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ABSTRACT

FACTORS AFFECTING GERMINATION AND HYPHAL ELONGATION
OF GLOMUS FASCICULATUS ON AGAR MEDIUM

by

Karol Sue Elias

rd

The spore germination rates on water agar of the

vesicular-arbuscular mycorrhizal fungus Glomus fasciculatus

were highest at water potentials of -4 to -6 bars. Root
exudates or extracts from plants grown in a sterile nutrient
solution, with or without phosphorus (P), did not affect
germination. Root exudates collected from 2-week-o01ld

Trifolium repens cv “Ladino' seedlings, which were deprived

of P, enabled hyphal growth from germinated Gl omus

fasciculatus spores of 21.4, 14.7, and 7.6 mm at 2, 4 and 6

- weeks, respectively. Hyphal elongation in the presence of
exudates from plants grown with P, or in the absence of
exudates, was negligible (<1 mm). Root P at 2 weeks was not
significantly different between plants grown with and
without P. There were no significant differences between
the conductivities of exudates from plants grown with or
without P at 2, 4 and 6 weeks. The data suggest that the
quality and the quantity of exudates from P-deprived

seedlings stimulate hyphal elongation.






INTRODUCTION

In 1885, Frank coined the term "mycorrhiza" or fungus-
root, to describe a symbiotiq_association between fungi and
the roots of most higher planEs. It wasn't until 1969 that
Peyronnel et al. adopted the term " ectomycorrhizae' to
describe mycorrhizal associations in which the fungi
develop primarily on the root surface. He also used the term
“endomycorrhizae' to describe a mycorrhizal association
whereby the fungi develop extensively inside the root, and
the term ~ectendomycorrhizae,' which has characteristics of
both types. My research 1is concerned with a type of
endomycorrhiza called vesicular-arbuscular mycorrhizas
(VAM) . The VAM fungi involved are considered to be in the
- Zygomycetes.

In 1974, VAM fungi were reclassified by Gerdemann and
Trappe 1into the family Endogonaceae which contains four

genera known to form VAM: Glomus, Gigaspora, Acaulaspora

and Sclerocystis. VAM fungi have very 1little host

specificity, 1in fact most plants form VAM associations,
except for members of the families Cruciferae,
Chenopodiaceae, Fagaceae, Pinaceae and Betulaceae.

The specialized structures produced by VAM fungi have






been studied in great detail. Vesicles which are produced
intra- and intercellularly, are sac-like swellings at the
tip or the middle of hyphae. It is thought that wvesicles
are involved in both food storage and fungal reproduction
because o0il accumulates inside vesicles and thick-walled
older vesicles can act as propagules. The arbuscule 1is
similar to other fungal haustoria in that it is enclosed in
a sac by the host plasmse membrane and participates 1in an
interaction whereby the host <cell survives while the
symbiont is gradually destroyed.

The beneficial effects of VAM infection on plant growth
are well documented (Daft and Nicolson,19466; Hayman and
Mosse,1971; Mosse,1974). Mycorrhizal fungi penetrate and
ramify in host roots, and their hyphae branch out into the
soil well beyond the area from which roots can take up
nutrients. Mycorrhizal hyphae <cen absorb and transport
nutrients, thus effectively increasing the soil volume from
which plants absorb nutrients (Rhodes and Gerdemenn,1980;
Tinker,1975). Sanders and Tinker (1971) were the first to
show that mycorrhizal roots obtain phosphorus from the same
labile pool as do nonmycorrhizal roots. Moreover, no
insoluble sources of nutrients have been found which
mycorrhizae can exclusively tap. Nutrient transfer to the
host plant occurs across hyphal and arbuscular walls in host

roots and in return mycorrhizal fungi absorb carbon from

host plant cells (Bevege et al.,1975).






Mycorrhizae can 1increase the uptake of immobile
elements that slowly diffuse to roots. Phosphorus (P) is
possibly the most important element involved since it is

needed in 1large quantities by host plants but 1is highly

immobile in soil. Mycorrhizae also increase the uptake of
copper (Cu) and zinc (Zn), two highly immobile
micronutrients (Rhodes and ,Gerdemann,1980). Since the

diffusion rate of these nut}ients through soil is slow,
plants can deplete their soil sources within 1-2mm of the
root surface rapidly. Thus, mycorrhizae provide an
advantage to plants by enabling nutrient absorbtion from
soils at 1large distances (as far as 7 cm) beyond their
normal zone of depletion (Rhodes and Gerdemann,1980).

