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Abstract Context-dependent foraging behaviour is
acknowledged and well documented for a diversity of animals and conditions. The contextual determinants of plant
foraging behaviour, however, are poorly understood. Plant
roots encounter patchy distributions of nutrients and soil
fungi. Both of these features aVect root form and function,
but how they interact to aVect foraging behaviour is
unknown. We extend the use of the marginal value theorem
to make predictions about the foraging behaviour of roots,
and test our predictions by manipulating soil resource distribution and inoculation by soil fungi. We measured plant
movement as both distance roots travelled and time taken to
grow through nutrient patches of varied quality. To do this,
we grew Achillea millefolium in the centers of modiWed
pots with a high-nutrient patch and a low-nutrient patch on
either side of the plant (heterogeneous) or patch-free conditions (homogeneous). Fungal inoculation, but not resource
distribution, altered the time it took roots to reach nutrient
patches. When in nutrient patches, root growth decreased
relative to homogeneous soils. However, this change in foraging behaviour was not contingent upon patch quality or
fungal inoculation. Root system breadth was larger in
homogeneous than in heterogeneous soils, until measures
were inXuenced by pot edges. Overall, we Wnd that root foraging behaviour is modiWed by resource heterogeneity but
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not fungal inoculation. We Wnd support for predictions of
the marginal value theorem that organisms travel faster
through low-quality than through high-quality environments, with the caveat that roots respond to nutrient patches
per se rather than the quality of those patches.
Keywords Behaviour · Heterogeneous · Inoculation ·
Marginal value theorem · Roots

