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Abstract
The black truffle (Tuber melanosporum Vitt.) industry in Australia is relatively new and
has enormous potential but some truffières (truffle farms) fail to meet anticipated
harvest projections. Inappropriate soil conditions and climate, and the management of
such factors are suggested as the primary reasons for inadequate yield. In addition,
requirements for ascocarp initiation and development and the role of the host plant in
such processes are unknown. This study examines interactions between European hazel
(Corylus avellana L.) and the ectomycorrhizal (ECM) black truffle symbiont in a
commercial truffière (Hazel Hill) in south-western Australia. Specific studies were
initiated to examine the interactions of host physiology, mycorrhizal infection and the
interaction with abiotic factors. The study related specific physiological processes of the
host plant to the known life cycle of the black truffle to determine the role of the host
plant in ascocarp production, if any. The work also examined the effect of silvicultural
treatments intended to increase truffle production.

A review of existing literature was undertaken to determine the key soil and climatic
factors required for successful truffle production. Climatic conditions appeared more
important than soil chemistry and structure in Western Australia, with significant
seasonal variation in air and soil temperatures required plus irrigation to supplement
summer rainfall. This information was used to define areas with potential for truffle
production in the south-west of Western Australia: the cooler, high rainfall regions
(>1000 mm annual rainfall) where there is sufficient seasonal variation in soil
temperature and availability of adequate quantities of quality water for irrigation.
Subsurface soil acidification and salinity, as well as groundwater salinity, are
constraining factors. Lime amendment is necessary to create sufficiently high pH and
CaCO3 levels required by the truffle fungus.
A field trial was established to monitor the seasonal C dynamics of European hazel in
the context of the life cycle of the black truffle. Maximum translocation of sucrose in
the phloem sap coincided with the period of anticipated rapid growth of the truffle
ascocarp implicating the use of current photosynthate in C nutrition of the ascocarp.
Sampling of non-structural carbohydrates (NC) of above and belowground plant
material indicated maximum storage of C in the host coincides with maturation of the
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ascocarp. These observations provide evidence of a synchronous growth habit of the
plant host and the ascocarp.

The C allocation patterns of European hazel in response to liming a loamy soil, taken
from near the Hazel Hill truffière, and inoculation with ECM fungi (T. melanosporum,
Hebeloma sp. and Scleroderma sp.) were examined in a glasshouse pot trial. Liming
increased biomass allocation to the shoot and induced deficiencies of phosphorus and
manganese. Colonisation by ECM fungi significantly increased net photosynthesis,
indicating the sink strength of these fungi, but there was no relationship between the
level of mycorrhizal infection and fine root NC. The maximum rate (40 g lime kg-1 soil)
reduced infection by Hebeloma and Scleroderma and had no impact on T.
melanosporum. Further, infection rates of T. melanosporum did not increase in response
to lime suggesting lime is not necessary for ECM development in this soil type.

Fertiliser is widely used in commercial truffières in Australia but the consequences for
truffle production are unknown. In a field trial, the growth and physiological response
of European hazel to forms of phosphorus (34 and 68 kg ha-1 apatite-P and 68 kg ha-1
triple super phosphate -P) and nitrogen (50 kg ha-1 of NO3- and NH4-N) were examined
as well as the mycorrhizal response to fertiliser. Apatite-P increased phloem sap sucrose
concentrations which was attributed to increased root biomass and associated sink
capacity. Fertiliser application did not change fine root NC concentrations suggesting
no increase in allocation of C to ECM structures. The highest rate of apatite-P decreased
mycorrhizal infection rates of T. melanosporum and, most likely, was the result of
increased infection rates of Hebeloma. In contrast to the literature relating to indigenous
Australian ECM fungi, the highest rate of soluble-P did not decrease ECM infection
rates in T. melanosporum. Nitrogen treatments increased foliar N content and improved
gas exchange efficiency of plants, and had no adverse impact on the level of ECM
infection. Fertilisation with N significantly increased soil respiration rates suggesting N
limits mineralisation at this site.

Some truffières manage the canopies of the host tree to ensure maximum exposure of
the soil surface in order to increase soil temperatures. As there are no published data on
the effect of pruning on black truffle production, a field trial was established to
document the impact of canopy pruning on host physiology and soil temperature. The
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removal of 65% of canopy leaf area reduced phloem sap sucrose concentrations, soil
respiration rate and the soluble: insoluble NC ratio of fine roots in the short term (1-3
weeks). There was no compensatory response of leaf gas exchange parameters as a
result of pruning. Generally, there was no long term impact on plant physiological
parameters as a result of pruning. Long term effects on soil temperature were observed
as a result of pruning. Mean annual temperature and amplitude increased significantly
beneath pruned trees and spring, summer and autumn soil temperatures increased as did
diurnal variation as a result of pruning. Pruning did not increase winter soil
temperatures and therefore would probably not impact on ascocarp maturation during
this period.

This research has provided insight into the C physiology of hazel associated with the
black truffle and the consequences for truffle production. The results provide anecdotal
evidence of direct C transfer between the host and the developing truffle, contrary to the
existing paradigm that the ascocarp is saprotrophic for the majority of its growth and
development. There is a need to validate this finding as there are consequences for
management of commercial truffières. Liming of loam duplex soils can reduce the
abundance of the most common competitor ECM fungi and should be encouraged in
commercial truffières. Applying phosphorus and nitrogen to commercial truffières will
improve growth rates of planted trees without adversely impacting on ECM infection by
black truffle fungi, although the impact on truffle production remains unknown. It is
anticipated truffle production will improve in the longer term as a result of pruning and
prudent canopy management. Management options should include tree removal to
reduce planting density and increase soil exposure in truffières. There is a need for
longer term trials to be established to determine the C nutrition of the truffle ascocarp
and to clearly define the key stages of the black truffle life cycle in Western Australia.
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Statement relating to the reporting of the seasonal calendar of the
northern and southern hemispheres in this thesis.
Interpretation and quotation of material relating to the northern hemisphere has been
adapted for the southern hemisphere throughout this thesis. For literature reporting
events occurring during certain months of a season in the northern hemisphere, the
corresponding month of the southern hemisphere is reported, unless otherwise stated.
Where clarification is required it is indicated in parentheses as to which hemisphere the
statement refers e.g. (SH), southern hemisphere or (NH), northern hemisphere.
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