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Abstract: Biological soil crusts are widely distributed in arid and semiarid regions. They have an important eco-
logical role, especially by modifying physical and chemical properties of soils. Biological crusts may also modify
seed germination and seedling establishment. The effects vary widely according to the type of crust and the vas-
cular plant species. The objective of this study was to determine the effect of moss-dominated biological soil crusts
on the emergence, biomass and survival of Poa ligularis Nees ex Steud. under different irrigation regimes. We col-
lected seeds of P. ligularis and biological soil crusts composed of two species of mosses: Syntrichia princeps (De
Not.) Mitt and Ceratodon purpureus (Hedw.) Brid. from an area in the Monte of Argentina. The result showed that
seedling emergence of P. ligularis was higher in treatments with bare soil than in soil covered by crusts, and also in
those with watering to field capacity. Mean emergence time was higher in treatments with bare soil and watering to
field capacity. Seedling biomass also showed significant differences between treatments. These results suggest that
biological soil crusts dominated by mosses do not promote P. ligularis emergence, although they would not affect its

survival.

Keywords: drought; field capacity; recruitment; microsites; mosses; semiarid region; Poa ligularis

Citation: Flavia Alejandra FUNK, Alejandro LOYDI, Guadalupe PETER. 2014. Effects of biological soil crusts and drought on emergence and sur-
vival of a Patagonian perennial grass in the Monte of Argentina. Journal of Arid Land, 6(6): 735-741. doi: 10.1007/s40333-014-0022-8

Biological soil crusts cover a large portion of the arid
and semiarid regions of the world. They have low
moisture requirements and high tolerance to extreme
temperatures and light, which allows them to survive
under conditions that limit growth in vascular plants
(Belnap, 2003). Biological crusts typically consist of a
combination of organisms such as algae, fungi, lichens,
mosses, cyanobacteria and heterotrophic organisms
that are intimately interrelated (Johansen, 1993; Bel-
nap et al., 2001; Serpe et al., 2006; Langhans et al.,
2009).

Biological crusts have an important ecological role
in ecosystems as their presence significantly changes
the physical and chemical characteristics of the soils
(Belnap et al., 2001). In arid and semiarid regions the
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crusts increase soil stability by binding soil particles
together and protecting the surface from water and
wind erosion (Belnap and Gardner, 1993; Johansen,
1993; Zhang et al., 2006). Soil crusts can cause
changes in soil surface roughness, texture, infiltration
and temperature (Belnap, 1994; Evans and Johansen,
1999; Belnap et al., 2001). Additionally, they increase
(1) fertility through carbon and nitrogen fixation; (2)
accumulation of other chemical elements, such as
available P and exchangeable K (Harper and Pendle-
ton, 1993; Belnap, 1994; 2002; Belnap and Harper,
1995; Evans and Johansen, 1999; Hawkes, 2003;
Jafari et al., 2004); and (3) the retention of fine parti-
cles by increasing organic matter (Johansen, 1993).
These changes in edaphic properties produced by
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crusts might affect the germination, establishment and
fitness of vascular plants (Belnap et al., 2001). In this
regard, biological crusts may influence several char-
acteristics of vascular plant communities, such as,
plant density and size, species composition and com-
munity structure (Belnap, 2006). Generally, changes
in soil characteristics may enhance the reproduction of
pioneer plants species (Langhans et al., 2009). There
have been varied results regarding the influence of the
crust on the establishment and cover of vascular plants.
These results may be positive, inhibitory or have no
effect over vegetation (During and Van Tooren, 1990;
Belnap et al., 2001). While several studies indicate
that biological soil crusts affect germination, the ac-
tual mechanisms remain unknown (Belnap, 20006).
Moreover, under the same climate, temperature and
moisture conditions, biological crusts differ from ad-
jacent bare soil (Verrecchia et al., 1995; Belnap et al.,
2001; Warren, 2001). Thus, crusts affect seed germi-
nation through changes in temperature and moisture,
which are the environmental conditions that primarily
influence the inhabitation and metabolism of seeds
(Bradford, 1995; Baskin and Baskin, 1998).

In the Monte Rionegrino the biological crusts are
principally dominated by moss. They cover most of
inter-shrub spaces in areas of low grazing intensity,
where trampling by livestock is reduced. The objec-
tive of this study is to evaluate the effect of biological
crust cover on water lost from soil surface and to de-
termine the effect of biological soil crusts on seed
emergence, survival and seedling growth of a native
perennial grass under drought and watering to field
capacity regimes.

