
Chapter 21
Dew Formation and Activity 
of Biological Soil Crusts

M. Veste, B.G. Heusinkveld, S.M. Berkowicz, S.-W. Breckle, 
T. Littmann, and A.F.G. Jacobs

21.1 Introduction

Biological soil crusts are prominent in many drylands and can be found in diverse 
parts of the globe including the Atacama desert, Chile, the Namib desert, Namibia, 
the Succulent-Karoo desert, South Africa, and the Negev desert, Israel. Because 
precipitation can be negligible in deserts – the Atacama desert being almost rain-
free – or restricted to infrequent rains during short rainfall seasons, atmospheric 
moisture in the form of dew and/or fog can be a major, regular supplier of water for 
cryptogams.

Dew and fog have received less attention in ecology, primarily because of their 
far-smaller quantitative output relative to rainfall. Dew and fog research, however, 
demands an interdisciplinary and multidisciplinary perspective because of the 
multiple roles and complex contributions that dew and fog can play as ecosystem 
“engine”. Desert invertebrates, such as isopods, ants, beetles and desert snails, are 
well known to rely on dew and fog as reliable moisture sources (Broza 1979; 
Moffett 1985; Degen et al. 1992), and desert soil fauna such as nematodes are also 
sensitive to dew deposition on soil surfaces (Steinberger et al. 1989).

In contrast to lichens, there has been some controversy as to whether dew/fog 
can serve as water sources for higher desert plants. In earlier studies (for example, 
Waisel 1958), it was believed that the majority of desert plants were not capable of 
utilizing water deposited or appearing on a leaf surface. However, succulents in the 
South African Karoo showed a clear cooling of the leaf surface below the dewpoint 
and an increase in fresh weight after dewy nights (von Willert et al. 1992). Recent 
experimental work revealed that Crassula species from the Succulent Karoo were 
able to absorb liquid water from the leaf surface by means of hydratodes (Martin 
and von Willert 2000), whereas in the coastal zone of the Namib, Arthraerua 
leubnitziae was able to use fog as water source (Loris et al. 2004). Munne-Bosch 
et al. (1999) and Munne-Bosch and Alegre (1999) found that some Mediterranean 
plants/shrubs could absorb dew and thereby restore plant water status.

There have been few well-instrumented studies investigating surface moisture 
formation/evaporation coupled with physiological experiments. Only a handful of 
long-term experiments have been conducted on the nocturnal hydration of lichens 
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by dew and fog. Examples include Lange et al. (1994, 2006), and Loris et al. (2004) 
in the Namib desert, Lange et al. (1970), Kappen et al. (1979) and Evenari et al. 
(1982) in the Negev Highlands.

Detailed information on microclimatic processes relevant to biological crust 
activity is relatively rare. The reasons for this are common to most field-based 
research, namely excessive isolation of the desired research area, logistics, man-
power and equipment costs, power supply for instruments, and the fact that techno-
logical/electronic developments have only relatively recently miniaturized sensors 
and data logging devices and the remote transmission of data.

To study in situ microclimatic boundary conditions of dew formation and/or 
influence on biological crust activity in a hot desert, a variety of intensive field 
experiments were conducted by the authors in the Haluza sand dune region, North-
Western Negev desert. Microclimatic parameters such as the radiative energy budget, 
specific humidity, or difference between air temperature and dewpoint are needed 
to determine the onset and termination of lichen photosynthetic activity.

In the present paper, the physiological activation of soil lichens was measured by 
chlorophyll fluorescence (as used by Schroeter et al. 1992; Leisner et al. 1997). For 
the biological sand crusts, general meteorological stations were established on a 
dune slope or along a transect, in addition to intensive field campaigns where a variety 
of meteorological sensors were operated in parallel with manual and automatic 
microlysimeter dew measurements of both physical and biological crusts. The purpose 
focused on acquiring detailed information on the dew formation and drying process 
and dew quantities that could condense overnight. Full details regarding the experi-
ments and instrumentation may be found in Jacobs et al. (1999, 2000a), Veste et al. 
(2001), Heusinkveld et al. (2006) and Littmann and Veste (2006).

