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The effect of ectomycorrhizal fungi and bacteria on pine seedlings
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The cll'ccl of fungi (Hebeloma (Bull: ﬁ] Quel. 5392
and Pisolithus tinctorius (Pers) Coker et Couch 5335) and bacteria (Bacillus polymyxa
and Azospirillum brasilense) associated with mycorrhizas on the growth of pine seedlings
was investigated. In addition the influence of bacteria on fungal biomass production and the
relationship between ectomycorrhizal fungi and fungi pathogenic to oot of pine seedlings were
determined

In general, the shoot/root ratio was higher in plants inoculated with Hebeloma crustuliniforme
and bacteria than in the control scedlings (grown only under sterile conditions). In non-sterile
substrate the root/shoot ratio of the mycorrhizal seedlings was lower as compared to the control.
Similar phenomenon was noted in plants inoculated with the mycorrhizal fungus Pisolithus
tinctorius. The bacteria used as well as the time of introduction of thesc organisms into the cultures
of mycorrhizal fungi affected the production of fungal biomass. Hebeloma crustuliniforme and
Pisolithus tinctorius inhibited the growth of Rhizoctonia solani and Fusarium oxysporum fungi
pathogenic to pine scedlings.

Key words: ectomycorrhizal fungi, bacteria, pathogenic fungi.

INTRODUCTION

Mycorrhizal associations in higher plants are among the most widely
known microbial interactions in nature. Under natural conditions this sym-
biosis is formed spontaneously and contributes to the plant growth. Nevert-
heless investigations have shown that natural processes could be improved by
manipulating the symbionts to give more beneficent associations yielding more
economic tree growth.
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The most important step in any nursery inoculation program is the
selection of the fungal inoculate (Trappe 1977; Chalot et al 1988).
Bacteria and other microorganisms inhabiting the soil and the rhizosphere
interact with ectomycorrhizal fungi at different stages of the establishment of
symbiosis, i.e., at growth of the fungus in the soil, at growth along the roots
and at interaction of short roots (Oliveira and Garbaye 1989).
Some of these interactions may be negative but a large proportion of the
bacteria iated with the r of rhizas stimulates the
growth of the fungus and mycorrhizal infection. These so-called helper bacteria
(Garbaye and Bowen 1988) could be used in order to |mpmve the
efficiency of ectomycorrhizal inoculation in forest nurseries. Garbaye
(1994) indicated that certain strains of Pseudomon ind Bacillus isolated
from the mantle of Douglas-fir Laccaria laccata ectomycorrhizae could be
strikingly fungus-specific in their ability to enhance mycorrhizac root tip
formation.

Little is known, however, about the mechanisms involved in these
stimulation’s. Duponnois and Garbaye (1990) considered two
hypotheses: direct stimulation by the bacterium providing substrates or growth
factors to the fungus and indirect effect by the bacterium breaking down and/or
using metabolites released by the fungus and toxic to the fungus itsell
(detoxification). Many authors have indicated the suppression of root diseases
in trees by ectomycorrhizal fungi (M arx 1971; Duchesne 1994). These
include their barrier efect provided by the manile, cnmp:lmv: exclusion,

induced by thi jon and
antibiotics prcduc:d by ectomycorrhizal fungi (M arx 1973). However,
recent evidence suggests that inhibition of the growth of pathogenic fungi by
ectomycorrhizal fungi may be due to acidification (R asanayagam and
Jeffries 1992).

Helper bacteria are also producers of antibiotics. Moreover the suppres-
sion of pathogenic fungi by bacteria has been demonstrated (M a la j ¢z u k
1988). Mycorrhizal fungi may act as a chemical (competition, exudation of
toxic metabolites) and/or physical barrier (M a r x 1971). Thus they are found
to protect the plant against soil borne pathogens (M arx 1971; Allen
1991). As the plant-fungus-bacteria interactions are different, the present
studies were aimed at evaluation of some of them.

MATERIAL AND METHODS

Growth of pine seedlings Seeds of Pinus sylvestris
were surface sterilized by shaking for 20 min in 30% of H,0, and washed
several times in sterile distilled water. Dry sceds were placed in Petri dishes
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containing the following medium: peptone (Peptobak, POCH, Poland) 100 g,
agar 150 g, H,0 dist. 1000 ml. The germinated seeds with equal lengths of
the root were aseptically transferred to plastic cups (0.3 1). Each cup contained
four seeds.