1 Materials and methods

Poa ligularis Nees. ex Steud. is widely distributed in
the area, and was part of the pristine grassland com-
munities in the Monte eco-region of Argentina
(Gallego et al., 2004). Poa ligularis seeds are <2 mm
and their pilus determines the formation of large seed
aggregations that are easily moved by wind (Aguiar
and Sala, 1997). It is one of the dominant perennial
grass species in the arid ecosystems of Patagonia and
it is one of the species most preferred by herbivores
(Correa, 1978). Grazing tends to decrease its cover
and frequency and change its aggregation pattern,
probably due to the lack of optimal sites for recruit-

ment as a result of trampling (Peter et al., 2013).

The Monte eco-region is characterized by a transi-
tion sub-temperate dry climate, with warm summers
(mean temperature of 21°C) and mild winters (mean
temperature of 7°C). Average annual precipitation is
between 200 and 350 mm, with high intra-annual
variability (Bran et al., 2000). The climate is windy,
especially in spring and summer, which contributes to
the soil moisture deficit. Vegetation is a shrubland
steppe, with an herbaceous stratum of predominantly
winter-growing grasses.

The experiment was conducted under greenhouse
conditions with four treatments: pots with biological
crusts and field capacity (C-FC); pots with biological
crusts and drought (C-D); pots with bare soil and field
capacity (BS-FC); and pots with bare soil and drought
(BS-D). Soil and biological crusts were collected from
natural field sites in the Monte Rionegrino, located at
Adolfo Alsina department in Rio Negro province, Ar-
gentina (40°40'S, 64°10'W), during the winter of 2010.
Biological crust samples were collected using a cylin-
drical soil sampler of 10-cm diameter and 5-cm depth.
Samples were place into 900 cm’ circular pots with
10-cm diameter, filled with soil from the area and
were placed in the greenhouse. The biological crusts
were distributed over the entire surface of the pots,
covering >90% of its surface in all pots. Crusts are
composed of two species of mosses: Syntrichia prin-
ceps (De Not.) Mitt. and Ceratodon purpureus (Hedw.)
Brid., covering 70% and 30% respectively. In addition,
seeds of P. ligularis were collected in the same area
including at least 20 different mother plants during
December 2008 and stored until the start of the ex-
periment.

The experiment was completely randomized for
evaluating the effect of biological crust coverage (k=2,
with and without biological crusts) and soil moisture
(=2, field capacity and drought). For the treatment
with crusts, the soil in the pots was covered with bio-
logical soil crusts, while pots without crusts were only
filled with soil. Pots were weighted and watered to
field capacity or to half field capacity (drought treat-
ment) every 48 hours. Field capacity was determined
by watering the pot until the soil was saturated, al-
lowing them to drain for 48 hours. After this, the
weight of each pot was recorded. In order to establish
the amount of water used in treatments at field capac-
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ity and under drought, a subset of pots was oven dried
(105°C) and the moisture content (grams of water per
pot) was determined by the gravimetric method. In
this way, a fixed weight was assigned to each pot
corresponding to its hydric content, according to
each treatment. Each treatment combination had 10
replicates, totalling 40 experimental units. In each
pot 40 seeds of P. ligularis were sown. Prior the ex-
periment, we tested P. ligularis germination power
by placing 20 seeds of P. ligularis in glass Petri
dishes (6-cm in diameter) containing filter paper
saturated with water (n=4). Seeds were incubated in
a germination chamber at 20°C with a photoperiod of
12 hours for one month. The percentage of seed ger-
mination under these conditions was 40%. In addi-
tion, eight pots without any seed were used as con-
trols and were maintained at field capacity in order to
verify the absence of seeds of P. ligularis in the soil
or biological crusts.

For a period of eight weeks, all emerged seedlings
were counted and identified weekly. Weekly emer-
gence was measured for determining the mean emer-
gence time (MET) in all treatments. We used the MET
as a modification of the mean germination time and it
was calculated as:

MET:Z;%.

Where n; is the number of seedlings that emerge
within successive intervals of time, #; is the time be-
tween the beginning of the experiment and the end of
the interval being measured and N is the total number
of seedlings (Deines et al., 2007). All seedlings were
preserved in the pots for 35 days and then they were
harvested. No seedling mortality was observed during
this period. For each harvested plant, we measured
leaf number, plant height and seedling biomass. Addi-
tionally, each pot was weighed on the counting date

and then 48 h afterwards, recording its water loss.
With these data, we evaluated the effect of ground
cover on soil moisture loss.

All data were analyzed using two-way ANOVA, ex-
cept the data of MET that was analyzed using one-way
ANOVA because there was a significant interaction
between treatments. The data of emergence and MET
were previously transformed to natural logarithms and
the leaf number, plant height and seedling biomass to
arcsine-square root, to meet normality requirements.
Means were compared using Tukey HSD tests. All sta-
tistics were performed with the R basic program pack-
age (R Development Core Team, 2009).

