
INFLUENCE OF CHEMICAL AND PHYSICAL
FACTORS ON SPORULATION OF

PHYMATOTRICHUM OMNIVORUM (SHEAR) DUGGAR

Item Type text; Dissertation-Reproduction (electronic)

Authors Baniecki, John F. (John Ferdinand), 1938-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 10:09:15

Link to Item http://hdl.handle.net/10150/290219

http://hdl.handle.net/10150/290219


This dissertation has been 
microfilmed exactly as received 69-18,394 

BANIECKI, John Ferdinand, 1938-
INFLUENCE OF CHEMICAL AND PHYSICAL 
FACTORS ON SPORULATION OF PHYMATO -
TRICHUM OMNIVORUM (SHEAR) DUGGAR. 

University of Arizona, Ph.D., 1969 
Agriculture, plant pathology 

University Microfilms, Inc., Ann Arbor, Michigan 



INFLUENCE OF CHEMICAL AND PHYSICAL FACTORS 

ON SPORULATION OF PHYMATOTRICHUM OHNIVORUM 

(SHEAR) DUGGAR 

by „„ "d 

John F. Baniecki 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF PLANT PATHOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 6 9 



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by John F. Baniecki 

entitled TNFT.ITENCE OF CHEMICAL AND PHYSICAL FACTORS ON 

S PORULATION OF PHYMATOTRICHUM OMNIVORUM (SHEAR-! TMIfiCAR 

be accepted as fulfilling the dissertation requirement of the 

degree of Ph.D. 

/£- /f£? 
Dissertation Director Date ' 

After inspection of the final copy of the dissertation, the 

following members of the Final Examination Committee concur in 

its approval and recommend its acceptance:-'* 

/  7 .  / f  

LiVibMi ffef 

/ >  196? 

This approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination* 

/7?) HZ*-</&• 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at 
The University of Arizona and is deposited in the Univer
sity Library to be made available to borrowers under 
rules of the Library. 

Brief quotations from this dissertation are 
allowable without special permission, provided that 
accurate acknowledgment of source is made. Requests for 
permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the 
head of the major department or the Dean of the Graduate 
College when in his judgment the proposed use of the 
material is in the interests of scholarship. In all other 
instances, however, permission must be obtained from the 
author. 

SXGNED J* 



ACKNOWLEDGMENTS 

The author wishes to express his sincere appre

ciation to Dr. Homer E. Bloss, under whose guidance and 

supervision this work was done, for his assistance and 

counsel, and for his critical reading of the manuscript. 

Thanks are given also to Dr. Alice M. Boyle and Dr. Roger 

L. Caldwell for their valuable suggestions and assistance 

during the course of this work, to Mrs. Frances Lombard, 

Forest Disease Laboratory, U.S.D.A., Laurel, Maryland 

and Dr. Robert L. Gilbertson for their assistance, 

especially with regard to the identification of the 

fungus Trechispora Brinkmannii. and all other members of 

the Department of Plant Pathology for their ideas and 

helpful criticisms. Finally, the author expresses his 

thanks to his wife for her patience and understanding 

during the course of this work. 

iii 



TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS vi 

LIST OF TABLES ix 

ABSTRACT xi 

INTRODUCTIOl* 1 

REVIEW OF LITERATURE 2 

I. Phymatotrichum omnivorum 3 

II. The Effect of Light on Asexual Sporula-
tion of Fungi 4 

A. Effects of Visible Light 4 

B. Effects of Blue Light 8 

C. Effects of Ultraviolet Radiation 
(UV) 9 

III. The Effect of Light and Chemical Sub
stances on the Sporulation of Fungi . . 13 

A. Flavins and Carotenoids 14 

B. Sterols 16 

IV. Investigation on the Sexual Phase of £. 
omnivorum and Other Fungi 18 

MATERIALS AND METHODS 20 

I. Stock Cultures 20 

II. Dark Incubation 23 

III. Light Treatment 24 

iv 



V 

TABLE OF CONTENTS - Continued 

Page 

A. Emission Spectra of Light Sources . . 24 

B. Photoperiod and Light Intensity ... 27 

IV. Effect of Chemicals and Light 30 

A. Vegetable Oils 30 

B. Cotton Extracts 30 

C. Steroids and Lipids 31 

D. Indole-3-Acetic Acid 33 

V. Measurement of Sporulation 33 

VI. Investigation on the Sexual Phase of P. 
omnivorum 34 

RESULTS 36 

I. Light Treatment 36 

Photoperiod and Light Intensity 36 

II. Effect of Chemicals and Light 40 

A. Vegetable Oils 40 

B. Cotton Extracts 40 

C. Steroids and Lipids 40 

D. Indole-3-Acetic Acid 61 

III. Investigation on the Sexual Phase of P. 
omnivorum 66 

DISCUSSION 73 

SUMMARY AND CONCLUSIONS 85 

LITERATURE CITED 89 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Spectral energy distribution of General 
Electric fluorescent tubes 26 

2. Sporulation of Phyrnatotrichum omnivorum 
under various daily photoperiods of cool 
white fluorescent light grown on BACM 
with 100 ppm ergosterol 42 

3. Sporulation of isolates 66, 1, 501, and 65 
of Phyrnatotrichum omnivorum within 48 hr 
under cool white or blue fluorescent light 
grown on BACM with ergosterol or 
lumisterol-3 47 

4. Vegetative cultures of isolates 66, 1, 501, 
and 65 of Phyrnatotrichum omnivorum grown 
on BACM with ergosterol or lumisterol-3 
in darkness 49 

5. Effect of chemicals on the production of 
conidia of isolate 66 of Phyma totrichum 
omnivorum under a 20 hr daily photoperiod 
of cool white fluorescent light for 1 
week 54 

6. Intracellular crystals in hyphae of 
Phyrnatotrichum omnivorum grown on BACM 
with ergosterol incorporated 56 

7. Pigment formed prior to sporulation in 
cultures of Phyrnatotrichum omnivorum 
grown on sterol media 58 

8. Pigment formed in cultures of Phymatotrichum 
omnivorum grown on sterol medium after 
exposure to visible and near-UV light. . . 59 

vi 



vii 

Figure 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

LIST OF ILLUSTRATIONS - Continued 

Page 

Conidiophores and conidia of Phvmatotrichum 
omnivorum produced on cultures grov/n on 
BACH \7ith ergosterol under 20 hr photo-
period of cool white fluorescent light ... 60 

Phase contrast photomicrographs of the 
development of conidiophores and conidia 
within 32 hr in cultures of Phvmatotrichum 
omnivorum grown under visible light on BACK 
with ergosterol 62 

Phase contrast photomicrographs of the 
development of conidiophores and conidia 
within 40 hr in cultures of Phvmatotrichum 
omnivorum grown under visible light on BACM 
with ergosterol 63 

Phase contrast photomicrographs of the 
development of conidiophores and conidia 
within 40-48 hr in cultures of Phvmatotrichum 
omnivorum grown under visible light on BACM 
with ergosterol 64 

Phase contrast photomicrographs of the 
development of conidiophores and conidia 
within 48 hr in cultures of Phvmatotrichum 
omnivorum grov/n under visible light on BACM 
with ergosterol 65 

Photomicrographs of clamp-bearing hyphae 
produced when cultures of Phymatotrichmm 
omnivorum were grown under a 20 hr photo-
period of cool white fluorescent light and 
a subsequent period of darkness on No. 70 
medium with 1 ppm vitamin Dg 68 

Camera lucida drawings of clamp-bearing 
hyphae produced when cultures of Phvma
totrichum omnivorum were grown under a 20 
hr photoperiod of cool white fluorescent 
light and a subsequent period of darkness 
on No. 70 medium with 1 ppm vitamin . 69 



• • • 
ViXX 

LIST OF ILLUSTRATIONS - Continued 

Figure Page 

16. Photomicrograph of the hymenial layer of 
Trechispora Brinkmannii produced in 
darkness at 6 C 70 

17. Camera lucida drawing of a hymenial layer of 
Trechispora Brinkmannii produced in dark
ness at 6 C 71 



LIST OF TABLES 

Table Page 

1. Age, sources, site of actual isolation, and 
host plants of four isolates of Phyma-
totrichum omnivorum 21 

2. Modified Ezekiel-Taubenhaus-Fudge No. 70 
medium (27) for growth of stock cultures of 
Phymatotrichum omnivorum 22 

3. Bonner-Addicott complete medium (12) for 
grov/th of isolates of Phymatotrichum 
omnivorum 28 

4. Average numbers of conidia produced by 
isolates No. 1, 66, and 65 of Phymatotrichum 
omnivorum on different media under an ~ 
intensity ranging from 1804-2788 }iW/cm with 
G.E. cool white fluorescent light at various 
photoperiods 38 

5. Average numbers of conidia produced by 
isolates No. 1, 66, and 65 of Phymatotrichum 
omnivorum on different media under contin
uous cool white fluorescent light at various 
intensities after 3 weeks 39 

6. Production of conidia by three isolates of 
Phymatotrichum omnivorum grown on media 
containing vegetable oils under an inten
sity ranging from 1804-2788 pW/cm with 
G.E. cool vtfhite fluorescent tubes at a 
photoperiod of 20 hr light, 4 hr darkness 
for 1 week .! 41 

7. Sporulation of isolates No. 1, 66, and 65 of 
Phymatotrichum omnivorum grown on various 
media with 100 ppm ergosterol under an2 
intensity ranging from 1804-2788 jaW/cm 
with G.E. cool white fluorescent tubes at 
various photoperiods ... 44 

ix 



X 

LIST OF TABLES - Continued 

Table Page 

8. Production of conidia by four isolates of 
Phymatotrichum omnivorum grov/n under 
different fluorescent light regimes at a 
photoperiod of 20 hr light, 4 hr darkness 
on media containing lipids and related 
compounds at a concentration of 100 ppm . . 45 

9. Sporulation of Phymatotrichum omnivorum 
isolate No. 1 grovm on various steroid 
media under an intensity ranging from 
1804 to 2788 jaW/cm2 with G.E. cool white 
fluorescent tubes at a photoperiod of 20 
hr light, 4 hr darkness 50 

10. Sporulation of two isolates of P. omnivorum 
grovm at various temperatures on Bonner-
Addicott complete medium with and without 
100 ppm ergosterol under an intensity 
ranging from 1804-2788 jiW/crn2 with G.E. 
cool white fluorescent light after 1 week . 51 

11. Production of conidia and pigment by four 
isolates of Phymatotrichum omnivorum 
grown on BACM with various added chemicals 
under an intensity ranging from 1804-2788 
jiW/cm with G.E. cool white fluorescent 
tubes at a photoperiod of 20 hr light, 4 
hr darkness after 1 week 53 

12. Sporulation of two isolates of Phymatotrichum 
omnivorum on BACM with Indole-3-acetic 
acid under an intensity ranging from 1804-
2788 p.Vl/cm with cool white fluorescent 
light at a photoperiod of 20 hr light, 4 
hr darkness after 3 weeks 67 



ABSTRACT 

Phymatotrichum omnivorum. the fungus causing a 

root rot of 2,000 species of dicotyledonous plants, 

produces conidia on a medium containing ergosterol or 

other sterols and produces clamp connections, basidia, and 

basidiospores on a medium containing vitamin D3. 

Pour isolates from Arizona and Texas were grown 

under various light regimes on Ezekiel-Taubenhaus-Fudge 

No. 70 medium and Bonner-Addicott medium with or without 

steroids. The fungus did not sporulate in darkness on 

any of these media. A minimum daily photoperiod of 16 

hr of visible light was required for the production of 

conidia by isolates grown on media without added steroids. 

The number of conidia increased with lengthened photo-

periods and specific intensities of light. Ultraviolet 

light was not effective for production of conidia. 

Conidiophores and conidia were produced within 48 hr 

following the formation of a pigment in the culture media 

containing ergosterol or other steroids under visible light 

at 27 C. The most effective wavelength was 400-575 m;i. 

The pigment formed in the presence of the inhibitors of 

carotene synthesis, chloramphenicol and diphenylamine. 

xi 



Hexagonal, wafer-like crystals formed in the hyphae of 

the fungus grovm on a medium with ergosterol added. 

Conidia were not produced in areas where stranding occurred. 

The conidia germinated freely. Little or no sporulation 

occurred in cultures when the pigment attained a dark 

brown to almost black color under near-ultraviolet light. 

Clamp connections formed on the hyphae of P. 

omnivorum grown under light and a subsequent dark period 

on No. 70 medium containing 1 ppm vitamin Dg. Basidia 

bearing 4-8 basidiospores, formed after a subsequent 

period of darkness at 6 C. The clamp-bearing hyphae and 

fruiting structures which comprise the sexual stage of 

P. omnivorum were identified as Trechispora Brinkmannii 

(Bres.) Rogers and Jackson. 



INTRODUCTION 

Phymatotrichum oinnivorum (Shear) Duggar, a 

soil-borne fungus, is pathogenic to over 2,000 species of 

plants including alfalfa, cotton, and numerous trees and 

shrubs. The fungus is indigenous to soils of southern 

Arizona, New Mexico, Texas, and occurs in isolated areas 

in California, Louisiana, Arkansas, and southern Utah (95). 

