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Four isolates of Glomus mosseae, collected from diverse

geographic locations, were pot cultured on varied host plants or

stored in the same soil as collected. Spores of three isolates failed

to germinate on any of five agar media while the fourth germinated

well on all media. Lack of germination on agar media was not

attributable to lack of viability as spores of all four isolates germi-

nated when enclosed in nylon screen bags and buried in pasteurized

soil mix containing a coleus plant. Scanning electron micrographs

determined that morphological characteristics of the four isolates

differed as well.

A new endomycorrhizal species, Glomus epigaeus, produces

abundant chlamydospores in sporocarps on the soil surface. This

species has been maintained for more than 1 year in pot culture on

various hosts and produces 8-15 sporocarps monthly from each pot.

A simple technique of shaking sporocarps in water with broken glass

chips is described for the separation of spores from sporocarps.



The epigeous habit, narrow, thin-walled, inserted hyphal

attachment and bright yellow to yellow brown wall color in trans-

mitted light separate G. epigaeus from Glomus macrocarpus, which

is not known to fruit epigeously and has a much broader, thick-walled,

noninserted hyphal attachment and brown wall color in transmitted

light.

The influence of physical and chemical factors on germination

of Glomus epigaeus spores was tested in nonsterile soil. Soil mois-

ture, temperature, and to a lesser degree, pH, appear to influence

germination, while the levels of soil fertility and spore density tested

had little or no effect. Maximum spore germination occurred in soil

at or above field capacity, between 18-25° C and between 6-8 pH.

These conditions seem closely related to the conditions optimal for

growth of many host plants, and this relationship is discussed.

Spore germination of Glomus epigaeus was completely inhibited

in forest, dune and agricultural soils which were autoclaved, and in

Chehalis silt loam which was gamma-irradiated or pasteurized as

well as autoclaved. However, 65-80% germination occurred in most

nonsterile soils, autoclaved or nonsterile kaolin and activated char-

coal. Similar levels of germination occurred on nonsterile Chehalis

silt loam containing nonmycorrhizal, ectomycorrhizal and VA

mycorrhizal seedlings, although penetration and infection was evi-

dent only in VA mycorrhizal host seedlings.
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FACTORS AFFECTING GERMINATION OF
ENDOMYCORRHIZAL SPORES

INTRODUCTION

Vesicular arbuscular mycorrhizal (VAM) fungi are found in

association with a great majority of plant species. These fungi occur

in practically all soils that support host plants as well. The VAM

fungi play a key role in phosphorus nutrition of their host plants.

Plant species differ in degree of dependence on VAM fungi. Some

hosts cannot grow if these fungi are absent, while others will grow

in the absence of YAM fungi only if phosphate levels are high. As

the world's supply of phosphorus is limited, the importance of VAM

fungi cannot be over estimated. They are, however, being depleted

from field soils by agricultural practices such as soil fumigation and

excessive fertilization.

If populations of VA fungi are to be increased in these soils,

large quantitites of inoculum will be needed. Unfortunately, VAM

fungi have never been successfully cultured on artificial media.

However, spore germination has been accomplished with variable

success. Godfrey (1957) found that Glomus (Endogone) microcarpus

spores germinated readily on water agar only after the spores were

stored in a cold room for several months. She attributed this

phenomenon to a dormancy factor which prevented the germination

of freshly harvested spores. Mosse (1959b) obtained consistent
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germination of spores of a species of Endogonaceae placed on cello-

phane disks over nonsterile soil/ water agar medium. She suggested

that a microbially-produced substance stimulated germination.

Daniels and Graham (1976) observed a similar stimulation of Glomus

mosseae spore germination in nonsterile soil but attributed inhibition

in sterilized soils to release of excessive, inhibitory levels of

nutrient.

Water agar alone has been suggested as a successful medium

for germination of VA mycorrhizal spores (Mosse and Hepper, 1975;

Daniels, and Graham, 1976). However, Hepper and Smith (1976)

reported that pot cultures from the same Glomus mosseae isolate

differed in their sensitivity to the Mn
++

and Zn
4+concentrations found

in various commercial agars. The presence of heavy metals in agar

media was suggested as a possible explanation for erratic spore

germination sometimes observed in vitro. In addition, temperature,

light (Schenck, Graham and Green, 1975) and pH (Green, Graham and

Schenck, 1976) influence germination. Included in this thesis, is an

examination of isolate variation as yet another factor contributing to

the erratic and often inconsistent results of spore germination

experiments.

In the future the factors in soil which influence spore survival,

germination and subsequent infection must be understood before soils

can be re-inoculated with VA mycorrhizal fungi. The factors which



influence germination in soil, however, have received little attention.

In part, this may result from a limited supply of spores for experi-

mental use and the tedium involved with collecting large quantities

of inoculum for such studies. A new VA mycorrhizal fungus, des-

cribed in this paper, produces great quantities of chlamydospores

at regular intervals on the soil surface of pots in the greenhouse.

The thesis also includes a description of the use of this fungus to

study the influence of abiotic and biotic factors on spore germination

in natural soils.
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I. VARIATION IN GERMINATION AND SPORE MORPHOLOGY
AMONG FOUR ISOLATES OF GLOMUS MOSSEAE

Spores in the Endogonaceae are difficult to germinate (Godfrey,

1957); and germination may be influenced by pH (Green, Graham and

Schenck, 1975), heavy metal concentration (Hepper and Smith, 1976),

and nutrient content of the medium (Daniels and Graham, 1976).

Light intensity and temperature (Schenck, Graham and Green, 1975),

presence of microbial metabolites (Mosse, 1959), and differences in

the age and maturity of spores may also cause variable germination

(Godfrey, 1957).

Cultures begun from a single isolate of Glomus mosseae

(Nicol. and Gerd.) Gerd. and Trappe germinated readily on water

agar but differed in their tolerance to heavy metals in the medium

(Hepper and Smith, 1976). This is the only report of variability

within a species. The possibility that isolates from geographically

distinct locations may differ in germinability has not been tested, nor

has germination of spores freshly isolated from the field been com-

pared with isolates long maintained in pot culture. This paper re-

ports differences in germination and morphology of spores of G.

mosseae collected at four different locations.

Glomus mosseae was isolated from ( i) wheat growing in Quincy,

Washington, pot-cultured since 1972 on green pepper; ( ii) Urbana,

Illinois, maintained on onion; ( iii) Corvallis, Oregon, isolated from
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unidentified grass maintained in the same soil as collected; (iv) wild

oats growing near Bend, Oregon, cultured on chives since 1970

(voucher collection deposited in the Oregon State University Herbar-

ium as Trappe #2422). All soils which included spores were stored

in a cold room (10 C). After 2 mo, and every 2 mo thereafter,

spores were extracted by wet sieving and decanting (Gerdemann

and Nicolson, 1963).

Spores were surface sterilized for 2 min in 0. 525% sodium

hypochlorite and rinsed three times in sterile deionized water.

Surface-sterilized spores were transferred to various media, 10

spores/9 cm Petri plate, to assess germination. A spore was con-

sidered germinated if at least one germ tube was visible after 20 da.

Water-agar media were prepared with 0.75% Difco Noble or

Bacto agar. Nutrient-broth agar was prepared by amending Noble-

water agar (0.75%) with 1, 5 or 8 g/1 Difco-nutrient broth. All

treatments were replicated with 10 spores three times and each

experiment was repeated twice every 2 mo for 1 yr to determine

the influence of spore age on germination. Thus, a total of 60 spores

were tested per treatment six times per year.

