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MYCORRHIZAS FOR FORESTRY AND AGRICULTURE of Mycorrhizal Plants

Chapter 6

MANAGEMENT OF
MYCORRHIZAL PLANTS

This chapter contains information on the management of
mycorrhizal plants in the glasshouse and nursery for
experimentation and production of mycorrhizal seedlings for use
in the field (Fig. 6.1). References to mycorrhizas in this chapter
refer primarily to ECM fungi associated with eucalypts grown for
plantation forestry, but the information presented is also relevant
to other hosts and the growth of plants with VAM associations.
Methods for producing inoculum of VAM and ECM fungi are
presented in Chapters 3 and 5, respectively.

MANAGING MYCORRHIZAL PLANTS

|. Assessing the requirement for mycorrhizal inoculation

,‘ 3 Soil inoculum levels,
site factors and
@ plant properties
-
@
2. Glasshouse experiments with mycorrhizal plants

Screening isolates for
host compatibility
and growth promotion

3. Growth of mycorrhizal plants in the nursery

Potting mixes, soil
pasteurisation,
disease and pest
control, etc.

4, Mineral nutrition of mycorrhizal plants

Optimising conditions for
mycorrhizal formation and
seedling survival and growth

5. Quality control assessment

Figure 6.1. Managing mycorrhizal plants.
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6.1 ASSESSING THE BENEFITS OF
MYCORRHIZAL INOCULATION

Throughout this book, it has been necessary to assume that a
decision to utilise mycorrhizal fungi has already been made, when
presenting methods for inoculum production, field experiments,
etc. However, the reality is that production of mycorrhizal
seedlings is only likely if benefits from the manipulation of these
fungi are expected. The potential benefits of mycorrhizal
inoculation can be assessed by answering a series of questions
concerning the availability of inoculum of appropriate fungi in soils
and the benefits expected from mycorrhizal associations in a
particular soil or habitat (Fig. 6.2).

The primary goal of mycorrhizal inoculation is to increase the
yield of plants grown for plantation forestry, agriculture or
horticulture. These growth responses depend on the mycorrhizal
dependency of plant species, soil properties, especially the
availability of nutrients such as P, and the capacity of fungi to
provide benefits to the host plant. However, even if immediate
mycorrhizal growth responses are not observed, it may still be
desirable to inoculate seedlings, if this can be done at a minimal
cost, since introducing particular fungi may:

(1) improve the uniformity of tree growth, by equalising
differences in nutrient supply across heterogeneous sites or
due to genetic variability of the host,

(2) produce fruit bodies which are desired for food or medicine,

(3) increase the resistance of plants to diseases or physiological
stresses which arise in the plantation or field, or

(4) increase the diversity of soil fungi in monocultures to enhance
ecosystem stability, nutrient cycling, etc.
Thus nursery managers may decide to proceed with a mycorrhizal
fungus inoculation program as an ‘insurance policy’, even if
substantial immediate benefits cannot be demonstrated, provided
that inoculation costs are insignificant compared to other
expenses. The following topics (A—C) outline processes required
to evaluate the potential benefits of mycorrhizal inoculation by
considering properties of (A) soil and site factors, (B) host plants
and (C) mycorrhizal fungi which determine these benefits.

A. Soil and site factors

Soil factors that can influence the benefits provided by
mycorrhizal fungi to plants are considered below.

Mycorrhizal inoculum
Plants with mycorrhizal associations predominate in most
natural ecosystems (Brundrect 1991), so inoculum of
mycorrhizal fungi is present in most soils. However, changes
in land use practices may result in the predominance of fungi
which are not compatible with an introduced host plant.
Fungal population densities vary markedly between sites,
depending particularly on previous land use. In Australia,
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EVALUATING POTENTIAL BENEFITS FROM MYCORRHIZAL INOCULATION

Test by bioassay

A. Is sufficient inoculum of
compatible fungi present

in soil?
No Yes
B. Are existing fungi effective
with hosts, soils and fertilizers
used?
\_ No ~ Yes
Natural vectors *
C. Is dispersal of compatible fungi
ﬂ_ i into site likely to be sufficiently
Wy t “ ! rapid?
No Yes

BEes 4

D. Introduction of an appropriate mycorrhizal E. Inoculation with
fungus strain should substantially mycorrhizal fungi
increase host plant growth and/or survival not required

Figure 6.2. Flow chart summarising decision-making steps which can be used to evaluate the potential benefits of

mycorrhizal inoculation in a specific situation.

