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ABSTRACT 
In an effort to reduce the environmental impact on the landscape caused by the installation of 
photovoltaic farms, Spanish legislation requires the establishment of a hedge on the perimeter of each 
plot.  
The objective of the work described here was to increase our knowledge of the hedge species that are 
best adapted to the soil and climatic conditions of Mediterranean areas. Six species were planted on the 
perimeter of a photovoltaic farm: Olea europeae var. sylvestris, Pistacea lentiscus, Pistacea terebinthus, 
Quercus coccifera, Quercus ilex and Retama sphaerocarpa.  
From 2009 to 2013 the survival percentages, apical growth, height and growth rate were studied for 
each species. Retama sphaerocarpa (91.7%), Pistacia lentiscus (83.3%) and Olea europaea var. sylvestris 
(70.8%) had the highest survival percentages at the end of the study period. In the same period, for 
those species that surpassed a survival percentage of 50%, the highest apical growths were shown by 
Retama Sphaerocarpa (37.04 cm), Pistacia lentiscus (26.4 cm) and Olea europaea var. sylvestris (25.8 
cm), with average growth rate of 13.79 cm·year-1, 7.60 cm·year-1 and 7.14 cm· year-1, respectively. These 
three species are the best adapted to the conditions in Mediterranean areas for use as hedges. 

Keywords: Survival percentage, apical growth, growth rate, species factor, Mediterranean areas. 
 
 
1. Introduction 
 
The installation of a photovoltaic farm involves the removal of the topsoil, land leveling and other 
actions such as compaction or addition of gravel. These actions lead to the modification of the original 
properties of the soil, the removal of natural vegetation and wildlife associated with it, and the 
acceleration of erosion due to the exposure of bare soil and lower levels of infiltration. The presence of 
solar panels is in itself a change in land use and is clearly detrimental to the natural landscape. Changes 
in land use have led to a widespread decrease in species diversity and species abundance in the 
Mediterranean area. These changes generally alter ecological process in land use that was regulated 
until recently by ancient traditions. 

In an effort to reduce the environmental impact on the landscape caused by the installation of 
photovoltaic farms, the regional legislation requires the establishment of a hedge on the perimeter of 
the plot (Environmental Assessment Act of Castilla-La Mancha, 2007). Furthermore, the Regulation of 
Rural Land (Decree 242/2004) states that tree barriers must be planted in order to improve the 
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integration into the environment of installations developed on rural land. Legislation indicates that 
plants must be native to the area and must be obtained from approved nurseries. 

Hedgerows are an important component of the landscape and they may have an invaluable role in 
maintaining biological diversity. The origin of hedgerows and the type and intensity of their 
management are closely related to the composition of the species present. Apart from their function as 
corridors for some species, they may also act as ‘reservoirs’ for some woodland plants and as a refuge 
for wildlife. Hedges can also act as a barrier for other species and ecological processes (Schmitz et al., 
2007). The role of hedges has been investigated throughout the world, especially as windbreaks, for 
limiting soil and water losses and for protecting adjacent croplands (Caubel et al., 2003).  

Hedgerows potentially contribute to the cultural landscape and conservation planning, although many 
have been lost due to erroneous landscape planning. Loss of hedgerows can produce changes in 
environmental conditions and these can be especially critical in summer, which corresponds to the dry 
period in Mediterranean ecosystems (Sánchez et al., 2010). 

It is known that native vegetation is best adapted to the soil and climatic characteristics of a particular 
region (Charco et al., 2008), a fact that makes such vegetation suitable to compensate for the impact of 
the installation of photovoltaic farms. The species that are mainly used in hedges in Mediterranean 
areas are from the mesomediterranean series: Retama sphaerocarpa, Olea europaea var. sylvestris, 
Rosmarinus officinalis, Cistus sp., Thymus sp., Lavandula stoechas, etc. (Schmitz et al., 2007). 

