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ABSTRACT  

The aim of this work is to review the research carried out on the prevention of forest 

fires in Mediterranean jarales through the enhancement of mycological resources. 

Cistus ladanifer (jara pringosa) is a Mediterranean pyrophyte scrub widely distributed 

in the Iberian Peninsula, which is associated with numerous species of fungi, some 

of which are highly valued, such as the Boletus edulis. Adequate management of 

these areas would contribute to reduce the risk of fire and increase the economic 

benefit derived from the use of fungi. Therefore, the main objective of this review is 

to find the best management practices of Mediterranean ecosystems dominated by 

C. ladanifer, to increase mycological production and prevent forest fires. An 

experimental design was established in which they analyzed the communities of fungi 

associated to different treatments, knowing the diversity and fungal production 

associated to the ecosystem, under different parameters of management focused on 

the prevention of fires. The production of the most interesting species was modelled. 

As a main result, the high fungal diversity associated with these ecosystems was 

demonstrated, supporting the conservation interest of these habitats. As a general 

conclusion, it can be deduced that the adequate management of these areas would 

produce important economic benefits derived from the mycological exploitation in 

these ecosystems that traditionally have been considered unproductive and are 

generally found in economically disadvantaged rural areas.  
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RESUMEN  

El trabajo tiene como objetivo revisar la investigación realizada sobre la prevención 

de incendios forestales en jarales mediterráneos mediante la puesta en valor de los 

recursos micológicos. Cistus ladanifer (jara pringosa) es un matorral pirófito 

mediterráneo ampliamente distribuido en la Península Ibérica, que se asocia a 

numerosas especies de hongos, algunos de los cuales son muy valorados, como el 

Boletus edulis. Un adecuado manejo de estas zonas contribuiría a disminuir el riesgo 

de incendio y aumentar el beneficio económico derivado del aprovechamiento de 

hongos. Por lo tanto, el principal objetivo de esta revisión es encontrar las mejores 

prácticas de manejo de ecosistemas mediterráneos dominados por C. ladanifer, para 

incrementar la producción micológica y prevenir los incendios forestales. Se 

estableció un diseño experimental en el que analizaron las comunidades de hongos 

asociadas a distintos tratamientos, conociendo la diversidad y producción fúngica 
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asociada al ecosistema, bajo diferentes parámetros de gestión enfocados a la 

prevención de incendios. Se modelizó la producción de las especies más interesantes. 

Como resultado principal se demostró la elevada diversidad fúngica asociada a estos 

ecosistemas, respaldando el interés de conservación de estos hábitats. Como 

conclusión general se deduce que el manejo adecuado de estas áreas produciría 

importantes beneficios económicos derivados del aprovechamiento micológico en 

estos ecosistemas que tradicionalmente han sido considerados improductivos y 

generalmente se encuentran en zonas rurales económicamente desfavorecidas.  

Palabras clave: Boletus edulis; fuego; gestión forestal; hongos; matorral. 

 
INTRODUCTION  

The genus Cistus is one of the most characteristic among the Mediterranean scrub. 

It is distributed mainly around the Mediterranean, and in the Iberian Peninsula it is 

represented by twelve species (Águeda et al., 2008). Within this genus, the most 

abundant species is Cistus ladanifer, whose range is limited to the westernmost part 

of the Mediterranean Region (Guzmán and Vargas, 2009).  

It is a pyrophytic species that constitutes the first stages of succession in 

Mediterranean ecosystems. The senescent masses present optimal characteristics for 

the ignition and propagation of fires and have a high capacity to colonize burned 

areas (Bastida and Talavera, 2002).  

Although these ecosystems have traditionally provided little economic benefit, C. 

ladanifer is associated with a significant number of species of fungi, some of them 

with high market value, such as Boletus edulis (Voces et al., 2012). These 

ecosystems can therefore be an important source of economic benefits for rural 

people. It is necessary to establish management guidelines that allow the 

conservation of this type of ecosystems, reducing the risk of fires and maximizing 

the benefit obtained by the use of mushrooms, which is the main objective of this 

study. The specific objectives of this study are:  

1. To analyze the succession of the fungal community after the fire in a 

Mediterranean ecosystem dominated by C. ladanifer.  
2. To study the effect of different fuel reduction treatments in these ecosystems 

on mushroom production and diversity. 
3. To develop predictive empirical models based on climatic variables to predict 

the production and diversity of mushrooms in these ecosystems, paying 

special attention to the production of B. edulis. Determine the management 

practices that produce the greatest economic benefits, taking into account the 

production of fungi and biomass in these ecosystems. 
4. To study the effect of fuel reduction treatments on the diversity of 

fungi    present in the soil (mycelium).  