When other more mobile elements are available at very
low concentrations in the soil, mycorrhizae also can be of
benefit to the host plant. Manganese, magnesium, potassium,
sulfur and strontium uptake has been shown to be 1increased

by mycorrhizae 1in extremely deficient soils (Rhodes and

Gerdemann,1980; Powell,1975). Mycorrhizae can improve
nitrogen (N) nutrition of nodulating plants primarily
through beneficiel effects of P on nitrogen fixation
activity (Daft and El-Giahmi,1974). In addition,

mycorrhizae <can 1insure translocation of nutrients during
water stress and can hasten the recovery and increase the
survival of host plants after a period of water stress

(Safir et al.,1972; Nelsen &nd Safir,1982).






The infection process of VAM fungi has been studied by
many scientists. In a recent review (1984) Bowen divided
the process into three phases: preinfection growth to the
root, initiation of the infection, and subsequent spread of
the fungus in the host and in soil. Environmental factors
such as the pH, temperature, nutrient and water availibility
of the so0il <can affect any .one of the individual steps
within a phase of the infection process and thereby
indirectly affect the wultimete degree of VAM root
colonization.

The preinfection phase involves germination of spores,
growth to the root and possibly growth in the rhizosphere
(Bowen,1984) . The plant's role in stimulation of VAM 1in
soil is unclear. Spores can germinate in moistened soil in
the absence of plant roots, but there have been no studies
of whether roots or root exudates can influence this.

Detailed microscopic study has revealed much
information <concerning the penetration of the host and
eventual development of vesicles and arbuscules. Since this
has been reviewed recently by Carling and Brown (1982), it
will not be discussed here.

There have been a few reports on the internal spread of
VAM hyphae. Mathematical models have heen developed to
simulate the spread of infection (Smith and Walker,1981;
Buwalda et a2l.,1982), however, the utility of these models

is still 1limited by our 1lack of biological knowledge






concerning these systems. Physiological studies about the
determinants of spread in the rhizosphere are also
important. Bowen suggests that spread is probably affected
both by translocation of substrates from existing arbuscules
and, because of the nature of the rhizosphere, by exudates

originating from the host plant.

I have chosen to study several aspects of the
preinfection phase of VAM development. Chapter 1 covers my
studies on the effect of several environmental and

physiological factors on the germination of VAM spores.
Chapter 2 reports my findings on the influence of root
exudates, from plants exposed to two different nutritional

regimes, on the growth of VAM hyphae in vitro.






Chapter 1. VAM SPORE GERMINATION STUDIES

Literature Review

The strategies by which.fungal spore germination in
soil 1is controlled vary considerably. Fungal pathogen
propagules must have a mechanism whereby germination occurs
in close proximity to a suitable host and under favorable
environmental conditions (Cook and Baker,1982). Al though
specificity is generelly not the case, some soilborne fungal
pathogens depend on specific nutrients released from plant
roots for propagule germination. Coley-Smith (1979)

demonstrated this with Sclerotium cepivorum, the onion white

rot fungus. Sclerotia of this fungus germinate in response
to water-soluble alkyl cysteine sulfoxides, which are
released only from roots of the host genus, Allium. Other

fungal spores, such as Claviceps purpurea ascospores, have

constitutive dormancy that is broken when the sclerotia are
exposed to 0-10 C (Mitchell and Cooke,1968).

In the case of vesiculer-arbuscular mycorrhizal (VAM)
fungi, attempts to determine both physical and chemical
germination requirements of chlamydospores in vitro, either
in agar or in soil, have meet with varying degrees of

success. Temperature of incubation (Schenck et al.,1975;






Coley and Safir,1980; Daniels and Trappe,1980; Koske,b1981),
pH (Mosse,1972; Green et al.,1976; Daniels and Trappe,1980;
Siqueira et al.,1982), 1light (Godfrey,1957; Schenck et
al.,1975), self-inhibitors (Watrud et al.,1978), growth
inhibitors (Hepper,1979), nutrients (Mosse, 1952,1973a;
Mosse and Phillips,1971; Daniels and Graham,1976; Hepper and
Smith,1976; Hepper,1979; 'baniels and Trappe,1980;
Koske,1981; Siqueira et al.,1982), zearalenone(Stob et al.,
1962; Wolf and Mirocha,1973; Mirocha and Christensen,1974;
Mirocha et al.,1974), hyperparasites (Godfrey,1957; Schenck
and Nicolson,1977; Daniels and Menge,1980; Koske,1981;

