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Figure 6.5. Management of glasshouse plants and harvesting roots for a

mycorrhizal experiment.

A.. Uniform watering of plants in non-draining pots by using a balance to add
water to pots until they reach field capacity.

B. Uniform addition of a fertilizer suppfement (N solution) to pots using a
calibrated dispenser.

C,D. Photographic documentation of eucalypt seedling responses to
mycorrhizal inoculation in a glasshouse experiment.

E-G. Washing roots after harvesting plants in a mycorrhizal glasshouse
experiment.

E. Initial removal of bulk soil with a hose over a coarse (2 mm) screen.

F.  Further cleaning of a root sample by washing over a 200 um sieve.

G. Final cleaning of root mass by suspension in water to allow sond particles
to settle, before roots are collected on a fine sieve. Root samples should
then be clean enough to observe mycorrhizas under a dissecting
microscope, or for staining procedures.

Experimental design
An experimental plan (preschedule) for a typical glasshouse
experiment would cover many of the same topics as a plan
for a field experiment (Table 7.1). An experiment to compare
several treatments must have both replication and
randomisation. The simplest experimental design which
incorporates these two principles only is the completely
randomised layout. If it is known or suspected that there is
another source of systematic variation in addition to and
independent of the treatments, a randomised complete block
design should be used. For example, in a nursery fertilizer
trial, there may be a shading effect which can be compensated
for by blocking. The layout of treatments must be random
within each block, a fresh randomisation being used for each
block. Experimental designs are considered in greater detail in
Section 7.2.

Growth substrates
Sandy soils are normally used for mycorrhizal glasshouse
experiments, because their coarse texture facilitates washing
out intact mycorrhizal roots after the experiment, while fine
clay, silt or organic matter in soils make this much more
difficule. However, other types of soils (specific soils from field
sites, potting mixes, etc.) may be required in specific cases.
Soil collected from the B horizon will contain less organic
debris and microbial inoculum than soil from surface layers.
The chemical properties of soils, especially pH, are also
important (most Australian plants and fungi prefer
moderately acidic soils, but alkaline soils may be required in
other cases). After collecting soil, it should be sieved to
remove coarse gravel and organic debris, dried using a drying
facility, then stored in bags in a safe place. Unwanted
microbes in soils should be removed by steam pasteurisation
(2 x 60 min. at 80°C on consecutive days), or by using one of
the other methods discussed in Section 6.38.
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Plant materials

Plants used in glasshouse experiments are typically grown
from seeds. Uniformity in plant establishment is especially
important, as variations in plants caused by erratic seed
germination or a lack of genetic uniformity will interfere with
treatment effects (Section 7.2E). Several strategies can be
used to increase the uniformity of seedlings. Uniformly sized,
undamaged seeds from a single seedlot (parent plant) or
cultivar should be selected to reduce variability. Clonally
propagated plants from a single parent would be more
uniform than seedlings, if they are available. Sufficient
quantities of seeds should be germinated on agar, steamed
sand, or damp paper, to allow seedlings at a uniform stage of
germination to be selected for planting. An alternative
strategy is to sow extra seeds (2-3 X the required number) in
each pot and thin seedlings after germination, to increase
uniformity. It is often desirable to surface-sterilise seeds to
reduce the risk of microbial contamination (Section 5.4A).

Fungal materials

Inoculum forms and inoculation procedures for ECM and
VAM fungi are described in Sections 5.5 and 3.4, respectively.
Uniformity in mycorrhizal root formation within fungal
treatments is especially important in glasshouse experiments
and should be tested in a preliminary trial of inoculum forms
and dosages. A lack of uniformity may sometimes be
corrected by using much higher inoculum levels than would
be possible in the nursery, but any extra nutrients supplied
with the mycorrhizal inoculum need to be taken into account
(by control treatments). It is also essential that mycorrhizal
propagules such as spores become active before root growth
reaches a plateau, when plants are grown in a confined space.

Watering plants

Plants in glasshouse experiments can be grown in free-
draining pots or non-draining buckets. Non-draining pots are
preferred for many experiments, because they allow nutrient
and water supply to be precisely regulated. These pots must
be watered to a predetermined weight (e.g. 70% of field
capacity) by weighing pots on a balance (Fig. 6.5A). These
weights are calculated from the field capacity of the soil,
which can be reduced by 10-30% to improve aeration, while
taking the weight of por, etc. into account. Small plants need
to be watered accurately every 2-3 days and extra water
inputs may be estimated at other times. Large plants may
need to be watered accurately every day to limit differences
in water supply between treatments. Water use can be
recorded to provide an estimation of transpiration differences
between treatments. The surface of soil in pots should be
covered with aluminium foil disks, plastic beads, etc. to
reduce transpiration, without restricting gas exchange.
Mycorrhizal experiments can also be conducted in freely
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draining pots, provided a dilute nutrient solution (such as 10%
Long Ashton's or Hoagland's solution) is applied at regular
intervals to replace leached nutrients, and the substrate used
(coarse sand, hydroponic beads, etc.) does not accumulate
nutrients {e.g. Table 6.8).