The work is divided into four sections published in different scientific journals 

(Hernández-Rodríguez et al., 2017; 2015; 2015; 2013) and a manuscript in 

preparation, which respond to each of the specific objectives of the review 

(Figure 1).  
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Fig. 1- Diagram of the review and each of the publications associated with it  

 

MATERIALS AND METHODS  

The study area is located in the municipality of Rabanales, province of Zamora, in 

the northwest of the Iberian Peninsula. Within this area, several masses dominated 

by C. ladanifer were selected, where sampling plots in the form of linear transects 

2m x 50 m were established. For the study of succession after fire, two zones were 

selected, one recently burned and one mature mass, and six plots were established 

in each of them. On the other hand, for the studies of fuel reduction treatments, plots 

were established in three areas, in which the age of C. ladanifer and the origin of the 

mass were different: a middle-aged area (eight years), whose origin was a forest 

fire; a middle-aged area (eight years), whose origin was the total weeding of the 

previous mass; and a senescent mass (20 years), whose origin was a forest fire. The 

treatments were chosen according to their applicability, according to the age of the 

stands and the characteristics of the vegetation. The following treatments were 

carried out on the two middle-aged stands: control, 50% manual weeding and total 

weeding. On the other hand, in the senescent mass, which presents optimal 

characteristics for fire ignition and propagation, the fuel reduction treatments studied 

were: control; total weeding; controlled burning. 

All the carpophores were collected weekly during the autumn season from 2003 to 

2006, for the succession study, and from 2010 to 2013 for the study of the effect of 

the treatments. Species were identified, classified according to trophic group 

(mycorrhizal or saprophytic) and fresh and dry weight (biomass) data were taken. In 

addition, the Shannon H' diversity index (Shannon and Weaver, 1948), based on the 

dry weight of the carpophores (Dahlberg, 1991), was calculated. 

Finally, five soil samples were taken along each transect for the soil mycelium study. 

These samples were processed for DNA extraction and analyzed using mass 

sequencing techniques. All data were subjected to various statistical techniques, 

depending on their characteristics and the purpose of the study. 
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 RESULTS AND DISCUSSION 

This work addresses different ecological and economic aspects to acquire an in-depth 

knowledge of the fungal communities associated with the C. ladanifer jarales, 

providing a set of guidelines for the sustainable management of these areas.  

A very high number of species of fungi that fructify in these ecosystems was found: 

146 species in the fire succession study and 157 species in the treatment effect study. 

In addition, the study of soil samples showed that there is an enormous amount of 

fungi associated with the rhizosphere of C. ladanifer.  

According to the results of this research, there is a decrease in the richness and 

diversity of carpophores the first year after the fire. However, the number of species 

and diversity showed quite similar values in both stages of succession, two years 

after the fire (Figure 2). 

 

Fig. 2 - Number of species (a) and diversity (b) of fungi found in the two stages of 

succession after fire in masses dominated by C. ladanifer 
Source: Hernández-Rodríguez et al., (2013)  

As for the effect of different fuel reduction treatments, the specific composition of the 

three different masses studied is significantly different from each other, considering 

both carpophore production and soil fungal communities (Figure 3) and (Figure 4). 

In addition, the effect of the treatments did not significantly affect the mycelium of 

fungi in the soil between treatments located in the same origin of the mass, but it 

did consider the production of mushrooms. Therefore, although the new conditions 

created by the removal of vegetation alter the fungal fructification, the mycelium of 

the different species is able to remain in the soil. 
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Fig. 3 - Management of fungal species, plots and treatments according to NMDS 

analysis. The distribution of treatments is expressed by standard error ellipses (95 

% confidence intervals). 8 cl: middle-aged mass from weeding; 8bu: middle-aged 

mass from fire; 20: senescent mass 50 %: weeding at 50 %; total: total weeding; 

burn: controlled burning.  
Source: Hernández-Rodríguez et al., (2015). 

 

Fig. 4 - NMDS management graph for soil fungal communities, based on the 

abundance of taxonomic units in the soil 8 cl: middle-aged mass from weeding; 

8bu: middle-aged mass from fire; 20: senescent mass. 50 %: 50 % weeding; total: 

total weeding; burn: controlled burning 
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A higher production of fungi was observed in the two young shrubs, compared to the 

senescent soil, which can be explained by the lower photosynthetic activity of the 

senescent shrub and its lower growth. Therefore, to increase mushroom production, 

management should be aimed at rejuvenating senescent shrubs.  

