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ABSTRACT 

Fourteen isolates of Phymatotrichum omnivorum (Shear) Duggar 

were obtained from the roots of wilting cotton and alfalfa plants grow

ing in Southern Arizona and Southern California. The mycelium of iso

late 1 was stained by four procedures (Feulgen technique, aceto-orcein 

staining, Giemsa stain technique and haematoxylin staining). Some 

sections of mycelium were treated with deoxyribonuclease (DNase) or 

ribonuclease (RNase), prior to staining by Feulgen technique, "Spore 

mats", from the surface of the ground beneath alfalfa plants at Mesa, 

Arizona, were stained by Feulgen technique. Strands on the surface of 

cotton roots and strands attached to sclerotia grown in soil culture 

were sectioned and stained by Feulgen technique or with haematoxylin. 

Sclerotia, grown in soil culture from mycelium, were sectioned and 

stained by Feulgen technique or with haematoxylin. 

The appearances of the nuclei are similar after treatment by 

any of the four staining techniques. Assuming that the dark-staining 

bodies within many of the nuclei are chromosomes, the mycelial nuclei 

exist in the multinucleate hyphal cells as a mixture of haploid, dip

loid, aneuploid, other rare polyploid nuclei, and more diffuse nuclei. 

Only haploid nuclei have been observed to divide mitotically. The 

diffuse nuclei contain many very small dark-staining bodies and may 

result from an enlargement of the nucleus and a segmenting of the 

chromosomes. The haploid chromosome number is four, and the diploid 

nuclei are larger than the haploid. The nuclei migrate through the 

vi 



central pore in the transverse hyphal septum and display great varia

tion in size, shape, and appearance. Anastomosis of hyphal cells is 

common. 

The number of nuclei in the intercalary hyphal cells varies 

from 3 to 41 per cell. The hyphal tip cells contain 2 to 8 nuclei per 

cell with the lowest common number being 3. Treatment of mycelium with 

DNase prior to staining by Feulgen technique results in the disappear

ance of the nuclei, but RNase has no effect on the appearance of the 

nuclei. 

Anastomosis of the mycelial hyphae, migration of the nuclei 

through the central pore in the transverse septum of the hyphal cells, 

the presence of haploid, diploid, aneuploid, and other rare polyploid 

nuclei in the multinucleate hyphal cells and previously reported strain 

differences indicate that a parasexual cycle is present and active in 

P. omnivorum as a mechanism for gene recombination and production of 

new strains. Such a mechanism helps to explain the vast host range, 

survival and consequent genetic flexibility of P. omnivorum, despite 

its lack of a known sexual cycle or functional asexual spore stage. 

In the young, firm, white part of the "spore mat", vesicles are 

extruded through the conidiophore cell wall and later through the hy

phal cell walls by the protoplast, which is filled with nuclei. The 

hyphae of the young "spore mat" contain 6 to k9 nuclei per cell. The 

vesicles enlarge, and nuclei migrate into them to form conidia. One, 

two, and rarely three nuclei migrate into a conidium. As the "spore 

mat" turns buff to brown, nearly all of the nuclei migrate, first from 

the hyphae (prior to or during hyphal autolysis?) into the conidiophores 
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and conidia and then from the conidiophores into the conidia. The hy-

phae and conidiophores shrivel and decay, and the "spore mat" becomes 

a brown powdery mass of spores. 

The nuclei of the ungerminated strands and sclerotia appear to 

be in a dense resting state, although a few are "expanded" to a state 

similar to the non-resting mycelial nuclei. As the sclerotia germinate 

the "expanded" nuclei of their multinucleate pseudoparenchymatous cells 

become common. The nuclei align themselves in a row and possibly re

duce in size. As hyphae form in the pseudoparenchymatous cells the 

nuclei appear in the hyphae as "expanded" nuclei, similar to the chro

mosome containing nuclei of the mycelium. The observations of the 

stained sclerotia agree well with those of Presley (1939). 



INTRODUCTION 

Since Phymatotrichum omnivorutn has no known sexual stage, to 

give genetic flexibility to its population, and no functional asexual 

spore stage (Roberts, 1940) for wide spread dispersal, it seemed poss

ible that the parasexual cycle (Pontecorvo, 1956) might be present and 

active in this fungus as a mechanism for gene recombination and the 

production of new strains. Also, except for a study of the nuclei of 

the germinating sclerotia (Presley, 1939), no investigation had been 

made of the reproduction, states of ploidy, movements, and other trans

formations of the nuclei in the mycelium, strand, and "spore mat" of 

this extremely important pathogenic fungus. 

The following investigation presents findings indicating that 

the somatic nuclei of the fungus, Phymatotrichum omnivorum, divide by 

mitosis, exist together in various states of division and ploidy in the 

multinucleate hyphal cells, migrate through a central pore in the trans

verse septum of the hyphal cells and migrate from the sporophores and 

hyphae of the "spore mat" into the developing spores. The nuclei dis

play great variation in size, shape and appearance and go through a 

series of unusual transformations, described by Presley in 1939, as 

the sclerotium germinates to form hyphae. The smaller hyphae of the 

mycelium anastomose. Earlier workers (see Literature Review) have 

reported anastomosis only among the larger hyphae. 

1 



Anastomosis of the hyphae, migration of nuclei, the presence of 

haploid, diploid, aneuploid, and other polyploid nuclei in the hyphal 

cells and strain differences (see Literature Review and Discussion) in

dicate that the parasexual cycle is present and active in P. omnivorum 

as a mechanism for gene recombination, genetic flexibility, and pro

duction of new strains. 



LITERATURE REVIEW 

Phymatotrichum omnivorum is a soil inhabiting fungus, native 

and restricted to alkaline soils of the Southwestern United States and 

Northern Mexico. The fungus attacks some 2,000 species of dicots and 

gymnosperms but does not cause any known disease of monocots (Blank, 

1953). It forms mycelium and strands on the roots of higher plants; 

mycelium, strands, and sclerotia in the surrounding soil, and "spore 

mats" on the surface of damp, warm soil (Streets, 1937). The hyphae 

vary in size from small to large, with the larger celled hyphae aver

aging 8 p in diameter and 72 ^ between cross walls (Neal, Wester and 

Gunn, 1934). The strands, which send hypha-like groups of cells into 

the host root at several places on the root, are composed of a central 

core of large hyphae surrounded by smaller hyphae or of a pseudopar-

enchymatous sclerotia-1ike core surrounded by a thin rind of dark, 

small, cubic, heavy-walled cells (Streets, 1937; Watkins, 1938a,b; 

Rogers and Watkins, 1938). The spherodial and/or irregularly shaped 

sclerotia develop from the strands and consist of a homogeneous mass 

of pseudoparenchyma surrounded by a thin rind of dark, small, roundish, 

heavy-walled cells (Neal, Wester and Gunn, 1934; Presley, 1939). 

The "spore mat" begins as a firm white mycelial mat which turns 

buff to brown as its spores are formed and its hyphae undergo auto

lysis. When mature it consists of a brown, powdery mass of conidia and 

the remains of the disintegrating hyphae and conidiophores (Presley and 



Thom, 1937). Despite many studies, the function of the spores is un

known (Streets, 1937). Roberts (1940) successfully induced germination 

in less than 5% of the spores in her most successful spore studies. 

Those spores that germinated produced feeble germ tubes which did not 

form mycelium. Duggar (1916) related the. "spore mat" on the soil to 

the mycelium and strands on the roots and gave the following technical 

description of the fungus. 

llyphae diverse, forming on the host (1) a loose weft of 

large, branched cells, producing more rigid hyphae with 

acicular branches, these last often arising at right angles 

and opposite, and (2) plectenchmatic strands, almost hyaline 

when young to cinnamon-brown in mature strands. Fertile hy

phae arising irregularly from the large-celled mycelium or 

direct from cells of the strands, assurgent, simple or fork

ed, with spore bearing portion vesicular (spheroidal to ellip

soidal), often 20-28 >i in length and 15-20 }i in diameter. 

Spores finally arising also from undifferentiated hyphal and 

strand cells, hyaline, spheroidal to ovoidal, the spheroidal 

averaging 4.8-5.5 p in diameter, the ovoidal measuring 5-6 

x 6-8 jd; extreme diameters, 3.2 and 9.8 ;u. The conidial 

stage forms a continuous pulverulent, sometimes crust-like, 

area on the soil. 