One characteristic feature of P. omnivorum in 

nature, aside from the formation of strands, is the pro

duction of spore mats on the surface of the soil and 

around the bases' of infected plants. These mats, con

taining characteristic conidiophores and conidia, served 

as a taxonomic basis for Duggar (24), in 1916, to place 

the fungus in the genus Phymatotrichum. Although the mats 

contain numerous conidia, it is not known whether these 

conidia function as infectious propagules. in nature. 

Surviving cultures have never been obtained from 

germinating conidia. 

The purpose of this study was to determine the 

conditions necessary for sporulation of P. omnivorum and 

to determine the function of the conidia in the life 

cycle. 
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REVIEW OF LITERATURE 

The factors involved in sporulation interact in 

such a complex manner that it is difficult to study the 

effect of any one variable. Lilly and Barnett (69) have 

listed 26 methods for inducing fungi to sporulate. This 

list also gives an idea of the number of variables that 

have to be considered in a study of sporulation of fungi. 

A more general approach to an understanding of the 

balance between vegetative growth and reproductive pro

cesses in fungi was outlined by IClebs in 1900. These 

postulates, as translated by Lilly and Barnett (69), are 

as follows: (1) vegetative growth or reproductive pro

cesses are largely determined by external conditions; 

(2) reproduction of a fungus does not occur as long as 

external conditions are favorable for growth because the 

conditions favorable for reproduction are always more or 

less unfavorable for growth; (3) growth of a fungus may 

take place under a wider range of environmental conditions 

than reproduction and, in fact, may take place under 

conditions which inhibit reproduction; (4) vegetative 

groivth of a fungus appears to be mostly a preliminary step 

2 



for reproduction. The prolonged period of assimilation 

accompanying growth is decisive for reproduction. 

The literature describing effects of radiant 

energy on the growth and development of fungi has been 

reviewed quite extensively by Carlile (17). At least one 

early and very thorough bibliographic treatment of the 

subject by Marsh, Taylor, and Bassler (73) exists. 

Cochrane (21) and Hawker (40) also have published ex

cellent reviews concerning the effects of light on fungi. 

I. Phymatotrichum omnivorum 

Phvmatotrichuia omnivorum has been induced to 

sporulate on a defined medium using General Electric cool 

white fluorescent lamps and blue cellophane (107). The 

quantity of conidia produced was sparse, sporulation was 

not consistent, and the action spectrum involved in the 

treatment was not defined for that light regime. 

Roberts (83) reported the appearance of germ 

tubes from conidia of P. omnivorum on spore mats found in 

nature. She concluded that dormancy rather than non-

viability accounted for failure of the spores to germinate 

because only five percent germinated after a period of 

dormancy. 

Taft, Bloss, and Gries (96) reported that the 

germination of conidia of P. omnivorum required several 

weeks following sonication. 
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Chavez (19), who reported a requirement of light 

for production of sclerotia, observed a reduction in 

vegetative grox/th of I?. omnivorum after exposure to red 

light. 

II. The Effect of Light on Asexual 
Sporulation of Fungi 

It has been known for some time that radiant 

energy has an effect on the formation of conidia of 

various species of fungi. 

A. Effects of Visible Light 

Bisby (11) found that visible light inhibited 

growth of hyphal tips of Fusarium discolor var. sulphureum 

and that the formation of conidiophores followed this 

brief interruption of growth. Bailey (5) and other early 

workers found that Fusarium spp. increased their production 

of conidia following irradiation. This was not a direct 

result of inhibition of rate of growth. Other factors 

which decreased the rate of growth of these fungi did prd1-

duce similar results. Snyder and Hansen (92) determined 

that the effect of light (indirect sunlight), in 

stimulating formation of conidia by Fiisarium spp., is 

localized in that portion of the thallus which is actively 

growing at the time of exposure to light. Harter (37) 

noted that a daily exposure of Fusarium spp. to indirect 
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sunlight influenced the production of macroconidia which 

were greater in size and number than those of corres

ponding dark-grown cultures, whereas both the production 

of microconidia and growth of vegetative hyphae were better 

in the dark. Visible wavelengths of indirect sunlight 

rather than ultraviolet (UV), are of prime importance in 

inducing production of conidia of Fusarium spp. Ordinary 

window glass is known to filter out nearly all of the 10% 

UV radiation present in sunlight (54). 

Leonian (67), in a study of formation of pycnidia 

in the Sphaeropsidales, noted that li^ht is required for 
s' g 

optimum sporulation of most of the drganisms tested, but 

that elevated temperature can replace this effect of light 

in some cases. Houston and Oswald (45) found that ex

posure to daylight is necessary for development of conidio-

phores and conidia of Helminthosporium crramineum on potato 

dextrose agar. They tested a number of other media and 

found that the stimulatory effect of light on formation of 

conidia by this fungus was evident for all nutrients which 

were favorable for good vegetative growth. Gutter (33), in 

a study of the effect of daylight fluorescent light on the 

sporulation of Trichoderma viride on potato dextrose agar, 

observed a reciprocal relationship between light intensity 

and period of exposure. He also noted that light induced 
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sporulation in T. viride only during a definite stage in 

the development of the mycelium. There was no response in 

spores at various stages of germination, by old mycelium, 

or by mycelium which had already started to sporulate. 

Aragaki and Hine (4) demonstrated that blue light 

was more effective than red light in increasing the yield 

of sporangia by Phytophthora palmivora. Light did not 

affect production of sporangia when green papaya fruit was 

used as a substrate. 

Manning and Crossan (72) found that Phytophthora 

cinnamorai produced sporangia in a nonsterile hemp seed 

extract only when cultures were exposed to continuous 

light, or alternating light and darkness. 

Barnett and Lilly (6), in their study of the 

asexual sporulation of Choanephora cucurbitarum f found 

that a strain of this fungus was unable to form conidia 

in either continuous intense light or continuous darkness, 

but that both light and darkness were essential for normal 

development. They concluded that light influenced at 

least two metabolic reactions or groups of reactions 

needed for initiating the production of conidia. ;Reaction 

A which requires light, and reaction B which takes place 

in darkness can both occur simultaneously in continuous 

light of low intensity. 



Johnson and Halpiri (50) treated seven species of 

dematiaceous Deuterornycetes with both flxiorescent and 

incandescent illumination of various intensities and 

found a general increase in production of conidia by all 

sporulating strains concomitant with an increase in light 

intensity. Five of the fungi tested under light showed 

a suppression of growth of mycelia. These findings 

confirmed the observations of Snyder and Hansen (92) 

concerning the question of the effects of light in in

creasing the production of conidia. Knischewsky (53), 

Hafiz (34), and Miller and Reid (75) considered the 

phenomenon of sporulation to be directly influenced 

photochemically, rather than the alternative view that the 

suppression of growth of mycelia resulted in a greater 

yield of conidia. The latter would suggest that increased 

sporulation resulted from starvation of the mycelium. 

Cochrane (21) stated that the primary effect of light on 

the fungus is inhibition of growth. If sporulation were 

stimulated by light, the stimulus probably would arise 

from a photoinduced shift in metabolic activity from 

growth of hyphae to sporulation. 

Hawker* (40) suggested that fungi can be divided 

roughly into four groups according to their light responses. 
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as follows: (1) those which can produce viable spores in 

complete darkness and which do not produce spores in 

greater numbers when illuminated; (2) those vrhich can pro

duce viable spores in complete darkness but can do so more 

freely after illumination at some stage of development; 

(3) those which are unable to produce viable spores in the 

complete absence of light; and (4) those in which sporula

tion is actually checked or prevented by exposure to light 

at some stage of development. 

B. Effects of Blue Light 

Barnett and Lilly (7) studied the effect of light 

of various v/avelengths on the sporulation of seven light-

requiring species of fungi and found that the shorter 

wavelengths of visible light were the most effective in 

inducing sporulation. The response in fungi caused by blue 

light was almost as favorable as that obtained by exposing 

the fungi to artificial white light. The blue range of the 

visible spectrum was apparently the most effective in 

inducing production of pycnidia by Physalospora obtusa 

(28), the sporulation of Stemphylium sp., Pestalotia 

sp.# and Verticillium albo-atrura (74), the production 

of conidia and oospores by Phytophthora spp. (23# 35), 

and production of conidia by Trichoderma liqnorum (75). 

Mohr (76) pointed out that many fungi depend on light for 
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their normal growth and development and that recent work 

has confirmed earlier findings that in practically all 

such cases only blue and UV light are effective. 

C. Effects of Ultraviolet Radiation (UV) 
» — 

Many workers have studied the effects of far-UV, 

wavelength of 200-300 mji, and near-UV, wavelength of 

300-400 my, on the sporulation of fungi. It appears that 

UV radiation may be the functional wavelengths for sporula

tion of many fungi. 

Stevens (94) was one of the first to investigate 

the effects of UV radiation on the growth and reproduction 

of various fungi. He stated that the effects may be 

attributed to a stimulus acting either upon the protoplasm 

or upon the nuclei. Most of this work was done with 

Glomerella cincrulata on cornmeal agar. The alternative 

suggestion was made that the effect may be either upon the 

production or destruction of some substance v/ithin the cell 

which has direct and specific effects upon cell activity. 

Coons (22), by the application of hydrogen peroxide and 

other oxidizing agents, showed that light exerted its 

effects on the formation of pycnidia in Plenodomus 

fuscomaculans by promoting oxidation reactions. Charlton 

(18), found that hydrogen peroxide, other oxidizing agents, 
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and short exposures to UV light, initiated the production 

of spores of Alternaria solani. He suggested that 

oxidative processes play an important role in the mechanism 

by which UV light exerts its influence. Weinhold and 

Hendrix (102) and Woodrow, Bailey, and Fulner (106) 

demonstrated that UV radiation affects some media, rendering 

them inhibitory or toxic to certain fungi. Peroxides were 

considered to be the toxic factors formed in the medium by 

the action of UV radiation. 

Lethal action of far-UV radiation on fungi was 

first intensively investigated by Fulton (29). He 

irradiated 27 species of fungi and found that short ex

posures were inhibitory to all. The lethal time varied 

with the type of fungus and was inversely proportional to 

the wavelength used. 

Ramsey and Bailey (79) irradiated certain species 

of Fusarium and Hacrosporiurn and demonstrated that the 

largest cxuantity of conidia v/ere produced following a short 

exposure to wavelengths of 280-254 m;a. This exposure, 

however, was also accompanied by reta»Qation or a lethal 

effect in development of mycelia. Smith (89) observed 

that the stimulatory effect of UV light on sporulation 

occurred irrespective of rate of growth. Other factors 

affecting growth had no influence on production of spores. 
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UV light appeared to have a direct stimulatory effect on 

the production of conidia. 

Leach (56, 57, 58, 59) determined that sporulation 

of 28 out of 34 species of fungi was initiated or increased 

as a result of continuous exposure to near-UV light, 

310-400 nyi. Sporulation of Helrainthosporium oryzae 

occurred only when irradiation was followed by a dark 

period (55). Diurnal fluctuations in UV radiation occur

ring in nature were apparently involved in the mechanism 

for sporulation of this fungus. Exposure of eight light-

sensitive species of fungi to near-UV light stimulated 

sporulation irrespective of substrate (56). Sporulation 

was prevented or reduced in most of the 28 species \*hen 

near-UV light and blue wavelengths were filtered from 

daylight fluorescent lamps. Experiments with Ascochyta 

pisi (57, 63), Pleospora herbarum (58), and Alternaria 

chrysanthami (59) demonstrated the effectiveness of UV 

radiation in inducing production of conidia at wavelengths 

of 238-366 nya. Visible wavelengths had no effect on 

sporulation. Leach has postulated that the same chemical 

mechanism exists in photo-induced asexual reproduction in 

a number of fungi, and that UV radiant energy is absorbed 

by a receptor pigment. The presence of a receptor pigment 

in these light-sensitive fungi was later demonstrated in 
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mycelia that had been induced to sporulate by exposure to 

near-UV radiation (60, 61, 97). The substance, with 

maximum absorption at 310 mp, was absent in non-sporulating 

colonies grovm in darkness. Further studies of the action 

spectrum (64) suggested that an independent photo-receptor 

might be involved either in the synthesis of the 310 mp 

absorbing substance or conversion of a precursor. A similar 

mechanism was believed to be involved in light-induced 

sporulation of a number of fungi in the Ascomycetes and 

Fungi Imperfecti. Leach (62) recently determined the 

action spectrum for the light inhibited "terminal phase" 

which leads to the formation of conidia of Stemphylium 

botryosum. Two principal peaks at 280 and 480 m>i were 

involved. Light at 21 C did not inhibit conidia, but at 

25 C and 28 C complete inhibition was evident. The length 

of darkness necessary for the completion of the "terminal 

phase" was temperature-dependent and the higher the 

temperature the longer was the period of darkness necessary 

for formation of conidia. Aragaki (3) and Lukens (70) 

demonstrated the operation of a similar "terminal phase" 

at 280 m^i and 480 mja in Alternaria spp. 

Brandt and Reese (13) discovered the presence of a 

"self-produced, diffusable morphogenic factor" or DMF in an 

isolate of Verticillium albo-atrum which produced micro-

sclerotia. Certain levels of DMF stimulated production of 
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microsclerotia and melanin and inhibited elongation of 

hyphae and sporulation. The authors believed that near-

UV inhibited production of microsclerotia and melanin by 

suppressing synthesis of DMF. Brandt (14), showed later 

that catechol was able to reverse the near-UV effect in 

Verticillium. 

