strand, e.g. Sclerotinia gladioli, Sclerotium 

rolfsii, and Phymatotrichum omnlvorum. 

The sclerotium of P. omnlvorum begins to develop from the Inter

calary segments of the associated hyphae in a strand (^2). Macroscopically, 

sclerotia appear as simple, white, elongate swellings along the mycelial 

strands and attain maximum growth in three to four days. The color 

changes from white to yellow, then to a dark buff. The sclerotia at this 
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stage resemble beads along a string. Microscopic examination of sections 

of sclerotia show that they are formed from repeated division and growth 

of the larger and smaller cells of the strands. Cross sections of the 

mature sclerotia under microscopic examination reveal that they are com

posed of closely packed thin-walled cells which resemble the parenchyma 

of higher plants. The surface cells are irregularly contorted, brown and 

moderately thick-walled (b2). 

B. Nutritional and environmental requirements for production of sclerotia. 

Formation of sclerotia in fungi depends upon adequate nutritional 

and environmental factors such as carbon, nitrogen, temperature, and 

light. On the whole it may be said that sclerotia develop under condi

tions leading to optimal growth, but that nutritional requirements for 

this formation, as may be expected from a consideration of their bulk and 

rich food reserve, are greater than those of the myeelia (33)« 

Sclerotia of P. omnivorum have been consistently produced in 

laboratory culture using sterilized soil (22, 4l, 65). Nutrient is added 

in the form of sorghum, cotton, bean, corn or cowpea seeds, or cotton and 

carrot roots (23). Variation in size and quantity of sclerotia depends 

upon the type of soil and available nutrients. 

Sclerotia have been produced in soil having a moisture content of 

15 to 30# of field capacity (65). Neither sclerotia nor mycelial strands 

grow at or below 8$ or above 35$ of moisture-holding capacity. Maximum 

production of sclerotia was attained at 20-35$ of moisture-holding 

capacity. Both mycelial strands and sclerotia were produced in soil 
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maintained at constant temperatures between 10 and 37 C in water baths. 

There was no growth of mycelium at 3 or 39 The fungus was killed at 

temperatures above 39 C. 

Little is known of the effects of light on the initiation and 

development of sclerotia in P. omnivorum. Although normally produced at 

considerable depths in the soil, it has been noted that sclerotia form 

well against the glass in flask culture and on the surface of cultures 

grown on laboratory media (23, 72, 78). Studies of the effects of light 

on the production of sclerotia in other fungi indicate responses to light 

by Botrytis cinerea, Sclerotium rolfsii, and Rhlzoctonia solani (1)-, 8l). 

Continuous light stimulated mycelial growth and suppressed formation of 

sclerotia in B. cinerea. The reverse effect was noted with Sclerotium 

rolfsii. Continuous light enhanced production of sclerotia but suppressed 

growth of mycelia (80). Rhlzoctonia solani initiated sclerotia more 

readily in darkness after which they matured more rapidly under light 

than in continuous darkness. Continuous white light promoted the forma

tion of sclerotia in Fusarlum oxysporum (l8) whereas, red or green light 

stimulated production of microsclerotia of Verticillium albo-atrum (39)* 

Phymatotrichum omnivorum has been found to occur in nature only 

in areas with alkaline soils. Thus, it has been assumed that it grows 

and flourishes best under these conditions (29, 31, 7^). However, labora

tory studies employing defined media have shown that spore production 

occurs most abundantly at pH values U.6-5.0 (83). Production of sclerotia 

on defined media has occurred only at acid pH values (27, 28, 30). The 

effect of H ion concentration of the substrate has been more thoroughly 



studied for some other fungi which form sclerotia (33). Maximum growth of 

mycelium of S. rolfsii was obtained on media with acid pH values. Growth 

of mycelium was retarded as pH values approached 7.0, whereas production 

of sclerotia was Increased. Sclerotia were produced over a wide pH range 

from 3.5 to 6.7. Maximum production occurred consistently at pH values 

near neutrality (5). 

The effects of carbohydrate nutrition on the initiation and 

maturation of sclerotia in fungi have been extensively studied (33)* The 

sources of carbon generally favoring production of sclerotia are usually 

but not always the same as those that support maximum growth of mycelia. 

Concentration of carbohydrate is also an important factor in production 

of sclerotia (28, 55* 56). Glucose, mannose, maltose, sucrose and starch 

supported production of sclerotia by P. omnivorum when supplied at kit but 

not at 0.5$. Xylose, lactose, and mannitol at 0.5$ and h.0% supported 

good mycelial growth, but did not support production of sclerotia in agar 

culture. 

Sclerotium rolfsii has been reported to produce sclerotia using 

a wide variety of carbohydrates (36). Production was enhanced by increas

ing concentration from 3 to ki» carbohydrate. One isolate produced sclerotia 

in greater number when the concentration of carbohydrate was 10$ (5, 80). 

High concentrations of carbohydrates were also reported to enhance pro

duction of sclerotia in Botrytis cinerea, Sclerotium gladioli, Sclerotium 

cepivorum and Rhizoctonia solani, but retarded or entirely inhibited 

their maturation. 

Ezekiel demonstrated that various sources of nitrogen effect the 

production of sclerotia in P. omnivorum (28). Heavy production of 
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sclerotia was obtained using asparagine, peptone, ammonium nitrate and 

other nitrate salts. However, high concentrations of ammonium salts have 

been reported to suppress vegetative growth (72). The formation of 

sclerotia by Sclerotium rolfsii is less efficient with nitrate salts 

than with ammonium salts (l, 2). Demetriades (3) showed that certain 

organic forms of nitrogen (asparagine, glutamic and aspartic acids, glycine, 

tyrosine, peptone, and urea) were more effective in enhancing production 

of sclerotia in Sclerotinla sclerotiorum than most inorganic nitrogen 

sources, except potassium nitrate. Johnson (37) studied the effects of 

increased nitrogen concentration on the formation of sclerotia. Growth 

was reduced when ammonium nitrate or sodium nitrate concentration was in

creased to 20,000 ppm. Ammonium sulfate was toxic at 40,000 ppm (48). 

Nitrite salts were toxic at 20 ppm. Talley and Blank (7*0 have determined 

that P. omnivorum can utilize nitrite as a nitrogen source, although its 

effect upon the ability to produce sclerotia was not investigated. 

The carbon:nitrogen ratio (C:N) has been used as a nutritional 

guide in controlling formation of sclerotia among many fungi (3). Peiris 

(60) demonstrated that high nitrogen concentrations inhibited formation 

of sclerotia in Botrytls cinerea. Maximum production of sclerotia occurred 

with ki> glucose and 0.0125M ammonium nitrate. Heavy applications of 

nitrogen have been suggested as a control for the fungus under field 

conditions (38). Although definitive studies of C:N ratio effect on 

production of sclerotia of P. omnivorum have not been conducted, some 

data in the literature suggest that high nitrogen tends to inhibit pro

duction of sclerotia. Ezekiel (28) determined the nitrogen sources that 



8 

encouraged formation of sclerotia would suppress production at higher ap

plication rates. 

Phymatotrichum omnivorum is capable of producing good vegetative 

growth without the addition of vitamins to the culture medium. Increased 

rate of growth has been observed when extracts of plant roots have been 

incorporated into the culture medium. The increase in growth was not 

attributed to a requirement for A or B vitamins but to some undefined 

nutritional factor (28). 

Ezekiel and Taubenhaus, Blank, Rogers and Talley and Blank (2, 

8, 9, 10, 67, 75) determined that P. omnivorum requires phosphorus, 

potassium, magnesium, and sulfur for growth. It appeared that calcium 

may be substituted for potassium and magnesium. Iron and chlorine are 

apparently supplied in sufficient quantities by impurities in the medium. 

Talley and Blank (75) demonstrated that a proper balance of minerals is 

more important for growth than the quantity supplied. They showed that 

when the proper balance was maintained, the concentration of dibasic 

potassium phosphate and magnesium sulfate could be decreased by fifty 

percent with no significant diminution of vegetative growth. These 

results may not be interpreted as applicable to production of sclerotia, 

because sclerotia of P. omnivorum have only been obtained on a duplicatable 

basis in a soil medium in which the complete mineral requirements are 

available (22, 23). 

Blank (9) determined that the trace elements, copper, iron, 

manganese, and zinc, are essential for optimal vegetative growth of the 

fungus. Aluminum, boron, cadmium, cobalt, fluorine, iodine, lithium, 
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mercury, molybdenum, nickel, and silicon were considered to be non-essential 

for growth. 

III. Maturation and function of sclerotia. 

A. Development and maturation. 

The mature sclerotium of P. omnivorum consists of thin-walled 

pseudoparenchyma cells surrounded by a dark, thick-walled layer of cells 

which includes the rind (3^, 72). Ergle (25) and Ergle and Blank (26) 

studied the chemical composition of P. omnivorum sclerotia at four stages 

of development. They found that fats, protein, glucosans and hemicelluloses 

accumulate during maturation, whereas reducing sugars, pentosans and cellu

lose decrease in quantity. Sixty-day old sclerotia contain approximately 

36-kQia glycogen which constitutes the major storage reserve of carbohydrate. 

The vegetative stage of the fungus contains low quantities of glycogen 

and hemicellulose but is rich in reducing sugars and proteins. 

A truly"dormant phase has not been detected in sclerotia of P. 

omnivorum. Taubenhaus (77), King et al. (^5)> Rogers (6k) and other workers 

have successfully germinated sclerotia which were freshly harvested from 

field soils. Rogers found that viability of sclerotia was related to the 

thickness of the rind. Sclerotia with thickened outer cells were not 

capable of germination; the rind tended to thicken with age. King, Eaton 

and Hope (U2) determined that catalase activity in sclerotia first rose 

slightly and then declined with age. There was no abrupt reduction in 

catalase activity until sclerotia began to lose the facility to germinate. 

Catalase activity rapidly decreased when sclerotia became dessicated. 



Rogers (63) found that sclerotia air-dried for 90 minutes were nonviable. 

However, Boswell (15) concluded that freshly harvested sclerotia of S. 

rolfsii were nonviable because of the thick, intact rind. Bloss (12) 

found that sclerotia of P. omnivorum produced in laboratory culture 

respired actively after storage in a dry condition for one year. 