The fungus is easily identified by its characteristic acicular hyphae, 

which are commonly produced on the strands, and is taxonomically 

placed in the Order, Moniliales, of the Class, Fungi Imperfecti 

(Barnett, 1956). 

Considerable anastomosis occurs between hyphae. Neal, Wester 

and Gunn (1933, 1934) reported that the large-celled hyphae of the 

* mycelium and the hyphae of germinating strands and sclerotia commonly 

anastomose, and that the small to large-celled hyphae of the mycelium 

contain from 4 to 20 nuclei per cell. McNamara, Wester and Gunn (1934) 

found that the hyphae of new mycelial growth from old strands anasto

mosed freely during the early stages of growth but subsequently the 
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union of cells became less frequent, and the more typical acicular 

branches appeared. 

Presley (1939) studied the.nuclear cytology and the histology 

of the resting and germinating sclerotia. He found that the nuclei 

enlarged, became disorganized and reorganized, as the sclerotia germin

ated and individual hyphae were formed in each multinucleate pseudopar-

enchymatous cell. "The newly-formed hyphae were multinucleate and re

sembled in every respect those of the vigorously growing vegetative 

mycelium." 

Phymatotrichum omnivorum exists in various physiological forms. 

In 1932 Neal and Gunn reported that two strains of the fungus lost 

their capacity to produce strands or sclerotia after 14 to 18 months 

on artifical media; nine different isolates, belonging to five cultur

ally different forms, -caused typical root rot of inoculated cotton 

plants, irrespective of the sources from which the cultures had origi

nally been isolated (cotton, beets, carrots, and alfalfa) and irre

spective of the length of time the cultures had been grown on artifical 

media, three months for the youngest to over three years for the oldest 

strain. Ezekiel et al. (1931) found that one Isolate apparently atten

uated after prolonged growth on artifical media, lost the capacity to 

produce strand hyphae or sclerotia, and yielded only fine white hyphae 

and fluffy mycelial growth. They separated their isolates into four 

groups or forms. Form 1 produced abundant aerial growth, typically 

buff strands and sclerotia. Form 4 grew more sparsely, remained white 

even in old cultures, produced few strands with typical acicular 

branching and did not produce sclerotia on any substrate used. Forms 
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2 and 3 had characteristics intermediate between 1 and 4. At the time 

of the report the forms had retained their-distinctive characteristics 

in culture for two years. Ezekiel (1942) reported rapid attenuation 

of P. omnivorum from successive transfer of cultures during the rela

tively early development of the colony. There was extreme reduction in 

rate of growth, and eventually, nearly complete failure of growth, 

making further transfer impossible. Attenuation resulted from repeat

ed weekly transfer from agar plates of peripheral discs (4 cm from 

the original inoculum, and thus carrying only 1 to 2 day old mycelium) 

as compared to transfer of proximal discs (within 1 cm. of the inocu

lum, and thus carrying 4 to 5 day old mycelium). Proximal transfer 

lines retained somewhat vigorous growth, although inferior to that of 

lines transferred similarly but at 3-week intervals, while peripheral 

lines declined rapidly. Preliminary experiments indicated that the 

immediate cause of the attenuation was probably neither accumulation 

in attenuated cultures of diffusible inhibitory materials nor lack of 

certain growth-promoting materials. 

Because the somatic nuclei of many fungi are minute, the study 

of their morphology, reproduction, movement, and other transformations 

has proceeded slowly and with confusion. However, sane information has 

been obtained concerning their mode of division, states of ploidy 

(haploidy, diploidy, aneuploidy-polyploidy), mobility and plasticity. 

Mitotic divisions and chromosomes, typical of higher plants and ani

mals have been observed by Hartmann (1964), Robinow (1963), Ward and 

Ciurysek (1961, 1962), Somers, Wagner and Hsu (I960), Ganesan (1959), 

El-Ani (1956), Mc Ginnis (1953) and De Lamater (1950). Olive (1953) 



surveyed the literature and concluded that the somatic nuclei of fungi 

divide by mitosis. This was challenged by Robinow (1957a,b, 1962), 

Saksena (1961), Bakerspigel (1957, 1958, 1959a,b,c,d, 1960), Dowding 

and Weijer (1960), Turian and Cantino (1960) and Weijer and Dowding 

(1960), who described nuclei dividing in manners differing from ordi

nary mitosis and often without the appearance of chromosomes. Ward 

and Ciurysek (1962) discussed the conflicting reports and presented 

evidence indicating that some of the reports of non-mitotic nuclear 

division were in error. 

That nuclei migrate through hyphal cells ha3 been well estab

lished. In 1931 Buller concluded that the formation of clamp connec

tions in mycelium resulted following the fusion of two haploid strains 

of Coprinus lagopus and the migration of nuclei from one mycelium into 

another. In 1935 Dodge demonstrated that nuclei must migrate through 

the mycelium from one strain to another strain of Neurospora tetra-

sperma for perithecia to form. Dowding and Buller (1940) observed 

nuclei in Gelasinospora tetrasperma moving from cell to cell via the 

minute central pore in the transverse septum. In 1954 Dowding and 

Bakerspigel observed that the nuclei of G. tetrasperma exist in three 

forms, all of which migrate. One form was a large "expanded" nucleus 

with a diameter almost as great as that of the hyphae and composed of 

a "deeply stained (Giemsa stain) angular or cone shaped body surround

ed by or attached to a nuclear vacuole". The second form was a small 

"contracted" oval nucleus with a diameter of less than a third of the 

hyphal diameter. It was densely stained and possessed no nuclear 

vacuole. The third form was an "elongate, sinuous, nonvacuolate, deep-
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stained body, bulbous at one end and longer than the width of the 

hyphae". Dowding (1958) continued this study and concluded that the 

nuclei of the hyphae were usually held firmly in the gel-like periph

eral cytoplasm. However, in certain mated homokaryons large numbers 

of nuclei entered the fluid central cytoplasmic stream and were carried 

through the central septal pore by streaming cytoplasm. One nucleus 

was observed to travel a distance of 19 cells. Carr and Olive (1958) 

found that the hyphal cells of Sordaria fimicola were multinucleate 

and contained elongate and spherical nuclei. They showed elongate 

"migratory" nuclei in an anastomosal bridge and spherical "static" 

nuclei in the cells. 

The genetic and cytological studies of the parasexual cycle by 

Roper and Pritchard (1955), Pontecorvo (1956), Pontecorvo and Kafer 

(1958), Kafer (1958, I960, 1961), Elliott (1960) and others have re

vealed that while the somatic nuclei of many fungi are commonly hap-

loid, they do fuse to become diploid, are changed into aneuploid-

polyploids, mitotically recombine their genes and revert to the haploid 

state by a process called haploidization. Their conclusion that the 

genes are located in chromosome-like structures supports the contention 

of Ward and Ciurysek (1962), that fungal somatic nuclei have chromo

somes. Of even greated importance, the discovery of the parasexual 

cycle by which genes are recombined in the mitotically dividing somatic 

nuclei of the vegetative mycelium reveals a mechanism which aids in ex

plaining the genetic flexibility and the frequent appearance of new 

physiological, morphological and pathological strains in particularly 

the Fungi Imperfecti of which P. omnivorum is a member. 



MATERIALS AND METHODS 

Phymatotrichum omnivorum was isolated irom the roots of recent

ly wilted cotton and alfalfa plants, taken from various locations in 

Southern Arizona and Southern California. Growing oil the roots were 

tungal strands with the characteristic acicular hyphae of P. omnivorum. 

The roots were surface sterilized with 1% sodium hypochlorite for one 

minute, and sections of tissue were removed from around brown necrotic 

lesions on the roots and placed on agar media in petri plates. The 

plates were examined daily, and fungal growths suspected of being P. 

omnivorum were transferred to fresh plates of media. To prevent atten

uation (Ezekiel, llJ42) the fungal growths were allowed to produce at 

least a square centimeter of mycelium before being transferred from the 

region of the host tissue. P. omnivorum was identified by its produc

tion of mycelium and strands with acicular hyphae in the petri plates 

and its production of strands and sclerotia in Dunlap's soil culture 

(Dunlap, 1941). "Spore mats" of P. omnivorum were obtained from the 

surface of the soil in alfalfa fields and were identified by their 

characteristic conidiophores and conidia. Isolate 1, used for the 

cytological study of the mycelium, and isolate 107, used for the cytol-

ogical studies of the sclerotia and some of the strands, both produced 

vigorous mycelia, strands, and sclerotia. 