Sylvia and Schenck,1983), spore dormancy (Godfrey, 1957;

Mosse, 1959a,1959b; Coley and Safir,1980), water potential

(Reid and Bowen,1979; Bowen, 1981; Koske,1981;
Sieverding,1981; Nelsen and Safir,1982; Sylvia and
Schenck,1983), soil and root extracts (Newman and

Watson,1977; Bowen,1981; Graham,1982), soil sterilization

(Mosse,1959b; Daniels and Graham,1976; Daniels and
Trappe,1980) and agricultural chemicals (Tommerup and
Briggs,1981) have each been noted to affect germination of
VAM fungi.
Temperature

Investigations by Schenck et al. (1975) using Mosse's

medium No. 16 or soil extract agar, showed that VAM species
have different optimum temperatures for germination. Maximum

spore germination for Gigespora coralloidea and G.







heterogama occurred at 34 C, whereas Glomus mosseae

germinated best at 20 C. In 1980, Daniels and Trappe

observed that optimum spore germination of Glomus epigeeus

occurred in soil incubated between 18 and 25 C. In
agreement with this, Koske (1981) observed that maximum

germination of Gigaspora gigantea on water agar or sterile

sand plates had occurred at 20-30 C. Coley and Safir in
1980 (unpublished) observed meximum germination of Glomus

fasciculatus and G. mosseae at 25 C on water agar as well.

pH

The effect of pH on spore germination has not been
extensively studied. The published results to date show
great variability among fungal species. Green et al. (127%6)
observed germination of three VAM species on soil extract
agar. Al though germination occurred over a broad pH range,

Glomus mosseae collected in Washington, germinated best at

pH 7, whereas Gigaspora coralloidea and G. heterogame, both

collected in Florida, germinated best at pH 5 and pH &,
respectively. The results are consistent with the pH ranges

from which the three species of VAM fungi were originally

derived. G. mosseae was from a soil with a neutral to
alkeline pH. G. coralloidea and G. heterogama were from
soils with an acid pH. Green et al. suggest that it is

likely soil pH in conjuction with soil temperature are major
factors which limit distribution of VAM species. Daniels

and Trappe (1980) had very similer results with Glomus






epigaeus, which germinated best between pH 7.0 and 7.4 on

nonsterilized soil. They concluded that soil pH
significantly influences VAM germination. Siqueira et al.
(1982) have now complicated the issue further. They found

an interaction between pH and medium composition in that pH
optimum differed between media. The ability of certain
species of VAM fungi to become. established in low pH soils
while others become established only when low pH soils are
limed (Mosse,1972) may be related not only to the soil pH
but also to a pH-nutrient aveilability interaction for the
soil under study. Siqueira et al. suggests that laboratory
germination assays using soil extract agar which contains
soil nutrients may provide more realistic and useful
information than water agar for studying the potential for
VAM introduction into a specific soil or area.
Light

Judging from the literature, very little attention has
been paid to the effects of light or absence of 1light on
germination of <chlamydospores of VAM fungi. Frequently
authors neglect to mention whether incubetion is done with
or without 1light. Godfrey (1957) germinated spores of

Endogone microcarpa at 20 C, and while she mentioned trying

both light and darkness she does not describe the effects on
germination. Schenck et al. (1975) observed thet

germination of Gigaspora coralloidea and G. heterogama

chlamydospores on soil extract agar was affected by light or
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darkness over a range in temperatures. Spore germination in
the dark was significantly superior to that in the light for

G. coralloidea at 20 and 25 C, and G. heterogama at 34 C.

This 1is the first report of improved spore germination by
VAM fungi in the absence of 1light.

Self Inhibitors

Watrud et al. (1978) have stated that failure to
subculture VAM fungi in the laboratory has been assumed to
be due to a lack of essential nutrients in the growth media.

However, work with the obligate parasite Ustilago maydis and

various other «cultured plant species (Anagnostakis,1964;
Ernst,1974) suggested thet adsorption of endogenous or
exogenous inhibitory substances by media components may
enhance growth and development. They incubeted Gigaspora
margarita spores on agar medium containing activated
charcoal and found an increased rate of hyphal growth.
Since pretreatment of spores with activated charcoal did not
enhance fungal growth, they concluded that a fungal growth
inhibitor is produced or released during and/or after
germination.