The growth medium was soil from under the pine, vermiculite and peat
(1:1:1). Experiments were carried out with sterile and nonsterile substrate.
Sterilization was performed in steam for 30 min. for seven consecutive da
The seedlings were grown in a plant growth chamber having the following
photoperiod: 16 hours of light (2500 lux) at 20—24°C and 8 hours of darkness
at 18—20°C. The seedlings were watered with a diluted (1:10) mineral
Tngestad's (1960) medium frec of phosphorus compounds.

Inoculation of seedlings with cctomycorrhi-
zal fungi and associated bacteria Fungiweregrownon
potato dextrose agar (PDA, Difco) slants. Bacteria were grown on the R e n-
nie (1981) medium, respectively, for 7 days. Subsequently the microorganisms
were washed off with 5 ml of Ingestad’s medium enriched with glucose (1 g/I).

Each seedling (10 days old) was inoculated with 2 ml of the fungal and
400 pl of the bacterial suspension.

The seedlings were inoculated with the ectomycorrhizal fungus only or
with the fungus and bacteria simultaneously or the bacteria were inoculated
7 days after the fungal inoculation. Uninoculated seedlings were used as the
control. For these studies two cctomycorrhizal fungi — Hebeloma crustulinifor-
me (5392) and Pisolithus tinctorius (5335) and two bacteria — Bacillus
polymyxa (isolated from ectomycorrhiza formed on roots of Pinus sylvesiris L.
and by a closer unidentified ectendomycorrhizal fungus MrgX (Pachlew-
ski etal 1991/92) and Azospirillum brasilense Cd (ATCC 27910) associated
with ectomycorrhiza of Pseudotsuga menziesii formed by Rhizopogon vinicolor
were used. The seedlings were grown for 3 months after the inoculation.

The influence of bacteria on fungal biomass
roduction in liquid media The studies were performed in
the modified Melin-Norkrans (MMN) medium (M a r x 1969). 100 ml aliquots
of the medium were inoculated simultaneously with 1 ml of the fungal and
200 pl of bacterial suspension or the bacteria were introduced into 7-day-old
fungal culture. The cultures were grown for 14 days at 26°C. Subsequently the
mycelium was separated from the medium by filtration on filter paper, thor-
oughly washed and dried at 85°C subsequently the dry mass was determined.
Cultures of the fungus grown without bacteria were used as the control.

Relationship between cctomycorrhizal fungi
and fungi pathogenic to roots of Pinus
vestris The Petri dishes with MMN medium were inoculated




28 H. Dahm, E. Strzelezyk, A. Ciesiclska, K. Redlak

the mycorrhizal fungus and incubated for 4—7 days at 26°C. Subsequently the
cultures were inoculated with the pathogenic fungus. After 7 days of growth of
the ectomycorrhizal fungus with the pathogenic one the zones of growth of both
fungi were measured. The above studies were performed with the following
pathogenic fungi: Fusarium oxysporum Schlecht. (K) and Rhizoctonia solani
Kiihn (MB). These species were isolated from the roots of diseased pine seedlings
with symptoms of damping-off. The results were cvaluated statistically using
Student’s t-test for independent samples (p < 0.05) and the 3 factor ANOVA.

RESULTS

The results of the present study on biomass production by pine seedlings
inoculated with Hebeloma crustuliniforme and with bacteria associated with
this mycorrhizal fungus are shown in Table 1. From the above data it is clear
that the seedlings inoculated with H. crustuliniforme and bacteria had lower
root and higher shoot biomass than the plants, which were not, inoculated
(control plants).

These observations were made in plants grown in sterile vermiculite-
-peat-soil substrate. Simultaneous inoculation of the seedlings with the fungus
and bacteria did not change the biomass of roots inoculated only with the
ectomycorrhizal fungus. When the bacteria were introduced 7 days after the
inoculation of seedlings with the fungus no impact on root growth was
observed, but the biomass of the shoots increased (Tab. 1). A reverse
phenomenon was noted in the non-sterile substrate. The decrease in the rate of
growth of shoots and stimulation of the roots was observed but only when the
seedlings were inoculated with H. crustudiniforme alone or with the above
fungus and 7 days later with the bacterium Bacillus polymyxa. In general, the
shoot/root ratio was higher in plants inoculated with Hebeloma crustuliniforme
and bacteria than in the control seedlings but only when the plant was grown
in sterile conditions. In non-sterile substrate the shoot/root ratio of the
mycorrhizal seedlings was lower as compared to the control one. A similar
phenomenon was noted in plants inoculated with the mycorrhizal fungus
Pisolithus tinctorius (Tab. 2).

