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ABSTRACT
Within any degraded sites are “islands of fertility” that differ in environmental characteristics
on the spatial scale of the individual seed or seedling. By studying conditions at these
microsites we can learn about the barriers to restoration and also use the microsites to kickstart the process of restoration. This study assesses the presence of microsites created by “tea
leaved” willow a native shrub in Iceland. This study seeks to answer the questions whether
“tea leaved” willow (Salix phylicifoli) improves microsites for colonization and succession in
degraded sites, if the effect of the patch extends beyond the patch canopy and whether the
microsite is a result of biological processes or a physical process due to capture of organic
debris, aeolian material and snow by the willow canopy. The study also assesses if the
presence of willow patches leads to variation in plant composition and reduced susceptibility
to erosion. Soil samples were taken in and around willow patches of differing canopy
diameter and analysed for total carbon, phosphorus, nitrogen, pH and water holding capacity.
These samples were compared to a control sample taken in an area without any willows. The
willow site was also compared to another site without willows to assess resistance to wind and
water erosion which are major drivers of degradation in Iceland. The results show that the
presence of willows improved soil quality, as seen in higher values of total C, N, and P. The
presence of willows also ameliorates soil pH which could benefit plants that thrive in low pH
soils. Willows ultimately increased foliar cover and improved site stability to soil erosion by
both water and wind. It is concluded that willows can be used for land restoration as a low
cost alternative to seeding and fertilizer application.
Key words: land restoration, microsites, Salix phylicifoli.
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1. INTRODUCTION
1.1 Background to the study
Land degradation is a gradual process in which the land loses its ecosystem functions and
productivity due to several disturbances from which it may not recover if unaided (Bai et al.
2008). There is general consensus now that land degradation is not just a collection of global
problems but an issue of global concern (Gisladottir & Stocking 2005). However, the extent
of land degradation varies from one place to another, with some regions being worse off than
others (Oldeman et al. 1991). In Uganda, land degradation is a serious problem (Banadda
2010). According to Olson & Berry (2003), land degradation is estimated to cost Uganda
about 4-12% of gross net product. Most of the land degradation is in the form of soil erosion
(Sserunkuuma et al. 2001), especially in the highland areas (National Environmental
Management Authority 2010), due to a combination of natural factors (topography and
climate) and anthropogenic factors (high population and poor farming methods) that work in
synergy to exacerbate the problem.
The process of land degradation is not spontaneous, but a step-wise process in which the
ecosystem regresses from a state of full functionality (Whisenant 1999). This creates a
continuum of degradation from the most degraded areas in which all ecosystem functions are
compromised (Rapport et al. 1998) to ones where some functionality still exists, only needing
management interventions to achieve restoration goals (Aradottir 2007). In a healthy
ecosystem there is an in-built mechanism to transition or self-repair (Whisenant 1999), but if
the degrading agents exceed the transition threshold, the ecosystem will revert to a lower
state. Transitions are controlled by either biotic or abiotic interactions. The kind of interaction
controlling a transition will determine the kind of intervention required for restoration and
subsequently the cost of restoration (Holl et al. 2007; Arnalds & Thorsson 2012).
In order to regain the use of degraded land, there is a need to initiate and accelerate natural
processes and functions (SER 2004). This can be achieved by undertaking ecological
restoration (Holl et al. 2007; Hobbs et al. 2011). The Society for Ecological Restoration
International Science & Policy Working Group (SER 2004) defines ecological restoration as
“the process of assisting the recovery of an ecosystem that has been degraded, damaged, or
destroyed.” (p. 3). Restoration is dependent on identifying factors that prevent an ecosystem
from reverting to a less degraded state (Whisenant 1999) in order to prescribe interventions
that would enable such factors to be overcome. If the limits of the ecosystem to naturally
follow its ecological trajectory have not been exceeded, use of external inputs may be
uneconomical (Maestre & Cortina 2004) since recovery can occur naturally.
