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Abstract. Micropropagated plantlets of avocado (Persea americana Mill.) exhibit a
very slow rate of growth during the acclimatization phase, possibly because mycor-
rhizae are absent. Inoculation of plantlets with the vesicular-arbuscular mycorrhizal
fungus Glomus fasciculatum (Thaxter sensu Gerd) Gerd and Trappe improved for-
mation of a well-developed root system that was converted into a mycorrhizal system.
Introduction of the mycorrhizal fungus at the time plantlets were transferred from
axenic conditions to ex vitro conditions improved shoot and root growth; enhanced the
shoot : root ratio; increased the concentration and/or content of N, P, and K in plant
tissues; and helped plants to tolerate environmental stress at transplanting. Inclusion
of soil as a component of the potting medium appeared to favor mycorrhiza formation
and effectiveness. Thus, mycorrhiza formation seems to be the key factor for subse-
quent growth and development of micropropagated plants of avocado.
Fruit crops, like most horticultural plants,
commonly develop vesicular-arbuscular
mycorrhizae (VAM) relationships and ex-
hibit a high degree of dependence on this
symbiosis for normal development (Nemec,
1986). Propagation of these plants by tissue
culture has become widely adopted. How-
ever, the media used not only for the in vitro
stages (obviously sterile), but also for sub-
sequent plantlet growth in potting substrates
or in fumigated nursery beds usually lack
VAM propagules. Therefore, plantlets should
be inoculated early during micropropagation
to achieve suitable growth (Gianinazzi et al.,
1989).

Surface-sterilized spores and other VAM
propagules are able to develop mycorrhizal
relationships when inoculated during in vitro
propagation of various horticultural species
(Chavez and Ferrera-Cerrato, 1990), partic-
ularly woody plants (Pons et al., 1983; Ra-
volanirina et al., 1987). However, this
technique presents several difficulties, such
as differences in the conductive media for
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root initiation and VAM formation and loss
of roots produced during the in vitro stages
after outplanting (Ravolanirina et al., 1987;
Schubert et al., 1990). In contrast, inocula-
tion at the time of transplanting of the ax-
enically propagated plantlets into the potting
media appears feasible and promising (Ra-
volanirina et al., 1989a; Schubert et al.,
1990). Mycorrhizal inoculation of in vitro-
propagated transplants has proven to be ef-
fective in respect to tolerance to transplant
stress and improvement of growth and min-
eral nutrient status (Gianinazzi et al., 1989).

Research is being conducted worldwide to
integrate biotechnological approaches, my-
corrhizal inoculation, and micropropagation
of various plant species. Avocado is a suit-
able test plant for this purpose because of its
mycotrophic habit (Menge, 1983; Nemec,
1986) and commercial value. Successful mi-
cropropagation of this plant appears prob-
lematic because of difficulties in rooting
(Pliego-Alfaro and Murashige, 1987). More-
over, growth of micropropagated avocado
plants is slow during the acclimatization
phase. Consequently, VAM inoculation might
be beneficial. Since, to our knowledge, there
are no published reports on mycorrhizal in-
oculation of micropropagated avocado plants,
the following research was conducted to in-
vestigate the influence of mycorrhizal inoc-
ulation on growth and development of in vitro-
propagated plantlets.

Micropropagation of host plant. Juvenile
shoots were excised from in vitro-germi-
nated seedlings of GvarAm-13 avocado root-
stock (Kadman and Ben Ya’acov, 1980)
following procedures of Barceló-Muñoz et
al. (1990). Cultures were grown at 25C with
a 16-h photoperiod provided by Sylvania Gro-
Lux fluorescent lamps. The lamps provided
a photosynthetic photon flux (PPF) of 45
µmol·s -1·m-2. Two weeks after being cul-
tured on rooting medium (Barceló-Muñoz et
al., 1990), shoots with visible root primordia
were transferred to sealed glass flasks (500
ml) containing 200 ml of a medium of 1 peat
: 1 perlite (v/v). Four plantlets per flask were
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kept in a greenhouse for 4 weeks (acclima-
tization stage I). At the end of this period,
plantlets usually had only two primary roots
and few, if any, secondary roots. At this
stage, they were transplanted individually to
250-ml open pots (one per pot) and placed
in a misting tunnel (100% relative humidity)
for an additional 4 weeks before their trans-
fer to normal greenhouse conditions (see be-
low).

Mycorrhizal inoculum. Glomus fascicu-
latum was chosen among various VAM-
forming isolates after a previous selection for
functional compatibility with the microprop-
agated avocado plants. The inoculum con-
sisted of washed mycorrhizal roots with the
external mycelium and spores attached, but
free from soil particles. Inoculum [ 1 g (fresh
weight)], cut into l-cm fragments, was ap-
plied to each plantlet close to the root sys-
tem. Filtered [Whatman 1 filter paper
(Whatman Intl., Maidstone, England)]
leachates of the root inoculum were applied
to nontreated plantlets to compensate for the
free-living microbiota associated with the
mycorrhizal inoculum.

Growing conditions. Inoculated and non-
inoculated (control) plants were grown in a
greenhouse with day/night temperatures
ranging from 19 to 25C. Daylength was ex-
tended to 16 h by cool-white fluorescent
lamps, providing a PPF of 650 µmol·s -l·m-2.
Plantlets were fertilized weekly with 10 ml
of full-strength Long Aston nutrient solution
(Hewitt, 1952) and watered daily. In addi-
tion to the in vitro and the two acclimatiza-
tion stages, a further 20 weeks of growth in
the greenhouse was allowed before harvest.