Calpouzos and Stallknecht (16) found that in

creased sporulation of Cercospora beticola occurred after 

exposure to wavelengths shorter than 355 mja at 15 C. In-

2 creasing the light intensity from 150 to 15,000 ergs/cm 

per sec approximately doubled the number of spores. 

Cultures of Cercospora beticola sporulated more abundantly 

after treatment with light for 72 to 96 hours. 

III. The Effect of Licrht and Chemical 
Substances on the Sporulation 

of Fungi 

The work of Leach and Trione (64), Brandt and 

Reese (13), Lukens (71), and others (61, 82) have 

demonstrated that light is responsible for the formation 

of some metabolite in fungi and that this metabolite 

cannot be produced in darkness. The presence of the 

metabolite enables reproduction to occur. Another 

perspective of the theory is that light inhibits formation 

of substances, or stimulates their production. 
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A. Flavins and Carotenoids 

Flavins and carotenoids are compounds most closely 

associated with photoresponse in many fungi (17). 

Support for the involvement of flavoproteins in 

photoreception has been obtained through utilization of 

competitive inhibitors of riboflavin. Carlile (17) has 

found that l#2-dichloro-4,5-diaminobenzene which may inter

fere with flavin biosynthesis had greater inhibition of 

cultures of Sclerotinia fructiqena grown in light than 

it has of those growing in darkness. Lukens (70) demon

strated that inhibition of sporulation of Alternaria 

solani by brief exposures to light can partially be 

replaced by the addition of flavin mononucleotide. Later 

(71), he found that inhibition by blue light can be 

reversed by short exposures to red light. Lukens theorized 

that irradiated flavin-adenine-dinucleotide (FAD) and 

riboflavin 5-phosphate-mononucleotide both form semi-

quinones which inhibit a flavin-dependent, enzyme. In 

conidiophores of Alternaria solani. exposure to blue light 

may result in the formation of flavin-semi-quinones which 

may inhibit flavin-dependent enzymes essential for pro

duction of conidia. Conversion of the semi-quinones to 

oxidized flavins could result from subsequent exposure to 

red light. These oxidized flavins could then reactivate 

the metabolic pathway for sporulation. 
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Estabrook, Cooper, and Rosenthal (26) demonstrated 

the initiation of activity in an electron transport pathway 

by irradiation of a flavoprotein which mediates the oxida

tion of reduced nicotinamide-adenine-dinucleotide phosphate 

(NADP). 

Light-dependent carotene synthesis has been well 

doctimented by Salolcar (108), and others (8, 80, 81). 

Carotene synthesis has been shown to be proportional up to 

a saturation value to the intensity of the light employed 

(109). Carotenogenesis is inhibited by chloramphenicol 

and diphenylamine at concentrations which are not in

hibitory to growth of bacteria and fungi (8, 31, 32). 

Turian and Kaxo (99) found that inhibition of carotenoid 

synthesis in the presence of diphenylamine was accompanied 

by a reduction in the number of conidia of FeurosDora 

crassa. 

Smith (90) has shown that carotenoid pigments in 

non sterol-requiring strains of Mycoplasma can replace the 

function of sterols in the transport of substrate and its 

end products across the cell membrane. Ciegler, Arnold, 

and Anderson (20) demonstrated increased production of 

carotene in fungi belonging to the Choanephoraceae with the 

addition of various oils and fatty acids to the medium. 
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B. Sterols 

A sterol requirement has been shown not only in 

fungi (2, 49, 100, 101), but in protozoa (47), in pleuro

pneumonia organisms (91), insect larvae (85), and in 

mycobacteria (78) as well. 

Several workers have indicated .that sterols or 

nonsaponifiable materials have a stimulatory effect on 

sporulation in fungi. Others have shown a definite role 

for sterols as "the factor controlling asexual or sexual 

reproduction in fungi". The effects of light and sterols 

on sporulation of two Phvtophthora spp. were reported by 

Hendrix (43). 

Leonian and Lilly (68) found "that garden peas 

contained a substance that induced the formation of oogonia 

in four species of Phvtophthora and in fourteen species of 

Pythium. The active factor was contained in the non

saponif iable portion of the lipids. Activity was detected 

in concentrations as low as 0.1 parts per million (ppm). 

Zentmeyer (110) observed that an extract of 

avocado root promoted formation of oospores by Phvtophthora 

cinnamomi. 

Weintraub, Miller, and Schantz (103) reported that 

a rice-oil factor accelerated spore germination of 

Piricularia oryzae and Puccinia crraminis f. sp. tritici. 



17 

Similar activity was displayed by peanut and okra seed 

oils. The active factor v;as again found in the non-

saponifiable portion of the lipids. 

Leal, Friend, and Holliday (65) found certain 

sterols induced sexual reproduction in Phytophthora 

cactorum and P. heveae. These workers identified the 

principal sterols in pea- and oat-meals as ̂ -sitosterol 

and ft -s tigmas terol. 

Elliott, et al. (25) reported that cholesterol 

and related sterols stimulated the production of sexual 

bodies by Phytophthora cactorum. 

It has been demonstrated that sterols involved 

in the nutrition of sporulation of fungi and other 

microorganisms are similar in structure. Haskins, Tullocli, 

and Micetich (39), Vishniac (100), Vishniac and Watson (101), 

Hendrix (41), Elliott, et al. (25), Jefferson and Sisco (49), 

and others (88) have shov/n the active sterols to possess a 

3^-hydroxyl group, methyl groups at C^q and C13, and a side 

chain containing 8-10 carbons at C17. The number and 

position of double bonds in the molecule may vary. 

Tsuda and Tatum (98) demonstrated that crystals of 

ergosterol form intracellularly in Neurospora crassa and 

suggested that this sterol may be involved in the sporula

tion process. Hendrix (42) has found that although most 

fungi synthesize sterols, members of the Pythiaceae do not. 



Light and cholesterol appear to act independently 

in inducing functional zoosporangia of Phytophthora 

palmivora and 1?. capsici (43). 

Sproston and Setlow (93) have reported that 

ergosterol, dimethyl sulfoxide, and ethanol substitute 

for UV light in the formation of spores of Stemphylium 

solani. A pigment, yellow or olive in color, al\*ays 

appeared after treatment with UV radiation or certain 

chemicals. 

Although there is extensive literature on the 

responses of microorganisms to steroids, Beutow and 

Levedahl (10) have concluded that little is understood 

about their role in microbial metabolism. 

Indole-3-acetic acid and light may play a role 

in the sporulation of some fungi. Kahn (51) has shown 

that the addition of 50 ppm indole-3-acetic acid 

substitutes for light in the formation of conidia in 

cultures of Sclerotinia fructicrena. 

IV. Investigation on the Sexual Phase of 
P. onrnivorum and Other Fungi 

Shear (87) reported finding a species of Hydnum 

in association with P. omnivorum. The establishment of 

this fungus as the perfect stage of P. omnivorum. however 

has not been demonstrated. Gilbertson (30) later 
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reexamined Shear's specimen and placed the fungus in 

synonymy with Oxydontia chrysorhiza (Torrey) Rogers and 

Martin. Sexuality in P. omnivorum remained uncertain. 

Hosford and Gries (44) have reported the cytology 

of the mycelium, spore mat, strand, and sclerotiurn of P. 

omnivorum. The possibility of an active parasexual cycle 

was indicated. The cells of the mycelium were multi

nucleate and anastomosis of hyphae was common. They 

suggested that variation in the fungus may be attributed 

to heterokaryosis. 

The production of sexual stages in fungi by 

treatment with light and the availability of exogenous 

steroids is well documented (25, 35, 36, 39, 41, 46, 65, 

63). 

Kotila (52) and Whitney (104) reported that 

certain external factors in the environmental complex 

were required for the formation of basidia and basidio-

spores of Thanatephorus cucumeris. the perfect stage of 

Rhizoctonia solani. 

Butler (15) reported the effects of the environment 

on the production of clamp connections in hyphae of 

Coprinus disseminatus. The occurrence of clamp connections 

was related to nutrient supply and "staling" products in 

the medium. 



MATERIALS AND METHODS 

Throughout all experiments glassware and materials 

were autoclaved at 15 lb. pressure for 15 min to insure 

sterile technique. Dry sterilization, where necessary 

was accomplished in a hot air oven at 176 C for 4 hr. 

I. Stock Cultures 

Four isolates of the fungus, Phymatotrichurrt 

omnivorurap were used in these studies. The dates of isola 

tion, sources, site of actual isolation, and host plants 

of these isolates are given in Table 1. Stock cultures 

were maintained on the medium of Ezekiel, Taubenhaus, and 

Fudge, hereafter referred to as No. 70 medium (27). The 

formula for this medium is listed in Table 2. The stock 

cultures v/ere sub-cultured routinely, every 10-14 days, 

by mass hyphal transfer from nonpigmented, mat-like cul

tures. Cultures older than 14 days were pigmented and 

exhibited erratic response in the sporulation experiments. 

A cork borer, 6 mm in diameter, was used to cut out plugs 

of agar medium containing the mycelium. The plugs v/ere 

transferred to the center of No. 70 agar medium in Petri 

dishes, 100 mm in diameter. 
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Table 1. Age, sources, site of actual isolation, and host plants of four 
isolates of Phymatotrichum omnivoruia. 

Isolate 
Number 

Date of 
Isolation Source 

Site of 
Actual Isolation 

Host 
Plant 

1 July, 1962 Hosford Double Adobe, Arizona Cotton 

65 November, 1966 Hervey Texas A and M, Temple, 
Texas 

Cotton 

66 November, 1966 Hervey Texas A and M, Temple, 
Texas 

Cotton 

501 August, 1967 Bloss Marana, Arizona Cotton 



Table 2. Modified Ezekiel-Taubenhaus-Fudge No. 70 Medium (27) for growth of 
stock cultures of Phymatotrichum omnivorum. 

i 
* 

Components Volume 
(ml) 

Weight 
(g) 

MGS04»7H20 0.75 

KH2PO4 18.8 of 0.1M 

K2HP°4 28.1 of 0.1M 

KC1 0.15 

NH4N03 1.18 

Glucose 40.00 

ZnSO-• 7H-0 4 2 1.0 of 0.038M 

Pe2(S04)3 1.0 of 0.023M 

MnSO.-H-O 4 2 1.0 of 0.045M 

Difco Bacto Agara 20.0 

Distilled Water*5 to make 1 liter 

a. Difco Labs; Detroit, Mich. 

b. pH 6.8-7.0 
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In previous studies conducted in this laboratory 

(107), P. omnivorum was induced to sporulate on a defined 

medium using unknown intensities of light from General 

Electric cool white fluorescent lamps and blue cellophane 

filters. Experiments were conducted in the open labora

tory at room temperature. There was inconsistent 

sporulation because environmental conditions were not 

controlled. 

Lab-Line Biotronette plant growth chambers, model 

844, equipped with light and temperature controls, were 

employed for uniform environmental conditions requisite 

for sporulation of P. omnivorum. 

II. Dark Incubation 

Six-mm diameter plugs of agar, cut out with a 

sterilized cork borer, were transferred from 10-14 day 

old colonies of isolates of £. omnivorum grown on No. 70 

medium in darkness. Each plug was placed on the center of 

freshly prepared media contained in Pyrex Petri dishes. 

Growth was not as uniform nor was sporulation as abundant, 

in the present investigation, when the plugs were placed 

with surfaces of the mycelium facing away from the medium. 

The poor growth was presumably caused by the presence of 

staling products in the old medium. The cultures were then 
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placed inside a growth chamber in darkness for 6 days, 

v/here the temperature was maintained at 27 C throughout the 

experimentation. 

Preliminary tests showed that maximum response to 

sporulation occurred when cultures were conditioned to a 

dark period of six days prior to exposure to light. 

Periods less than five days resulted in inconsistent 

sporulation. Time of sporulation differed as much as 24 

hr among cultures incubated for five or six days in dark

ness. In all experiments involving light, controls grown 

in darkness were maintained in the same growth chamber 

where light was excluded by enclosing the Petri dishes in 

aluminum foil. 

III. Licrht Treatment 

A. Emission Spectra of Light Sources 

Attempts were made in preliminary experiments to 

determine an action spectrum for sporulation of IP. 

omnivorum using colored cellophane manufactured by E. I. 

du Pont de Nemours and Company of Wilmington, Delaware. 

The radiant energies and the spectral emissions of the 

cellophane were undefined and fading of the colored 

cellophane occurred following exposure to light. Therefore, 

a defined action spectrum could not be obtained through use 
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of colored cellophane. Spectral data information on 

fluorescent tubes provided by General Electric Lamp 

Division, Cleveland, Ohio, presented the necessary approach 

for obtaining a definable action spectrum (Pig. 1). Cool 

white fluorescent tubes emit between 350 and 750 nanometers 

or millimicrons (m>i) with energy peaks at 365, 405, 435, 

545, and 575 m;i; blue fluorescent tubes emit between 330 

and 720 mji with energy pealcs at 365, 405, 435, 543, and 

575 mji; green fluorescent tubes emit between 400 and 650 

nvji with peak intensity at 525 mja and energy peaks at 405, 

430, 545, and 578 gold fluorescent tubes emit between 

500 and 720 mji with energy peaks at 543 and 575 mji; red 

fluorescent tubes emit between 575 and 717 mji with peak 

intensity at 638 mjx; BLB Blacklight fluorescent tubes emit 

between 300 and 420 mji with peak intensity at 352 m)i and 

energy peaks at 367 and 405 mja. Corning CS 7-54 glass 

filters were used with BLB Blacklight fluorescent tubes. 