21.2 Dew and Fog

21.2.1 Definition and Measurement

Dew refers to atmospheric liquid water that condenses on a substrate that has 
reached the dewpoint. Radiative cooling of the near-ground air layer is the basic 
process involved, and can start about 1 h before sunset. Terrestrial radiation losses 
from the surface then lead to large negative net radiation values over 2 to 3 h, before 
levelling off. During the evening, free liquid water appearing on a natural surface 
can originate from three separate sources (Monteith 1957; Garratt and Segal 1988): 
the air (so-called “dewfall”), the soil (“dew-rise”), and plants (guttation). As deserts 
are characterized by very low soil moisture and scant perennial vegetation, “dew-
fall” is the predominant source of such surface moisture.

In contrast, fog consists of tiny water droplets suspended in the atmosphere, and 
is defined in terms of visibility, officially as limited to less than 1 km. A fog layer 
forms when a moist air mass is cooled to saturation, i.e. the dewpoint. The diameters 
of fog droplets range from about 1 to 40 µm; in comparison, drizzle ranges from 40 
to 500 µm and raindrops from about 0.5 to 5 mm. The very low fog droplet settling 
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velocity is thus conducive to wind transport. Deposition of fog droplets on a given 
surface is caused mainly by interception. Fog can provide a significant moisture 
input in some deserts, notably the coastal desert of Namibia (Armstrong 1990) and 
the Atacama desert in Chile (Cereceda et al. 2002).

A major limitation in assessing the ecological role of dew has been the difficulty 
in accurately measuring moisture input to a given substrate. The reader is referred to 
von Rönsch (1990), Berkowicz et al. (2001); Richards (2004) and Agam and Berliner 
(2006) for succinct reviews on this problem. In brief, a variety of direct approaches 
have been tried to date, based on, e.g. moisture-absorbing material, dewdrop size cali-
brations, recording balances, and electrical surface wetness circuits. These are greatly 
limited in that they rely on artificial measuring surfaces and will not register dew 
below specific thresholds. One of the problems in dew observations is the need to 
have information on the rate of dew accumulation, its duration, and subsequent 
evaporation. Spot observations immediately after sunrise can provide information 
only on the maximum amount of dew on the observation surface at that time.

Equally problematic is fog input measurements. Since the droplets are carried 
easily by wind, Schemenauer and Cereceda (1994) developed a simple method to 
intercept and collect these for drinking purposes. The approach consists of a standard 
mesh that is installed vertical to the ground and orientated to the predominant direction 
of incoming fog. In a field setting, however, intercepted fog will vary greatly 
according to the dimensions of the vegetation, exposure, leaf area index, and wind 
speed at the height of the vegetation or substrate in question.

21.2.2 Dew and Fog in the Northern Negev Desert

Because of the proximity of the northern Negev to the Mediterranean Sea, this 
region can be described as a coastal desert. The northern Negev desert experiences 
frequent dew occurrences throughout the year, especially during the long, hot summer. 
In order for dew to form on a given surface, the humidity near that surface must be 
high. Zangvil (1996) outlined the synoptic conditions promoting dew formation in 
this region. Sharp land–sea temperature differences create a sea-breeze effect, 
bringing moist air inland to the Negev. Subsidence inversions caused by high pressure 
in the mid-troposphere helps contain such moisture. The accompanying clear skies 
allow for radiational cooling. Light winds enhance the cooling process, since 
stronger winds would lead to mixing of air.

In general, fog occurrences in Israel range between 10–50 nights per year, 
depending on location from the coast, elevation and season, with radiation fogs 
being the most common form (Goldreich 2003). In the northern Negev, there are 
about 40 fogs per year in the Beer Sheva Valley, and about 20–25 fogs in Sede 
Boker (Negev Highlands; Bitan and Rubin 1991). Fog occurrence in the Nizzana 
sand dune region is similar to that of Sede Boker (Israel Meteorological Service, 
personal communication). Fog interception measurements using a 1-m2 collector 
were carried out in Nizzana, at the southern limit of the Haluza sand dunes. During 
one summer measurement period, the amount of fog water collected overnight 
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reached almost 5 kg on two successive nights (Berkowicz, unpublished). This is the 
equivalent of 10 mm of rain.