The successful establishment of the hedge depends largely on where the plants grow and survival 
therefore depends largely on the ability of the plant to adapt and/or resist the limiting factors. In 
Mediterranean environments, the main limiting factor for the establishment of plants is the summer 
drought. Root elongation in order to increase the quantity of water supplied constitutes an adaptive 
strategy in species establishment: greater length and root surface leads to greater absorbance of the 
land water resource. This strategy is used by species such as Retama sphaerocarpa, which develops 
deep roots in the early months of field growth to access wetter soil layers (Padilla, 2008). Survival is 
greater when water is not a limiting factor for plant establishment. However, in seasonally dry 
environments such as the Mediterranean, survival is low due to plant losses caused by dehydration 
during the dry season (Castro et al., 2002; Gómez- Aparicio et al., 2004). 

The presence of weeds can also severely limit the survival of the plants due to competition for the 
limited amount of soil water and nutrients (Rey Benayas et al., 2005). 

Different native species, although adapted to environmental factors, respond differently to limiting 
factors. In some cases species that are characteristic of the Mediterranean ecosystem, such as Quercus 
coccifera and Quercus ilex, have lower survival rates when compared to other plant species (Villar-
Salvador et al., 2004; Padilla et al., 2004; Perez-de-los-Reyes et al., 2013), although they are 
recommended as revegetation species by the appropriate authorities. Species such as Pistacea lentiscus 
and Olea europea var. have high survival rates. As far as apical growth is concerned, these species also 
had the highest growth after eight years of study (Oliveira et al., 2011).  

The choice of species is a key factor to ensure the best possible adaptation of plants against adverse 
environmental factors and will be therefore lower the economic cost of the process. Studies of the 
behavior of different plant species have previously been carried out after the first summer and this 
clearly only provides a short term view (Gómez- Aparicio et al., 2004; Rey Benayas et al., 2005; Padilla, 
2008). It would be of scientific interest to determine how the species behave in the medium to long 
term. For this reason, the objective of the study reported here was to increase our knowledge of the 
species that are best adapted to Mediterranean climatic and soil conditions. The most appropriate 
species can then be used to shape hedges in areas degraded by solar photovoltaic farms and their 
behavior under field conditions can be assessed in the medium term. 
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2. Materials and methods 
 

2.1 Location, climate and soil characteristics 

The work described here was carried out at the facilities of the Institute for Concentration Photovoltaic 
Systems (ISFOC) on the industrial estate ‘La Nava III’ in Puertollano (Ciudad Real, Castilla-La Mancha, 
Spain). 

The area has an annual average temperature of 14.5 ºC and an annual rainfall between 400 and 450 
mm. In accordance with the Papadakis classification the area is therefore a ‘mild Mediterranean climate’ 
(MMA, 2006).  

The soil has a profile with four horizons, Ap (0–28 cm), Bt1 (28–63 cm), Bt2 (63–110 cm) and C (> 110 
cm), with a sandy loam texture in the Ap horizon (12.9% clay, 17.2% silt, 69.9% sand), sandy clay loam in 
the Bt1 (24.9% clay, 17.2% silt, 57.9% sand) and clay in the Bt2 (52.9% clay, 9.2% silt, 37.9% sand). The 
organic matter content is high for the Ap horizon (2.8%). The soil is classified as Typic Rhodoxeralf. The 
vegetation in the area is similar to oak trees on a silicon substrate, in the province Castellano-
Maestrazgo-Manchega, in which natural vegetation includes the species used in this work (Peinado et 
al., 2008).   

2.2 Experimental design 

In order to achieve the objectives a vegetation screen was created with 6 native species. The six species 
were as follows: Olea europeae var. sylvestris, Pistacea lentiscus, Pistacea terebinthus, Quercus 
coccifera, Quercus ilex and Retama sphaerocarpa. All selected species were native, typical of the 
Mediterranean areas with low water requirements, well adapted to adverse conditions and of different 
morphology. 

 

Figure 1. Overview of facilities (ISFOC) 

The experimental design was carried out in randomized blocks. One-year-old plants for each species 
were planted in April of 2009 in four blocks. Seedlings were obtained from an authorized nursery. There 
were 24 plants per species, 36 plants per block or 144 plants in total. The plants were separated from 
each other by a distance of one meter and they were planted one meter from the fence that bordered 
the plot. The location chosen for the study and the arrangement of the species in the different blocks 

Qc: Quercus coccifera 
Qi: Quercus ilex 
Rs: Retama sphaerocarpa 
Pt: Pistacea terebinthus 
Oe: Olea europea var. sylvestris 
Pl: Pistacea lentiscus 
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are shown in Figure 1. Support irrigation was carried out in May and June and manual weeding was 
carried out in June. 