Growth Inhibitors

Hepper (1979) observed the response of ungerminated and
germinated spores to inhibitors of protein and nucleic acid
synthesis. Cycloheximide, a specific inhibitor of protein

synthesis, drastically decreased germination of Glomus

caledonius spores which suggests that protein synthesis is







1

required for germination and subsequent hyphal development.
Actinomycin D, which 1is thought to specifically inhibit
messenger RNA synthesis, severely retarded hyphal
development of pregerminated G. caledonius spores. This
suggests that protein synthesis required for germination is
programmed by stored m—-RNA and that the synthesis of new m-
RNA is required before hyphal growth can take place.
Proflavine hemisulphate, which inhibits RNA synthesis, had
deleterious effects on germinetion and subsequent growth of
G. <caledonius. This suggests that synthesis of new RNA is
obligatory for both processes. 5-fluorouracil, which
specifically affects the synthesis of ribosomal and soluble
RNA, significantly affects both germination and subsequent
growth of G. caledonius, again suggesting that RNA is
necessary. Ethidium bromide, which has been shown to
inhibit the synthesis of mitochondrial DNA, decreased the
germination and hyphal growth of G. caledonius spores. This
suggests that new mitochondrial material is formed in G.
caledonius spores at the start of germination. Hepper
concluded that there 1is no serious 1limitaetion to the
synthesis of either nucleic acid or protein during the
germination and subsequent hyphal development of G.

caledonius and that in this respect the endophyte resembles

saprophytic fungi more than other obligate biotrophs.
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Nutrients

A. Mineral Nutrients

It 1is well documented that the mineral contents of the
growth medium affect VAM fungal associations, however, few
scientists have examined their effects on germination and/or
hyphal development 1in vitro. Mosse and Phillips (1971)
attributed the poor spore dérmination and fungal root
colonization of plants grown in a balanced nutrient solution
to high salt contents. In support of this, Hirrel (1981)
showed that both sodium and chloride salts reduced

germination of Gigespora margarita on agar. To overcome this

inhibition, Mosse (1962) used spores pregerminated 1in
nutrient-free medium as inoculum. She also reported the
necessity of a pseudomonad being present to obtain
penetration and infection of seedlings by Endogone sp. She
speculated that the presence of contaminant microorganisms
is needed to deplete certain nutrients excreted from the
roots of the plant host in 2-member cultures. In later
experiments, Mosse and Phillips (1971) were able to obtain
typical root colonization in complete salts medium after
most of the nutrients from the medium had been removed by
growing seedlings. In 1976, Daniels and Graham found that
all but the 1lowest concentrations of nutrients added to
water agar inhibited the germination of surface-sterilized

spores of Glomus mosseae. They suggested thet spores in the

soil are unable to germinate until the levels of certain
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compounds are lowered by the activities of other
microorganisms. In support of this idea, Powell (1976)
reported that spore germination of four VAM fungi which were
embedded 1in agar on glass slides buried in soil occurred in
the presence or absence of roots. After further studies of
the effects of several physical and biological factors on
germination of G. epigaeus, Daniels and Trappe (1980)
concluded that spore germination is not directly stimulated
by the presence of the host plant, but that optimum
conditions for spore germination of some VAM fungi may also
be conditions most suited to growth of many host plents.

It is clear that nutrients affect the establishment of
mycorrhizal associations, but it is not clear 1if their
effect 1is on spore germination or on the ability of
germinated spores to colonize the roots. Siqueira et al.
(1982) added several concentrations of NPK salts to agar
media and saw no decrease in germination of Gigaspora
margarita. In fact good germination was obtained in all
treatments. They also found that CaH PO 2lone or in
combination with N and K increased geriin:tion, whereas,
nitrogen did not affect germination, but did reduce germ
tube growth. This report agrees with recent work by Daniels
and Trappe (1980) who reported that various N and K 1levels
had no significant influence on germination of G. epigaeus
spores whereas P levels of up to 100ppm caused & slightly

significant increase in spore germination. However, Koske
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(1981) found no effect of P 1level on germination of

Gigaspora gigantea spores and concluded that the reduction

and eventual elimination of VAM infection in plants
receiving high levels of P, as observed by Daft and Nicolson
(1969) and Mosse (1973b) was related to changes in the
physiology of the host plant, rather than a direct effect of
phosphorus on spore germinatioﬁ.