In the northern Negev, dew contributes small amounts of water on a very regular 
basis. Such apparently insignificant but regular moisture contributions play an 
important role in desert ecosystems. There has been limited research on dew in 
Israel, however, and this has tended to focus on simple measurements using proxy 
surfaces (cf. Duvdevani wood block, Evenari et al. 1982; Hiltner balance, Zangvil 
1996; absorbent cleaning cloth, Kidron 1998). Kidron (1999) attempted a short-
term study of dew and fog deposition in the Negev using cut squares of cleaning 
cloth resting on a larger, flat glass plate insulated by wood and set horizontal on the 
ground. Apart from the general problem of proxy measurements, such adsorbent 
cloth brands vary considerably in fibre composition, thickness and threading, and 
the exposed glass surface surrounding the cloth can serve as a dew condenser. The 
resulting dewdrops bordering the cloth can be absorbed, thereby leading to overes-
timates in terms of the measuring surface as such. In addition, fog droplets are very 
fine and windborne; deposition takes place mainly through interception, and 
settling is hard to quantify.

The average long-term dew amount per event measured in Avdat and Sede 
Boker (both about 50 km SE from the Haluza sand sites, approx. 600 and 480 m a.s.l. 
respectively) varies between 0.06–0.14 mm but dew can reach higher values of 
between 0.2–0.30 (Evenari et al. 1982; Zangvil 1996). In Avdat, up to 33 mm of 
dew per year was measured (Kappen et al. 1979; Evenari et al. 1982). Evenari et al. 
(1982) relied on a Duvdevani wood block that allows the observer to convert 
observed dewdrop size to mm equivalent depth of precipitation, while Zangvil 
(1996) used a Hiltner balance. The limitation is that both sensors are offset from 
the ground and have different radiative properties.

Recent studies in the northern Negev by Jacobs et al. (1999, 2000a, b, 2002), 
Heusinkveld et al. (2006) and Littmann and Veste (see Chap. 13, this volume) have 
carried out highly sophisticated measurements on dew formation and evaporation 
in the Nizzana sand dune region, while Ninari and Berliner (2002) and Agam and 
Berliner (2004, 2006) have done similar research on a bare loess soil in an area 
about 20 km south of Beer Sheba. Heusinkveld et al. (2006) used manual and 
recording microlysimeters in the Nizzana region (190 m a.s.l.) of the Haluza sands, 
demonstrating that dew values of between 0.2–0.3 mm per night are, in fact, common 
during the hot summer. According to Littmann and Veste (Chap. 13, this volume), 
the annual dew amount obtained from a zeroplane model was 26 mm year−1 and 
their attempts with a load cell gave 33 mm year−1, whereas other models mostly 
overestimated the amount of dew. These values are not extraordinarily high, given 
that dew occurs on about 200 nights per year in the northern Negev.

Jacobs et al. (1999, 2000a, b, 2002) and Heusinkveld et al. (2006) used sev-
eral dew measurement techniques and instruments, such as manual microlysim-
eters, surface sampling and oven-drying, leaf wetness sensors, Duvdevani wood 
block, a recording load-cell microlysimeter, and fiber-optic wetness sensing 
devices in field campaigns carried out in the autumn of 1997 and 2000 in the 
Nizzana sand dunes. Two important questions were posed: when does dew accu-
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mulation begin in a desert ecosystem, and how long can dew persist before 
evaporating?

In 1997a 200-m dew transect was set up from a south- to a north-facing slope using 
sets of microlysimeters. The microlysimeters were weighed at intervals throughout the 
night and also throughout the morning until no further change in weight was detected. 
These measurements were repeated in autumn 2000 for the same north-facing dune 
slope, this time also using a high-performance recording microlysimeter.

It was found that both slopes received surprisingly similar amounts of dew, ranging 
from 0.1–0.2 mm. The south-facing slope had a marginally higher dew input than the 
north-facing slope. Although south-facing slopes receive more solar radiation, this 
leads to faster and greater long-wave cooling at the surface at night, compared to 
more sun-sheltered north-facing slopes.

According to Jacobs et al. (1999, 2000a, b), dry soil pores could already begin 
absorbing atmospheric moisture about 1 h before sunset. The drying process, how-
ever, was found to proceed very slowly. In the early morning, the difference in 
vapour pressure between the atmosphere and the air in the soil pores at the interface 
is the driving force for the evaporation process, while the reverse temperature gra-
dient in the upper soil tends to block this process. Evaporation from the soil will 
continue until no water is available at the interface.