B. Occurrence and longevity of sclerotia. 

Neal, Wester and Gunn (57); Rogers (66) and Taubenhaus and Ezekiel 

(79) found sclerotia with regularity in Texas soils. King and loomis (kk) 

found viable sclerotia in Arizona in various soils only after extensive 

search. Streets (72) screened soils in Arizona which were known to be 

infested with the vegetative phase of P. omnivorum and found that 

sclerotia were not commonly produced in soils under Arizona conditions. 

Taubenhaus and Ezekiel (77) demonstrated that sclerotia of P. 

omnivorum occurred in large quantities to a depth of eight feet in Houston 

Black Clay and remained viable in soil for at least eight years. They 

determined that sclerotia stored in soil with 20-k0% moisture content 

under laboratory conditions were viable after five years. Taubenhaus and 

Ezekiel (77)* Rogers (6U) and Dana (22) and Neal (58) found that sclerotia 

remained viable for five years in field soils which had been fallowed or 

planted to non-host plants. However, sclerotia were located in soils 

planted to sorghum and barley in rotation with cotton. Rogers (66) 

assembled a mechanical apparatus which enabled him to screen large soil 

samples. He found that sclerotia occurred in soils at depths of 2 inches 

to 5 feet. The great majority were located at a depth between 12 and 2k 
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inches. In addition he found that sclerotia which occurred at the greater 

depths in the soil remained viable for a longer time. 

Sclerotia of P. omnivorum are susceptible to inactivation by high 

and low temperatures. Rogers (65) determined that field sclerotia were 

rendered nonviable at temperatures above 40 C and below 0 C. Sclerotia 

stored at lt-0 C for 1 hour were incapable of germination. Sclerotia kept 

at 0 C for 15 minutes did not subsequently germinate. 

Soil microflora have a significant effect upon the longevity of 

the sclerotia. Clark (19) and Mitchell et al. (53) established that 

saprophytic microflora in soils amended with organic matter rendered 

sclerotia nonviable more rapidly than did unamended soils. Presley (6l) 

suggested that soil microflora tended to stimulate germination of sclerotia 

causing the fungus to exhaust its growth before a sufficient food reserve 

could be accumulated. Rogers (6^) and Taubenhaus and Ezekiel (78) noted 

in field and laboratory studies that sclerotia germinate and produce new 

sclerotia in the absence of adequate food reserves. 

The physical factors which permit active vegetative growth are 

also necessary for germination of sclerotia (Ul, 6k, 77). Rogers (6^) 

found that optimal germination occurred at 27 C. The minimum and maximum 

temperatures at which germination occurred were 21 and 37 C, respectively. 

Sclerotia have been germinated in sterile distilled water (2k) f on wet 

filter paper (72), on nutrient agar (6k), and on sterilized plant tissue 

(M-). Consequently, it can be concluded that the sclerotia contain the 

essential nutrients and physiologic factors required for germination. 
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Ergle (25) determined that glycogen is the principal source of 

carbohydrate utilized by the germinating sclerotia. He suggested that 

the hydrolysis of glycogen to glucose occurs by way of amylolytic activity. 

More than 50# of the total carbohydrate content was hydrolyzed during the 

first three days following germination. Glycogen accounted for 83-87# 

of carbohydrate utilized. 

King et al. (^5) found that sclerotia are capable of repeated 

germination. He determined that daily removal of hyphae that arose as a 

result of germination caused the initiation of new hyphae to appear for 

four to five successive occurrences. 

Cytologically, the germination of sclerotia of P. oronivorum does 

not conform to the usual form of germination of sclerotia of other fungi. 

Presley (6l) and Hosford (3*0 observed that hyphae are formed intra-

cellularly in germinating sclerotia and that any pseudoparenchymatous 

cell is capable of germination. New hyphae are visible within 2k hours 

after germination begins. 

IV. Strand hyphae. 

Prior to the discovery of the sclerotial stage of the fungus by 

King and Loomis (^5), it was thought that strands were the major mechanism 

of carry-over of the fungus. Strands have since been considered to be 

relatively unimportant as a carry-over stage, although several workers 

reported that persistent strands occur commonly. 

Taubenhaus and Ezekiel (78) determined that in addition to the 

sclerotia, some specialized strands found in the field appeared to function 

like sclerotia as a carry-over mechanism. The dark, usually smooth 



13 

strand-sclerotia have been found in locations vhere they have overwintered 

and subsequently functioned as centers of inoculum. 

McNamara (51# 52) observed that in a great many primary centers 

of infection of cotton in the field, the carry-over stage was not sclerotia 

but persistent strands. Some fields which had been planted to host plants 

contained viable strands three years later. Strands were found inter

lacing sclerotia in one field that had been fallow for five years. Ergle 

and Blank (26) discovered that glycogen was stored in the strand hyphae. 

Thus, it was suggested that strands may function as a storage organ for 

food reserve. Rogers and Watkins (69) using pure culture techniques 

determined that the processes involved in the formation of strands and 

sclerotia are similar. 



MATERIALS AND METHODS 

I. Nutritional and physical requirements for production of sclerotla. 

Six isolates of the fungus, P. omnivorum, were used in these 

studies. The source, host plant, and vigor of growth in culture of these 

isolates are listed in Table 1. Stock cultures of the fungus were main

tained on medium No. 70 (29). The composition of the medium is listed 

in Table 2. 

In several experiments, soil and/or sand were used in combination 

with nutrients as a culture medium. The soil was a clay loam obtained 

from field E-3 of the University of Arizona Experimental Farm at Marana, 

Arizona. The field had a history of infestation with P. omnivorum. The 

soil was air-dried, passed through a 10-mesh sieve, and stored in clean 

containers until used. Quartz sand was obtained from the Crystal White 

Company, Oceanside, California. The sand was washed with concentrated 

hydrochloric acid, rinsed several times with distilled water, and stored 

in clean containers until used. 

In all experiments containers and materials were steriled by 

autoclaving at 120 C under 17.5 pounds of pressure for 15 minutes unless 

conditions indicated that a longer period of sterilization was necessary. 

Glassware was sterilized in a hot air oven at 176 C for four hours. 

14 



15 

Table 1. Age, source and vigor of growth of the isolates of Phymatotrlchum 
omnivorum. 

Fungus 
Code 

Date of 
Isolation Source Location 

Host 
Plant 

Vigor of 
Growth 

1 1962 Hosford Arizona Cotton 3 a 

3^ 1962 Hosford Arizona Alfalfa 2 

82 1962 Hosford Arizona Alfalfa 2 

k$2 1964 Hosford California Cotton 3 

66 1966 Hervey Texas Cotton 3 

500 1966 Chavez Arizona Cotton 3 

S-l Wilcoxson Minnesota mm 3 

a. Growth on No. 70 medium, 1 = poor, 2 = fair, 3 = abundant. 
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Table 2. Modified medium No. 70 for culture of Phymatotrlchum onmlvorum. 

Component Volume Weight 
g 

MGSO^.THGO 0.75 

KH2POU 18.8 ml of 0.1 M 

K2HPO4 28.1 ml of 0.1 M 

KCL 0.15 

MH^NO3 1.18 

Glucose to. 00 

Zn.S0^.7Hg0 1.0 ml of 0.038 M 

1.0 ml of 0.023 M 

MnSOi.HjO 1.0 ml of 0.01I-5 M 

Water 1.0 liter 

Bacto Agar 25.0 



Mass transfer of sycelia of P. omnlvorum for use as inoculum is 

necessary in laboratory studies, because readily viable conidia are not 

produced. Seven-day cultures of P. omnivorum grown on medium No. 70 agar 

were used as standard inoculum. Discs, 8 mm in diameter, of mycelial mats 

on agar were cut with a sterile cork borer and transferred to new media 

for the establishment of test cultures. Stock cultures and cultures used 

in growth experiments were incubated at 28 C. 

Whenever critical chemical determinations were to be made, glass

ware was thoroughly washed in chromic acid at 70 C and rinsed five times 

in glass-distilled water. 

A. Production of sclerotia in soil. 

Experiments were designed to compare the capacity of the dif

ferent isolates of P. omnivorum to produce sclerotia. The method was 

similar to that of Dunlap (23). One hundred gram portions of sifted 

soil were placed in 250 ml Erlenmeyer flasks. Five grams of clean, un

treated sorghum seed and enough water were added to bring the moisture 

content to 40# of the water holding capacity. Hie flasks were plugged 

with cotton, covered with aluminum closures and autoclaved for 30 

minutes. The flasks were allowed to cool and discs of inoculum of P. 

omnivorum isolates No. 1, 3^, 82, 66 and k^2 were placed on the surface 

of the culture medium. Ten replicate cultures of each isolate were pre

pared and incubated at 28 C for three months. Observations and data 

were recorded at intervals throughout the incubation period. The 

sclerotia which formed at the end of the Incubation period were harvested 



by vashing the contents of the culture flasks with water on a series of 

screens. Sclerotia were retained on a 1 mm coarse screen after the 

finer soil particles were washed free. They were air-dried for ̂ 8 hours 

and then weighed on a Mettler analytical balance. 

An experiment was designed to determine the effect of varying 

proportions of soil and sorghum seed on the quantity of sclerotia 

produced. Sifted soil in quantities of 100 g, 50 g, 25 g or 12.5 g was 

added to 250 ml Erlenmeyer flasks with 5 S sorghum seed. The sorghum 

seeds were added whole or ground in a Wiley Mill using a 1 mm mesh 

screen. Distilled water was added to bring the moisture content of each 

medium to ̂ 0$ of the water holding capacity and the flasks were auto-

claved for 30 minutes. After they had cooled, an 8 mm agar plug over

grown with mycelium of P. omnivorum was added to each flask containing 

the medium. Five replicates of each proportion of the soil-sorghum seed 

medium were prepared. Following incubation at 28 C for six weeks, the 

sclerotia were harvested by the method previously described. 

B. Physical and nutritional factors in production of sclerotia. 

Phymatotrichum omnivorum was grown on sand and soil media in 

glass tubing to determine the physical and nutritional requirements for 

optimal production of sclerotia. Glass tubes, 250 mm in length sutid 8 mm 

in diameter, were filled with dry, sifted soil and plugged at one end 

with non-absorbent cotton. 

One to five sorghum seeds were placed in one end of each tube 

as a carbohydrate source for the fungus inoculum. The tubes were plugged 



with a cork, autoclaved and cooled. The cotton-plugged end of each tube 

was submerged in sterile water. The water moved by capillary action through 

the soil until the water content of the soil reached field capacity. A 

five mm plug of agar overgrown with mycelium of P. omnivorum isolates 

No. 500 was placed aseptically on the sorghum seed at the end of each 

tube. The tube was plugged and the culture was incubated at 28 C. Glass 

tubes containing white quartz sand were prepared in a similar manner. 

