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Résumé

Effet de la dose et de la formulation de l’inoculum sur l’infection ectomycorhizienne,
l’état sanitaire et la croissance de semis de Douglas inoculés

par Laccaria laccata en pépinière

Des semis de Douglas (Pseudotsuga menziesii) ont été cultivés en pépinière sur un sol sablo-
limoneux désinfecté au bromure de méthyle. L’inoculation par le champignon ectomycorhizien
Laccaria laccata a été réalisée à l’aide de mycélium ayant poussé dans un mélange de vermiculite
et de tourbe ou de mycélium produit en milieu liquide et inclus dans un gel d’alginate de calcium,
avec trois doses différentes. Pendant toute la saison de végétation, des observations ont porté sur
la croissance des semis, l’infection ectomycorhizienne et le développement des nécroses racinaires
dues à Fusarium oxysporum. En fin d’année, les meilleurs résultats (par comparaison avec un
témoin non inoculé) ont été obtenus avec l’inoculum inclus dans l’alginate à la dose de 5 g de

mycélium (poids de matière sèche par m2), qui procure une infection presque totale par L. laccata,
ramène l’intensité des nécroses racinaires à un niveau tolérable, et double la biomasse des semis.
L’analyse de l’évolution de l’infection au cours de la saison de végétation montre que la
supériorité de l’inoculum alginate est essentiellement due à une meilleure survie du champignon et
à une infection plus étalée dans le temps que dans le cas de l’inoculum classique vermiculite/ /
tourbe. Ces résultats sont d’un grand intérêt pratique, car on sait par ailleurs que L. laccata, dans
ce type de pépinière, permet de produire des plants plus sains et de taille commerciale en 2 ans au
lieu de 3 ans, et qu’il assure une meilleure reprise et une meilleure croissance initiale après
transplantation en forêt.
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Summary

A fumigated nursery bed on a sandy loam was inoculated with the ectomycorrhizal fungus
Laccaria laccata and seeded with Douglas fir. Two types of inoculum were compared : mycelium
grown in a vermiculite/peat mixture, and mycelium grown in liquid medium and entrapped in a
calcium alginate gel with different quantities of mycelium. At the end of the first growing season,
the alginate inoculum at the dose of 5 g mycelium (dry weight) per mz proved to be the most
efficient. The top dry weight of the seedlings in this treatment was 2.3 fold that of the non-
inoculated fumigated controls. This inoculation treatment also ensured nearly total mycorrhizal
infection by L. laccata and reduced root necrosis caused by fungal pathogens.
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1. Introduction

The ectomycorrhizal fungus Laccaria laccata (Scop. ex Fr.) Cke. has proved to be
very efficient for promoting the growth of conifer planting stocks in temperate nurseries
and plantations (MoLINA, 1982 ; MoLINA & CHAMARD, 1983 ; THOMAS & JACKSON,
1983 ; LE TACON & BOUCHARD, 1986). It also exhibits antagonism toward root patho-
gens which may be the main limiting factor in bare-root production of quality seedlings
(SINCLAIR Bt al., 1982 ; GARBAYE & PERRIN, 1986 ; SAMPANGI Bt al., 1985).
LE TACON & BOUCHARD (1986) have shown that inoculation with Laccaria laccata

after soil fumigation makes it possible to produce planting size Douglas fir stocks in
two years (instead of the usual three years) with a high level of mycorrhizal develop-
ment by this fungus. Moreover, L. laccata is competitive enough to survive outplanting
and has the potential to provide growth stimulation for at least three years after
transplanting, when compared to naturally occurring fungi (LE TACON et al. , 1989).
LE TACON et al. (1983 and 1985) & MAUPER!N et al. (1987) have shown with other

ectomycorrhizal fungi that mycelium grown in a liquid medium and entrapped in
calcium alginate gel (JuNC et al. , 1981) is a very efficient inoculum for mycorrhizal
development, and hence can be used as an alternative to the classical vermiculite/peat
mixture (MARX & BRYAN, 1975).

