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Abstract. Tree growth, understorey characteristics and soil parameters 
were evaluated in a silvopastoral system in northern Greece at seven 
and twelve years after its establishment. The experiment was laid out in 
1992 and included three understorey treatments (grass, legume and con-
trol - unsown), two tree species - sycamore (Acer pseudoplatanus L.) and 
Scots pine (Pinus sylvestris L.) and two tree spacings (2.5 x 2.5 m and 
3.5 x 3.5 m). Tree height was taller in the control and in the dense stands 
while Scots pine had better growth but, higher mortality than sycamore in 
the both periods. In 2004, understorey vegetation was uniform under the 
three understorey treatments and a significant decrease in sward above 
ground biomass was recorded under the dense treatment, compared with 
the open stand. In the same year, organic C and N, Mg and K concentra-
tions as well as arbuscular mycorrhizal fungi spore numbers were found 
significantly higher under sycamore than Scots pine plots in the 0-20 cm 
soil depth. The results show that, although understorey vegetation became 
uniform over time, the initial plant composition of the understorey treat-
ments continued to affect tree growth, indicating the importance of the un-
derstorey vegetation at the establishment stage of silvopastoral systems. 
However, as time passed initial tree spacing started to affect tree growth 
and tree species, particularly sycamore, to improve soil properties. These 
results indicate an evolution of the initial silvopastoral system to a forest.
Keywords agroforestry, tree height, herbage biomass, soil macronutrients, 
arbuscular mycorrhizal fungi.
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Introduction

Agroforestry systems are a traditional land use 
practice in Greece. They are widely distributed 
throughout the country and constitute impor-
tant elements of the rural and forested land-
scapes. The area covered by these systems is 
estimated to be more than 3 million hectares, or 
23% of the country (Papanastasis et al. 2009). 
Silvopastoral systems involving trees and pas-
ture/animals grown on forest and arable land 
are multiple use systems, well adapted to the 
Mediterranean environment. These systems 
include: open or dense warm Mediterranean 
pine forests, e.g. Aleppo pine (Pinus halepen-
sis Mill.) and brutia pine (Pinus brutia Ten.), 
most of the mountainous pine forests, e.g. Aus-
trian pine (Pinus nigra Arn.) and Scots pine 
(Pinus sylvestris L.), and the deciduous oak 
[Quercus pubescens Willd., Q. frainetto Ten., 
Q. petraea (Mattuschka) Liebl., Q. cerris L.] 
forests that traditionally support herbaceous or 
shrubby understorey vegetation, mostly used 
for grazing by livestock, timber and fuelwood 
production (Schultz et al. 1987, Papanastasis 
1999, Pantera & Papanastasis 2001, Papanas-
tasis 2001).
 Tree growth in agroforestry systems depends 
upon various factors such as species, spacing, 
intercrops, site quality, climate and manage-
ment practices. The variability in growth be-
tween tree species over a long period is largely 
a consequence of the species genetic potential 
for exploiting the available resources of the 
site (Feldhake & Schumann 2005), while dif-
ferences in survival rates may be explained by 
the general tolerance of the different species to 
specifi c site conditions, such as soil moisture 
and nutrient status in different years (Moffat et 

al. 2008). In semi-dry environments, understo-
rey vegetation affects the growth and survival 
of young trees due to the strong competition 
for water, at least during the fi rst years of tree 
establishment (Koukoura et al. 1999, Platis et 
al. 1999, Chang et al. 2002). However, when 
trees mature and their crowns are fully devel-
oped, the tree canopy architecture often af-
fects understorey vegetation characteristics, by 
producing different microclimatic conditions, 
which infl uences, for example, pasture biomass 
and its seasonal growth pattern (Mathew et al. 
1992, Sibbald 1999, Silva-Pando et al. 2002). 
 Tree species can infl uence soil properties 
via several mechanisms. Differences in foli-
age and litter quality, root nutrient uptake and 
activity as well as alterations of microclimate 
and the soil biological community can result in 
differences in the physical and chemical cha-
racteristics of surface soils under various spe-
cies (Hagen-Thorn et al. 2004). Also, specifi c 
agroforestry managements after several years 
may cause signifi cant changes in soil chemical 
properties (Chang et al. 2002). Organic matter 
accumulation and nutrient return to the topsoil 
of agroforestry systems varies greatly, depend-
ing on factors that determine and control the 
quantity of plant residues and litter decomposi-
tion rate, such as plant species, age and den-
sity of the tree stand, chemical composition of 
the plant residues, climatic and soil conditions 
as well as microorganism activity (Szott et al. 
1991, Rao et al. 1998). 
 To improve the effi ciency of nutrient recy-
cling in agroforestry systems, a better under-
standing of the soil biological processes is 
needed. Arbuscular mycorrhizal fungi (AMF) 
are known to enhance processes of nutrient up-
take resulting in increased plant growth (Car-
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avaca et al. 2005). AMF have also been found 
to control root diseases, improve resistance to 
drought conditions and contribute to the for-
mation of soil structure (Smith & Read 2008). 
The role of AMF is well described in a wide 
range of growth controlled conditions. How-
ever, there is insuffi cient information in the li-
terature concerning the ecology of AMF under 
natural conditions (Haselwandter & Bowen 
1996, Smith & Smith 2011). Land use is known 
to affect mean AMF species richness and spore 
abundance (Strümer & Siqueira 2010), but the 
specifi c impact of temperate agroforestry sys-
tems on AMF is not well understood, as only 
a few studies have investigated AMF in these 
systems (Bainard et al. 2011). Generally, AMF 
are sensitive to changes in soil and plant condi-
tions and their occurrence and persistence are 
affected by agroforestry combinations (Jefwa 
et al. 2006). Trees and crops often share the 
same AMF. Trees may act as reservoirs of my-
corrhizal fungi for surrounding crops or other 
annual vegetation (Ingleby et al. 2007).
 Tree-based intercropping systems occur 
throughout Europe and in the rest of the world 
and play an important role in the global C cycle. 
An understanding of the response of these sys-
tems to climate change does not only provide 
necessary information on likely changes to nu-
trient cycles, but also on feedback of perturba-
tions to global C cycles (Pandey 2002, Palma et 
al. 2007, Mosquera-Losada et al. 2011, Dhillon 
& von Wuehlisch 2013). In 1992, a network of 
silvopastoral systems was established at fi ve 
sites across Europe within the framework of an 
EU-funded project (Biogeochemical Cycling 
in Agriforestry Systems Network, BAFNET, 
STEP-CT90-0075, EV5V-CT93-0288), to 
investigate the nutrient cycling interactions 
of climate and soil type with trees, soil and 
understorey (Green et al. 1999). One of these 
sites was located in northern Greece. Sycamore 
(Acer pseudoplatanus L.) was planted in all 
sites at 800 and 1600 stems ha-1 into three 
different understoreys; perennial ryegrass 
(Lolium perenne L.), white clover (Trifolium 

