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ABSTRACT Mycorrhizae enhance the viability of forest trees by the protection against drought
and nutrient deficiencies. Here a FluoroMeter Modul (FMM) Chl a fluorometer developed on
the Department of Atomic Physics of the Budapest University of Technology and Economics,
was used to typify symbiotic relationship between Quercus and Tuber which has economic
impact due to its fruiting body. The actual quantum efficiency photosystem Il showed strong
correlation with low mycorrhizations up to the level of average mycorrhiztion in sessile oak
seedling population, which refers to strict host control on mycorrhization. F690/F735 ratio of
peak fluorescence, which is known to correlate negatively to leaf chlorophyll content, implicated
that the higher mycorrhization caused probably stronger leaf area expansion. Therefore, the
presence of Tuber mycorrhiza on Quercus roots enhanced the vitality of oak trees. The portable
and relatively low-price FMM fluorometer proved to be an adequate tool for serial in situ vital-
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ity measurements.

Ectomycorrhiza is a very important symbiotic relationship
between plants and fungi enhances the viability and produc-
tion of forest trees (Nardini et al. 2000). Among some obligate
mycorrhiza-forming fungus, Truffles (Tuber spp.) has high
economic impact due to their fruiting bodies. Tuber can form
mycorrhiza with various plants including genera Quercus,
Carpinus, Corylus, Tilia, Cedrus and Pinus (Chevalier et
al. 2002).

Photosynthetic activity is strongly related to vitality of
green plants. Mycorrhization is known to protect plants
against abiotic stresses (Van Tichelen et al. 2001; Dominguez-
Nuiiez et al. 2006). Chlorophyll (Chl) a fluorescence induc-
tion gives information on the efficiency of photosynthetic
electron transport. The FMM Chl a fluorometer developed
by Bardcsi et al. (2000) which differs from PAM-based Chl
a fluorometers as it uses a continuous red excitation laser and
detects the fluorescence at two different wavelengths (690
and 735 nm). Here, the FMM Chlorophyll a fluorometer was
used to typify the symbiotic relationship between Tuber and
Quercus.

Materials and Methods

Plant material

Seedlings of sessile oak (Quercus petraea [Matt.] Liebl.,
1935), planted in sterile peat-perlite mixture, were inoculated
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with summer truffle (Tuber aestivum Vitt., 1831) and grown
in green houses under controlled conditions. One year after
inoculation, three leaves of each of the randomly selected
plants were tested. Three hundred root tips of each specimen
were measured according to Fischer and Colinas (1996) to
calculate mycorrhization.

Chlorophyll fluorescence induction

Fluorescence induction measurements of leaf samples were
performed using a FMM Chl a fluorometer (Bardcsi et al.
2009). The internal light source is a 635 nm laser diode
(QL63HSSA, Roithner Lasertechnik GmbH, Wien, Austria)
with 20 mW maximum optical power. The FMM allows the
measurement of traditional Kautsky induction kinetic curves
detected simultaneously at the two maxima of the Chl a fluo-
rescence in leaves (at the 690 nm red and the 735 nm far-red
bands). Data were obtained from leaves adapted to the natural
summer-time, full-sun irradiance (J ,>1000 umol m? s2).
Kautsky kinetics was monitored under 2 min excitation time,
where the minimal (F,’) and maximal fluorescence (F ) values
were recognized at both wavelengths, from which the light
adapted, steady-state quantum efficiency of photosynthetic
electron transport, Fv/sz(Fp-FO’)/Fp was calculated at both
emission maxima.

Results

Truffle colonised roots were found in more than 80% of
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Figure 1. Correlation of mycorrhization with actual quantum efficiency
measured at 690 nm (A) and 735 nm (B) and with the red/far red
fluorescence ratio (C).

sessile oaks. The percentage of mycorrhization, however,
remained relatively low, the average mycorrhization of the
roots was 13.7£11,4%. Correlating F /F values, measured
at 690 nm (Fig. 1A), to mycorrhlzatlon below 10% of my-
corrhization, the increase of FV/F]D values showed a strong
positive correlation to the mycorrhization, whereas at higher
mycorrhization, there was no correlation between these two
parameters. In the far red region, Fﬂsp ratios showed a similar
pattern (Fig. 1B), thus only at lower mycorrhization were any
(positive) correlation found. The F690/F735 fluorescence
ratio (Fig. 1C) also showed increase with the increasing my-
corrhization followed by saturation of its value.

Discussion

Most of the red and far red emission originates from Chl
a molecules belonging to the photosystem (PS) II reaction
centre and antennae. PSI fluorescence can only affect the far
red emission at high temperatures (Agati et al. 2000). At 690
and 735 nm, the similar shape of FV/Fp as the function of the
mycorrhizal frequency means that the controlled greenhouse
temperature (<25°C) had little effect on the PSI fluorescence
and most of the 735 nm fluorescence also originated from
PSII.
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Mycorrhization is known to improve the vitality of plants
under various stresses (Van Tichelen et al. 2001; Dominguez-
Nuiiez et al. 2006). Up to 10% of mycorrhization, the vitality
of sessile oak was improved significantly, which means that
even the presence of the mycorrhiza partner at low amount
bear an effect. The red/far red fluorescence ratio is known
to show inverse correlation to leaf Chl content (Buschmann,
2007). In our experiments, low mycorrhization was correlated
with low F690/F735 ratio, which refers to higher Chl con-
centration in leaves of plants with low mycorrhization. The
higher Chl concentration of these leaves can be explained
by the lower leaf expansion caused either by a relative water
or nutrient deficiency. Therefore, the presence of the Tuber
aestivum mycorrhiza improved the vitality of mycorrhized
plants. Percentage of mycorrhization, which is an important
factor in the quality of a truffle inoculated plants, is able to be
measured by testing photosynthetic activity using the portable
FMM fluorometer. However, for a better understanding of this
vitalization mechanism, the investigation of some other fac-
tors like host species, host developmental stage, and substrate
effects can be also important.
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