A. Inoculum levels of compatible mycorrhizal fungi should be determined by bioassay experiments where a
particular host plant is grown in soil from the site.

B. Soil properties, especially nutrient availability and fertilizer applications, are important determinants of
mycorrhizal responses. Mycorrhizal benefits can be tested by glasshouse experiments which measure plant
growth responses in the appropriate soil with standard fertilizer applications.

C. Natural vectors such as fungus-feeding animals can effectively introduce desirable mycorrhizal fungi, but this
process may be too slow to be effective.

D. In this case mycorrhizal fungus inoculum is likely to be effective if it can be applied cost-effectively and
efficiently.

E. Alternatively, mycorrhizal inoculation might not be expected to provide substantial benefits, but might still be
applied for other reasons.
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there generally is less inoculum of ECM fungi in sites where
eucalypt plantations are established than in undisturbed
forests. There are also many cases where plantations of trees
have been introduced to habitats where they do not occur
naturally. For example, Australian eucalypts are now grown in
exotic habitats in Africa, Europe, Asia and South America,
habitats which are likely to be initially devoid of compatible
ECM fungi, because local fungi are specific to other hosts such
as conifers (Malajczuk et al. 1982, Molina et al. 1992).

Indigenous mycorrhizal fungi
One of the most important factors that determines whether
tree growth can benefit from inoculation in a specific site is
the inoculum potential of indigenous mycorrhizal fungi
present in that soil (Figure 6.2A). The compatibility of these
fungi with introduced host plants and the impact of their
competition on the capacity of desirable inoculant fungi to
persist in soils and colonise new roots must also be
considered. In sites where ECM fungi are already present,
introduction of new isolates will be possible only if these
inoculant fungi are superior competitors, but some Australian
eucalypt ECM fungi have been shown to have this capacity in
soils which already contain mycorrhizal inoculum (Grove &
Malajczuk 1994).

Soil disturbance
Sufficient propagules of mycorrhizal fungi are also not likely to
be present in soils where severe soil disturbance has resulted
in topsoil loss, or where host plants are limited by adverse
soil or site factors such as salinity, aridity, waterlogging or
climatic extremes (Brundrett 1991). Most studies of
mycorrhizal associations in highly disturbed habitats such as
minesites have found reduced levels of mycorrhizal propagules
(Danielson 1985, Jasper et al. 1992, Pfleger et al. 1994,
Brundrett et al. 1995). Less severe forms of soil disturbance,
including agricultural tillage, soil animal activities, fire and
erosion, can also reduce levels of mycorrhizal fungus
propagules (Habte et al. 1988, O’Halloran et al. 1986, Read &
Birch 1988, Vilarino & Arines 1991).

Colonisation by mycorrhizal fungi
In soils which are initially devoid of suitable mycorrhizal fungi,
their introduction will depend on the arrival of propagules
such as wind-blown spores produced by fungi fruiting under
host trees (Grove & Le Tacon 1993, Malajezuk et al. 1994b).
Spores and other propagules of mycorrhizal fungi can also be
dispersed by wind or water erosion or by the activity of
animals which feed on hypogeous or epigeous fungi (Allen
1991, Brundrett 1991, Claridge & May 1994, McGee &
Baczocha 1994). In a disturbed habitat, the effectiveness of
these natural vectors will depend on the proximity of
undisturbed habitats containing suitable fungi (and their
associated animals) as well as the seasonality of fruiting of
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fungi. Colonisation of disturbed habitats, such as minesites in
Australia, by mycorrhizal fungi has been observed, but there is
as yet insufficient information about the time required for this
process to occur (Jasper et al. 1992, Brundretr et al. 1995).

Measuring inoculum
The quantity of inoculum of mycorrhizal fungi which is
compatible with a host plant in soils can be determined by
bioassay experiments (Fig. 6.2). In these experiments,
seedlings are grown in intact soil cores or mixed soil samples
for sufficient time to allow mycorrhizas to form, then roots
are sampled, processed and assessed to measure mycorrhiza
formation (see Section 4.4). Bioassay experiments have been
used to quantify indigenous mycorrhizal fungi compatible with
specific hosts, examine spatial variability in inoculum levels
and test the ability of indigenous fungi to compete with
inoculant fungi (Perry et al. 1982, Parke et al. 1984, McAfee &
Fortin 1986, Brundrett & Abbott 1995). Typical results of a
mycorrhizal bioassay experiment are presented in Figure 4.9.