Ten replicates for each proportion of sand or soil and sorghum seed were 

incubated with each of six isolates of P. omnivorum. A culture of 

Sclerotium rolfsii was included for comparison. 

Temperature 

Fifty soil-filled tubes were prepared with five sorghum seeds 

and mycelia of P. omnivorum isolates No. 1 and 500. Five replicates 

were incubated at 20, 25, 28, 30 and 35 C. Observations were made for 

evidence of production of sclerotia at seven and fourteen days. 

Moisture 

Phymatotrichum omnivorum isolate No. 1 was placed in soil-filled 

glass tubes to determine the effect of moisture content on production of 

sclerotia. Thirty-six cultures in soil-filled tubes were incubated at 

28 C for 15 days. The cultures were then observed for production of 

mycelial strands and sclerotia. Each tube was marked one-half inch 

either direction from the point where hyphal tips occurred. The one inch 

section of the soil-filled tube was cut out and immediately weighed. 

Each one-inch section with its contents was dried in the hot air oven at 



60 C for 48 hours. The sections were then weighed before and after the 

dried soil was removed. The percentage of the moisture holding capacity 

of the soil was determined for each section. 

Light 

Cultures of P. omnivorum were grown in glass culture tubes filled 

with sand to determine the effect of different light regimes on the pro

duction of sclerotia. Twelve replicate tubes with cultures of the fungus 

were used in each test. One set was completely covered with aluminum 

foil, another set covered one-third of its length from its cork-plugged 

end, another two-thirds of its length from its cork-plugged end and the 

last set remained uncovered. The cultures thus prepared were incubated 

at 25 C under a fluorescent cool white light source for 15 days. The 

intensity of light at the surface of the culture tubes was 659*9 micro

watts/cm^ (7). 

Six replicates of each group of culture tubes wrapped as pre

viously described were placed under clear, blue, or red DuPont cellophane 

with intensities, 659.9, 516.6, and 120.0 microwatts/cm2 to determine the 

effects of different qualities of light on production of sclerotia. The 

cultures were observed at 7- and lU-day intervals for appearance of 

sclerotia. 

Carbonrnltrogen ratio 

One hundred glass tubes were filled with 7*^ grams of sifted 

soil. Five sorghum seeds were placed in one end of each tube. Fifty 

of the culture tubes were autoclaved and cooled. The end of each tube 



was then placed into a filter-sterilized solution containing predetermined 

ratios of glucose and nitrogen salts. The solutions moved into the soil-

filled tubes by capillary action until the field capacity was attained. 

The composition of the solutions of various carbon:nitrogen ratios are 

listed in Table 3« It was determined that each tube containing J.k g of 

soil took up an average of 1.85 ml of solution. At the concentration of 

nitrogen in the prepared solutions, the nitrogen supplied was equivalent 

to 100 pounds per acre. Fifty tubes were employed in the same manner 

with nonsterile soil. Agar plugs overgrown with P. omnivorum isolates 

No. 1 or 500 were added to each culture tube as inoculum. The average 

carbohydrate and nitrogen content of five sorghum seeds were 0.190 g and 

0.003 St respectively. 

C. Production of sclerotia on defined media. 

Phymatotrichum omnivorum was grown on a variety of proprietary 

media and several defined media to determine the capacity of the fungus 

to produce sclerotia on these media. No. 70 medium and the following 

proprietary media were employed: corn meal agar, Czapeks agar, lima 

bean agar, mycological-A agar, potato dextrose agar, nutrient agar and 

Sabouraud A agar. 

A medium, No. 13^, defined by Ezekiel (27) and with several 

variations in its constituents were similarly used. The components of 

medium No. 13^ are shown in Table 4 and those of the variants in Table 5» 

Bonner-Mdicott medium was employed to determine the production 

of sclerotia on a fully defined synthetic medium. The composition of 

this medium is listed in Table 6. 
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Table 3« Nutrient solutions of various C:N ratios employed in formation 
of sclerotia of Phymatotrichum omnivorum. a 

C:N Ratio Glucose (NH4)2CO3 

S g s 

1:1 0.10 0.12 

12.5:1 1.10 0.12 

25:1 2.20 0.12 

50:1 k.bo 0.12 

100:1 8.80 0.12 

1:1 0.10 0.20 

12.5:1 1.10 0.20 

25:1 2.20 0.20 

50:1 k.ko 0.20 

100:1 8.80 0.20 

a. Each solution was dissolved in 100 ml of distilled water. 
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Table If-. Composition of Ezekiel-Taubenhaus medium No. 13^ employed for 
production of sclerotia of Phymatotrichum omnivorum. 

Component Weight 

S 

Bacto Peptone 4.20 

Ammonium Nitrate 1.20 

Corn Starch ^0.00 

Sucrose UO.OO 

Magnesium Sulfate 0.75 

Potassium Phosphate 1.50 

Bacto Agar 20.00 

Distilled water to make 1 liter 
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Table 5. Modifications of medium No. 13^ used for production of 
sclerotia of Phymatotrichum omnivorum. 

Medium Component Change Weight 
g 

13^ A #13^ (-) Corn Starch 0.0 

13k B #13̂  Corn Starch 20.0 

13̂  c #13̂  Corn Starch 60.0 

13̂  D #13̂  (-) Sucrose 0.0 

13̂  E #13^ Sucrose 20.0 

13^ F #13k Sucrose 60.0 

13^ G #13k (+) Asparagine 3.0 

13k H #13̂  (-) NHjjNC^ 3.0 

13k I #13̂  (-) Peptone (+) Asparagine 3.0 
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Table 6. Bonner-Mdicott medium employed in culturing Phymatotrlchum 
omnivorum for production of sclerotia. 

Inorganic Stock Solution 

Component Weight 
g 

Ca(N03)2.4H20 1.425 

MgS0v7H20 0.105 

KNO3 0.^25 

KC1 0.305 

KH2PO4 0.100 

Glass-distilled water to make 1 liter 

Bonner-Mdicott Complete Medium 

Component Concentration Volume 
ml 

Inorganic Stock Solution 200 

Ferric Citrate 1.5 mg/ml 1 

Glucose 20$ 200 

Thiamine 0.1 mg/ml 10 

Pyridoxine 0.1 mg/ml 10 

Nicotinic Acid 0.1 mg/ml 10 

Glass-distilled water to make 1 liter 
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A synthetic medium containing the nutrients essential for good 

growth of the fungus was employed at several pH values to determine the 

effects of hydrogen ion concentration on the formation of sclerotia. Two 

levels of glucose, 2$ and were used. The medium contained, in addi

tion to glucose, magnesium sulfate, 0.75 gj peptone, 1.80 g; asparagine, 

1.80 g; and water to a volume of 1 liter. The medium was used as a 

liquid or as a 2$ agar solid medium. The pH of each medium was recorded 

before and after sterilization in an autoclave. 

Fifteen milliliters of each sterile medium was poured in petri 

dishes and cooled. A disc of No. 70 medium agar overgrown with mycelia 

of P. omnivorum isolates No. 1 and 500 was added to each medium. The 

cultures were incubated at 28 C and observed periodically for mycelial 

growth, formation of strands, and production of sclerotia. 

D. Germination of sclerotia. 

Various techniques were employed in studies on the viability of 

sclerotia produced by the several isolates of P. omnivorum. Sclerotia 

produced by the fungus in soil and sand culture media were washed with 

distilled water to remove extraneous matter. Fifty mature sclerotia 

from each of the isolates No. 1, 66, ̂ 52 and 500 were placed in petri 

dishes containing 20 ml of 2$> water agar. The dishes with sclerotia 

were placed in an incubation chamber at 28 C. Observations were made 

after 2k, and 72 hours to determine the percentage of sclerotia which 

germinated. 

Sclerotia were similarly incubated at different temperatures to 

determine the effect of temperature on rate of germination and degree 
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of viability. Five petri dishes containing 10 sclerotia each on 2# water 

agar were incubated at 5, 16, 20, 2b, 28, 32, 37 and 40 C. Observations 

were made at 2^-hour intervals for three days. The percentage of 

germination in each 2l<-hour period at each temperature was determined. 

Freshly isolated, viable sclerotia produced by Phymatotrichum 

isolate No. were placed in petri dishes with 5 grams of sifted, tin-

sterilized (raw) soil overlaid with 10 ml of cooled 2$ water agar. The 

cultures were incubated at 28 C for 72 hours. 

A viable sclerotium was placed in the end of each of 20 sand-

filled glass tubes 5 mm in diameter and 200 mm in length. The sand was 

moistened with sterile glass-distilled water. The sclerotia in these 

sand cultures were incubated at 28 C and observed over a 25-day period 

for germination and mycelial growth. 

Attempts were made to germinate sclerotia which had been dried 

and stored at room temperature for two months after harvest. These 

sclerotia had lost the capacity to germinate after storage. One hundred 

sclerotia were treated with 0.1N sulfuric acid for l/2, 1, 2, ̂  and 5 

minutes. The sclerotia were subsequently rinsed with sterile, distilled 

water and placed in petri dishes on 2$ water agar. An equal number of 

freshly harvested sclerotia were similarly treated for comparison of the 

percentage of germination. Both groups of acid-treated sclerotia were 

incubated at 28 C for 72 hours. 

Some freshly harvested sclerotia were dried for varying lengths 

of time to determine the effect of dessication on viability. Twenty 

groups of ten freshly harvested sclerotia were weighed on the Mettler 
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balance. Four groups were placed in a forced air drying oven for 72 hours 

at 65 C. The remaining groups were treated as follows: four groups were 

immediately placed on water agar, and twelve groups were placed in a 

dessicator with calcium carbonate and placed in a refrigerator at 6 C. 

Four groups were removed from the dessicator every three hours 

and placed on 2$ sterile water agar. The sclerotia were then incubated 

at 28 C for 72 hours to determine the percentage of germination. 

II. Physiologic studies on sclerotia and strand hyphae of Phymatotrichum 

omnivorum. 

