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Abstract. Silvopastoral systems present difficulties in their management due

to their complexity. When trees are planted into grasslands, they need protection from livestock to prevent damage from trampling or browsing, especially during early years of establishment. One of the common post-planting protective treatments is the protection of individual trees with shelters.
Trees also need protection from competition from herbaceous vegetation.
The aim of present study was to evaluate the effects of using different types
of tree shelters and of controlling competing herbaceous vegetation on the
growth of planted young trees and, to assess the effects of heavy shading
on the herbage production and composition. The study was conducted in a
Fraxinus angustifolia silvopastoral system of a 2 x 2.5 m spacing plantation
in northern Greece. The effects of solid-walled (tubex and handmade by
greenhouse nylon) and wire mesh tree shelters as well as of herbicide application and mechanical removal of the competing herbaceous vegetation
on tree height, height increment and the crown surface area of the trees were
tested. The effects of artificial shading (80%) on the production of the natural herbaceous vegetation were also investigated. All measurements were
recorded three years after plantation. The use of solid wall tubex shelters resulted in higher tree height and higher crown surface area in comparison to
the other tested shelters. The solid wall Nylon shelters were more beneficial
to the above growth parameters than the wire mesh ones. Both vegetation
control treatments proved beneficial to all the growth parameters of Fraxinus angustifolia. The artificially applied heavy shading reduced herbage
production by 54% compared to the control. The results indicated that post
planting treatments in the Mediterranean droughty conditions are essential
for the success of this tree species establishment. Furthermore, the later thinning of the dense spacing is important to maintain high herbage production.
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Introduction
Human population growth intensified the pressure on food production (Zhao et al. 2003).
As a result, agricultural areas expanded and
livestock population increased to meet the human needs (Baig et al. 2008). The agricultural
development however, has led to environmental degradation and deforestation. Sustainable
agroforestry systems can provide solutions to
such problems, with the application of intensive land use management practices that optimize the benefits (physical, biological, ecological, economic, social) from biophysical
interactions created when trees combined with
crops and/or livestock (Garrett et al. 1994).
The silvopastoral systems are a complex type
of agroforestry systems, in which wood production and pasture production are combined
(Lopez-Diaz et al. 2009). The management of
these systems, which are characterized by the
interactions among trees, pasture and animals,
poses difficulties.
Trees planted into grasslands need protection
from livestock (Bendfeldt et al. 2001), reed as
serious damage from trampling or browsing
to be prevented, especially during early years
of establishment (Sibbald et al. 1999). Protective measures include the removal of livestock
from the site for a certain period, the use of
electrified fencing to protect rows of trees and
the use of protective tube shelters or cages to
individual trees (Fike et al. 2004). The downside to the otherwise effective methods of the
removal of grazing and the use of electrified
fencing is the loss of grazing land. Solidwalled and mesh tree shelters can protect trees
from grazing animals while they allow livestock to graze among young trees. Moreover,
solid-walled shelters create a warmer, more
humid microclimate (Potter 1988, Burger et al.
1992), which can benefit the growth rates of
many tree species (West et al, 1999, Dubois et
al. 2000). There is evidence though that their
effects on trees are species dependent (Ponder
2003).
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Competition from herbaceous vegetation
for light, water and nutrients in the establishment stage of a silvopastoral system may lead
to reduced seedling survival and growth (Sibbald 1999). Consequently, the control of the
herbaceous vegetation is essential for the successful plantation establishment (Alley et al.
1998). Many researchers have reported that
herbaceous vegetation control in agroforestry
systems resulted in an increase of tree growth
(Paris et al. 1998, Green et al. 1999). Understorey vegetation control can be achieved mechanically or chemically. The degree of protection required is species dependent as some
species can be successfully established without
any control of the understory vegetation (Fike
et al. 2004).
Fraxinus angustifolia Vahl. is among the fast
growing tree species that produce high quality
timber and can be introduced to agroforestry
system (Papanastasis 2007). It occurs naturally
in the southern Europe, the Balkans, the Caucasus and Iran (Fraxigen 2005). In the Mediterranean region, Fraxinus angustifolia can be
found on drier sites, as well as on riverine and
wetland sites. Its wood characteristics have
many similarities to common ash (Fraxinus
excelsior) and it produces high quality wood
that is especially preferred in the veneer and
furniture industry. Yet, despite its relative importance, little is known about the plantation
establishment of Fraxinus angustifolia (Cicek
et al. 2010).
The maintenance of high herbage production
in silvopastoral systems is essential as it affects
livestock carrying capacity (Fernandez et al.
2002). Competition for light in silvopastoral
systems is critical to herbage growth (Braziotis
& Papanastasis 1995). Shading affects directly
the photosynthesis and indirectly the dynamics of water and nutrient use efficiency and
their partitioning between trees and understory
vegetation (Bergez et al. 1997). As a result,
herbage production decreases as light intensity
decreases (Knowles 1991, Devkota & Kemp
1999). In the Mediterranean zone, this occurs
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mostly only under heavy shading. Koukoura &
Nastis (1989) found a higher herbage production under moderate shade (50%) compared
to herbage production of the control (0%) or
heavier shade (70%, 90%). Shading effect on
composition is related to the individual species. It directly affects the photosynthetic ability of the understorey vegetation (Bergez et al.
1997). Thus, only the shade tolerant species
can grow under heavy shading.
No research thus far has evaluated the postplanting treatments of the successful establishment of a Fraxinus angustifolia silvopastoral system. Thus, the objectives of this study
were: (i) to evaluate the effects of using three
types of tree shelters and of controlling competing herbaceous vegetation on the growth of
planted Fraxinus angustifolia young trees and
(ii) to assess the effects of heavy shading on
the herbage production and composition.
Materials and methods
Study area

