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Arbuscular mycorrhizal fungi (AMF) establish symbiosis
between most vascular plant roots, and play a key role
in facilitating nutrient uptake1 ; they have been applied
as microbial inoculants in low-input farming sustainable
systems. In this context, other microbial inoculants are
used as biocontrol agents of plant-pathogenic fungi, the
most common in commercial inoculants being Trichoderma
harzianum, Gliocladium virens and Bacillus subtilis.2,3
Those applications have shown beneficial effects on plant
health and productivity. However, the understanding of the
interactions between biological control agents and AMF
requires special attention because of the possibility that
these fungal antagonists could also interfere with AMF
activity.
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Here we performed scanning electron microscopic (SEM)
observations of Acaulospora colombiana spores exposed to
T. harzianum, G. virens and B. subtilis, after 30 days of
interaction under in vitro conditions.
The micrographs revealed that the outer hyaline spore
layer was strongly eroded and that the spore surface was
covered with mucilaginous products. Moreover, the outer
hyaline layer showed an early stage of degradation in all
the interactions of biocontrol agents and AMF in contrast
with the control (Fig. 1). T. harzianum and G. virens hyphae
grew alongside the spore adhered to the laminated layer or
embedded in the sloughing hyaline layer (Figs. 2 and 3). A.
colombiana spore wall was covered with bacterial bacillusshaped cells of different sizes (Fig. 4A). Moreover, rough
and mucilaginous material covered 50% of the spore surface
(Fig. 4B). Decaying material complicated the observation of
bacterial cells because they appeared to be covered with
their own mucilage.
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Figure 1
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Scanning electron micrograph of A. colombiana.
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Figure 2 Scanning electron micrographs of T. harzianum and surface of A. colombiana spores. (A) Phialospores which are verrucose
at high magnification. (B) T. harzianum hyphae and (C) conidias adhered to A. colombiana spore after 10 days of inoculation.

In our study, evidence of fungal and bacterial AMF spore
saprophytic activity was suggested by SEM observations. An
understanding of these effects is essential for obtaining the
maximum benefit for plant growth and health in the context
of agroecosystem sustainability.
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Scanning electron micrographs of G. virens adhered to A. colombiana spore after 30 days of inoculation.
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Figure 4 Scanning electron micrographs of surface of A. colombiana spores. (A) B. subtilis adhering to the surface of the laminated
layer of the spore surface after 15 days of inoculation. (B) Mucilaginous outer hyaline layer starting to ‘‘peel off’’ and being replaced
by mucilaginous products (arrow).
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