These filters transmit 85 percent of the radiant energy 

from 310 to 355 mp. A square glass filter, 5x5 cm, was 

placed on the culture dish, which was covered entirely 

with black masking tape except for a 3 cm square in the 

center of the dish cover. Jagger (48) lists the absorp

tion limits of various materials. Pyrex culture dish 

covers transmit wavelengths as short as 270 nyi, 
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B. Photoperiod and-Light Intensity 

Cultures of the fungus, conditioned in darkness, 

were located under the General Electric fluorescent tubes 

{one centrally located above each shelf) of known emission 

spectra in the growth chamber at 27 C. The light intensity 

under cool white, blue, green, gold, or red fluorescent 

tubes was measured by means of a Weston sunlight illumina

tion meter, model 756, recording in foot candles (ft-c). 

Readings in ft-c were standardized by adjusting the 

distance of the cultures from the light sources. Because 

ft-c do not describe the incident radiant energy emitted 

from a given light source, it was necessary to convert 

these readings into meaningful energy units for each light 

source. The unit of incident energy widely used in the 

U.S. is microwatts per square centimeter (^iW/cm ). This 

was accomplished, by use of the conversion factors of C. J. 

Bernier (9), Sylvania Lighting Products Inc. A 1 ft-c 

measurement under General Electric cool white fluorescent 

2 light is equivalent to 3.28 )iW/cm . Readings in ft-c were 

2 therefore multiplied by 3.28 and expressed in jiU/cm . 

Visible light. In an initial experiment, isolates 
A  '  

S 1 
' *  

of P. omnivorurg growing on No. 70 medium, Bonner-Addicott 
' - 1 ' B ' 1 

(12) complete medium (BACM) (Table 3), and BACM minus the 

vitamin components were exposed to a daily photoperiod of 



Table 3. Bonner-Addicott complete medium (12) for growth of isolates of 
Phymatotr ichum omnivorum. 

Component Concentration Weight Volume 
(g/100 ml) (mg/ml) (g) (ml) 

Ca(K03)2'4H20 14.25 2 

MgS04-7H20 1.05 2 

KSTOg 4.25 2 

KC1 3.05 2 

KH2P°4 1.00 2 

Thiamine 0.1 10 

Pyridoxine 0.1 10 

nicotinic Acid 0.1 10 

Ferric Citrate !.5 1 . 

H3BO3 2.5 

MnCl2 1.5 0.2/100 

ZnCl2 0.1 

CuCl2 0.05 

M0O3 0.05 

Glucose 20.0 

Difco Bacto Agara 20.0 

Distilled Water*3 to make 1 liter 

a. Difco Labs; Detroit, Mich. 
b. pH 6.3-6.5 
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2 hr under cool white fluorescent light. The light ex

posure for each subsequent experiment was increased by 

2 hr to a final exposure of 24 hr daily. The light 

intensities at a given photoperiod ranged froin 164-2788 

2 pVJ/cm . Results are presented for (1) the effective daily 

photoperiods of 16-20 hr and intensity range of 820-2788 

2 2 
jaW/crn and (2) specific intensities within 820-2788 pN/era 

at a daily photoperiod of 24 hr. 

Near-ultraviolet light (UV). Similar experiments 

were conducted under General Electric BLB Blacklight 

fluorescent tubes alone or together with Corning CS 7-54 

filters. Cultures of the fvtngus were exposed to 2, 10, 18, 

20, or 24 hr of light daily. Intensity readings under BLB 

Blacklight were measured by means of a Blak-Ray ultraviolet 

2 meter, model J-221, recording in juW/cm . The near-UV 

2 light intensities initially ranged from 460-1650 jaW/cm . 

In a later experiment, the intensity range was 460-880 

2 ^aW/cm . 

The incubation period for these experiments was 

three weelcs. 

Light intensities under blue, green, gold, and 

2 2 
red were measured at 1940-3880 jiW/cm , 12 75-2550 ;iW/cm , 

872-1745 p\l/cm^, and 3075-6150 }iW/cm^, respectively. 
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IV. Effect of Chemicals and Light 

Materials were incorporated into Bonner-

Addicott complete medium (BACH), BACM minus the vitamin 

components, and No. 70 medium. Most experiments were 

conducted under a photoperiod of 20 hr light and 4 hr 

2 darkness at an intensity range of 1804-2788 jiW/cm for 

1-3 weeks. 

A. Vegetable Oils 

Safflower oil, corn oil, soybean oil, cottonseed 

oil, olive oil, and peanut oil were tested for activity 

by (1) flooding the periphery of the fungal colony with 

4 ml of the respective oil and (2) directly incorporating 

the oils at 100 ppm into the medium. 

B. Cotton Extracts 

Parts of cotton plants (Gossypium hirsutum L.); 

(1) one-month old roots; one-month old stems and leaves 

and (2) roots of flowering plants, were removed. Two 15 g 

samples of each plant part were ground in 100 ml of dis

tilled water for 5 min in a Waring blender, model 1042, at 

high speed. One ml of hot Tween 80, purchased from 

Nutritional Biochemical Corporation was added to one of the 

two samples. One hundred ml of each extract were then 

added to separate 1 L volumes of BACM. 
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C. Steroids and Lipids 

The sterols and lipids, cholesterol, ergosterol, 

/tf-stigmasterol, ̂ -sitosterol, arachidic acid, capric acid, 

linolenic acid, and squalene were purchased from Nutri

tional Biochemical Corporation. Mann Research Laboratories 

provided vitamin D2, vitamin D^, 7-dehydrocholesterol, and 

dihydrotachysterol. Lumisterol-3,L340-4, was supplied by 

Aldrich Chemical Company, Incorporated. 

Crystalline steroids were incorporated into 1 L 

of BACM by first dissolving each substance in 1 ml of hot 

Tween 80 or vegetable oil. Vitamin D2 in water dispersible 

form and the lipid substances were added directly to the 

media. An alternative method, which eliminated the 

necessity for employing controls containing Tween 80, 

utilized a Waring blender, model 1042, to incorporate the 

crystalline steroids directly into prepared BACM. The 

medium with added steroid was blended for 1 rain at high 

speed. Steroids were incorporated into BACM and No. 70 

medium at concentrations of 0.1, 0.5, 1.0, 20, and 100 

ppm. 

Cultures of P. omnivorum grown on BACM which 

contained 100 ppm ergosterol in Tween 80 were exposed to 

G.E. cool white fluorescent light at temperatures of 19, 27, 

or 35 C. 
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Knov;n inhibitors of carotene biosynthesis 

diphenylamine and chloramphenicol v/ere tested. These 

chemicals v/ere added to BACK and to BACK containing 100 

ppm ergosterol in Tv/een SO. The concentrations of the 

inhibitors v/ere 1:20,000 or 1:40,000 diphenylamine and 

1:16,000 or 1:32,000 chloramphenicol. 

Sproston and Setlow (93 ) reported that 

Stemphylium solani formed pigment and sporulated following 

treatment with certain solvents and carriers alone or with 

added ergosterol at low concentrations. Similar techniques 

were employed to determine the utility of carriers for 

sterols in the production of conidia by Phymatotrichum. 

Ergosterol v/as dissolved in concentrated dimethyl 

sulfoxide, DMSO. The solution v/as then diluted with BACH 

to 5% DMSO containing 0.25, 0.50, or liO jig ergosterol per 

ml. Concentrated DMSO or 100% ethanol v/as diluted with 

BACK to 5% and 10% DMSO or 2% and 4% ethanol. 

Carotenes were purchased from Sigma Chemical 

Corporation, oi- or ̂ -carotene, at concentrations of 1, 

10, and 100 ppm, v/ere added to BACM to test their effects 

upon the enhancement of or substitution for the light 

requirement in sporulation of P. omnivorum. 
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D. Indole-3-Acetic Acid 

Indole-3-acetic acid (IAA) was incorporated into 

BACM at concentrations of 10, 50, 100, 500, and 1000 ppm 

after autoclaving. 

Controls appropriate for the solvent and it's 

concentration were used in experiments involving the 

incorporation of chemicals into media. The media without 

added chemicals also served as controls. 

Each treatment in all experiments was replicated 

at least three times and randomly distributed on each 

shelf within the growth chamber. Most experiments were 

repeated four times. 

V. Measurement of Sporulation 

Petri dishes containing the test cultures were 

flooded with 10 ml of distilled water. The surfaces of 

the cultures were scraped with a rubber "policeman". The 

liquid from each dish, containing conidia and mycelium 

plus a drop of Tween 80, was poured into a stainless steel 

container of a Servall Omni-Mixer and blended for 1 min. 

The conidia-mycelium suspension was decanted through a 

double layer of cheesecloth into a test tube. The average 

of three countings of spores was recorded from the 

resulting suspension by means of an^AO Spencer, Bright 

Line, hemacytometer, according to the procedure outline 
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by Sharvelle (86). Counts were expressed in average 

numbers of conidia per ml from three repeated experiments. 

After a given duration of light exposure, cultures were 

maintained in darkness at 27 C. Readings were made within 

1 week. 

^ . Colonies were examined daily in experiments 

involved with the effect of light and chemicals- on the 

sporulation of P. omnivorum. Comparisons of sporulation 

occurring in each Petri dish were mostly made by visual 

examination of colonies. These were recorded in purely 

arbitrary units of 0 = no sporulation, + = questionable, 

+ = trace, = sparse, +++ = moderate, and ++++ = heavy 

sporulation. In some experiments, readings were made 

after a given duration of light exposure. In other 

experiments, readings were made at the time of production 

of conidia. 

VI. Investigation on the Sexual Phase of 
P. oranivorura 

Steroids were added to P. omnivorum culture media, 

primarily to determine their effectiveness on the 

sporulation of P.. omnivorum. Vitamin D3 was included 

among the steroids, which were added to BACM or No. 70 

medium. Isolates 1 and 66 of P. omnivorum v/ere grown on 

No. 70 medium containing 1 ppm 7-dehydrocholesterol, 



dihydrotachysterol, vitamin D2 or vitamin D^. During this 

period, cultures were exposed to a light intensity of 

2 1804-2788 j.iW/cm from cool white fluorescent light. The 

daily photoperiod was 20 hr light and 4 hr darkness for 

14 days at 2 7 c. Cultures were also excluded from light 

with aluminum foil and maintained at the same temperature. 

Microscopic examination of all cultures were made after a 

subsequent dark period of 14 days at 20 C. Hyphae with 

clamp connections were observed in each of two cultures 

of isolates 1 and 66 (total of 12 cultures each), which 

were exposed to light and grown on No. 70 medium containing 

1 ppm vitamin D^. Forty agar discs, bearing hyphae from 

two cultures of each isolate, were transferred to No. 70 

medium or Difco malt extract agar a.nd maintained at 27 C 

in darkness for 14 days. After this period, twenty cul

tures from each isolate grown on No. 70 medium or Difco 

malt extract agar were placed in darkness at 6 C. 

The treatment involving light and vitamin Dg was 

repeated and replicated in 12 Petri dishes for each of the 

isolates 1, 66, 65, and 501 of I?, omnivorum. Tween 80, 

the solvent for vitamin D^, was also incorporated (alone) 

into No. 70 medium. 



RESULTS 

I. Light Treatment 

Photoperiod and Light Intensity 

Visible light. Conidia were not produced by 

isolates 1, 65, and 66 of P. omnivorum grown in darkness. 

Vegetative growth was less abundant on BACM than on No. 

70 medium in cultures exposed to both cool white 

fluorescent light and darkness. Growth of mycelia was 

less proliferant from cultures exposed to cool white 

fluorescent light than cultures grown in darkness on 

either medium. Three weeks were required for an adequate 

evaluation of sporulation of cultures of P. omnivorum 

exposed to the various photoperiods and light intensities. 

Sporulation occurred in concentric zones when cultures 

were exposed to 16-18 hr of light. Two or £hree zones of 

conidia were concentrated at a distance of 3-5 mm apart 

on the surface of the agar medium. The zones radiated 

outward from the center to the periphery of the Petri dish. 

A large, single zone of conidia occurred when the photo-

period was extended to 20 or 24 hr of light. The conidia 

were concentrated near the periphery of the Petri dish. 

36 



37 

I\ minimum daily photoperiod of 16 hr light was 

required for sporulation of P. omnivorum. The numbers 

of conidia generally increased with increased exposure 

(Table 4) or increased intensity (Table 5). Sporulation 

was consistent when cultures of P. omnivorum were ex

posed to 16-20 hr of cool white fluorescent light with the 

2 radiant energy ranging from 1804-2 788 pt//cm or 24 hr of 

cool white fluorescent light with specific radiant energies 

ranging from 820-2788 ̂ iW/cm2. Conidia were not produced 

2 when the light intensity was below 820 ̂ ivf/cm . Isolate 66 

generally produced fewer conidia on EACM than isolates 1 

and 65 (Tables 4# 5). Conidia were produced with or 

without the vitamin components in BACM. More conidia were 

produced on BACH than on Uo. 70 medium. 

