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SUMMARY

The introduction of vesicular-arbuscular mycorrhizal fungi (VAMF)into agricultural systems benefits the
growth and the health of the crops, especially in abandoned areas with poor soils. As a prerequisite for the
application of the symbionts, the fungi must be isolated and selected with respect to their efficiency for the
plants and their adaptability to the environmental conditions in the field. Different methods of isolation and
the selection procedure are described. The mass production of the selected fungi can be carried out in the
greenhouse or in the field. The inoculation of the plants with the VAMFis possible in the nurseries as well
as in the field. Two methods of application - inoculation of the plants with a homogeneous mixture of the
inoculum in the substrate and with a concentrated inoculum layer respectively - are presented.

INTRODUCTION

In tropical habitats the benefits of vesicular-
arbuscular mycorrhizal fungi (VAMF)to their host
plants are of special importance. By means of im-
proved nutrient supply the fungi cause significant
growth enhancement of the plants in the poor soils
of the tropics (5ieverding 1987;Lin 1986). Further-
more, the colonization of roots by mycorrhizal fungi
increases the resistance of the host plants against root
pathogens (Zambolim 1986)and reduces the sever-
ity of foliar disease (Feldmann 1991). The tolerance
of mycorrhizal plants against stress (e.g. extreme
temperatures, high humidity or drought and trans-
planting) is generally higher compared to non-myc-
orrhizal plants (Schonbeck 1987;Müller 1991). In
agricultural systems a high deficiency of the
symbiotical fungi has been observed (Feldmann
1991). To regain the "vitality of the soil" with re-
spect to VAMF,the application of the fungi at the
time of sowing or planting or even earlier in the
nurseries is necessary. In Manaus, Amazonas 5tate,
a mixed cropping system of perennial plants has
been installed in which the management takes ac-
count of the requirements of the fungi (less fertiliza-
tion, less pesticides, more secondary vegetation).
Theplantation has been established in an abandoned
area (former rubber plantation). To improve the
"ecological fitness" of the plants, they have been

inoculated with VAMFin the nursery or at the time
of planting into the field.

50 far the use of VAMFin plant production sys-
tems and agriculture is not a common practice. This
is mainly due to the difficulties involved in the iso-
lation, selection, multiplication and application
of the VAMF. The purpose of this paper is to
demonstrate the methods from the first step of iso-
lation of the mycorrhizal fungi to the final step of
application in the nurseries and in the field.

ISOLATION OF VESICULAR-ARBUSCULAR
MYCORRHIZAL FUNGI (VAMF)

VAMFcan be used in the form of:

pure isolates derived from single or multiple
spore cultures of one fungal species
a mixture of defined pure isolates
a mixture of unknown VAMFspecies with
proven stability of the population and its
effects.

The establishment of pure isolates (1) and iso-
lates of an unknown mixture of VAMF(2) is shown
in Figure 1. In both cases the origin of the fungi is
field soil. Besides the living VAMFspores, field soil
often contains large numbers of dead spores of
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mycorrhizal fungi. As it would be time consuming
to establish single spore isolates directly from the
original soil sample, we prefer to enhance the num-
ber of living spores by cultivation of a host plant
(e.g. com, onion, bell pepper) in the soil. This will
cause the propagation of the fungi in the substrate.
A disadvantage of this method at increasing the
number of living VAMF spores is the possibility of
pre-selection of those fungi which are more adapted

.'
"

"

to the given growth conditions. To minimize this
pre-selection, the use of different plant species and
growth conditions is recommended. Four to eight
weeks after sowing or planting, the plant roots will
be colonized by the VAMF. For the establishment of
pure isolates, the plants are taken from the substrate
and the roots are rinsed thoroughly. To avoid con-
tamination with root pathogens a surface steriliza-
tion (e.g. with ethanol) of the roots can be an
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advantage. The plants are then transplanted into
plastic sacks or other containers such as pots or boxes
containing a porous substrate. They are irrigated
moderately and fertilized once a week with a low
phosphate fertilizer « 60ppm P). After a growth
period of eight weeks, the plants are not watered
further, thus inducing the spore production of the
VAMF. The spores can be removed from the sub-
strate by the method of wet sieving and centrifuga-
tion (Daniels and Skipper 1984; Feldmann 1991). To
establish pure cultures, the procedure described is
repeated with a single spore as the inoculum source
(single spore isolate) or with several spores of the
same fungal species (multiple spore isolate), which
is often problematic as it is hard to determine
whether similar spores belong to the same species.