Introduction
Though science aims for general understanding, ecology
tends to produce speciWc results contingent on organisms
and environments. Over time and space, the composition of
organisms and conditions in the abiotic environment
changes. For an individual, this ecological “context” can be
paramount in determining function and Wtness. Behavioural
adjustments are common responses to varied contexts, i.e.
context emerges through behaviour (Gordon 2011). Identifying the context that results in behavioural shifts is critical,
as it illuminates how selection may shift in time and space.
Here, we address how abiotic and biotic factors interact to
aVect the foraging behaviour of the plant Achillea millefolium, a species previously documented to show optimality
when responding to heterogeneity in soil resources
(McNickle and Cahill 2009).
For animals, context-dependent behaviour is acknowledged and well documented. For instance, some animals
alter their foraging behaviour to negotiate patchy resources
(Charnov 1976) and to manage predator risk (Brown and
Kotler 2004). Plants, like animals, display sophisticated
foraging behaviours (Gleeson and Fry 1997; Karban 2008;
Kelly 1990); however, unlike animal behaviour, the contextual determinants of plant foraging behaviour are generally
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poorly understood. To date, a major focus of research on
plant foraging behaviour has been to understand how roots
forage for soil resources (Cahill and McNickle 2011; de
Kroon and Mommer 2006; Hodge 2004; McNickle et al.
2009), which is known to vary both temporally (Farley and
Fitter 1999) and spatially (Jackson and Caldwell 1993).
The distribution of soil resources, however, is but one of
many putatively relevant factors aVecting plant behaviour.
For example, the roots of most plant species engage in symbioses with mycorrhizal fungi (Brundrett 2009), which
greatly alter root function (Smith and Read 2008). These
soil fungi typically provide plants with soil nutrients such
as nitrogen and phosphorus in exchange for photosynthate.
Mycorrhizal fungi, similar to roots, are patchily distributed
in the soil (Carvalho et al. 2003; Klironomos et al. 1999;
Mummey and Rillig 2008) and, depending on local conditions, these fungi can be beneWcial, neutral, or parasitic to
their plant hosts (Hoeksema et al. 2010; Johnson et al.
1997; Klironomos 2003). Though their role as parasites has
been historically de-emphasized, particular plant–fungal
combinations and environmental conditions can give rise to
outcomes that are detrimental to the host (Hoeksema et al.
2010; Jones and Smith 2004). In addition to mycorrhizal
fungi, free-living pathogenic fungi in soils are a notable
cause of poor plant performance and/or shifts in abundance,
and are often implicated in negative plant–soil feedbacks
(Augspurger 1983; Packer and Clay 2000). In general, the
presence and composition of soil biota aVects plants from
the level of an individual to a community, with outcomes
ranging from positive to negative for the plant (Bever et al.
2010). How soil resource distribution and soil fungi interact
to aVect the foraging behaviour of plants is unknown.
Studies on animals show that the behaviour of hosts can
change remarkably when infected by other organisms such
as parasites (Moore 1995, 2002). Notably, shifts in feeding
and foraging behaviours are often observed by infected
hosts (Barber et al. 2000; Barber and Huntingford 1996;
Lefevre et al. 2009; Levri and Lively 1996). Mycorrhizal
fungi require 4–20 % of the photosynthates produced by
host plants (Grimoldi et al. 2006; Smith and Read 2008)
and, like other parasites, their energetic demands represent
a cost to their hosts. Mycorrhizas may also result in beneWts
through nutritive gain, with the net beneWt ranging from
positive to negative. Similarly, pathogenic fungi can reduce
biomass along with a variety of other eVects on plants. The
idea that soil fungi aVect plant foraging behaviour has been
previously recognized (Hodge 2004; Tibbett 2000) and
tested (Cui and Caldwell 1996; Hodge et al. 2000; Wijesinghe et al. 2001), but these studies have focused on only one
aspect of plant foraging behaviour: the static spatial distribution of roots. Explicit recognition that foraging is an
active process involving movement and time has been
lacking.
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Behaviour consists of many components beyond documenting the static spatial distribution of foraging. For
instance, optimality models such as the marginal value theorem make predictions about individual foraging eVort in
patches and patch-leaving behaviour (Charnov 1976),
which has been successfully applied to plants (McNickle
and Cahill 2009). A key prediction of these models is
changes in the movement of individuals, something that
can only be tested with direct observations of roots. For
example, patch-leaving behaviour of animals is often
assessed as “giving-up time”, the amount of time an animal
spends in a patch before leaving. An extension of the marginal value theorem predicts that roots of plants grown in
heterogeneous conditions should travel less than those
grown in homogeneous soils, because roots will remain in
patches that they have already found, rather than seek new
patches. Such an outcome could be consistent with an
active foraging response (Cain 1994). Alternatively, if roots
travel more in heterogeneous than in homogeneous soils,
this outcome represents a passive foraging response, i.e.
their increased growth is a simple reXection of encountering resource patches. The marginal value theorem also predicts that if energy costs are increased for an individual,
then the time spent in resource patches should decrease
(Charnov 1976). In animal host–parasite systems, parasites
have been shown to impose and even magnify foraging
costs (Raveh et al. 2011). Soil fungi functioning as parasites may therefore cause roots to leave resource patches
earlier than those of plants without fungal inoculum.
Here, we manipulated soil resource distributions and
inoculation by soil fungi, and monitored root movement
through the soil using a series of images taken belowground, allowing us to observe contextual Wne-scale patterns of root foraging behaviour. Our study is the Wrst to
investigate how soil fungi may modify the in situ dynamic
movement of roots. We also measured host level consequences of root foraging behaviour through plant nutrient
capture and biomass produced. Our objectives were to identify whether the context, fungal inoculation and soil
resource distribution, altered root foraging behaviours. We
measured foraging behaviours directed at understanding the
movement of roots, i.e. distance travelled, and giving-up
time (sensu Charnov (1976)).