The ultimate challenge for restoration programs is to repair systems and regain the primary
processes of energy capture, hydrology and nutrient recycling (Whisenant 1999). In Iceland
the task was further complicated by wind erosion, and therefore land restoration in Iceland
initially involved the use of physical barriers to stem drifting sand (Halldorsson et al. 2012).
Lyme grass (Leymus arenarius) and fertilizer were used to stop drifting sand wherever the
sowing technology and seed availability permitted (Crofts 2011). Later, the Soil Conservation
Service of Iceland, established in 1907, started systematic restoration involving a number of
approaches like fencing off degraded land (Ágústsdóttir 2004), reduction of sheep numbers
since the early 1970s to reduce the pressure on grazing land (Arnalds & Barkarson 2003), use
of organic and inorganic fertilizers, seeding with grass and a combination of seeding and
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fertilizer applications (Crofts 2011). Nootka lupine (Lupinus nootkatensis), an exotic nitrogen
fixing legume, has also been used although it’s highly invasive (Magnússon 2010).
Restoration methods have evolved over time as the field of ecological restoration has
developed but the objective remains to increase plant cover and accumulate carbon in the soil
(Aradóttir et al. 2000). While re-vegetation using agronomic means like fertilization and
seeding with desired species of grass and herbs can help restore degraded land (Gretarsdottir
et al. 2004), they can be prohibitively expensive over large areas. Moreover, there is still an
ongoing debate on who should pay for the cost of restoration (Rees et al. 2007). According to
Mcghee et al. (2007) there is a lot of promise in the fact that restoration can occur naturally in
spite of human interventions and investment.
The use of exotic species shows that proper ecological functioning is seldom the only
motivation for restoration programs (Hagen et al. 2013). It rather illustrates the prominence of
the “return of structure” mindset (e.g. species composition and nutrient availability)
(Whisenant 1999) in restoration programs. The time-bound nature of restoration programs and
need to show results for funds spent could explain the preference for “return of structure” over
“return of function”. However, concentrating on structural repair can create more problems
than it solves, especially with regard to exotic species becoming invasive (Aradottir et al.
2004). As an alternative, reclamation could be undertaken by enhancing colonization of
degraded sites by native species (Elmarsdottir et al. 2003).
Colonisation and succession in degraded areas may be hampered by nutrient limitations, lack
of propagules and limited water retention among other factors (Tsuyuzaki et al. 1997;
Aradottir 2007). In order to kick-start germination and colonisation, a conducive environment
has to be available in the immediate surrounds of the seed. This is an important prerequisite,
especially for non-colonisers that cannot survive under adverse conditions of severe nutrient
deprivation. However, early colonizers may be able to become established under harsh
conditions and create patches of vegetation on otherwise degraded poor sites. Under and
around these patches colonization blossoms (Titus & del Moral 1998), probably due to the
ability to trap propagules and/or to improve nutrient availability. The patches may create
differences in temperature, soil nutrients and soil organic matter which make optimum
conditions for growth and survival of other plants by breaking the abiotic thresholds of the
system.
According to Kondo et al. (2012), these patches create “islands of fertility” in which the
limiting factors to germination and colonization have been broken. These “islands of fertility”
are called microsites, i.e. “areas that differ in environmental characteristics on the spatial scale
of an individual seed or seedling” (Titus & del Moral 1998, p. 13). Other landscape features
like rocks (Titus & del Moral 1998) and biological soil crust (Elmarsdottir et al. 2003) can
create microsites important for seedling recruitment (Jones & Moral 2005). The study of
microsites is important because the success of colonization and emergence of seedlings is
affected by the immediate surroundings of the seedling (Grubb 1977; Elmarsdottir et al.
2003). In a study in semi-arid Australia, Maestre and Cortina (2004) discovered that
restoration of degraded land could be initiated if efforts were focused on maximizing the
patches by increasing their number and reducing the downward slope distance between them.
Vegetation patches have been used for restoration with success (see Tongway & Ludwig
1996). Restoration is not only important to bring land into production either as pasture land or