The measurements also revealed that dew could persist in the soil until 13:00, 
especially on the more sun-protected north-facing slope. This has important 
implications. The slow drying process following sunrise means that, within the 
uppermost few millimetres, moisture remains available longer to the biological 
crust. The data also suggest that, in winter, dew input may in fact persist through-
out the day.

For the autumn 2000 field campaign, two high-performance recording micro-
lysimeters were installed: one on the north-facing dune midslope and the other 
near the footslope in a playa. Both manual and recording microlysimeters high-
lighted that the midslope location consistently averaged 34% less dew than on the 
playa soil. To assess whether spatial variations in microclimate could be a factor, 
additional manual microlysimeters were transposed between the midslope and 
the playa. The result was the same, thus highlighting soil properties as likely fac-
tors. Chemical analyses of the samples pointed to the high salinity of the playa 
surface. Salinity increases the vapour pressure deficit in soil pores, thereby 
enhancing dew yield.

Differences in dew input and in the penetration of dew into a soil, along with 
relevant meteorological data, are presented in Fig. 21.1. For this experiment, dew 
data from a recording microlysimeter on the midslope of the encrusted north-facing 
dune were compared with those from crust samples collected near the footslope 
(0–4 mm) and soil samples taken immediately below the crust (5–35 mm depth). 
Dew differences between the crusts may be explained, in part, by physical and 
chemical properties. The graph highlights that dew does not penetrate beneath the 
crust, except for a slight increase occurring at peak dew accumulation. The dewpoint 
and wind speeds increase sharply in Fig. 21.1a on the afternoon of 18 October, 
reflecting the sea-breeze effect. Of interest is that the dewpoint reached the surface 
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air temperature (Fig. 21.1b) at about 20:30 local time, and yet dew formation had 
already started at about 16:00 local time, with sunset at about 17:00 local time. The 
explanation is that at very low soil moisture content, the relative humidity decreases 
sharply in the soil pores, which causes a high vapour pressure difference at the 
soil–atmosphere interface. Dew becomes bound in the soil capillaries and adsorbed 
by the soil. Once the dewpoint reached the surface air temperature, larger soil pores 
filled with dew and the dew formation rate increased.
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Fig. 21.1 a Meteorological data for 18–19 October 2000 in Nizzana: T1.5, air temperature at 
1.5 m; Td 3 m, dewpoint at 3 m; Ts, surface temperature; u, wind speed at 3 m; Q*, net radiation. 
b Dew amounts. Arrows indicate sunrise and sunset. Data from a recording microlysimeter on the 
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21.3 Physiological Activity of Biological Soil Crusts

21.3.1 Activation of Soil Lichens After Nocturnal Wetting

Figures 21.2 and 21.3 provide examples of an extremely stable layer at a height 
of 0.2 m around 20:00 local time, coinciding with the onset of crust activity 
(8 and 26 March 1999) or preceding it (9 and 22 March 1999), and reaching 2 m 
a few hours later. Wind speeds decreased (<1 m s−1) to below the instrumentation 
threshold detection of calm conditions (approx. 0.2–0.4 m s−1). Under such 
conditions, the difference between the air and dewpoint temperature decreased to 
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Fig. 21.2 Early March 1999: microclimatic boundary conditions (A air temperature, B specific 
humidity, C temperature gradient between 20 cm and 2 m height, D wind speed at 20 cm height, E 
net radiation, F dewpoint temperature difference and G leaf wetness) during nights either with 
(8–9 March 1999) or without lichen activity (7–8 March 1999). Activity (expressed as minimal 
fluorescence F

0
 during the night and minimal fluorescence yield during the day) of Squamarina 

lentigera is also shown (solid line in G; after Veste et al. 2001)
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below 1.0 K, and the leaf wetness sensors simultaneously indicated dew conden-
sation. This phenomenon is consistent with observations that specific humidity 
increased slightly after sunset, which is caused by a downward vapour flux in the 
near-ground boundary layer. Specific humidity then decreased immediately after 
the onset of stable conditions, indicating vapour removal from the air layer in the 
form of condensation at the surface. In general, maximum lichen activity always 
occurred when the dewpoint temperature difference reached 0 K (Fig. 21.4). 
Activity was recorded only during nights in which the dewfall was ≥0.1 mm. The 
in situ measurements indicated that maximum F

0
-values were attained 2.5–5.5 h 

after the initiation of dew (Veste et al. 2001). Kappen et al. (1979) found, for the 
fruticose lichen Ramalina maciformis at Avdat (Negev Highlands), that the 
maximum water content of the thalli was reached 0.5 to 6.5 h after sunset. The 
annual mean period of nocturnal dew imbibition sufficient to induce respiration 
was 8.8 h.