Soil fertility
A key factor likely to determine the potential for mycorrhizal
inoculation to improve tree growth in particular sites is the
supply of phosphate and nitrogen in soil (Abbott & Robson
1991, Grove et al. 1991). High rates of P and N fertilizers
suppress ectomycorrhiza development in the field (Menge et
al. 1977, Newton & Pigott 1991) and high concentrations of
soil N can also reduce the number and relative abundance of
different ectomycorrhiza types (Alexander & Fairley 1983).
The effect of high rates of P and N fertilizers on mycorrhiza
development is demonstrated by Figures 3.13 and 6.1 1. The
demand for a particular mineral nutrient depends on plant
internal requirements, while the supply of that nutrient
primarily depends on its availability and mobility in soils
(Russell 1977, Marschner 1986). Phosphorus is generally
considered to be the most important plant-growth limiting
factor which can be supplied by mycorrhizal associations,
because of the many abiotic and biotic factors which can
restrict its mobility in soils (Harley & Smith 1983, Hayman
1983, Marschner 1986, Bolan 1991). Reductions in the benefit
provided by mycorrhizal associations to plants caused by
increasing soil phosphorus levels have often been observed
(Bougher et al. 1990, Jones et al. 1990, Schweiger et al. 1995)
(see Fig. 6.3). The effect of soil properties which influence the
availability of nutrients such as P and N on plant responses to
mycorrhizas requires further investigation.

Minor elements
Nutrient disorders involving elements other than P are
common when eucalypts are planted in disturbed or nutrient-
poor soils (Marschner & Dell 1994). There is limited
experimental evidence that mycorrhizal fungi can help to
alleviate other nutrition deficiencies by enhancing uptake of
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N, K, Ca, S, Cu and Zn, while substantial contributions to the
host supply of other nutrients (Mg, B, Fe, etc.) are suspected,
but requires further study (Marschner & Dell 1994). In native
forests, eucalypts rarely show symptoms of mineral nutrient
deficiencies, but when they are planted on disturbed or
infertile soils nutrient disorders are common, especially when
rapid growth results from P and N application (Dell et al.
1995). Observations of the early growth of eucalypts in ECM
field trials in Australia and China have revealed a range of
micronutrient disorders. Boron can be a limiting factor in the
establishment of plantation trees in southern China (Turnbull
1994, Dell & Malajczuk 1994), where many soils are
considered to be deficient in this nutrient (Wenfu et al. 1991).
The availability of both macronutrients and micronutrients in
soils are likely to be important determinants of plant
responses to mycorrhizal associations. Plantation forestry
programs must consider responses to fertilizer applications
on specific sites, to determine the magnitude of any nutrient
deficiencies which occur, so that fertilizer applications can be
used to remedy these problems.

Adverse soil conditions

Land degradation due to salinity, waterlogging, erosion, etc. is
a serious and growing problem in Australia (Bell 1988, Scott
1992). There is increasing awareness that the growth of salt-
tolerant tree species can combat salinity and waterlogging
problems in cleared land (Marcar et al. 1991, Scott 1992).
Some Eucalyptus, Acacia, Melaleuca and Casuarina genotypes
can be grown in saline soils (Marcar et al. 1991). Excessive
NaCl levels in soil inhibit mycorrhizal formation and restrict
the activity of most mycorrhizal fungi, but some mycorrhizal
fungi can tolerant these conditions (Malajczuk et al. 1989,
Juniper & Abbott 1993). Observations in natural ecosystems
have shown that plants with mycorrhizal associations may be
less commeon than non-mycorrhizal species in soils which are
waterlogged or saline, but that some mycorrhizal plants are
normally present in even the worst soils (Brundrett 1991).
There is some evidence that ECM fungi are highly sensitive to
waterlogging of soils, but VAM fungi may be less sensitive
(Theodorou 1978, Lodge 1989, Bougher & Malajczuk 1990). It
seems likely that adverse soil conditions could reduce the
benefits provided by mycorrhizal associations by restricting
fungal activity in some situations, but in other situations the
use of fungal isolates which are tolerant to these conditions
could be highly beneficial, by helping to increase plant survival.



MYCORRHIZAS FOR FORESTRY AND AGRICULTURE

2.0

With VAM

n
|

Nonmycorrhizal

Shoot dry weight (g)
,Q —

(€, ] o

| |

[ [ I I I [
0 20 40 60 80 100 120 140 160

P added (mg P/kg soil)

Figure 6.3. Response curves produced by growing mycorrhizal and non-
mycorrhizal plants of Cassia pruinosa at a range of soil P levels. Note that the
benefit provided by mycorrhizal associations to this species is dependent on soil
P levels and can be defined by comparing these two curves (data from fasper
et al. 1994).