Near-ultraviolet light (UV). Vegetative growth 

of cultures of P. omnivorura exposed to an intensity 

2 ranging from 880-1650 jiW/cm was either completely in

hibited or never extended much beyond the disc of agar 

containing the transferred mycelium. Hyphae were submerged 

in the agar medium. When these cultures were placed in 

dark incubation for a period of 1 week, the mycelia grew 

above the medium and had a floccose appearance. This 

habit of growth was characteristic under near-UV light. 

No sporulation of P. omnivorum was observed on 

cultures grown under BLB Blacklight fluorescent tubes 



Table 4. Average numbers of conidia produced by isolates No. 1, 66, and 65 of 
Phymatotrichum omnivorum on different media under an intensity 
ranging from 1804-2788 jiW/cm^ with G.E. cool white fluorescent light 
at various photoperiods.a 

AVERAGE NUMBERS OF CONIDIA PER ML. X 1000b 

Isolate 
No. 

Photoperiod - Light/Dark (Hr) 

Medium 
Isolate 
No. 16/8 18/6 : 20/4 

BACMC 1 25 40 117 

BACM 66 15 26 72 

BACH 65 22 37 103 

BACM (-) Vitamins0 1 23 30 110 

BAM (-) Vitamins 66 13 22 63 

BAM (-) Vitamins 65 25 44 90 

No. 70 Medium0 1 18 27 54 

No. 70 Medium 66 10 18 29 

No. 70 Medium 65 15 35 56 

a The incubation period was 3 weeks for each treatment of three 
replicates. 

k Average from three repeated experiments. 
c No sporulation occurred on these media at daily photoperiods less than 

16 hr light and in darkness. 



Table 5. Average numbers of conidia produced by isolates No. 1, 66, and 65 of 
Phymatotrichum omnivorura on different media under continuous pool 
white fluorescent light at various intensities after 3 weeks." 

LIGHT INTENSITY jjN/cm2 

Medium 
Isolate 
NO. 

820 

Average 

1148 1476 

Numbers of 

1804 

Conidi 

2132 

a Per 

2460 

Ml. X 

2788 

1000° 

BACMC 1 81 81 79 82 107 115 112 

BACK 66 42 42 49 63 69 69 

BACK 65 75 75 76 67 89 97 101 

3ACK (-) Vitamins0 1 78 82 88 109 117 

BAM (-) Vitamins 66 53 49 58 61 

BAM (-) Vitamins 65 73 37 91 93 93 92 

No. 70 Medium0 1 V41 43 55 55 58 

No. 70 Medium 66 38 37 41 41 52 

No. 70 Medium 65 48 
-V. 

48 51 54 51 

a Each treatment consisted of three replicates. 
V 
Average from three repeated experiments. 

c No sporulation occurred on these media under light at an intensity 
below 820 jiW/cm2 or in darkness. 
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alone or together with Corning filters CS 7-54 under ex

posures of 2, 10, 18, 20, and 24 hr of near-UV light. 

II. Effect of Chemicals and Light 

A. Vegetable Oils — 

A trace amount of spoliation from isolates 1 or 

65 of E. oranivoruia occurred with the addition of corn oil, 

soybean oil, or olive oil to BACIi after one week (Table 6). 

Addition of the steroid, ergosterol to cottonseed oil, 

resulted in marked enhancement of sporulation. Sporula-

tion was noticeably heavy with the addition of 100 ppm 

ergosterol. The addition of sterols and vegetable oils 

to BACH did not support sporulation of P. omnivorum 

maintained in darkness. 

B. Cotton Extracts 1 

Plant extracts were not effective in inducing the 

formation of conidia in cultures of P. omnivorum. isolate 

1, subjected to the 20 hr photoperiod of visible light for 

1 week, 

C. Steroids and Lipids 

Sporulation again occurred in concentric zones 

under the various light regimes (Fig. 2). Conidia were 

produced away from the areas where stranding occurred. 



Table 6. Production of conidia by three isolates of Phymatotrichum omnivorum 
grown on media containing vegetable oils under an intensity ranging 
from 1804-2788 jitt/cm2 with G.E. cool xvhite fluorescent tubes at a 
photoperiod of.20 hr light, 4 hr darkness for 1 week.a 

OIL 
"fa c Surface Application Incorporation 

————————— j 
Isolates0 

Medium 1 66 65 1 66 65 

BACMe + 0 + ± 0 ± 
BACM plus 

Safflower 0 0 0 • 
• 0 i i 

Corn oil ± 0 £ 0 + 

Soybean oil J. * 0 + • T 0 JL • 

Cottonseed oil 0 0 0 + 0 ± 
Cottonseed oil plus 
ppm ergosterol 

100 
-r ± + +++-5- ++-}- ++-H-

Cottonseed oil plus 
ppm cholesterol 

100 
+ 0 -r ++ -J- -t-+ 

Olive oil \ 0 0 0 + 0 

Peanut oil 0 0 0 ± 0 + 

a Arbitrary units; 0 = no sporulation, ± = questionable, + = trace, ++ = 
sparse, +-m- = moderate, = heavy. 

k The periphery of a fungal colony was flooded with 4 ml of each oil. 
c Each oil at 100 ppm was incorporated into the agar prior to autoclaving. 
^ Average of four experiments, each treatment with three replicates. 
e No sporulation occurred on these media in darkness. 
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Fig. 2. Sporulation of Phvmatotrichum 
omnivorum under various daily photoperiods of cool 
white fluorescent light grown on BACM with 100 ppm 
ergosterol. The location of sporulation is away 
from areas where stranding occurs. A) 14 hr 
light/10 hr darkness. B) 16 hr light/8 hr darkness. 
C) 18 hr light/6 hr darkness. Concentric zones of 
conidiophores and conidia. D) 20 hr light/4 hr 
darkness. Large single zone of sporulation. 
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Conidiophores end conidia were produced more abundantly 

on highly branched hyphae. 

Ergosterol at a concentration of 100 ppm was 

effective in the sporulation of ]?. omnivorv.ra. Exclusion 

of light from the cultures resulted in no sporulation. 

Conidia and conidiophores were produced, although 

few in number, under a daily exposure of 14 hr light with 

the addition of 100 ppm ergosterol to the Phymatotrichum 

culture media (Table 7). The largest number of spores 

were produced under 20 and 24 hr of light. Conidia were 

produced in 40-72 hr from isolates 1, 65, and 66 of P. 

omnivorum grown on Bonner-Addicott medium with and without 

the vitamin components. These isolates produced conidia 

in 1 week, when grown on No. 70 medium. The quantity of 

conidia produced was increased with the addition of 

ergosterol under all light trecitments than in previous 

studies (Tables 4, 5). The time of sporulation was 

shortened from 2-3 weeks to 48-72 hr. 

P. omnivorum grown on BACH containing either a 

sterol, a fatty acid or a vegetable oil produced conidio

phores and conidia in varying quantities and at varying 

time intervals when exposed to different light regimes 

(Table 8). Ergosterol or lumisterol-3 (incorporated into 

BACM by means of Tween 80) effected moderate to heavy 



Table 7. Sporulation of isolates 1# 66, and 65 of Phymatotrichum omnivorum grown 
on various media with 100 ppm ergosterol under an intensity ranging from 
1804-2788 jiW/cm^ with G.E. cool white fluorescent tubes at various 
photoperiods.a 

AVERAGE NUMBERS OF CONIDIA PER ML. X 1000b 

Photoperiod - Light/Dark (I-Ir) 
Isolate Time of 

Medium No. Sporulation 14/10 16/8 18/6 20/4 24 

BACMC 1 48-72 hr * 47 120 236 375 

BACM 66 48-72 hr * 25 91 250 307 

BACM 65 43-72 hr •it 37 133 372 391 

BACM (-) 
Vitamins 1 43-72 hr * 53 106 253 251 

BAM (-) 
Vitamins 66 48-72 hr 

» 

* 22 68 137 203 

BAM (-) 
Vitamins 65 48-72 hr * 39 87 240 243 

No. 70 
medium 1 1 week 27 74 179 181 

No. 70 
medium 66 1 week 19 41 121 119 

No. 70 
medium 65 1 week 25 66 164 172 

* = conidiophores and conidia present, but few in number. 
a Each treatment consisted of three replicates. 
k Average from three repeated experiments. 
c No sporulation occurred on these media in darkness. 



Table 8. Production of conidia by four isolates of Phyraatotrichum onin ivorum 
of 20 hr light, 4 hr darkness on media containing lipids and relate 

Cool White Blue 
350-750 mji 3 30-720 

Isolate Isolate 

Medium 
Time of 
Production 1 65 66 501 1 55 6 

BACM° 2-3 weeks +++ +++ + ++•»• +++ f++ + 
BACM plus 

Ergosterol 48-72 hr ++++ +++ +++ ++++ ++++ +++ + 
Ergosterol (Dry 
incorporation) 5 days +++ +++ ++ +++ +++ +++ + 

Lumisterol-3 48-72 hr ++++ ++++ +-H- ++++ ++++ f+++ + 
fi -Stigmasterol 96 hr ++++ ++++ +++ ++++ ++++ t+++ + 
fi -Sitosterol 96 hr ++++ ++++ +++ ++++ ++++ ++++ + 
7-Dehydrocholes terol 1 week +++ +++ ++ +++ +++ f++ + 
Dihydrotachys terol 1 week +++ +++ ++ ++4; +++ +++ + 
Vitamin D~ 1 week +++ ++ ++ +++ +++ ++ + 
Vitamin Dg 1 week +-fc+ +++ ++ •:•++ +++ ++ + 
Cholesterol 1 week -H- ++ • ++ ++ ++ + 
Squalene 1 week ++ + + ++ ++ ++ + 
Linolenic acid 1 week ++ + + ++ ++ ++ + 
Capric acid 1 week ++ + + ++ ++ *+ + 
Arachidic acid 1-2 weeks + + 0 + + + + 
Soybean oil 1-2 weeks + + 0 + + + + 
Corn oil 1-2 weeks + + 0 + + + + 

Polyoxyethylene sorhitan 
monooleate (Tween 80) 1-2 weeks + + 0 + + + + 

No. 70 medium (control) 2-3 weeks ++ ++ + ++ ++ ++ + 

a Arbitrary units; 0 = no sporulation, + = questionable, + = trace, ++ = s 
each treatment with three replicates.-

General Electric fluorescent tubes (20 watt). Radiant energy: Cool whi 
Blacklight, 460-880 jjU/cm2. 

c Trace to sparse sporulation occurred on these media under gold light (50 
sporulation occurred under red light (575-717 mji) at an intensity ranging fro 
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mm omn ivorum grovm under different fluorescent light regimes at a photoperiod 
Ids and related compounds at a concentration of 100 ppm.a 

QUALITY OF LIGHT1, 

Blue 
3 BO-720 mp 

Isolate 

Green 
400-650 MJLI 

Isolate 

BLB Blacklight 
300-420 nyi 

Isolate 

55 66 501 65 66 501 65 66 501 

+++ f++ ++ +++ +++_ ++. + +++ 0 0 0 0 

++*+ f++ +++ ++++ ++++ ++ + ++++ + + 0 ++ 

+++ t++ ++ ++-{- ++ + + +++ + 0 0 + 
++++ f+++ ++-[- +-:-++ +++"T ++ + ++++ + + 0 ++ 
++++ *+++ +++ ++++ +-H-+ +H-+ ++ ++++ + 0 0 ++ 
++-I-+ f+++ ++*J- «|»»|«>|«*|> ++++ +++ ++ -1- 0 0 ++ 
+++ +++ ++ +++ +++ ++ + +++ + 0 0 + 
+++ +++ +-!- +++ ++ ++ +++ + 0 0 + 
+++ ++ ++ +++ ++ ++ + +++ + 0 0 + 
+++ ++ ++ +++ +++ + + +++ + 0 0 + 
++ f+ + ++ + ± + 0 0 0 0 
++ ++ ++ ++ + + + + 0 0 0 0 
++ + ++ * ± + ++ 0 0 0 0 
++ *+ ++ ++ + + + ++ 0 0 0 0 
+ + + + + 0 0 + 0 0 0 0 
+ + + + + 0 0 + 0 0 0 0 
+ + + + + 0 0 + 0 0 0 0 

+ + + + + 0 0 + 0 0 0 0 
++ ++ + +++ ++ + ± +-r 0 0 0 0 

trace, ++ = sparse, +++ - moderate, = heavy. Average of four experiments, 

rgy: Cool v;hite, 1804-2788; blue, 1940-3880; green, 1275-2550; BLB 

2 
jold light (500-720 mp) at an intensity ranging from 872-1745 pW/crn ; no 
ty ranging from 3075-6150 pU/cm2 or in darkness. 
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sporulation within 48 hr after exposure to cool white 

(350-750 mju) or blue light (330-720 nyi) (Fig. 3). Sporula

tion occurred after 5 days when ergosterol was incorporated 

(dry) into BACM. -sitosterol and -stigmasterol were 

equally effective in influencing production of conidia 

under cool white and blue light after 96 hr. Sparse to 

moderate sporulation occurred with added 7-dehydro-

cholesterol, dihydrotachysterol, and vitamins and D3 

after 1 week under the same light regimes. Trace to 

sparse sporulation occurred in cultures grown on BACM with 

added cholesterol, squalene, linolenic or capric acids, 

arachidic, soybean or corn oil, Tween 80, and No. 70 

medium under cool white and blue light regimes after 1 to 

2 weeks. 