agricultural land, but can also be used to halt further degradation. For instance, increasing
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plant cover can significantly reduce susceptibility of land to the effects of water and wind
erosion.
Tea-leaved willow (Salix phylicifolia) is a native early colonizer species of Iceland (Aradottir
2007) which has been highly recommended for use in restoration (Svavarsdóttir, as cited in
Aradottir 2007), probably due to its ability to grow in adverse conditions. Willow
colonization has been seen to occur naturally in the Hekluskogar area (Aradottir 2007) and
willow patches show close association with other plants implying a different microclimate in
relation to the presence of propagules, nutrient availability or improved water retention,
thereby breaking the limiting conditions for plant colonization and succession.
Over 40% of land in Iceland is degraded (Arnalds et al. 2001a). Degradation in Iceland is
either a result of natural phenomena like climatic change and volcanic activity (Arnalds 1987;
Gísladóttir et al. 2010; Gísladóttir et al. 2011) or due to anthropogenic drivers, mainly
unsustainable sheep grazing (Arnalds & Barkarson 2003; Gísladóttir et al. 2010) and
deforestation (Ritter 2009). Subsequent to the centuries of land degradation, almost half of
Iceland has sparse to no vegetation cover (Arnalds et al. 2001b) especially in the central
highland areas (Greipsson 2012). Moreover, Icelandic Andosols have low bulk density
(Arnalds 2004) which makes them prone to wind erosion due to saltation, more than in any
other part of the world (Arnalds et al. 2001b; Arnalds 2004). As a result, large areas have
been left bare, with limited ecological function, like carbon sequestration (Óskarsson et al.
2004), water and nutrient cycling (Arnalds & Kimble 2001) needed to support healthy
ecosystems.
Most of the degraded land in Iceland requires physical manipulation (cf. Whisenant 1999) to
increase infiltration, reduce soil erosion and increase capture of organic matter. This was the
focus of earlier restoration efforts in Iceland which concentrated on reducing soil loss by wind
erosion (Runólfsson 1987) and later to initiating and accelerating vegetation colonization and
succession. The latter was mainly done by seeding with native species but also with exotic
fast growing species like Nootka lupine (Lupinus nootkatensis).
Without good knowledge of ecology, restoration programs may prescribe unnecessary and
expensive interventions (Bradshaw 1987). For instance, it is important to understand the
mechanism of natural succession and what is required to trigger and accelerate it. Whereas
most restoration programs involve use of seed, seeding is not always necessary (Elmarsdottir
et al. 2003), but may be needed if the limiting factor is the absence of propagules; likewise,
some land may require seeding if the propagules are a limiting factor, in which case
application of fertilizer may be unnecessary (Aradottir et al. 2001).
Seedling establishment is associated with certain types of vegetation patches or microsites
(Elmarsdottir et al. 2003). However, the mechanism by which microsites enhance seedling
establishment is not well known. Moreover, understanding the characteristics of microsites
would be very useful in understanding patterns of colonization of new areas (Sohlberg &
Bliss 1984) and in ensuring that restoration interventions are based on understanding of
natural ecosystems. It is envisaged that understanding the characteristics of microsites created
by willows will improve the ability to reclaim successfully degraded sites.
This study seeks to answer the questions whether willows improve microsites for colonization
and succession in degraded sites, whether the effect of the patch extends beyond the patch
canopy and whether the microsite is a result of biological processes by the willow or a
3
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physical process due to capture of organic debris, aeolian material and snow by the willow
canopy. The study also assesses if the presence of willow patches leads to differences in plant
composition and reduced susceptibility to erosion when compared with a site without
willows.
1.2 Aim and objectives of the research
1.2.1 Aim of the research
The goal of this study was to assess the effect of willows on formation of microsites for plant
establishment and survival and to assess the effect of willows on ecosystem plant
composition.
1.2.2 Objectives of the research
1. To assess microsite characteristics by measuring selected soil attributes and nutrient
availability in and near willow patches.
2. To assess changes in microsite characteristics with distance from willow patches and
along the prevailing wind direction.
3. To compare plant composition of willow-covered and willow-free sites.