For isolation and culture of the fungus, Ezekiel's 70-A agar 

medium (Ezekiel, 1945) was found to be satisfactory and was used in 



preference to other media. It consists of 0.75 g of MgSO^; 1.35 g of 

^HPO^; 0.15 g of KC1; 1.18 g of NH^NO-j; 2.5 ppm each of MnSO^, 

Fe2(S04>3 and ZnSO^; 40.0 g of dextrose; 25.0 g of agar and enough dis

tilled water to bring the total mixture to a volume of one liter. For 

the purpose of staining the mycelium, one centimeter square blocks of 

the agar medium, covered on one surface with the fungal mycelium, were 

placed in petri plates of sterile distilled water, and the mycelium was 

allowed to grow out over the surface of the water. Approximately 0.5 

centimeter square sections of mycelium were removed from the surface of 

the water in four to ten day old water cultures and were stained by one 

of the following: Feulgen technique, aceto-orcein, Giemsa stain, 

haematoxylin. Some sections were digested with deoxyribonuclease 

(DNase) or ribonuclease (RNase) before staining by Feulgen technique. 

All cultures were grown at 30 C. Details of the staining and enzyme 

procedures and the references used are discussed in subsequent para

graphs . 

3 
Approximately 8 ran pieces of "spore mat" were taken directly 

from field-dried "spore mats" collected from the surface of the ground 

beneath alfalfa plants at Mesa, Arizona, and stained by Feulgen tech

nique. Some of the strands used in the staining procedures were taken 

directly from a rotting cotton root; other strands and sclerotia were 

obtained from Mr. Henry Chavez of this department. He produced them on 

both sides of a cellophane barrier, by placing a section of mycelium on 

moist autoclaved sorghum seed on moist autoclaved soil in cellophane 

bags; the bags were buried for half their length in moist autoclaved 
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soil in glass beakers which were then covered with aluminum foil and 

kept at room temperature for two months. 

The strands and sclerotia were cut into 10 ̂  thick sections 

using a Spencer freezing microtome, liquid carbon dioxide and saturated 

sucrose solution, frozen to hold the specimen on the microtome. Some 

strands and sclerotia were sliced in a dormant condition, having been 

taken directly from cotton roots and sliced or having been sliced after 

6% hours of softening in water at room temperature. Others were sliced 

in a germinating condition after four days on moist filter paper in 

petri plates covered with aluminum foil and held at 30 C or after six 

and fourteen days in water at room temperature. The sections of 

strands and sclerotia were stained by Feulgen technique or with haema-

toxylin. 

Staining procedures generally followed the recommendations of 

Gurr (1960), Swift (1955), Somers, Wagner and llsu (1960), Saksena 

(1961), Ward and Ciurysek (1961) and Robinow (1963). For staining by 

Feulgen technique a section of mycelium, strand or sclerotium or a 

piece of "spore mat" was killed and fixed in a mixture of ethanol and 

glacial acetic acid (3:1) for 10 minutes, hydrolized in 0.5 N HC1 at 

60-62 C for 10 minutes and stained in Schiff's reagent for 15 minutes. 

It was then placed in de-ionized distilled water to remove excess stain 

for 2 to 24 hours and with 2 changes of water, dehydrated in 507a etha

nol for 10 minutes and then in 95% ethanol for 5 minutes and mounted in 

diaphane on a slide. Most authors recommend an SO2-HCI bath after 

staining and before the water wash (Swift, 1955). However, the nuclei 

of P. oanivorum appeared sharper and clearer when the SO2-HCI bath was 



omitted. The controls received all the steps of the procedure, except 

the acid hydrolysis. All solutions were contained in "industry type" 

watch glasses with a diameter of 27 mm, a height of 8 mm and a volume 

of 1 cc, and the tissues were moved from solution to solution with the 

aid of dissecting needles and a dissecting microscope. 

Schiff's reagent for staining by Feulgen technique was prepar

ed by the procedure described by Gurr (1960). Two hundred ml of dis

tilled water was boiled and allowed to cool to about 70 C. 1.0 g of 

basic fuchsin (Allied Chemical, kO Rector Street, New York, N. Y.), 

suitable for Feulgen technique, was added to the water and the solution 

was allowed to cool to 50 C. Two ml of concentrated HC1 and two g of 

potassium metabisulphite (K2S2O5) were added to the solution, and the 

neck of the flask was plugged tightly with cotton. Twenty-four hours 

later 1.0 g of powdered activated charcoal was added to the solution, 

which was then shaken and filtered through a Whatman no,. 1 filter paper. 

The resulting solution was colorless. 

As a confirmation of the nuclear nature of the Feulgen posi

tive bodies the above procedure was modified to include a DNase or a 

RNase treatment of the mycelium. In general the recommendations of 

Ris and Plaut (1962), Ganesan (1959), Ganesan and Roberts (1959), Swift 

(1955) and Davidson (1950) were followed. For DNase digestion, pieces 

of mycelium were fixed in ethanol and glacial acetic acid (3:1) for 10 

minutes, washed in sodium acetate buffer (pH 5.6) for 10 minutes, and 

then treated with deoxyribonuclease (Worthington, crystalline DNase 1, 

Code: D, 2.30 mg/5 ml of sodium acetate buffer at pH 5.6 and contain

ing 0.008 M MgSO^) for 1/2, 2, 4, and 9 hours at 38 C. Then, they were 



13 

hydrolyzed in 0.5 N HC1 at 60-62 C for 10 minutes, stained in Schiff's 

reagent for 15 minutes, washed in water for 2 hours with 2 changes of 

water, dehydrated in 50% ethanol for 10 minutes and then in 95% ethanol 

for 5 minutes and mounted in diaphane. Controls for the enzyme treat

ment received the enzyme solution minus the enzyme. Controls for the 

Feulgen technique part of the procedure did not receive the acid hydrol

ysis. In a second experiment the procedure was modified by following 

the fixing with a 10 minute period in phosphate buffer (^UPO^ and 

KV^PO^, pH 6.8) instead of acetate buffer as above, followed by treat

ment with deoxyribonuclease (Worthington, crystalline DNase 1, Code: D, 

1.40 mg/5 ml of phosphate buffer at pH 6.8) for 1/2, 2, and 4 hours at 

38 C. The procedure for the RNase experiments was the same as that for 

the second DNase experiment, except that in the first RNase experiment 

ribonuclease (Worthington, 1,25 mg/5 ml of phosphate buffer at pll 6.8) 

for 2, 4, and 9 hours at 38 C was used instead of DNase and in the 

second RNase experiment ribonuclease (Worthington, 4.80 mg/5 ml of 

phosphate buffer at pH 6.8) for 2 and 4 hours at 38 C was used. 

For staining by Giemsa method (Ward and Ciurysek. 1961, 1962; 

Bakerspigel, 1960) the mycelium was killed and fixed in ethanol and 

glacial acetic acid (3:1) for 10 minutes, placed in distilled water for 

6 minutes and stained in dilute Gierasa stain (10 drops of Giemsa stock 

solution, 10 drops of de-ionized distilled water and one drop of 

0.1 N KOU, approximate pU 7-8) for 25 minutes. It was then placed in 

distilled water for two hours with two changes of water, dehydrated in 

50% ethanol for one hour and in 95% ethanol for 17 minutes and mounted 

in diaphane on a slide. 
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The procedures of Gurr (1962) and McClung (1950) were used in 

preparing, the Gierasa stock, solution. 0.76 g of Giemsa stain (Allied 

Chemical and Dye Corporation, 40 Rector Street, New York, N.Y., Dry 

powder, Certified for use in blood staining) was dissolved in 50 ml of 

glycerine at 55-60 for l?g hours. Then 50 ml of methanol was added 

and the mixture was stirred intermittently for 15 minutes. The result

ing liquid portion was decanted into a flask which was then stoppered 

and kept at room temperature with occasional shaking for 36 hours. The 

liquid was then filtered through a Whatman no. 1 filter paper into a 

flask which was then stoppered. 

For staining with haematoxylin (Robinow, 1963; Baker, 1950) a 

section of mycelium, strand or sclerotium was killed and fixed in a mix

ture of ethanol and glacial acetic acid (3:1) for 10 minutes, mordanted 

in 2% ferric ammonium sulfate for 4% hours and stained in haematoxylin 

for hours. It was then differentiated in the mordant for 8 minutes 

(until the tissue turned light grey), dehydrated in 50% ethanol for 10 

minutes and then in 95% ethanol for 5 minutes and mounted in diaphane. 

