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 BACKGROUND

Mountain areas are areas of great fragility with an emi-
nently multifunctional nature that occupy around 30% of 
the European Union and where 10% of its population is 
concentrated. In the Basque Autonomous Community 
(CAPV in Spanish) this figure rises to 85% of the region, 
of which approximately 25% is pastureland where grazing 
has been carried out traditionally, and there is evidence of 
this activity since the Neolithic period. 

However, following the general European trend of recent 
times and a lack of generational replacement, the reduc-
tion in economic returns is leading to the cessation of this 
activity, as reflected by the fact that currently only 10% of 
farms in the Basque Country are being run by owners un-
der 40 and more than 40% of owners are already over 65 
years old. 

To preserve and revitalise these pasture agro-ecosystems 
it is necessary to make decisions on livestock manage-
ment (type of animals, breeds, stocking rates, grazing pe-
riods), vegetation (clearing, fencing, reforestation) and soil 
(fertilising, liming). 

The management guidelines chosen, even when adapted 
to local determining factors, have an impact on ecosys-
tem services on a larger scale and contribute to moulding 
and shaping the mountain landscape. Thus, these agro-
ecosystems have different threats relating to their mana-
gement, ranging from carrying out inappropriate agricultu-
ral practices to abandoning the activity itself.

The area of the Gorbeia Natural Park (NP) and its environ-
ment (where the main project actions were carried out) is 
one of the few areas in our community which still has an 
active livestock-raising use through its respective Gorbeia-
zpi e Itxina livestock-raising associations. 

However, it is no stranger to this general trend, as a re-
sult of which a hypothetical cessation of the activity could 
have a significant impact at both a socio-economic and 
environmental level, since it is known that they are fragile 
agro-ecosystems whose biodiversity is preserved thanks 
to a combination of biotic and abiotic factors, among which 
grazing can be highlighted as being indispensable. 

In fact, the progressive cessation of the activity in areas 
with a long pastoral tradition is considered a major threat 
by the scientific community in terms of loss of biodiversity, 
especially in protected areas such as a Site of Community 
Importance (SCI ES2110009 Gorbeia) which houses se-
veral priority habitats under European legislation (Directi-
ve 92/43/EEC). 

Nor should we ignore the effects that a hypothetical ces-
sation of pastoral activities could have on soil biodiversity, 
with this underground component being the great unknown 
(even today) due to technical difficulties in quantifying the 
vast microbial diversity within it. In 2006 (COM 216 final), 
the EU itself warned of the lack of knowledge regarding 
changes that are occurring in the smallest forms of life, 
with particular emphasis on the loss of microbial diversity. 

In this context the Life+ SOILMONTANA project (LIFE10-
NAT/ES/579) came into being, making it possible to ca-
rry out a series of short and middle-long term actions to 
preserve and boost these agro-ecosystems, with special 
attention to the biodiversity that they house.

 INFORMATION ABOUT THE PROJECT

The Life+ SOILMONTANA project began in September 
2011 and ended in December 2014. The total budget was 
€ 1,649,448 with an EU contribution of € 787,063. The 
beneficiary was NEIKER-TECNALIA, the Basque Institu-
te for Agricultural Research and Development, which in-
cluded the active participation of the Basque Government 
(Department for the Environment, Regional Planning, Agri-
culture and Fishing), the Provincial Council of Biscay (Di-
vision of Mountains and Natural Spaces), the agricultural 
and livestock-raising cooperative Lorra (S. Coop.) and the 
local livestock-raising associations, Gorbeiazpi and Itxina, 
from the municipalities of Zeanuri and Orozko, respecti-
vely.



 AREAS OF ACTIVITY:

Conservation actions were carried out in the pasture areas 
in the mountains and valley bottom of the Gorbeia Nature 
Reserve (SCI ES2110009) and their surrounding areas - 
the municipalities of Orozko and Zeanuri, in Biscay - as 
per the map below.