2. METHODS
2.1 Study area
The study was carried out at Geitasandur in South Iceland near the Soil Conservation Service
of Iceland (63°50.561'N, 20°09.740’W, ca. 77 m above sea level). The area receives 920-1510
mm of annual precipitation with mean annual temperatures of 4 °C (Icelandic Met Office
2014) and mainly North-Easterly winds (Fig. 1). Due to its proximity to the Hekla volcano,
the study area has experienced land degradation due to tephra deposition (Arnalds 2013). As a
result, the vegetation of the area is scanty apart from areas that have received restoration
treatments over the years. The study site has been fenced off from grazing for over 40 years
and has not received any fertilization treatments for at least 20 years. The soils are black
gravelly sandy that is low in nitrogen (N), total carbon (C) (Hunziker 2011) and water holding
capacity (Arnalds & Kimble 2001).
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Figure 1. Wind rose of frequency of wind direction for nearest meteorological station at Hella
for the period 27 April 2006 to 31 December 2013 showing the direction of the predominant
winds (Icelandic Met Office 2014). North (N), East (A), South (S), West (V), North-east
(NA), South-east (SA), South-west (SV), North-west (NV), North-north-east (NNA), Eastnorth-east (ANA), East-south-east (ASA), South-south-east (SSA), South-south-west (SSV),
West-south-west (VSV) West-north-west (VNV) and North-north-west (NNV).
2.2 Research design
2.2.1 Sampling design
Eight patches were selected for the study. Patches were purposively selected based on their
size as either large (average canopy diameter 6.25 m) or small (average canopy diameter
1.97 m) (Fig. 2). Four small and four large patches were used in the study. All patches were
on gently sloping ground and within 1 to 16 m of another patch. The control samples were
taken from spots at the same site without any willow patches within a distance of 50 m in all
directions.
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Figure 2. Box plot of patch canopy diameter for small and large patches. The top and bottom
whiskers show the maximum and minimum values without outliers, respectively. The line
shows the mean of the distribution and the box shows the boundaries of the upper and lower
quartile.
In order to evaluate the effect of patches on microclimate availability, a transect running
north-east was laid across each of the eight patches. Two soil samples were taken equidistant
(0.5 m) from each canopy edge at opposite sides of the prevailing wind direction. This was
done to examine whether the prevailing wind direction had an effect on the measured
variables in the study since it is possible that accumulation of organic debris, aeolian material
or snow in winter might influence characteristics of the microsite. In addition, two more
samples were taken at the epicentre of each willow patch and the other at 3 m on the leeward
side of the patch canopy (Fig. 3). This design was intended to reveal if patch size has an effect
on microsite characteristics, the extent of the microsite and whether the microsite effect is
towards the direction of the prevailing wind, i.e. determined by capture of materials by the
willow canopy. The direction of the wind was used to locate the area of snow, organic debris
and aeolian material accumulation based on the observation that willows trap materials on one
side of the patch that is shielded from wind by the canopy.
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Figure 3. Willow patch canopy showing location of sampling points.
2.2.2 Soil sampling procedure
Samples were taken by a soil auger (1.5” diameter) to a depth of 10 cm (Fig. 4). This was
considered the most active part of the soil profile necessary for seedling recruitment. In
addition, a control sample was collected from within the same site but in an area without
willows. A total of 35 samples were collected.