B. Plant root systems

Plants in natural ecosystems are known to have varying degrees
of dependence on mycorrhizal associations, which have resulted
in the designation of obligate and facultative associations (see
Section |.6). These categories are the result of inherent
properties of the plants themselves, as well as the availability of
nutrients in the soils in which they naturally occur. Host and soil
factors which can be used to help predict the potential benefit of
mycorrhizas are outlined in Table 6.1.

Table 6.1. Generalised relationships between features of root
systems and the mycorrhizal dependency of plants (after Brundrett
1921).

Root feature Mycorrhizal dependency of plant
High Low
A. Root surface area low high
I. Root system surface area
(specific root length) low high
2. Branching orders of lateral roots few many
3. Branching frequency (architecture) sparse frequent
4. Root hair abundance and length few/short many/long
B. Root activity slow fast
I. Root growth rate slow fast
2. Response to soil conditions slow fast
3. Primary root life span long short
4, Protective structural features strong weak
5. Root exudation ? less ? more
C. Mycorrhizal formation efficient inefficient
or inhibited
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PHOSPHORUS UPTAKE BY ROOT HAIRS
OR MYCORRHIZAL FUNGUS HYPHAE

A. Plant with a fine root system and long root hairs

No mycorrhizal fungi

ad 1y,

Y

Mycorrhizal benefit small

v

] Avaitable P

I:l P depletion zone

I:l Non-mycorrhizal roots
[[] Roots with VAM

Figure 6.4. The role of root hairs and mycorrhizal fungus hyphae in acquiring poorly mobile nutrients such as P from soils.
This diagram demonstrates why a plant with fine, extensive roots and long root hairs (A) would normally receive much less
benefit from the presence of mycorrhizas than a plant with coarse roots (B).
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Mycorrhizal dependency
The potential benefits resulting from the inoculation of plants
with mycorrhizal fungi may be large or small depending on
properties of the host plant, mycorrhizal fungi or soil where
they are grown (Fig. 6.3). Mycorrhizal dependency is simply a
measure of the benefic provided by mycorrhizas and will
depend on relative contribution of root and mycorrhizal
mediated nutrient uptake to plants (Janos 1980). Mycorrhizal
dependency has often been quantified by calculating the yield
ratio between mycorrhizal plants and uninoculated control
plants grown in a particular soil at a single soil P level (Koide
et al. 1988, Manjunath & Habte 1991, Hetrick et al. 1992).
However, it is better to analyse mycorrhizal benefits across a
range of soil P levels by producing nutrient response curves
like that shown in Figure 6.3 (Abbott & Robson 1984).
Mycorrhizal benefit can be estimated from P response curves
by calculating the slopes of mycorrhizal and non-mycorrhizal
curves at the crossover point (see Schweiger et al. 1995).

Nutrient depletion zones
Mineral nutrients such as phosphorus have very limited
mobility in soils so that depletion zones — where all the
available nutrient has been utilised — quickly form around
roots (Bhat & Nye 1974, Russell 1977, Marschner 1986).
Thus to obtain more phosphorus, plants must bypass the
depletion zones surrounding existing roots by further root
activity elsewhere in the soil (see Fig. 6.4). The outcome of
this quest for phosphorus (and other relatively immobile soil
resources) should largely be determined by the surface area
of a plant’s root system, which in turn is a product of the
properties outlined below.

Root system form
Considerable variations in root system extensiveness,
geometry, depth distribution and plasticity occur between
plant species (Grime et al. 1986, Fitter 1987). Plants with
extensive roots (highly branched, fine, long roots with
numerous root hairs) have often been observed to derive little
benefit from mycorrhizas in experiments (Baylis 1975, Koide
et al. 1988, Manjunath & Habte 1991, Hetrick et al. 1992). In
experiments, total biomass is the parameter most often used
to quantify roots, but provides much less information than
root length or specific root length (length/unit root weight)
daca (Fitcer & Hay 1987, Eissenstat 1992). Parameters that
could be used to predict nutrient absorption are: total root
biomass < fine root biomass < root length < root surface area
< rhizosphere volume, arranged in increasing order of
predictive ability. When root parameters of plant species are
compared, root hairs have been found to be most highly
correlated with their ability to absorb P from soils (Itoh &
Barber 1983, Fohse et al. 1988, Schweiger et al. 1995).
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