Isolates No. 1 and 500 of P. omnivorum were incubated at 28 C 

in liquid No. 70 medium for production of mycelial mats, in soil tube 

cultures for sclerotia and on cellophane in petri plates containing 

Bonner's complete medium for strands. The various fungus structures were 

thoroughly washed with cold distilled water prior to grinding. The fungus 

tissue was homogenized in three volumes of .25M sucrose containing .001M 

ethylene diaminetetrasetic acid (EDTA) in an omni-mixer submerged in an 

ice bath. The homogenate was centrifuged for ten minutes at 700 X g in 

a Lourdes Beta-Fuge Model A-2. The supernatant obtained was referred to 

as "crude extract". Portions of the crude extract were tested for 

protein content, glycogen content, phosphorylase, glycogen synthetase 

and phosphoglucomutase or kept for further enzyme purification. 

A. Purification of phosphorylase. 

The following procedure, for the purification of phosphorylase 

is that of Meyer and Bernfeld (20). The_crude extract was adjusted to 
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pH 7.8 with 2N sodium hydroxide. As soon as the turbidity disappeared IN 

acetic acid was added to readjust the pH to 6.7. The precipitate which 

formed was discarded following centrifugation. The remaining supernatant 

was acidified with IN acetic acid to pH 5«3« The second precipitate was 

separated by centrifugation. This precipitate was triturated with 0.2M 

sodium acetate at the same time 0.5N sodium carbonate was added until the 

pH reached 6.9. The triturate was allowed to stand for 15 minutes and 

was then centrifuged to remove the precipitate. The cloudy solution 

which remained contained phosphorylase. The solution was dialyzed against 

0.3 saturated ammonium sulfate for 2k hours at 3 C. 

The purified fungus enzyme and' crude extract were assayed for 

phosphorylase activity by determining the quantity of inorganic phosphate 

freed from glucose-1-PO^ (34. Duplicates of 0.8 ml portions of enzyme 

preparation from P. omnivorum were mixed in test tubes with 0.^ ml of 

glycogen solution and incubated for 20 minutes in a water bath at 37 C. 

At zero time, the reaction was initiated by the addition of O.ll- ml of 

0.064M glucose-l-phosphate to one of the sample tubes. A 0.2 ml aliquot 

was immediately withdrawn and added to a test tube which contained 0.1 ml 

5N sulfuric acid and 6.9 ml distilled water which stopped the enzymatic 

reaction. A similar aliquot was withdrawn at 5, 10, 15 and 20 minute 

intervals. In the determination of inorganic phosphate by the Fiske-

Subbarow reagent, 0.9 ml of 5N sulfuric acid and 1.0 ml of 2.5$ ammonium 

molybdate were subsequently added to each aliquot. At timed intervals, 

0.4 ml of Fiske-Subbarow reducing reagent was added to each test sample. 

The blue color developed within five minutes after the addition of the 



reducing agent. The optical density of each test sample was measured at 

660 Di on a Spectronic 20 photometer at exactly ten minutes of develop

ment time. The quantity of phosphate released by the reaction was 

determined from the optical density standard curve of standard solutions 

of potassium phosphate (Figure l). 

A phosphoglucomutase test was run on the reaction mixture from 

the phosphorylase assay. If phosphoglucomutase were present it would 

interfere with the assay of phosphorylase. After the reaction mixture 

from the phosphorylase test had incubated for 20 minutes, 0.1 ml was 

pipetted into 5.0 ml IN sulfuric acid in a tube and placed in a boiling 

water bath for five minutes. Under these conditions glucose-l-phosphate 

is completely hydrolized whereas glucose-6-phosphate, the product of 

phosphoglucomutase action, is hardly hydrolyzed at all (20). The amount 

of inorganic phosphate should remain the same before and after incuba

tion if no phosphoglucomutase action has occurred in the reaction mixture. 

B. Purification of glycogen synthetase. 

Three milliliter portions of crude extract from mycelia, strand 

hyphae, mature sclerotia, and germinating sclerotia were centrifuged for 

ten minutes at 25,000 X g in a Lourdes Beta-fuge Model A-2. The super

natant phase and microsomes were then discarded. The remaining pre

cipitate was resuspended in 3«0 ml of Tris-saline buffer which contains 

0.15M potassium chloride, 0.001M EDTA and 0.001M glucose in 0.01M Tris-

buffer pH 7.1. The mixture was centrifuged again at 25,000 X g and the 

supernatant discarded. This precipitate was resuspended in 3.0 ml 
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Tris-saline buffer and enzyme activity determined by estimating the con

version of uridine diphosphate (UDP). 

The assay for fungus glycogen synthetase was modified from Cabib 

and Leloir (l6). The crude extract and/or purified glycogen synthetase 

was mixed with an equal volume of the standard solution which had the 

following composition: 0.25 uM UDP-G, 0.5 uM glucose-6-P0^, 7»5 uM 

glycine buffer pH 8.5, 0.25 uM EDTA and O.h mg glycogen contained in 

0.025 ml. The total volume of the reaction mixture which never exceeded 

0.05 ml was allowed to react 5> 10 and 15 minutes at 37 C. The reaction 

was stopped by heating and the enzyme mixture was added to 0.025 ml of 

phosphopyruvate in O.O^M potassium chloride and 0.025 ml of pyruvate 

kinase diluted 1:20 in 0.1M magnesium sulfate. The enzyme pyruvate 

kinase catalyzes the reaction which transfers the phosphate from the 

phosphopyruvate to UDP. The mixture was allowed to incubate for 15 

minutes at 37 C. At the end of the incubation period 0.15 ml of 2,k 

dinitrophenyl hydrazine in 2N hydrochloric acid was added. This mixture 

was allowed to stand for five minutes. Two-tenths milliliter of ION 

sodium hydroxide and 1.1 ml of 95# ethanol were added. The mixture was 

centrifuged at 700 X g for three minutes. The optical density was 

measured at k20 ma using the Beckman DU spectrophotometer. The amount 

of UDP released was compared with standards determined prior to testing 

the sample (Figure 2). 
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Figure 2. Standard curves for UDP and potassium 
pyruvate. 
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C. Intracellular localization of phosphorylase and glycogen synthetase 

in P. omnivorum. 

Mycelial mats of P. omnivorum were homogenized in three volumes 

of 0.025M sucrose containing 0.001M EDTA. The homogenate was centrifuged 

for ten minutes at 700 X g. The supernatant obtained was referred to as 

first supernatant. The precipitate was discarded. A portion of the 

first supernatant was centrifuged at 10,000 X g for ten minutes. This 

formed precipitate-2 and supematant- 2. A portion of supernatant-2 was 

centrifuged at 25,000 X g for ten minutes. These fractions were designated 

precipitate-3 and supernatant-3• The different precipitates were sus

pended in sucrose-EDTA and tested for soluble protein content, glycogen, 

_ „ phosphorylase and glycogen synthetase. 

Phymatotrichum omnivorum was assayed for phosphorylase and glycogen 

synthetase at four stages in development. One gram portions of young 

mycelium, heavy strands, mature sclerotia and germinating sclerotia were 

homogenized in two volumes of O.25M sucrose with 0.001M EDTA, and two 

volumes of cysteine hydrochloride-3-glycerophosphate buffer at pH 6.1. 

The homogenates were centrifuged for ten minutes at 700 g. Hie super-

natants were collected and immediately assayed for total soluble protein. 

The protein content of each supernatant was adjusted to a uniform quantity 

by the addition of cysteine. These protein-adjusted extracts were then 

assayed for phosphorylase, glycogen synthetase and phosphoglucomutase. 

D. Determination of glycogen content and soluble .protein. 

The glycogen content of P. omnivorum was determined using a micro-

colorimetric method developed by van Wagtendonk et al. (82). One gram 
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each of mycelia, sclerotia and strands were ground in 1 ml of 35$> potas

sium hydroxide with a pestle in a mortar. The triturate was washed with 

1 ml of potassium hydroxide solution into a 25 ml round-bottomed flask. 

The flask was fitted to a glass condenser in a water hath. The triturate 

was refluxed for two hours. The digest was then filtered through starch-

free filter paper into a calibrated test tube containing a crystal of 

potassium iodide. The residue on the filter paper was carefully washed 

with 1 ml of distilled water. The filtrate was brought up to a volume 

of 10 ml with 95$ ethanol. A drop of 1# phenolphthalein was added and 

the contents were mixed by inverting the stoppered tubes several times. 

The solution was adjusted to pH 7*0 with N hydrochloric acid. One addi

tional drop of concentrated hydrochloric acid was added to coagulate the 

glycogen. The coagulated glycogen was centrifuged at 700 X g for five 

minutes. The supernatant phase was decanted and the precipitated glycogen 

was redisolved in 1 ml of warm distilled water. The solution was then 

diluted to 5 ml by adding distilled water and then 0.05 ml of Lugol's 

solution which is composed of: 1 g of iodine in 20 ml of water with 

2 g of potassium iodide. The solution was mixed well and the optical 

density was measured immediately at ^50 ni on a Spectronic 20 photometer. 

The standard blank solution for comparison of optical density was prepared 

by diluting the standard solution of glycogen and treating it as 

described above (Figure 3). 

33je biuret reaction was used to estimate total protein content 

of the fungus (17). The biuret reagent contains 1.5 g of copper sulfate, 

6.0 g of potassium sodium tartrate, 30 g sodium hydroxide and enough 
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mg GLYCOGEN per ml 

Figure 3. Standard curve for glycogen determination. 



distilled water to bring the volume to one liter. One milliliter of the 

triturated fungus tissue was added to 2 ml of physiological saline and 3 

ml of biuret reagent in a test tube. The mixture was allowed to react for 

30 minutes. The optical density was measured at 5^0 mu on a Spectronic 

20 photometer. Bovine serum albumin was used to prepare the standard 

protein for comparison (Figure b). 

E. Determination of amino acids in hyphae and sclerotia. 

The amino acids present in the mycelia and sclerotia of P. 

omnivorum isolates No. 1, 3U, 82, U5I, h^2 and 500 were qualitatively 

detected by means of paper chromatography. The mycelial mats and sclerotia 

were grown on No. 70 medium and quartz sand medium with sorghum seeds as 

the carbohydrate source. The sclerotia and mycelia were collected and 

washed with distilled water on cheesecloth. The fungus tissue was then 

air dried and ground in a Wiley mill. One gram portions of the pulverized 

tissue was boiled for 2k hours in 100 ml of refluxing 6N hydrochloric 

acid (ll). The hydrolysate was then evaporated to dryness in a beaker 

over a steam table. The dried hydrolysate was re suspended in 25 ml 

distilled water and decolorized with powdered charcoal. The solution 

was then filtered through a Whatman No. 2 filter paper. The precipitate 

and charcoal on the filter paper were thoroughly washed with 25 ml of 

distilled water. The filtrate was evaporated to dryness at 50 C and 

dissolved in 5 ml of 10$ isopropanol. The standard amino acid solutions 

were prepared in 0.1M concentrations by dissolving the appropriate 

quantity of each amino acid in 5 ml (or 50 ml) of hot water. Sufficient 
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2 3 4 
mg PROTEIN per ml 

Figure k. Standard curve for protein determination. 