After inoculation of the pine seedlings with Pisolithus tinctorius only
a weak development of mycorrhizae was observed. In sterile substrate,
however, the dry mass of roots in plants inoculated with the fungus and
associated bacteria was lower and that of shoots higher as compared to the
control (Tab. 2). In non-sterile substrate the dry mass of roots of seedlings
grown with Pisolithus tinctorius and bacteria was similar to that of the control
roots. However the dry mass of shoots of seedlings inoculated either with the
fungus or the bacteria was lower than that of the control shoots (Tab. 2).
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The results of studies of the effect of bacteria on biomass production with
the mycorrhizal fungi grown in liquid media are illustrated in Tabs 3, 4.

Bacillus polymyxa introduced to the medium simultaneously (but not after
7 days) with Hebeloma crustuliniforme retarded the growth of the fungus.
Azospirillum brasilense had no considerable effect on the biomass of this fungus
(Tab. 3). Azospirillum brasilense or Bacillus polymyxa introduced into 7 days
old cultures of Pisolithus tinctorius stimulated the biomass increase of this
fungus. Simultaneous introduction into the medium of the fungus and bacteria
had no significant effect on the growth of Pisolithus tinctorius (Tab. 4).

Table 3
Biomass of ectomycorrhizae fungus — Hebeloma crustuliniforme (5392) as affected by bacteria
associated with coniferous mycorrhizae in liquid media (n = 3) (Student’s t-test)

Bacteria “Time of inoculation Biomass [dry weight (g) + SE]
Axenic culture of fungus (control) 01240003
Bacterium introduced
simultancously with the fungus 00830028
Acospirillum brasilense i
Bacterium introduced seven 193 00
days after the fungus
Bacterium introduced o
simultancously with the fungus
Bacills polymyxa |
acterium introduced seven
2
days after the fungus Od49 20012

*significant differences as compared to the control

ble 4
Biomass of ectomycorrhizac fungus — Pisolithus tinctorius (5335) as affected by bacteria associated
with coniferous mycorrhizae in liquid media (n = 3) (Student’s t-test)

Bacteria Time of inoculation Biomass [dry weight (g) + SE]

Axenic culture of fungus (control) 0.029+0011

Bacterium introduced
3
simultancously. with; the, fangus 00130001

sprillum brasilense

Bacterium introduced seven

days after the fungus 0169£0.051
Bacterium introduced
simultancously with the fungus 00554029,
Bacills polymyxa | =
acterium introduced seven e

days after the fungus

*significant differences as compared to the control
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The interactions between the ectomycorrhizal and pathogenic fungi

i i ysporum) are illustrated on Figs | —3.
shows the inhibitory effect of Pisolithus tinctorius on the growth of Rhizoctonia
solani. Hebeloma crustuliniforme also |nh1l7||ed the growth of Rhizoctonia solani
(Fig. 2) and Fusarium oxysporum (Fig. 3)

DISCUSSION

The ectomycorrhizae are of great importance in improving the physiological
quality of plants destined for reforestation. Not all fungi species exert the same
effect on the growth and survival of the plant since certain mycorrhizal fungi are
more effective than others (P e rry et al. 1987). Therefore, the selection of the
ectomycorrhizal fungus for the tree is of great importance.

