CZECH POLAR REPORTS 4 (2): 158-167, 2014

Diurnal changes in photosynthetic activity of the biological soil
crust and lichen: Effects of abiotic factors (Petuniabukta,
Svalbard)

Ludék Sehnal’, Milo§ Bartak, Peter Vaczi

Department of Plant Physiology and Anatomy, Institute of Experimental Biology,
Faculty of Science, Masaryk University, Kamenice 5, 625 00 Brno, Czech Republic

Abstract

In polar ecosystems, primary producers have to cope with a very harsh climate that
limits the time available for growth and biomass production. In this study, diurnal
measurement of photosynthetic processes in biological soil crust and a lichen were
carried out in Petuniabukta, Spitsbergen. For field measurements, a method of induced
fluorescence of chlorophyll was used. Measurements of photosynthetic activity were
taken as repetitive measurements of effective quantum yield of photosystem II (Dpgyy).
The short-term field measurements were carried out for 10 days in summer 2014. ®pgyy
was recorded each 5 minutes as well as microclimatic data (air temperature, air humidi-
ty, photosynthetically active radiation - PAR). The microclimatic parameters were
recorded by a datalogger. In general, physiological activity of both biological soil crust
and a lichen showed daily courses. Tested lichen was Cladonia rangiferina and the most
dominant species in biological soil crust was Nostoc sp. Typically, most of ®pgy; values
ranged 0.6 — 0.7 in both model organisms. The results have shown that photosynthetic
activity was strongly correlated with all observed abiotic factors in both study objects.
Particularly important was the relation found between PAR and ®pgy in biological soil
crust. When the biological soil crust was exposed to high PAR doses of irradiation
(about 2300 umol m? s™) photoinhibition of primary processes of photosynthesis was
observed as ®pg; decrease, while photosynthetic activity of lichen remained at same
level. Furthermore, it has been demonstrated increasing that in situ photosynthetic
activity increased in both biological soil crust and lichen with a decrease in temperature.
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Introduction

An organism that thrives in an extreme
environment is an extremophile; in more
than one extreme it is a polyextremophile.
An organisms living in polar regions are
exposed to various factors of harsh polar
environment and they thrive there. It
means that organisms living in polar habi-
tat must be polyextremophilic. All polar
species are strongly adapted to environ-
mental stresses such as low temperature,
different levels of irradiation or lack of
water and their phenology is finely tuned
to the strong seasonal changes of the
environmental factors. Arctic species are
less adapted to environmental stresses than
Antarctic one due to shorter cold history
(Wiencke et al. 2006).

Biological soil crusts (BSCs) and li-
chens are dominant in arid and semi-arid
Earth regions. In spite of an increasing in-
terest in structure and function of BSCs in
last decades, number of papers dealing with
BSCs physiology, photosynthetic proc-
esses in particular, is still low. In some
Earth regions, BSCs have a very wide
distribution and provide 40%—100% of the
ground cover in areas with relatively
sparse vascular plant cover (St. Clair et al.
1993) such as hyperarid, arid, semiarid,
subhumid, alpine and polar regions (Belnap
20006). It has been shown that microbiotic
soil crusts are formed by an interaction
between bacteria, small soil-dewelling ani-
mals, algae, fungi, moss and lichen (Danin
1978, Schulten 1985, Tsoar and Moller
1986, Eldridge 1993). The crusts are formed
by the entanglement of cyanobacteria and
algae filaments, lichen and moss thalli and
soil particles (Chartres 1992). Moreover,
cyanobacteria and microphytes produce
gelatinous substances that causes adhere of
clay particles and thus concentrate the
microorganisms at soil surface (Li et al.
2002). The formation of BSCs begins with
the colonization by filamentous cyano-
bacteria on the sand surface. Subsequently,
the crusts gradually develop to the stages
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of lichen soil crusts (LSCs) (Wu et al.
2013) thank to an increased establishment
of lichen thalli in soil crust. The im-
portance of soil crust development in eco-
logical functioning in arid and semi-arid
regions is well established (e.g. West 1990,
Yair 1990, Eldridge et Greene 1994, Harper
et Marble 1988). They influence different
aspects of the soil water regime, including
soil porosity, absorptivity, roughness, ag-
gregate stability, soil texture, pore forma-
tion and water retention (e.g. Campbell
1979, Yair 1990, Eldridge et Greene 1994,
Harper et Marble 1988).