In 1979, Hepper reported the effect of heavy metals on

VAM spore germination. She found that Glomus cealedonius

spore germination was decreased by manganese, copper and

zinc but the inhibition was not permanent. Spores removed
from agar <containing the above heavy metals germinated
normally when transferred to water agar. Similar results

(Hepper and Smith,1976) were obtained with G. mosseae except
that a higher concentration of zinc was required to
completely stop germination. The levels of manganese and
zinc which inhibit germination (0.136 and 0.70 ppm
respectively) are in the range commonly found in the soil
solution of normal and even deficient soils. Hepper and
Smith suggest that this may have & bearing on the
establishment of VAM infections with G. mosseae spores,
especially because liming and water-logging of soils both
cause dgreat increases in the concentration of divalent ions
2+ 2+ 2+
(Mn , 2Zn and Cu ) in the soil solution. In support of

this, Samuel (1926) reported greater mycorrhizal 1infection

of plants grown from soils known to be deficient in
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manganese than in those from normal sites.

B. Carbon Compounds

In 1978, MacDonald and Lewis reported that VAM fungi
possess the enzymes required for carbon metabolism, which
suggests that resting spores might be able to respond to
exogenous sources of carbon such as root exudates present in
the rhizosphere. Siqueira et al. (1982) examined the effect
of four sugars and four organic acids on germination and

germ tube growth of Gigaspora margarita. In all cases both

germination and germ tube growth on agar was 1inhibited.
These results support previous studies (Mosse,1959b; Daniels
and Graham,1976; Hepper and Smith,1976; Hepper, 1979;
Koske,1981). For example Koske observed a significent
reduction in spore germination of G. gigantea in sand plates
in response to glucose. Germ tube length and number per
spore was also reduced. Mosse suggested that the strong
inhibitory effect of sugars could possibly provide clues to
the mechanism that confines VAM colonization to the root
cortex.
C. Vitamins

Siqueira et al. (1982) observed thet thiamine
significantly increased germination and germ tube growth of

Gigaspora margarita spores on agar. This has been found by

Hepper (1979) and Hepper and Smith (1976) for other VAM
fungal species, and the fungi appear to require different

concentrations for germination than for growth. Thiamine
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and many other vitamins are components of root exudates
(Rovira,1969) and may play an important role in the early
events of mycorrhizal root colonization.

D. Plant Growth Substances

All or most compounds found in individual plant cells
have been found in root exudates (Hale et al.,1971), which
suggests that wvery smell quantities of plant growth
substances may be lost to the rhizosphere in this menner
(Rovira,19565). There have been many reports on the effects
of plant growth substances produced by soil microorganisms
on plants but the reverse of this, the effect of plant
growth substances produced by plants on soil microorganisms,
has received very little attention. Azcon et al. (1981)
observed an inhibitory effect of ethylene supplimented agar

on germination of Glomus mosseae spores. The presence of

auxins, gibberellins &and cytokinins enhanced hyphal growth
but did not affect spore germination. Powell (1976) argued
that plants stimulated mycorrhizel fungal growth in soil by
a nutrient or hormone present in root exudates. However, he
also suggested that plant growth substances produced by
active populations of microorganisms in the rhizosphere
influence VAM fungel associations.

Zearalenone

Originally, 1in the mid-19th century deBary brought
forth the hypothesis that sex hormones are involved in the

sexual reproduction of fungi (Wolf and Mirocha,1973).
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However, it was not until the 1930's that others, working

with Sapromyces reinschii and Achlya bisexualis,

convincingly demonstrated the function of sex hormones.
Since then, sexual reproduction in many other fungal genera
has been shown to be controlled by hormonal systems (Wolf
and Mirocha,1973).

Zearalenone, an estrodénic secondary metabolite
produced by several species of Fusarium colonizing corn and
other cereals, was first studied by Stob et al. (1962).
Zearalenone 1is of practical importance because it causes
hypoestrogenism when contaminated feed 1is 1ingested by
animals (Mirocha and Christensen,1974). Is has also been
shown that zearalenone is physiologically active in plant as
well as animal systems. Later studies (Mirocha et al.,1974)
revealed that zearalenone might influence sexual

reproduction in Fusarium roseum "Graminearum," the organism

which synthesizes it. Other scientists noted that
zearalenone is always present in Fusarium isolates that form
perithecia. Fur ther work by Mirocha et al. (1974)
demonstrated that zearalenone influenced sexual reproduction
in other genera of the Ascomycetes. It would be interesting
to investigate the effect zearalenone has on VAM fungi
since other sex hormones have been reported to affect spore

germination and/or hyphal growth, as mentioned previously
yp

(Azcon et al.,1981).
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Hyperparasites

Hyperparasitism of VAM fungi by chytridiaceous fungi
has been observed (Ross and Ruttencutter,1977; Schenck and
Nicolson,1977; Daniels and Menge, 1980; Sylvia and
Schenck,1983). It is apparently a widespread phenomenon and
may limit mycorrhizal populations especially in wet soils.

