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Effect of inoculation and substrate disinfection method
on rooting and ectomycorrhiza formation
of Douglas fir cuttings
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Abstract - Ectomycorrhizal inoculation techniques were applied to Douglas fir (Pseudotsuga menziesii (Mirb) Franco) cuttings, during the rooting phase, to determine the effect of inoculation on rooting and mycorrhizal colonization. Two experiments were conducted: 1) an inoculation experiment, established at three different locations with the same treatments, to determine the effect of inoculation with Laccaria bicolor, Melanogaster ambiguus and Rhizopogon subareolatus; and 2) a local factorial experiment to determine
the effect of fungal inoculation, substrate disinfection methods, and their possible interactions. At Peyrat-le-Château and Champenoux
(France), there were no differences in rooting due to the inoculation treatment. At Cabrils (Spain), the cuttings inoculated with L. bicolor and R. subareolatus rooted significantly better than non-inoculated cuttings. Vegetative inoculum of L. bicolor and spores of R.
subareolatus were effective in forming ectomycorrhizas in the three locations, whereas spores of M. ambiguus were effective only at
Cabrils. Substrate disinfection with methyl bromide significantly decreased the percentage of rooted cuttings compared to steam-disinfected substrate. Methyl bromide application also lowered the percentage of mycorrhizal cuttings after inoculation with L. bicolor
and R. subareolatus. The disinfection method did not alter significantly the colonization level among the mycorrhizal plants.
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Résumé - Effet de méthodes d’inoculation et de désinfection du substrat sur l’enracinement de boutures de douglas et sur la
formation de mycorhizes. La mycorhization contrôlée de boutures de douglas (Pseudotsuga menziesii (Mirb) Franco) a été étudiée
durant la phase d’enracinement, afin de mesurer son effet sur l’enracinement et sur l’état mycorhizien final des plants. Deux essais ont
été suivis: 1) un essai commun à trois sites comparant l’effet de souches fongiques de Laccaria bicolor, Melauogaster ambiguus et
Rhizopogon subareolatus, et 2) un essai factoriel local testant l’effet de l’inoculation, du mode de désinfection du substrat et leurs
interactions. Contrairement à Peyrat-le-Château et à Champenoux où le taux d’enracinement n’a pas été modifié par les symbiotes
inoculés, les boutures inoculées par L. bicolor and R. subareolatus se sont mieux enracinées que les témoins à Cabrils. Le mycélium
de L. bicolor et les spores de R. subareolatus ont permis la formation de mycorhizes sur les trois sites, alors que les spores de
M. ambiguus ne l’ont permis qu’à Cabrils. La désinfection du substrat au bromure de méthyle a réduit significativement le taux de
boutures racinées par rapport à celle effectuée à la vapeur. L’application de bromure de méthyle a diminué également le taux de boutures mycorhizées, après inoculation par L. bicolor et R. subareolatus. En revanche, la méthode de désinfection n’a pas modifié significativement le taux de mycorhization des plants effectivement mycorhizés. (&copy; Inra/Elsevier, Paris.)
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1. INTRODUCTION

Vegetative propagation of forest trees is an alternative
the lack of seeds of high genetic value when a breeding programme has been concluded. Several species of
forest trees can be propagated as rooted cuttings from
selected mother plants [22]. The increasing availability of
genetically improved Douglas fir (Pseudotsuga menziesii
(Mirb) Franco) seed, its successful propagation from cuttings in North America [23], and its increasing importance as a reforestation species in Europe [17] make this
species a good candidate to be propagated as rooted cuttings. Since this propagation method is more expensive
than seedling production, the effort to improve the rooting process and the performance of the rooted cuttings in
the nursery and after field transplantation is of great interest. The critical stages during cutting propagation are the
rooting phase and the transplantation to nursery beds and
to the field. Inoculation of Douglas fir seedlings with
selected ectomycorrhizal fungi, in both containerized and
bareroot nurseries, can increase survival and/or growth of
the plants in the nursery phase [13] and when outplanted
in the field in European trials [1, 2, 9, 15, 27]. On cuttings, the fungal inoculum is generally supplied when the
rooted cuttings are transplanted in fumigated beds [10].
to

In this study, we inoculated directly during the rooting
phase to determine the effect of inoculation on rooting
and mycorrhizal colonization. Available inoculation techniques with ectomycorrhizal fungi used for containerized
seedlings were applied and adapted to Douglas fir cuttings. Two experiments were designed: 1) an inoculation
experiment, established at three different locations with

the same treatments, to determine the effect of inoculation with Laccaria bicolor, Melanogaster ambiguus and
Rhizopogon subareolatus; and 2) a local factorial experiment to determine the effects of inoculation with the
above fungi and the substrate disinfection method.