Nutrient supply
Since soil nutrient levels can have a large impact on the
results of mycorrhizal experiments, it is essential that
fertilizers are accurately and uniformly applied to soils. The
most common methods of applying nutrients are outlined
below.

A. Soil is prepared by sieving, thoroughly mixing and drying i,
then uniform quantities are dispensed into pots (using an
accurate balance).

B. Carefully measured quantities of concentrated stock solutions
are dispensed onto the surface of soil in pots (a calibrated
automatic pipette should be used and separate stock
solutions should be applied in different areas).

C. The soil is allowed to dry for several days in a warm dust-free
area.

D. The soil in pots is then thoroughly mixed by pouring it into a
large clean tightly sealed plastic container, breaking up any
lumps of soil, then mixing it in a uniform fashion (e.g. inverting
the container 60 times). Take care to avoid excessive
manual handling of soils in one session as repetitive
strain injuries can result. A mechanical shaker should be
used for this task.

E. Nutrients can also be applied by watering soils to field
capacity with diluted nutrient solution, provided soils do not
fix nutrients very rapidly (Table 3.3).

Supplemental fertilisation
Small nitrogen supplements should be applied at regular
intervals (e.g. 20 mL of 5 g/L w/v NH4NO3 solution/kg soil
every 2-3 weeks) as N is lost from the soil much more
rapidly than other nutrients (Fig. 6.5B).

Environmental conditions
The glasshouse environment should be monitored to ensure
light and temperature conditions are favourable to plant
growth and mycorrhizal formation, and these conditions
should be reported when publishing results. Standardising
growing conditions as much as possible will increase the
repeatability of experiments. Control of soil temperatures
and moisture levels is especially important if the rate of
mycorrhizal formation is to be determined. Root-cooling
tanks, where temperature-regulated water is circulated
around buckets containing soil, can be used to control soil
temperatures (Fig. 3.12D).
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Experiment duration
The optimal duration of experiments will depend on the
growth rate of plants, soil nutrient levels and the activity of
fungi. Prolonging experiments after the growth of larger
plants stops due to root confinement, water restrictions, or
lack of nutrients will reduce treatment effects. It is advisable
to monitor mycorrhizal development by taking small core
samples from pots following instructions in Section 3.4E
(Fig. 3.15), to ensure that sufficient mycorrhizal development
occurs before plants are harvested.

Measuring plants and harvesting experiments
Plant height measurements are commonly used in glasshouse
experiments as they allow growth to be quantified
periodically without damage to plants, but other growth
parameters can also be used (see Section 7.3D). Height
measurements can be used to reveal growth trends and
determine when to stop the experiment. Once the
experiment is over, plants can be harvested by cutting off
shoots, which are weighed to determine fresh weight then
dried to determine dry weight, and by washing roots free of
soil. Other parameters used to measure plant growth are
listed in Table 7.4.

Table 6.4. A complete nutrient solution which has been optimised
for ECM root formation in sand culture experiments.

Ingredient Concentration mglkg soil (wiw)
NH4NO;3 36+
K2SO4 111.6
Ca(H2P04)2.H20 40
CaS0O4.2H,0 51.5
MgS04.7H,0 33.7
FeEDTA 25
MnSO4.4H,0O 16.9
CuSO4.5H,0 8.2
ZnS04.7H,O 9.2
NayB407.10HO 1.1
(NH4)6M07024.4H20 0.46
CoCly.6H,0 0.34

* N is added every 2 weeks

B. Selecting superior fungal isolates

Glasshouse studies are used to compare the efficacy of
mycorrhizal fungi under controlled temperature and moisture
conditions (Table 6.2). These experiments can aiso be modified to
examine the impact of soil and environmental factors (such as
nutrient supply, pH, temperature, moisture) on the performance
of specific fungi (Burgess et al. 1993, Malajczuk et al. 1994b).
Experiments should utilise conditions which are as close to the
‘real world’ as possible (Section 5.1). However, some factors are
much more difficult to manipulate in a glasshouse experiment, so
their influence cannot be examined. Consequently, fungi selected
in the glasshouse as superior isolates for use with particular host
plants, soils, or environmental conditions may be less successful in
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the field. In practice, selection of fungi which are tolerant to a
wide range of conditions may be prudent. An example of a
glasshouse ECM fungus isolate screening experiment (Example )
is provided below. Criteria which could be used to help select
fungal isolates are listed in Table 6.2,