Mycorrhizal infection is often enhanced by mycorrhization helper bacteria
commonly found in the rhizosphere, in different soils and plant-fungus asso-
ciations. These bacteria can also be fungus-specific in that they are beneficial to
the fungus from which they were isolated. However they may inhibit the
growth of other species (Duponnois etal 193. Garbaye (1994)
reported that certain strains of Pseudomonas and Bacillus isolated from the
mantle of Pseudotsuga menz. — Laccaria laccata ectomycorrhizae could be
strikingly fungu: cific in their ability to enhance mycorrhizal root tip forma-
tion. None of these mycorrhiza infection-stimulating bacterial strains were ca-
pable of promoting seedling growth directly, .. in the absence of the appro-
priate mycorrhizal fungus. Shishido etal (1996) demonstrated that the
inoculation of mycorrhizal pine seedlings with Bacillus strains had no signi-
ficant effect on the mycorrhizal status of seedlings. Plant growth was however
stimulated by these bacteria. These results suggest that Bacillus stimulated
seedling growth through a mechanism that was unrelated to mycorrhizal fungi.
Positive correlation between seedling biomass and the number of mycorrhizal
root tips was insignificant in the presence of Bacillus. Pachlewski etal.
(1991/92) found ectendomycorrhizal roots of pine seedlings to be more densely
colonized by bacteria than the nonmycorrhizal ones. The bacteria belonged
mainly to the species Bacillus polymy.xa. Out of 13 isolates tested for N, fixa-
tion 12 were active. Strains of Bacillus polymyxa used in the present :ludv were
derived from experiments of Pachlewski etal (1991/92). Azospirillum
brasilense was isolated from the nitrogenase active cultures of tissue from wit-
hin sporocarps of Rhizopogon vinicolor by Li and Castellano (1987).

Microorganisms in mycorthizae associations have been shown (o possess
different activities in relation to the mycorrhizal fungi. In some cases acted
as liked antagonists, like “helper” bacteria by plant growth or by fixing
N, (Filippietal 1995. Zaady and Percvolotsky (1995)




Fig. 1-3. Interactions between
the ectomycorrhizal
and pathogenic fungi:

1. Pisolithus tinctorius

and Rhizoctonia solani

2. Hebeloma crustuliniforme
and Rhizoctonia solani

3. Hebeloma crustuliniforme
and Fusarium oxysporum
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investigated the effects of inoculation with Azospirillum brasilense on the
growth of Quercus ithaburensis seedlings. Azospirillum brasilense caused a con-
siderable increase in seedling root surface area, root dry weight, foliage and
shoot dry weight. Chanway and Holl (1990) found that inoculating
with beneficial Bacillus strain stimulated the growth of pine seedlings. Growth
promotion did not result from increased formation of ectomycorrhizae but
could have been attributed to nitrogen fixation. In the present study the
bacteria were neither specific for ectomycorrhizal fungi nor derived from
mycorrhizae formed by these fungi. In sterile medium simultaneous inoculation
of the seedlings with the fungus and bacteria did not change the biomass of the
root inoculated only with the fungus. When the bacteria were introduced
7 days after the inoculation of seedlings with the fungus, no impact on root
growth was observed. However the biomass of the shoots increased. In
non-sterile medium a reverse phenomenon was noted.

In general the shoot/root ratio was higher in plants inoculated with
ectomycorrhizal fungi and bacteria than in the control seedlings grown in
the sterile substrate and lower in the non-sterile one. Torres and
Honrubia (1994) found the dry weight of mycorrhizal roots to be much
higher in sterilized than in unsterilized substrate. The reduction of growth rate
or plant biomass due to mycorrhizal infections have also been recorded
(Nylund and Wallender 1989; Doskey etal 1990). Col-
paertetal (1992) indicated mycorrhizal plants with nine highly compa-
tible mycobionts. All of them reduced plant size. Differences in shoot/root ratio
suggested that mycorrhizal fungi reduced root growth more than shoot growth.
Chanway and Holl(1991) indicated that Wilcoxina inoculated alone
caused the synthesis of ectomycorrhizae but decreased shoot Bacillus
inoculation alone did not affect the seedling biomass. The inoculation of
seedlings with the fungus and bacteria resulted in a similar degree of
ectomycorrhizal infection as in the fungal inoculation alone. However the
shoot biomass was greater than that of seedlings receiving the fungus alone.