2 Results

Water loss through evapotranspiration showed slight
differences in regard to cover by crusts or bare soil,
but they were not significant. However, a higher loss
of water was observed from the pots at field capacity
(P<0.001) (Table 1).

Emergence of seedlings was higher in treatments
with bare soil than in pots with biological crusts
(P<0.01) (Fig. 1; Table 1). It was also higher in pots at
field capacity (P<0.001), without showing any differ-
ences between those having the surface covered with
crusts or bare soil (Fig. 1; Table 1). In the bare soil
treatments, emergence was 15.5%=3.6%, whereas in
the treatments with biological crusts it was only
9.4%+3.63%. Similarly, in the pots that were at field
capacity, 21.75%+3.4% of the seedlings emerged;
whereas in pots under drought conditions only
3.12%+1.7% of the seedlings emerged. The control
pots did not show any seedling of P. ligularis during
the time of the experiment.

The MET showed significant differences between
treatments (F3,19=50.93, P<0.001). No differences
were found between pots at field capacity with and

Table 1 Mean values of all parameters measured during the experiment in different treatments
Variable C BS P FC D P
Emergence (seedling/pot) 3.75+1.45 6.2+1.22 0.013 8.7+1.36 1.25+0.68 <0.001
Water loss (g water) 30+2.77 28+2.74 0.856 38+2.64 20+0.63 <0.001
Height (cm/seedling) 17.4+1.78 21.03+1.25 0.117 20.1%1.36 17.79+1.40 0.269
Leaf number 5.29+0.62 5.27+0.35 0.677 5.7+0.35 3.9+0.36 0.013
Survival (%) 74.26+7.40 75.71£7.32 0.333 70.93+5.00 81.76+13.91 0.187
Biomass (mg/seedling) 11.48+2.37 11.47+£1.78 0.599 13.69+1.50 4.82+1.14 0.005

Note: C, biological crust; BS, bare soil; FC, field capacity; D, drought. Mean+SE.
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Fig. 1 Number of emerged seedlings per pot in the different

treatments. Data are meantSE. Different letters indicate signifi-
cant differences among means (P<0.05). C, biological crust; BS,
bare soil; D, drought; FC, field capacity.

without biological crusts on the surface. However, the
MET was significantly lower than the other two
treatments. Under drought conditions the pots with
bare soil showed a lower MET than those with crusts.
In the pots at field capacity, with or without biological
crust, all counted seedling emerged during the second
and third weeks of the experiment. For the treatments
with bare soil and drought conditions, we also regis-
tered seedling during the third and fourth weeks.
While, between the sixth and seventh weeks, only
seedlings in the pots with crusts and drought condi-
tions were registered (Fig. 2).
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Fig. 2 Effect of treatments on the mean emergence time (MET).
Different letters indicate significant differences among means
(P<0.05) in MET. C, biological crust; BS, bare soil; D, drought; FC,
field capacity.

Seedling biomass in treatments at field capacity
was higher than in those under drought conditions
(P<0.05), although there were no significant differ-
ences with or without cover of biological crusts (Table
1; Fig. 3). While plant heights showed no differences
among treatments, a larger number of leaves was
found in seedlings growing in treatments at field ca-
pacity (P<0.01) (Table 1; Fig. 3). There were no sig-
nificant differences in seedling survival between any
treatments during the experiment (Table 1).
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Fig. 3 Mean biomass, mean height and mean number of leaves
per seedlings in different treatments. Data are meanSE. Differ-
ent letters indicate significant differences among means (P<0.05).
C, biological crust; BS, bare soil; D, drought; FC, field capacity.

3 Discussion

The results obtained in our study have shown a nega-
tive effect of biological soil crusts on the emergence
of Poa ligularis compared to bare soil surface, but
biological crusts did not affect seedling growth once
they emerged. Overall, the main effect affecting seed-
ling emergence was the watering treatments. Since
biological crust did not affect soil water content, this
also did not affect germination. However, in dry con-
ditions, the presence of a biological crust lengthened
the emergence time of P. ligularis (Fig. 2), which may
affect seedling establishment.

Some authors have found negative effects of bio-
logical crusts on seedling emergence of native species
(Eldridge et al., 2000; Prasse and Bornkamm, 2000;
Sedia and Ehrenfeld, 2003; Jeschke and Kiehl, 2008)
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and non-native species (Larsen, 1995; Kaltenecker et al.,
1999), but this effect seems to vary according to plant
functional groups, being annual species positively af-
fected or not affected by the presence of biological
crusts, whereas the establishment of perennial species is
usually inhibited by crust cover (Langhans et al., 2009).
Negative effects seem to be stronger for grass species
(Serpe et al., 2006; Langhans et al., 2009).