6N hydrochloric acid was added to dissolve each amino acid. The standard 

solutions were allowed to cool and 10 ml of isopropanol was added to each 

standard solution. The standard solutions and amino acids extracted from 

P. omnivorum were spotted on Whatman No. 1 chromatography paper. The 

papers were placed in a descending chromatography cabinet. The solvent 

was n-butanol: acetic acid: water (3:l:l) by volume. The chromatograms 

were removed and the solvent front was immediately marked after develop

ment. The chromatograms were air dried and sprayed with 0.5$ ninhydrin 

in butanol. The chromatograms were placed in an air driven drying oven 

at C for 15 minutes. The color, Rf values, and shape of each spot 

were recorded for the standard amino acids and those found to be present 

in the fungus extracts (Figure 5). 
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RESULTS AND DISCUSSION 

I. Nutritional and physical requirements for production of sclerotia. 

A. Production of sclerotia in soil. 

Phymatotrichum omnivorum isolates obtained from Arizona, California 

and Texas produced sclerotia abundantly in soil cultures employing the 

method of Dunlap (23). The fungus grew profusely over the sorghum seeds 

forming strands which penetrated the soil and grew in the flask-soil 

interface. White, immature sclerotia appeared as beadlike structures 

along the strands within three to four weeks. These soon darkened, en

larged and attained maturity within six weeks. Sclerotia had a diameter 

of 1-3 mm and were dark brown in color. The quantities of sclerotia 

produced by five isolates of the fungus axe shown in Table 7« The 

greatest quantities were produced by isolates No. 1, 66 and h$2. The 

dry weights of sclerotia produced by isolates 3^ and 82 were significantly 

less. Uniformity of production of sclerotia was difficult to obtain 

because of variations in soil. 

The greatest variation in the quantity of sclerotia produced was 

among the three isolates from Arizona. The quantity of sclerotia pro

duced by isolate No. 1 varied with the quantity of soil employed in the 

culture. The highest yield of sclerotia was obtained in cultures using 

50 g of soil (Table 8). The highest yield of sclerotia among isolates 

No. 1, k$2 and ̂ 55 was obtained in cultures using 50 g of soil (Table 9). 

These isolates produced sclerotia more abundantly when whole sorghum 

kl 



Table 7« Production of sclerotia by six isolates of P. omnivorum in 
flask cultures containing 100 grams of soil. 

Fungus Isolate Average Sclerotia Dry Wt. 
g 

1 0.800 

3^ 0.300 

82 0.1*30 

66 0.630 

k-52 0.670 

LSD 5# 

1# 

0.222 

0.302 
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Table 8. The effect of varying quantity of soil in flask culture on 
the production of sclerotia by P. omnlvorum. 

Grams of Soil Average Dry Wt. of Sclerotia 
g 

12.5 0.000 

25.0 0.257 

50.0 0.970 

100.0 0.650 

LSD 5# 

1* 

0.27^ 

0.379 



Table 9. Formation of sclerotia by six isolates of P. omnivorum grown on various quantities of 
soil and on whole sorghum seeds versus ground sorghum seeds. 

Average Dry Wt. of Sclerotia in Grams 

Soil Quantities 

Fungus Isolate 100 Grams 50 Grams 25 Grams 
Whole Ground Whole Ground Whole Ground 

1 0.42 0.20 0.72 0.31 0.32 0.00 

3^ o.ko 0.16 0.67 0.25 0.26 0.01 

82 O.kl 0.21 0.72 0A0 0.18 0.00 

107 0.37 0.29 0.79 0.3^ 0.25 0.00 

k52 1.12 0.^2 1.37 0.71 0.21 0.00 

^55 1.18 O.56 1.55 0.73 0.32 0.00 

•p-
•p-



seeds were provided as the carbohydrate source them when an equal weight 

of ground sorghum seeds was provided. The sclerotia were formed and 

matured more rapidly in flasks with 50 g of soil than in those with 100 g 

of soil. No sclerotia formed in flasks containing 12.5 g of soil. A 

comparison of six isolates using 50 g of soil in each culture showed 

that the California cultures No. 452 and ^55 produced significantly 

greater quantities of sclerotia than did the four Arizona isolates (Table 

10). The variation in quantities of sclerotia produced among the four 

Arizona isolates No. 1, 82 and 107 was not significant. 

Sclerotia were readily produced in 8 mm diameter glass tubing 

employing sand, soil and sorghum seeds. The numerical indices of sclerotia 

produced in these cultures by isolate No. 1 are reported in Table 11. 

The addition of five, whole sorghum seeds to each culture tube containing 

sand or soil, was sufficient to support growth of the fungus and the pro

duction of sclerotia. Therefore, five sorghum seeds were subsequently 

used in these cultures and were determined to be an optimal carbohydrate 

source for supporting growth and production of sclerotia. Sclerotia were 

formed within seven days and were matured within 1^ days in soil or sand 

cultures in glass tubing. 

Microscopic examination of the core and rind of sclerotia formed 

in these cultures showed that they compared well to the core and rind of 

those sclerotia formed by the fungus in the soil flask technique of Dunlap. 

A comparison of six isolates of P. omnivorum and one isolate of Sclerotium 

rolfsii in the glass tube culture technique showed that production of 
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Table 10. Comparison of dry weight of sclerotia produced "by isolates 
of P. omnivorum in flask culture. 

Fungus Isolates Average Sclerotia Dry Wt. 
g 

1 0.716 

3^ 0.666 

82 0.692 

107 0.770 

k$2 1.300 

l<-55 1.52^ 

LSD 5% 

1# 

0.162 

0.221 
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Table 11. The effects of number of sorghum seeds on the formation of 
sclerotia in soil tube culture. 

Production of Sclerotia 

No. of Seeds Sand Soil 

1 0.100 a 0.200 a 

2 1.00 1.100 

3 2.300 2.200 

4 2.700 2.500 

5 4.100 4.000 

6 4.260 4.320 

LSD 5$ 2.021 0.557 

1<f> 2.704 0.746 

e~. 1 = 1-4, 2 = 5-9, 3 = 10-14, 4 = 15-19 and 5 = 20 + 

a. Quantity of sclerotia produced, 1 = 1-4 sclerotia, 2 = 5-9, 3 = 10-14, 
4 = 15-19 and 5 = 20 + — -
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sclerotia "by the five isolates of P. omnivorum did not vary significantly. 

Sclerotium rolfsii did not produce sclerotia tinder these conditions 

(Table 12). 

B. Physical and nutritional factors in production of sclerotia. 

Studies of varying temperature on the production of sclerotia in 

glass tube culture indicated that sclerotia were formed throughout a 

temperature range of 24-30 Cj the optimal temperature range for production 

of sclerotia being 28-30 C (Table 13). Rogers (65) reported that 

sclerotia were produced throughout a temperature range of 11 to 37 C 

employing the culture method of Dunlap. He further determined that the 

optimal range was 25 to 27 in soil flask cultures. The shape and reduced 

volume of the medium in the glass tube culture technique in the present 

study permitted more precisely controlled temperature ranges. Under the 

more controlled temperature conditions the extremes of 20 and 35 C 

significantly reduced production of sclerotia (Table 13). 

The effects of the percentage of moisture holding capacity of soil 

in the glass tube cultures on production of sclerotia axe shown in Figure 

6. There was an inversion correlation between moisture content of the 

soil and increased production of sclerotia. There was an increase of 0 

to 5 in the index of production of sclerotia as the soil moisture content 

decreased from 100# to 40$. It was observed that a gradient of drying 

within the soil column in the glass tubing occurred from the cotton plugged 

end toward the cork-plugged end where the inoculum source lay. The 

mycelium generally grew and extended along the entire length of the 
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Table 12. Comparison of production of sclerotia by six isolates of P. 
omnivorum and one isolate of Sclerotlum rolfsii in soil tube culture. 

Fungus Isolate Production of Sclerotia 

1 4.20 a 

34 3.50 

66 4.4o 

87 3.60 

452 4.30 

500 _ 4.4o 

S. rolfsii 0.00 

LSD 5# 0.41*0 

1* 0.587 

a. Quantity of sclerotia produced, 1 = 1-4 sclerotia, 2 = 5-9> 
3 = 10-14, 4 = 15-19 and 5 = 20 + 
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Table 13. The effect of varying the temperature on production of 
sclerotia by P. omnivorum. 

Production of Sclerotia 

Temperature C P.O. Isolate No. 500 P.O. Isolate No. 1 

20 0.20a 0.000a 

24 2.20 2.000 

28 4.40 4.000 

30 3.80 4.000 

35 0.20 0.200 

LSD 5# 1.06 0.784 

1# 1.1*8 1.080 

eu 1 = 1-4, 2 = 5-9, 3 = 10-14, 4 = 15-19 and 5 = 20 + sclerotia. 

a. Quantity of sclerotia produced, 1 = 1-4 sclerotia, 2 = 5-9# 
3 = 10-14, 4 = 15-19 and 5 = 20 +. 
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PRODUCTION OF SCLEROTIA 

Figure 6. The effect of percentage water holding 
capacity (W.H.C.) on the production of sclerotia by 
F. omnivorum. 



culture tubes. However, sclerotia formed predominately nearer the cork-

plugged end where the moisture content was higher. The sclerotia formed 

predominantly along those strands which had extended themselves into a 

section of the tube near the cotton-plugged end in which the moisture 

content was 50$ or less. 

There was a correlation between the length of hyphal strands and 

the production of sclerotia (Figure 7)* There was an increase from 0 to 

5 in the numerical index of sclerotia as the length of the hyphal strand 

increased from 85 mm to 230 mm. 

Intensity and quality of light influenced growth of mycelia, 

formation of strand hyphae and production of sclerotia. There was no 

difference in effect between 23*+.80, 659*90, and 1,09^.50 microwatts/cm2 

intensities of white light on growth of mycelia of P. omnivorum (Table 

14). Whereas, a direct effect between increased intensity of white light 

and increased formation of strand hyphae and sclerotia was observed. 