Fig. 21.3 Late March 1999: microclimatic boundary conditions (A air temperature, B specific 
humidity, C temperature gradient between 20 cm and 2 m height, D wind speed at 20 cm height, 
E net radiation, F dewpoint temperature difference and G leaf wetness) during nights either with 
(26–27 March 1999) or without lichen activity (22–23 March 1999). Activity (expressed as mini-
mal fluorescence F

0
 during the night and minimal fluorescence yield during the day) of 

Squamarina lentigera is also shown (solid line in G; after Veste et al. 2001)
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During nights when chlorophyll fluorescence measurements did not detect any 
crust activity, a different microclimatic situation was observed. During the night of 
7–8 March 1999 (Fig. 21.2), a few hours of stability were followed by an advective 
increase in temperature and specific humidity, and subsequent evaporation of dew 
from the leaf wetness sensors. An exclusively advective situation with a warm 
south-westerly wind flow inhibited dewfall on 24–25 March 1999, while on 22–23 
March 1999 (Fig. 21.3) the dewpoint temperature difference did not drop below the 
critical threshold. As a result, there was no leaf wetness sensor signal. On the other 
hand, 23–24 March showed 5 h of condensation, but crust activity was likely 
restricted by low dewfall amounts.

According to a model approximating monthly dewfall in the area by Littmann 
and Veste (Chap. 13, this volume), dewfall at the experimental site in March 1999 
was only 1.4 mm. This was for the 22 nights that showed hours with a critical 
dewpoint temperature difference of <1.0 K. Assuming a more or less constant con-
densation rate, average dewfall should have been around 0.06 mm per night. 
However, there were only seven nights when dewfall reached approximately 
0.1 mm, of which three coincided with observed activity of the crust (8–9, 9–10 and 
26–27 March 1999). This coincided with the occurrence of a leaf wetness sensor 
signal and the development of a near-ground stable air layer with light or calm air-
flow. The data presented here demonstrate consistent interrelations of activity and 
microclimatic parameters. Onset of lichen activity occurred only after maximum 
radiative cooling of this stable layer. Crust activity after nocturnal wetting reached 
maximum values only if the dewpoint temperature difference was exactly 0 K, i.e. 

0.0 0.4 0.8 1.2 1.6

Dewpoint temp. difference [K]

0.0

0.2

0.4

0.6

0.8

1.0

R
el

at
iv

e 
ac

tiv
ity

  

Fig. 21.4 Crust activity measured as minimal fluorescence yield (in relative units) versus differ-
ence between air and dewpoint temperatures in March 1999 (redrawn after Veste et al. 2001)



314 M. Veste et al.

when a few hours of cumulative dew within an extremely stable layer sufficiently 
hydrated the lichens.

In general, the in situ dewfall measurements performed on different crusts and 
lichens indicate that activity may differ considerably because of variable hygroscopy 
and growth form. Once vapour is deposited on the surface by downward flux, it will 
be thermodynamically stable only in the case of droplet formation that requires large 
thermal fluctuations to overcome the cost in free energy of forming a liquid–vapour 
interface, i.e. to overcome interfacial tension (Beysens 1995). Natural surfaces tend 
to lower the barrier of free energy availability by their physical and chemical proper-
ties, such as hygroscopy that results in lower saturation pressure and small dewpoint 
temperature differences (Roedel 1992), and specific wetting conditions that depend 
on the contact angle of the droplet on the surface (Beysens 1995).

21.3.2 Photosynthetic Activity After Sunrise

Under field conditions, the nocturnal wetting of soil crusts will permit photosynthesis 
for about 2 h after sunrise (Fig. 21.5). This is because such activity is determined 
through a combination of light, temperature and humidity conditions. No significant 
difference in the drying process could be observed between the cyanobacterial lichen 
Collema tenax, Fulgensia fulgens and Squamarina lentigeria. However, cloudy 
weather after sunrise, especially after nocturnal rainfall, can reduce evaporation and 
extend the duration of crust activity by several hours.