No spores of the Bend, Corvallis, and Illinois isolates germi-

nated on any of the five media tested, whereas the Washington isolate

germinated on all media (Table 1). In addition, the same isolates

failed to germinate when these experiments were repeated every 2 mo



Table 1. Spore germination of Glomus mosseae isolates on various agar media vs. enclosed in
nylon bags and buried for 1 mo in soil supporting live Coleus.

Isolate

Spore germination
Water agars Conc, nutrient broth agar Buried

Noble Bacto 1g/1 5g/1 8g/1 in soil

Washington 51 76 56 27 28 64

Bend 0 0 0 0 0 35

Corvallis 0 0 0 0 0 38

Illinois 0 0 0 0 0 40

1 Grams of Difco Nutrient Broth liter Noble water agar



for 1 yr. Thus spore age probably did not account for the observed

failure to germinate. Hepper and Smith (1976) observed germination

of their G. mosseae isolate on Bacto water agar, but none on Noble

water agar. In contrast, our Washington isolate germinated on both

Bacto and Noble water agar. This provides an example of variability

between isolates of G. mosseae.

Nutrient broth at low concentrations (< 1 g/liter) stimulated

germination of G. mosseae (Daniels and Graham, 1976). Neverthe-

less, spores of the Bend, Corvallis, and Illinois isolates failed to

germinate in Noble agar over a range of nutrient broth concentrations

in this text.

To determine if germination might be, enhanced in soil, 20

surface-sterilized spores of each of the four isolates were placed

on rectangles (10x5 cm) of Nytex nylon screen (8 Ezm mesh). These

screens were folded in half and sealed on three sides with epoxy

cement. The bags thus formed were then bu-ried in a pot containing

a pasteurized 1:1:1 sand/soil/vermiculite mix in which a Coleus was

growing. After 1 month, the bags were retrieved and opened, the

spores stained with cotton blue (1. 5 %) in lactic acid for 4 min, and

the number of germinated spores determined. Each package of 20

spores was replicated three times and the experiment was repeated

twice.

Some spores (35-64%) of all four isolates germinated in the soil
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(Table 1). Thus the lack of germination by spores from three of the

isolates on agar media was not attributable to lack of viability. Fur-

thermore, the Corvallis isolate, collected fresh from the field, be-

haved similarly to the Bend isolate, maintained in pot culture since 1970.

Failure to germinate on agar media therefore does not seem to be a

function of the time isolates were maintained in pot culture.

Scanning electron micrographs were made of representative

spores from each isolate to determine if morphological character-

istics were associated with the lack of germination on agar media.

Spores were fixed overnight in 3% glutaraldehyde, passed through an

ethanol dehydration into a 1, 1, 2-trichlorotrifluoroethane dehydration

series, and then critical-point dried, mounted on an aluminum stud

with double adhesive tape, cooled with 60:40 gold palladium alloy,

and examined with an AMR 1200 scanning electron microscope.

Diameters of the Washington spores (Fig. 1) varied from 120

to 155 p.m. Most spores of this isolate were produced ectocarpically

and lacked a well developed peridium. If this isolate produces spores

endocarpically, its peridium must fall away during sieving.

Although some spores of the Illinois isolate (Fig. 2) were

borne free in the soil, the majority were enclosed in a heavy peridi-

um. Spores including peridium averaged about 375 p.m in diam;

measurements of spores alone were difficult because the peridium

did not separate from the spore with mild pressure as it did with



8

other G. mosseae isolates.

Most spores from the Bend (Fig. 3) and Corvallis (Fig. 4)

isolates were enclosed in peridia. The peridium around spores of

the Bend isolate is of loosely woven hyphae that readily detach from

the spore under mild pressure. In contrast, spores of the Corvallis

isolate are enclosed in a well developed peridium similar in surface

texture to that of the Illinois isolate; however, the peridium of the

Corvallis spores easily detaches with mild pressure. Spores from

the Bend and Corvallis isolates are similar and ranged in diameter

from 180 to 220 p.m. Thus the four isolates are distinguishable on the

oasis of spore morphology. Perhaps the presence of a peridium

deters germination on agar media, i. e., the Washington isolate has

the least peridium and germinates best on the media tested.

The differences between isolates reported here may be due to

innate physiological differences or may reflect differences in cul-

tural history. Further research is needed to determine if the physio-

logical differences are correlated with geographic location, i.e.,

ecotypic variation. In any event, such differences in germinability

must be recognized in designing germination experiments and inter-

preting results.

Gerdemann and Trappe (1974) noted some extremes of variation

in their concept of Glomus mosseae but indicated that the available

data were inadequate to segregate new taxa. If differences such as



9

occur between the isolates of our study prove to be genotypic, the

Washington isolate deserves at least varietal separation from typical

G. mosseae.

Dr. J W. Gerdemann, University of Illinois, generously sup-

plied the Illinois isolate for our experiments. The Bend isolate was

collected and maintained in pot culture by Mr. Iwan Ho of the Pacific

Northwest Forest and Range Experiment Station, Forestry Sciences

Laboratory, Corvallis, Oregon.

Statistical analyses were not performed because the results

reported in this paper are self evident, i. e., either germination

occurred or it did not.

Summary

Four isolates of Glomus mosseae, collected from diverse

geographic locations, were pot cultured on various host plants or

stored in the same soil as collected. Spores of three isolates failed

to germinate on any of five agar media while the fourth germinated

well on all media. Lack of germination on agar media was not

attributable to lack of viability as spores of all four isolates germi-

nated when enclosed in nylon screen bags buried in pasteurized soil

mix containing a coleus plant. Scanning electron micrographs deter-

mined that morphological characteristics of the four isolates differed

as well.
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Figs. 1-2. Glomus mosseae. 1. From near Quincy,
Washington; peridium lacking, x400.
2. From near Urbana, Illinois; entirely
enclosed within a dense, adherent peridium,
x200.
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Figs. 3-4. Glomus mosseae spores. 3. From near Corvallis,
Oregon; small portion of the detached dense
peridium still adherent, x380. 4. From near
Bend, Oregon; peridium of loosely woven network
of hyphae, x317.
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II. GLOMUS EPIGAEUS SP.PROV.t A USEFUL FUNGUS
FOR VESICULAR-ARBUSCULAR

MYCORRHIZAL RESEARCH

Gerdemann. and Trappe (1974) reported epigeous fruiting of

members of the Endogonaceae on the soil surface of potted plants in

greenhouses. In fall 1976, sporocarps of a chlamydosporic vesicular-

arbuscular mycorrhizal fungus were discovered on the soil surface of

pots containing Norfolk Island pine (Araucaria excelsa R. Br.) in the

Oregon State University Botany greenhouse (Fig. 1). Subsequently,

8-15 sporocarps have been harvested monthly from each pot except dur-

ing dry summer months. Meanwhile, reexamination of some collections

of Endogonaceae from Mexico and Ecuador revealed a fungus of similar

appearance. We judge the fungus to be undescribed and sufficiently

distinct from G. macrocarpus to propose the name Glomus

epigaeus.