repens L.) and ground maintained vegetation-
free. A second tree species, Scots pine, was 
planted in the Greek site at the two densities 
with the same three understorey types. The 
inclusion of this species, whose southern 
natural distribution limits in Europe are located 
in Pieria Mountain, northern Greece (Dafi s 
2010), permitted comparisons of the relative 
mechanisms and processes important within 
broad-leaved and coniferous silvopastoral 
systems.
 Early results from the fi rst six years of the 
experiment of the Greek site have shown that 
tree growth was strongly infl uenced by the 
presence and type of the understorey species, 
while tree spacing did not produce any sig-
nifi cant differences. Tree growth was found to 
be higher in vegetation free treatments in re-
sponse to the greater availability of moisture 
and nutrients, but the infl uence of trees (spe-
cies or spacing) on herbage biomass was not 
signifi cant (Gakis 2000, Gakis et al. 2004). 
 The present study aimed at re-examining tree 
performance and the nutritional status of the 
soil, by carrying out two new inventories (in 
1999 and 2004), in order to understand the tree 
growth mechanisms and the transfer processes 
between nutrient pools in the silvopastoral sys-
tem. The hypothesis was that the interactions 
between trees, understorey vegetation and soil 
environment had become more complex as the 
trees matured. Specifi cally, we addressed the 
following questions: (1) How treatments at 
the establishment phase affected tree growth 
in the subsequent years? (2) Were trees having 
any effects on understorey vegetation? (3) 
Have there been any alterations in soil chemi-
cal properties between 1999 and 2004? and (4) 
Did soil chemical properties remain unaffected 
by silvopastoral manipulations? Furthermore, 
since little is known about AMF occurrence 
and diversity, as well as of the impact of sil-
vopastoral systems on AMF communities, we 
also investigated AMF spore abundance and 
community composition.
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Materials and methods

Much of the methodology adopted in this pa-
per has also been described in an earlier publi-
cation (Gakis et al. 2004).

Study site

The experiment was established in 1992 in a 
parcel of former agricultural land (about 3.6 
ha) within a beech (Fagus sylvatica L.) forest, 
located near the village of Archangelos, pre-
fecture of Pella, in central Macedonia, north-
ern Greece (latitude: 41o 13’ N, longitude: 22o 

26’ E). The area has an uniform, fairly deep (up 
to 100 cm), sandy clay loam soil, derived from 
mica schist, with a pH of 6.0, a slope of 8% 
and is located at 800 m a.s.l. Climate is sub-hu-
mid Mediterranean, with a mean annual rain-
fall of 630 mm and a mean annual temperature 
of 11o C.

Experimental layout

Prior to the establishment of the experiment, 
the site was deeply ploughed and cultivated, to 
remove native herbaceous and woody vegeta-
tion, especially bracken fern (Pteridium aqui-
linum L.), which was occupying the majority 
of the area.
 The experimental layout was a split-split 
plot design with three replications. Main plots 
(50 x 54 m) were three understorey treatments 
(grass, legume and control), sub-plots (50 x 25 
m) were two tree species (sycamore and Scots 
pine) and sub-subplots (25 x 25 m) were two 
tree spacings (dense - 2.5 x 2.5 m or 1600 trees 
ha-1 and open - 3.5 x 3.5 m or 800 trees ha-1). 
In each main plot, a strip (4 x 50 m) which 
was not planted with trees was left between 
the two sub-plots. Around the main plots a 5 
m wide buffer zone was left to separate them 
from each other. 
 Trees were planted in the autumn of 1991 
and herbaceous species were sown in early 
spring 1992. The grass treatment involved 

sowing of perennial ryegrass and the legume 
treatment sowing of white clover, both at a rate 
of 20 kg ha-1, without fertilization. Two year-
old seedlings of both tree species were used at 
planting time. In the autumn of 1992, dead tree 
seedlings were replaced with new ones of the 
same age.
 Grass plots were sprayed with the selective 
herbicide Brominal H (bromoxynil) at a rate of 
2 dm3 ha-1  to control the broad-leaved weeds; 
and the legume plots with 2,4 DB and Fusilade 
(fl uazifop) at a rate of 0.8 dm3 ha-1 each to con-
trol thistles and the grass weeds respectively. 
Control plots were kept weed-free by spraying 
with the general herbicide Roundup (glypho-
sate) at a rate of 3 dm3 ha-1. Glyphosate was 
also applied to kill any herbaceous plants in 
an area of 0.5 m radius around each planted 
tree seedling in all plots. Herbicides were ap-
plied in the grass and legume treatments only 
once, in late spring of 1992, when weeds had 
developed the fi rst 2-3 leaves. In the control 
treatment, sprayings were repeated once a year 
until 1995. In the spring of 1995, sowing in 
the treatments with herbaceous vegetation was 
repeated because the plants sown in 1992 had 
declined signifi cantly. Twenty kilos of grass or 
clover seed per hectare were applied. The only 
difference from the fi rst sowing was that pe-
rennial ryegrass was replaced by a mixture of 
tall fescue (Festuca arundinacea Schreb.) and 
cocksfoot (Dactylis glomerata L.). Re-sown 
species gradually declined, too. As a conse-
quence, spontaneous plant species invaded 
and dominated both the grass and legume 
treatments. Indigenous weeds also invaded the 
control treatment after the end of sprayings in 
1995. The whole experimental area was fenced 
out to prevent grazing from livestock.

Field measurements and laboratory analyses

Tree growth. In December 1999 and June 
2004, 20 trees in the center of each sub-subplot 
were measured for height and stem diameter. 
Height was measured using a telescopic height 
stick. Diameter was measured using a caliper 
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at the base of the trunk. Survival was calculat-
ed from the trees alive at the time of measure-
ment on each group of the core 20 trees.
 Understorey vegetation. In June 2004, 
plant cover and species composition of the 
understorey vegetation were assessed with the 
point method (Cook & Stubbendieck 1986), 
by taking two transects along the diagonals 
of each sub-subplot. In addition above ground 
biomass of understorey vegetation was es-
timated by cutting three randomly located 
quadrates (0.50 x 0.50 m each) within each 
sub-subplot. This sampling date was selected 
because the maximum pasture production usu-
ally occurs in early summer at the study area, 
when temperatures and radiation levels are the 
highest and precipitation is close to the moder-
ate levels (Gakis 2000, Silva-Panto et al. 2002, 
Gakis et al. 2004). All samples were weighed 
in the laboratory after oven-drying at 65o C for 
48 hours. A representative sample was ground 
and analyzed for nutrient content. N was deter-
mined by the Kjeldahl method, while Ca, Mg 
and K were determined by atomic absorption 
spectroscopy (Alifragis & Papamichos 1995).
 Soil pH, organic C and macronutri-
ents. Soil samplings were conducted in April 
1999 and June 2004. Soil was sampled in each 
sub-subplot from two depths, 0–20 and 20–40 
cm, using a tube auger. Three randomly se-
lected sub-samples were collected from each 
sub-subplot and depth and were combined to 
a composite sample. After drying and sieving 
the samples, the following determinations were 
made: organic C by the wet digestion method 
(Nelson & Sommers 1982), N by the Kjeldahl 
method (Stevenson 1982), extractable P by the 
Olsen method (Olsen & Sommers 1982), ex-
changeable Ca, Mg and K by the CH3COONH4 
– pH 7 method (Grant 1982). pH determina-
tion was conducted electrometrically in a 1:1 
water-sample suspension (McLean 1982). 
 AMF analysis. Additionally, in June 2004, 
the same soil sampling method was used to 
collect extra samples, in order to isolate AMF 
spores. Soil samples were treated as described 