Isolates 65 and 66 produced relatively fewer 

conidia than isolates 1 and 501 under green light 

(400-650 m^t). Sporulation by isolates 1 and 501, generally, 

was comparable to that of these same isolates under cool 

white, blue, and green light. Although trace to moderate 

sporulation occurred in the four isolates of P. omnivorum 

grown under these light regimes on BACM (alone), 2-3 weeks 

were required for production of conidia. 

Sporulation occurred in only trace to sparse 

amounts under BLB Blacklight (300-420 mp) and gold light 



Fig. 3. Sporulation of isolates 66, 1, 501, and 
65 of Phymato tr ichum omnivorum within 48 hr under cool 
white or blue fluorescent light grown on BACM with 
ergosterol or lumisterol-3. Sporulation appears in 
pigmented areas. 
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(500-720 ra^i), when ergosterol, lumisterol-3, ytf-stigmasterol, 

>tf-sitosterol, 7-dehydrocholesterol, dihydrotachysterol, and 

vitamins D2 and were present in the medium. No conidio-

phores or conidia were produced by any of the four isolates 

of the fungus grown on any of the media tested under red 

light (575-717 mp) or in darkness (Fig. 4). 

All steroids and vitamins were tested at varying 

concentrations in BACM and in No. 70 medium. No sporula-

tion occurred at concentrations of 0.1 and 0.5 ppm (Table 

9). Conidia were generally produced in greatest numbers 

on BACM with a sterol concentration of 100 ppm. P. 

oranivorum. isolate 1# formed conidia within 4 days when 

grown on BACM containing ergosterol, lurnisterol-3, 

yff-stigmasterol, and ̂ -sitosterol. Sporulation was less 

of these same sterols to No. 70 medium. Spoliation did 

not occur on 1-To. 70 medium containing either 1 pprn 

cholesterol, 7-dehydrocholesterol, dehydrotachysterol, 

vitamin or vitamin D^. No conidiophores or conidia 

occurred in cultures excluded from light. 

Isolates 1 and 501 of P. omnivorum grown in 

darkness for 6 days at 27 C did not cporulate when 

subsequently placed under the 20 hr photoperiod for 1 week 

at 19 C or 35 C. Sporulation was considerably enhanced 

in these isolates incubated at 27 C when 100 ppm ergosterol 

was added to BACM (Table 10). 



Fig. 4. Vegetative cultures of isolates 66, 1, 501 
and 65 of Phyinatotrichum omnivorum grown on BACM with 
ergosterol or lumisterol-3 in darkness. Although pig
ment is present, no sporulation has occurred. 



Table 9. Sporulation of Phymato tri chum omnivorum isolate No. 1 grown on various 
steroid media under an intensity ranging from 1804 to 2788 jiW/cm^ 
with G.E. cool white fluorescent tubes at a photoperiod of 20 hr light, 
4 hr darkness.a 

Sterol Concentration (ppm) 

Medium 
Time of 
Sporulation 0 0.1 0.5 1.0 20 100 

BACMb 2-3 weeks 
BACM plus 

Ergosterol 48-72 hr 0 0 ++ +++ ++++ 
Lumisterol-3 48-72 hr 0 0 *+ +-i—r-r 
&-Stigmas terol 96 hr 0 0 -J-T—!- —1-
/* -Sitosterol 96 hr 0 0 -r+ +++ +TTV 
Cholesterol 1 week 0 0 _T_ ++ ++ 
7-Dehydrocholesterol 1 week 0 0 + +++ 
Dihydrotachysterol 1 week 0 0 J, -I-+ -r++ 
Vitamin D^ 1 week 0 0 -h +">* -I--!— 
Vitamin D3 1 week 0 0 -f- +-M-

Uo. 70 medium53 2-3 weeks ++ 
No. 70 medium plus 

Ergosterol 1 week 0 0 ++ +++ -H-+ 
Lumisterol-3 1 week 0 0 -r+ -i—f-r -M-+ 
0-Stigmasterol 1-2 weeks 0 0 + ++ •r-'—r 
^-Sitosterol 1-2 weeks 0 0 JL. -i—i'"T 
Cholesterol 2 weeks 0 0 0 -f 
7-Dehydrocholesterol 2 weeks 0 0 0 J-J-
Dihydrotachysterol 2 weeks 0 0 0 •J* ++ 
Vitamin D2 2 weeks 0 0 0 ++ 
Vitamin 2 weeks 0 0 0 + 

a Arbitrary units; 0 = no sporulation, + = questionable, -j- = trace, ++ = 
sparse, -H-+ = moderate, +-HH- = heavy. Average of four experiments, each treat
ment with-three replicates. 

b No sporulation occurred on these media in darkness. 



Table 10. Sporulation of two isolates of P. oranivorum grown at various tempera
tures on Bonner-Addicott complete medium with apd without 100 ppm 
ergosterol under an intensity ranging from 1804-2788 paW/cm^ v:ith 
G.E. cool vrhite fluorescent light after 1 weelc.f1 

Temperature, 27 C. 

Isolates 

1 501 
j_ 

1 1 1 1 1 

Medium Replicates Replicates 

0 + + 0 + 0 + 0 

+ + + + 0 0 + 

BACM + 0 + + 0 + V ± 
+ 0 + + + 0 0 + 

+ + + + + • 
« l'-

++++ ++++ ++T ++++ ++ ++++ +++ ++++ 

BACM plus -!-++ +++•{* ++++ +T+ ++++ ++++ ++++ 

Ergosterol +-M-+ +-{-+ +-r++ ++-H- ++++ +++ -1—I—!—r +-H-+ 

-5-f+ -{-+++ ++* ++ +-H- ++++ ++ 

-T-J-+ +++ *!-++•{* ++++ ++ ++++ ++++ 

a Arbitrary units; 0 = no sporulation, + = questionable, + = trace, -H- = 
sparse, +++ = moderate, +-H-+ = heavy. The~experiment was repeated three times. 

b No sporulation occurred on these media at 19 or 35 C or in darkness. 
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Ergosterol at 100 ppm dissolved in Tween 80 and a 

photoperiod of 20 hr were factors conducive to the formation 

of conidia in P. omnivorum (Table 11). 

The carotene inhibitors, chloramphenicol and 

diphenylamine, did not prevent the production of conidia 

by isolates 1, 65, 66 (Fig. 5 A), and 501 of P. omnivorum 

when added to BACH containing 100 ppm ergosterol. (Growth 

of mycelium was not inhibited by diphenylamine and 

chloramphenicol at the concentrations listed in Table 11). 

Sporulation of isolates 1, 65, 66 (Fig. 5 B), and 

501 of P. oinnivorum was not enhanced when ergosterol at 

levels of 0.25, 0.50, or 1.0 ug per ml in 5% DMSO was 

incorporated into BACI-i. There was no difference in sporula

tion of P. omnivorum under- the 20 hr photoperiod by the 

addition of 5% or 10% DMSO or by the addition of 2% or 4% 

ethanol in BACM from the control, BACM alone. Growth of 

isolate 66 (Fig. 5 C) and the other isolates of P. omnivorum 

was completely inhibited with a concentration of 10% DMSO. 

Sporulation in isolates 1, 65, 66 (Fig. 5 D), and 

501 of P. omnivorurq grown on BACH containing 1, 10, or 100 

ppmcr- or -carotene was not enhanced over that of the 

control, BACM (Table 11). 

Intracellular Crystals. Microscopic examination of 

the cultures revealed the presence of wafer-like, hexagonal, 



Table 11. Production of conidia and pigment by four isolates of Phymatotrichum 
omnivorum grown on BACM with various added chemicals under an 
intensity ranging from 1804-2788 juW/cm2 with G.E. cool white 
fluorescent tubes at a photoperiod of 20 hr light, 4 hr darkness 
after 1 week.a v 

Isolate*3 

Medium Pigment 1 65 66 501 

BACM Buff + 0 0 + 

plus 100 ppm Ergosterol in 
Tween 80 Amber Brown +4-++ +-!-+ +++ +-{-++ 

1.0 ug Ergosterol/ial in 5% DMSO Buff 0 0 0 + 

5% DMSO Buff + 0 0 + 

4% Ethanol Brown .t. 0 0 T 

1:20,000 Diphenylamine 4-

Ergosterolc Amber Brown ++-M-
t 
++•?* -r+ -!-+++ 

1:40,000 Diphenylamine + 
Ergosterol0 Amber Brown -S-+++ -S-++ ++ ++++ 

1:16,000 Chloramphenicol + 
Ergosterol^ Amber Brown +++ +++ 

1:32,000 Chloramphenicol 
Ergosterol0 Amber Brown ++++ +++ f ++ ++++ 

100 ppma-Carotene Brown 0 0 
V 
0 -r 

100 ppm/?-Carotene Brown i 0 0 

a Arbitrary units; 0 = no sporulation, + = questionable, ++ = sparse, +-H- = 
moderate, ++-M- = heavy. 

k Average of four experiments, each treatment with three replicates. 
c Ergosterol at a concentration of 100 ppm in Tween 80. 
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Fig. 5. Effect of chemicals on the production 
of conidia of isolate 66 of Phymatotrichum omnivorum 
under a 20 hr daily photoperiod of cool white fluores
cent light for 1 week. Culture grown on BACH with: A) 
100 ppm ergosterol and the carotene inhibitor diphenyl-
amine. Both pigment and sporulation are present. B) 
1.0 ug ergosterol/ml in 5% DMSO. Both pigment and 
sporulation are absent. C) 10% DMSO. Growth of the 
fungus is inhibited. D) 100 ppm a- or^-carotene. 
Although pigment is present, sporulation is absent. 
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crystalline inclusions in the hyphal cells of P. omnivorum 

growing on BACIl containing 100 ppm ergosterol (Pig. 6). 

Crystals were not observed in hyphae growing on either 

BACM control plates or plates also containing other 

chemicals. These crystals were confined to the larger 

hyphae (20-31 JA in diameter) of P. omnivorum. which compose 

the central hypha of a strand. The dimensions of the 

crystals in £. omnivorum were 2-10 p across the axis of the 

flat surface by 1 ̂  in thickness (Fig. 6 B). One to 

several crystals occurred in many of the larger cells of 

the hyphae (Pig. 6 A, C, D). 

Formation of Pigment. A pigment was formed in 

cultures of P. omnivorum under visible and near-UV light. 

The pigment was apparent after 1-2 weeks in cultures which 

formed conidiophores and conidia on BACM under daily photo-

periods of 16-24 hr of visible light. The amount of pigment 

produced in cultures exposed to daily periods of 14 hr or 

less of visible light over a period of 3 v;eeks was com

parable to cultures grown in darkness. These cultures 

remained vegetative. Formation of pigment in cultures of 

P_. omnivorum was even more marked under near-UV light. The 

pigment attained a dark brown to almost black color. This 

was especially evident at the intensity range of 880-1650 

2 pW/cm . Conidiophores and conidia, however, were not pro

duced in these culture. 
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Fig. 6. Intracellular crystals in hyphae of 
Phvmatotrichum omnivorum grown on BACM with ergosterol 
incorporated. A) C) and D) Several crystals of 
ergosterol in the larger hyphae showing typically 
hexagonal and slightly irregular shape. B) One large 
hexagonal crystal of ergosterol in a hyphal tip cell. 
43 OX. 
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An amber brown pigment v/as formed in cultures 

grown on sterol media for 6 days in darkness (Fig. 7 A). 

The pigment was absent in cultures grown on media without 

sterol for 6 days in darkness (Fig. 7 B). Conidiophores 

and conidia were produced in cultures containing the pig

ment formed in darkness only after a subsequent daily 

exposure to 20 hr of visible light for 48-72 hr (Fig. 7 C, 

8A). Little pigment was formed after 3 weeks in vegetative 

cultures of P. omnivorum grown on media without sterol in 

darkness (Fig. 7 D). Cultures grown on sterol media did 

not sporulate, but formed considerably darker pigment 

after exposure to near-UV light at the intensity range of 

2 460-880 ̂ iI-7/cra (Fig. 8 B, C,  D). Microscopic examination 

revealed the presence of the pigment in the outer 

membranes of both conidiophores and conidia of cultures 

grown on sterol media (Fig. 9 A, B, C). The pigment was 

not produced within 48-72 hr in cultures of P. omnivorum 

exposed to visible light when BACM contained either DHSO 

(alone) or with low dosages of ergosterol. The carotene 

inhibitors, chloramphenicol and diphenylamine did not 

prevent the production of pigment in isolates 1, 65, 66, and 

501 of P. omnivorum when added to BACM containing 100 ppm 

ergosterol. Although a pigment was present in each of the 

four isolates of P. omnivorum grown on BACM containing 
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Fig. 7. Pigment formed prior to sporulation in 
cultures of Phvmatotrichum omnivorum grown on sterol 
media. A) Culture grown on sterol medium for 6 days in 
darkness; amber brown pigment is present, B) Culture 
grown on medium without sterol for 6 days in darkness; 
pigment is absent. C) Culture as in A) after 2-3 weeks 
exposure to a daily 20 hr photoperiod of visible light. 
The spore mat is heavily pigmented. D) Culture as in 
B) after 2-3 weeks in darkness. Buff-colored vegetative 
growth. 
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Fig. 8. Pigment formed in cultures of Phvmatotrichum 
omnivorum grown on sterol medium after exposure to visible " 
and-near-UV light. A) Culture grown on BACH with sterol 
showing heavy sporulation in pigmented areas after 
exposure to visible light. B) C) and D) Cultures grown 
on BACM with sterol showing no sporulation, but 
considerably darker pigment, after exposure to near-UV 
light at an intensity range of 460-880 uW/cm^. 