Fig. 21.5 Measurements of minimal fluorescence yield after sunrise in Fulgensia fulgens (A, D, 
G), Squamarina lentigera (B, E, H) and Collema tenax (C, F, I) after rainfall (A to F) and noctur-
nal dewfall (G to I; after Veste et al. 2001)
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Lichen wetting and, therefore, activity time for photosynthesis depends also on 
the slope aspect and shading of biological crusts. However, wetting of the crusts by 
rainfall does not necessarily mean that photosynthesis will occur for all soil-crust 
lichen species (Lange 2001). At very high thallus water contents, CO

2
 uptake by 

F. fulgens is reduced due to an increase of the thalli diffusion resistance (Lange et al. 
1995) but this effect is less pronounced in S. lentigera (Lange et al. 1997a). 
Diploschistes diacapsis, like other Diploschistes species, exhibits no reduction in 
net photosynthesis under high water content (Lange et al. 1997a). The optimal 
water contents for net photosynthesis in F. fulgens and S. lentigeria are 0.25 and 
0.42 mm respectively, in C. tenax the corresponding values are 1.1–1.3 mm, while 
in Diploschistes there is no distinct optimum (Lange et al. 1997a, 1998). The 
suppression of CO

2
 uptake by high water contents in some lichen species clearly 

demonstrates that CO
2
 exchange and photosynthesis cannot be related directly to 

the quantum yield measured by chlorophyll fluorescence. The chlorophyll 
fluorescence measurements give information only on physiological activity, and not 
on the photosynthesis rates of the lichen species investigated in this 
paper. A combination of CO

2
 uptake measurements and chlorophyll fluorescence 

Fig. 21.6 Average of dewpoint temperature differences (squares) and leaf wetness (circles) on 
south- (closed symbols) and north-facing (open symbols) slopes in summer 1995 (A) and winter 
1995/1996 (B; after Veste and Littmann 2006)
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(Lange et al. 1997b) is required to obtain unequivocal information on the photo-
synthesis and C gain of those lichens under natural conditions.

Surface wetting duration of biological sand crusts may influence photosynthetic 
activity more than actual dew amounts. In winter, dew persists for longer periods 
in the study region on north-facing slopes of the linear sand dunes than on south-fac-
ing slopes, because of shading (Fig. 21.6), and in fact may not fully evaporate. This 
situation does not occur during the remainder of the year, when higher temperatures 
prevail. In the study sites presented here, biological soil crusts on the south-facing 
slopes are about 1.7 mm thick, whereas they are about 4.2 mm thick on the north-
facing dune slopes. Shading around shrubs and bushes shields the topsoil somewhat, 
thereby delaying evaporation. This inhibits lichen desiccation, compared to surfaces 
exposed to sunlight immediately after sunrise. This may correspond to the develop-
ment of different crusts within the sand dune ecosystem and along the geo-ecological 
gradient (Veste and Littmann 2006). The different photosynthetic response to rainfall 
and dew results in micro-scale variations in soil lichens. In general, green-algal soil-
crust lichens have a lower moisture compensation point than do cyanobacterial 
lichens such as Collema. On the other hand, a high water content and water film on 
the thallus reduces net photosynthesis. In contrast, cyanobacterial lichens need 
greater amounts of liquid water for the activation of photosynthesis (Lange et al. 
1993, 1998), and their water-holding capacity is also higher.

21.4 Conclusions

Dew is an important, regular supplier of water for soil lichens and soil crusts in the 
Haluza sand dunes. Lange et al. (1992) demonstrated (under laboratory conditions) that 
biological crusts composed of cyanobacteria and green algae were active at moisture 
levels > 0.1 mm. This is similar to the findings reported here, under field conditions for 
soil lichen crusts in the northern Negev dune field. Calculation of lichen activity based 
only on the difference between air temperature and dewpoint will be inadequate.

Appropriate information about microclimatic boundary conditions and moisture 
fluxes are necessary for the modelling of the annual course of hydration/dehydration of 
biological crusts and lichens. The need to develop non-destructive approaches, such as 
remote sensing, is important to allow repetitive dew measurements on a given substrate. 
Spectral reflectance spectroscopy, which does not interfere with the surface wetting and 
drying process, is a step in this direction (Heusinkveld et al., 2008).
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