on Błaszkowski et al. (2006), with 50 spores 
mounted in water, lactic acid, polyvinyl alco-
hol/lactic acid/glycerol and a mixture of PVLG 
and Melzer’s reagent (1:1, v/v).
 Spores at all developmental stages were 
crushed to varying degrees by applying pres-
sure to the cover slip and then stored at 65o C 
for 24 h to clear their contents from oil drop-
lets. AMF were identifi ed according to original 
descriptions (http://www.lrz.de/~schuessler/
amphylo/amphylo_home.html) and descrip-
tions and illustrations presented in Morton 
& Redecker (2001) and Błaszkowski et al. 
(2003).  
 Glomeromycota DNA sequences from ITS 
and LSU regions of ribosomal DNA (rDNA) 
were aligned using CLUSTALW2 (Larkin et 
al. 2007) and regions of high variability with 
interspecifi c, but not intraspecifi c variability, 
were chosen for the design of taxon-specifi c 
primers.
 DNA was extracted from spores and root 
samples using the NucleoSpin Plant II extrac-
tion kit (Macherey-Nagel). For this, 10 spores 
of each AMF isolate or 0.1 g of roots were ex-
tracted using PL2 buffer (containing SDS) fol-
lowing instructions provided with the kit. DNA 
samples were kept at 20°C until analysis. 
 Nested PCR was used to amplify rDNA 
from AMF in a region covering part of the 
ITS region and 5’ end of the LSU region. The 
primers ITS3 (White et al. 1990) and FLR2 
(Trouvelot et al. 1999) were used for the fi rst 
amplifi cation of fungal rDNA sequences. The 
PCR protocol used was as described by Gol-
lotte et al (2004) and White et al (1990). The 
PCR products were run on a 1.4% agarose gel 
in TAE buffer and visualized after ethidium 
bromide stain, under UV light. Presence/ab-
sence of bands was recorded for each sample 
and primer pair combination.

Statistical analysis

Statistical analysis for understorey and soil 
(separately for each soil layer) data was per-
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Height (m) Stem diameter (cm) Survival (%)
Sycamore Scots pine Sycamore Scots pine Sycamore Scots pine

Treatments 1999 2004 1999 2004 1999 2004 1999 2004 1999 2004 1999 2004

Control   4.60a

(0.27)
  5.57a

(0.54)
  3.58
(0.17)

  6.86a

(0.11)
  6.4a

(0.6)
  7.8a

(1.1)
  9.3
(0.4)

13.7
(0.6)

98.3a

(1.1)
98.3
(1.1)

87.5a

(5.1)
87.5a

(5.1)

Grass   1.91b

(0.15)
  2.48b

(0.32)
  3.40
(0.11)

  6.43ab

(0.12)
  2.4b

(0.2)
  3.1b

(0.4)
  8.3
(0.2)

13.1
(0.3)

86.7b

(3.1)
85.8
(4.0)

73.3ab

(4.0)
70.8b

(5.1)

Legume   2.83b

(0.23)
  3.75ab

(0.56)
 2.86
(0.05)

 6.02b

(0.09)
  3.3
(0.3b)

  4.5ab

(0.7)
  7.3
(0.1)

12.3
(0.2)

82.5b

(3.1)
77.5
(4.0)

57.5b

(10.2)
54.2c

(9.4)
** * ns * * * ns ns ** ns * **

Dense   3.33
(0.39)

  4.32
(0.50)

  3.36
(0.14)

  6.55
(0.16)

 4.2
(0.6)

  5.3
(0.7)

  8.2
(0.3)

12.7
(0.3)

91.7
(2.5)

90.0
(2.9)

74.4
(5.9)

70.6
(6.5)

Open   2.90
(0.46)

  3.54
(0.65)

  3.20
(0.14)

  6.32
(0.12)

  3.9
(0.8)

 4.9
(1.1)

  8.4
(0.4)

13.4
(0.4)

86.7
(3.4)

84.4
(4.7)

71.1
(7.9)

71.1
(7.9)

Interactions ns ns * ns ns ns ns * ns ns ns ns
ns ns ns ns ns ns ns ns ns ns ns ns

formed using ANOVA for the appropriate 
split-split plot design. Tree data were analyzed 
by ANOVA separately for each tree species. 
Percentage cover data of understorey plants 
were transformed to arcsine values prior to 
their analysis to meet the normality criterion. 
Comparisons among means were done with 
the Duncan’s multiple range test. Calculations 
were performed using the programs MSTAT-C 
ver. 1.2 and JMPIN ver. 9.0.2.

Results

Tree growth

Tree height, stem diameter and survival are 
shown in Table 1. For tree height, there was 
a signifi cant effect of the understorey in both 
years, with an exception concerning Scots pine 
in 1999. Specifi cally, the control treatment pro-

duced taller trees than the other two (grass and 
legume). Tree spacing produced signifi cant 
results only for Scots pine in 1999, with the 
dense spacing resulting in taller trees than the 
open one, although in both species and years 
there was a similar increasing trend (p < 0.1). 
For stem diameter, the understorey produced 
signifi cant results in sycamore in both years, 
again with the control resulting in greater stem 
diameter than the other two treatments. A sig-
nifi cant effect of spacing was observed in 2004 
for Scots pine stem diameter when trees in the 
open treatments were found with greater diam-
eter than those in the dense ones. 
 Although mean tree height (average of all 
treatments) of both species was almost the 
same in 1999, in 2004, Scots pine trees ave-
raged more than one and a half as tall as syca-
more. Stem diameter of Scots pine in 2004 was 
157% greater than sycamore, while in 1999 
that difference was 102%. Scots pine grew 

Note. a Means of the same parameter and in the same year within each understorey treatment marked with different letters 
are signifi cantly different (according to Duncan’s test). ns indicates no signifi cant difference, while * and ** signifi cance 
at P < 0.05 and P < 0.01, respectively. The data in paranthesis are the standard errors.

Means (and standard errors) of the main effects of the treatments (understorey and tree spacing) on 
sycamore (Acer pseudoplatanus L.) and Scots pine (Pinus sylvestris L.) height, stem diameter and 
survival in the years 1999 and 2004. [Understorey: Control, Grass, Legume; Tree spacing: Dense = 
2.5 x 2.5 m, Open = 3.5 x 3.5 m]

Table 1 
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faster than sycamore from 1999 to 2004. Scots 
pine trees in 2004 were 96% taller and they 
had 58% greater stem diameter than in 1999 
while sycamore was 26% taller and had 24% 
greater stem diameter respectively. 
 For survival, understorey treatments pro-
duced signifi cant results for Scots pine in both 
years and for sycamore in 1999 with the con-
trol having the highest survival compared to 
the other two. For sycamore, the difference 
was apparent (p = 0.052) in 2004. Tree spac-
ing did not have any signifi cant effects. Syca-
more tree survival was greater than in Scots 
pine trees. Sycamore had the highest mean 
survival rate, at 89.2% and 87.2% in 1999 and 
2004, respectively and Scots pine the lowest, 
at 72.8% and 70.9%. Survival was highest for 
both species in the control treatment, where 
no tree losses were observed between 1999 
and 2004 and lowest in the legume treatment. 
Particularly in the legume treatment, almost 
half of the Scots pine trees planted at the be-
ginning of the experiment survived 12 years 
later. Greater tree losses between 1999 and 
2004 were counted for sycamore in the legume 
treatments (6%) and for Scots pine in the dense 
treatments (5%). Finally, interactions were not 
signifi cant. 