The effect of darkness on portions of the sand culture tube on 

growth of mycelia, formation of strand hyphae, and production of 

sclerotia are summarized in Table 15. There was a significantly greater 

length of hyphae in culture tubes in complete darkness than cultures 

partially or totally exposed to 659.90 microwatts/cm2 of daylight, white 

fluorescent light for a daily photoperiod of 18 hours. The index 

of sclerotia in cultures which were two-thirds covered by aluminum foil 

was ^.00. The index of cultures totally exposed to the light source was 

1.86. Although, these values are not statistically different, there 

appears to be a requirement of light for the induction of sclerotia and 
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Figure 7. The effect of length of mycelia on the 
production of sclerotla by P. omnlvorum. 
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Table Ik. Effect of light intensity on growth of mycelia, stranding, 
and production of sclerotia "by P. omnivorum. 

Average 

Light 
Intensity 
Microwatts/cm2 

Length of 
Mycelium 

mm 

Strand 
Index 

Production 
of Sclerotia 

0 168 1.62 a 0.47 b 

23^.80 163 1.60 0.66 

659.90 152 2.50 1.33 

1,094.54 162 2.60 1.83 

a. 0 = no strand formation, 1 = poor strand formation, 2 = good strand 
formation and 3 = abundant strand formation. 

b. 0 = no sclerotia, 1 = 1-4, 2 = 5-9, 3 = 10-14, 4 = 15-19 and 5 = 20 +. 
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Table 15. The effect of light on the formation of sclerotia by P. 
omnivorum. 

Average 

Percentage of Length of Strand Production 
Tube Covered I-tycelium Index of Sclerotia 

mm 

0 190.7 2.0 a 1.86 13 

33 142.3 1.4 3.14 

66 167.7 1.2 4.00 

100 220.0 2.0 1.20 

LSD % 21.63 3.76 

1'% 29.56 5.15 

a. 0 = no strand hyphae, 1 = poor strand hyphae, 2 = 
and 3 = abundant strand hyphae. 

good strand hyphae, 

b. 0 = no sclerotia, 1 = 1-4, 2 = 5-9, 3 = 10-14, 4 = 15-19, and 5 = 20 +. 



a requirement for darkness in which sclerotia develop and mature. The 

mycelia in the partially covered culture tubes always extended beyond 

the aluminum foil covering prior to the development of sclerotia. The 

mycelia was generally much heavier in the exposed portion of the tube 

than in the covered portion. The sclerotia were found in the portion of 

the tube which was protected from light. The lowest quantity of sclerotia 

was produced in cultures maintained in total darkness. Rogers (68), King 

and Loomis (^5), Taubenhaus and Ezekiel (77) have reported that the largest 

quantity of sclerotia occur in the 6-2k inch depth in field soils. 

Streets (72) reported that in Arizona soil the most frequent occurrence 

of sclerotia was under spore-mats formed on the surface of the soil. 

Those observations and these experiments suggest that spore-mats may 

function as the receptors of light for inducing the formation of sclerotia 

in the subsoil. 

The effects of quality of light on growth of mycelium are shown 

in Table l6. The greatest length of hyphae produced in sand culture 

tubes occurred when the cultures received red light. Blue light in con

trast, significantly reduced length of hyphae. There was no significant 

difference with partial or total covering of the culture tubes. The 

effects of quality of light and partial and total exclusion of light on 

the production of sclerotia in sand tube cultures are shown in Tables 17 

and 18. The largest quantity of sclerotia was produced in cultures 

which received red light, whereas the least was produced in cultures 

which received blue light for both 7- and 15-days. Partially covered 

cultures yielded the greatest quantities of sclerotia except when treated 
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Table 16. Bie effect of light quality on the growth of 7-day old 
mycelium of P. omnivorum in sand tube cultures. 

Length of ttycelium 
mm 

Quality of Light 

Percentage of 
Tube Covered White Blue Red Far Red Average 

0 167.0 122.3 190.0 15^.0 158.3 

33 174.6 iho.o I85.6 181.0 170.3 

66 160.3 152.6 183.0 162.6 164.6 

100 156.6 171.3 175.6 150.6 163.6 

Average 164.6 146.5 183.6 162.1 -

LSD: Interaction 5$ = 26.14, 1% = 35*20# average effect of light quality 
and of covering 5$ = 13.07> 1# = 17«6o. 
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Table 17. The effect of light quality on the production of sclerotia 
of P. omnivorum in 7-day old tube cultures. 

Production of Sclerotia a 

Quality of Light 

Percentage of 
Tube Covered White Blue Red Far Red Average 

0 1.33 0.00 4.00 0.33 1.42 

33 2.33 0.00 2.00 2.67 1.75 

66 2.67 0.33 2.67 1.33 1.75 

100 0.67 0.66 1.00 1.33 0.92 

Average 1.75 0.25 2.42 1.42 

LSD: Interaction = 2.06, lf> = 2.77; average effect of light quality 
and of covering 5# = 1.03> 1# = 1.39« 

a. 0 = no sclerotia, 1 = 1-4, 2 = 5-9* 3 = 10-14, 4 = 15-19* and 5 = 20 +. 
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Table 18. The effect of light quality on the production of sclerotia 
of P. omnivorum in 15-day old tube cultures. 

Production of Scierotia a 

Quality of Light 

Percentage of 
Tube Covered White Blue Red Far Red Average 

0 1.33 0.00 4.33 1.33 1.75 

33 2.67 0.33 2.00 O.67 1.42 

66 2.67 0.33 3.33 3.00 2.33 

100 0.67 0.33 0.67 0.67 0.58 

Average 1.83 0.25 2.58 1.1*2 

LSD: Interaction 5$ = 1.68, Ufa = 2.27; average effect of light quality 
and of covering 5$ = 0.8^, Vja = 1.15. 

a. 0 = no sclerotia, 1 = 1-4, 2 = 5-9* 3 = 10-14 said 5 = 20 +. 
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with red light. The uncovered culture tubes under red light yielded the 

greatest quantity of sclerotia. The production of sclerotia was con

sistently lowest in cultures maintained in continuous darkness. Lukens 

(50) has demonstrated an inhibitory effect of blue light on sporulation 

of Alternaria solani. He further demonstrated that the addition of 

flavins can partially overcome the inhibitory effect of brief exposures 

to light. He postulated that irradiated flavin-adenine-dinucleotides and 

riboflavin-5-phosphate-mononucleotide both form semiquinones which are 

known to inhibit a flavin-dependent enzyme. The exposure of Alternaria 

solani to blue light may induce the formation of flavin semiquinones 

which inhibit flavin-dependent enzymes necessary for production of conidia. 

Subsequent exposure to red light may convert the semiquinones to oxidized 

flavins and these reactivate the metabolic pathway for sporulation. 

Woods, Bloss and Gries (83) reported that blue light was neces

sary for production of conidia but reduced vegetative growth. They further 

reported that red light did not induce sporulation but enhanced vegeta

tive growth. Leach (U7) has reported the occurrence of a photo-receptive 

substance in several fungi which acts to induce the formation of propagules. 

Since blue light induces sporulation, and red light induces production of 

sclerotia in P. omnivorum, it is feasible that such a photo-receptive 

substance may function in a reduced or oxidized state in inducing the two 

different structures of this fungus. 

The carbon:nitrogen ratios (C:N) had significant effects on 

production of sclerotia by isolates No. 1, 66, h^2 and 500 in sterilized 

soil tube cultures (Table 19 and 20). Sclerotia were not produced by any 
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Table 19. The effect of carbon:nitrogen ratio (C:N) on the production 
of sclerotia of P. omnivorum. 

Average Dry Weight 
Grams 

Fungus Isolate 

Glucose-C:Ammonium-N 1 66 1*52 500 

1:1 0.000 0.000 0.000 0.001 

12:1 0.003 0.003 0.003 0.003 

25:1 0.007 0.005 0.005 0.007 

50:1 0.010 0.009 0.001 0.019 

100:1 0.061f 0.008 0.07k 0.097 

LSD 5# 0.0776 

10 0.1075 

The average weight of five sorghum seeds is 0.193 g which contains"0.190 g 
carbohydrate and 0.003 g total nitrogen. These values were not included 
in the C:N ratio. 
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Table 20. The effect of carbon:nitrogen ratio (C:N) on the production 
of sclerotia of P. omnivorum. 

Average Dry Weight 
Grams 

Fungus Isolate 

Glucose-C:Nitrate-N 1 66 1*52 500 

1:1 0.000 0.001 0.001 0.000 

12:1 0.002 0.004 0.006 0.004 

25:1 0.010 0.004 0.007 0.006 

50:1 0.026 0.0^5 0.073 0.063 

100:1 0.088 0.073 0.096 0.091 

LSD 5$ 0.0031 

1# O.OOlj-3 

The average weight of five sorghum seeds is 0.193 g which contains 0.190 g 
carbohydrate and 0.003 g total nitrogen. These values were not included 
in the C:N ratio. 



isolate when C:N was supplied in a ratio of 1:1. There was an increase 

in quantity of sclerotia for all isolates with increased C:N ratios. 

Although there was a slightly higher yield of sclerotia produced on 

nitrogen supplied as nitrate, these values were not significantly-

different. The sclerotia formed at a much slower rate when nitrogen was 

supplied as ammonium. There was no growth, hence no sclerotia produced 

in cultures employing raw soil because competing saprophytic organisms 

had faster rates of growth in this medium than did P. omnivorum. 

C. Production of sclerotia on defined media. 

There was little quantitative difference in growth of mycelium of 

the fungus on the various proprietary media employed. There were no 

sclerotia produced on any of the media (Table 2l). Similarly there were 

no differences in the quantity of sclerotia produced on medium No. 13^ 

and the various modification of this medium (Table 22). Ezekiel and 

Taubenhaus (28), however, had shown that medium No. 13^ did support good 

production of sclerotia by the fungus. Although the Bonner-Mdicott 

medium did not support production of sclerotia, it was determined to be 

an adequate medium for supporting strand hyphae. Fungus isolates No. 1, 

3^, 66 and 500 formed strand hyphae profusely on this medium (Table 23). 

The differential capacity to form these strand hyphae was difficult to 

assess among the several isolates tested. Isolates No. 1 and 500 pro

duced the greatest average diameter of colony growth. Isolate No. 66 

produced the greatest quantity of strand hyphae. There was not then, a 

direct relationship between quantity of mycelium produced and amount of 



Table 21. Growth and production of sclerotia by P.  omnivorum on 
prepared agar media. 