The haematoxylin was a 10% solution of haematoxylin in absolute 

ethanol obtained from Dr. W. S. Phillips of the Botany Department of 

the University of Arizona and diluted to a concentration of 1 to 100 

with distilled water. One drop of a saturated solution of lithium car

bonate was added to 25 ml of. the diluted solution which then changed 

from yellow to a light red wine color. This light red solution was 

used for the staining. 

For staining with aceto-orcein a section of mycelium was placed 

on a slide, stained for one minute with aceto-orcein and washed with 



distilled water to remove excess stain. A cover slip was then placed 

over the stained mycelium in water and was ringed with zut ringing 

material (Bennett Glass and Pain Co., 2131 South 2nd West St,, Salt 

Lake City, Utah) to prevent dehydration. The prepared aceto-orcein 

was obtained from Dr. R. M. Harris of the Botany Department of the 

University of Arizona. It had been prepared by the procedure used by 

Belling (1926) in preparing aceto-carmine. Powdered, synthetic orcein 

was added in excess to a 1:1 mixture of glacial acetic acid and water. 

The liquid was brought just to boiling, cooled and decanted. A few 

drops of ferric hydrate in 50% acetic acid were added as mordant. 

Stained preparations were examined and photographed using a 

Zeiss photomicroscope with Optovar (magnification changer - 1.25x, 

1.6x and 2x), compensating oculars (8x), achromatic-aplanatic phase 

condenser V/Z (N.A. 1.4), Zeiss substage green interference filter plus 

a Wratten number 58 substage green filter, neofluar 6.3x/0.20 objec

tive, neofluar 16x/0.40 objective, neofluar high dry objective 

(N.A. 0.75, 40x), neofluar oil immersion objective (N.A. 1.30, lOOx) 

and when available a Zeiss apochromatic oil immersion objective 

(N.A. 1.40, lOOx). The light source was a multiple-filament lamp con

trolled by a rheostat. The camera was completely automatic and organ

ically integrated into the microscope. The film was Adox KB 14, 35 mm 

roll film, and the film developer was diafine A and B. Photographs 

were taken at various magnifications and were enlarged five fold in 

the enlarger. For the final magnifications see the description for 

each photographic figure. Measurements of cells and nuclei were made 

with an ocular micrometer. The photographs of unstained material in 
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water (Fig. 83-86) were made using an AO Spencer compound microscope, 

Ortho-illurainator, AO Spencer standard objectives, a Polaroid Land 

camera and type 42 (200 speed) Polaroid black and white roll film. 



OBSERVATIONS 

When stained by Feulgen technique (Swift, 1955) the nuclei 

appeared as dark purple spheres and ovals (Fig. 21, 22, 89-95), light 

magenta matrices containing dark purple bodies (chromosomes) 

(Fig. 1, 4-21, 33-38, 41-48, 53-56, 63, 78-80, 97-99, 103-105) and 

more diffuse light magenta matrices containing many tiny dark purple 

bodies (Fig. 29, 30). In the ungerminated strands and sclerotia almost 

all the nuclei appeared as dark purple spheres and ovals, commonly con

taining one or two Feulgen negative areas (Fig. 89-92, 95). Those 

mycelial nuclei appearing as light magenta matrices containing dark 

purple bodies (chromosomes) very rarely contained one or two Feulgen 

negative areas (Fig. 42, 43). 

In aceto-orcein (Somers, Wagner and Hsu, 1960).the nuclear 

structures that stained dark purple by Feulgen technique were dark red 

and the matrix was a light magenta. In Qiemsa stain (Ward and Ciurysek, 

1961, 1962) the structures were dark blue and the matrix was a much 

lighter blue. In haematoxylin (Robinow, 1963) the structures were dark 

and the matrix was much lighter (Fig. 3, 39, 40). The appearance of 

the nuclei was similar in the different stains (Fig. 1, 2, 3). Since 

Feulgen technique is used to stain deoxyribonucleic acid (Swift, 1955) 

and does not stain the nucleolus, and since aceto-orcein does not stain 

the nucleolus (Cutter, 1946), it was thought that Giemsa stain or 

haematoxylin might make evident a nucleolus, perhaps in the Feulgen 

negative areas found in some nuclei (Fig. 42, 43, 89-92, 95). However, 
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haematoxylin, like Feulgen technique, left a clear area in many of the 

nuclei of the ungerminated strands and sclerotia, and if either haema

toxyl in or Giemsa stain stained the rare Feulgen negative areas in 

1 3ome of the mycelial nuclei (Fig. 42, 43), the clear areas were not 

stained in such a way as to distinguish them from the other dark-stain

ing nuclear bodies (Fig. 3, 39, 40). Because the Giemsa stain colored 

the cytoplasm, resulting in poor contrast between nuclei and cytoplasm, 

t 
and because it showed no nuclear structures differing from those shown 

by the other stains, no photographs of nuclei stained by Giemsa stain 

were included in this report. 

Treatment of mycelium with deoxyribonuclease prior to staining 

by Feulgen technique resulted in the disappearance (digestion of DNA 

followed possibly by complete disorganization of the nucleus) of the 

nuclei (Fig. 50-53), but ribonuclease had no effect on the appearance 

of the nuclei (Fig. 54-55). At the pH of 5.6 used by Ganesan (1959) 

and Ganesan and Roberts (1959) it required between 1/2 to 2 hours for 

the DNase to digest the nuclei. At pH 6.8, within the pH range of 

maximal DNase activity (Chargoff, 1955, Davidson, 1950), the DNase 

digested the nuclei within a half hour. 

Assuming that the dark-staining bodies within the light-stain

ing nuclear matrix are chromosomes, the various configurations of these 

bodies indicate that the nuclei divide by mitosis, exist together in 

various states of ploidy and migrate from cell to cell. The following 

scheme is presented as one possible explanation for the configurations. 

The small dark-stained nuclei of the mycelium (Fig. 21, 22), "spore mat" 

(Fig. 56), conidia (Fig. 76, 80), strands (Fig. 88-93) and sclerotia 



(Fig. 94-95) are interphase nuclei. Their dimensions range from 

0.7x0.7 to 0.9x1.4 ai. In the mycelium, prophase begins with the appear

ance of dark-staining bodies (chromosomes) in a lighter nuclear matrix 

(Fig. 4-8). Nuclei in prophase range in size from 0.9x0.9 to 1.4x1.8 p. 

The chromosomes align themselves in the equatoral region of the nucleus, 

and the nucleus enters metaphase. This can be observed in both polar 

(Fig. 9-16). and lateral view (Fig. 1, 17, 18). The lowest common number 

of chromosomes in metaphase figures is four (Fig. 10-14, 16), but the 

number may at times be greater (Fig. 15). The metaphase nuclei range 

in size from 1.1x1.4 to 1.2x2.9 ju. As the nucleus advances into ana

phase four chromatids go to each pole (Fig. 19, 20). The anaphase 

nuclei range in size from 0.9x2.6 to 1.3x2.7 jj. Thus both metaphase 

and anaphase figures suggest that the haploid chromosome number of 

P. omnivorum is four. By telophase the chromosomes indistinguishably 

clump together, and the nuclear dimensions are 0.9x1.0 p (Fig. 21). 

As the daughter nuclei enter interphase they separate from each other, 

and their nuclear dimensions are 0.9x1.4 and 0.9x1.2 ja (Fig. 22). 

Diploid nuclei containing eight chromosomes, often connected together 

by strands, (Fig. 23-25), are as common as haploid nuclei in the myce

lium. The dimensions of diploid nuclei range from 1.7x3.5 to 1.8x2.7 ;u. 

Aneuploid nuclei containing possibly 5, 7, and 9 chromosomes are 

present in the mycelium, and the nuclear dimensions of those containing 

7 or 9 chromosomes are 1.7x1.9 to 1.7x2.2 (Fig. 26-28). As seen from 

the nuclear dimensions, the diploid and aneuploid nuclei with approxi

mately eight chromosomes each are larger than the haploid nuclei. Other 

polyploid nuclei are rare (Fig. 34, 35). Whether the diploid, aneuploid 
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and other polyploid nuclei form by fusion of nuclei (Fig. 36, 37) or by 

failure of chromatids to go into separate nuclei or by both procedures 

is not resolved. The genetic analysis studies of fungi by Pontecorvo 

(1953), Roper (1959) and others indicate that at least the fusion does 

occur in some species of the fungi. 