Methods
Experiment
We grew A. millefolium L. with either heterogeneous or
homogeneous nutrient distributions, and with or without
fungal spore inoculation, in a fully factorial design. Roots
of A. millefolium are sensitive to nutrient patches (Johnson
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and Biondini 2001; Rajaniemi 2007) and the presence of
arbuscular mycorrhizal fungi tends to reduce the biomass of
this species (Allison 2002; Smilauer and Smilauerova
2000). This species has also been used to test predictions of
the marginal value theorem for root foraging behavior
(McNickle and Cahill 2009).
Seed was collected from wild A. millefolium plants in a
native mixed grass prairie at Kinsella (AB, Canada). Seeds
were germinated in starter trays Wlled with a mixture of
sand and commercial topsoil (Greenharvest Topsoil Plus) at
a 3:1 (volume:volume) ratio. Upon the development of true
leaves, seedlings were transplanted to experimental pots.
To eliminate potential fungal contaminants, all substrates
were sterilized. Soils were autoclaved at 121 °C and
138 kPa for 45 min and then re-autoclaved after 24 h.
Starter trays and experimental pots were bleached for 24 h
prior to their use.
The heterogeneous soil treatment consisted of a “high”
and a “low” nutrient patch, while the homogeneous soil
treatment was a spatially uniform environment, i.e. the
nutrients present within the low and high patches were
mixed evenly into the background soil (Fig. S1 of the Electronic supplementary material, ESM). At the pot level,
nutrient levels were the same between homogeneous and
heterogeneous soil treatments. Patch quality was manipulated by altering the ratio of sand:topsoil and steer manure
(Nu-Grow IP). The volume of steer manure in high and low
patches was 66 and 25 %, respectively, and the background
soil was a 3:1 mixture of sand and topsoil. Soil with manure
concentrations identical to the high nutrient treatment have
been shown to increase A. millefolium biomass threefold
over manure-free background soil (McNickle and Cahill
2009). Plants were grown in plastic pots of size
58 £ 17 £ 12 cm, which were divided into two compartments by rigid plastic sealed with silicone; a plant was
grown in the center of each compartment. A clear plastic
minirhizotron tube (5.7 cm in diameter, 1.8 m in length)
was inserted lengthwise through a sealed hole in the plastic
divider 5 cm below the soil surface of each pot to accommodate root observations for the duration of the experiment. Two experimental pots were held on each
minirhizotron tube, and the four treatments, replicated
twelve times, were randomly assigned to each of the four
positions on a tube. Due to mortality, the number of replicates was reduced over the course of the experiment; ten
plants survived per treatment combination, except for the
homogeneous soils receiving fungal inoculation, which had
11 plants remaining.
Fungal inoculation consisted of adding approximately
500 spores at the time of planting, with an additional inoculation of 500 spores occurring 30 days later. Spores were
extracted from trap cultures (original soil collected from
Kinsella, AB, Canada) using a density gradient of water
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and a 60 % sucrose solution (modiWed from Jenkins
(1964)). Fungal spores could be from a variety of nutritional types: pathogenic, saprophytic, or mycorrhizal. A
visual inspection based on size suggested that the spores
were predominantly arbuscular mycorrhizal, but it is possible that non-mycorrhizal spores were introduced as a byproduct of the spore extraction. The trap culture soil originated from the area where seeds of A. millefolium were collected, thereby ensuring that the plant and fungal genotypes
potentially co-occur in nature. To control for bacteria and
other microbes attached to the spores, Wltrate from the
extraction containing particles smaller than 38 m in size
was applied to both inoculated and uninoculated plants
(3 ml to each). Plants were grown in the University of
Alberta, Department of Biological Sciences Greenhouses
with a 16:8 light:dark cycle and watered as required. At
harvest, shoots were clipped and roots were extracted and
washed over a 2 mm sieve for biomass determination.
Shoots and roots were then dried at 60 °C for 48 h and
weighed. Shoots were then ground with a Retsch ball mill
and analysed for phosphorus and nitrogen at the Natural
Resources Analytical Laboratory at the University of
Alberta.
In situ root foraging
Patch and plant locations were marked on the tube before
the start of the experiment, and patch soil was visually distinguishable from background soil. Three transects were
used for each tube, allowing the visualization of roots along
the top of the tube and on either side (90° to the top transect). Using a minirhizotron camera (Bartz technology), we
took images of roots in each of 16 frames (1.5 £ 2 cm)
along the three transects every 3–4 days over the course of
the experiment. For each time period, we measured the
maximum distance roots travelled across the three transects
for each side (left or right) of a plant. The experiment was
ended when roots of all but four plants had traveled past
patches (day 63). A modiWed version of giving-up time for
roots was calculated as the number of days until roots were
observed to grow into (60 mm from the plant) and beyond
(>90 mm from the plant) patch locations.
Statistical analyses
The distance roots travelled was examined as a function of
soil resource distribution (heterogeneous or homogeneous),
fungal inoculation, and their interaction, using repeated
measures linear models with time (image session) as the
repeated measure (total of 18 sessions). Roots growing
towards high and low nutrient patches were compared with
their equivalent locations in homogeneous soils using separate models. We tested for sphericity and corrected degrees
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Results
Distance travelled by roots
Between days 25 and 49, roots travelled further from plant
stems in homogeneous than in heterogeneous soils when
roots were growing towards a high-nutrient patch (resource
distribution: F3.98,147.28 = 3.099, P = 0.018) (Fig. 1). On day
49, root growth between the two treatments converged as
roots approached the edge of the pots (100–120 mm).
When growth was towards low-nutrient patches, there was
no diVerence in distance travelled between homogeneous
and heterogeneous soils (resource distribution: F4.07,150.57 =
0.941, P = 0.443). Fungal inoculation had no signiWcant
eVect on the distance roots travelled, regardless of patch
quality (minimum P > 0.06). At the plant level, asymmetry
in bilateral root growth was not aVected by any treatments
(minimum P > 0.15) (Table S1 and Fig. S2 of the ESM).
Root growth on the right side was positively correlated with
that on the left side of the plant (Pearson r = 0.570;
P < 0.01) (Fig. S3 of the ESM).