6k 

Production 
Medium Average Diam. of Ktycelium of Sclerotia 

mm 

CMA. 88 0 

Czapeks 89 0 

LBA 87 0 

Narcological A 89 0 

PDA 88 0 

Nutrient A 86 0 

Sabouraud 89 0 
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Table 22. The effect of varying the components of medium No. 13^ on 
formation of sclerotia by P. omnlvorum. 

Production 
Medium of Sclerotia a 

13^ A 0.00 

134 B 0.25 

13^ C 0.00 

13^ D 0.00 

134 E 0.25 

134 F 0.00 

13^ G 0.10 

13^ H 0.25 

13b I 0.25 

134 0.25 

a. 0 = no sclerotia. 
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Table 23. Growth of various isolates of P. omnivorum on Bonner-Addicott 
agar* 

Fungus Isolate 
Average Diam. 
of %celium 

mm 
Strand Index 

Production 
of Sclerotia 

1 5^ 2.80 a 0* 

3k 36 2.10 0 

66 ^7 2.87 0 

500 6l 2.64 0 

a. Strand index 1 = poor, 2 = good, and 3 = abundant. 

b. 0 = no sclerotia, 1 = 1-^, 2 = 5-9t 3 = 10-14, 4 = 15-19* and 5 = 20 +. 



strand hyphae formation. Ezekiel and Taubenhaus considered mycelia and 

strand hyphae requisite for formation of sclerotia and that all three were 

directly related to quantity of nutrients. 

There were differential effects of pH upon the growth of mycelium 

of P. omnlvorum employing measurements of average dry weight of mycelium 

and diameter of colony growth (Table 2k). There was little difference 

in the average colony diameter when 2$ and k^o glucose were used as growth 

media at pH values ranging from 5.1 to 7.0. The average dry weight of 

mycelia produced was greatest at pH 6.5 employing 2$ glucose, and pH 5*1 

employing kio glucose. No sclerotia were produced using these media at any 

pH value tested. The final pH of media after the mycelia had been 

harvested was ^.8 for all the pH values tested. 

D. Germination of sclerotia. 

Twenty percent of freshly isolated sclerotia of four P. omnivorum 

isolates germinated within 2k hours on 2$ water agar. All sclerotia 

germinated within 72 hours (Table 25). Generally SM> to 99$ of freshly 

isolated sclerotia germinate to produce colonies of the fungus. These 

values are well within the germination range for sclerotia of P. omnivorum 

obtained from fields in Texas (65). The optimum temperature range for 

maximum germination of sclerotia within 72 hours was 2k to 28 C. Ap

proximately 20$ germinated in the same time interval at 10 and 37 0 

(Figure 8). Taubenhaus and Ezekiel (77) established that the optimal 

temperature range for growth of mycelium was 25 to 28 C. Although 50$ 

of the sclerotia germinated at 15 and 35 C, mycelial colony growth was not 

established unless the germinating sclerotia were transferred to the optimal 

temperature range of 2k to 28 C. 
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Table 2k. The effect of pH and concentration of glucose on growth of 
P. omnivorum. 

Initial pH Average Diam. Average Dry Wt. 
of Medium of Mycelium of Mycelium 

mm g 

2$ Glucose kit Glucose 2# Glucose Glucose 

7.0 87 88 26.6 25.5 

6.5 88 90 3^.6 31.2 

6.0 86 88 33.2 35-1 

5-5 87 88 31.8 33.^ 

5.1 88 86 28. ̂ 38.2 



Table 25. Germination of the sclerotia of four isolates of P. omnivorum 
at 28 C. 

Percentage 

Fungus Isolate 2b Hours 48 Hours 72 Hours 

1 18 70 96 

66 22 70 98 

452 18 72 99 

500 20 72 9^ 
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Figure 8. The effect of temperature on germination 
of sclerotia of P. omnivorum within 72 hours. 



Sclerotia of P. omnivorum germinated on a variety of surfaces; 

moistened filter paper, glass, and moistened soil both sterilized and 

unsterilized. There were little or no effects of soil-borne organisms 

in raw soil cultures on the germination of sclerotia of P. omnivorum 

(Table 26). However, the presence of germinating sclerotia did suppress 

growth of numerous, unidentified soil-borne organisms. The rate of 

germination of sclerotia was not different on raw soil, sterile soil, or 

sterile water agar cultures (Table 26). The rate of growth of mycelium 

from a sclerotium germinated in sterile sand culture tubes was most rapid 

between the 10th and 15th day. There was an apparent decrease in rate 

of growth between the 15th and 25th day which may be attributed to the 

marked reduction in available carbohydrate from the sclerotium (Table 27). 

Freshly harvested sclerotia treated with 0.1N sulfuric acid for 

30 or 60 seconds germinated normally. Germination of sclerotia treated 

with acid for 120 seconds was reduced by 50$. There was complete in

hibition of germination of freshly harvested sclerotia treated 2k0 seconds 

or more. Sulfuric acid treatment of three-month old sclerotia for 30 to 

300 seconds did not affect germination (Table 28). Bloss (12) demonstrated 

that dried sclerotia stored at room temperature up to one year have 

measurable respiration but were incapable of germination. Boswell (15) 

demonstrated that freshly harvested sclerotia of Sclerotium rolfsii 

germinated after acid treatment and exposure to warm air. He concluded 

that the dormancy of sclerotia of S. rolfsii is related to the continuity 

of the rind. According to Boswell, the sclerotia wrinkle during drying, 
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Table 26. The effect of raw soil on the germination of sclerotia of 
P. omnivorum. 

Percentage 

Time Moistened Soil Agar & Soil Water Agar 
hr 

2k 20 25 21 

1*8 56 75 70 

72 89 95 98 
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Table 27. The growth of mycelium from a single germinating sclerotium 
of P. omnivorum. 

Average Growth 
Time in Days of Replicates 

mm 

5 7 

10 k6 

15 112 

20 lV7 

25 149 
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Table 28. The effect of O.IN sulfuric acid on the germination of fresh 
and three-month old sclerotia of P. omnivorum. 

Percentage Germination 

Treatment Time Fresh Sclerotia 3-Month Sclerotia 
Sec. 

0 9b 0 

30 95 0 

6o 90 0 

120 k-2 0 

2k0 0 0 

300 0 0 
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and the surface layer shows considerable cracking. He found that dormancy 

of sclerotia could be broken by any of several types of mechanical or 

chemical scarification. 

There was a distinct relationship between moisture content and 

percentage of germination of sclerotia (Table 29). The average moisture 

content of freshly harvested sclerotia was 67$. Germination was completely 

inhibited when the moisture content was reduced to 50$ or less within six 

hours. These observations indicate that relatively high moisture con

tent is critical for germination. The effect of dessication may be 

attributable to loss of enzyme activity, cell wall collapse or concentra

tion of toxic metabolities. Germination, therefore, is apparently more 

dependent upon moisture content than upon the inability of hyphal initials 

to penetrate the rind. 

II. Physiologic studies on sclerotia and strand hyphae of Phymatotrichum 

omnivorum. 

A. Purification of phosphorylase. 

Homogenates of the mycelia of isolates Wo. 1 and 500 of P. omnivorum 

provided good yield of enzymes of the glycogen metabolic pathways for 

assay. Phosphorylase in the crude extract was sufficient to liberate 

0.013 mg of inorganic phosphate per ml per min. (Figure 9)« The 

partially purified preparation had a three fold activity rate increase 

over that of the crude preparation. Green and Stumpf (32) obtained a 

preparation from potato tuber which had an activity rate of 0.33 rag of 

phosphate per ml per min. There was a 370 fold activity rate increase 
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Table 29. The effect of drying during a three-hour interval on 
germination of sclerotia P. omnivorum. 

Moisture Content Germination 

% £ 
67 100 

5^ 87 

47 0 

kl 0 
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Figure 9. Phosphorylase activity in crude and purified 
extracts of mycelia of P. omnlvorum. 
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over that of the crude potato preparation. The Meyer and Bernfeld method 

for purification of yeast phosphorylase was not adaptable to P. omnivorum 

phosphorylase. Other methods of purification were not explored because 

crude extracts of P. omnivorum. mycelium contained detectable amounts of 

phosphorylase. 

Partially purified fungus phosphorylase preparation was completely 

inhibited by 100 ppm phlorhizin and the rate of activity decreased upon 

the addition of 0.1M glucose (Figure 10). Cori and Cori (21) demonstrated 

that phlorhizin was a non-competitive inhibitor and glucose to be a 

competitive inhibitor. The glucose competes with glucose-1-phosphate. 

Differences in rates of inorganic phosphate yield in figure 10 reflects 

the difference in mechanism of inhibition. The complete inactivation of 

phosphorylase from P. omnivorum by phlorhizin indicates that the fungus 

enzyme is similar to that of animal phosphorylase (2l). Green and 

Stumpf (32) reported that phlorhizin had little inhibiting effect on 

phosphorylase obtained from potato tuber. ~ 

The addition of glycogen to the reaction mixture containing crude 

extracts and partially purified phosphorylase had no effect. Although 

glycogen, or a comparable polysaccaride is considered necessary as a 

primer in phosphorylase reactions, there was obviously enough glycogen 

in the crude extract and partially purified phosphorylase from P. 

omnivorum mycelium to serve this function. 

Crude extracts of mycelia, strand hyphae and mature sclerotia 

showed differential rates of phosphorylase activity (Figure ll). The 

highest rate of activity was obtained for the preparation from germinating 
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Figure 10. Inhibition of phosphorylase from 
homogenates of sclerotia of P. omnivorum by glucose 
and phlorhizin. 
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sclerotia. The yield of inorganic phosphate from the various preparations 

was 0.150, 0.070, 0.066 and 0.063 mg per min. per ml for germinating 

sclerotia, mycelia, mature sclerotia and strand hyphae, respectively. 

B. Purification of glycogen synthetase. 

The maximal rate of UDP formation for the crude extract prepara

tion from P. omnivorum mycelia of glycogen synthetase was 0.11 micromoles 

per min. per ml. The partially purified preparation had a reaction rate 

of 0.3U micromoles per min. per ml (Figure 12). Leloir and Goldemberg 

(*t-9) reported that the rate of activity for a crude extract of glycogen 

synthetase from rat liver extracts was 0.95 micromoles per min. per ml. 

Their purified preparation of glycogen synthetase from rat liver had a 

two fold increase in activity. 