The study was conducted at the village of Scholari, 43 km northeast of Thessaloniki, located in
northern Greece, at an altitude of 100 m. The
soil is sandy silt derived from conglomerates
of the tertiary period and colluvials from river
or torrent deposits. The climate according to
the bioclimatogram of Emberger (1942) could
be characterized as Mediterranean semiarid
with cold winters, with mean annual precipitation of 512 mm and mean annual temperature of 14° C. The natural potential vegetation
of the area belongs to the lowest part of the
Mediterranean vegetation zone (Dafis, 1973),
the association Coccifero-Carpinetum, of the
alliance Ostryo-Carpinion, order Quercetalia
pubescentis. The experiment was established
on a 0.75 ha grassland dominated by perennial herbaceous plant species, mainly grasses
and graminoids. Some woody species (elder,
blackberry) were also present. The experimen-

Post-planting treatments and shading effects ...

tal site was lightly grazed by sheep.
Post-planting treatment effects

The selected tree species was Fraxinus angustifolia Vahl. Plants were grown from seeds in
a nursery. One-year-old seedlings were transplanted in 2 x 2.5 m spacing, corresponding
to 2000 plants/ha density, during early February 1996. Post planting treatments included
combinations of tree shelters and competing
vegetation control. Solid-walled and mesh
tree shelters were tested. Solid-walled shelters
were polypropylene Tubex shelters (Tubex
Limited, South Wales, UK) and handmade
greenhouse nylon shelters (both 11 cm diameter, 150 cm height). Mesh tree shelters were
constructed from wire mesh (25 cm diameter,
150 cm height). Competing vegetation control treatments were: (1) herbicide application
(Roundup) to a radius of 50 cm (2) mechanical
removal of the sod layer to a radius of 50 cm
and (3) control. The study consisted of a two
factorial split-plot design with six replication
blocks of 140 m2 each. Whole plot treatment
was the tree shelter (three levels) and subplot
treatment was vegetation control treatment
(three levels).
Height (total shoot elongation) and height
increment (cm) were measured for eight individual randomly selected trees in every block
and the crown surface area (m2) was determined. This was achieved by measuring the
maximum radius of the crown from the trunk
in all the four cardinal compass directions. The
mean radius was used to calculate the area. All
the measurements were recorded three years
after the plantation was established.
Analysis of variance (ANOVA) was used
to evaluate the effects of tree shelter and vegetation control treatment. Statistical analysis
was performed using the MSTATC statistical program (Michigan State University, East
Lansing, MI). When analyses of variance indicated significant effects, the treatment means
were separated by Least Significant Difference
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(L.S.D.) at the 0.05 level.