To determine if G. epigaeus would fruit epigeously in pot cul-

tures, sporocarps were harvested from the potted Araucaria and

inoculated into pots containing sand/soil/vermiculite mix seeded to

either Sorghum vulgare Pers. or Asparagus officinalis L. These

pot cultures were raised in the U. S. D. A. -S. E. A. Ornamental Plants

Research Laboratory greenhouse and irrigated automatically by a

mist system. After 4 months epigeous sporocarps were formed in

both asparagus and sorghum pot cultures. Sporocarp production
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continued even after the sorghum pots were removed from mist irriga-

gation and watered manually. Epigeous fruiting appears, however,

to require maintenance of relatively humid conditions.

These pots have been in production for more than a year. Dur-

ing this period weekly application of 150 ml of either 1/8 strength

Hoagland's solution or full strength Long Ashton solution (Hewitt, 1966)

with 1/4 strength phosphorus have worked well. Each pot produces

up to 15 sporocarps per month with little seasonal fluctuation.

Although sporocarps fruit directly on surface roots of Norfolk

Island pine (Fig. 1) and sorghum, they often form among moss

(Funaria hygrometrica Hedw.) which grows abundantly on the soil

surface. We have not noticed vesicular- arbuscular mycorrhizal

infection of moss rhizoids. Whether or not rhizoids are colonized

by the fungus, the moss probably helps maintain relatively high

humidity near the soil surface and thereby promotes fruiting of

G. epigaeus.

Spores are separated easily from sporocarps by immersing

the sporocarps in 20-30 ml distilled water with 30-50 g broken glass

(shards 2-5 mm diam) in a 250 ml Erlenmeyer flask. The flask is

shaken on a reciprocal shaker at 2-3 cycles/sec. for approximately

30 minutes or until spores are separated. Hyphal attachments

generally were severed to within about 60 p.m or less from the spore.

Spores were then separated from the glass chips by wet seiving.

G. epigaeus is extremely useful for vesicular- arbuscu.lar

mycorrhiza research because it regularly produces thousands of
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clean, uniform, easily harvested spores for experimental inoculum.

Pot cultures need not be dismantled to obtain spores. Its sporocarps

have not been found to include spores of other mycorrhizal fungi,

so it appears to be dependably free of such contaminants. The quan-

tity of inoculum used in an experiment can be easily determined as

weight or number of spores. It germinates readily under proper

conditions and has been used successfully in extensive germination

studies (Chapters II and III). Such studies otherwise would have been

either excessively time consuming or reduced to dangerously small

numbers of test spores. G. epigaeus can be useful in many other

types of studies on spores and mycorrhizal fungus-host interactions.

An occasionally observed hyperparasite of G. epigaeus closely

resembles Rhizidiomycopsis stomatosa Sparrow, a hyperparasite

of several endomycorrhizal fungi (Schenck and Nicolson, 1977).

Glomus epigaeus sp. prov. (Figs. 1-3).

Chlamydosporae singillatim in terra vel in sporocarpiis

epigaeis enatae. Sporocarpia ochracea vel brunnea, irregularia,

2-8 x 3-15 mm. Peridium destitutum. Sporae globosae, sub-

globosae, vel late ellipsoideae, (60-) 75-140 (-165) x 95-140p.m,

leaves, juventute albae, deinde pallide ligneae vel pallide hepaticae;

tunicae 5-8 (-10) p.m crassae, tunica exteriore subhyalina, 0.5-1 p.m

crassa, tunica interiore maxime crassa, aurea. Hypha affixa typice
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4-6 ltm diam, saepe in tunicam sporae inserta, plerumque ad

paginam sporae ad 6 -10µm expansa. Hyphae sporocarpiorum 3-15

(-30) p.m diam, subinde tumoribus irregularibus, hyalinae, eburneae,

vel pallide brunneae. Holotypus Trappe 5174.

Sporocarps irregular, 2-8 x 3-15 mm, sometimes fused into

larger masses, dull brownish yellow to brown, arising from a basal

pad of pale grayish yellow, loose mycelium with a few interspersed

spores; peridium lacking, but hyphal aggregations sometimes ex-

tended from the basal pad over lower sporocarp sides. Spores also

borne singly or in clusters in soil.

Chlamydospores globose to subglobose or broadly ellipsoid,

(60-) 75-140 (-165) x 95-140 p.m, smooth, white in youth, by maturity

light yellowish brown to light brown, as mounted in. H2O, KOH, or

lactophenol golden yellow to bright brownish yellow. Spore walls

5-8 (-10) pm thick, including a subhyaline outer layer 0.5-1 p.m adher-

ing to a thick inner layer that ranges from yellow throughout to light

orange brown at the outer surface grading to yellow at the inner

surface, in Melzer's reagent orange, in cotton blue-lactophenol

cyanophilous in youth but acyanophilous at maturity. Hyphal attach-

ment typically 4-6 p,m diam, often inserted into the spore wall and

occluded septum-like at the inner part of the wall, the subtending

hypha usually expanded abruptly to 6-10 p.m diam at the spore surface

and with thin or only slightly thickened, hyaline to pale yellow or pale
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brownish pink walls. Spore contents of uniformly small, hyaline

oil globules 2-5 pm diam in sporocarpic spores. Sporocarp hyphae

3-15 (-30) p.m diam, much branched, with occasional, irregular

swellings, the walls hyaline to pale yellow or brown and thin to ±1 p.m

thick, cyanophilous in cotton blue-lactophenol.

DISTRIBUTION AND HABITAT: Subtropical forests of central Mexico

and Ecuador; on and in soil of potted plants in greenhouses at

Corvallis, Oregon and Arcata, California.

MYCORRHIZAL ASSOCIATIONS: Field associations unknown; in

greenhouses, associated with potted plants of Angiopteris evecta,

Araucaria excelsa, Asparagus officinalis Passiflora sp., Philo-

dendron spp., and Sorghum vulgare.

ETYMOLOGY: Latin, epigaeus (growing upon the ground).

COLLECTIONS EXAMINED HOLOTYPE: U. S. A. - -Oregon, Benton

Co., Corvallis, U. S. D. A. -S. E. A. Ornamental Plants Laboratory

greenhouse, on surface of soil of potted asparagus, leg. B. Daniels,

13 Dec. 1977 (Trappe 5174, OSC).

PARATYPES: U.S.A. --Oregon, Benton Co., Oregon State Univ.

Botany greenhouse, leg. J. W. Gerdemann, Oct. 1969 (Trappe 2074,

OSC); leg. J. Trappe, 12 March 1970 (Trappe 2133, OSC). California,

Humboldt Co., Humboldt State Univ. Greenhouse. leg. Robert Ames,
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10 Nov. 1974 (Trappe 4028, OSC). Mexico, Morelos, 10 km N. of

Cuernavaca along Carretera Vieja Cuernavaca-Mexico on soil under

humus in subtropical Pinus-Quercus forest, leg. J. Trappe, 12

September 1972 (Trappe 3470, OSC and ENCB). Ecuador, Morona,

13 km from Limon (General Plaza Gutierrez) on the Limon-Mendez

road, leg. K. P. Dumont, S. E. Carpenter, and P. Buritica,

3 August 1975 (Dumont EC-2165, NY and OSC).

The earlier collections of Glomus epigaeus (Trappe 2074 and

2133) were included with "small-spored" Glomus macrocarpus Tu1.8E

Tul. by Gerdemann and Trappe (1974). Reexamination of these and

the other collections cited has revealed some consistant differences

between these two species, however. Glomus epigaeus characteris-

tically forms epigeous sporocarps; the spore walls are bright yellow

to bright yellowish brown in transmitted-light microscopy; the spore

contents are of uniformly small oil globules; and, perhaps most

obviously, the hyphal attachments are nearly always 10µm or less

in diameter, with little or no wall thickening of attached hyphae and

with the spore wall occluded by an inner, septum-like deposit that

leaves an insertion of the attached hypha into the outer spore wall.