The production, richness and diversity of mushrooms of mycorrhizal species were 

significantly greater in treatments in which the vegetation was not completely 

eliminated (Figure 5). This is an expected result, considering that this type of species 

requires the presence of a host plant for survival (Dahlberg, 2002). However, no 

differences were found in the richness of saprophytic species within the two young 

thickets. The new soil and light conditions created by removing vegetation may 

facilitate the establishment of pioneer species (Clark and St. Clair, 2011), many of 

which have saprotrophic ecology.  

 

Fig. 5 - Production (a) and diversity (b) of fungal species according to their trophic 

characteristics (mycorrhizal and saprophytic), for each of the treatments.  

Treatments with the same letter are not significantly different 
Source: Hernández-Rodríguez et al. (2015).  

The weeding at 50 % was the treatment with the least impact on the fungal 

community (production and diversity), associated with a significant production of 

edible fungi. This treatment reduces the amount of fuel, thus decreasing the intensity 

of the forest fire and facilitating its extinction. In addition, it allows the accessibility 

and collection of fungi by decreasing the density of scrub. However, its high 

implementation cost makes its practical application very difficult.  

The treatment that produced the greatest benefit was total weeding at the end of the 

jarales' life cycle (19 years) (Table 1). This management would ensure that all stages 

of the shrub are present in the area. Therefore, the optimal solution from an economic 

point of view would also be adequate from an ecological point of view.  

 



                               
   
 
ISSN: 2310–3469 RNPS: 2347 
Revista Cubana de Ciencias Forestales. 2019; septiembre-diciembre 7(3): 354-364        

  

http://cfores.upr.edu.cu/index.php/cfores/article/view/421 
 

Table 1. - Results of the analysis of optimal rotation of the five prescriptions 

considered. VES: Expected Value of Soil  

 

Source: Hernández-Rodríguez et al. (2017). 

This economic analysis supports that the collection of B. edulis can considerably 

increase the economic benefits in these ecosystems. Furthermore, the integration of 

fungal resources into forest management plans would ensure their conservation over 

time and halt depletion, according to Aldea et al., (2012).  

The simulation of all the models adjusted in the study, to predict the production and 

diversity of fungi both mycorrhizal and saprophytic, depending on the age and 

characteristics of the mass and considering the average climatic conditions found in 

the study period, are shown in figures #6 and #8. In addition, a specific model was 

adjusted for the species B. edulis, whose simulation can be seen in figure #7.  

The production of mycorrhizal species showed a rapid increase after weeding or fire, 

reaching a maximum of eight years after treatment. From this point on, mycorrhizal 

production decreases, reaching values close to zero from the age of 20 (Figure 6). 

On the other hand, the production of saprophytic species is lower than in the case of 

mycorrhizal species, being decreasing throughout the development cycle of the 

rockrose. The treatments increased the amount of organic matter available, so that 

this type of species can fructify quickly after treatment.  
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Fig. 6 - Production of mycorrhizal (left) and saprophytic (right) species taking into 

account the years after treatment (a and b), the characteristics of the vegetation (c 

and d) and the effect of the two treatments studied (e and f). 
Source: Hernández-Rodríguez et al., (2015).  

The same trend as for mycorrhizal species was found for the production of B. edulis, 

although the maximum in this case was delayed until 14 years (Figure 7). B. edulis 

is normally associated with mature forest stands (Martín-Pinto et al., 2006), although 

when associated with jarales it may fruitify much earlier (Oria-de-Rueda et al., 2008).  

 

Similar to the production of mycorrhizal species, the diversity of these species shows 

a clear increase during the first years of the succession of C. ladanifer, with a 

decrease in the senescent rockroses. However, maximum diversity occurs several 

years after peak production.  
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Considering total weeding or controlled burning as the two economically viable 

management options, modeling results suggest an opposite trend in fungal diversity 

compared to production. Shannon's diversity index for both mycorrhizal and 

saprophytic species was higher after burning than after weeding, while mushroom 

production was higher after total weeding. Therefore, if the management objective is 

economic (to increase mushroom production), total weeding may be a better 

treatment alternative. Conversely, if the objective is to favour greater diversity, 

burning may be better than weeding.  

After this review work, and from the analyzed data, it is concluded that the adequate 

management of these ecosystems, especially pyrophytes and frequently affected by 

forest fires, could give rise to the obtaining of important economic benefits derived 

from mycological exploitation. On the other hand, these ecosystems, generally 

installed in poor and scarcely productive soils, are frequently linked to impoverished 

rural areas. For all these reasons, it is considered that the mycological resource 

derived from an adequate management could bring an important complement of 

income to the rural populations of these especially disadvantaged areas.  
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