All of the pasture areas in the mountains involved in the 
project (as opposed to those in the valley), are in the Gor-
beia Natural Park, declared as such in 1994, within the fra-
mework provided for by state law 4/1989, of March 27, on 
the Conservation of Natural Spaces and Wildlife, providing 
the space with a special protection regime. With 21,016 
hectares, it is the largest NP in the Basque Country and 
is divided administratively into two provinces: Alava with 
12,331 hectares and Biscay with 7,685 hectares. Geogra-
phically, it is located around Mount Gorbeia, which forms 
part of the watershed between Cantabrian and Medite-
rranean waters. This mountain is the highest in the area 
(1,481 m) and a number of ravines with steep slopes run 
down from it, especially on the northern side (Biscay), 
where we focused our study. 

The study was carried out on public property (the surface 
area of the mountain with public use within the Gorbeia NR 
-Biscay- is 4,347 hectares), which is managed by the ad-
ministration (Provincial Council of Biscay) and carried out 
by the livestock-raising associations of each municipality 
(Itxina and Gorbeiazpi). These pasture areas are mainly 

formed by habitats of community interest (Habitats Direc-
tive 43/92):

-6170 Alpine and sub-alpine calcareous grasslands.
-6230 Grasslands in mountain areas.
-4030 Acidophilic dry heaths.

This mountainous study area also included the ferneries 
(fern-covered areas), although they are outside Gorbeia 
NP and Annex I of the Habitats Directive. These ferneries 
are dominated by the common fern Pteridium aquilinum 
and these are more dominant in south-western areas. 
Traditionally the ferneries have been exploited by cutting 
them down for use as a bed for livestock. This use has now 
disappeared, which has led to less control on the growth of 
this species, with no foraging value.

Finally, the pastures in the valley bottom involved in the pro-
ject are part of an Atlantic rural landscape, with grasslands 
separated by hedges and small copses, where the forest 
plantations of Pinus radiata are flourishing with complete 
supremacy. 

They are privately owned and linked to a private livestock-
raising operation, so it is the farmer who decides based on 
their interests and the technical advice from the LORRA 
Cooperative, agricultural activities and operation (e.g. for 
grazing, harvesting or mixed) that best meet their needs. 
For this reason, livestock-raising operations were selected 



in collaboration with the LORRA Cooperative that were eli-
gible for participating in the project and that showed a true 
interest in it.

In general terms, livestock-raising operations in the area 
(cattle, sheep and horses, mainly) distribute their spatial 
and temporal land use on grassland habitats based on the 
dynamics of trans-intermittent use, which consists of mo-
vement to altitude, from the pastures at the bottom of the 
valley to the pastures in the mountains where the cattle 
remain for the spring, summer and part of the autumn and 
then, later, come down to the valley and stay in the farms-
tead environment for the winter. 

This type of use on a spatial heterogeneity of habitats 
arranged in an altitudinal gradient (mountain and valley) 
with different forms of protection (mountain areas protec-
ted and valley bottom, not) entails a strong connection bet-
ween the grassland habitats involved, so that this project is 
completely focused: grasslands in the valley and mountain 
as a management unit, in short, as a study area.

 OBJETIVES

The main objective of this project is to revitalise these 
agro-ecosystems and thus avoid their cessation, through 
a series of actions aimed at optimising their economic-pro-
ductivity performance in a way which is compatible with 
other ecosystem services that they provide us, with spe-
cial attention to the service of biodiversity conservation.

These actions are intended to ensure the attainment of 
this objective in the short and middle-long term:

-Short term: through the implementation of different agri-
cultural activities on the ground. As detailed in the following 
section (Actions and results), various clearing, fencing, 
fertilising and liming actions were carried out on a surface 
area of over 120 hectares of pastoral mountain and valley 
habitats.

-Middle-long term: mby means of the creation and free 
dissemination of a new tool called “Agroecosystem Health 
Cards - AHCs” that allows anyone, even without specific 
training beforehand, to assess the impact of these and 
other possible future agricultural actions on the health of 
pastoral agro-ecosystems. 

In this manner, the AHCs will allow the different agents 
involved in managing this type of agro-ecosystem (she-
pherds, technicians, researchers and politicians) to de-
cide, under objective, inclusive criteria, what agricultural 
practices should be promoted and which not.

