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Abstract

Air temperature and humidity, moss surface temperature, moss water content, and photosynthetically active radi-
ation were measured through a clear dry night and early morning in July 1998; CO2 gas exchange of the moss
was measured by infra-red gas analysis. The measurements showed progressive absorption of water by the moss
through much of the night. The moss reached sufficient water content for about 1.5 h of positive net CO2 uptake
immediately after dawn. The cumulative net carbon balance on this occasion was negative, but mornings with
heavier dew could give a positive daily carbon balance, and short, early morning periods of photosynthesis during
prolonged dry weather may mitigate long-term desiccation damage and allow for regular molecular repair.

Abbreviations:Fv/Fm – maximum photochemical efficiency of PSII; PPFD – photosynthetic photon flux density;
PSII – second photochemical system; RFd – fluorescence decrease ratio; RWC –relative water content; WC – water
content.

Introduction

Lichen species are widespread and sometimes major
components of the vegetation in hot and coastal fog
deserts, probably in large part because of the ability of
lichens to make use of dew or fog as a source of water
(Link & Nash 1984; Büdel & Lange 1991). Desert
lichens can achieve positive cumulative net carbon
gain over a cycle of rehydration from dew and sub-
sequent desiccation; they can gain about three times
more carbon after rehydration from fog (Lange et al.
1990). In coastal zones, sea spray may provide signi-
ficant moisture for poikilohydric plants, depending on
distance from the sea (Bruns-Strenge & Lange 1991).

Extensive temperate continental areas are covered
by grassland in which species of cryptogams also play
important ecological functions. In this climatic zone,
autumn, winter and spring generally have a favourable
water supply, but summers are strongly water-limited.
For example, the amount of precipitation between

June and August is 50–100 mm per month in cen-
tral and eastern Europe. During this time, only water
vapour and dew are available as regular water sources
for hydration. The lichen species of temperate grass-
land have been shown in a number of cases to utilise
these water sources, but far less is known about the
capabilities of mosses in this respect (Lange 1969).

The most abundant moss species of the calcare-
ous semi-arid sandy grassland,Festucetum vaginatae
danubiale, in Hungary is the common acrocarpous
mossTortula ruralis. In some stands of this commu-
nity, T. ruralis covers wide areas, which appear as
‘black spots’ in summer because of the dark colour
of the desiccated moss carpet. In addition,T. ruralis
has a considerable presence in the spaces between the
scattered tufts of dominant grasses, contributing 18–
20% to the total cover. This moss undoubtedly has an
important role in the function of this community.

On the basis of numerous laboratory experiments,
we know a good deal about the photosynthetic be-
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haviour of this moss (e.g., Tuba et al. 1996; Csin-
talan et al. 1998). During rehydration both the max-
imal photochemical efficiency of PSII (Fv/Fm) and
the fluorescence decrease ratio (RFd) recover rapidly
and can reach 95% of fully recovered values in 5–
6 min. Chlorophyll and carotenoid contents are sub-
stantially unchanged during desiccation and rehydra-
tion. These facts indicate that the photosynthetic appa-
ratus remains essentially intact during the desiccation–
rehydration cycle. BothFv/Fm and RFd are relatively
constant down to about 0.3 relative water content
(RWC, water content expressed as a proportion of con-
tent at full turgor but without external water), below
which they decline steeply.

Since mosses are poikilohydric plants, water loss
is determined mainly by saturation deficit, boundary
layer resistance and the radiation environment (Proc-
tor 1979, 1990). As moss that is fully turgid and also
covered with external water begins to dry, water loss
results in a strong increase in net assimilation. Ex-
ternal water greatly increases the resistance to CO2
diffusion in lichen thalli by completely or partially
filling the pore-space for gas exchange (Lange & Ten-
hunen 1981; Honegger 1991; Cowan et al. 1992) and
in ectohydric mosses by filling the external capillary
spaces and lengthening the diffusion path to the leaves
(Dilks & Proctor 1979). The range of relative wa-
ter content for optimal photosynthesis inT. ruralis is
probably about 0.8 to 1.5 RWC. The water content
compensation point is about 0.2 RWC. The last phase
of drying is always characterised by net CO2 loss.

In this pilot study, we investigated the capacity of
T. ruralis in a natural habitat in eastern European semi-
arid grassland during the dry summer season to gain
sufficient water from humid air or dew-fall for reac-
tivation of photosynthesis, and evaluated the effect of
water absorption on carbon balance.