Figure 4. Soil sample taken 0.5 m from willow patch (left). Soil taken at 10 m depth by a soil
auger (right). (Photos: K. Balikoowa, 29 June 2014).
2.3 Soil analysis
Each sample was divided into two parts; one part for dry analysis of phosphorus (P), nitrogen
(N), pH and total carbon (C) and the other part for water holding capacity measurement. The
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portion for dry analysis was dried at 35° C and sieved through a 2 mm sieve. A ball milled
sample was used for total C and N analysis.
Total C and N were measured by a dry combustion method in a Vario MAX C/N–Macro
Elementary Analyzer. The C, N and P were adjusted for dry matter (Blakemore et al. 1987)
for comparison across different samples.
Soil pH was measured with an Oakton pH meter in a 1:2.5 soil to water ratio after shaking for
2 hours. The pH was measured in duplicates of each sample.
Water holding capacity was determined on wet samples using the pressure-plate extraction
method (Klute 1986). Three pressures of 0.33 bar, 1 bar and 15 bars were used. Ceramic
plates were first saturated in water overnight. For each of the pressures, retainer rings were
placed onto the appropriate saturated plate and filled with 10 to 15 g of saturated soil. The
apparatus was closed airtight and the specified pressures applied. The apparatus was
monitored to check if water had ceased being emitted from the outflow tube. When water had
stopped being emitted, the samples were weighed, then placed in an oven to dry at 105°C for
24 hours and reweighed. Calculations for moisture content followed Blakemore et al. (1987).
The difference between water holding capacity at field capacity (0.33 bar) and water holding
capacity at permanent wilting point (15 bars) was used to calculate the plant available water.
2.4 Vegetation assessment
At the same site used for soil sampling, the effect of willows on plant composition was
assessed using a methodology adapted from rangeland ecosystem assessment by Herrick et al.
(2005). Two areas were purposively chosen, one with willow patches and a control (Fig. 5).
At each of these areas ten transects were laid for gap intercept data collection. The percentage
covered by gaps between plant canopies was estimated.