Fig. 9. Conidiophores and conidia of Phvma-
totrichum omnivorum produced on cultures grown on 
BACM with ergosterol under 20 hr photoperiod of 
cool white fluorescent light. A) Conidiophores, 
with pigmented outer membranes, produced within 
24 hr. B) Conidia with pigmented outer membranes. 
C) Fully developed conidia on a mature conidio-
phore. 430X. D) A germinating conidium showing 
germ tube. 97OX. 
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li, 10, or 100 ppm ft- or/^-carotene, sporulation was not 

enhanced over that of the control BACM. 

Development of Conidiophores and Conidia. Cultures 

of P. omnlvorum v/ere examined at given time intervals after 

growing under cool white fluorescent light at an intensity 

2 
range of 1804-2 788 JATJ/CEI on BACM with 100 ppra ergosterol. 

The time intervals were 8, 16# 24, 32, 40, and 48 hr. 

During the first 8 hr there were no apparent morphological 

changes in the hyphae. After 8 to 24 hr, swellings or 

nodes began developing and enlarging in certain areas 

within the hyphae (Pig. 10 A). Conidiophores were 

observed after 32 hr (Fig. 10 B, 11 A). Minute conidia 

were observed forming on sterigmata borne on these conidio

phores after 40 hr (Fig. 11 B, 12 A, B). The conidia 

reached full size (5-6 x 5-8 ja) in 48 hr (Fig. 13 A, B). 

Germination of Conidia. Conidia of P. omnivorum 

produced by cultures grown on media containing ergosterol 

under G.E. cool white fluorescent tubes germinate freely 

without required dormancy or sonication (Fig. 9 D). 

Germination occurred in 10 to 15 percent of the conidia 

taken from 1-week-old sporulating cultures. 

D. Indole-3-Acetic Acid 

Indole-3-acetic acid did not substitute for the 

inducing effect of light on the formation of conidia of 
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Pig. 10. Phase contrast photomicrographs of the 
development of conidiophores and conidia within 32 hr in 
cultures of Phymatotrichum omnivorum grown under visible 
light on BACM with ergosterol• A) 8-24 hr: Swellings 
or nodes begin developing and enlarging in certain areas 
within the hyphae. B) 32 hr: Conidiophores are formed 
at right angles on a hypha. 40OX. Giemsa stain. 



Fig. 11. Phase contrast photomicrographs of the 
development of conidiophores and conidia within 40 hr 
in cultures of Phvmatotrichum omnivorum grown under 
visible light on BACM with ergosterol. A) 32 hr: 
Several conidiophores on hyphae. B) 40 hr: Minute 
conidium borne terminally on the head of a conidiophore. 
400X. Giemsa stain. 
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Fig. 12. Phase contrast photomicrographs of the 
development of conidiophores and conidia within 40-48 
hr in cultures of Phymatotrichum omnivorum grown under 
visible light on BACM with ergosterol. a7 Several 
conidiophores and a conidiophore with a number of 
developing conidia. 250X. B) Several immature and mature 
conidia on a conidiophore. 400X. Giemsa stain. 

i 



Fig. 13. Phase contrast photomicrographs of the 
development of conidiophores and conidia within 48 hr 
in cultures of Phvmatotrichum omnivorum grown under 
visible light on BACH with ergosterol. A) 250X and 
B) 400X. Clusters of mature conidia borne on conidio
phores of various shapes. Giemsa stain. 
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P. omnivorum. Cultures of isolates 1 and 65 of P. 

omnivorum sporulated after 3 weeks when growing on either 

BACH containing 10, 50, 100, 500, and 1000 ppin IAA or 

BACM alone (Table 12). 

III. Investigation on the Sexual Phase of 
P. omnivorum 

Colonies with clamp-bearing hyphae (Fig. 14 A, B, 

15 B) developed from transfers of each of two cultures of 

isolates 1 and 66 to l\fo. 70 medium or Difco malt extract 

agar. These colonies bear the following description: 

The colorless to pale yellow hyphae were 

appressed and waxy-like with little or no growth above the 

surface of the medium. Aggregates of clamped allocysts 

(3.5-12 x 9-19 in diameter; Fig. 14 C, 15 A) were formed 

concentrically throughout each culture. 

Urniform basidia (3 x 18 ji in length) appeared on 

a resupinate hymenium in two of ten cultures from isolate 

1, which were grown on No. 70 medium and placed in darkness 

for 14 days at 6 C. The basidia were formed in compact 

clusters (Fig. 16 A, B, C, 17 A, B). Curved or reniform 

basidiospores (2.5-3 x 5.5 >x) were borne on 4-8 sterigmata 

present on each basidium (Fig. 16 D, 17 C). The mycelium 

was fine or weft-like. 

The basidiospores v;ere collected from those 

deposited on the lid of an inverted Petri dish containing 



Table 12. Sporulation of two isolates of Phymatotrichum oranivorum on BACH with 
Indole-3-acetic acid under an intensity ranging from 1804-27SS 
jiW/cm^ with cool white fluorescent light at a photoperiod of 20 hr 
light, 4 hr darkness after 3 weeks.a 

INDOLE-3-ACETIC ACID CONCENTRATI Oil- P PKb 

Isolate Replicate 0 10 50 100 500 1000 

1 +++ +++ +++ 0 + 

2 o 0 ++ +++ ++ T++ 

3 1 ++ 0 ++ +* ++ 0 
4 l ++-T ++ ++ ++ 0 
5 0 +++ ++ +-<-+ 0 + 
6 +++ + +++ +++ +++ 

1 +++ ++ -r + ++ 

2 0 0 + + + 0 
3 0 0 0 0 +++ + 

4 +++ + 0 ++ +++ + 

5 +-!- +++ +++ +++ + ++ 

6 +++ ++ + +++ 0 +-H-

Arbitrary units; 0 = no sporulation, + = trace, ++ = sparse, +++ = 
moderate. The experiment was repeated three times. 

V 
No sporulation occurred on BACH with Indole-3-acetic acid in darkness. 
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Fig. 14. Photomicrographs of clamp-bearing hyphae 
produced when cultures of Phvmatotrichuin omnivorum were 
grown under a 20 hr photoperiod of cool white fluores
cent light and a subsequent period of darkness on No. 
70 medium with 1 ppm vitamin D3. A) and B) Hypha 
showing a clamp connection. C) Catenulate allocysts 
with clamp connections. 400X. Phloxine stain. 
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Fig. 15. Camera lucida drawings of clamp-bearing 
hyphae produced when cultures of Phvmatotrichum 
omnivorum were grown under a 20 hr photoperiod of cool 
white fluorescent light and a subsequent period of 
darkness on No. 70 medium with 1 ppm vitamin D3. 
A) Catenulate allocysts with clamp connections. 
B) Hyphae showing a clamp connection at each septum. 



Fig. 16. Photomicrograph of the hymenial layer of 
Trechispora Brinkmannii produced in darkness at 6 C. 
Colonies originated from clamp-bearing hyphae produced 
when cultures of Phvmatotrichum omnivorum were grown 
under a 20 hr photoperiod of cool white fluorescent 
light and a subsequent period of darkness on No. 70 
medium with 1 ppm vitamin D3. A) Hymenium. B) 
Urniform basidium with sterigmata. C) Urniform basidium 
with basidiospores. D) Curved or reniform basidiospores. 
400X. Giemsa stain. 
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Fig. 17. Camera lucida drawing of a hymenial layer 
of Trechispora Brinkmannii produced in darkness at 6 C. 
Colonies originated from clamp-bearing hyphae produced 
when cultures of Phvmatotrichum omnivorum were grown 
under a 20 hr photoperiod of cool white fluorescent 
light and a subsequent period of darkness on No. 70 
medium with 1 ppm vitamin D3. A) Hymenium. B) Urniform 
basidium. C) Curved or reniform basidiospore. 
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one of the two cultures from isolate 1. Forty single 

basidiospore cultures were obtained by making serial 

dilutions of basidiospores in liquid malt extract agar 

medium. Germinating basidiospores were isolated after 

six days, when they could be discerned, and transferred 

to tubes of the same medium. All single basidiospore 

cultures developed clamp connections indicating that the 

fungus was homothailie. 

The Basidiomycete was identified as Trechispora 

Brinkmannii (Bres.) Rogers and Jackson by Dr. Robert L. 

Gilbertson, Department of Plant Pathology, University of 

Arizona. Cultures were compared with isolate H-169 of 

Trechispora Brinkmannii originally obtained from Dr. Paul 

Lemke of Harvard University. A culture of the fungus was 

sent to Mrs. Frances F. Lombard of the Forest Disease 

Laboratory, U.S.D.A., Laurel, Md. The fungus was confirmed 

by Mrs. Lombard (personal communication) as Trechispora 

Brinkmannii. 

Prominent clamp-bearing hyphae, as previously 

observed, were not found in isolates 1, 66, 65, and 501 of 

£• omnivorurg. when the treatment involving light and 

vitamin D^ was repeated. Numerous immature clamp 

connections were observed, however, in four cultures of 

isolate 1, and three cultures of isolate 66, exposed to 

light and grown on No. 70 medium with 1 pprn vitamin D^. 



DISCUSSION 

No. 70 medium, commonly xised for culturing P. 

omnivorum. lacks calcium and was not as useful as Bonner-

Addicott medium for the production of conidia by this 

fungus. Cochrane (21) has suggested that the availability 

of calcium ions might act to protect fungi against the 

injurious effects of high concentrations of sodium, 

potassium, and hydrogen ions at lower pE values. The 

availability of calcium ions in BACM may facilitate the 

movement of sterols across the hyphal membranes and into 

the cells. 

The phenomenon of sporulation of fungi in zones, 

as observed in cultures of I?. omnivorum. has been of 

interest to a number of workers (11, 53, 75). Cochrane 

(21) states that light is usually the primary environmental 

factor. It is apparent that the discontinuous formation 

of conidia in P_. omnivorum related to periods of darkness. 

More conidia were produced when the amount of radiant 

energy was increased; cultures of P. omnivorum grown in 

darkness were sterile. Hafiz (34) stated that fungi, 

which produce their conidia either in the light only or in 

the dark only, sporulate in zones under conditions of 

alternating light and darkness. 
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2 A light intensity of 820 jiW/cm was required for 

sporulation of P. omnivorum even when the photoperiod was 

extended from 16 hr to 20 or 24 hr. However, when the 

photoperiod was increased to 20 or 24 hr, more conidia 

were produced. Gutter (33) also observed a relationship 

between light intensity and a period of exposure. A 

constant amount of light was required for sporulation of 

Trichoderma viride. Johnson and Halpin (50) reported tha 

an increase in the production of conidia of fungi 

belonging to the Deuteromycetes was concomitant with an 

increase in light intensity. 

It was not apparent whether a sterol is the light 

receptor for initiating sporulation of P.. omnivorumf if 

indeed it serves any direct function. Carlile (17) in

dicated that the most widespread photoreceptor in fungi 

is a carotenoid or a flavin. The function of light may 

involve the activation of a flavo-protein dehydrogenase, 

thus converting colorless polyenes into more unsaturated 

carotenoids. The known carotenoid inhibitors, 

chloramphenicol and diphenylaraine, however, did not 

prevent the formation of the pigment associated with 

sporulation of P. omnivorum. Although a pigment was 

present in cultures of P. omnivorum grown on medium 

containing the unsaturated compoundsttt-oz/$ -carotene, 



sporulation was not enhanced. Lukens (70) also reported 

that unsaturated carotenes were ineffective in inducing 

the sporulation of Alternaria solani. He concluded, as 

previously mentioned, that flavins were the likely photo

receptors in the process of sporulation. If carotenoids 

are not involved in the process of sporulation, another 

hypothesis night be that light brings about the reduction 

of flavin, oxidation of an electron donor, or the 

reduction of an electron acceptor in the electron transport 

system. The initiation of activity in an electron trans

port pathway by irradiation of a flavoprotein, which 

mediates the oxidation of reduced nicotinamide-adenine-

dinucleotide phosphate (NADPH), has been demonstrated by 

Estabrook, Cooper, and Rosenthal (26). 

IJarasimhulu and Rosenthal (77) have presented an 

interpretation of the role of steroids involving the 

interaction between an unidentified oxidation-reduction 

component and an hydroxylating enzyme of steroids. In the 

absence of HADPH or steroid, the sulfhydryl group of the 

hydroxylating enzyme is bound to the oxidation-reduction 

component, X, to form a complex S:XII. When steroid is 

added, X is freed to participate in electron transport 

from NADPH to oxygen by way of the CO-sensitive oxygen-

activating pigment. This hypothesis is intriguing in view 
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of the apparent requirement for sterol prior to pigment 

formation in the sporulation of P. omnivorum. 