Results

Shading effects

Significant differences were detected among
the tree shelter treatments and the vegetation
control treatments for tree height, height increment and crown surface area. Significant
interaction between the tree shelter treatments
and the vegetation control treatments was not
observed for tree height, height increment and
crown surface area, indicating that the effect of
the tree shelter treatment was consistent. For
this reason, the data for these parameters were
summarized over tree shelter and vegetation
control treatments.
Tree height in the mesh tree shelters was
significantly lower (Table 1) compared with
the other two treatments. From the two solid
walled tree shelter treatments, the tubex resulted in a significantly higher tree height.
Vegetation control increased significantly the
tree height compared to the control (Table 2).
There was no significant difference between
the two vegetation control treatments.
Concerning the height increment, no statistical differences were detected among the tree
shelter treatments (Table 1). On the contrary,
height increment was significantly higher for
both the vegetation control treatments compared to the control (Table 2). No statistical
differences were detected between the herbicide application and the mechanical removal.
The crown surface area of the solid-walled
shelters was significantly greater than the one
of the mesh shelters. The tubex tree shelters
resulted in a significantly higher crown surface area than the handmade greenhouse nylon

Because the trees in the experimental area were
young and provided limited shade (10–20 %)
that could not significantly affect the understorey vegetation, artificial shading was created
by four shade cloths of 20 m2 placed randomly
in the experimental area. The shade cloths provided 80% reduction of the total radiation, as
measured by a LiCor quantum sensor (Li 190
SB). Four similarly-sized areas were assigned
next to the shaded ones. Herbage yield was
measured by clipping four 0.5 m x 0.5 m quadrats randomly placed in every shaded and control area. All the herbaceous and shrub species
plants were harvested at ground level (Cook
& Stubbendieck 1986). Biomass was measured at the end of the growing season (end of
May). The herbage production samples were
then separated into grasses, forbs and shrubs
subsamples in order to estimate botanical composition on dry-weight basis. All the samples
were oven-dried at 60 °C for at least 48 hours
and then weighed. Dry matter production was
expressed in kg/ha.
The experiment was laid out in a complete
randomised block design. All herbage production data were subjected to single factor analysis of variance (Steel & Torrie 1980). The
differences between the mean values of the
studied parameters were calculated by Student
“t” test.

Table 1 Means of height, height increment and crown surface area of trees on three tree shelter treatments
Height
Height increment
Crown surface area
Treatment
(cm)
(cm)
(m2)
Solid wall Tubex shelter
406.00
73.00
3.02
Solid wall Nylon shelter
329.00
81.00
1.98
Wire mesh shelter
251.00
70.00
1.11
Significance
*
n.s.
*
55.00
0.83
LSD0.05
CV (%)
12.87
16.21
19.40
Note. * p ≤ 0.05; n.s. - none significant.
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shelters (Table 1). Crown surface area was significantly higher for both the vegetation control treatments compared to the control (Table
2). However, no statistical differences were
detected between them.
Shading decreased significantly the total
herbage production (Table 3) by 54% compared to the control. It also resulted in a significant decrease of grasses and shrub biomass. In
contrast, the forbs were not affected by shading.
Discussion
Like other species (Minter et al. 1992, Bergez
et al. 1997, Devine et al. 2007) Fraxinus angustifolia responded to solid-walled tree shelters
with greater tree height and crown surface area
but there was no difference in height increment
relative to mesh shelters. This phenomenon is
closely related to the reduced VPD (vapour
pressure deficit) that has been recorded inside
these solid wall tubes with the consequence
of reduced transpiration (Noitsakis & Nastis
1995). Tubex shelters had probably a greater
effect in transpiration than the handmade
greenhouse nylon ones and that resulted in a

higher height and crown surface area. Moreover, the grazing herbivores and especially
goats, may manage to graze some twigs of the
plants growing in the mesh shelters. Although
the solid wall tubex shelters were more beneficial to the growth parameters of Fraxinus angustifolia than the handmade greenhouse nylon
ones, the later could be used as an inexpensive
alternative protection method. Nevertheless,
the primary function of shelters is protection
from grazing, and solid-walled shelters reduce
the length of time saplings need to grow above
the height of animal browse, in comparison to
mesh shelters.
Evans (1997) stated that Fraxinus is sensitive
to weed competition, especially from grasses.
In the Mediterranean region soil moisture is an
essential factor affecting young tree growth.
The understorey herbaceous vegetation is a
strong competitor for soil water and can reduce the growth of young trees. Bendfeldt et
al. (2001) found that the control of graminoids
significantly increased the soil water content
near planted seedlings. The results of this
experiment indicated that both treatments of
the vegetation control applied (herbicide and
mechanical removal) resulted in a significant
increase of tree height, height increment and

Table 2 Means of height, height increment and crown surface area of trees on three tree vegetation control
treatments
Height
Height increment
Crown surface area
Treatment
(cm)
(cm)
(m2)
Herbicide application
336.00
83.00
2.21
Mechanical removal
335.00
80.00
2.28
Control
315.00
61.00
1.63
Significance
*
*
*
LSD 0.05
17.00
9.00
0.54
CV (%)
12.87
16.21
19.40
Note. * p ≤ 0.05; n.s. - none significant.