Glomus macrocarpus, in contrast, does not normally form epigeous

sporocarps; its spore walls are yellowish brown to dark brown in

transmitted light microscopy; its spore contents include oil globules

ranging from small to nearly filling the spore; and its hyphal
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attachments are usually larger than 10p.m diam, with walls of attached

hyphae greatly thickened to occlude the opening (Fig. 4). The spore

diameter of G. epigaeus ranges from that typical of G. fasciculatus

(Thaxter) Gerd. & Trappe into that of "small spored" G. macrocarpus.

In characters other than spore size, G. fasciculatus resembles

G. macrocarpus rather than G. epigaeus.

Other "tropical" Endogonaceae have been found in northern

greenhouses: Glomus vesiculifer (Thaxter) Gerd. & Trappe,

Sclerocystis coremioides Berk. & Br., and S. dussii (Pat.) von FlOhn.

(Gerdemann & Trappe, 1974). At the same time, many species of

Endogonaceae occur from tropical to temperate and subalpine habitats

(Gerdemann & Trappe, 1974; Trappe, 1977). Glomus epigaeus has

been designated as "G. macrocarpus" in the past, so it may have been

misidentified in collections from temperate zones. Reexamination of

such collections in light of our data may reveal a much broader dis-

tribution for G. epigaeus than is now known.

Ms. Jennifer Parke and Dr. Robert Linderman participated in

the pot culturing of G. epigaeus. Dr. Gaston Guzman is specially

thanked for arranging opportunities for Trappe to collect fungi in

Mexico. Dr. K. P. Dumont generously shared his material from

Ecuador.
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Figs. 1-3. Glomus epigaeus. 1. Sporocarp, x 15. 2. Spores,
x 70. 3. Spore walls, showing thin outer layer
and thick inner layer and insertion of hyphal
attachment into the spore wall, x 1000.

Fig. 4. Glomus macrocarpus, laminated spore wall and
typical hyphal attachment, x 1000.
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Summary

A new endomycorrhizal species, Glomus epigaeus produces

abundant chlamydospores in sporocarps on the soil surface. This

species has been maintained for more than 1 year in pot culture on

various hosts and produces 8-15 sporocarps monthly from each pot.

A simple technique of shaking sporocarps in water with broken glass

chips is described for the separation of spores from sporocarps.

The epigeous habit, narrow, thin-walled, inserted hyphal

attachment and bright yellow to yellow brown color in transmitted

light separate G. epigaeus from Glomus macrocarpus, which does

not normally fruit epigeously and has a much broader, thick-walled,

noninserted hyphal attachment and brown wall color in transmitted

light.
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III. FACTORS EFFECTING GERMINATION OF THE
VESICULAR-ARBUSCULAR MYCORRHIZAL

FUNGUS, GLOMUS EPIGAEUS, IN
NONSTERILE SOIL

Several environmental factors influence germination of spores

of vesicular - arbuscular rnycorrhizal fungi in vitro. Schenck,

Graham and Green (1975) demonstrated that maximum germina-

tion occurred at higher temperatures for Florida isolates of

Gigaspora heterogama (Nicol. & Gerd.) Gerd. and Trappe and

Gigaspora coralloidea Trappe, Gerd. and Ho, than for a Washington

isolate of Glom.us mosseae (Nicol. & Gerd.) Gerd. and Trappe.

Optimum pH levels for germination also differed between these

species possibly in relation to the soil acidity of the various envi-

ronments from which these species were obtained (Green, Graham

and Schenck, 1976). Hepper and Smith (1976) observed that spore

germination of G. mosseae isolates varied in response to high con-

centrations of heavy metals such as zinc and manganese.

It is widely reported that conditions of high soil fertility reduce

endomycorrhizal infection (Sanders, Mosse and Tinker, 1975) despite

the contradictory results of Hayman, Barea and Azcon (1976). Where

high soil fertility has reduced infection, it is unclear whether this

results from reduced germination and/or the inability of germinated

spores to infect. Trinick (1977) demonstrated that additions of even

small amounts of phosphorus to soil reduced infection, although
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germination occurred normally. Similarly, high soil moisture has

been demonstrated to reduce infection (Mejstrik, 1965; Redhead, 1971;

Khan, 1972; Trinick, 1977) although Sindergaard and Laegaard (1977)

report high levels of infection in some aquatic plants. Still, little is

known about the influence of water stress on VA-mycorrhizal infection

or its influence on germination of these fungal spores. Neither has

the influence of other factors such as spore density, temperature and

pH on germination in nonsterile soil been explored.

Spore germination studies have been impeded in the past be-

cause of the difficulty of obtaining large numbers of spores, but

Glomus epigaeus sp. prov. is not thus limited. It produces sporocarps

containing thousands of viable spores at regular intervals on the soil

surface in pot cultures. The sporocarps are easily harvested and the

spores are readily extracted and cleaned (Chapter II). This paper

describes the influence of spore density and several soil factors on

spore germination of G. epigaeus in nonsterile soil.

General Methods and Materials

Spore Collection

Sporocarps of Glomus epigaeus were collected from Norfolk

Island Pine (Araucaria excelsa R. Br.) in the Oregon State Univer-

sity Botany greenhouse and multiplied in pot cultures with Sorghum

vulgare Pers. or Asparagus officinalis L. Sporocarps subsequently



26

formed by these pot cultures were harvested from the soil surface

and stored in Ringer's solution. Sporocarps were transferred as

needed to an Erlenmeyer flask (250 ml) containing broken glass chips

(30-50 g) and shaken (2 reciprocations/second) until spores were

separated and adherent mycelium had been removed (Chapter II).

Chehalis Soil Description

The soil for all experiments was nonsterile Chehalis silt loam,

with pH 6.8, 8.5 cation exchange capacity (meq/100 gms), 85% base

saturation, . 07% total nitrogen, 10 ppm available phosphorus and

84 ppm available potassium as determined by the OSU soil testing lab.

The soil was air-dried but rehydrated and mixed one week prior to

use.

Experimental Design and Statistical Analysis

The germination studies were conducted in 5 cm diameter

sterile plastic petri dishes containing 10 g rehydrated soil. Unless

otherwise indicated in experiments to test the effect of moisture, soil

was remoistened with distilled water to 43.5% (-.17 Bars) and

allowed to equilibrate for one week. Then 10 spores per gram

were added to each soil sample and incubated at 18° C for two weeks.

Soil temperature and moisture experiments were replicated

twice and all other experiments were replicated three times.
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One-way analysis of variance was performed on all experiments.

Curves were fitted by either nonlinear regression or multivariate

regression techniques for those experiments with data showing

significant differences at the .05 level.

Assessment of Germination

After incubation, samples were wet sieved and decanted

(Gerdemann and Nicolson, 1963) through a 61 p.m sieve; the sievings

were transferred to glass petri dishes for microscopic examination.

Spores were considered germinated if the attached hyphae had re-

grown or if a germ tube emerged through the old hyphal attachment.