Materials and methods

The ectohydric, highly desiccation-tolerant mossTor-
tula ruralis (Hedw.) Gaertn. ssp.ruralis was inves-
tigated in situ in a sandy grassland near Fülöpháza
in Kiskunság National Park, Hungary (19◦14′ E;
47◦30′ N), at 130 m above sea level through the night
and early morning of 13–14 July, 1998. The water
content at full turgor (RWC= 1) of T. ruralis col-
lected at the time of our measurements was about
1.60 g water g−1 dry mass. As also found by Proctor
et al. (1998), the relative water content at turgor loss

was about 0.75. Measurements on three representative
2× 2 cm samples of moss carpet gave a mean shoot
density of 16.4 (s.d. 0.63) shoots cm−2, and a mean
water content at full turgor of about 0.023 g cm−2

(equivalent to 0.23 mm of precipitation). Mean dry
mass of the current year’s green shoots was about
0.014 g cm−2

CO2 exchange was measured with a LI-6400
porometer (LI-COR, Lincoln, Nebraska, USA). Wa-
ter content was recorded simultaneously on a separate
moss cushion using a digital precision balance (PAG
OERLIKON 300-99438/A, Zürich). Measurements of
zenith sky temperature and the surface temperature of
the moss carpet with a RAYNGER II infrared ther-
mometer (Raytek Co.) at 15 to 30 min intervals gave
an approximate indication of net radiation balance. Air
temperature and relative humidity were measured at
1 m and at ground level (0.1 m) with 50Y sensors
(Campbell Scientific) and recorded at 5-min intervals
by a CR10 data logger (Campbell Scientific).

Results

The field measurements were carried out on a clear
night following a warm day without precipitation,
which had brought the moss to a metabolically in-
active, desiccated state. As the air temperature fell,
relative humidity and moss water content increased
gradually (Figures 1 and 2). A dip in RWC during
00:00–02:00 h was probably due to an increase in
wind speed. The water content of the moss peaked
at dawn (Figure 2). Total water absorption during the
night was equivalent to about 0.13 mm of precipita-
tion, or about one-third of the theoretical maximum
dew-fall. This water content and the mild tempera-
tures enabled the moss to respire during the night at
up to 50% of the maximal rate seen during the cycle
(Figure 2). Moss water content declined sharply af-
ter sunrise (Figures 1 and 2). The light compensation
point was around 50µmol m−2 s−1. Net assimilation
did not start to decline at the same time as water con-
tent, since the increasing PPFD counterbalanced the
effect of decreasing water content on CO2 gas ex-
change until the water content fell below 0.26–0.30
RWC.

Discussion

Our measurements showed that a relatively light dew-
fall rehydratedT. ruralis to about 0.6 RWC and sup-
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Figure 1. Changes in air temperature, photosynthetic photon flux
density (PPFD) and relativ humidity (RH) during the night and early
morning of 13–14 July 1998.

Figure 2. Changes in relative water content and CO2 gas exchange
of Tortula ruralis during the night and early morning of 13–14 July
1998. Values are individual measurements.

ported positive net photosynthesis. Although we did
not separate the effects of water vapour from those of
dew, it is possible that absorption of water vapor alone
might have rehydrated the moss to its water compen-
sation point for photosynthesis. Lange (1969) showed
this to be possible in some mosses exposed to air of
98% relative humidity under laboratory conditions.

During the cycle of wetting and drying observed,
the brief period of net photosynthesis in the morn-
ing was insufficient to compensate for the more pro-
longed period of respiration during the night, making
the cumulative daily net carbon balance negative (<

−1.5 nmol g−1). On mornings with heavier dew-fall,
which is likely during late summer and early autumn,
the water content ofT. ruralis should regularly reach
the level needed for maximal photosynthetic activ-
ity. In fact, the full-turgor water content estimated on
whole green shoots probably overestimates the water
required for photosynthesis, because water vapour or

dew will first moisten the apical leaves, and these may
photosynthesise actively while the lower parts of the
shoots are still at a lower water content. Low water
content requirement and rapid recovery of the pho-
tosynthetic system from dehydration allowT. ruralis
to react rapidly to short, intermittent wet periods and
survive during the hot and dry summer. During the
summer drought stress periods, the moss contributes
significantly (7–8% of total production) to the daily
net primary production of the community; the dom-
inant grasses may have a negative carbon balance
during this time (Tuba et al. 1998).

The present results suggest that heavier dew de-
positions, those sufficient to be obvious to the eye,
could enableT. ruralis to achieve a positive cumula-
tive daily carbon balance. Perhaps of at least equal
importance, dew provides brief periods of hydration
during the long summer drought, which may mitigate
long-term desiccation damage and allow a degree of
molecular repair. Further field measurements and ex-
periments are needed to establish the frequency and
durations of periods of activity ofT. ruralis during
the water-limited summer season and to elucidate their
ecophysiological effects.
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