In order to improve the techniques of mycorrhizal inoculation with L. laccata, the
experiment which is described here compares the efficiency of different doses of the
two types of inoculum for promoting ectomycorrhizal development and growth of

Douglas fir seedlings. Observations on treatment effects on root necrosis were also
made.

2. Material and methods

2.1. Soil

A nursery bed in northeastern France (sandy loam soil, 4 p. 100 organic matter,
pH 5.5 (H!O), 40 ppm phosphorus extracted with 0.5 M NaHC03) was fumigated with
methyl bromide (75 g per M2, cold application technique, soil covered with polythene
film for 4 days) 3 weeks before seeding in the spring. Non-fumigated plots were kept as
controls in the same bed.

2.2. Plant material

Douglas fir (Pseudotsuga menziesii (Mirb.) Franco) seeds were pretreated for

3 weeks in wet peat at 4 °C, seeded (800 seeds per m2) and covered with a 5 mm layer
of sieved (5 mm mesh) fumigated soil.



2.3. Fungal material

Laccaria laccata (strain S-238 from USDA, Corvallis, Oregon) was grown on

brewery wort diluted to 1/10 (final sugars concentration : 18-20 g/1). Two types of
inoculum were prepared :
- vermiculite/peat inoculum (adapted from MARX & BRYAN, 1975) : a mixture of

expanded vermiculite and sphagnum peat (2:1 ; v:v) contained in glass jars was

moistened to field capacity with the liquid medium, autoclaved for 20 mn at 120 °C,
inoculated with plugs from a culture of the fungus on agar medium, and incubated for
2 months at 25 °C until the substrate was fully colonized. This inoculum was used in the
nursery without any delay and with no washing or drying. Although MARX (1984) has
shown that removing residual nutrients was necessary with Pisolithus tinctorius, it was
found unnecessary with other ectomycorrhizal fungi in nursery conditions similar to

those of this experiment (LE TACON et al., 1983, LE TACON & BOUCHARD, 1986) ;
- alginate inoculum : the fungus was grown for 30 days at 25 °C in 1 liter

Erlenmeyer flasks containing 0.5 1 liquid medium on a shaking table (40 rpm). The
mycelial pellets were washed in tap water, homogenized in a Waring Blendor for 5-10
seconds and resuspended in distilled water containing 10 gll sodium alginate and 30 g/i
powdered sphagnum peat. This suspension was pumped through a pipe with 5 mm
holes above a 100 g/1 CaCl2 solution, each drop forming a bead of reticulated calcium
alginate gel 3 to 4 mm in diameter (MAUPERIN et al., 1987). The beads were cured in
CaC12 for 24 h at room temperature (for ensuring complete reticulation of the gel),
washed in tap water in order to remove NaCl, stored in air-tight containers at room
temperature in order to prevent drying, and used in the nursery the next day. Three
batches of beads were prepared with different mycelium concentrations giving 2 g, 5 g
and 10 g mycelium (dry weight) per m2 in the nursery, the quantity of beads being
constant.

2.4. Inoculation

The inoculum was broadcast and incorporated into the 10 cm topsoil with a hand
tool immediately before seeding. Alginate beads were applied at the dose of 2 liters

(1.6 kg) per m2, and the vermiculite /peat inoculum at the dose of 2 liters per m2. The
quantity of mycelium in the latter was not known at the time of the experiment, but
more recent chitin assays performed on the same type of inoculum (MoRTtEtt, unpub-
lished data) and the results of WHIPPS (1987) suggest that it was between 1 and 2 glliter
(dry weight) of the vermiculite/peat inoculum. Thus, the amount of mycelium per m’ in
this treatment was comparable to the lower alginate treatments.

2.5. Experimental design

The following treatments were established :
NF-NI : unfumigated soil, no inoculation.

F-NI : fumigated soil, no inoculation.