a (Arthrobacter sp., Bacillus subtilis and Pseudomonas
fluorescens) on mycorrhizae formation by Laccaria laccata and Rhizopogon
vinicolor in pine R6zycki et al (1994) found that the action of the
bacteria both on mycorrhiza formation and on scedling growth depended on
the fungal symbiont, the bacterium and on the parameters of the scedlings.
The seedlings were most strongly affected by Bacillus subrilis together with
Rhizopogon vinicolor. Bacillus stimulated the total length of lateral roots
but inhibited the stem and main root length both in seedlings inoculated
with Laccaria laccata and Rhizopogon vinicolor. A stimulatory action of
Arthrobacter sp. on the number of mycorrhizal roots was also observed
(Rozycki et al. 1994).
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This was supported by findings indicatory that bacteria provide substrates
or growth factors to the fungus (direct stimulation). In addition they broke
down and (or) used metabolites released by the fungus into the medium and
toxic to the fungus itself (indirect effect). Varese etal (1996) suggested that
some bacterial strains were highly fungus-specific. Some of the bacterial species
stimulated the growth of ectomycorrhizal fungi by producing amino acids,
vitamins and other growth factors and organic acids (Garbaye 1994) or
by removing fungal catabolites such as polyphenols and inhibiting fungal
growth by ing toxic or for nutrients.

‘The inhibition of growth of fungi by Gram-positive bacteria especially after
the first 7 days, was probably due to the formation of secondary metabolites
during sporulation. Bacillus spp. produced a large number of polypeptides with
antibiotic activity when grown in a rich medium (Varese et al. 1996).

In the present study Bacillus polvmyxa introduced to the medium

with Hebeloma ¢ inif retarded the growth of this
fungus. The same bacteria introduced 7 days after the fungus did not affect the
growth of this fungus. Azospirillum brasilense had no considerable effect on
biomass ion by Hebeloma crus iril brasilense and
Bacillus polymyxa stimulated the growth.of Pisolithus t tinctorius but only when
introduced into 7-day-old cultures of this fungus. Simultaneous introduction
into the medium of the fungus and bacteria had no significant effect on the
growth of Pisolithus tinctori

Root pathogens are a major factor in limiting plant production. The most
widespread among the various crop plants and forest trees are fungi belonging
to the genera Phytophthora, Fusarium, Phytium and Rhizoctonia (Garbaye
1991). Many studies have documented the suppression of root dis in
conifers by ectomycorrhizal fungi (Duchenese 1994).

In the present study studies, Hebeloma crustuliniforme and Pisolithus
tinctorius had an inhibitory effect on the growth of Rhizoctonia solani and
Fusarium oxysporum. Several mechanisms may be involved in disease suppres-
sion by ectomycorrhizal (EM) fungi. These include the mmer effect provided
by the mantle, for nutrients, pl
induced by EM fungi colonization and antibiotic pmduumn by EM fungi.
Recent evidence suggests that the inhibition of growth of pathogenic fungi by
EM fungi in vitro is due to acidification of the medium rather than to antibiotic
production (Schelke and Peterson 1996).

Further studies are required to determine the effect of bacteria and
mycorrhizal fungi. The mechanism of such an action is little understood. It is
not known whether or not bacteria are fungi-specific. If so they may influence
the inhibition and functioning of mycorrhiza, sporocarp formation etc. These
questions however need to be answered. In our laboratory studies are directed
in this field.
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Wplyw cktomikoryzowych grzybéw i bakterii na siewki sosny

Streszczenic

Badano wplyw grzybow ektomikoryzowych (Hebeloma crustuliniforme (Bull.:
i Pisolithus tinctorius (Pers.) Coker et Couch 5335) oraz bakterii (Bacillus polvmyxa i Azospirillum
brasilense). zwiazanych z mikoryzami, na rozwdj siewek sosny (Pinus sylvestris). Zbadano rowniez
wplyw tych bakterii na przyrost biomasy grzybow ektomikoryzowych oraz zaleznosci pomiedzy
ektomikoryzowymi grzybami oraz grzybami patogenicznymi dla korzeni sosny (Fusarium oxy-
sporum Schlecht. i Rhizoctonia solani Kihn).

Ogolnie, stosunck masy pedu do korzenia byl wyiszy u rodlin zaszezepionyeh H. crustulinifor-
me i bakteriami niz u roslin kontrolnych (rosnacych w warunkach sterylnych). W podiozu
nicsterylnym stosunck masy pedu do korzenia siewek mikoryzowych byl nizszy w prownaniu
2 kontrola (siewki niczaszczepione). Podobne obserwacje dotyezyly roslin zaszczepionych
P tinctorius. Bakterie oraz czas wprowadzenia ich do plynnych hodowli p/ybm\‘ ckiomikoryzo-
wych wplywaly na iomasy grzybow n. oraz
P. tinctorius hamowaly wrrost grzybow patogenicznych (R. solani oraz F. oxysporum)
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