Understorey vegetation

Cover, above ground biomass and nutrient (N, 
Ca, Mg and K) concentrations of the understo-
rey vegetation in 2004 are presented in Table 
2. Mean cover was about 27%, 47%, 18% and 
8% respectively for bracken fern, herbaceous 
species, woody species and bare soil. Grasses 
were the dominant group among the herba-
ceous species. There were no signifi cant effects 
of the understorey treatments on the various 
cover components including bare soil. Grass 
cover was signifi cantly higher under sycamore 
than Scots pine, while woody species cover 
and bare soil were signifi cantly higher under 
Scots pine. Finally, tree spacing produced al-
most signifi cant differences (p = 0.054) on 

bare soil, suggesting that the dense plots did 
not favour the establishment of understorey 
vegetation compared with the open plots. As 
far as the interactions are concerned, they were 
statistically signifi cant only between tree spe-
cies and spacing for the bare soil cover. 
 For the pasture biomass, understorey and 
tree species did not produce signifi cant effects, 
but open spacing had signifi cantly higher bio-
mass than the dense one. Also, no signifi cant 
interactions were found between any of the 
treatments employed. For the nutrient concen-
trations of the herbage, fi nally, tree species af-
fected both N and K concentrations, with the 
amounts under Scots pine being signifi cantly 
higher than under sycamore. The understorey 
vegetation and tree spacing did not signifi cant-
ly affect nutrient concentrations. 

Soil properties

Soil pH, organic C and macronutrient (N, P-
Olsen, Ca, Mg and K) concentrations are pre-
sented in Table 3 for the upper soil layer (0-20 
cm) and in Table 4 for the lower soil layer (20-
40 cm). Silvopastoral treatments had no sig-
nifi cant effects on soil pH at either depth. Soil 
pH decreased in all treatments at both depths; 
from an initial mean value of 6.11 in the up-
per soil layer in 1999 it became 5.78 in 2004 
and in the lower soil layer from 6.02 to 5.62 
respectively.
 Understorey and tree density had no signifi -
cant effects on organic C and soil N. Tree spe-
cies however produced signifi cant differences, 
but only in the upper soil layer and in 2004, 
where organic C concentration was 14% and 
soil N 15% higher in sycamore than in Scots 
pine plots. Also, no signifi cant interactions 
were found between treatments in both nutri-
ents. Soil C was decreased between 1999 and 
2004, especially in the upper soil layer (from a 
mean value of 3.42 to 2.96%). On the contrary, 
soil N tended to increase between the years, 
especially in the lower soil level (from 0.19 to 
0.29%). Concerning P-Olsen concentration, 
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only tree spacing produced signifi cant results 
in 2004, when open had higher concentration 
than dense plots in the lower soil layer. Final-
ly, no signifi cant fi rst order interactions were 
also found at this level, too (Table 4). A con-
siderable increase of P-Olsen concentration 
was found in all treatments and both depths 
between years. In 2004, P-Olsen concentra-
tion in the upper soil layer averaged almost 
two times more than the one in 1999 (1.96 to 
1.00 mg 100 g-1 respectively) and in the lower 
soil layer almost two times and a half (1.92 to 
0.76 mg 100 g-1 respectively). There was also a 

substantial increase of the Ca concentration by 
22% in the upper and by 29% in the lower soil 
level between 1999 and 2004. The silvopasto-
ral treatments though did not produce any sig-
nifi cant effects. Mg concentration, on the other 
hand, changed slightly between the two time 
periods and tree species produced signifi cant 
effects in the upper soil layer in 2004 with syc-
amore exceeding Scots pine. On the contrary, 
K concentration was decreased considerably 
by 32% in the upper and by 25% in the lower 
soil layer between 1999 and 2004. In addition, 
tree species produced a signifi cant effect in the 

Note. Abbreviations: ns - no signifi cant difference, * and ** indicate signifi cance at P < 0.05 and P < 0.01, respectively. 
The data in paranthesis represent the standard error.

Means (and standard errors) of the main effects of the treatments (understorey, tree species and tree 
spacing) on soil properties (0-20 cm) in the years 1999 and 2004. [Understorey (1): Control, Grass, 
Legume; Tree species (2): Sycamore = Acer pseudoplatanus L., Scots pine = Pinus sylvestris L.; 
Tree spacing (3): Dense = 2.5 x 2.5 m, Open = 3.5 x 3.5 m]

Table 3 

pH C (%) N (%) P 
(mg100 g-1)

Ca  
(cmolc kg-1 )

Mg  
(cmolc kg-1 )

K 
(cmolc kg-1 )

Treatments 1999 2004 1999 2004 1999 2004 1999 2004 1999 2004 1999 2004 1999 2004

Control  6.10
(0.07)

 5.70
(0.10) 

 3.59
(0.12) 

 3.06
(0.19)

 0.26
(0.01)

 0.29
(0.02)

 1.00
(0.06)

 2.00
(0.07)

 8.69
(0.53)

 9.90
(1.08

 1.44
(0.12)

 1.29
(0.08)

 1.00
(0.07)

 0.65
(0.07) 

Grass  6.13
(0.06)

 5.84
(0.07) 

 3.24
(0.23)

 3.18
(0.27)

 0.26
(0.02)

 0.28
(0.02)

 1.02
(0.05)

 2.01
(0.13)

 9.28
(0.76)

11.16
(1.11

 1.44
(0.13)

 1.32
(0.07)

 0.98
(0.09)

 0.68
(0.05) 

Legume  6.10
(0.11)

 5.79
(0.13)

 3.43
(0.22)

 2.65
(0.16)

 0.26
(0.02)

 0.31
(0.02)

 0.98
(0.07)

 1.88
(0.08)

 8.62
(1.05)

11.62
(1.05

 1.24
(0.14)

 1.21
(0.05)

 0.85
(0.11)

 0.60
(0.08)

ns ns ns ns ns ns ns ns ns ns ns ns ns ns

Sycamore  6.15
(0.06) 

 5.84
(0.08) 

 3.45
(0.17)

 3.15
(0.15)

 0.26
(0.01)

 0.31
(0.02) 

 1.02
(0.05)

 1.85
(0.08)

 9.06
(0.69)

11.61
(0.87 

 1.36
(0.07)

 1.36
(0.05)

 0.96
(0.06)

 0.71
(0.05)

Scots pine  6.07
(0.06) 

 5.71
(0.09)

 3.38
(0.16) 

 2.77
(0.20)

 0.26
(0.01)

 0.27
(0.01)

 0.98
(0.04)

 2.07
(0.07)