Design of experiments. Three experiments
were conducted. Each used a completely
random arrangement of two treatments (non-
inoculated and inoculated plants). A treat-
ment consisted of 50 replicate pots for Expt.
1, 54 for Expt. 2, and 40 for Expt. 3.

Recording of data. Dry weight of shoots
and roots was recorded after harvesting and
drying for 24 h at 65C, and plant tissues
were analyzed for N, P, and K (Lachica et
al., 1973). The amount of root system with
VAM colonization was assessed by a stain-
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ing procedure (Phillips and Hayman, 1970),
and the percentage of the total root length
that became colonized by mycorrhizae was
determined using the gridline intersect tech-
nique (Giovannetti and Mosse, 1980).

Statistical analysis. Student’s t test was
used for statistical analysis of data. In the
case of the values given as percentages, data
were subjected to an arcsin square-root
transformation to ensure homogeneity of
variances.

Flask inoculation (Expt. 1). Mycorrhizal
inoculation was performed at the beginning
of the acclimatization stage in the glass flasks
with the intent to establish the mycorrhizal
symbiosis as soon as possible in the ex vitro
phase. After this stage of acclimatization,
plantlets were transferred to open pots con-
taining a steam-sterilized growing medium
of 5 soil : 2 sand (v/v). The soil consisted
of clay, 42.5%; silt, 34.0%; sand, 23.5%;
organic matter, 1.18%; total N, 0.18%; and
contained extractable P at 6.1 and K at 0.7
mg·kg-1. The soil was taken from the ex-
perimental field at Zaidín.

Pot inoculation (peat : perlite) (Expt. 2).
Plants were inoculated when transferred from
the flask to open-pot conditions. The potting
medium consisted of 1 peat : 1 perlite (v/v).
Percent survival, shoot height, and number
of leaves were recorded after 20 weeks of
growth.

Pot inoculation (soil : sand) (Expt. 3).
Plantlets were inoculated at transplanting to
open pots, and the substrate used was 1 soil
: 1 sand (v/v). Percent survival was deter-
mined after 20 weeks of growth at the end
of the experiment.

Flask inoculation. Almost the entire root
system of the inoculated plantlets was heav-
ily colonized by the VAM fungus at the end
of the experiment (Table 1). Since relatively
few secondary roots were induced in the flask
acclimatization stage and determination of
mycorrhizal colonization was destructive,
colonization was not measured before trans-
planting to pots. Many explants in the flask
died, probably due to microbial contamina-
tion derived from the experimental condi-
tions. At the pot phase, however, the
transplanted, healthy plantlets responded well
to VAM inoculation. In fact, the inoculation
of G. fasciculatum enhanced both growth and
nutrient content of plant shoots (Table 1).
Noninoculated plantlets developed and grew
poorly relative to those inoculated. Inocu-
lation with G. fasciculatum, therefore, was
beneficial, but because of high mortality of
explants, it appeared more appropriate to in-
troduce the inoculum at a different stage of
acclimatization.

Pot inoculation (peat : perlite). Survival
and growth (Table 2) and mineral nutrient
status (Table 3) of plantlets of avocado were
significantly improved by mycorrhizal in-
oculation. Although plantlet survival follow-
ing transplanting was low, it was significantly
increased by mycorrhizal inoculation.

Pot inoculation (soil : sand). The soil :
sand medium (Table 4) appeared to enhance
VA mycorrhizal establishment in compari-
son to the peat : perlite medium (Table 2),
with colonization levels of ≈80% of the total
root length and a substantial arbuscular de-
velopment. Also, survival following trans-
planting, plant growth, and, especially,
mycorrhizal response were improved in soil
: sand relative to peat : perlite.

Although acclimatization of micropropa-
gated plants of avocado is difficult (Barceló-
Muñoz et al., 1990), we here have shown a
growth-promoting effect of mycorrhizal in-
oculation of plantlets during transition from
the heterotrophic state (in vitro production)
to the autotrophic state (grown in pots). Pre-
vious research has also reported beneficial
effects of mycorrhizal inoculation on micro-
propagated fruit trees (Ravolanirina et al.,
1987, 1989a, 1989b; Schubert et al., 1990).

Ravolanirina et al. (1989a, 1989b) have
recommended that mycorrhizal inoculation
be used shortly after explants are removed
from culture vessels and at the beginning of
root initiation. However, these recommen-
dations do not appear optimal for avocado.
Mycorrhizal colonization is known to take
place only on young, secondary roots before
suberization (Barea et al., 1992). Since these
fine, young roots are produced by avocado
later during ex vitro development, inocula-
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tion would be meaningless during the flask
acclimatization stage, but advisable when
transferred to open pots. Further, potting
media can include sterilized soil, a substrate
component that usually improves VAM for-
mation in micropropagated plants (Gianin-
azzi et al., 1990). The apparent beneficial
effect of the presence of soil in the growing
medium on mycorrhiza formation appears to
be confirmed by our results.

Because typical arbuscules were formed in
the appropriate root cortical cells, VAM was
probably functioning in its recognized role
of improving nutrient acquisition by the host
plant, as deduced from the enhancement of
nutrient concentration and/or content in plant
tissues found in our experiments. The effects
of mycorrhizal inoculation on plant growth
may also be due to improved rhizogenesis of
the otherwise poorly rooted transplants, as
has been suggested with other crops (Heslin
and Douglas, 1986; Schubert et al., 1990).
Since VAM fungi produce plant hormones
(Barea and Azcón-Aguilar, 1982), they might
improve root formation and development of
in vitro-derived avocado plantlets. Addition-
ally, mycorrhizal inoculation may have helped
plantlets resist environmental stress at trans-
planting from axenic conditions to normal
cultivation in open air, as has been demon-
strated in other situations with VAM (Barea
et al., 1992).
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