During the period 2009–2013 the survival rate of each species and apical growth of each plant were 
recorded. 

2.3 Statistical analysis 

Statistical analysis was carried out using the computer program STATGRAPHICS Plus 5.1 (Copyright© 
1994–2000 Statistical Graphics Corp.). Survival data were subjected to a chi-squared test for 
independence (P <0.01). Growth data were analyzed using the Kruskal–Wallis test to check the null 
hypothesis of equal medians at a confidence level of 95%. 
 
3. Results 

 

3.1 Survival percentage 

The results obtained for the survival percentage (number of live plants/number of planted plants × 100) 
for each species are represented in Figure 2. 

 

Figure 2. Survival percentages of the species investigated 

Species of the genus Quercus stand out as having the lowest survival percentages while Retama 
sphaerocarpa, Olea europea var. sylvestris and Pistacia lentiscus are those species that had the highest 
survival rates over the study period. 

In 2013 (final year of the study), the species that exceeded 50% survival were also Retama sphaerocarpa 
(91.7%), Olea europaea var. sylvestris (70.8%) and Pistacia lentiscus (83.3%). 

The chi-square test for the hypothesis of independence shows that the species factor influenced the 
survival of plants with a confidence level of 99% in all years of study (X2 = 60.34; 54.40; 53.55; 53.05 and 
53.46, respectively, 5 degrees of freedom, p<0.01). 

3.2 Apical growth, height and growth rate 

In this section three parameters have been studied: apical growth, height and growth rate (for species 
that exceeded 50% survival). Apical growth values were calculated, as the difference between the final 
length and the initial length taken for the longest stem and considering only positive increases, as 
suggested by Oliveira et al. (2011). Height values were calculated as the average of the height of the 
plants for each studied year and the growth rate was calculated as apical growth per year for each 
species. 
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Among the species used in the hedge, only Retama sphaerocarpa, Olea europaea var. sylvestris and 
Pistacia lentiscus had a survival rate above 50% at the end of the study (see Figure 2). The apical growth 
data of these species during the study period (2009–2013) are represented in Figure 3. 

 

 

Figure 3. Scatter plot of the apical growth values for hedgerow species over four years. 

The Kruskal–Wallis test was used to confirm that the median values of the apical growth for the 
different species were not significantly different, at a confidence level of 95%. It was found that the 
species factor did not affect apical growth under the conditions of this experiment. 

After four years, the fastest growing species were, from highest to lowest, Retama sphaerocarpa 
(37.04±25.28 cm), Pistacia lentiscus (26.4±8.51 cm) and Olea europaea var. sylvestris (25.8±22.75 cm). 

The annual evolution of the height of the hedge species that exceeded 50% survival is represented in 
Figure 4.  

  

Figure 4. Evolution of height of the species throughout the study period 

It can be observed that the three species show a progressive longitudinal evolution. While Retama 
sphaerocarpa had a mean height of 82 cm, Olea europeae var. sylvestris and Pistacea lentiscus had 
mean heights of 58 and 42 cm, respectively, and these species are significantly shorter than Retama 
sphaerocarpa. 
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The average annual growth rate values (cm·year–1) are represented in Figure 5. The species that had the 
highest growth rate was Retama sphaerocarpa, with an average growth per year of 13.79 cm, followed 
by Pistacia lentiscus with 7.60 cm and, finally, Olea europaea var. sylvestris with 7.14 cm.  

The highest growth rates for Retama sphaerocarpa (21 cm·year–1) and Olea europaea var. sylvestris 
(11.5 cm·year–1) were observed in the second year. However, the highest growth rate for Pistacia 
lentiscus was observed in the second and fourth years, with values of 10 cm·year–1. 

 

Figure 5. Growth rate (cm year–1) of the species throughout the study period 

 
4. Discussion 
 

4.1 Survival percentage 

In Mediterranean environments, the summer after planting is the most critical period for plant survival 
(Gómez-Aparicio et al., 2004; Rey Benayas et al., 2005; Verdaguer et al., 2011) because it depends on 
the climatic characteristics and soil, which will allow correct root development (Burdett, 1990; Padilla, 
2008; Verdaguer et al., 2011). 