 8.67
(0.61)

10.18
(0.86

 1.39
(0.13)

 1.19
(0.05)

 0.93
(0.09)

 0.57
(0.06)

ns ns ns * ns * ns ns ns ns ns ** ns *

Dense  6.16
(0.06) 

 5.71
(0.08)

 3.42
(0.15) 

 2.81
(0.18)

 0.26
(0.01)

 0.29
(0.01)

1.00
(0.04)

 1.88
(0.08) 

 9.15
(0.59)

10.51
(0.91

 1.38
(0.10)

 1.23
(0.06)

 0.94
(0.08) 

 0.62
(0.06)

Open  6.06
(0.07)

 5.84
(0.09)

 3.42
(0.17)

 3.11
(0.18)

 0.26
(0.01)

 0.30
(0.02)

 1.00
(0.05)

 2.04
(0.08) 

 8.58
(0.70) 

11.28
(0.84 

 1.37
(0.11)

 1.31
(0.05)

 0.94
(0.07) 

 0.66
(0.05)

ns ns ns ns ns ns ns ns ns ns ns ns ns ns
Interactions
(1)x(2) ns ns ns ns ns ns ns ns ns ns ns ns ns ns
(1)x(3) ns ns ns ns ns ns ns ns * ns ns ns ns ns
(2)x(3) ns ns ns ns ns ns ns ns ns ns ns ns ns ns
(1)x(2)x(3) ns ns ns ns ns ns ns ns ns ns ns ns ns ns
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upper soil layer in 2004 with sycamore having 
greater K concentration than Scots pine plots. 
However, almost all of the interactions among 
the various treatments were not statistically 
signifi cant. 
 Table 5 shows the treatment effects on my-
corrhizas. It is clear that they did not produce 
any signifi cant results in both soil depths ex-
cept tree species in the upper depth, where 
total AMF spore number was signifi cantly 
greater under sycamore than under the Scots 
pine plots. However, total AMF spore number 

was highest in the 20-40 cm soil depth in all 
treatments. Spores were found to belong to 
four genera: Glomus, Gigaspora, Scutelospora 
and Acaulospora. Glomus dominated in both 
depths (84.4 and 73.3% for the upper and the 
lower soil layer respectively), followed by Gi-
gaspora (11.7 and 16.3%), Scutelospora (8.5 
and 8.6%) and Acaulospora (0.3 and 1.1%). A 
small proportion of unidentifi ed spores were 
also encountered (0.2 and 0.7%). As in total 
AMF, understorey did not signifi cantly affect 
any of the four genera groups. However, tree 

Note. Abbreviations: ns - no signifi cant difference, *, indicate signifi cance at P < 0.05. The data in paranthesis represent 
the standard error.  

Means (and standard errors) of the main effects of the treatments (understorey, tree species and 
tree spacing) on soil properties (20-40 cm) in the years 1999 and 2004. [Understorey (1): Control, 
Grass, Legume; Tree species (2): Sycamore = Acer pseudoplatanus L., Scots pine = Pinus sylvestris 
L.; Tree spacing (3): Dense = 2.5 x 2.5 m, Open = 3.5 x 3.5 m]

Table 4 

pH C (%) N (%) P 
(mg100g-1)

Ca 
 (cmolc kg-1 )

Mg  
(cmolc kg-1 )

K 
(cmolc kg-1 )

Treatments 1999 2004 1999 2004 1999 2004 1999 2004 1999 2004 1999 2004 1999 2004

Control  5.98
(0.07)  

 5.51
(0.10) 

 2.79
(0.16)

 2.44
(0.21)

 0.19
(0.02

 0.24
(0.01) 

 0.70
(0.03)

 1.95
(0.05) 

 7.48
(0.54)

 9.53
(1.17)

 1.11
(0.06)

 1.17
(0.07)

 0.75
(0.07) 

 0.51
(0.06) 

Grass  6.07
(0.09) 

 5.62
(0.13) 

 2.17
(0.18)

 2.26
(0.20)

 0.18
(0.01

 0.30
(0.04) 

 0.75
(0.04)

 1.98
(0.11) 

 7.39
(0.73)

 9.53
(1.28)

 0.86
(0.07)

 1.00
(0.05)

 0.61
(0.08)

 0.47
(0.04)

Legume  6.00
(0.12)

 5.74
(0.17)

 2.53
(0.22)

 2.16
(0.25)

 0.19
(0.05

 0.28
(0.03)

 0.82
(0.03) 

 1.82
(0.07) 

 8.26
(1.00)

10.68
(1.33)

 0.91
(0.08)

 0.99
(0.07)

 0.54
(0.07)

 0.45
(0.07)

ns ns ns ns ns ns ns ns ns ns ns ns ns ns

Sycamore  6.02
(0.07)

 5.62
(0.10) 

 2.55
(0.17)

 2.37
(0.16)

 0.19
(0.01

 0.29
(0.03)

 0.72
(0.03) 

 1.88
(0.08) 

 7.62
(0.63) 

10.69
(1.17) 

 0.97
(0.06)

 1.05
(0.06)

 0.62
(0.05)

 0.51
(0.04)

Scots pine  6.01
(0.08) 

 5.63
(0.12) 

 2.44
(0.16)

 2.21
(0.20)

 0.18
(0.01 

 0.26
(0.02) 

 0.79
(0.03) 

 1.95
(0.05) 

 7.80
(0.64)

 9.14
(0.81)

 0.96
(0.07)

 1.06
(0.05)

 0.65
(0.07) 

 0.45
(0.05) 

ns ns ns ns ns ns ns ns ns ns ns ns ns ns

Dense  6.05
(0.08) 

 5.57
(0.12) 

 2.52
(0.18)

 2.09
(0.20)

 0.19
(0.01 

 0.27
(0.02) 

 0.78
(0.03) 

 1.82
(0.08) 

 7.98
(0.70)

 9.94
(1.05)

 0.98
(0.07)

 1.03
(0.06)

 0.62
(0.07)

 0.49
(0.05)

Open  5.98
(0.07) 

 5.67
(0.10) 

 2.48
(0.16)

 2.48
(0.15)

 0.18
(0.01 

 0.28
(0.03) 

 0.73
(0.03) 

 2.01
(0.05) 

 7.44
(0.56) 

 9.89
(1.00) 

 0.95
(0.05)

 1.08
(0.05)

 0.65
(0.06) 

 0.46
(0.04) 

ns ns ns ns ns ns ns * ns ns ns ns ns ns
Interactions
(1)x(2) ns ns ns ns ns ns ns ns ns ns ns ns ns ns
(1)x(3) ns ns ns ns ns ns ns ns ns ns ns ns ns ns
(2)x(3) ns ns ns ns ns ns ns ns ns ns ns ns ns ns
(1)x(2)x(3) ns ns ns ns ns ns ns ns ns ns ns * ns ns
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species produced signifi cant effects in Glomus 
as well as in Gigaspora and Scutelospora only 
in the upper depth with sycamore having more 
spore numbers than Scots pine plots. Tree spac-
ing affected signifi cantly only Glomus in the 
0-20 cm soil depth with dense plots exceed-
ing the open ones. Again, spore numbers were 
higher in the lower than in the upper depth in 
most treatments of the four genera. Finally, the 
majority of interactions were not statistically 
signifi cant. 