F-VP : fumigated soil, vemi’cutite/peat inoculum.

F-Alg 2 : fumigated soil, alginate inoculum, 2 glm2 (dry weight) mycelium.
F-Alg 5 : fumigated soil, 5 glm2 (dry weight) mycelium.
I&dquo;-iXiz iU : iiunigi’.ted s!)il, 10 g/m’’ (dry weight) myce!ium.



Each treatment was applied in four 0.5 m2 plots randomly distributed in 4 blocks in
the nursery bed. The plots were separated from each other by a 50 cm non inoculated
and non seeded zone.

2.6. Nursery management

The experimental bed was shaded during the first weeks, then watered and

manually weeded during the growing season. As the nursery was known to be infested
with root pathogens (mostly Fusarium oxysporum), a treatment with Benomyl (0.8 g/
m!) was applied after seeding in order to limit damping off. The average number of
surviving seedlings was 120 per plot (240 per M2), with no significant difference
between treatments. No further application of fungicide was made because part of the
experiment was to assess the efficiency of the different inoculation treatments in

limiting root necrosis.

2.7. Measurements

The mean heights of the seedlings in each plot were measured on weeks 8, 11 and
15. Four seedlings with heights equal to the mean value were lifted and the dry weights
of the tops were measured. The root systems were gently washed and observed with a
dissecting microscope in order to determine the p. 100 of e:ctomycorrhizal short roots.
On week 25 (in October, at the end of the growing season), 10 seedlings per plot were
harvested and weighed as above, and an additional observation was made : root

necrosis (brown short roots) was estimated according to the following scale : 0 : no

necrosis ; 1 : 1/4 of the root system showing necrosis ; 2 : 1/2 ; 3 : 3/4 ; 4 : necrosis

affecting the whole root system.

2.8. Statistics

The amount of mycorrhizal development (p. 100 transformed by arc sinY!) and dry
weight of the tops at the end of the growing period were treated by analysis of variance
with two controlled factors (blocks and treatments). The treatments were compared
with Ls.d. 5 %.

No statistics were applied to the necrosis index, owing to the rough scaling system
used and to the striking differences in the root morphology between the different
treatments.

3. Results

3.1. Myeorrhizal development (fig. 1)

The seedlings grown on non fumigated soil became infected by Thelephora terrestris
(Ehrh.) Fr. and other unidentified mycorrhizal fungi. By week 11, 45 p. 100 of short
roots were naturally mycorrhizal. The mycorrhizal development increased to 74 p. 100
on week 15, then decreased. The seedlings grown on fumigated, non inoculated soil
were non mycorrhizal, except for a very low level of contamination by Thelephora





terrestris (1 p. 100) on week 25. All mycorrhizas on plants inoculated with Laccaria
laccata were formed by this fungus. They were clearly formed by the introduced strain
of L. laccata, as shown by the lack of this type of mycorrhiza in the fumigated, non
inoculated control. The first L. laccata mycorrhizas appeared between weeks 8 and 11.
Fig. lA shows that mycorrhizal formation occurred later with Alg. 2 and Alg. 5 than
with VP inoculum or Alg. 10. Mycorrhizal development with VP did not increase after
week 15 (when it reached 70 p. 100), whereas it kept increasing with Alg. 2 and Alg. 5,
reaching a significantly higher level at the end of the growing season (92 p. 100). In the
case of Alg. 10, mycorrhizal development took place extremely quickly (from 0 to 87 p.
100 in 3 weeks) but did not increase later on. As a whole, at the end of the growing
season, the three alginate inoculation treatments gave similar results, significantly better
than those obtained with the vermiculite/peat inoculum.

3.2. Growth of the seedlings (fig. 1B)

At the end of the growing season, the seedlings in the three treatments with L.
laccata alginate inoculum had a dry weight significantly higher than those in either

fumigated or unfumigated controls. Alg. 5 plants had a significantly higher dry weight
than VP ones. Except for the Alg. 10 plants which showed a spurt of growth during the
fast infection period (between weeks 8 and 11), dry weight of tops increased steadily
during the course of the experiment.