In this study, plants of the genus Quercus stand out as having the lowest survival percentage after the 
first year of planting. However, after this first year the survival percentages of Quercus ilex (29.17%) and 
Quercus coccifera (12.50%) remained constant during the study period. In the same year the genera 
Olea and Retama showed the highest survival rates. The survival percentage of the genus Olea 
progressively decreases over the years, except for the second and third years, during which it remains 
constant. In contrast, Retama sphaerocarpa had a constant survival percentage after the first two years 
(91.67%) and similar behavior was shown by Pistacia lentiscus, which has a value of 83.33% after the 
first two years. 

Olea europea var. sylvestris and Pistacia lentiscus have been recommended for the revegetation of 
quarries in Mediterranean areas (Oliveira et al., 2011) and, after eight years of study, they had very high 
survival rates (94% and 95%, respectively). On the other hand, Retama sphaerocarpa had a survival rate 
of 83% at the end of a three-year experiment conducted outside Almería by Padilla et al. (2009) and it 
was concluded that survival among successional species, like leguminous species, was higher than that 
among late successional species such as Olea europea var. sylvestris and Pistacia lentiscus. The 
difference in survival between species can be explained as being due to the different ranges of tolerance 
to water stress (Vilagrosa et al., 2003). 

Quercus coccifera and Quercus ilex, which are recommended by the regional administration for the 
formation of hedges, had the lowest survival rates when compared with other Mediterranean species 
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(Villar-Salvador et al., 2004; Padilla et al., 2004; Pérez-de-los-Reyes et. al., 2013). This could be related to 
soil properties because Quercus ilex and Quercus coccifera prefer calcareous soils (in the plot the soil pH 
was slightly acidic).  

The findings outlined above do not mean that these species must been ruled out for hedges. In arid and 
semi-arid areas it is recommended that restoration is based on the beneficial interaction between 
different species (known as ‘facilitation’) (Gómez-Aparicio et al., 2004; Badano et al., 2009) to reduce 
environmental stress, especially under ambient conditions of water shortage. Therefore, the use of 
multispecies hedgerows is recommended to ensure multi-layered vegetation (Andreu et al., 1998; Li et 
al., 2011). 

4.2 Apical growth, height and growth rate 

After four years the fastest growing species were, in descending order, Retama sphaerocarpa, Pistacia 
lentiscus and Olea europaea var. sylvestris. Retama Sphaerocarpa is characterized as a fast-growing 
leguminous species and it is highly adapted to deforested land. For this reason, authors such as Padilla 
et al. (2009) recommend this species for restoration or hedges. Pistacia lentiscus is also well suited to 
deforested and degraded lands and Olea europaea var. sylvestris is usually chosen for its hardiness 
(Charco et al., 2008). In the study by Oliveira et al. (2011) it was established that Pistacia lentiscus 
exhibited the most regular apical growth throughout this period, while the apical growth of Olea 
europea var. sylvestris tended to increase at the end of the study period. 

In our study, Retama sphaerocarpa is the species that has the highest height, growth rate and it is also 
the species with the highest apical growth. The same trend in terms of growth rate/apical growth/height 
was observed for the other species Pistacia lentiscus and Olea europaea var. sylvestris. Therefore, 
growth rate is directly related to the apical growth of the plant species studied.  
 
5. Conclusions 
 
A four-year study was carried out on six species for hedge formation. The species factor influenced the 
survival percentage but it did not affect the apical growth of the species that had a survival level above 
50% (Retama sphaerocarpa, Olea europaea var. sylvestris and Pistacia lentiscus).  

The three species listed above showed high survival percentages and a progressive height evolution over 
the four years of study. For these reasons the three species can be recommended as being suitable for 
the establishment of hedges in solar farms in Mediterranean areas.  

The species Quercus ilex and Quercus coccifera showed the lowest survival percentages, although they 
are characteristic of the Mediterranean ecosystem and they are important for the formation of 
multilayered hedges. 
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