Individual Experiments and Results

Spore Density

VA-mycorrhizal spore density has been related to infection in

numerous studies, but the influence of spore density on germination

has not been tested. To determine whether spore density affected

germination, densities of 1000 spores/g soil, 100 spores/g, 10

spores/g, and 1 spore/g were tested. Germination percent did not

differ significantly between any densities (Fig. 1). Accordingly,

densities of 10 spores/ g were used in subsequent experiments.
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Temperature

To determine the optimal temperature for G. epigaeus spore

germination in nonsterile soil, inoculated soil samples were incu-

bated at 5° C, 10° C, 15° C, 18° C, 20° C, 25° C, and 35° C. Optimum

spore germination occurred in soil incubated between 18° and 25° C

(Fig. 2). This temperature response more closely resembles that of

G. mosseae from eastern Washington than G. heterogama and

G. coralloidea from Florida (Schenck, Graham and Green, 1975). The

higher optimum temperatures for Gigaspora spp. from Florida was

thought to represent high temperature adaptation and the Washington

G. mosseae isolate, cold temperature adaptation. Adaptation to high

temperature might also be expected for G. epigaeus that occurs in

subtropical habitats of Ecuador and Mexico (Chapter II). That this

adaptation to high temperature was not evident in G. epigaeus from

Oregon greenhouse soils suggests that G. epigaeus may be native to

cooler climates as well. Because a temperature range between

18-25° C proved optimal for germination, future experiments were

incubated at room temperature, which ranged closely around 20° C.

Moisture

To determine the influence of soil moisture tension on spore

germination, enough distilled water was added to the Chehalis soil
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to establish these moisture contents (suction tension levels were

determined from a Chehalis soil water potential curve by Nagpal,

1971): 8%, > -100 Bars; 17.4%, -18 Bars; 26.0%, -3 Bars; 34.8%,

-.7 Bars; 43.5%, -.17 Bars; 52.5%, -.04 Bars; 60.8%, -.004 Bars;

69. 6 %, < -. 001 Bars. Spore germination was favored in soil at or

above field capacity but is considerably reduced at lower percentage

moisture (Fig. 3). At lower moisture levels fewer microsites in the

soil exist where moisture is optimal for germination. Above field

capacity the soils appear water-soaked and high levels of germination

occurred. Soil in petri dishes, however is not subject to the same

reduction in aeration that occurs in saturated soils in the field.

Therefore, conclusions can be drawn only from the response of

G. epigaeus to moisture levels at or below field capacity. Because

maximum germination occurred just above field capacity at 43.5%

moisture, this moisture level was used for all future experiments.

Soil Fertility

The influence of nitrogen, phosphorus, and potassium amendment

rates was tested by adding 0,25 ppm, 50 ppm 100 ppm, and 200 ppm by

weight of NH4NO3, Ca(F-121304)2, and E2SO4 respectively to the rehy-

drated soil. These rates are following the customary levels of nutri-

ent applied in the Willamette Valley. These rates are the customary

levels of nutrient applied in the Willamette Valley. Following
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fertilization the soils were allowed to equilibrate one week before

spores were added.

Between 65-85% of the spores germinated in these soil samples

at the nutrient levels tested (Figs. 4-6). NH4NO3 and K2SO4 did not

significantly influence germination at any level (Figs. 4 and 5).

Germination increased slightly but significantly as the level of

CA(H
2
PO4)2 increased up to 100 ppm and then decreased significantly

at 200 ppm the highest level tested (Fig. 6). The biological signifi-

cance of these slight but statistically significant differences is

questionable. Therefore, pH experiments were conducted in soil

without N, P, and K amendment.

pH

The influence of pH on spore germination was tested by adding

1 M H2SO4 or CaOH to the soil. Subsequent soil tests revealed the

final pH levels to be 4.8, 5. 6, 6.0, 6. 8, 7. 0, 7.4, and 8.0. Soil pH

significantly influences germination (Fig. 7). Although germination

occurred over a broad range, maximum germination occurred be-

tween pH 7. 0 and 7. 4. Spore germination occurred at higher pH's and

over a wider range thanwas obtained for Glomus mosseae, Gigaspora

heterogama and Gigaspora coralloidea germinated on agar media(Green,

Graham and Schenck, 1976). The difference in substrates between the 2

experiments, however, precludes comparison with G. epigaeus.
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Conclusions

The results reported in this paper indicate that soil tempera-

ture, moisture, and pH influence germination of G. epigaeus spores

while spore density and levels of NH4NO3, CA(H2PO4)2, and K2SO4

have little or no influence over the ranges tested. High phosphorus

levels have been reported to result in reduced spore number in the

field (Hayman, 1970; Khan, 1972; Khan, 1975; Ross and Ruttencutter,

1977; Kruckelmann, 1975). Conditions of high soil fertility are also

generally considered to reduce VAM infection (Sanders, Mosse and

Tinker, 1975). It is unclear whether reduced infection results from

reduction of spore numbers, inhibition of spore germination or failure

of germinated spores to infect in fertile soils. Trinick (1977)

observed that spore germination but not infection of Lupinus

cosentinii occurred in soil to which a range of phosphate fertilizer

levels had been applied. However, the final soil test values following

application were not reported.

In my experiments soil test data (Table 1) following fertilizer

applications revealed only slight modification of N and P availability.

Therefore germinability was tested over a narrower range than

implied by the amounts added. Much of the applied N and P was

presumably immobilized. This phenomenon must therefore be

considered in planning future experiments i. e., nutrient availability
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must be considered as well as level of nutrient applied, and care

must be taken in drawing conclusions from experiments based only

on application rate.

Spores of many root infecting fungi germinate only in response

to stimulation by appropriate host root exudates, even when soil

moisture and temperature are optimal (Bruehl, 1975). The germina-

tion of G. epigaeus spores in nonsterile soil in the absence of host

root exudates suggests that it is a relatively primitive fungus which

has not evolved to a high degree of host specificity. Because it does

germinate without host regulation and when conditions are generally

good for growth of many host plants, it may exemplify coevolution of

a fungal symbiont with a range of hosts.
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Table 1. Relationship between ppm N, P, K, added to Chehalis soil
and the corresponding soil test values after the soil had
equilibrated one week.

Amendment

NH4NO3 (ppm)

Test Values after Amendment
Total N(%) Final pH

0 .07 6.8
25 . 09 6. 5

50 .08 6.4
100 .08 7.2
200 . 09 6.4

Ca(H2 PO4)2 Available P (ppm)

0 10 6.8
25 13 6.7
50 13 6.7

100 15 6. 8

200 21 6.6

K2SO4 Exchangeable K (ppm)

0 84 6.8
25 106 6.6
50 106 6.7

100 124 6.4
200 152 6.5
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Figure 1. Percent germination of Glomus epigaeus spores at different spore
densities in nonsterile Chehalis silt loam.
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Figure 2. The relationship of temperature to percent spore germination of
Glomus epigaeus in nonsterile Chehalis silt loam as described by the equation

-20.7487
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Figure 3. The relationship of soil moisture to percent spore germination of
Glomus epigaeus spores in nonsterile Chehalis silt loam as described
by the equation

65.5257
Y= -1.6115x1 +38.8048 e
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Figure 4. Percent germination of Glomus epigaeus spores at different levels of Ammonium
nitrate amended to nonsterile Chehalis silt loam.
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Figure 5. Percent germination of Glomus epigaeus spores at different levels of Potassium
sulphate amended to nonsterile Chehalis silt loam.
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Figure 6. Percent germination of Glomus epigaeus spores at different levels of
monocalcium phosphate amended to nonsterile Chehalis silt loam.
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Summary