In polar regions, lichens dominate on
rock surfaces or inside rocks and stones
(endolithic communities) but are also found
on the surface of moss turfs (Pannewitz et
al. 2005). The absence of roots for water
uptake and of epidermis and cuticula as a
water-preserving protection characterizes
lichens as poikilohydrous plants. Thus,
their metabolic activity (e.g. photosyn-
thetic and respiratory CO, exchange) fully
depends on the moisture conditions of the
substratum and atmosphere. This simple
anatomic structure and thallus morphology,
combined with a high desiccation toler-
ance, allows an opportunistic life strategy.
Lichens are usually subjected to dramatic
changes of osmotic concentrations and vol-
ume. They also show extremely high dehy-
dration and freezing tolerance, and main-
tenance of full photosynthetic capacity
over a wide range of partial dehydration
and thallus temperature. (Kappen 1993).In
this study, attention is devoted to the
comparison of lichen and BSCs photo-
synthetic activities in relation to environ-
mental factors. To assess of physiologic
activity of tested species, we used moni-
toring of daily changes in ®pgy. Physiolo-
gy of photosynthesis in soil crust in Polar
regions has been investigated to only
limited extend. Only few in vitro studies
focused physiology of different Klebsor-
midium sp. populations from Alpine soil
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crusts (Karsten et al. 2010, Karsten et liminary data from in sifu simultaneous
Holzinger 2012, Kitzing et al. 2014). measurements of primary photochemical
Comparative in situ studies focused on processes of the two ecologically impor-
physiology lichens and BSCs are missing. tant representatives of Polar flora.
Therefore, this work provides some pre-

Material and Methods

Research sites

Study site is located in Petuniabukta (Spitsbergen, Billefjorden, 78°41' N, 16°26' E). The
site has midnight sun from the middle of April until the end of August. Study site is
located 50 m E of Petunia station on the first terrace close to the coastal line (200 m).
Vegetation cover of the site is dominated by lichens and biological soil crusts. The study
site is supplied by water from melting snowfields in the early spring, but water limitation
may occur during the second half of summer season (in August).

Species taxonomy

Determination of tested species was carried out during of the expedition on Svalbard.
For determination was used light microscope and taxonomical key. This taxonomical
overview of species on Svalbard was created by Jifi Komarek and Josef Elster. In
biological soil crust, dominant cyanobacterial species were Nostoc sp., Microcoleus sp.
and Gleocapsa sp. Algal dominant species in biological soil crust were Trebouxia sp.
and Coccomyxa sp. Lichen, used for this experiment, was Cladonia rangiferina.

Fig. 1. Pictures of tested organisms. In the left picture is lichen Cladonia rangiferina and
biological soil crust is showed in the picture to the right.

Microclimate

To determine changes of environmental conditions during the field experiment, basic
microclimatic data were recorded. Temperature and relative air humidity were measured
in each five minute by Minikin datalogger (EMS Brno, Czech Republic). Photo-
synthetically active radiation (PAR) was measured and recorded by Moni—PAM 2000
(Heinz Walz, Germany) at each chlorophyll fluorescence measurement event (every
5 min.).
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Chlorophyll fluorescence measurement

Short-term comparative measurements of photosynthetic activities in lichen and
biological soil crust was carried out during the Czech expedition in Petunia Bukta in
August 2014 . For measuring of diurnal course of ®pg;; we used multichannel monitoring
fluorometer Moni—PAM 2000 (Heinz Walz, Germany; see Fig. 2.). The fluorometric
system was installed in a close vicinity of Petunia station located at Petunia Bay from 5
to 15 August 2014. The measuring apparatus consisted of two fluorometric probes linked
to a controlling and data storing unit (Moni—DA, Heinz Walz, Germany). The saturation
pulse analysis of chlorophyll fluorescence were carried out each five minutes in the
actual light—adapted physiological state of tested species. Within the measurement,
saturation pulse was applied to determine steady-state fluorescence (Fs) and maximal
fluorescence on light-adapted sample (Fy'). The effective quantum yield was calculated
according to equation:

Dpgip = (Fm'— Fs) / Fu!' Eqn. 1.

Fig. 2. Fluorometric system Moni—PAM (Walz, Germany).
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Results

Microlimatic data

Recorded microclimatic data shows relationship between temperature, air humidity and
photosynthetically active radiation. Description of microclimate is necessary for
evaluation of relations between primary processes of photosynthesis and abiotic factors.
It’s obvious that the relationship between temperature and radiation is directly
proportional, while the relationship between both this factor and air humidity is inverse.
The highest level of PAR was recorded in August 9 (2258 pmol m™s™) and in the same
moment, air humidity reach 24.8%. The highest value of temperature was recorded in
August 11 (25.6°C) and air humidity was 21.05%, which was the minimum recorded
during the experiment. Average temperature for ten days measurement was 9.7°C.
Average humidity during the experiment was 72.2% and average photosynthetically
active radiation was 600 pmol m™s™.

Temperature (C)
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. . o
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Fig. 3. Relationships between temperature, humidity and photosynthetically active radiation (PAR)
in the field study.

Photosynthetic activity — effective quantum yield

In situ, environmental factors influenced physiology of exposed organisms together.
However, for better understanding of driving factor was responsible for particular
physiological effect, the data were analyzed for each factor separately.

Correlation of effective quantum yield of photosystem II and temperature in BSC and
lichen is illustrated in Fig. 4. In the period of August 7 to 10, a gradual increase of
temperature and a decrease of ®pg;; was observed in BSC. In a lichen, however, ®pgy
showed only a slight increase. In this particular period, most of ®pg;; values were found
between 0.5 — 0.65 in lichen and varied within the range of 0.6 — 0.7 in biological soil
crust. This was followed by a significant decrease of temperature on August 10" and rise
again 11 August. From 12 August to the end of experiment, gradual decrease of
temperature and increase of effective ®pg; was observed in both organisms. In this
period, most of ®pg; values were found between 0.6 — 0.7 in a lichen and 0.5 — 0.7 in
biological soil crust.