Only a fraction of the mycelial nuclei appear to be in a hap-

loid state. Nuclei, equally as numerous as the haploid ones and mingl

ed with them, are interpreted to be diploid and aneuploid nuclei, con

taining chromosomes that are often connected together by threads. As 

mentioned, other polyploids are rare. Diffuse nuclei, containing many 

very small dark-staining bodies are common in the mycelium (Fig. 29, 

30) and may arise by the segmenting of the chromosomes (Fig. 31, 32). 

The nuclear dimensions of a diffuse nucleus are 3.0x5.7 ji. The diffuse 

nature of these latter nuclei might indicate that they are unusually 

active, metabolically. However, the haploid, diploid and possibly 

aneuploid nuclei with their evident chromosomes are very common in the 

mycelium, form many nuclear shapes from spheres and ovals (Fig. 1-3, 

23, 24, 42) to very elongated and/or irregularly shaped bodies (Fig. 33, 

41-48) and migrate through the central pore of the transverse hyphal 

septum (Fig. 46-48). This would indicate that the nuclei with distinct 

chromosomes may be quite active metabolically and quite independent of 

the individual cells. Within an individual mycelial cell the nuclei 

appear in all the different forms, except the spheres and ovals with 

Feulgen negative areas, found in the ungerminated strands and sclerotia. 

The smaller hyphae of the mycelium may anastomose (Fig. 49). 

Previous reports have mentioned anastomosis only in the large celled 



hyphae and the newly emerged hyphae from the germinating strands and 

sclerotia (Neal, Wester and Gunn, 1934). As reported in the Discussion, 

anastomosis is a very important part of a mechanism for producing new 

races^of fungi. 

The youngest stages of the firm, white part of the "spore mat" 

have hyphae and conidiophores filled with nuclei (Fig. 56). As differ

entiation proceeds, vesicles are extruded through the conidiophore cell 

wall by the protoplast (Fig. 57). These vesicles enlarge (Fig. 58, 59) 

and nuclei migrate into them to form conidia (Fig. 61-62). One, two, 

and rarely three nuclei migrate into a conidium (Fig. 61-65). Eventu

ally vesicles are formed directly from the hyphae, and nuclei migrate 

into them to form conidia (Fig. 66). In older, firm, white parts of 

the "spore mat" nuclei are present in the hyphae, conidiophores and 

conidia (Fig. 67-69). 

As the "spore mat",turns buff to brown nearly all of the nuclei 

migrate, first from the hyphae (prior to or during hyphal autolysis?) 

into the conidiophores and conidia (Fig. 70, 71) and then from the 

conidiophores into the conidia (Fig. 72-75). The hyphae and conidio

phores shrivel and decay, and the "spore mat" becomes a brown powdery 

mass of spores (Fig. 76-80). When stained by Feulgen technique most 

of the nuclei in the hyphae and conidiophores of the "spore mat" appear 

as light magenta matrices containing darker purple bodies (chromosomes), 

even when they are migrating into the conidia (Fig. 56-69). Some may 

be dark-staining spheres and ovals (Fig. 56). In the mature conidia 

some nuclei appear as solid- and dark-staining nuclei while others, 

even within the same conidium, appear to contain four dark purple 



chromosomes in a light magenta matrix, indicating that the latter are 

in the haploid state (Fig. 76-80). On examining the photographs one 

must keep in mind that modification of the photographic procedures to 

show the faintly contrasting vesicle and conidial walls (Fig. 57-62, 

64-70, 73-77) results in a blurring of the strongly contrasting nuclei 

(Fig. 56, 63, 78-80). Figures 81 and 82 show controls for the Feulgen 

technique in which the acid hydrolysis has been omitted from the pro

cedure. In these figures the nuclei are not stained. Figures 83-85 

show hyphae, conidiophores and conidia of a tan piece of "spore mat" 

mounted directly in water without staining; the various "spore mat" 

structures appear similar to those treated with stains. 

The strands of P. omnivorum are usually identified by a charac

teristic acicular hypha (Fig. 86), which they produce in abundance 

(Fig. 87). In the ungerminated strands and sclerotia the dark-stain

ing nuclear spheres and ovals (Fig. 88-95) are occasionally elongated 

(Fig. 93). A few "expanded" irregularly shaded nuclei consisting of 

light magenta matrices containing darker purple bodies are present in 

the ungerminated strands and sclerotia (Fig. 97). As the sclerotia 

germinate the "expanded" nuclei become common (Fig. 96, 98), and the 

dark-staining spheres and ovals become rare. Within the pseudoparen-

chymatous cells of the sclerotium the "expanded" nuclei align them

selves (Fig. 99), and hyphae are formed (Fig. 101-105). In the inter

val between the expansion of the nuclei and the final formation of 

the hyphae there may be a period in which the nuclei become very small 

(Fig. 100) (see Discussion.). As the hyphae become distinct within 

the pseudoparenchymatous cells (Fig. 101, 102), the nuclei within them 



appear sharp and clear as light magenta matrices containing dark purple 

bodies (Fig. 103-105), similar to the "expanded" nuclei of the earlier 

stages of germination and similar to the nuclei of the mycelium and 

"spore mat" (Fig. 43, 56, 105). One or more hyphal cells develop as a 

series within a connected series of pseudoparenchymatous cells 

(Fig. 101, 102). 

The cells of most structures formed by P. omnivorum are multi

nucleate. The hyphae of the mycelium, the hyphae and conidiophores of 

the "spore mat", the large central cells of the strands, and the 

pseudoparenchymatous cells of the sclerotia are multinucleate (Fig. 1, 

2, 3, 56, 69, 88, 94, 99). An individual conidium contains one, two, 

or rarely three nuclei (Fig. 73-80). The small, thick walled, peri

pheral cells of the strands and sclerotia may have only one nucleus 

(Fig. 95). 

Studies on the numbers of nuclei in hyphal cells are summarized 

in Figure 106. The number of nuclei in the intercalary cells of the 

mycelium varies from 3 to 41 per cell, increases with increase in the 

size of the cell, but decreases per unit volume of cell with increase 

in size of cell. The hyphal tip cells of the mycelium contain 2 to 8 

nuclei per cell with the lowest common number being 3. The hyphal 

cells of the young, firm, white part of the "spore mat" contain 6 to 49 

nuclei per cell with the number increasing with increase in cell size; 

the larger cells contain many more nuclei per unit volume than the 

intercalary mycelial cells of similar or larger size. 



Plate I. Fig. 1-27. Nuclei in the mycelium. Unless otherwise stated 

staining is by Feulgen technique. 

Fig. 1-2. Similarly appearing nuclei in different stains, - Fig. 1. 

Feulgen technique, x2560. - Fig. 2. Aceto-orcein, x2000. - Fig. 3. 

Haematoxylin, tip nucleus 1.5x2.9 ji, x2000. 

Fig. 4-8. Prophase nuclei, chromosomes visible but too close together 

for photographic resolution. - Fig. 4. Three chromosomes, nuclear 

diameter 0.9 ji, x2000. - Fig. 5. Four chromosomes, nuclear dimen

sions 1.4x1.8 ji, x3938. - Fig. 6. Seven chromosomes, x6300. -

Fig. 7. Chromosomes in a clump, x3200. - Fig. 8. Four chromosomes, 

nuclear dimensions 0.9x1 .7 p, x2000. 
Fig. 9-14, 16-18. Metaphase nuclei, polar and lateral views. - Fig. 9. 

Two nuclei in early metaphase, each containing four chromosomes, 

upper nucleus 0.9x1.3 jj, x2000. - Fig. 10. Four chromosomes, 
nuclear dimensions 1.1x1.4 p, x2560. - Fig. 11. Four chromosomes, 

upper right "v" shaped chromosome 0.7 hyphal diameter 9.3 fi, 
x2560. - Fig. 12. Four chromosomes, x5040. - Fig. 13. Four chromo

somes at early metaphase, x5040. - Fig. 14. Four chromosomes, 

x5040. - Fig. 16. Four chromosomes, x6300. - Fig. 17. Lateral view 

of metaphase, x2560. - Fig. 18. Lateral view of metaphase, nuclear 
dimensions 1.2x2.9 p, x393b. 