123

Heterogeneous
120

Mean maximum distance (mm)

of freedom using Greenhouse–Geisser estimates. At the
plant level, we also examined asymmetry in bilateral root
growth by calculating the distance roots grew towards the
high nutrient patch minus the distance roots grew towards
the low nutrient patch. Asymmetry as a function of soil
resource distribution, fungal inoculation, and their interaction were tested using a linear mixed model with these factors as Wxed eVects and tube identity as a random eVect.
How long it took roots to approach and grow beyond a
patch location was tested in two separate models corresponding to observations for the two diVerent positions.
Each mixed model was constructed with plant identity as a
random eVect and fungal inoculation, soil resource distribution, and their interaction as Wxed eVects. We treated plant
as a random eVect in these models because in some cases
patch-leaving behaviour was assessed in patches for both
sides of the plant. We followed this analysis with another
that examined how patch quality (low or high nutrients) in
heterogeneous soils aVected giving-up times. Models
included fungal inoculation, patch quality, and their interaction as Wxed eVects for time taken to reach and grow
beyond nutrient patches.
For plant-level measures (root to shoot ratios, and ln-transformed total, shoot, root mass, and shoot concentrations of N
and P), we used linear mixed models with fungal inoculation,
soil resource distribution, and their interaction as Wxed eVects,
and tube as a random eVect for analyses. For all models, normality was assessed by visual inspection of residuals. All
analyses were performed in PASW statistics v.18.0.0 (SPSS
Inc., 2009, Chicago, IL, USA). Mean § 1 SE are presented.
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Fig. 1 Distance travelled by roots of Achillea millefolium over time in
two soil resource environments. Values are mean § SE; n = 20 (heterogeneous) and n = 21 (homogeneous)

Giving-up times for roots growing through nutrient patches
Fungal inoculation (F1,46 = 11.62, P = 0.001) but not the
soil resource distribution (F1,46 = 1.46, P = 0.233) altered
the time it took roots to reach nutrient patches or their corresponding locations in homogeneous soils. Fungal inoculation tended to slow root growth (Fig. 2a). The time it
took roots to move beyond patch locations depended on
the soil resource distribution (F1,39 = 4.54, P = 0.039) and
not fungal inoculation (F1,39 = 1.436, P = 0.238). Roots
stayed longer in patch locations in heterogeneous soils
(Fig. 2b). When patch quality was taken into account for
roots growing in heterogeneous soils, fungal inoculation
still aVected the time for roots to reach nutrient patches
(F1,24 = 7.596, P = 0.011), but whether the patch was of
low or high nutrient quality had no eVect (F1,24 = 0.912,
P = 0.349). Neither fungal inoculation (F1,28 = 0.166,
P = 0.687) nor patch quality (F1,28 = 0.857, P = 0.362)
had an eVect on the time for roots to grow beyond nutrient
patches.
Plant-level responses
Total biomass was less with fungal inoculation than
without (Fig. 3a). Neither soil resource distribution nor its
interaction with fungal inoculation had a signiWcant eVect
on plant biomass (Table 1). The same trend was evident for
shoot and root mass (data not shown). Root to shoot ratios
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Fig. 2 Mean number of days (§SE) for roots of Achillea millefolium
to a grow into patch locations (6 cm from stem of plant) (n = 50) and
b grow beyond patch locations (>9 cm from stem of plant) (n = 43) in
response to a fungal inoculation and b soil resource distribution.
Untransformed data are presented; analysis was performed on lntransformed values

decreased by nearly half in heterogeneous soils (Fig. 3b),
but were unaVected by fungal inoculation (Table 1). Fungal
inoculation was associated with an increase in shoot phosphorus concentration (Table 1; Fig. 4a). There was a marginally signiWcant interaction between fungal inoculation
and the soil resource distribution, suggesting that the diVerence in plant N content only occurred in the absence of
inoculation (Table 1; Fig. 4b).