Discussion

Tree growth

The signifi cant differentiation among under-
storey treatments, concerning the height and 
the stem diameter of sycamore trees, had al-
ready emerged after the second year of estab-
lishment (in 1994 for height and in 1993 for 
stem diameter) where in the control plots the 
increased water and possibly the increased nu-
trient availability resulted in better tree growth 

Note. Abbreviations: ns - no signifi cant difference, * , ** and *** indicate signifi cance at P < 0.05, P < 0.01 and P < 0.001, 
respectively. The data in paranthesis represent the standard error.

Means (and standard errors) of the main effects of the treatments (understorey, tree species and 
tree spacing) on AMF abundance (spores/200g) in two soil depths in June 2004. [Understorey (1): 
Control, Grass, Legume; Tree species (2): Sycamore = Acer pseudoplatanus L., Scots pine = Pinus 
sylvestris L.; Tree spacing (3): Dense = 2.5 x 2.5 m, Open = 3.5 x 3.5 m]

Table 5 

Total AMF Glomus Gigaspora Scutelospora Acaulospora Other

Treatments 0-20
 cm

20-40 
cm

0-20
 cm

20-40 
cm

0-20 
cm

20-40 
cm

0-20 
cm

20-40 
cm

0-20 
cm

20-40 
cm

0-20 
cm

20-40 
cm

Control   50.33
(17.18)

139.67
(16.31)

 39.08
(13.64)

109.67
(12.48) 

 6.50
(2.60)

18.67
 (6.12)

 4.50
(2.11)

 9.17
(2.61)

 0.17
(0.17)

 1.08
(0.50)

 0.08
(0.08)

 1.08
(0.56)

Grass   48.75
(16.74)

179.67
(28.55)

 37.67
(12.91) 

112.92
(14.38) 

 5.75
(2.47)

36.00
 (8.04)

 4.92
(2.25)

 26.33
(13.59)

 0.25
(0.13) 

 2.83
(0.92)

 0.17
(0.11)

 1.58
(0.81)

Legume  77.08
(17.74)

129.25
(10.65)

 62.92
(13.85)

106.17
   (8.36)

 8.42
(2.97)

18.42
 (3.33) 

 5.50
(2.92)

 3.25
(0.92)

 0.08
(0.08) 

 1.00
(0.39) 

 0.17
(0.17)

 0.42
(0.23)

ns ns ns ns ns ns ns ns ns ns ns ns

Sycamore 104.28
(12.23) 

128.89
  (9.85)

 81.06
(10.06)

94.67
(6.62)

13.06
(2.22)

24.67
 (4.03) 

 9.89
(2.23)

 7.33
(1.66)

 0.28
(0.14) 

 1.44
(0.43) 

 0.00
(0.00)

 0.78
(0.28)

Scots pine 13.17
(3.18) 

170.17
(20.59)

12.06
 (3.06)

124.50
(10.84) 

 0.72
(0.33)

24.06
 (6.37)

 0.06
(0.06)

18.50
 (9.37)

 0.06
(0.06)

 1.83
(0.66)

 0.28
(0.14)

 1.28
(0.62)

*** ns ** ns *** ns ** ns ns ns ns ns

Dense  66.83
(14.80)

148.72
(17.53)

 54.44
(12.58)

110.33
  (8.44) 

  8.22
(2.34) 

26.56
 (5.99)

 3.89
(1.18)

 9.22
(4.21)

 0.11
(0.08)

 1.94
(0.53) 

 0.17
(0.12)

 0.67
(0.27)

Open  50.61
(13.30)

150.33
(16.23)

38.67
 (9.22)

108.83
 (10.78) 

 5.56
(1.96)

22.17
 (4.51)

 6.06
(2.51)

16.61
 (8.66)

 0.22
(0.13)

 1.33
(0.58)

 0.11
(0.08) 

 1.39
(0.62)

ns ns ** ns ns ns ns ns ns ns ns ns
Interactions
(1)x(2) ns ns ns ns ns ns ns ns ns * ns b=ns

(1)x(3) ns ns ns ns ns ns ns ns ns ns ns ns

(2)x(3) ns ns ** ns ns ns ns ns ns ns ns ns

(1)x(2)x(3) ns ns ns ns ns ns ns ns ns ns ns ns
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(Gakis 2000, Gakis et al. 2004). 
 For Scots pine, the presence of competitive 
understorey vegetation of white clover at the 
early stages of establishment has resulted in 
limited tree growth due to the competition for 
water (Gakis 2000, Gakis et al. 2004). The trees 
in the control and the grass plots were signifi -
cantly taller than those in the legume plots in 
1994 and 1996 while the grass plots produced 
statistically the same results as in the control, 
but until 2004 the differentiation in tree height 
became stronger and trees grew taller in the 
control treatments. 
 In fact, trees in the initially unsown plots 
have still been deriving benefi t from the un-
derstorey control twelve years later, despite 
the fact that understorey vegetation cover be-
came almost the same in all treatments after 
the decline of the sown herbaceous species and 
the gradual invasion and fi nal dominance of in-
digenous species in all treatments after 1996. 
Similar results were also found by Hoepting et 
al. (2011) in Ontario, Canada, where early con-
trol of herbaceous vegetation and an increased 
duration of this understorey control were as-
sociated with increased tree survival and taller 
trees in a 15 year-old red pine (Pinus resinosa 
Ait.) plantation.
 The taller height and larger stem diameter 
of Scots pine in the experimental area perhaps 
indicates its potential for a more effi cient ex-
ploitation of the available resources at the site 
than sycamore. Scots pine is a pioneer species 
with high adaptive capacity (Dafi s 2010) while 
sycamore is a shade-bearing species with rela-
tively slow absolute growth rates (Moffat et al. 
2008). 
 It is worth noting that during the fi rst eight 
growing seasons (1992-1999) sycamore had an 
average  growth rate of 0.33 m year-1 for height 
and 0.4 cm year-1 for stem diameter (Gakis et 
al. 2004). However, over the last four grow-
ing seasons (2000-2004) there was a slow-
down and height was increased on the aver-
age by 0.20 m year-1 and stem diameter by 0.3 
cm year-1. On the contrary, in the same period, 