The influence of physical and chemical factors on germination

of Glomus epigaeus spores was tested in nonsterile soil. Soil mois-

ture, temperature, and to a lesser degree, pH, appear to influence

germination, while levels of soil fertility and spore density had little

or no effect at levels tested. Maximum spore germination occurred

in soil at or above field capacity, between 18-25°C and between 6-8

pH. These conditions seem closely related to the conditions optimal

for growth of many host plants.
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IV. THE INFLUENCE OF BIOTIC FACTORS ON SPORE
GERMINATION OF GLOMUS EPIGAEUS,

A VESICULAR-ARBUSCULAR
MYCORRHIZAL FUNGUS

Introduction

The intensity of vesicular-arbuscular mycorrhiza (VAM) forma-

tion can be reduced when host species are grown in mixture with cer-

tain nonhosts (Hayman, Johnson and Ruddesdin,. 1975). One hypo-

thetical explanation for this phenomenon is that the nonhosts in some

way inhibit germination of spores of VAM fungi. Soil microorganisms,

on the other hand, are reported to stimulate spore germination of a

VAM fungus (Mosse, 1959b). It is not clear whether microorganisms

stimulate germination directly or whether germination is only in-

directly influenced by microorganism activity, e.g. nutritional regu-

lation of the soil environment (Daniels and Graham, 1976).

The experiments reported here were designed to compare germi-

nation of Glomus epigaeus sp. prov. spores in sterilized and non-

sterilized soils. The influence of nonmycorrhizal, ectomycorrhizal

and VAM plants on spore germination of G. epigaeus, was also

examined.
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Methods and Materials

Collection and Preparation of Spores

Sporocarps of Glomus epigaeus were collected from Norfolk

Island Pine (Araucaria excelsa R. Br.) in the Oregon State University

Botany greenhouse and inoculated in pot cultures with Sorghum vulgare

Pers. or Asparagus officinalis L. Sporocarps subsequently produced

in abundance by the pot cultures were harvested from the soil surface

and stored in Rin solution. Individual spores were obtained as

described in Chapter II: A sporocarp was transferred as needed to

an Erlenmeyer flask (250 ml) containing 30-50 g broken glass in 20-30

ml distilled water. The flask was shaken on a reciprocal shaker at

2-3 cycles/sec for about 30 minutes or until spores were separated,

adherent mycelium was removed, and hyphal attachments were

severed 60 p.m or less from the spore. Spores were then separated

from glass chips by sieving.

Spores of Glomus mosseae (Nicol, and Gerd.) Gerd. and Trappe

and Gigaspora gigantea (Nicol. and Gerd.) Gerd. and Trappe were

collected by wet sieving and decanting (Gerdemann and Nicolson,

1963) from pot cultures of Sorghum vulgare and Allium cepa L.

respectively. Hyphal attachments of these spores were removed

as described for G. epigaeus.
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The Influence of Nonsterilized and Sterilized
Soil on Spore Germination

Spore germination was tested in four soils from diverse en-

vironment: (1) dune soil from South Beach State Park near Newport,

Oregon, (2) high elevation mixed conifer forest soil from Santiam

Pass, Oregon, (3) a lower elevation dry, Pinus ponderosa forest soil

collected five miles south of Sisters, Oregon, and (4) air-dried

Chehalis silt loam which had not been cultivated for several years.

The Chehalis soil was air dried and rehydrated to 43.5% moisture

and allowed to equilibrate one week prior to innoculation (Chapter

III). The other soils were refrigerated after collection and rehy-

drated to make a paste (mass glistens because of the water film and

flows slightly when the container is tipped). For comparison a por-

tion of each soil was sterilized by autoclaving twice for 20 min on

two successive days and then stored one week at room temperature.

Thereafter, enough sterile distilled water was added to each soil to

make a paste.

Alternative methods of soil sterilization of Chehalis silt loam

were also tested for influence on spore germination: (1) steamed

twice at 100° C for 1 hour on two consecutive days and stored for one

week, or (2) exposed to 6 million rads of Gamma irradiation for 72

hours.

Spore germination was tested in substances other than soil:
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water, washed silica sand, purified potter's kaolin, and

activated charcoal. The latter three were saturated with sterile

distilled water. A portion of each was sterilized by autoclaving on

two consecutive days. Germination was also tested in 10 g samples

of sterilized sand and sterilized water to which .25 g of autoclaved

soil, nonsterile soil or sterilized kaolin was added. Sterile soil was

also added to sterile kaolin to make concentrations bf 100%, 90%, 70%,

50 %. 30%, 10 %, and 0% kaolin.

The Influence of Roots of Non-, Ecto-, and
VA-mycorrhizal Species on Spore Germination

To compare effects of nonmycorrhizal vs. VAM host species

on spore germination, seeds of nonmycorrhizal Beta vulgaris L.

and Raphanus sativus L., VA mycorrhizal Asparagus officinalis L.,

Triticum aestivum L., and Allium schoenoprasum L. were surface

sterilized in 10% chlorox and germinated on sterile moist filter paper

in petri dishes. Following seed germination, six seedlings of each

species were transferred to staining wells that contained 3 g of

G. epigaeus -inoculated nonsterile Chehalis soil. In addition, six

were transferred to staining wells containing Chehalis soil which was

autoclaved prior to inoculation with G. epigaeus spores. Germination

of these was compared with germination in wells containing autoclaved

inoculated soil alone.

To determine the influence of ectomycorrhizal plants on spore
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germination, alternative techniques were employed because of the

slower growth of Quercus garryana Dougl. and Pseudotsuga menziesii

(Mirb.) Franco. Six seeds of P. menziesii were surface sterilized

and germinated on Potato Dextrose Agar before transfer to sterile

glass tubes containing 1:10 peat-vermiculite mix. After 8 months

the seedlings were removed and the young rootlets near the bottom

were packed with 15 g of inoculated Chehalis soil containing 10 G.

epigaeus spores/g. The seedlings were then replaced into the glass

tubes and grown for 3 weeks. Acorns of Q. garryana were germin-

ated in flats containing 1:1 peat-vermiculite mix. After 8 months,

6 seedlings were removed from the flat, washed in distilled water

and placed in 10 cm wide cellophane bags to which 15 g of inoculated

Chehalis silt loam was carefully added around the roots. The

cellophane bags were loosely fastened around the seedling stems to

allow air exchange but prevent rapid evaporation.

Spore germination of G. epigaeus occurs in nonsterile Chehalis

silt loam in the absence of host roots (Chapter III). To determine

if this response is related to a particular VAM fungus species,

spores of Glomus mosseae and Gigaspora gigantea were inoculated

(10 spores/g) into Chehalis soil and placed in 12 staining wells each.

Six wells with spores of each fungus, respectively received sterile

germinated asparagus seedlings while six of each did not.
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Experimental Design

Experiments with plants were replicated 6 times and incubated

for 3 weeks at room temperature (+ 20° C) under mixed fluorescent +

incandescent lighting. Experiments without plants were conducted in

5 cm diameter plastic petri dishes, replicated 3 times and incubated

for two weeks at 18° C in the dark. All experiments were enclosed

in plastic bags with a beaker of sterile H2O to maintain high humidity

but aired frequently to reduce CO2 accumulation. Data were analyzed

by chi square tests.