 ACTIONS AND RESULTS

Figure 1 schematically represents the sequence of actions 
carried out to achieve the overall objective of the project.

A. Preparatory Actions
The development of the project began with a preparatory 
action consisting of designing and setting up an environ-
mental network in the study area to compile the most re-
presentative diversity of grassland habitats (A1). This di-
versity refers to both ecological factors (type of vegetation, 
altitude, geological material, orientation, among others) 
and factors linked to livestock management (stocking ra-
tes, type of animals, breeds, presence of livestock infras-
tructures, among others). The environmental network set 
up is available on the project website: www.soilmontana.
com

Fig. 1. Basic operational diagram of the project

This continues with another preparatory action for the 
project (A2), consisting of designing the AHCs or Pasto-
ral Agro-ecosystem Health Cards (Figure 2) (available on 
the project website: www.soilmontana.com). Basically, the 
AHCs are manuals that explain to us how we can carry 
out an evaluation of the state of health of different pastoral 
ecosystems in a simple, practical way. Likewise, they allow 
us to assess the impact that any change that we incorpo-
rate into these agro-ecosystems (for example, some agri-
cultural practice) may have on this health.

To carry out the diagnosis report, the AHCs detail which 
health indicators we can measure, how to do so correctly, 
the meaning of each of the indicators and the reference 
ranges considered to be “good”, “normal” and “bad”.



Fig. 2. Cover sheet of the Pastoral Agroecosystem Health 
Cards - AHCs

To make this tool accessible to the public, in such a way 
that the economic constraints and/or knowledge are not 
an impediment to anyone who wants to be able to use the 
AHCs, the cards make it possible to perform two types of 
diagnosis (to be chosen):

-Basic health diagnosis: this is based on the analysis of 
a range of indicators that can be measured and interpre-
ted without the need for specific training beforehand using 
simple measuring instruments manufactured in-house, 
simply following the instructions in the manual.

-Advanced health diagnosis: this is based on the analy-
sis of a range of “advanced” indicators that require profes-
sional equipment and prior training. In the event of having 
both resources, the AHCs show the protocols for analysis.

Whether we opt for a basic or advanced diagnosis (within 
the project we carry out both), the results of the indicators 
analysed are grouped to reflect the status of four ecosys-
tem services considered to be key for pastures:

1. Pasture production.
2. Conservation of biodiversity. 
3. Soil conservation. 
4. Fight against climate change. 

The overall health diagnosis of the agro-ecosystem will 
depend on the status of these services (Fig. 3).

Fig. 3. Diagnosis records (basic and advanced) at the end 
of the AHC manual.

C. Conservation actions
From the preparatory actions described (establishment of 
the environmental network and design of the AHCs), the 
project moved on to conservation actions (C1) which con-
sisted first in the execution of the most usual agricultural 
actions for conserving grassland habitats (clearing, ferti-
lising, liming, closures) during 2012. These actions were 
carried out using different methods, whose impact we in-
tended to find out and show in the project. 

The complete report on these actions is available on the 
project website: www.soilmontana.com; nevertheless, a 
summary is shown below:

-Bushes cleared: 40 hectares. Habitat 4030 (Acidophilic 
dry heath).
-Control of ferns: 4 hectares. Chemical methods (herbici-
de) vs. mechanical (brush cutter).
-Fertilising on the mountain: 60 hectares. Application of or-
ganic P (phosphorus) vs. non-application. Habitat 6230* 
and 6170. 
-Fertilising in the valley: 10 hectares. Manure vs. mineral 
(NPK). Pastures for harvesting, grazing and mixed.
-Liming in the valley: 8 hectares. Application of Ca(OH)2 
vs. non-application. Pastures for harvesting, grazing and 
mixed.
-Closure (simulation of cessation): 16 exclusions, four for 
each habitat described.

Subsequently (in 2013 and 2014), the AHCs created to 
monitor the impact of actions carried out in the field on soil 
(C2) and vegetation (C3) were applied, with the portable 
NIRS tool also being applied in the case of soil as a fast 
prediction tool (C4). 

The complete impact assessment reports (C5) can be 
consulted on the project website: www.soilmontana.com. 
Nevertheless, some of their effects on the services of the 
treated ecosystems are summarised below and, by exten-
sion, on their overall health*.