For the production of a VAMF-isolatecontain-
ing an unknown mixture of VAMFspecies (2), sev-
eral steps of the procedure described above can be
omitted (see Figure 1). Furthermore, it is possible to
extract the VAMFspores directly from the field soil
and use them as the primary inoculum. Thismethod
will diminish the contamination with pathogens
which rnight be present in the soil.

Before the established VAMF-isolates can be
used in nurseries or on an agricultural scale, they
must be selected with respect to their effectiveness.

SELECTION OF EFFECTIVE VAMF-ISOLATES

Although the VAMFare distributed worldwide
and most of the plant species live in symbiosis with
these fungi, a specificity in the interaction between
fungus and host plant exists (Estaun et al. 1987, Graw
et aI. 1979, Idczak 1992). Specificity is revealed with
respect to

the host plant (plant species/ plant cultivar)
the nature of the effect (which also depends
on the environmental conditions).

Therefore the selection of effective VAMFisolates is
necessary.

THE SELECTION PROCEDURE

List:

* the nature of the effect(s) desired (e.g.
plant growth enhancement, increase of
resistance against pathogens ...),

* the given abiotic factors during the se-
lection which should be similar to the
final conditions under which the fungi
will be used (substrate, temperature,
pH ...).

Ensure the infectivity of the fungal inocu-
lum which will be tested (check whether a
potential host plant, e.g. com, is colonized
by the fungi).

Determine whether the plant for which the
fungal isolate is to be selected is mycotroph
(Janos 1987; Feldmann 1991), i.e. test
whether the VAMFare able to colonize the
roots and whether the mycorrhizal plants
benefit from the symbiosis.

If the plant is mycotroph, analyse the de-
gree of mycorrhizal dependency (obligate
or facultative dependency; Feldmann 1991).

Determine again the abioticselectionfactors,
considering the degree of dependency, the
conditions in the area where the fungi will
be used and the kind of management.

Compare the effectiveness of the isolates
with respect to the desired effect.

In addition to the described steps in the selec-
tion of effective VAMFisolates, there are other fac-
tors which should be taken into account during the
selection process, such as the competitive ability and
persistence of the fungi under natural conditions
(Abbot et al. 1992). Once a VAMFisolate has been
chosen, inoculum production on a large scale is a
pre-requisite for the application in nurseries or in
the field.

INOCULUM PRODUCTION

A detailed description of the production of
VAMFinoculum for use in the tropics has been pre-
sented by Feldmann and Idczak (1992). Therefore
only the main aspects of inoculum production are
described here.

The inoculum production can be differentiated
into an initial phase (Figure 2) and mass production
(Figure 3).
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FIGURE 2. Initial phase of inoculum production
(Feldmann & Idczak 1992). See text for
details.

BA

FIGURE 3. Mass production of inoculum
(Feldmann & Idczak 1992). See text for details.

Initial phase:

Fill two thirds of a pot (volume about 500
ml) with quartz sand and layer the start in-
oculum (soil containing the VAMF,infected
root pieces or funga I spores) on topo

Surface sterilize the seeds of a host plant (e.g.
com or onion), rinse them with water after-
wards to remove all pesticides, sow them
into the pots and cover them with sand.

Water the pots moderately (the humidity of
the substrate should be a little below field
capacity) and fertilize the plants with a low
phosphate fertilizer (P <60ppm, details see
Feldmann and Idczak 1992). Avoid the use
of pesticides.

After a growth period of three to four weeks,
the roots of the host plants should be colo-
nized by the VAME Control the root colo-
nization with a microscope. In the event of
low infectivity of the start inoculum the cul-
ture period can be extended by one to two
weeks.

When the roots of the host plant are well
colonized, separate the plants from each
other and wash the roots. Sometimes it
might be necessary to surface sterilize
the roots (70% ethanol, two minutes) to
eliminate pathogenic microorganisms.

The plants treated in this way are used for
the mass production of VAMFinoculum.