Scots pine continued to get taller by an average 
rate of 0.79 m year-1. Hazandy & Mencuccini 
(2008) also observed that sycamore trees in 
Scotland were growing very rapidly during the 
younger stages (< 7 years) and the growth rates 
began to decrease afterwards. Differences in 
the growth rate of height in Scots pine trees in 
Great Britain were associated with miscellane-
ous environmental variables such as competi-
tion with other trees, water holding capacity of 
the surface soil and seasonal rainfall distribu-
tion (White 1982). 
 At the early stage of the experiment, until 
spring of 1997, no effect of tree spacing on tree 
height and stem diameter was found (Gakis et 
al. 2004). Nearly three years later, the differ-
ence in tree height between spacings suggests 
that competition started among trees, especial-
ly in the dense treatment. This suggests that the 
plantation started to function as a forest rather 
than as a silvopastoral system; in 2004, crown 
canopy cover in most plots was more than 40% 
(visual estimation) while in almost all dense 
Scots pine plots exceeded 80% (Papanastasis 
et al. 2009). The signifi cant differentiation be-
tween spacings concerning stem diameter of 
Scots pine trees in 2004 was expected. Marcos 
et al. (2007) reported that lower density results 
in less intraspecifi c competition thus permit-
ting greater trunk perimeter and crown diam-
eter in Scots pine stands in the northwestern 
Spain. Also, in an experiment involving three 
spacings of an artifi cial plantation of brutia 
pine in northern Greece, it was found that, after 
the tenth year from establishment, both the tree 
diameter and the amount of herbaceous under-
storey were increased as tree spacing increased 
(Platis et al. 1999, Mantzanas et al. 2001).
 The lower survival rate of Scots pine trees 
compared to sycamore may be attributed to the 
strong competition that its seedlings encoun-
tered in the plots seeded with white clover at 
the early stages of establishment (Gakis 2000, 
Gakis et al. 2004). Another possible reason 
may be the interference of the same seedlings 
by bracken fern, which tended to re-invade the 
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treated areas during early establishment. The 
latter reason is supported by Dolling (1996) 
who attributed the low germination and high 
mortality of Scots pine seedlings to bracken 
phytotoxicity. On the other hand, the high 
survival capacity of sycamore is confi rmed 
by Walle et al. (2007), who found a very high 
survival rate (almost 98%) of the species four 
years after its establishment in Belgium.

Understorey vegetation

The fact that plant cover was not signifi cantly 
different among the understorey treatments 
suggests that the sowings at the establishment 
stage had ceased to affect the understorey veg-
etative cover developed twelve years later. 
This is another indication that the experiment 
ceased to function as a silvopastoral system. 
In fact, the sown herbaceous species declined 
signifi cantly after 1996. This decline together 
with the interruption of herbicide sprayings re-
sulted in the gradual invasion and a fi nal domi-
nance of indigenous species in all treatments, 
especially bracken fern. As a consequence, 
cover of the understorey vegetation was almost 
the same in all treatments already before the 
spring of 1999. Only perennial ryegrass was 
found surviving from its establishment; all the 
other species were spontaneous. Among these 
species, the most common grasses were cocks-
foot, Poa sp. and Brachypodium sylvaticum 
(Huds.) Beauv.; the most common legumes 
were Vicia cracca L., Melilotus sp. and Trifo-
lium pratense L.; the most common forbs were 
Filipendula sp., Fragaria vesca L. and Poten-
tilla recta L.; and the most common woody 
species were Rubus sp. and Rosa canina L. All 
these species are perennial which replaced an-
nuals that were recorded in the early years of 
establishment (Gakis et al. 2004). 
 It is worth noting that bracken fern, which 
was the dominant understorey species, was 
found to have the highest cover in the control 
and the lowest in the legume plots (p = 0.085). 
Fredericksen et al. (1999) have also found that 

fern species dominated many forest stands 
with moderate to high basal area and tree cover 
in Pennsylvania, USA, as well as that fern had 
restricted plant diversity. In our study, control 
plots must have favored bracken fern invasion 
since they had greater tree size and apparently 
greater overstorey cover than grass and legume 
plots. This is also supported by the fact that 
the control treatment had greater K concentra-
tion (p = 0.072) in its understorey vegetation 
than the other treatments apparently due to 
the increased presence of bracken fern, which 
is a relatively K-rich species (Reimann et al. 
2007). 
 The signifi cant impact of tree species on 
grass and woody species cover as well as 
on N and K concentrations of the understo-
rey vegetation has apparently to do with the 
structure and size of the canopy and the kind 
of plant species allowed growing. This is be-
cause changes in microclimatic and nutrient 
status under the tree canopy have impacts on 
understorey vegetation characteristics (Silva-
Pando et al. 2002). As a deciduous species, 
sycamore provided favourable conditions for 
the winter growing grasses but not for woody 
species which grow in late spring and summer. 
The growing conditions of the latter group 
were favoured by Scots pine apparently be-
cause of its gaps in the canopy cover as a result 
of the increased tree mortality which allowed 
more light to reach the understorey. The same 
reason may also explain the higher N and K 
concentration found under Scots pine than un-
der sycamore. A similar favourable impact of 
deciduous trees is also reported by Benavides 
et al. (2009) who have found that their leafl ess 
period enables pasture recovery and their litter 
smothers pasture less intensely because of its 
relatively fast decomposition.
 The higher understorey vegetation above 
ground biomass and the consequent less bare 
soil found in the open spacing should be at-
tributed to the better light conditions compared 
with the dense spacing. This agrees with fi nd-
ings of several other studies in temperate sil-
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vopastoral systems (e.g. Knowles 1991, Kou-
koura & Papanastasis 1996, Silva-Pando et al., 
2002) which concluded that shading by trees 
was the main factor of reducing pasture pro-
ductivity. 

Soil properties

The lack of signifi cant effects of the under-
storey treatments on soil pH or organic C and 
macronutrient concentrations was expected, 
because organic matter inputs and nutrient up-
take were similar since the understorey plant 
characteristics (cover, biomass, nutrient con-
centrations) were almost the same. pH was not 
infl uenced signifi cantly by tree species or tree 
spacing, although the introduction of conifers 
is often assumed to acidify the soil (Hagen-
Thorn et al. 2004, Benavides et al. 2009). 
 The increased organic C and N, Mg and K 
concentrations in the topsoil of sycamore plots 
in 2004 indicates higher input and/or more 
rapid decomposition of litter than in Scots pine 
plots. This is because sycamore leaves have 
higher nutrient concentration than Scots pine 
needles (Gakis 2000, Gakis et al. 2004). More-
over, the fact that mean N and K concentra-
tions in understorey vegetation were higher in 
Scots pine plots must have contributed towards 
a reduction in soil N and K availability (Mos-
quera-Losada et al. 2006). Signifi cantly great-
er P-Olsen concentrations at the 20-40 cm soil 
depth in in the open plots in 2004 may be due 
to the fact that fewer trees were using up fewer 
nutrients from the deeper soil layer resulting 
in greater nutrient availability. Tree compo-
nent in silvopastoral systems often improves 
soil fertility by increasing most of the nutrient 
contents beneath the canopy (Moreno Marcos 
et al. 2007) while decomposition and nutrient 
release rates are related to quality of leaf ma-
terial (Partey et al. 2011). Hagen-Thorn et al. 
(2004) observed differences in soil chemistry 
in 30 to 40 years-old plantations of six com-
mon European tree species, which were much 
more distinct in the upper (0-10 cm) than in the 