Several authors (39, 49, 100, 101) have demon

strated that specificity in the physiological action of 

steroids incorporated into cell membranes is related to 

the molecular structure (the presence or absence of 

positional groups on the molecule and its steric configura

tion). The required structural characteristics for steroid 

activity were: (1) an oxygenated function at C3, either an 

alcohol or ketone; (2) if no other oxygen function is 

present, only steroids unsaturated at C4(5), or C5(6), or 

Cg(14) are active; (3) a side chain containing 8-10 carbons 

at (4) a substituent at ^24' an *ntact steroid 

nucleus; (6) methyl groups at C1Q and C13; (7) 5PC-H 

steroids rather than 5^-H steroids. 

These findings are generally in agreement with 

Willmer's theories (105) concerning the physiological 

activity of cholesterol and related steroids on cell form 

and function through an orientated insertion between 

phospholipins present in cell membranes. The main char

acter of the physiological action of the steroid was 

assumed to be related to the end groups of the molecule 

which reacted, upon insertion, with the polar groups of 

the phospholipins or with other molecules which approached 
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the opposite surface of the cell membrane. Differences 

in the ability of the steroid molecules to enter, to pack, 

and to remain within the membrane were associated with the 

polar groups on the body of the molecule. Exposure of 

these polar groups to the cell surface was believed to 

affect membrane permeability. Inactivity of 5^-H compounds 

was accounted for by the inability of the molecule, bent at 

the junction of the A and B rings, to pack effectively in 

the membrane. In difference to the reported structural 

requirements of steroid activity, Willmer (105) regarded 

the near symmetrically straight steroids, containing two 

active terminal groups at Cg and C17 < e.g., estrone) as 

highly active. 

Ergosterol, lumisterol-3,^-sitosterol, and 

^-stigmasterol, which were highly active in enhancing 

sporulation of P. omnivorum. conform to these required 

structural characteristics. The compounds 7-dehydro-

cholesterol, cholesterol, dihydrotachysterol, vitamin D2, 

and vitamin Dg are not recorded as inactive, although there 

is a lack of the requirements in (4) and (5). Differences 

in time in production of conidia, were recorded, however, 

between these and the prior compounds which conformed to 

the requirements for sterol activity. 

Haskins (38) reported that Pythium sp. survive 

high temperatures longer when provided with a suitable 
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sterol than it did when the sterol was unavailable. Com

parable effects also were reported at low temperatures. In 

the natural environment, P. omnivorum is subjected to 

extremely high temperatures in Arizona, especially in July 

and August when the spore mats are prevalent on the soil 

surface. The tolerance of P. omnivorum to these high 

temperatures may be due to changes in membrane permeability 

resulting from the ability of the fungus to incorporate 

a suitable sterol into the cell membranes. Although 

sporulation is restricted to temperatures of 25-28 C, 

growth from subsequent germination of conidia may be 

conditioned to withstand a wider range of temperature. The 

conditioning would be determined by an adaptation of the 

internal environment of the fungxis to the incorporated 

sterol. The ability of a fungus to incorporate a suitable 

sterol could therefore be significant in terms of survival. 

The occurrence of intracellular crystals in the 

hyphae of P. omnivorum is of particular significance in 

view of the studies of Tsuda and Tatum (98). These workers 

have suggested that the presence of more and larger 

crystals in the hyaline than in the pigmented hyphae 

indicates a reciprocal relationship between ergosterol and 

carotenoid biosynthesis. The crystallization was thought 

to be influenced in some manner by the internal environment 
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of the strain of Neurospora in which the sterol is being 

deposited. 

The production of a yellow pigment in the sterol 

media and in the outer membrane of conidiopliores which is 

a prerequisite for sporulation is in agreement with the 

work on Stemphylium solani by Sproston and Setlow (93). 

The production of dark brown pigment in cultures of P. 

oitmivorum irradiated v/ith near-UV, v/hich results in the 

inhibition of sporulation, indicates that a mechanism is 

operative which is similar to that in S>. solani. One 

significant difference from the work of Sproston and 

Setlow on S. solani (v/ith regard to the replacement of 

light for sporulation by dimethyl sulfoxide or ergosterol) 

is that P.. omnivorum required both light and higher levels 

of ergosterol for sporulation. Although Sproston and 

Setlov; reported that growth of colonies of S. solani v/as 

not affected by 10% DMSOf growth of the four isolates of 

P. omnivorum v/as completely inhibited at this concentration. 

The addition of DMSO caused a response in production of 

pigment in cultures of _S. solani. but not in cultures of 1?. 

omnivorum. 

The germination of JP. omnivorum, by disruption of 

the spore wall, as reported by Taft, et al. (96), would 

indicate, as Roberts (83) has asserted, that a period of 
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dormancy is required. In contrast, conidia of P. omnivorum 

produced with available sterol, germinate spontaneously 

without a period of dormancy. The germination of conidia 

is significant, especially from the viewpoint that conidia 

may be the primary agents of infection. The powdery spore 

mats comx^rised of infectious propagules could easily be 

disseminated by \7ind, irrigation water, and farm equipment. 

This would contribute to £tn explanation of the omnivorous 

pathogenic character of the fungus. A suggested means of 

control, then, is the application of a sterol-complexing 

substance (e.g., digitonin) which can alter the sterols in 

the membranes of 3P, omnivorum. The alteration would bring 

about a loss of cellular constituents of P. omnivorum. 

Digitonin could be applied as a spray on the spore mats or 

around the base of plants prior to the occurrence of spore 

mats. Leben (66) had reported on the control of 

Colletotrichum lacrenarium with a spray of digitonin. 

Digitonin was not phytotoxic at 125 pg/ml. 

Mohr (76) and Carlile (17) reported the imx^ortance 

of both visible and UV light in growth and differentiation 

of fungi. This study has shown that more conidia of P. 

omnivorum were produced under the blue range (400-500 m^i) 

of the visible spectrum than under either red or UV light, 

which supports the work of Barnett and Lilly (7), Pulkerson 

(28), McClellan (74), and Miller (75). 
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Conidia were present in areas away from the 

location of strand hyphae. Chavez (19) found that red 

light induced the production of sclerotia associated with 

strand hyphae. Lulcens (71) theorized that the process of 

sporulction in Alternaria solani was dependent upon the 

redox state of a substance receptive to red and blue light. 

Flavins were favored as the photoreceptors. It is not 

unreasonable to infer, therefore, that conidia and 

sclerotia of P. omnivorum are formed by a metabolic shift 

through photoactivation. 

It might be suggested that the morphological 

changes related to asexual or sexual reproduction of 

omnivorum are due to the presence of sterols in given 

quantities or ratios either in membranes ai; the cell 

surface or in the intracellular membranes. Willmer (105) 

has related the elongated (or fibrous) to lobed (or 

spherical cells) to given ratios of sterol to phospholipin. 

Sietsma and Haskins (88) have suggested that the 

formation of sexual bodies in Pvthium may be a result of a 

sterol induced synthesis of the wall-softening enzymes, 

cellulase and laminaranase, through change in composition 

of the endoplasmic reticulum. The presence of these 

enzymes would affect the structural integrity of the fungal 

hyphae resulting in spherical "protoplasts". 



82 

The association of Trechispora Brinkmannii with 
4 

Phvroatotrichum oianivorum has not been definitely resolved 

and needs further investigation. The presence of a sexual 

stage in addition to a parasexual cycle, as indicated from 

the cytological studies of Hosford and Gries (44), is not 

improbable, Alexopoulos (1) stated that sexual and para

sexual cycles are not mutually exclusive. Rogers (84) has 

reviewed the genus Trechispora and has stated that the 

imperfect forms of the T. Brinkmannii complex have not 

been completely identified. In addition, it is of interest 

that a species of Trechispora is reported as a saprophyte 

on cotton seeds of Gossypium barbadense L. (84). 

Environmental conditions were not sufficiently 

discrete to ascertain all of the factors involved in the 

formation of Trechispora Brinkmannii. Basidia and basidio-

spores were not produced from the four isolates of 

Phymatotrichum omnivorum in a repeated experiment. Clamp 

connections have, however, again been found in two cultures 

of isolate 1 and in five cultures of isolate 65 in recent 

unpublished findings in this laboratory. Each treatment 

involving light and vitamin was replicated in 25 Petri 

dishes for each of isolates 1, 65, 66, and 501 of J?. 

omnivorum. 

Kotila (52) and Whitney (104) reported under 

similar circumstances, that in an environmental complex. 



humidity, temperature, aeration, and light were controlling 

factors in the formation of basidia and basidiospores of 

the homothallic fungus, Tlianatephorus cucumeris, the 

perfect stage of Rhizoctonia solani. These external 

factors were required in certain intensities for optimum 

reproduction. Reduced light or darkness was favorable for 

the development of the perfect stage. Cultures were grown 

on a rich nutrient medium and transferred to water agar 

before exposure to various light treatments. The diffi

culty in obtaining the perfect stage was related in an 

historical account. Kotila stated that prior to his study 

practically all investigators who had studied the fungus 

were unable to obtain the perfect stage in culture. 

Although one worker obtained the perfect stage in the 

laboratory, he was unable to duplicate the results. Kotila 

also reported that single basidiospore cultures failed to 

produce basidia and basidiospores. The sterile condition 

was found to be unaffected by varying the external factors. 

It was concluded that such cultures arose from internal 

disturbances in the mycelium. 

The effect of temperature may possibly explain the 

proliferation of Phymatotrichum omnivorura in the South

western United States and the relative rarity of 

Trechispora Brinkrnannii in soils of these desert areas. 
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Chavez (19) reported that P. oranivorum grows poorly below 

20 C. Basidia and basidiospores of T. Brinkmannii were 

found in two subcultures from isolate 1 of oranivoruia 

grown on No. 70 medium at 6 C. 



SUMMARY AND CONCLUSIONS 

Four isolates of Phyraatotrichum omnivorum were 

employed to study the factors involved in the production 

of conidia and germination. The cultures of the fungus 

were: (1) grown on Ezekiel-Taubenhaus-Fudge No. 70 

medium and Bonner-Addicott medium, (2) conditioned in 

darkness for 6 days, and (3) exposed to various light 

treatments. Chemicals were added to the media to 

determine their role in sporulation of Phymatotrichum 

omnivorum or in substituting for the light requirement. 

The follov/ing are the conclvisions made from this study: 

1. The four isolates of the fungus did not sporulate 

in darkness on any of the media tested. 

2. Conidia were produced with or without the vitamin 

components in BACK. Bonner-Ziddicott medium was 

more useful as a culture medium for sporulation 

than No. 70 medium. 

3. Sporulation occurred in concentric zones when 

cultures were exposed to daily photoperiods of 

16-18 hr of cool white fluorescent light. 

4. A minimum daily photoperiod of 16 hr of cool 

white fluorescent light was required for the 
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production of conidia when isolates were grown 

on BACM or No. 70 medium. The conidia increased 

in number when: (a) the photoperiod was increased 

to 20 or 24 hr and (b) specific intensities were 

increased within an intensity range of 820-2 788 

2 
pW/cia with a daily photoperiod of 24 hr. 

Sporulation was not observed when the light inten-

2 sity was below 320 ̂ il'7/cm . 

No sporulation occurred when cultures were grown 

under BLB Blacklight alone or together with 

Corning filters CS 7-54 on either medium. There 

was some inhibition of vegetative growth. 

The steroids, ergosterol, lumisterol-3, y^-sitosterol, 

or ̂ -stigraasterol (incorporated into BACM by means 

of Tween 80 at 100 pprn) markedly enhanced sporula

tion, which occurred in 48-72 hr and 96 hr, 

respectively. No sporulation occurred, with steroids 

added at concentrations of 0.1 and 0.5 pprn. 

Conidia were produced at 27 C under a 20 hr daily 

photoperiod of cool white fluorescent light in 

cultures grown on BACM with 100 ppm ergosterol. No 

conidia were produced at 19 C or 35 C. 

The inhibitors of carotene synthesis, chlorampheni

col- and diphenylamine, did not prevent the 



production of conidia, when added to BACM con

taining 100 ppra ergosterol,...-Growth of mycelium 

was not inhibited by these chemicals at the 

concentrations used. Sporulation was not enhanced 

by 1, 10, or 100 ppm <*- or ̂ -carotene in BACM. 

9. Wafer-like, hexagonal crystals formed in the 

hyphal cells of cultures grown on BACM containing 

100 ppm ergosterol. 

10. An amber brown pigment formed prior to sporulation 

of P. omnivorum in cultures on media with sterols 

added and treated with visible light. The pigment 

formed in the presence of chloramphenicol or 

diphenylamine. Little or no sporulation occurred 

in cultures when the pigment attained a dark 

brown to almost black color under near-UV. 

11. Conidia produced by cultures grown under cool 

white fluorescent light on media containing 100 

ppm ergosterol germinate freely without an interval 

of dormancy or treatment with sonification. 

12. Conidia v/ere not produced in areas where stranding 

occurred. 

13. The region in the visible spectrum from 400-575 mji 

was favorable for spoi'ulation. Mo sporulation 

occurred under red light (575-717 mjj). 
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Clamp connections formed in each of two cultures 

of isolates 1 and 66 of I?, omnivorum grown on No. 

70 medium containing 1 ppm vitamin under a 20 

hr daily photoperiod of cool white fluorescent 

light and a subsequent period of darkness. 

Urniform basidia bearing 4-8 basidiospores developed 

in two subcultures from isolate 1 grown on No. 70 

medium in darkness at 6 C. The fungus was iden

tified as the Basidiornycete Trechispora 

Brinkmannii (Bres.) Rogers and Jackson. 
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