Germination studies involving VAM fungal spores often
show that microbial contamination is negatively correlated
with germination (Sylvia and Schenck,1983). Contaminating
fungi are predominately common, fast-growing zymogenous soil
saprobes, many of which may produce antimicrobial
metabolites. Hence, both competition and antibiosis are
possible mechanisms for inhibition of germination. Fruiting
structures or hyphae of these fungi were not observed within
VAM spores (Sylvia and Schenck,1983). They concluded that
these fungi must have a different role than do more
specialized hyperparasites (Godfrey,1957; Ross and
Ruttencutter,1977; Daniels and Menge,1980). The effect of
these contaminating microflora on VAM fungi differ widely.
Koske (1981) reported that contaminants of Gigaspora
gigantea did not effect spore germination. In contrast to
this, Sylvia and Schenck (1983) observed that contaminants

had an inhibitory effect on spore germination of G.

()

etunicatum but did not influence germination of

macrocarpum. They suggested that a greater understanding of

the influence of soil microflora on VAM fungi may help
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explain the veriability observed in their germination.

Spore Dormancy

There have been reports (Godfrey,1957; Mosse,1959b) of
increased germination of various VAM fungi following cold
storage of spores in the soil at 5-10 C for several weeks to
several months. While the practice is accepted, there are
very few quantitative data on the effects of cold storage on
the germination of spores. Coley and Safir (1980) did a
study to provide quantitative evidence of the effects of
cold treatments on increased rates of germination of Glomus

fasciculatus and G. mosseae spores. They found that storage

at -10 C was more effective than 4 C 1in producing increased
germination on agar over the time periods tested. However,
after further experimentation and communication with other
researchers, Coley and Safir (1980) suggested that there is
a possible degree-dey requirement of some kind to break
dormancy.

Water Potential

There have been several reports on the effects of water
stress on VAM development and response 1in the plant.
Readhead (1975) found that soil watering regimes optimal for
plant growth were also optimal for mycorrhizal colonization

of Khaya grandifoliola seedlings and production of fungal

spores. Similarly, Saif et al. (1975) reported that the
size of the Endogone spore population increased as soil

water content approached field cepacity. More recently,
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Nelsen and Safir (1982) found e correlation between
reduction in onion fresh weight and reduction of spore

production of Glomus etunicaetum in response to drought

stress at both low and high soil P levels. Trinick (1977)
observed that mycorrhizal infection of lupins was reduced by
high soil moisture. Sieverding (1981) showed that excessive
soil moisture had a considerable inhibitory 1influence on
development and function of VAM, particularly in a plant
with a weak root system.

Even though the effects of different soil moisture
regimes on VAM infection had been suggested from field and
greenhouse observations, Reid and Bowen (1979) were the
first to experimentally study this in the laboratory. Their
data showed that moderate moisture changes had extremely
large effects on infection. Bowen (1981) later showed that
these slight changes in soil moisture had drastic effects on

germination of Glomus mosseae spores as well. This agrees

with a previous study in which Daniels and Trappe (1980)
observed optimal spore germination when soil moisture was at
or above field capacity. This was the first study of the
effects of soil moisture on the development of VAM fungi
apart from the host plant. Koske (1981) and Sylvie and
Schenck (1983) also observed this stimulatory effect of

high soil moisture on germination of VAM spores on agar,

sand and membrane filters.
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Root Exudates

The substances which are constituents of root exudates
(self 1inhibitors, mineral nutrients, carbon compounds,
vitamins and plant growth substances) have been previously
discussed individually. These compounds do affect
germination and hyphal growth of VAM fungi. However, most
studies are on the effect of -an individual compound at a
range of concentrations, whereas VAM spores are exposed to
an ever fluctuating ratio of these compounds as affected by
21l the environmental factors discussed previously.

Substances leak out of plant roots into the rhizosphere
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