0.0

Heterogeneous Homogeneous
Fig. 3 a Total biomass and b root to shoot ratios of Achillea millefolium in response to the soil resource distribution. Untransformed data
are presented; analysis was performed on ln-transformed values. Values are mean § SE; n = 20 (heterogeneous) and n = 21 (homogeneous)

Discussion
Context dependence in the foraging behaviour of plants has
been recognized to be a function of a variety of factors.
Plants alter the timing and location of foraging dependent
on predation risk (Jensen et al. 2011), root herbivory
(Stevens and Jones 2006) and competition (Cahill et al.
2010). When measured in terms of movement, we found
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Table 1 Results of a linear mixed model testing the eVects of the soil resource distribution (heterogeneous or homogeneous), fungal inoculation,
and their interactions on total biomass, root to shoot ratios, and the phosphorus and nitrogen shoot concentrations of Achillea millefolium
Biomass
df

Root: shoot
F

P

df

P content (%)
F

P

df

N content (%)

F

P

df

F

P

26.56

<0.001

Resource distribution

1, 28.2

0.79

0.382

1, 27.8

16.40

<0.001

1, 29.5

0.01

0.928

1, 29.1

Fungal inoculation

1, 26.5

6.55

0.016

1, 26.3

1.87

0.183

1, 28.2

5.67

0.024

1, 27.8

0.005

0.944

Resource distribution £
fungal inoculation

1, 26.5

0.92

0.347

1, 26.317

0.061

0.807

1, 28.2

0.005

0.829

1, 27.8

3.97

0.056

that the distribution of soil resources rather than inoculation
by soil fungi modiWed root foraging behaviour.
Root foraging behaviour varied contextually as shifts in
root foraging occurred due to resource heterogeneity.
Before roots approached pot boundaries, roots growing
towards high-quality patches travelled a shorter distance
than those grown in homogeneous soils. This Wnding
matches marginal value theorem predictions that organisms
should leave low-quality environments earlier than those
foraging in high-quality environments (Charnov 1976;
McNickle and Cahill 2009). SpeciWcally, roots should venture from a patch only when the resource value has been
lowered to its surrounding environment, the time spent in a
patch modiWed by its quality. Consequently, the hierarchy
for distance travelled should be heterogeneous soils with
high-nutrient patches less than heterogeneous soils with
low-nutrient patches less than homogeneous soils, assuming that there are less nutrients in homogeneous soils in the
concordant “patch” location. We found however, that the
distance travelled by roots did not diVer between heterogeneous and homogeneous resource distributions when
growth was towards low-quality patches. Thus, the foraging behaviour of roots was aVected by the contrast between
a nutrient patch and background soil.
Our Wnding diVers from previous work showing that
roots travel less in homogeneous soils than in heterogeneous soils (McNickle and Cahill 2009). A notable diVerence between these experiments is the arrangement of
resource patches. Heterogeneous soils in our experiment
consisted of high- and low-nutrient patches located on
either side of the plant. McNickle and Cahill (2009)
arranged both high- and low-nutrient patches on either side
of the plant, with their positions switched depending on the
treatment. The patch arrangement of McNickle and Cahill
(2009) may have resulted in roots responding not only to
the patch Wrst encountered, but also to the patch behind. In
our experiment, the total biomass of plants was not dependent on soil resource distribution, indicating that there were
no size-dependent biases underlying diVerences in the distance roots travelled. Root foraging behaviours appear to be
complicated by nuanced diVerences in environments,
including the spatial arrangement of resource patches.