Figure 5. Transect set for gap intercept at the control site (left). Site covered with willow
(right). (Photos: K. Balikoowa, 23 July 2014).
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Gap intercept was used to assess the risk of the sites to wind erosion based on the size
distribution of canopy gaps at the site (Herrick et al. 2005). Basal gap analysis was used to
assess the risk of the two sites to frost action in winter.
2.5 Data analysis
Pearson’s correlation was used to analyse the relationship between the patch size and
measured attributes. Differences in soil attributes between soil samples were determined by
ANOVA and Tukey’s test for mean comparison. To show levels of significance between large
and small patches, a t-test was performed by the Pooled method or Satterthwaite, depending
on whether the test for equality of variances was significant. For phosphorus analysis, the
Kruskal-Wallis test was used because of the non-homogeneity of variances. When p-values
were lower than 0.05, differences were considered significant.
Gap intercept was used to calculate the proportion of the sites covered by the various surface
types. All data analyses were done using the SAS Enterprise Guide 6.1 (SAS Institute 2012).

3. RESULTS
3.1 Effect of patch size on soil attributes
3.1.1 Total C, N, CN ratio and soil pH
The results for total C, N, CN ratio, pH and available soil moisture are shown in Table 1.
Pearson correlation showed that there was a significantly positive relationship between patch
diameter and total C (r = 0.8321; p = 0.0028) and N (r = 0.8765 p = 0.0009). The relationship
between patch diameter was significantly negative for the CN ratio (r = -0.6701; p = 0.0340)
and pH (r = -0.9103, p < 0.0003).
Table 1. Mean values and standard error (mean ± standard error) of measured soil attributes
for soil collected from willow patches of different size categories and the control.
Comparisons were conducted by analysis of variance (ANOVA), and were significant when p
< 0.05.
Variable

Unit

Nitrogen

%

Carbon

%

CN ratio

Control
(n = 2)
0.03 ± 0.00

Small willow
(n = 4)
0.05 ± 0.00

Large willow
(n = 4)
0.06 ± 0.00

F

p value

23.91

0.0007

0.34 ± 0.02

0.62 ± 0.05

0.75 ± 0.02

25.32

0.0006

13.02 ± 0.88

13.01 ± 0.27

12.10 ± 0.11

2.74

0.1325

pH (H2O)
7.02 ± 0.00
6.98 ± 0.04
6.72 ± 0.04
17.30
0.0020
Plant available
%
7.95 ± 0.55
10.25 ±0.76
11.10 ± 0.56
4.16
0.0646
water*
*Plant available water was calculated from the difference between water content at 15 bars and water content at
0.33 bar.