2. MATERIALS AND METHODS

2.1. Inoculation experiments
at three different locations
The

experiments were set up in greenhouses at three
experimental locations: the nursery of Peyrat-le-Château
located in central France, and the research centres of
Champenoux in northeast France and Cabrils in northeast

Spain.
Douglas fir cuttings were obtained from a total of 200
3-year-old mother plants (seed orchard 24 established at
Bout, Allier, France) in February 1995. The cuttings were
mixed homogeneously and cold stored at 2 °C for 4
weeks to improve rooting. After storage, the bases of the

cuttings were dipped in a solution of Exuberone&reg; (Rhone
-1 indole-butyric acid, IBA) for 24 h. The
Poulenc, 4 g L
substrate, consisting of a mixture of peat and vermiculite
-1 methyl bromide
(1:1, v:v), was disinfected with 60 g L
(2 % chloropicrine) at a temperature over 13 °C. The containers were plastic horticultural trays (510 x 365 x 180
mm) at Peyrat-le Château, HIKO&reg; plates with 40 alveoles
of 90 cc each at Champenoux, and forest-pot containers,
150 cc each, at Cabrils. Insertion of the cuttings was done
during the first week of March1995, 2 weeks after substrate

disinfection.

Laccaria bicolor (R Mre) Orton strain S-238 N was
inoculated at insertion as vegetative inoculum grown in
peat:vermiculite as described by Marx and Bryan [16] at
the rate of 1:20 (v:v, inoculum:substrate). Sporocarps of
Melanogaster ambiguus (Vitt) Tul & Tul and Rhizopogon
subareolatus Smith were collected in the Montseny
range, Girona, northeast Spain, in autumn 1994. Spore
inoculum of both fungi was prepared as described by
Castellano et al. [6] and applied 2 months after insertion
at the rate of 10
6 spores per cutting as described in
Parladé et al. [21].
For each location, the experimental design consisted of
four replications of 40 cuttings (experimental unit) for
each inoculation treatment including a control, non-inoculated treatment. The trays were distributed randomly in
a greenhouse and maintained under mist irrigation during
the rooting process and afterwards, under regular irrigation. Fertirrigation was started 4 months after insertion by
using the N-P-K soluble fertilizer Plant Prod 20-20-20
-2
m
sprayed weekly at the rate of 1.5 g .

2.2. Factorial

experiment at Cabrils location

The factorial experiment design included two factors:
inoculation and the substrate disinfection method with
four replications of 40 cuttings (experimental unit) for
each treatment. Fungal inocula, inoculation levels and
growing conditions were exactly the same as described
earlier. The disinfection levels were methyl bromide
applied as in the previous experiment, and steam was
applied twice at 90 °C forIh with a 24-h period between

applications.
Eight months after insertion, all the cuttings from both
experiments were assessed visually for rooting (root system fully developed) and mycorrhizal colonization. Forty
cuttings taken randomly from each treatment were examined for root colonization by counting at least 200 short
roots per plant under a stereomicroscope. Only mycorrhizal plants were considered to determine the colonization level. Rooting and mycorrhizal colonization data
were analyzed by analysis of variance (ANOVA) on the
mean values per experimental unit (tray of 40 plants).

Colonization percentages

were

transformed with the

sinus function to reduce the error variance
performing the ANOVA. Differences among
detected by Tukey’s test (P &le; 0.05).

arc
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means were

3. RESULTS
3.1. Inoculation experiments
at three different locations
At Peyrat-le-Château and Champenoux, there were no
differences in rooting due to the inoculation treatment. At
Cabrils, the cuttings inoculated with L. bicolor and R.
subareolatus rooted significantly better than non-inoculated cuttings. The average rooting percentage, however,
was lower than in the other two locations (table I).

The cuttings inoculated with L. bicolor became mycorrhizal in a proportion varying from 20 to 89 %, depending on the location (table II). The mycorrhizal short roots
rate (colonization level) among the mycorrhizal plants
ranged from 40 to 59 % (table III). The proportion of
mycorrhizal cuttings with R. subareolatus varied from 31
to 88 % among locations (table II). The colonization level
ranged from 14 to 39 % of the short roots (table III). The
inoculation with M. ambiguus was effective only at
Cabrils. Only 8 % of the plants became mycorrhizal
(table II) with an average of 31 % of the short roots colonized (table III).