Mass production:

The mycorrhizal plants are transplanted into
larger pots (volume about 51)or comparable
containers, which might be even larger, but
still allow the roots to explore the whole
volume (A). The use of expanded clay as
the substrate (method described by Dehne
and Backhaus 1986)has various advantages
such as its low weight, easy application and
the fact that contamination by pathogens
can be largely avoided and subsequent de-
contamination is aIso possible. But other
substrates like sterilized sandy soils can be
used as well.
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Irrigation and fertilization should be carried
out as described above (initial phase).

After three to four months of plant growth,
the roots should fill the whole volume of the
container. From this moment on, the plants
are no longer irrigated. The drought stress
stimulates the spore production of the
VAME

ne week after termination of irrigation, the
plants are cut off and the pots with the roots
are kept dry for another two weeks (B). Af-
ter this period the roots are removed from
the substrate.

The substrate is spread out ín a thin layer
and air-dried rapidly (C). The dry inocu-
lum can be stored under cool and dry
conditions for more than a year.

Altematively to the procedure of inoculum pro-
duction described above, the multiplication of the

VAMFcan be carried out directly in the field as well
(in-situ production). Feldmann (1991)showed that
the inoculation of host plants (e.g. com) with VAMF
in the field at the time of sowing or planting results
in an increase of the number of VAMFspores from 4
to 57 spores per gram of soil after two months,

APPLICATION OF VAMF INOCULUM

The inoculation ofplants with mycorrhizal fungi
can be performed in different ways:

The fungal inoculum can be mixed homo-
geneously with the substrate in which the
plants are grown.

A concentrated layer of the inoculum can
be placed below the seeds or the plant roots.

The method of inoculation and the amount of
the applied inoculum (O;0.2; 1; 5 and 10% VoI.)
determine the development of the mycorrhizal
association (Figure 4).

FIGURE4. Root colonization by VAMFin dependency of the method of application and the amount
of the inoculum applied.
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The highest degree of root colonization of rub-
ber tree seedlings (Hevea sp.) is achieved by use of
more than 1% (vIv) of inoculum in the substrate.
The homogeneous distribution of the inoculum fi-
nally leads to a higher degree of root colonization
compared to the method of "concentrated applica-
tion", although a higher percentage of root coloni-
zation is achieved with the latter method during the
early stages of the development of the symbiosis.
This is probably due to the fact that in the case of a
"concentrated application", the roots of a seedling
have contact to a large number of infection units
when growing through the inoculum layer. At this
moment a heavy infection of the root system occurrs.
After the roots have passed the inoculum layer no
further infection units of VAMF are present. The
fungus has to spread over the whole root system
from the site of the primary penetration points. In
case of a homogeneous distribution of the fungal
inoculum, new infections of the roots by the fungus
are possible even after a longer time of the develop-
ment of the root system. For this reason we recom-
mend applying the inoculum in the form of a
homogeneous mixture, but the "concentrated
application" has also been proved to be successful
in the field.

THE USE OF VAMF IN MIXED CROPPING
SYSTEMS

The introduction of VAMF in agricultura 1
systems as a management factor is simple. If the
isolation, selection and the production of the start
inoculum are carried out by officialinstitutes or spe-
cialized companies, the farmer has to produce the
inoculum on a large scale,which isbest done in con-
tainers with sand or sterilized porous soil. The
produced inoculum is then used for the inoculation
ofplants in the nursery by mixing it homogeneously
with the substrate. In this way the plants will
already be mycorrhizal when they are transplanted
into the field. This will be of benefit to the plants
during the first critical phase of adaptation to the
new environmental conditions.

If a farmer wants to inoculate non-mycorrhizal
perennial plants which are already planted into the
field, he can do 50 by use of "nurse plants". This
means that he should sow or plant crops which are
often used in inoculum production (e.g. com) dose
to the perennial plants and inoculate them with
VAME The "nurse plants" will multiply the VAMF
inoculum in the soil and the roots of these mycor-
rhizal plants will grow close to the roots of the

perennial plants and thus inoculate them. If the man-
agement in the plantation takes into account the re-
quirements of the VAMF(less fertilizer, less pesti-
cides, more secondary vegetation), the fungi can
establish themselves in the field.
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