* The overall health diagnoses shown in this summary are 
based only on the analyses of the advanced indicators at 
the end of the project (2014). According to the AHCs, on a 
scale from 1 to 9:

 Diagnosis: “bad” (mark from 1 to 3.5).

       Diagnosis: “normal” (mark from 3.5 to 6.5)
 
   

Diagnosis: “good” (mark from 6.5 to 9)



CLEARANCE OF BUSHES IN THE MOUNTAINS: CLEA-
RANCE vs. NON-CLEARANCE

Clearance carried out with a manual brush cutter.
 
Production Service: 
-Positive effect. Large increase in the production of herba-
ceous pasture (surface of pasture).

Biodiversity Conservation Service: 
-No significant changes in overall terms.
-Slight increase in the genetic diversity of bacteria.
-Slight decline in the genetic diversity of fungi. 

Soil Resource Conservation Service: 
-No significant changes in overall terms.
-Slight decline in root depth and the infiltration of rain (com-
paction by trampling).

Fight Against Climate Change Service: 
-Negative effect. Decline in the abundance of roots (Car-
bon (C) sequestration capacity).
 

 Overall health diagnosis for 
 CLEARING 5.7          
 
 Overall health diagnosis for 
 NOT CLEARING: 4.2        

CONTROL OF FERNS IN THE MOUNTAINS: CHEMICAL 
vs. MECHANICAL METHOD
 
-Chemical method: AsuloxR Herbicide (40% methyl sulfon-
yl carbamate), 5 l/hectare.
-Mechanical method: Chain brush cutter.

Production Service: 
-Slightly higher under chemical methods. The herbicide 
maintained its effect over time.

Biodiversity Conservation Service: 
-No significant changes in overall terms. 

Soil Resource Conservation Service: 
-No significant changes in overall terms.
-Slight increase in the % of bare soil under herbicide (grea-
ter risk of erosion)

Fight Against Climate Change Service: 
-No significant changes in overall terms. 
 

 Overall health diagnosis for 
 CHEMICAL METHODS: 6.4          
 
 Overall health diagnosis for 
 MECHANICAL METHODS: 6.3

FERTILISING IN THE MOUNTAINS: APPLICATION OF 
ORGANIC P (PHOSPHORUS) vs. NON-APPLICATION

-Product used: Organic soft rock phosphate (26.5% P2O5; 
29% CaO). 192 kg/ha. 

Production Service: 
-The fertiliser did not produce significant effects. 

Biodiversity Conservation Service: 
-No significant changes in overall terms.
-Slight increase in the genetic diversity of fungi.
-Did not affect Nardus stricta (associated with habitat of 
priority common interest 6230*)

Soil Resource Conservation Service: 
-No significant changes in overall terms.
-Slight decline in the abundance of earthworms. 

Fight Against Climate Change Service: 
-No significant changes in overall terms.

 Overall health diagnosis for the 
 APPLICATION OF P: 6.51          
 
 Overall health diagnosis for the 
 NON-APPLICATION OF P: 6.46

FERTILISING IN THE VALLEY: ORGANIC (MANURE) 
vs. MINERAL (NPK)

-Products used: Manure (cattle or sheep) / Mineral (NH4-
NO3 + P2O5 + ClK). 29-35 t/ha. 

Production Service: 
-Slightly higher under mineral fertilising. 

Biodiversity Conservation Service: 
-No significant changes in overall terms. 

Soil Resource Conservation Service: 
-Slight improvement with manure. Less compaction and 
increased microbial biomass.   

Fight Against Climate Change Service: 
-Slight improvement with the application of manure, assu-
ming the incorporation of C into the soil.
 

 Overall health diagnosis for 
 ORGANIC FERTILISER: 6.61          

 Overall health diagnosis for 
 MINERAL FERTILISER: 6.55          



LIMING IN THE VALLEY: APPLICATION OF LIME vs. 
NON-APPLICATION

-Product used: Slaked lime (CaOH2). 1,5 t/ha.