Fig. 15. Either a polar view of metaphase or four to six chromosomes 

in a non-metaphase haploid or aneuploid nucleus, x2560. 

Fig. 19-20. Anaphase. - Fig. 19. Four chromosomes approaching one pole, 

one of the four constricted near its middle by a centromere, an out 

of focus clump of chromosomes at the other pole, nuclear dimensions 

0.9x2.6 jj, x3200. - Fig. 20. Four chromosomes approaching one pole, 
four chromosomes clumped together at the other pole, nuclear dimen

sions 1.3x2.7 ji, x2560. 

Fig. 21. Telophase, dimensions of each dark body 0.9x1.0 ji, x3938. 

Fig. 22. Interphase nuclei, upper nucleus 0.9x1.4 ji, lower nucleus 
0.9x1.2 x3938. 

Fig. 23-25. Diploid nuclei. - Fig. 23. Eight chromosomes, nuclear 

dimensions 1.7x3.5 ^i, x2560. - Fig. 24-25. Eight chromosomes, six 

in focus in figure 24, two in a lower focus in figure 25, nuclear 
dimensions 1.8x2.7^1, x2560. 

Fig. 26-27. Aneuploid nuclei. - Fig. 26. Seven chromosomes, nuclear 

dimensions 1.7x1.9 p, x6300. - Fig. 27. Nine chromosomes, four so 

close together that they appear as two in the photograph, nuclear 

dimensions 1.7x2.2 p, x3938. 
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Plate 11. Fig. 28-53. Nuclei in the mycelium, Unless otherwise stated, 

staining is by Feulgen technique. 
Fig. 28. Pear shaped nucleus containing nine chromosomes, x2000. 

Fig. 29-30. Large diffuse nuclei containing many bodies smaller than 

the chromosomes. - Fig. 29. x2000. - Fig. 30. x2560. 
Fig. 31. Large diffuse nucleus containing thread like bodies that may 

be intermediate between the little bodies of figures 29-30 and the 

chromosomes of figures 10-27, x2000. 
Fig. 32. Large nucleus containing hazy chromosome like bodies that may 

be beginning to break up into many smaller bodies, nuclear dimensions 

3.0x5.7 fi, x2000. 
Fig. 33. Four chromosomes in an elongated nucleus, each chromosome is 

approximately 0.4 long, cell diameter 3.1 jj, x2560. 
Fig. 34-35. Polyploid nucleus containing ten to twelve or more chromo

somes. - Fig. 34. x2560. - Fig. 35. x6300. 

Fig. 36-37. Disorganized nuclear configurations that may be nuclei 

fusing togethers. - Fig. 36. x3200. - Fig. 37. Distance from lower 

left hand corner of configuration to upper right hand corner 

3.4 p, x6300. 

Fig. 3S. Nucleus containing somewhat diffuse elongated chromosomes, 

nuclear dimensions 2.6x2.9 p, x3938. 

Fig. 39-40. Large nuclei each containing several chromosomes stained 

with haematoxylin. - Fig. 39. Nuclear dimensions 2.4x3.4 ji, x3938. 

- Fig. 40. Nuclear dimensions 2.7x2.9 p, x3938„ 

Fig. 41. Elongated nucleus containing four chromosomes, two so close 

together that they appear as one in the photograph, nuclear dimen

sions 0.5x2.9 y, x6300. 
Fig. 42. Nucleus containing a few chromosomes and a Feulgen negative 

area,-arrow points to negative area, nuclear dimensions 1.5x1.9 jj, 
x6300. 

Fig. 43-45. Elongated nuclei. - Fig. 43. Nucleus contains two Feulgen 

negative areas, see arrows, nuclear dimensions 0.9x3.7 y, x5040. -

Fig. 44r x3938. - Fig. 45. Larger nucleus 0.8x7.0, smaller 

0.6x1.4 M, x2560. 
Fig. 46-48. Nuclei migrating through the central pore of hyphal septa, 

chromosomes present in the nuclei„ - Fig. 46. x3200. - Fig. 47. 

x6300. - Fig. 48. Nuclear dimensions 0.9x3.7 jj, x3938. 
Fig. 49. Smaller hyphae of the mycelium anastomosing-arrows point to 

hyphal bridges, unstained and in water, xl024. 
Fig. 50-53. Deoxyribonuclease digestion of mycelium prior to staining 

by Feulgen technique. - Fig. 50. Enzyme treated-no nuclei evident, 

xl024. - Fig. 51. Control for figure 50-many nuclei evident, 

xl024. - Fig. 52. Enzyme treated-no nuclei evident, x2560, - Fig. 

53. Control for figure 52-many nuclei evident, x2560. 





Plate III. Fig. 54-66. Nuclei in the mycelium and the young,, white firm 

part of the "spore mat". Unless otherwise stated, staining is by 

Feulgen technique. 
Fig. 54-55. Ribonuclease digestion of the mycelium prior to staining 

by Feulgen technique. - Fig. 54. Enzyme treatment-nuclei evident and 

unaltered by RNase, x2560. - Fig. 55. Control for Fig. 54-nuclei 

evident, x2560. 
Fig. 56. Many nuclei in the hyphae and conidiophores of the "spore 

mat", conidia not yet produced, x2000. 
Fig. 57-59. Extrusion of vesicles through the cell wall by the proto

plast of the conidiophore head followed by enlargement of the 

vesicles. - Fig. 57. Extrusion of vesicles, dimensions of conid

iophore head 16.9x18.5 p, x2560. - Fig. 58. Enlargement of 

vesicles, dimensions of conidiophore head 10.2x11.9 |i, x2000. -

Fig. 59. Enlargement of vesicles, dimensions of conidiophore head 

10.2x11.9 Ji, x2000. 
Fig. 00-66. Nuclei migrating into vesicles to form conidia. - Fig. 60. 

One nucleus migrating into each of two vesicles, dimensions of 

conidiophore 8.7x13.1 jj, dimensions of lower vesicle into which a 
nucleus is migrating 2.6x3.5 ja, x2000. - Fig. 61. Higher magnifi

cation and slightly different focus of figure 60, x3200. - Fig. 62. 

One nucleus migrating into each of three vesicles, length of 

conidiophore 18.3 /a, length of upper Vesicle into which a nucleus 

is migrating 3.2 p, length of upper migrating nucleus 4.4 jj, length 
of middle vesicle into which a nucleus is migrating 4.7 p, x2000. -

Fig. 63. Nucleus in a conidium and second nucleus migrating in be

hind it, dimensions of first nucleus 1.0x1.4 ju, length of second 

nucleus 2.0 }i, x3938. - Fig. 64. Repeat of figure 63 with time in 

the negative enlarger increased to make the faintly contrasting 

conidiophore and conidial walls more prominent, x3938, - Fig. 65. 

Lower left-Two nuclei in a conidium and a third nucleus migrat

ing in behind them, one of the nuclei out of focus and appearing 
as a light black mass near the bottom of the conidium. Lower 

right-Nucleus in a conidium and a second nucleus migrating in 

behind it, x3938. - Fig. 66. Nucleus migrating from a hypha direct

ly into a vesicle to form a conidium, length of vesicle 2.6 ju, 

length of migrating nucleus 3„4 diameter of hypha 6.8 jj, x3938. 





Plate IV. Fig. 67-82. "Spore mat", stained by Feulgen technique. - Fig. 

67-69. Young, firm, white part of "spore mat". - Fig. 70-82. Buff 

or light brown firm to brown powdery mature parts of "spore mat". 

Fig. 67. Conidia containing one and two nuclei, upper left conidium 

2.8x3.5 fi and containing one nucleus with four chromosomes-two of 

the chromosomes are so close together that they appear as one in the 

photograph, upper right conidium 3.5x6.6 p and containing two 

nuclei of four chromosomes each but with the chromosomes so close 

together that each nucleus appears to be a bent black rod in the 

photograph, diameter of conidiophore head 8.3 ji, x2560. 

Fig. 68-69. Nuclei in the hyphae, conidiophores and conidia. - Fig. 68. 

Upper left-Three nuclei in conidium attached to conidiophore, di

mensions of conidium 2.2x3.0 ̂ u, diameters of each of the three 

nuclei approx. 0.7 ji, x2000. - Fig. 69. Nuclei in all structures 

of the^'spore mat" (Figure 68 is an enlargement of the top center 

section xl008. 
Fig. 70. The nuclei have migrated from the disintegrating hyphae and 

are present in the conidiophores and conidia, x800. 