Assessment of Germination

At the end of each experiment the soil was sieved and decanted

(Gerdemann and Nicolson, 1963). When seedlings were present,

roots were washed in sterile distilled water, examined microscopically

and spores adhering to roots were included in evaluations. Spore

germination was assessed by microscopic examination. A spore was

considered germinated if a germ tube longer than 6011.m was present.

Results

The Influence of Nonsterilized and Sterilized
Soil on Spore Germination

High levels of spontaneous germination (65-80%) of G. epigaeus

occurred in all soils (Table 1). Percent germination for the two
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forest soils could not be determined precisely because sieving did

not dependably separate spores and mycelium from the abundant

particulate, organic matter. Germination was accordingly recorded

as positive (65-80%) or negative (0%). Sterilization of all soils by

autoclaving totally inhibited germination.

To determine whether inhibition of G. epigaeus germination in

autoclaved soils resulted from changes in soil chemistry or simple

loss of microorganisms, germination was also tested in steamed and

irradiated samples of the Chehalis soil. After two weeks no germi-

nation occurred in either.

Germination occurred in both kaolin and activated charcoal

whether or not these substances were autoclaved (Table 2). However,

germination was difficult to assess in charcoal because of its opacity.

Therefore, percent germination as recorded in Table 2 is approxi-

mate.

Although germination did not occur in autoclaved sand or water

(Table 2), addition of 2.5% nonsterile soil to samples of autoclaved.

sand or water resulted in 78.2% and 69.3% germination respectively.

Addition of autoclaved kaolin to autoclaved sand or water resulted in

76.5 and 72.4% germination respectively, while no germination

occurred when 2. 5% autoclaved soil was added to either autoclaved

sand or water.

When autoclaved kaolin was added to sterile soil in varied
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concentrations, germination decreased as the concentration of

kaolin decreased and the concentration of autoclaved soil increased

(Table 3).

The Influence of Roots of Non-, Ecto-, and
VA-mycorrhizal Species on Spore Germination

G. epigaeus spores germinated in nonsterile Chehalis silt

loam in the absence of roots (Table 4) as well as in the presence of

roots of nonmycorrhizal, ectomycorrhizal, and VA-mycorrhizal

species. G. epigaeus mycelium often adhered to roots of non-

mycorrhizal and ectomycorrhizal plants, but no penetration of roots

by the mycelium was detected by microscopic examination of roots

stained with Trypan blue (Phillips and Hayman, 1970). Roots of

VA species, showed early stages of mycorrhizal colonization. No

germination occurred in autoclaved soil whether or not asparagus

seedlings were present.

Spores of G. mosseae and G. gigantea also germinated in the

presence of asparagus seedlings and in soil alone (Table 5). Spores

of Glomus sp. germinate through the old hyphal attachment (Fig. 1)

whereas in Gigaspora sp., a new germ tube protrudes through the

spore wall (Fig. 2) (Gerdemann and Trappe, 1973). The presence

of plants which are usually VAM hosts did not significantly increase

germination of these fungi. G. epigaeus, G. mosseae and G. gigantea
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spores produced extramatrical vesicles within 2-3 weeks whether or

not a plant root was present. By the present technique it was impos-

sible to determine whether these extramatrical vesicles were spore

initials or simply storage organs.

Discussion

No spores germinated in autoclaved soil. Production of toxins

during autoclaving cannot explain this inhibition because germination

is similarly inhibited in irradiated and steamed soils, Apparently,

the loss of microorganisms in some way inhibits germination. Ger-

mination occurs successfully, however, in autoclaved kaolin and

activated charcoal. Possibly, VAM spores contain self-inhibitors

which are metabolized by the soil microflora. In the absence of the

natural microflora, however, germination may still occur if these

inhibitory substances are tied up or immobilized in substances of

high cation-anion exchange capacity. Alternatively, soil sterilization

by whatever means may release a level of nutrient inhibitory to

germination. Autoclaved kaolin and activated charcoal are relatively

inert and probably do not release inhibitory levels of nutrient.

G. epigaeus spores germinate alike in the presence of roots

of nonmycorrhizal, ectomycorrhizal or VAM species. No fungistatic

effects of roots of the two nonmycorrhizal species was detected. The

nonmycorrhizal status of certain plant families (Gerdemann, 1968)
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may thus result from failure of germinated spores to infect.

While nonmycorrhizal and ectomycorrhizal plant roots did not

inhibit spore germination, neither did the presence of a VAM host sig-

nificantly stimulate spore germination of the fungi tested. Powell

(1976) using the buried-slide technique in gamma-irradiated soil

observed a similar lack of stimulation by host roots except when

these roots grew in very close proximity to VAM hyphae. That host

roots do not stimulate germination is further demonstrated in my

experiments by the failure of spores in autoclaved soil to germinate

even in the presence of host roots.

Sensitivity to fungistasis may ensure survival of host specific

fungi, i. e. germination will not occur in the absence of a suitable

host. While some VAM fungi may be host specific (Sharon Rose,

personal communication), the majority of VAM fungi have extremely

wide host ranges. No host specificity has yet been demonstrated for

G. epigaeus, which apparently does not depend on fungistasis for

survival. Rather, soil temperature, moisture and pH (Chapter III)

influence spore germination. Optimal conditions for spore germina-

tion are also the conditions most suited to growth of many host plants.

Spores are therefore likely to germinate during periods of greatest

root growth, the spore itself providing enough energy to allow sub-

stantial growth through the soil.

Summary

Spore germination of Glomus epigaeus was completely inhibited

in forest, dune and agricultural soils which were autoclaved and in
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Chehalis silt loam which was gamma-irradiated or steamed. How-

ever, 65-80% germination occurred in most nonsterile soils, auto-

claved or nonsterile kaolin and activated charcoal, Similar levels

of germination occurred on nonsterile Chehalis silt loam containing

nonmycorrhizal, ectomycorrhizal and VA-mycorrhizal seedlings,

although penetration and infection was evident only in VA mycor

rhizal host seedlings.
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Fig. 1-2, 1. Glomus epigaeus germination; germ tube extends
through the remaining hyphal attachment; and formation
of smaller extramatrical vesicle, x154.
2. Gigaspora gigantea germination; germ tube protrudes
through the spore wall near the remaining gametangial
attachment, x127.
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Table 1. Gerrci,ation Glomus epigaeus spores in
nonsterile and autoclaved soils.

Soil type Germination
nonsterile autoclaved

Dune

Santiam Pass
South of Sisters

Chehalis

a + = germination of 65-80%

- = no germination

Table 2. Percent germination of G. epigaeus spores in nonsterile
and autoclaved sand, water, kaolin and activated charcoal.

Substance Germinationl
nonsterile autoclaved

Sand 0% 0%

Water 73.3% a 0%

Kaolin 67.9% a 62.860 a

Charcoal 65% a 65% a

1 treatments sharing the same postscript letters do not differ signifi-
cantly (Chi Square test)
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Table 3. Percent germination
autoclaved kaolin -

of G. epigaeus spores in mixtures of
autoclaved Chehalis soil.

% Kaolin % Germination 1

100 64.3 a
90 41.3 b
70 27.0 c
50 0

30 0

10 0

0 0

1 treatments with different subscript letters differ significantly at
the .05 level (Chi Square test)

Table 4. Percent germination of Glomus epigaeus spores in non-
sterile soil containing roots of nonmycorrhizal, ecto-
mycorrhizal and VA-mycorrhizal species.