Production Service: 
-Liming did not allow increasing production, which was 
higher in 2014.
-Increases the coverage of Lolium perenne (English rye-
grass), with a high forage value.

Biodiversity Conservation Service: 
-No significant changes in overall terms.
-Slight increase in botanical diversity. 

Soil Resource Conservation Service: 
-No significant changes in overall terms (not even in the 
acidity of the soil, which would indicate the need to repeat 
the application and/or increase the dose).

Fight Against Climate Change Service: 
-Negative effect. Loss of colouring in the soil (C sequeste-
red in the soil).

 Overall health diagnosis for the 
 APPLICATION OF LIME: 6.51          
 

 Overall health diagnosis for the 
 NON-APPLICATION OF LIME: 6.56

SIMULATION OF CESSATION (CLOSURE) vs. GRA-
ZING (NON-CLOSURE): 
-Methodology: Enclosures for livestock of 10 x 10 m, with 
livestock mesh and barbed wire.

Production Service: 
-Negative effect of cessation. In the absence of livestock-
raising activities, the value of this service is minimal accor-
ding to the AHCs (1 out of 9), as the production of pasture 
is not used.

Biodiversity Conservation Service: 
-No significant changes in overall terms.
-Slight increase in microbial diversity and decrease in bo-
tanical diversity.
-Habitat 6170: The species Brachypodium pinnatum turns 
up as an indicator of cessation.
-Habitat 6230*: The species Nardus stricta disappears in 
exclusions.

Soil Resource Conservation Service: 
-Positive effect of cessation: increases penetrability in 
compacted soil. 
 
Fight Against Climate Change Service: 
-Negative effect of cessation: emissions of CO2 increase 
from the soil to the atmosphere.

 
 Overall health diagnosis for an 
 ABANDONED AGRO-ECOSYSTEM: 4.4
 
 Overall health diagnosis for a 
 GRAZED AGRO-ECOSYSTEM: 6.45

In the light of these results, we can deduce that the ces-
sation of grazing in these areas would lead to a decline in 
its health in overall terms. On the contrary, the clearing of 
certain bushy areas would allow an increase in the surfa-
ce area-pasture production and redistribution of stocking 
rates, reducing the problems of compaction in the spots 
that tend to it. 

With regard to the remaining practices compared, their 
differences were minor, which may have been due both 
to the doses used (relatively low due to being protected 
habitats) and the short time elapsed since their application 
(1-2 years).

Moreover, the overall health diagnosis of pastoral agro-
ecosystems analysed as part of the project, both in the 
mountains and in the valley, can be considered as normal-
good according to the assessment methodology sugges-
ted by the AHCs.

It should be noted that the “basic” diagnoses obtained by 
means of the AHCs were well correlated with the “advan-
ced” diagnoses carried out, based on various comparative 
studies carried out throughout the project and published at 
the last scientific meetings of the Spanish Society for the 
Study of Pastures. 

This basic alternative is, therefore, a valid option so that 
people/projects with limited resources may objectively 
know the impact of their actions on the soil, by means of 
analysing simple indicators that can be measured and in-
terpreted without the need for prior specific training and 
with measuring instruments manufactured in-house.

Finally, these and other findings have been disseminated 
by means of various transfer actions (Figure 1. Section D. 
Dissemination) and have made it possible to set up colla-
boration networks (Figure 1. Section E. Networking) with 
other LIFE groups/projects. The main indicators in these 
sections are shown below:

Website: www.soilmontana.com
-3,056 visits to date (1,293 in Spanish, 1,255 in English, 
508 in Basque).
-819 visits to the AHC download page (670 in Spanish, 99 
in English, 50 in Basque).

Number of hits in the media: 44
Number of informative workshops: 8
Number of scientific publications: 9
Number of attendances at congresses: 6 

New collaboration networks:
-International: 
REGENFARMING Life Project (LIFE12 ENV/ES/000232)
AGROSOIL Life Proposal (LIFE14 ENV/ES/000358).
ESMAS H2020 Proposal (SEP-21017748).

-National: 
Extensive Livestock-raising and Biodiversity Project. 
CSIC (090201080025) 
Sustainable Milk Production Project. INIA (RTA2011-
00112-00).