Analysis of variance showed that there is a significant difference among the soil samples with
respect to N and total C. Levels were highest for large canopy patches and smallest for the
control. CN ratio was highest in the control followed by the small patch samples and lowest in
the large patch samples. The t-test showed that there was a significant difference between
soils at large and small patches in level of C (t = 2.53, p = 0.0447) and N (t = 3.03, p =
9
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0.0231). Also, Tukey’s test showed that total C levels for large and small patches of soil were
significantly different from the control at α = 0.05. The level of N for large patches was
significantly different from the control but did not vary from the small patches. The CN ratio
was only significantly different between soil from large and small patches (t = -3.13, p =
0.0205), there was no significant difference between the control and large or control and small
patches.
Tukey’s test showed a significant difference in pH between the large and control and the large
and small patches (t = -4.72, p = 0.0033). However, there was no significant difference
between the small patches and the control.
3.1.2 Phosphorus
The amount of P significantly increased with patch diameter (r = 0.6914; p = 0.0268). The
Kruskal-Wallis test showed that there were significant differences in levels of phosphorus (X2
= 5.7273, p = 0.0343) among the samples. Large patches had the highest levels of P (85.37
mgkg-1) followed by the control (17.74 mgkg-1) and lastly small patches (3.92 mgkg-1) (Fig.
6).
However, there was no significant difference between the levels of P in the small and large
patches due to large variation.

mgP/kg oven dry soil

150

100

50

0
Control

Large patch

Small patch

Size

Figure 6. Box plot of P for large (n = 4) and small patches (n = 4) and the control. KruskalWallis test showed significant (X2 =5.7273, p = 0.0343) difference in P levels at α = 0.05. The
top and bottom whiskers show the maximum and minimum values without outliers,
respectively. The line shows the mean of the distribution, the diamond shows the median and
the box shows the boundaries of the upper and lower quartile.
Levels of phosphorus at 0.5 m from the patch canopy were the same as those at the epicentre
(t = -0.05, p = 0.0959).
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3.1.3 Water holding capacity and plant available water
Pearson’s correlation showed that water holding capacity at 0.33 bar, 15 bars and the
available soil moisture increased with size of the patch although the increase was not
statistically significant. Analysis of variance showed that water holding capacity at 0.33 bar
varied among samples (F = 5.99, p = 0.0372) with the large patches registering the highest
followed by the small patches and lastly the control. Tukey’s test showed that at 0.33 bar the
big patch samples were significantly higher than the control, but did not differ from the small
patch sample. No significant difference was shown at 15 bars (F = 4.71, p = 0.0590) among
the samples, but there was a general trend of increase with patch diameter (Fig. 7) with
respect to water content at different pressures. The t-test did not reveal any differences in
water holding capacity at the different pressures between big and small patch soils. The plant
available water was not significant among the soil samples (Table 1).
Big patch
20
Soil mositure %

Small patch
Control
15

10

5
0.33

1

15

Pressure (bars)

Figure 7. Water holding capacity at different soil pressures in patches of different sizes and
average of the control samples. Error bars show standard error of measured moisture content.
3.1.4 Changes in measured attributed along the direction of the wind
The levels of total C, N, CN, pH, available water and water holding capacity at 0.33 bars did
not vary at different positions under and near the patches.
3.2 Vegetation analysis
Vegetation analysis showed differences in the proportion of different types of surface cover
measured by the basal gap intercept over a transect of total length 250 m for each site (Fig. 8).
Heath was the most common vegetation type (32.3%) followed by tree/shrub (21.55%), then
moss (20.39%) and lastly rocks covering less than 0.1% of the transect length at the willow
site. The control site was mostly covered by rocks (58.78%), followed by heath (7.42%).
Trees/shrubs were missing at the control site while grass/herbs covered only 0.27% of the
transect.
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60