Table 3 Herbage production of grasses, forbs, shrubs and total (kg/ha) at the two shading treatments.
Treatment
Shading 80%
Control
Significance

Grasses
337.1
730.7
*

Forbs
130.2
105.1
n.s.

Shrubs
54.7
304. 8
*

Total
522.0
1140.6
*

Note. * p ≤ 0.05; n.s.- none significant.
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crown surface area. These results are in agreement with those reported for other broadleaves
as Quercus petraea and Fraxinus excelsior
(Davis 1985), Coryllus avellana (de Montant
et al. 1998), and Quercus garryana (Devine et
al. 2007). The method of herbicide application
of controlling competition with herbaceous
vegetation has been reported as more beneficial
to tree growth (Bendfeldt et al. 2001, Delate et
al. 2005). However, this was not the case in
this study. The equally beneficial mechanical
removal to the Fraxinus angustifolia growth
can be used as alternative to herbicides which
may cause phytotoxicity in adjacent plants and
may reduce soil quality (Pimentel et al. 1995).
Shading reduced significantly herbage production. It is well documented by Boardman
(1977) and Koukoura (1987) that plants growing under shade, in their effort to cope with
the reduced intensity of solar radiation, exhibit lower overall photosynthetic efficiency
because respiration rates exceed the photosynthetic ones. In other studies in the Mediterranean zone (Kyriazopoulos et al. 1999,
Koukoura et al. 2009) herbage production was
decreased only under heavy shading, while it
was not affected or increased under light or
moderate shading. This can be attributed to the
increased soil moisture under this treatment
due to the modification of microclimate (Rao
et al. 1997). Soil moisture is the critical factor for plant growth and herbage production in
the Mediterranean region (Etienne 1996). In
this experiment shading was relatively heavy
(80%). By contrast, Dupraz & Newman (1997)
found that the heavy natural shading (80%)
provided by Fraxinus excelsior mature trees,
caused only a small reduction in the understorey herbage production. This difference is
probably related to the shading tolerance of the
species that compose the understorey. Reduced
light intensity resulted in a decrease in the biomass production of the grasses and the shrubs
while it did not affect the forbs. This could be
associated with the fact that forbs species are
more shade tolerant than grasses (McConnell &
184
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Smith 1965). Lin et al. (1999) have also found
reduced production for various grass species
when grown under 80% shading. Furthermore,
in the study area the dominant grass species
were the non shade tolerant Elymus elongatus (Shaw & Cooper 1973) and the also non
shade tolerant C4 perennial Cynodon dactylon.
These significant changes in botanical composition on dry-weight basis might also affect
herbage quality as heavy shading resulted in a
significant decrease of the less palatable spiny
shrubs, while it did not affect the forbs (including legumes). Furthermore, as plants growing
under shade reach maturity later than plants
under full light intensity (Blair et al. 1983,
Koukoura & Nastis 1989) ameliorated herbage
quality is expected. Furthermore, it has to be
noted that shade and shelter provided by trees
can benefit livestock by reducing environmental extremes as it has been reviewed by Fike et
al. (2004). The improved environmental conditions in silvopastoral systems allow animals
to spare energy for growth, particularly in the
warm Mediterranean region.
Conclusions
The results of this study indicate that postplanting treatments are effective for the establishment of a Fraxinus angustifolia silvopastoral system. Both the solid-walled shelters
provided more increased growth parameters
than the wire mesh one. The use of these shelters may reduce the length of time for the trees
to reach the sapling stage, above the height of
grazing animals. Although the development
of Fraxinus angustifolia was favoured more
by the solid wall tubex shelters, the handmade
greenhouse nylon ones could also be used especially when it is essential to reduce the cost.
Under the droughty Mediterranean conditions, the control of the understorey competing vegetation proved of primary importance
for increasing growth parameters of Fraxinus
angustifolia. Both treatments proved equally
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beneficial but mechanical removal should be
preferred to herbicide application in the lowinput silvopastoral systems. The artificially
applied heavy shading significantly decreased
the herbage production and altered the botanical composition on dry-weight basis. As the
maintenance of high herbage production is a
key element of the successful management of
silvopastoral systems, the later thinning of the
dense 2 x 2.5 m spacing is necessary.
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