In arid and semiarid environments, such as in the
Monte Rionegrino, it is very common to find a spatial
heterogeneity in the distribution of vegetation and
resources such as water, nutrients and organic matter.
This heterogeneity is particularly attributed to the
presence of biological soil crusts (West, 1990; Belnap
et al., 2001). In several ecosystems authors have ob-
served negative correlations between the vegetation
cover and the presence of different types of crusts
(Serpe et al., 2006). Savory (1988) proposed that the
latter are those that limit the vegetation cover through
changes in soil microtopography and the flow of water
and nutrients, affecting the distribution of resources
and promoting the development of islands of vegeta-
tion (Deines et al., 2007). Also, the biological crusts
may contribute to the development of the pattern of
the vegetation patches through its effect on seed ger-
mination and seedling establishment (Deines et al.,
2007). However, it is also possible that biological
crusts just colonize places that are not occupied by
vascular plants. In the latter case the vegetation cover
did not correlate with the cover of crusts (Kleiner and
Harper, 1972, 1977; Anderson et al., 1982; Jeffries and
Klopatek, 1987; Beymer and Klopatek, 1992). Other
studies have shown a positive correlation between
plant cover and biological crust presence (Dadlich et
al., 1969; Graetz and Tongway, 1986; Carleton, 1990;
Lesica and Shelley, 1992; Ladyman and Muldavin,
1994). The positive effect of the crusts may be the
result of better moisture conditions created by the
crusts, better availability of nutrients and reduced
predation (During and Van Tooren, 1990; Belnap and
Harper, 1995). However, most of these positive results
were founded in woodlands or grasslands, in opposi-
tion with the semi-arid Monte eco-region. Different
climatic conditions and composition of the biological
crusts may be crucial to the effect of the biological
crust on seedling establishment and some of the nega-
tive effects described here could be related to our

study area (i.e. semi-desert).

In many cases these negative effects were related to
seed traits, such as seed size (Zamfir, 2000; Sedia and
Ehrenfeld, 2003; Li et al., 2008). If the seeds were
small they were more likely to fall through spaces in
the moss or into small depressions where humidity
was higher and promoted germination (Serpe et al.,
2006; Langhans et al., 2009; Burmeier et al., 2010).
The combination of the shape of the seeds and the
morphological characteristics of the crusts may deter-
mine if the crusts have suitable sites for germination
or inhibition (Li et al., 2008). Although the seeds of P,
ligularis were randomly dispersed on the surface of
the pots in all the treatments, it is likely that in more
natural settings they may tend to be located in cavities
or in cracks between biological crusts due to the mi-
cro-relief of the seeds. This may be a critical point
since biological crusts may reduce penetration of grass
roots (Deines et al., 2007), although this effect may
vary depending on the species of grasses. Thereby,
although the seeds may eventually germinate in the
crusts, their establishment and survival can be very
restricted (Deines et al., 2007).

We found that the development of P. ligularis, in
terms of seedling biomass and number of leaves, was
better in the treatments at field capacity. These results
are consistent with those found by Langhans et al.
(2009), where the continuous availability of water in
the treatment without crusts on the surface enhanced
the survival of seedlings of the native species studied.
Biological crusts prevent moisture from reaching the
surface for a long time after a rain event, more than
the bare soil (Belnap et al., 2001), due to a reduction
on the infiltration rate (Belnap, 2006). Although this
does not affect the germination of the seeds falling on
the surface of the crust, it could influence the status of
the seed moisture found in or under the crust. Despite
this, in our study, pots with biological crusts did not
retain a higher proportion of water compared to the
pots with bare soil.

The effect of biological crusts on the germination
of seeds is very complex, and varies with the compo-
sition and structure of the biological crusts and vascu-
lar plants (Maestre et al., 2011). The crusts have more
significant and negative effects in the annual and per-
ennial plants that do not have self-burying mecha-
nisms, as they require some kind of disturbance that
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alters the soil surface in order to germinate (Belnap et
al., 2001). This effect might be one of the reasons for
the lower emergence in P. ligularis when they were
sown on the biological crust.

4 Conclusion

The effects of biological crusts on the emergence and
growing of vascular plants are controversial, because
it is difficult to generalize the results, since response
may change when different plant functional groups or
ecosystem types are considered. In our study, biologi-
cal crusts dominated by mosses reduced the emer-
gence and emergence time of P. ligularis. However,
the subsequent growing of the seedlings was not af-
fected by the presence of the biological crusts, indi-
cating that the presence of crust affects only the initial
phases of establishment of P. ligularis.
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