123

One of the main corollaries to the marginal value theorem is that the giving-up time decreases more for low- compared to high-quality patches. In addition, shifts in energy
expenditure will modify the time an organism forages in a
resource patch. We found that neither of these factors modiWed the time it took roots to move beyond nutrient patches.
When in nutrient patches, roots tended to stay longer than
those travelling across a similar distance in homogeneous
soils, supporting an active foraging response. However,
patch quality did not modify how long the roots stayed in
nutrient patches. Other studies have found that the presence
rather than the quality of patches impacts root growth. For
instance, increasing nutrient heterogeneity increased root
and shoot biomass of Abutilon theophrasti, while patch
contrast had no eVect on these measures (Lamb et al. 2004).
Under both passive and active foraging models, the distance roots travel from a plant stem should be asymmetric
in heterogeneous soils. The directionality of root growth,
however, reveals whether plants forage actively or passively. SpeciWcally, if the direction of asymmetry increases
towards low-quality patches, this outcome suggests an
active foraging response. The opposite would be true for a
passive foraging response. We found that asymmetry in
bilateral root growth was unrelated to soil resource heterogeneity and fungal inoculation. Though we found empirical
support for predictions from the marginal value theorem,
we cannot conclude that the foraging behaviour of A. millefolium roots is active or passive. Rather, root growth
within this species is integrated such that foraging
responses are only partly understood by Wne-scale nutrient
heterogeneity. Fluctuating asymmetry is an important indicator of plant responses to environmental stress (Lempa
et al. 2000 and citations therein; Palmer 1996), including
parasitism (Cuevas-Reyes et al. 2011). To our knowledge,
whether interactions with fungi increase asymmetry in
plant root growth has never been examined. Though fungal
inoculation decreased biomass of plants, this did not result
in increased deviation from symmetry for bilateral root
growth. The variation in asymmetry (Fig. S2) is perhaps not
surprising given that Wve- to tenfold variations in lateral
root growth rates have been observed for genetically identical plants grown under controlled environments (Forde
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Fig. 4 a Shoot phosphorus (%) [n = 20 (no inoculation) and n = 21
(inoculated)], and b shoot nitrogen content (%) (n = 10, except for
plants growing in inoculated homogeneous soils, for which it was 11)
of Achillea millefolium in response to fungal inoculation and the soil
resource distribution. Untransformed data are presented; analysis was
performed on ln-transformed values. All values are mean § SE

2009). In our experiment, how far roots grew on one side of
a plant was positively correlated with how far roots grew on
the other. Branches growing in sunny and shaded patches
on individual trees of Pinus sylvestris also showed correlative growth (Stoll and Schmid 1998), demonstrating that
the growth of plant modules is not entirely a function of
location conditions.

Though tissue nutrient concentrations changed, plant
biomass decreased, indicating that the net beneWt of the
interaction between soil fungi and plants was negative. The
Wtness of A. millefolium is not well predicted by tissue
nutrient concentrations. Allison (2002) found that the total
biomass of A. millefolium positively aVected both seed
number and germination success, and tissue nutrient concentration had little eVect on these two components of
Wtness. Increases in P concentration are a hallmark plant
response to arbuscular mycorrhizal fungal inoculation
(Hodge et al. 2010), but in this case, it could simply be a
consequence of the reduced biomass of plants. There was
no main eVect of fungal inoculation on N concentration;
instead, the interaction between soil resource distribution
and inoculation determined this plant response. In the
absence of inoculation, the spatial conWguration of
resources determined N concentration. In heterogeneous
soils, N concentrations in plants were higher than those
grown in homogeneous soils. In part, this may be due to the
limited binding sites available for a given soil volume, so
that less nutrients are adsorbed by soils when increasing
increments of nutrients are added. The presence of fungi
may functionally cancel out those diVerences. Why P, a relatively immobile nutrient, did not show this same pattern is
unclear.
Although the plant–fungus interaction was parasitic,
fungal inoculation did not cause roots to leave nutrient
patches earlier than roots growing in noninoculated soils.
To date, the eVects of fungal inoculation on root foraging
has focussed on identifying changes in the spatial distribution of roots (Cui and Caldwell 1996; Hodge et al. 2000;
Wijesinghe et al. 2001), and not necessarily on shifts in foraging behaviour. Our experiment demonstrated that fungal
inoculation did not alter the total distance travelled by
roots, but it did impact the initial speed at which roots
moved through the soil. Roots of inoculated plants
approached patch locations slower than those of noninoculated plants, presumably mediated by plant size. Though
fungal inoculation reduced the size of the plant, it had no
eVect on root to shoot ratios. Roots of smaller plants show
similar foraging behaviour in heterogeneous resource conditions to those of larger plants.
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