lower (20-30 cm) soil layer. They concluded 
that these differences in mineral topsoil chem-
istry were more likely to have been caused by 
differences in foliage properties (amount and 
quality) and the processes taking place on the 
surface of the forest fl oor rather than by differ-
ences in root activity and turnover.
 The decrease of soil organic C concentra-
tion from 1999 to 2004, mainly in the surface 
soil layer, may be attributed to the reduction of 
understorey vegetation under the infl uence of 
stand age. Shading and tree litter accumulation 
are increasing with stand age and canopy cover 
(Hoepting et al. 2011). Decreasing photosyn-
thetically active radiation restricts understorey 
vegetation biomass (Reynolds et al. 2007) and 
the gradual accumulation of residues in soil 
surface further reduce the presence of under-
storey vegetation; in 2004, visual observations 
in the study site suggested that, although a 
pure organic horizon had not yet developed, 
the formation of a thick forest fl oor consisting 
of loose litter had started. These alterations re-
sulted in a reduction of understorey vegetation 
and consequently in a reduction in the size of its 
rooting system, which mainly develops in the 
topsoil. Thus, over time, a reduction of organic 
material arising from understorey plants must 
have occurred associated with a concomitant 
reduction in organic C by understorey vegeta-
tion rooting system. Nilsson et al. (2008) noted 
that denser canopy and shadier environment as 
well as more extensive ground litter cover re-
duced understorey cover and affected species 
composition in Scots pine stands in northern 
Sweden. Marcos et al. (2007) observed notice-
able changes in understorey herbaceous and 
woody species cover in terms of age.
 The decrease of soil pH and the increment 
in N, P and Ca concentrations between 1999 
and 2004 may be attributed to the input of 
acidic compounds as well as to nutrient min-
eralization due to organic matter decomposi-
tion (Singh & Sharma 2007). The decrease in 
soil K may be due to depletion by uptake from 
growing trees and leaching, further contri-
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buting to the reduction of soil pH. As a mon-
ovalent cation, K is easily leached from soil, 
whereas P and Ca show a much lower rate of 
leaching (Staaf & Olsson 1994, Aerts & Chap-
in 2000). N mineralization and nitrate leaching 
loss are also possible contributing factors to 
soil acidifi cation (Ridley et al. 1999). The un-
expectedly large increase of P-Olsen between 
the two sampling periods in all treatments is 
probably also related to the decrease in soil 
pH. Lal (1989) has found an overall decrease 
in soil organic matter and most soil nutrients 
in agroforestry manipulations in Nigeria over 
a period of fi ve years but a slight increase in 
soil P, possibly due to pH decrease. Decreas-
ing trends concerning soil pH are also reported 
by Mosquera-Losada et al. (2006) for silvopas-
toral manipulations in Spain over a period of 
four years as a result of depletion of cations, 
new organic matter deposition and N mineral-
ization. Marcos et al. (2007) mention that the 
level of soil P concentration tended to increase 
signifi cantly with Scots pine plantation age 
while the levels of K tended to decrease over 
time.
 Many of the valuable hardwood trees (e.g. 
Acer, Juglans and Fraxinus species) associate 
with AMF, while most coniferous tress (e.g. 
Pinus and Picea species) associate with ec-
tomycorrhizal fungi (Bainard et al. 2011 and 
references therein). This may explain the sig-
nifi cantly higher number of AMF spores in the 
upper soil layer under sycamore. Orfanoudakis 
et al. (2004) have found a weak mycorrhiza 
formation in Scots pine roots in plantations 
of northern and central Greece. Apart from 
plant species, the number of AMF spores pro-
duced depends on light intensity and soil fer-
tility (Hetrick & Bloom 1986, Lesueur & Sarr 
2008). Better light and nutritional conditions 
under sycamore plots may also have favoured 
AMF occurrence at the upper soil layer. 
 The fi nding that AMF spores had greater 
numbers in the 20-40 cm soil layer in all treat-
ments does not agree with other studies, where 
numbers of AMF spores strongly decreased in 

abundance with increasing soil depth (Oehl et 
al. 2005, Muleta et al. 2008). On the contrary, 
the dominance of Glomus in many ecosys-
tems regardless of the degree of disturbance or 
land use system has been frequently reported 
(Oehl et al. 2005, Muleta et al. 2008, Stümer 
& Siqueira 2010).
 The extracted spores from 20-40 cm depth 
were active and subsequently colonised suc-
cessfully Plantago lanceolata L. trap plants. 
The larger numbers of spores in the deeper soil 
layer may be explained by the greater quanti-
ties of tree roots which exist in this layer. At 
this stage of development of the silvopastoral 
system, the roots of tree species were mostly 
found deeper than the root system of the un-
derstorey plants, which is mainly distributed 
in the upper soil layer. Apparently, better tree 
growth and therefore deeper rooting system 
and more expanded canopy cover probably 
resulted in greater numbers of AMF spores in 
the deeper soil layers and a restriction of AMF 
presence (spores) in the topsoil. Similar results 
have been reported by Cardoso et al. (2003), 
who have found higher numbers of AMF 
spores in the deepest soil layers (40–60 cm 
depth) in agroforestry coffee fi elds of Brazil 
than in coffee fi elds grown as monocultures. 
They concluded that deep-rooting trees in such 
agroforestry systems may promote distribution 
of AMF (and their spores) at deeper soil levels. 
Another possible explanation for the higher 
number of AMF spores in the deeper soil layer 
could be the presence of a B soil horizon rich 
in clay which starts at approximately at 30 cm 
depth (Gakis et al. 2004) and prevents the per-
colation of water into deeper layers, possibly 
resulting in AMF spores accumulation due to 
downwards movement. Therefore, the remark-
able N and P increment in the lower soil depth 
in all treatments between 1999 and 2004 per-
haps is also related with a cumulative effect of 
the greater tree root presence and AMF activ-
ity in that depth. Chang et al. (2002) reports, 
that higher fi ne root production helps increas-
ing soil C and N concentrations in deeper soil 
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layers. AMF can take up both nitrate and am-
monium from the soil and transfer N to the 
host roots in nutritionally substantial quanti-
ties (Tian et al. 2010). For this reason, they are 
considered responsible for facilitating the dis-
solution of non-assimilative P forms in the soil 
(Alifragis 2008). 

Conclusions

There are some age related effects on tree 
growth and soil properties indicating the im-
portance of the early stages of establishment 
of trees in silvopastoral systems. Also, the de-
gree of alteration of soil chemical properties is 
infl uenced by both tree species and stand age. 
Between the two tree species tested, Scots pine 
is more robust, but has a higher risk of failure 
than sycamore. 
 The introduction of silvopastoral systems 
composed of Scots pine, as an initially fast 
growing species, and sycamore, as a valu-
able hardwood species which over a long term 
ameliorates soil fertility, may help to conserve 
soil nutrients, control soil erosion and improve 
long term site productivity in marginal moun-
tain areas of the Mediterranean region. How-
ever, sowing of competitive pasture species, 
such as white clover and perennial ryegrass at 
the tree establishment stage should be avoided 
unless their growth can be controlled with live-
stock grazing so that they do not interfere with 
tree seedling establishment and growth. Such 
a grazing is also necessary to maintain the sil-
vopastoral system, together with thinning of 
the tree canopy at least in the dense spacing to 
avoid reduction of understorey biomass. Oth-
erwise, the system will revert to a forest.
 As AMF are important components of silvo-
pastoral systems, more fi eld-based research is 
necessary in future studies, which should focus 
on seasonal observations on the entire soil pro-
fi le, providing thereby a better picture of the 
AMF community in these systems.
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