Relation between effective quantum yield and photosynthetically active radiation is
shown in Fig. 5. The response of two organisms to the highest dose of radiation differed,
as shown e.g. for August, 9" Whereas effective Dpg); of biological soil crust dramati-
cally decreased, it increased in a lichen dramatically. Maximum values of PAR usually
varied between 1400 — 1500 pmol m™ s, High dose of PAR negatively influenced the
biological soil crust, in which decrease of photosynthetic activity was observed (®@psy
drop). Under lower PAR dose ®pgjranged 0.6 to 0.65.
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Fig. 4. Relation between effective quantum yield of photosystem II (®pgjy) and temperature (°C)
Cladonia rangiferina (right) and biological soil crust (left) during field experiment.
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Fig. 5. Relation between effective quantum yield of photosystem II (®ps;) and photo-
synthetically active radiation (PAR, pmol m?s™) in Cladonia rangiferina (right) and biological

soil crust (left) during field experiment.
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Relationship between relative air humidity (RH) and photosynthetic activity (®pgyy) is
shown in Fig. 6. As mentioned above, RH courses were inversely proportional to
temperature and PAR courses. During the highest doses of temperature (and PAR), RH
values were found slightly above 20%. Humidity maximum was recorded on August,
10™, when air temperature decreased dramatically. The peak of humidity was almost
100%. Low RH was also observed during a decrease of effective ®@pg;; on August 9™ in
biological soil crust. Similar effect was observed in lichen on August 15", when tem-
perature and PAR were about 18°C, and 2000 umol m™ s respectively. Under such
conditions, RH was slightly under 40% and quantum yield of photosystem II reached
about 0.45.

Average ®pg during the whole monitoring period was 0.62 in biological soil crust,
respectively 0.63 in lichen. However, it is clear, that physiologic response to environ-
mental factors was much more variable in lichen in comparison with biological soil

crust.

Discussion

In biological soil crust and lichen, a
good relation between physiological activ-
ity (®psn) and physical factors was found.
It is well comparable to the evidence from
a wide variety of organisms (mainly li-
chens) investigated by a chlorophyll fluo-
rescence approach, see e.g. Kappen et al.
1995, Kappen et al. 1996, Bartak et al.
2005, Bartak et al. 2007, Hajek et al. 2012.

However, differences in ®pgy courses
were found between the studied organ-
isms. Whereas the diurnal courses of ®pgy
were more or less within the same range in
biological soil crust, they varied in a li-
chen. This phenomenon might be attribut-
ed to contrasting morphology of the tested
organisms. While biological soil crust forms
a mats on soil surface, fruticose lichen
thallus is branched above soil surface and
thus much more exposed to variations
physical environmental factors. This might
be well documented for air temperature
effects on ®pg found in the period of
August 7" to 10™ .

An temperature increase caused a ®pgpy
decreas in BSC. In contrast, ®pgy of lichen
slightly increased in the same time. As
expected, there was also a slow decrease
of RH recorded in this period and thus
decreased hydration of BSC resulting in a
decline of photosynthetic activity. How-

ever, mild increase of lichen physiologic
activity in this period suggested that lichen
can perform primary photosynthetic proc-
esses even under such low water availa-
bility. High resistance of lichens from po-
lar regions to partial dehydration of thalli
and maintenance of photosynthetic proc-
esses is well known and reported (e.g.
Kappen 1993, Kappen et al. 1995, Henri
2011, Jupa et al. 2012, Wu et al. 2012,
Bartak 2014). An interesting effects was
observed on August 9" - 10", when a dra-
matic decrease of ®ps; was found and
related to a decrease in air temperature. In
BSC, contrastingly, ®pgy; values grew up
in the same time. The difference may be
attributed to air temperature effects, since
photosynthetic processes are temperature
dependent (Lukes et al. 2014). Moreover,
phenomenon of moderate temperature
photoinhibition was found in laboratory
study (Bartak et al. 2003).

On August 9" @pgy of a lichen was
high while it decreased in BSC suggesting
that BSC was moderately photoinhibited.
This acute inhibition of primary processes
in BSC could be attributed to high PAR
values and low availability of water. How-
ever, interactions with other factors that
may result in an increased sensitivity to
photoinhibition may not be omitted since
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some of them may play a role even at low
light (Allahverdiyeva et Aro 2012). In
lichens from cold Earth regions, primary
photochemical processes of photosynthesis
in photosystem II (PS II) and thylakoid
membrane of a chloroplast are effective at
low above-zero temperature. This has been
reported for lichens measured both in the
field (Schlensog et Schroeter 2001) and a
laboratory (Hajek et al. 2001). Our data
support such conlusion. In the period of
August, 12" — 15™ ®pgy increased in both
tested organisms in spite to decreasing
temperature. In this particular case, a rise
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