Plant species % Germination'

Nonmycorrhizal

Beta vulgaris
Raphanus sativus

Ectomycorrhizal

Quercus garryana
Pseudotsuga menziesii

VA- mycorrhizal

Asparagus officinalis
Triticum aestivum
Allium schoenoprasum

No seedling

Chehalis soil alone

71.9

75.0

69.8

73.8

78.1

73.4
76.5

74. 5

1 no significant difference between treatments (Chi Square test)
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Table 5. Percent germination of Glomus mosseae and Gigaspora
gigantea species in presence and absence of Asparagus
officinalis seedling roots.

Endomycorrhizal fungus Asparagus % Germinationl

Glomus mosseae 83.3 a

Glomus mosseae 72.9 a

Gigaspora gigantea 24.1 b

Gigaspora gigantea 12.9 b

1 treatments with different postscript letters differ significantly at
the .05 level (Chi Square test)
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APPENDIX

It is the purpose of this appendix to discuss exploratory exper-

iments on VAM spore germination that led to the preceding chapters.

Studies were initiated with the four VAM species discussed in the

following sections.

Glomus mosseae

Prior to the experiments on isolate variation (Chapter 1), I

worked with the Bend isolate of Glomus mosseae, employing several

methods to trigger germination. These included drying pot culture

soil containing spores in an oven (12, 24 or 36 hrs at 90° F) or in

forced air (12, 24 or 36 hrs at room temperature). A portion of each

dried soil as well as fresh pot culture soil was exposed to cold

(0, 12, 24, or 36 hrs at 34° F). Spores from these soils were wet-

seived, decanted, surface sterilized 3 min. in 10% chlorox and plated

out on .75% Bacto and Noble water agar, Nutrient Broth media (1, 5,

or 8 g/1) Nutrient Broth in Bacto water agar). After 3 weeks no

germination had occurred.

To determine whether incubation temperature might influence

germination, surface sterilized spores from the Bend isolate were

plated on water agar and nutrient broth media as previously des-

cribed, and incubated on a temperature gradient plate providing
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temperatures ranging between 8° and 25° C. No germination occurred.

Spores of the Bend isolate were plated on sterile cellophane

over nonsterile soil as described by Mosse (1959b) with no germina-

tion. Neither did germination occur when sterile germinated seed-

lings of Allium schoenoprasum were placed in close proximity to

spores on water agar and nutrient broth media. Addition of filter -

sterilized root exudates of these seedlings also had no effect.

To determine whether heavy metal concentration in agar con-

tributed to the failure of Bend isolate spores to germinate, all

previous experiments were replated with Difco purified agar. No

germination occurred on any of these media or on soil extract agar

(Daniels and Graham, 1976). Reducing the exposure of spores to

chlorox from 3 min to 2 min or 1 min did not result in germination

on water agar or nutrient broth media.

Lastly, surface-sterilized and nonsterile spores were placed

in autoclaved Nytex nylon squares and incubated on nonsterile and

autoclaved Chehales soil and Kaolin, respectively. Germination

may have occurred but was impossible to observe because spores on

nonsterile soil became heavily contaminated. The hyphal attachment

was often oriented away from view or hyphae possibly emanating from

G. mosseae spores grew through the nylon mesh. Attempts to

remove spores from nylon squares for microscopic examination was

futile because any new hyphal growth was severed. Next, I attempted



59

to remove nylon squares containing spores and exposed them to

various stains hoping to better observe new hyphal growth. However,

hyphae grew through the mesh and became, fragmented during handling.

These hyphal fragments were indistinguishable from original hyphal

attachments. Germination was thus impossible to assess.

A similar method using millipore filters instead of nylon

squares was adopted because new hyphal growth could not penetrate

the millipore filter as it did the nylon mesh. Thus, no breakage of

hyphae would be expected. The millipore filters, however, became

heavily contaminated in nonsterile soil and could not be exposed to

stains without themselves becoming stained. Attempts to differ-

entially destain the filter but not the spores failed. Attempts to

render the millipore filter transparent in immersion oil did not

appreciably increase detection of spore germination. (It was at this

time that I collected three other G. mosseae isolates and performed

the experiments described in Chapter 1 to prove that isolates vary

in germinability.)

Gigaspora calospora

Throughout the preceding experiments it was difficult if not

impossible to assess spore germination accurately because GLomus

. spp. germinate through the remnant hyphal attachment. Therefore I

decided to attempt in vitro spore germination of Gigaspora calospora,
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which produces azygospores that germinate by germ tubes which

emerge through the spore wall rather than through the remaining

hyphal attachment.

Surface sterilized spores of G. calospora were plated on water

agar and nutrient broth media. Hyphae emerged through the spore

wall but produce a separate grey mycelium which seemed atypical

for Endogonaceae. I suspected that these G. calospora spores had

not germinated but rather contained a hyperparasite. This was

confirmed by microscopic examination of spores in which septate

mycelium was observed. In addition, surface sterilized spores

which were crushed before plating in water agar and nutrient broth

media produced similar fungal colonies. Attempts to identify this

hyperparasite failed because this fungus did not sporulate in vitro

on several media tested. If spores were not surface sterilized

before being plated out, the hyperparasite did not ramify throughout

the media. Instead dense bacterial growth developed around the

spores. The pot :culture of Gigaspora calospora thus proved useless

for germination experiments because of this high level of hyper-

parasitism.

Glomus macrocarpu-s

On a collecting trip to the Coast Redwood forest near Crescent

City, California over 100 sporocarpo of Glomus macrocarpus were



61

found. These would certainly have provided sufficient inoculum for

many germination experiments, but individual spores were difficult

to remove from the dense, rigid, peridium surrounding each sporo-

carp.

Glomus epigaeus

It was at this point that I sought sporocarps of Endogonaceae in

the OSU Botany greenhouse in hopes of finding a species with a rudi-

mentary or no peridium. Glomus epigaeus was discovered, in

association with Araucaria sp. as reported in Chapter LE.

Despite the discovery of large amounts of readily available

inoculum, no successful method of germination had yet been found.

G. epigaeus spores failed to germinate on nutrient broth media, and

then only if spores were not surface sterilized. With spores avail-

able in large numbers, however, spore germination could be tested

in a more natural environment i. e. nonsterile soil containing live

asparagus seedlings. Surface sterilized G. epigaeus spores were

added to nonsterile soil in which an asparagus seedling grew. Each

day for two weeks a small portion of this soil was removed and

spread evenly on a glass slide. The slide was then flooded with

Trypan blue in lactophenol stain and examined microscopically.

Germination was observed after 8 days and reached a maximum by

14 days. While germination was discernible on glass slides as
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described above. I found that germination was assessed for more

accurately if inoculated soil was wet seived and transferred to water

in petri dishes prior to microscopic examination. Not only could

germination be thus assessed, but also morphology of germination

was observable and exact numbers of extramatrical vesicles could be

determined.

In future experiments I hoped to determine at what distance

from the host root, germination would not occur. To test this I

placed inoculated soil into a square petri dish containing a host

asparagus seedling. By sampling soil at various distances from the

root it became evident that germination had occurred regardless of

distance from the host root. Subsequent experiments conducted

without a host plant confirmed these results. The experiments

described in Chapter III were then undertaken to determine which

factors influenced germination in nonsterile soil.