3.3. Root necrosis (table 1)

There was much root necrosis (more than half the root system affected) in both

fumigated and unfumigated controls. By contrast, inoculation with L. laccata in associa-
tion with fumigation strongly reduced root necrosis. This reduction was particularly
clear in the treatments with alginate inoculum.



4. Discussion and conclusion

4.1. Inoculum efficiency

The ideal inoculum should give sufficient active propagules distributed into the soil
to ensure the rapid development of many mycorrhizas. These propagules should survive
long enough in order to provoke new primary mycorrhizal infection during the develop-
ment of the root system (GARBAYE & WiLaEt,M, 1985). The vermiculite/peat inoculum
fulfils the first condition, but its infectivity is limited in time : mycorrhizal development
did not increase after week 15, and 30 p. 100 of the short roots were left uninfected. It
is interesting to note that secondary infections did not compensate for the lack of
sustained primary infections. By contrast, the alginate inoculum with approximatively
the same quantity of mycelium (2 to 5 g dry weight per m2) resulted in a mycorrhizal
development which began slowly but developed over a longer time, reaching 90 p. 100
at the end of the growing season. Thus, the mycelium entrapped in calcium alginate
with powdered peat is better protected, survives longer, and has a longer lasting effect
than when grown on a vermiculite-peat mixture. This result is consistent with those of
MAUPERIN et al. (1987) who found that this type of inoculum was very stable during
storage or after incorporation into the soil.

When the alginate inoculum was used with the highest dose of mycelium (10 g dry
weight per m2), mycorrhizal development was very rapid, which proves that the number
of fungal propagules in each bead is an important factor in the efficiency of the
inoculum. This experiment does not provide any data on the effect of the number of
beads in a given volume of soil on inoculum efficiency. Working with Hebeloma

crustuliniforme and beech (Fagus silvatica), GARBAYE & WILHELM (1985) have shown
that the density of inoculum particles in the soil may be as important as the behaviour
of the mycelium in each particle. It is probably possible to further improve the
inoculation technique by optimizing the three factors together : number of beads, size
of the beads and amount of living mycelium in each bead.

4.2. Effect of Laccaria laccata on root necrosis caused by Fusarium oxysporum

The protective effect of L. laccata against soil borne pathogens, and especially
Fusarium oxysporum, is well documented (SINCLAIR et al., 1982 ; SAMPANGI et al., 1985)
and was confirmed in this experiment where root necrosis was reduced from a very
severe level in the non-inoculated plots to a harmless level in the presence of L.
laccata. The indigenous mycorrhizal fungi in the nursery, including Thelephora terrestris,
proved to be inefficient in this respect. Fumigation alone was inefficient too, probably
because the narrow width (1 m) of the fumigated bed allowed rapid recolonisation by
the pathogen from the adjacent soil. The same authors as cited above found that the

protective effect of L. laccata only occurs when the mycorrhizal symbiosis is actually
established. This is consistent with the fact that, in this experiment, the protection was
the most effective in the treatment with the earliest mycorrhizal development.



4.3. Effect of Laccaria laccata on seedling growth

The primary aim of ectomycorrhizal inoculation in forest nurseries is to produce
quality seedlings free of root diseases and associated with efficient mycorrhizas, in order
to ensure good survival and initial growth after outplanting. Nevertheless, growth
stimulation in the nursery may be a very interesting side benefit of inoculation. In this
experiment, such a benefit was clearly provided by Laccaria laccata with alginate
inoculum, but it was not possible to conclude whether it was due to a direct growth
stimulation by the symbiosis or to the lower impact of the root pathogens. Both

hypotheses are likely to-be true, according to previous results of SAMPANGI et al. (1985)
in similar conditions.
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