Control

Willow site

Percent of transect

50
40
30
20
10
0
Heath

Tree/Shrub

Moss

Grass/Herb

Bare soil

Dead moss

Rocks

Surface cover

Figure 8. Percentage of different surface cover types for transects laid at willow site and
control. Error bars show standard error of percentage cover for each surface cover type.
Vegetation data showed that there were differences in the size and distribution of canopy gaps
(Fig. 9). The willow covered site had only 5% of the line covered by canopy gaps larger than
1 m while the control had 45% of the line covered by large canopy gaps. Also the willow
covered site had a much higher portion of the transect covered by canopy and/small canopy
gaps.
Willow covered site

Control site

Canopy
and/or
gaps
smaller
than
25cm
44%

100200 cm
17%

>200
cm
28%

Canopy
and/or
gaps
smaller
than
25cm;
92%

25-50
cm
10%

100-200
cm; 2%

25-50
cm; 1%
51-100
cm; 2%
>200
cm; 3%

51-100
cm
1%

Figure 9. Size distribution of canopy and gaps at willow covered area and the control.
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4. DISCUSSION
4.1 Effect of willow patches on nutrient availability and selected soil attributes
The levels of soil C for all samples were low (cf. Arnalds 2004) but even much lower than
would be expected from well weathered Andosols (Óskarsson et al. 2004; Arnalds 2008);
probably the soils at the study site are still young. Low total C and N were probably due to the
high aeolian input and tephra deposition (Arnalds 2004). High pH values indicated soils
dominated by allophane (Nanzyo et al. 1993; Arnalds 2004). The high pH could also be
attributed to the soils being young and the presence of fresh parent material causing recharge
of basic cations during weathering (Arnalds 2004). The water holding capacity was much
lower than for typical well weathered Andosols because the soils were still young and not
fully weathered.
Soils around willow patches had more improved soil properties than the control and the
results show that the effect extended as far as 3 m from the canopy edge even for the
relatively small basal canopies used in this study. This was also shown by Jumpponen et al.
(1998). Total carbon and nitrogen were higher for large than for small patches due to
increased primary production (cf. Ludwig et al. 2004). This suggests that in the larger patches,
nutrient enrichment was more intensified (Kondo et al. 2012) in and around the canopy.
Patches are expected to grow in canopy size with time, and if smaller patches are assumed to
be younger than larger patches, it indicates that the effect of willows on a site will increase
with time. The high total C and N content may be the result of organic matter deposition from
litter fall (Hook et al. 1991; Scholes & Archer 1997), since 10 cm depth top soil was used
(Williams 1980). It is also presumed that the large patches are older than the small patches; if
this is so, then the difference in C and N could be an age effect due to accumulation of carbon
over a longer time.
The soil acidity differed between large and small patches, probably due to differences in the
soil organic matter in the top soil. Several studies have shown that soil organic matter affects
soil reactions (Pocknee & Sumner 1997; Tang & Yu 1999; Xu et al. 2006) and this study
showed that willow litter significantly lowered soil pH. The lack of variation between small
patches and the control could have been due to the low level of organic matter added into the
soil under the small patches because amelioration of pH depends on the amount of plant
residues (Wang et al. 2013) added, in this case on the amount of plant litter. Under small
patches, there may not have been enough soil organic matter to significantly change the soil
pH.
The study indicated that the presence of willows creates beneficial microsites. This
characteristic of willows can be used in restoration programs in Iceland since the success of
colonization and emergence of seedlings is affected by the immediate surroundings of the
seedling (Grubb 1977; Elmarsdottir et al. 2003), usually to the nearest centimetre.
Multiplication of willow-created microsites can be used to create favourable conditions for
other plants to germinate and survive (cf. Tongway & Ludwig 1996).
While few chemical properties were included in this study, the results point to willows
contributing to nutrient availability due to biological processes created by roots or litter
supply (Garner & Steinberger 1989) as opposed to physical processes due to capture of
organic materials and snow. Indeed the leeward side and the windward side were not
significantly different from each other for the same patch for most of the measured variables.
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Particle and water capture are expected to be important drivers for microsite creation and
properties, especially in water stressed areas.
Since patch samples were collected within 3 m of the patch basal area, the high water holding
capacity was likely due to higher total C content near the canopy. Areas with dense cover of
willows would be expected to have similar water holding properties. The available water
content did not vary significantly among samples because all samples were collected within a
small area with similar soil properties. Additionally, the difference in total C content between
samples was not large enough to significantly affect the water holding capacity of the soil
though it is known that soil C can influence the water holding properties of the soil (cf.
Hudson 1994). Patch size did not significantly increase water holding capacity at different
pressures and plant available water. The sample size could have been too small but also all the
soils were sandy and expected to have the same water holding properties.
With regard to the spatial arrangement of the sampling points, within and around the patches,
the water holding capacity at 15 bars was significantly higher on the leeward side than at any
other positions. This could have been because this area captures organic debris which could
slightly change the soil properties. Also on the leeward side there was more dieback of moss,
thus increasing the amount of organic matter which could have improved the water holding
capacity.
Phosphorus was higher under the larger patches probably due to increased biomass
production. Willows take up phosphorus and translocate it to the leaves and later release it as
litter (Ens et al. 2013). Larger patches are expected to have a denser root network and because
willows have been found to be associated with mycorrhiza, this could have contributed to the
high levels of P in the larger patches, as the mycorrhiza acquire P from the soil. However, the
study could not explain the big variation in P levels under the large patches.
4.2 Effect of willows on plant composition
The high proportion of rocks on the control site was probably a result of frost heaving which
moves coarse rock particles to the surface in areas without vegetation (Brady & Weil 1999).
Higher cover by plants in the willow site could have been due to the improved nutrient
availability caused by the presence of willows. Availability of nutrients can be a big limiting
factor for plant populations (Crawley & Ross 1990; Eriksson & Ehrlén 1992), but since
willows cause “pockets of fertility” the better conditions could benefit other plants. The
presence of microsites may create better conditions for seedling growth and survival (Fowler
1988) and was probably the reason for better plant cover in the willow site.
In addition, higher plant cover possibly protected the site from further frost heaving, creating
conditions conducive for seedling emergence and survival. Willows could also be acting as
“nurse plants” to other vegetation (Dona & Galen 2007) or even a trophic mutualist
(Galatowitsch 2012) because willows have been found to be associated with ectomycorrhiza
and abscular mycorrhiza (Dhillion 1994; Parádi & Baar 2006).
The willow covered site was probably more resistant to wind erosion due to the size
distribution of canopy and canopy gaps because according to Herrick et al. (2005) in the
Western United States, disturbed soil in gaps 1-2 m in diameter is as susceptible to wind
erosion as in gaps with no vegetation. Since wind erosion is a concern in Iceland due to the
low density soils, having more willows could improve site resistance to wind erosion.
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5. CONCLUSION
In conclusion, the study showed that the presence of willows improves soil quality, as seen in
the higher values of total C, N, and P; the effect has been greater with time because it is a
biological process due to biomass production and the action of mycorrhiza. The presence of
willows also ameliorated soil pH which could benefit certain types of plants that thrive in low
pH soils.
Improved soil quality under and around willow patches can be used to kick-start land
restoration by multiplying the number of willow patches in degraded sites.
The presence of willows ultimately improves foliar cover by nurturing other plants. The
increased plant cover leads to improved site stability to soil erosion by both water and wind.
Increased foliar cover is not only important for soil erosion control but could also directly
bring degraded land into production if palatable species germinate and establish.
It is recommended that more research be done to determine the spatial extent of the individual
microsites in order to determine the optimum willow configurations for land restoration.
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