Total dry weight (g)

Total dry weight (g)

ECTOMYCORRHIZAL FUNGUS ISOLATE SCREENING
A. Low phosphorus level (4 mg P/kg)

LSD (P < 0.05)

[ Tasmanian blue gum
(Eucalyptus globulus)
Karri
(Eucalyptus diversicolor)

B. Adequate phosphorus level (12 mg Plkg)

Mycorrhizal root length (m)

Mycorrhizal root length (m)

0.

o
o
|

Ectomycorrhizal fungus isolate codes

Figure 8.6. Results of a mycorrhizal fungus screening experiment (Example 1) with 16 isolates of ECM fungi, 2 Eucalyptus
species and 2 phosphorus levels (A, B). Note that many fungal treatrents were significantly different from the control
(CONT) at the low P level (A) but not at the higher level (B). Codes identifying fungal species are explained in Table 6.5.
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Example |. Glasshouse ECM fungus isolate screening
Aim
To compare the effects of 16 fungal isolates on Eucalyptus globulus and E. diversicolor seedling growth.

Experimental design
A fully randomised factorial design was used (2 host trees x |7 fungal treatments x 2 P levels X 4 replicates=272 pors).

Procedure
Soil: A yellow sand (from the Spearwood dune system with pH 5.5 and less than 2 mg/kg available P) was pasteurised
with steam (| hr at 80°C) and 2.5 kg of sieved soil was placed in each 140-mm diameter non-draining plastic pot.
Fertilizers: an adequate supply of all nutrients was applied (Table 6.4), except for P which was applied as aerophos
(Ca(H7PO4)7;H,O) at 4 or 14 mg Plkg. Plants were given a nitrogen supplement every 2 weeks.
Plants: surface sterilised seeds of the two eucalypt species were germinated aseptically (Section 5.4A).
Fungi: germinated seedlings were placed in 65 mm diameter x 80 mm high polycarbonate jars containing MMN
medium (Table 5.2) with 0.5% glucose and 0.3% malt extract. These jars were previously inoculated and contained
active colonies of one of the ECM fungi fisted in Table 6.5 (except for the control treatment). Seedlings were left in
contact with fungi for 7-10 days in a growth cabinet (25°C, 16 hr light).
Planting and care: four seedlings with hyphae on their roots were transplanted into each pot of sand along with a
small plug (0.2 g) of agar colonised with hyphae. Plants were grown on raised benches in a glasshouse and pots were
randomly moved to new locations every 2—3 days. Plants were watered to field capacity (10% w/w water for this
soil) by weighing them every 3 days initially, then daily when they grew larger.
Measurerents and harvesting: height measurements were taken every 2 weeks starting in week 3. Seedlings were
harvested 100 days after planting, before their growth began to slow. Shoots were dried in an oven (70°C) to
determine shoot dry weight. Roots were separated into coarse root fractions, which were dried and weighed, and
fine roots which were assessed to determine mycorrhizal root length (see Chapter 4).
Statistical analysis: ANOVA procedures were used to assess treatment effects and LSD values were calculated to

allow comparison of treatments (Chapter 7).
Results
Results are presented in Figure 6.4. Many fungal treatments were significantly different from the control at the low P
level but not when P supply was adequate for maximum growth.
Reference
Burgess et al. (1993)

Screening large numbers of fungi

An hierarchical approach to screening tests may have to be used,

because many more fungi can be screened in simplified laboratory

experiments than can be used in soil experiments or field trials

(Section 5.4). However, laboratory screening assays must first be

validated by comparing the performance of a range of fungal

isolates, including fungi which are known to perform well in
problem soils. Laboratory synthesis and culture experiments

(Chapter 5) can also provide key information about host

compatibility and the capacity for inoculum production of fungal

isolates.

I. The first priority is the acquisition of isolates of mycorrhizal
fungi from existing culture collections, by initiating fungal
isolates from field-collected fruit bodies or by collecting fruit
bodies to use as spore inoculum (Chapter 4).
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Table 6.5. Origin of ectomycorrhizal isolates giving codes used in
Figure 6.6, the fungal species, the area where the isolate was found.
(TAS = Tasmania, WA = Western Australia) and the Eucalyptus sp. it
was associated with when originally collected.