Crude extracts of mycelia, strand hyphae and mature sclerotia 

had. differential rates of glycogen synthetase activity (Figure 13). The 

highest rate of activity of glycogen synthetase was obtained for the 

preparation from mature sclerotia. The yield of UDP for the four prepara

tions was 0.230, 0.150, 0.0^3 and 0.125 micromoles per min. per ml for 

mature sclerotia strand hyphae, germinating sclerotia and mycelia, 

respectively. 

C. Intracellular localization of phosphorylase and glycogen synthetase 

in P. omnivorum. 

Centrifugation of the crude homogenate of mycelia from 700 to 

25,000 X g yielded five fractions for enzyme assay, glycogen and protein 

content (Table 30). The supernatant after centrifugation at 700 X g 
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Figure 12. Glycogen synthetase activity in crude and 
purified extracts of mycelia of P. omnivorum. 
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Table 30. Enzyme activity of various fractions of crude extract of 
mycelia of P. omnivorum separated by differential centrifugation. 

Supernatant 
fluid 700 g 

Supernatant 
fluid 10,000 g 

Precipitate 
pellet 10,000 g 

Supernatant 
fluid 25,000 g 

Precipitate 
pellet 25,000 g 

Glycogen 
Synthetase 

u Jtoles/min/ml 

0.17 

0.16 

0.06 

0.0^ 

3.2 

Glycogen 
Content 
mg/ml 

19.7 

26.1 

2.8l 

1.6 

6k 

Soluble Phosphorylase 
Protein 
mg/ml u Moles/min/ml 

36 

17 

67 

21 

3 

0.19 

0.12 

0.0k 

0.06 

if.70 



contained glycogen synthetase which had an activity rate of 0.17 micro-

moles per min. per ml, phosphorylase which had a rate of 0.19 micromoles 

per min. per ml, glycogen content of 19.7 mg per ml and a total protein 

of 36 mg per ml. The pellet obtained after 10,000 X g believed to contain 

the mitochondrial fraction had glycogen synthetase activity of 0.06 

micromoles per min. per ml, 0.0^ micromoles per min. per ml phosphorylase 

activity, 2.8l mg/ml glycogen and a total protein content of 67 mg/ml. 

The highest rates of activities of phosphorylase and glycogen synthetase 

as well as the greatest quantity of glycogen were o'btained in the pellet 

from centrifugation at 25,000 X g. These data suggest that the quantity 

of the two enzymes are parallel to the glycogen content. The high 

activities of these two enzymes in the pellet obtained after 25,000 X g 

associated with the high glycogen content in this fraction confirm that 

the enzymes involved in glycogen metabolism in P. omnivorum are bound to 

the glycogen. Sutherland and Wasilait (73) and Leloir and Goldemberg 

have shown this to be the case with glycogen metabolic enzymes from 

animal tissue. 

Bonner and Machlis ( l k ) f  Kikuchi and Guzman (4o) and Sanwall (70) 

obtained mitochondrial preparations from the pellet following centrifuga

tion of fungus cell homogenates at 10,000 to 12,000 X g for ten minutes. 

Leloir and Goldemberg (^9) reported that the pellet obtained at 10,000 X 

g contained the major portion of the mitochondria in rat liver extracts. 

The relatively high total protein content and relatively low activities 

of the two enzymes in this fraction, in the present study, demonstrate that 

glycogen synthetase and phosphorylase are not associated with the fungus 
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mitochondria. Leloir and Goldemberg determined that glycogen synthetase 

said phosphorylase from rat liver extracts were not associated with the 

rat liver mitochondria. 

D. Determination of glycogen content and soluble protein. 

The total soluble protein and glycogen content of mycelia, mature 

sclerotia, germinating sclerotia and strand hyphae of different physiologic 

ages are shown in Table 31. The greatest quantity of total soluble 

protein was found in 20-day old mycelia and strand hyphae. The greatest 

quantity of glycogen was detected in sclerotia which formed within 20 

and days followed by strand hyphae said sclerotia which had been 

germinating for four days. %celia said sclerotia, which had been germina

ting for ten days, contained the least amount of glycogen. These data 

agree generally with the report of Ergle and Blank (26). The glycogen 

content of sclerotia rapidly decreases as germination progresses (2k). 

The soluble glycogen content of 10-day old cultures from germinating 

sclerotia was nearly the same as that of mycelial mats which had grown 

for ten days. Ergle demonstrated that soluble glycogen is utilized first 

then the bound glycogen is mobilized said used. In the present study, more 

than 5056 of the total glycogen is bound to the cell debris which is 

generally discarded in preliminary extraction procedures. 

A comparison of the glycogen content, phosphorylase and glycogen 

synthetase activities of mycelia, strand hyphae, sclerotia and germinating 

sclerotia is shown in figure lU. Glycogen and UDP. contents were found 

to be highest in the storage structures, the sclerotia and strand hyphae. 



87 

Table 31• Total soluble protein and glycogen content of 1 gram dry 
weight of P. omnivorum mycelia, strand hyphae, sclerotia and germinating 
sclerotia. 

Fungus 
Structure Age 

Days 

Soluble 
Protein 
gm 

Soluble 
Glycogen 

gm 

Total 
Glycogen 

gm 

Mjycelia 10 0.20 0.06 0.12 

Jfycelia 20 0.2k 0.09 0.15 

Strands 20 0.23 0.12 0.18 

Sclerotia 20 0.19 0.13 0.33 

Sclerotia ^5 0.20 0.15 0.3^ 

Germinating 
Sclerotia 

k 0.18 _ 0.12 0.22 

Germinating 
Sclerotia 

10 0.20 0.08 0.18 
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Phosphorylase activity was highest in germinating sclerotia where rapid 

loss of glycogen was occurring (liable 3l). Activity of glycogen synthetase 

was greatest in maturing sclerotia where phosphorylase activity was 

relatively low. Akazawa (13) has stated regarding starch metabolism, 

"two distinct cellular mechanisms emerge, (l) synthesis as carried out 

by the ADPG pathway, and (2) breakdown by phosphorylase." He and other 

workers found that ADPG is much more active than UDPG as a glucose donor 

of starch synthetase, whereas UDPG is the dominant substrate for sucrose 

synthesis in plants. The discovery by Leloir and his associates (16) of 

a new enzymic mechanism for glycogen biosynthesis involving UDPG and an 

enzyme, glycogen synthetase, strongly suggested that glycogen in animals 

was not synthesized via the phosphorylase mechanism. Further doubt arose 

about the role of phosphorylase in the synthetic reaction when Mommaerts 

et al. (5^), Lamer and Villar-Palosi (U6) and Schmid et al. (3l) 

independently reported that biopsy specimens of skeletal muscle had a 

metabolic defect involving an inability to break down glycogen, lack 

phosphorylase, although the levels of other enzymes related to glycogen 

metabolism, e.g., glycogen synthetase, remains normal. The findings in 

the present study support the hypothesis that phosphorylase is the enzyme 

associated with glycogen degradation and that the UDPG-glycogen trans-

glucosylase (glycogen synthetase) is the enzyme associated with synthesis 

of glycogen. 

E. Determination of amino acids in hyphae and sclerotia. 

The amino acids found in mycelia and sclerotia of several P. 

omnivorum isolates are diagramatically shown in figure 15. There were no 
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Figure 15. Amino acids detected in mycelia and sclerotia of various isolates of P. omnivorum. 
a. = mycelia, b. = sclerotia. 
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differences in the number of amino acids detected in the various isolates 

tested or between the sclerotia and mycelia of P. omnivorum. The nine 

amino acids found in P. omnivorum are alanine, aspartic acid, cystine, 

glutamic acid, hydroxyproline, proline, threonine, valine and leucine. 

Although quantitative amino acid analysis was not attempted 

there were indications that sclerotia contained higher concentrations of 

certain amino acids. There were no differences between the vegetative 

mycelium of P. omnivorum isolates No. 1, 82, ^52 and 500* 



SUMMARY AND CONCLUSIONS 

Several isolates of P. omnivorum obtained from infected cotton 

and alfalfa roots in Arizona soils were induced to produce sclerotia 

under various cultural conditions. These sclerotia were comparable in 

quantity, appearance, and physical and physiological properties to those 

isolates obtained from California and Texas. Sclerotia were readily 

produced by cultures of vegetative mycelia grown in sand and soil in 

flask and tube culture. 

Sorghum seeds served as an adequate source of carbohydrate for 

production of sclerotia by isolates of P. omnivorum. 

The temperature range of 28-30 C and the percent water-holding 

capacity of Uo$ were optimal for production of sclerotia. 

A direct correlation between length of hyphae and the quantity 

of sclerotia was determined. 

Effects-of light upon the growth of mycelia, formation of strand 

hyphae and production of sclerotia varied. Treatment with continuous 

white light induced cultures of the fungus to produce sclerotia in sand 

cultures. Significantly more sclerotia were produced in sand tube cultures 

partially exposed to light than in cultures maintained in either con

tinuous darkness or complete exposure to 18-hour daily photoperiod. Red 

light enhances vegetative growth of mycelia and the formation of 

sclerotia. Blue light significantly inhibits production of sclerotia of 

P. omnivorum. 

92 



93 

Production of sclerotia in soil culture increased proportionately 

with increased C:N ratio. Sclerotia formed equally well when nitrogen 

was supplied as either nitrate or ammonium. Sclerotia were not produced 

"by cultures of the fungus grown on several proprietary media. 

Sclerotia produced in soil and sand culture in the laboratory 

were readily germinable The optimum temperature range for germination 

of sclerotia was 2^-28 C. The average length of hyphae arising from a 

germinating sclerotium was 112 mm in 25 days. GerminaMlity of sclerotia 

is more dependent upon their moisture content than upon the nutritional 

content and other physical properties of the ambient medium. 

Phosphorylase and glycogen synthetase activities were determined 

in mycelia, mature and germinating sclerotia and strand hyphae of P. 

omnivorum. Phosphorylase was determined to function in germinating 

sclerotia as the enzyme of glycogen hydrolysis. Glycogen synthetase was 

determined to function primarily in the synthesis of glycogen in strand 

hyphae and sclerotia. The rapid decrease in glycogen content of germinating 

sclerotia is attributable to high phosphorylase activity. Phosphorylase 

and glycogen synthetase activities were not detected in mitochondrial 

fractions of the fungus mycelia. 

There were no differences in total, free amino acids among mycelia 

and sclerotia of P. omnivorum isolates. 
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