Fig. 71. Nuclei in the conidia, a few nuclei remaining in the conid

iophores but almost none left in the disintegrating hyphae, x800. 

Fig. 72. Nuclei in the conidia but almost none left in the hyphae 

and conidiophores, x800. 

Fig. 73. A focus on the top of a conidiophore showing the nuclei in 
the conidia, see Figure 74 for a focus on the center of the co

nidiophore, xl575. 

Fig. 7k. A focus on the center of the conidiophore of Figure 73 show

ing nuclei in the conidia but not in the conidiophore, to the left 

is a group of conidia on the top of another conidiophore, xl575. 

Fig. 75. Nuclei in the conidia but not in the conidiophore, xl575. 

Fig. 76-80. Mature conidia from brown powdery part of "spore mat", -

Fig. 76. xl575. - Fig. 77. One, two, and three nuclei per conid

ium, dimensions of upper conidium 2.1x2.3 ji, dimensions of 

middle conidium 1.9x2.1 p, x3938. - Fig. 78. Binucleate conidium, 

each nucleus containing four chromosomes in a lighter matrix, 

x3938. - Fig. 79. Nuclei of Figure 78, print exposure time, re

duced in an attempt to make the four chromosomes of each nucleus 

more prominent, x3938. - Fig. 80. Three conidia, only bottom 

binucleate conidium in focus, one of its nuclei (0.8x0.8 jj) con- _ 

tains four chromosomes that are so close together that they 

appear somewhat joined in the photograph, the other nucleus 

appears to be solidly staining oval, x3938. 

Fig. 81-82. Controls for Feulgen technique showing non-staining of 

the nuclei. - Fig. 81. x800. - Fig. 82. x3938. 





Plate V. Fig„ 83-98. "Spore mat", conidia, acicular hyphae, strands 

and sclerotia. Unless otherwise stated, staining is by Feulgen 

technique. 

Fig. 83-84. Unstained tan part of a "spore mat" mounted and photo

graphed in water. - Fig. 83. xlOO. - Fig. 84. Higher magnifica
tion of center section of figure S3, x430. 

Fig. 85. Unstained mature conidia in water, xl455., 

Fig. 86. Unstained acicular hypha attached to a strand mounted in 

water, part of the strand can be seen in the upper right corner, 

x430. 

Fig. 87. Unstained strands with attached acicular hyphae mounted in 

water, one strand appears to form an unusual bridge between two 

other strands, x25.2. 

Fig. 88-93. Nuclei in ungerminated strands. - Fig. 88. Round to oval 

nuclei in a large central cell of an ungerminated strand, x320. -

Fig. 89. Higher magnification of nudlei in figure 88, Feulgen 

negative area in two nuclei, x2000. - Fig. 90. Two nuclei in a 

large central cell of an ungerminated strand, one nucleus shows a 

Feulgen negative area, the other does not, x3938. - Fig. 91. 

Nucleus (.0.7x1.1 |u) with Feulgen negative area present in its 

center region in a large central cell of an ungerminated strand, 

x63Q0. - Fig. 92. Two nuclei in a large central cell, one nucleus 

(.diameter 1.1 u) has a Feulgen negative center, the other does 

not show a negative area, x3938. - Fig. 93. Elongated nucleus 

(0.7x2.8 Jp) in a large central cell, a second and lower nucleus 

is slightly out of focus, x6300. 

Fig. 94-96. Nuclei in ungerminated sclerotia. - Fig. 94. Round to 

oval nuclei in a pseudoparenchymatous cell, dimensions of the 

joined pair of nuclei at the left 1.1x2.1 jli, upper central nucleus 

0.7x1.1 p, lower central nucleus 0.7x0.7 p, x3200. - Fig. 95. 

Nucleus with a Feulgen negative area at its center in a small 

thick walled cell of the sclerotial rind, nuclear diameter 

1.4 p, x5040. - Fig. 96. Two "expanded" nuclei composed of dark-

staining bodies in lighter matrices in a pseudoparenchymatous 

cell, x3938„ 
Fig. 97-98. Nuclei in germinated sclerotia. - Fig. 97. "Expanded" 

nucleus composed of four dark-staining bodies in a lighter 

matrix in a pseudoparenchymatous cell, nuclear dimensions 
2.1x2.5 ju, x3938. - Fig. 98. Top shaped nucleus containing two 

Feulgen negative areas in its upper part, nucleus in a pseudo

parenchymatous cell, x3938. 
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Plate VI. Fig. 99-102. Nuclei and hyphal formation in pseudoparen-

chymatous cells of germinating sclerotia. Unless otherwise stated, 

staining is by Feulgen technique. 
Fig. 99. Five "expanded nuclei aligned in a row in a lightly granu

lar central plasm surrounded by a more darkly granular outer plasm, 

starting with the upper nucleus the dimensions of the first four 

nuclei are 1.4x1.8, 1.1x2.1, 1.1x1.8 and 1.1x1.8 y, x3938. 

Fig. 100. Right of center-what may be the beginning formation of a 

hypha containing four minute nuclei, hyphal dimensions 7.0x8.4 *i, 

diameter of protoplast of the pseudoparenchymatous cell 40.3 p, 

x3938. 

Fig. 101. llyphae in a pseudoparenchymatous cell, stained with haema-

toxylin, x2000. 

Fig. 102. Individual hyphal cells in a connected series in a series 

of pseudoparenchymatous cells, stained with haematoxylin, x2000. 





Plate VII. Fig. 103-105. Nuclei in hyphae in pseudoparenchyinatous 

cells of germinating sclerotia, staining by Feulgen technique. _ 

Fig. 106. A graph of the relationship between the number of nuclei 

in hyphal cells and the volume of the cells-see figure for full 

description of the graph. 

Fig. 103-105. Nuclei consisting of dark-staining bodies in lighter 

matrices and similar to the nuclei of the mycelium. - Fig. 103 

Note septum in hypha, x2000. - Fig. 104. A higher magnification of 
Figure 103 and at a different focus, x3938. - Fig. 105. Upper 

nucleus of Figure 104 with time in the enlarger reduced to better 

display the dark-staining bodies in the lighter matrix, other 

nuclei out of focus, x3938. 

Fig. 106. A graph of the relationship between the number of nuclei in 

hyphal cells and the volume of the cells-see figure for full des

cription of the graph. 
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Fig. 106. The relationship between the number of nuclei in hyphal 
cells and the volume of the cells. As the volume of the mycelial 
hyphal cell increases the number of nuclei in the cell increases 
but the number of nuclei per unit volume of cell decreases. The 
large hyphal cell of the "spore mat" contains more nuclei than 
the mycelial hyphal cell of similar or larger size. 



DISCUSSION 

From the observations, one may draw a tentative picture of the 

appearance and activities of the nuclei of Phymatotrichum omnivorum, 

as it goes through the different stages of its life cycle. In the dor

mant, thick walled, overwintering strands and sclerotia (Streets, 1937; 

Neal, Wester and Gunn, 1934), the nuclei, consisting of dark-staining 

spheres and ovals commonly containing non-staining areas, are in inter

phase. As the sclerotia germinate the nuclei in their pseudoparenchy-

matous cells change from densely staining spheres and ovals to lightly 

staining matrices containing dark-staining bodies. Presley in his 

1939 study of the cytology of the sclerotia referred to these later 

nuclei as "enlarged" nuclei. Between this point and the formation of 

hyphae within the pseudoparenchymatous cells Presley reported a period 

during which the nuclei disorganized to form minute dark-staining 

bodies which paired; as the hyphae formed, the nuclei resumed their 

regular size and appeared similar to those of the mycelium. In this 

study, minute dark-staining bodies, perhaps comparable to those dis

cussed by Presley, have been observed in localized condensations of 

cell cytoplasm that might eventually be transformed into hyphae. When 

the hyphae are definitely formed within the cells, the nuclei within 

the hyphae are of a size and appearance similar to those of the myce

lium. One or more hyphal cells develop as a series within a connected 

series of pseudoparenchymatous cells. Presley (1939) demonstrated a 

31 



32 

stage in which the hyphae were developing independently within each 

pseudoparenchymatous cell. In general the results of the present study 

of sclerotia agree well with those of Presley (1939). The hyphae in 

the sclerotia emerge and form mycelia. 