Code Species Site Host tree
CORT  Cortinarius globuliformis TAS E globulus
PAX Paxillus muelleri WA E. diversicolor
HYST|  Hysterangiurn inflatum WA E. globulus
HYST2  Hysterangium inflatum TAS E globulus
THAX  Thaxterogaster sp. TAS E globulus
AMAN  Amanita xanthocephala WA E diversicolor
HYMI  Hymenogaster zeylanicus TAS E globulus
HYM2  Hymenogaster viscidus TAS E globulus
HYM3  Hymenogaster zeylanicus WA E. globulus
SETCH  Setchelliogaster sp. TAS E globulus
DESC  Descolea moculata WA E marginata
HYDN  Hydnangium carneum TAS E globulus
LACI Laccaria laccato WA E. marginata
LAC2  Laccaria laccata TAS E. globulus
SCLER  Scleroderma verrucosum WA E. diversicolor
PISOL  Pisolithus sp. WA E. marginata

2. |lvis desirable to target fungi which are likely to perform well
in particular soils and climatic conditions. Herbarium database
information on the distribution of fungi, host plancs, climatic
condicions and any soil factors likely to be correlated with
distribution of fungi may be of value (Section 2.5). but
taxonomic generalisations are often required as information
about the habitat tolerances of a fungal species may not be
relevant to particular isolates.

3. Dual-organism sterile culture experiments can be used to
confirm the mycorrhizal status and compatibilicy of fungal
isolates with key host plants (Chapter 5).

4. Glasshouse experiments such as the example provided can be
used to test the capacity of fungal isolates to colonise roots in
soils and the growth responses of host plants. Additional
bioassay experiment could be used to measure (a) the
inoculum potential of competing indigenous fungi in soils,

(b) the capability of inoculant fungi to persist and spread in
the presence of soil micro-organisms, and (c) the capacity of
mycorrhizal associations to promote the growth of plants at
realistic soil nutrient levels.

5. Anatomical investigations of the host—fungus interface (Hartig
net or arbuscules) in mycorrhizal roots should be used to
confirm that functional mycorrhizal associations are present
(Chapter 4).

6. Field trials will provide the ultimate test of the capacity of
fungal isolates to function in adverse soils (Chapter 7}, but
will only be possible for a limited number of fungi. The
evaluation of results will involve statistical comparisons of
habitat information and isolate characteristics revealed by
different screening procedures.
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6.3. MYCORRHIZAL SEEDLINGS IN
THE NURSERY

Many forest managers are now requesting tree seedlings that are
inoculated with efficient strains of mycorrhizal fungi before
outplanting in the field, but there may be a need to improve
nursery practices to ensure mycorrhizal plants can be delivered.
The primary objective of inoculation in nurseries is to produce
healthy seedlings, suitable for planting in the field, that have roots
colonised with a selected fungus. Growth responses to
inoculation in forest nurseries are generally of secondary
importance although benefits can be obtained for slow-growing
conifers where the time required before seedlings are planted in
the field can be significantly reduced (Le Tacon & Bouchard 1986).
Increased growth due to inoculation appears to be more common
in bare-rooted seedlings than in containerised seedlings, possibly
because ECM fungi can increase P uptake more from the soils of
nursery beds than from the potting media used in containerised
nurseries (Grove & Le Tacon 1993).

A wide range of practices can be encountered in nurseries
producing containerised conifers or broad-leaved species for
commercial forestry operations around the world (see Figs 6.7,
6.8, 6.9). Key issues for the management of mycorrhizal plants in
nurseries include: the choice and preparation of potting mixes,
the use of fertilizers, and nursery hygiene. The composition, pH,
moisture content and temperature of the rooting media,
fumigation and pasteurisation practices and the use of biocides
and fungicides can be manipulated to provide conditions which
are optimal to both root colonisation and seedling production
(Marx et al. 1982, Cordell et al. 1989). However, in large-scale
nursery operations, there may be less scope to control these
factors than in smaller nurseries. Fertilizer use is given special
emphasis (Section 6.4) because seedling nutrition has a major
impact on mycorrhizal development. While the principles of good
nursery management apply to all mycorrhizal plants, we focus
mainly on eucalypts because a number of good nursery manuals
are available for conifers in the northern hemisphere (e.g. Duryea
& Landis 1984, Landis et al. 1989, 1990).

A. Potting mix components

No single soil can provide all the characteristics required to grow
seedlings effectively, so nurseries generally combine several of the
substrates described below to make a potting mix (Fig. 6.10).
These ingredients can be mixed with soil or sand, but are most
often combined to make a ‘soil-less’ potting mixture.

Peat
Peat is a major component of many potting mixtures
providing an organic substrate for root growth. There are
many variations in ‘peat’ formulations used by nursery
managers and these include humus collected from under
trees, shredded coconut, etc. However, the traditional peat