3.2. Factorial

experiment at Cabrils

The percentage of rooted cuttings was significantly
affected by both inoculation (P = 0.0006) and disinfection
(P = 0.0000) factors. No significant interactions were
detected between them (P 0.7223). Inoculation with L.
bicolor and R. subareolatus significantly increased the
percentage of rooted cuttings over non-inoculated cuttings (table IV). No significant effect on rooting occurred
when the cuttings were inoculated with M. ambiguus.
=

Substrate disinfection with methyl bromide significantly decreased the percentage of rooted cuttings compared to the rooting percentage obtained on steam-disinfected substrate (43 and 70 %, respectively). Methyl bro-

mide application also decreased the percentage of mycorrhizal cuttings after inoculation with L. bicolor and R.
subareolatus (table V).
The disinfection method did not significantly affect the
colonization level of the plants for any of the inoculation
treatments

(table V).

4. DISCUSSION
The substrate disinfection with methyl bromide performed at Cabrils decreased the average rooting potential

Cabrils and no inoculation effect was detected. The
mechanism underlying the fungal ability to improve the
rooting performance is unclear. It has been demonstrated
that several fungi produce indole-acetic acid, (IAA) in
variable amounts, which play a role in the stimulation of
root branching during the mycorrhizal colonization [8,

25].
Inoculation with vegetative inoculum of L. bicolor at
insertion was successful at the three locations. The variability observed in the colonization data is consistent with
the results obtained with Douglas fir seedlings in previous inoculation experiments with the same fungal species

[11, 12, 14, 18, 20].

probably because of the persistence of phytotoxic residuals in the substrate. Although methyl bromide is considered a short-residual sterilant when applied properly in
the soil [4], it may persist in organic or clayey soils producing phytotoxic effects [24]. Methyl bromide has been
widely used in bareroot nurseries in mycorrhizal inoculation programmes to reduce competition between wild and
inoculated fungi, as well as to control soil-borne root
pathogens [7]. However, steam has been recommended
for the disinfection of artificial growing media in container nurseries [5]. Chemicals such as chloropicrin,
methyl bromide and Vapam&reg; are also used for sterilization of growing media, but they may bind with the
expanded vermiculite causing phytotoxicity even after
prolonged aeration [28]. Problems caused by methyl bromide as a disinfectant were not consistent among locations although the application methodology was the same.
As Molina and Trappe stated [19], a given chemical will
not necessarily produce the same response in all species
of fungi or hosts or in all nurseries. In any case, the use of
steam can avoid the possible phytotoxicity problems of
residuals connected with local growth conditions (substrate compaction, container type, temperature, humidity,
etc.). In addition, methyl bromide has been listed under
the Montreal Protocol on Substances that Deplete the
Ozone Layer and is to be banned in the future. The use of
steam as soil disinfectant has been cited in some case
studies [3] as a relatively inexpensive and efficient alternative to methyl bromide.
Inoculation with L. bicolor and R. subareolatus only
increased significantly the rooting performance of the
cuttings produced at Cabrils. At the other two locations,
the average rooting percentages were higher than those in

Inoculations with spores of M. ambiguus and R. subareolatus made at Cabrils resulted in root colonization
percentages similar to those obtained with seedlings in
previous experiments [21]. At the other two locations,
only spore inoculations with R. subareolatus were effective. Since fungal inoculum, plant material and substrate
were the same in the three locations, the failure of M.
ambiguus in France could be due to the different environmental growth conditions (temperature, humidity,
light) between France and Spain.
The methyl bromide disinfection method applied at
Cabrils also lowered the percentage of mycorrhizal plants
obtained after inoculation with L. bicolor and R. subareolatus. The presence of toxic residuals in the substrate
could alter the fungal development after their inoculation.
The lack of effect on M. ambiguus may be due to the
delay in its development compared with that of the other
two fungi. In this, and other experiments carried out with
seedlings, it has been observed that this fungus takes
much longer than L. bicolor and R. subareolatus to form
ectomycorrhizas [21].It can be hypothesized that spore
germination takes place when the toxic effect remaining
in the substrate has disappeared. For the three fungi, the
mycorrhizal short root rate among the mycorrhizal plants
was not affected by the disinfection method, indicating
that the toxic effect on the fungi was produced before the
fungal penetration into the root.
From these experimental results, it is possible to use
the available inoculation techniques during the rooting
phase to obtain mycorrhizal Douglas fir cuttings.
Inoculation with certain ectomycorrhizal fungi improved
rooting performance only at Cabrils where the rooting
percentage of non-inoculated cuttings was clearly under
that obtained at the other two locations. In any case, substrate treatment with steam seems to be the best disinfection method to optimize both rooting performance and
short root mycorrhizal colonization. Further research is
needed to test the field performance of the mycorrhizal
rooted cuttings and to compare the results with those
obtained with seedlings.
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