The mycelium contains dark-staining spheres and ovals (inter

phase nuclei), light-staining matrices containing a few to several 

dark-staining chromosomes (haploid nuclei in different stages of 

mitosis, diploid, aneuploid, and other rare polyploid nuclei), and 

diffuse light-staining matrices containing many tiny dark-staining 

bodies, that might arise from the segmenting of the chromosomes. All 

of these nuclei are mixed together in no apparent order in the multi

nucleate cells of the hyphae. The nuclei with distinct chromosomes 

assume various shapes such as spheres, ovals, irregularly contoured 

bodies and extremely elongated bodies. They also migrate through the 

central pore of the transverse hyphal septum. 

To maintain their control over the mycelium as it grows and 

produces strands from which the sclerotia arise (Neal, Wester and Gunn, 

1934), the nuclei reproduce themselves and multiply their numbers by 

mitosis. By expanding to form diffuse matrices containing many minute 

dark-staining bodies, and thus increasing their surface of contact with 

the surrounding cytoplasm, the nuclei may increase their metabolic 

activity and effectiveness. 

The mobility and variability in contour of the chromosome con-f 

taining nuclei may be related to the pathogenicity of the mycelium, 

which on developing from the strands invades the roots of hosts, usually 

in compact formations (Streets, 1937; Watkins, 1937). This idea comes 



from Lange-de la Camp (1964), who has studied the living nuclei of four 

pathogenic fungi and has suggested that mobility and variability in. 

contour of fungal nuclei may be essential for the ability of the fungus 

to penetrate and grow in host plants. 

The abundance of diploid and aneuploid nuclei and the appearance 

of other polyploid nuclei in the mycelium combined with the observation 

that the mycelium commonly anastomoses (see Literature Review.) indi

cates that the parasexual cycle with its fusion of haploid nuclei and 

mitotic recombination of genes (Pontecorvo, 1956; Kafer, 1961) may be 

considerably more active in P. omnivorum than in such fungi a3 Asper

gillus nidulans, the classical example of the parasexual cycle. The 

fusion of nuclei from anastomosing hyphae to form diploids in this 

latter fungus occurs at a frequency of 2 out of 2 x 10^ haploid nuclei 

(Pontecorvo, 1956). An active parasexual cycle combined with the pres-

> 

ence of many possibly heterokaryotic nuclei within individual hyphal 

cells and within a mycelium might help to explain the vast host range 

(Blank, 1953), survival and consequent genetic flexibility (Stebbins, 

1963) or Phymatotrichum omnivorum, despite its lack of a known sexual 

cycle or functional asexual spore stage. 

Differences between isolates of P. omnivorum and the attenua

tion of some isolates in culture (see Literature Review.) suggest that 

genetic differences do occur among the nuclei of the population and 

perhaps that the nuclei of a mycelium may be heterokaryotic. Among 

the fifteen isolates used in our laboratory we have observed cultural 

forms similar to form 1 and possibly forms 2 and 3 described by Ezekiel 

et al. (1931). One of our isolates attenuated to the point where it 



would no longer transfer. To date, no one has obtained a hyphal tip 

culture of P. omnivorum. The hyphal tip cells of the mycelium contain 

2 to 8 nuclei with the lowest common number being 3. The perhaps non

functional conidia (Roberts, 1940; Streets, 1937) contain commonly one 

or two and rarely three nuclei per conidium. Thus, strain differences, 

attenuation, failure of hyphal tips to produce mycelium and the perhaps 

non-functional nature of the conidia would indicate that several 

heterokaryotic nuclei may be necessary for maintenance of an individual 

mycelium, strand, or sclerotium of Phymatotrichum omnivorum. 

Now that we have a picture of the nuclear morphology and activ

ities in a vigorous strain of P. omnivorum, we can extend our studies 

of the fungus and anticipate some of the problems we will encounter. 

The nuclei of the vigorous strain may be compared with those of other 

strains, particularly the less vigorous and attenuating ones. In con

ducting physiological and pathological studies allowance must be made 

for the strong possibility that the fungal mycelium, strand, or scle

rotium contains a population of differing nuclei whose genes are con

stantly being recombined by means of the parasexual cycle. Thus, races 

of this fungus might exist on the level of individual nuclei, with the 

mycelium consisting.of a population of differing and changing races. 

Since the fungus has no known functional spores, any inoculum would 

consist of a mixture of races. 



SUMMARY 

Phymatotrichum omnivorum is a virulent pathogen of some 2,000 

dicots and gymnosperms in Southwestern United States and Northern 

Mexico. Since it has flourished in this area despite the lack of a 

known sexual cycle, to give genetic flexibility, or a functional 

asexual spore stage, for widespread dispersal, it seemed possible that 

the parasexual cycle may be present and active in this fungus as a 

mechanism for gene recombination, genetic flexibility and the produc

tion of new strains. Except for a study of the germinating sclerotia 

(Presley, 1939), no detailed investigation had been made of the nuclei 

in the several stages of the life cycle of P. omnivorum. 

In this study fourteen isolates of P. omnivorum were obtained 

from the roots of wilting cotton and alfalfa plants growing in Southern 

Arizona and Southern California. The nuclei of mycelium from a vigor

ously growing isolate (No. 1) were stained by four procedures (Feulgen 

technique, aceto-orcein staining, Giemsa stain technique, and haema-

toxylin staining). Treatment of some sections of mycelium with 

deoxyribonuclease prior to staining by Feulgen technique resulted in 

the disappearance of the nuclei, while similar treatment with ribo-

nuclease had no effect on the appearance of the nuclei. "Spore mats", 

from the surface of the ground beneath alfalfa plants at Mesa, Arizona 

were stained by Feulgen technique or with haematoxylin. Strands on 

the surface of cotton roots, and strands and sclerotia grown in soil 
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culture were cut into 10 jj thick sections using a Spencer freezing 

microtome and stained by Feulgen technique or with haematoxylin. 

Assuming that the dark-staining bodies within many of the nuclei 

are chromosomes, the nuclei of the mycelium exist in the multinucleate 

hyphal cells as a mixture of haploid, diploid, aneuploid, other rare 

polyploid, and more diffuse nuclei. Only haploid nuclei have been ob

served to divide mitotically. The diffuse nuclei contain many very 

small dark-staining bodies and may result from an enlargement of the 

nucleus and a segmenting of the chromosomes. The haploid chromosome 

number is four, and the diploid nuclei are larger than the haploid. 

The nuclei migrate through the central pore in the transverse hyphal 

septum and display great variation in size, shape, and appearance. 

Anastomosis of hyphal cells is common. 

As the young, firm, white part of the "spore mat" matures the 

protoplasts of the conidiophores and hyphae extrude vesicles through 

the cell walls. As the vesicles grow one, two, and rarely three 

nuclej. migrate into them to form conidia. As the "spore mat" turns 

buff to brown nearly all of the nuclei migrate from the hyphae into 

the conidiophores and conidia, and then from the conidiophores into 

the conidia. The "spore mat" becomes a brown powdery mass of spores. 

In the ungerminated strands and sclerotia the nuclei appear to 

be in a dense resting state, although a few are what Presley (1939) 

calls "expanded" nuclei similar to the majority of the mycelial nuclei. 

As the pseudoparenchymatous multinucleate cells of the sclerotium 

germinate independently of each other (at different times), the 

"expanded" nuclei become common, align themselves in a row in the cell, 



and possibly reduce in size. When a hypha forms in the cell, the 

nuclei appear in the hypha as "expanded" nuclei, similar to the nuclei 

of the mycelium. The hyphae grow out of the sclerotia and form a my

celium. These observations of the non-germinating and germinating 

sclerotia agree well with those of Presley (1939) who also observed in

dividual hyphae forming in dividual pseudoparenchymatous cells of the 

sclerotia. 

The presence of haploid, diploid, aneuploid and other rare 

polyploid nuclei in the multinucleate hyphal cells, migration of the 

nuclei through the central pore of the transverse hyphal septum, anas

tomosis of the hyphae and previously reported strain differences in

dicate that a parasexual cycle is present and active in P. omnivorum 

as a mechanism for gene recombination and production of new strains. 

Strain differences, attenuation of some strains, the non-func

tional nature of the conidia and the failure of attempts to obtain a 

hyphal tip culture suggest that several probably heterokaryotic nuclei 

may be necessary for the maintenance of an individual mycelium of 

Phymatotrichum omnivorum. 
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