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1. Summary 

Five different protocols has been established with the main aim of be able to 

monitoring the project´s results of the GreenLink and its progresses. All partners will 

collect the data following the protocols to share the results with the rest of the 

consortium.  

The information collected by the protocols include: aspects to be considered when you 

are going to use Cocoon technology (Planting manual); how to test Cocoon 

effectiveness, the adaptation of the selected species, how to evaluate the ecological 

restoration and how to quantify the carbon stored on vegetation (Above ground 

protocol); Soil tests and analysis ( Below ground protocol); An analysis of soil fungi and 

bacteria (Microbiota protocol); and an ecosystem services valuation and stakeholder 

consultation before and after restoration processes. It is also attached a report with 

the dialectic between human land uses and levels of degradation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. Introduction  

The mediterranean basin is one of the most anthropized places in the planet. These 

basin landscapes are linked with human pressure (agriculture, overgrazing, 

urbanism…etc). Mediterranean climate, which is unpredictable and has low 

precipitations and high temperatures during the summer, contributes to make a 

specific kind of vulnerable landscapes. Climate change is seriously affecting the 

Mediterranean basin, in some areas the precipitations had decreased 20% at the end 

of the 21sd century, and the average summer temperature had increase 3-4 degrees. 

The GreenLink project is placed in this Mediterranean scenario of climate change with 

the aim of being a contribution to the restoration of degraded soils and landscapes. 

Cocoon´s planting technology allows trees to grow in drylands without irrigation, 

revitalizating degraded ecosystems and communities for this generation. The project 

covers six different areas of the Mediterranean basin, where the benefits from the 

cocoon will be tested. The plant species used are forest species and productive ones.   

It will be monitoring during 4 years, the vigor and growth of the plant, the chemical, 

physical and biological quality of the soil and the integrity and benefits of the Cocoon 

technology.  

Furthermore, parallel to the evolution of the ecosystem, the project will analyze the 

ecosystem service perception of the stakeholders, and their view and opinion of the 

evolution from a degraded landscape to a restored one.  

In this document six different protocols are presented, which make up the training 

course material. This material is mainly to train on the innovative practices and 

methodologies in the project, and it will be given to staff and sub-contractor as well as 

involved stakeholders. It is necessary to highlight the link between `theory´ and 

`practice´.  Therefore these protocols and methods designed to ensure efficiency and 

functionality will be applied by each partner. Furthermore, this information can be 

used to a replication of the planting strategy. 

 

 

 

 

 

 

 

 

 



3. Chapters + Results 

3.1 PLANTING MANUAL 

The following aspects should be considered when applying the Cocoon technology.  

Environmental conditions 

Environmental conditions (i.e. climate and soil, and to some degree pests and diseases) 

first and foremost define tree choice. This implies that the Cocoon, essentially a 

planting tool, cannot support tree species, which would otherwise not thrive under 

local (non-irrigated) growing conditions. Higher rainfall areas, particularly in 

combination with heavier textured soils, may be less suitable for Cocoons, when 

common tree planting practices without additional watering warrant sufficiently high 

survival rates. 

To apply Cocoons the following conditions should be met: 

 Top soils of at least 30 cm depth, as the Cocoon is buried into the soil.  

 If present (small) rocks in the top 25 cm should be cleared to prevent the pulp 

wall to be pierced through, resulting in premature water release.   

 Subsoil is preferably deep showing adequate water retention to support tree 

growth after establishment through the Cocoon. This requires subsoil during 

the year to be recharged by rain, (sub)surface runoff or relatively shallow 

ground water (Irrigation would defeat the purpose of the Cocoon). 

 Chemical soil composition is less critical for reforestation, unless productive 

(fruit) trees are considered, which may require additional fertilizer. Soils should 

be checked on salinity levels and other aspects which may be detrimental to 

selected tree species. 

Planting material 

The success of tree establishment using the Cocoon very much depends on the quality 

of planting material. Bad planting material cannot be compensated through Cocoon 

enhanced growing conditions. Additionally, healthy planting material should also be 

properly planted, without voids between root ball and planting hole.  

Towards the Cocoon the following criteria for planting material should be followed: 

 Nursery trees are preferably less than 1 year old. 

 Plant containers should not be larger than 4 liters, with diameter less than 15 

cm, to properly fit within the Cocoon. 

 Shoots are healthy, free of insects and diseases. Shoots should preferably not 

measure more than 40 cm, or may be pruned back (1-3 main stems), also to 



reduce leaf area against excessive transpiration losses. Leaf thinning may also 

be applied. 

 Root are healthy, free of insects and diseases (no rotting smell!).  

 Roots should not be circling at the bottom of the container (or growing 

upwards: J-rooting), as these root conditions will hamper deep rooting after 

planting. Some circling roots may be pruned at planting: however, when a 

substantial part of the root mass is pruned, tree growth may be severely set 

back. Ideally plant containers allow for air-root pruning, resulting in a multi-

branched root system.  

 Seedlings are preferably inoculated with mycorrhiza (see above) at the nursery. 

Monitoring 

Periodic monitoring after planting provides information on growth and vigor.  

Tree growth is assessed by measuring tree height using a measuring tape/stick. 

Rodents grazing on saplings may cause negative growth. In order to also account for 

tree volume (multiple branching), additional stem diameter is measured at the tree 

base. For Cocoon trees this may be cumbersome as long as the tree shelter is still in 

place. Older trees are recorded using diameter measurement as breast height (DBH). 

Tree vigor is a health indicator, also giving insights on survival rates. Survival rates 

during tree establishment in the first year can mainly be attributed to the Cocoon. 

Survival rates in subsequent years may clearly also be affected by extreme drought or 

other factors like grazing and fire, all beyond the scope of the Cocoon. Vigor is 

assessed by the following semi-quantitative scores during their normal growing period 

(i.e. no vigor scores of deciduous species during fall and winter): 

3:  Healthy tree, with more than 75% of green, not wilted leaves. Also active growing 

points (apices) may be visible. 

2:  Affected tree, with 25-75% of the leaves being wilted, yellow or brown 

1:  Severely affected tree with less than 25% of the leaves being green (i.e. the 

majority wilted, yellow of brown) 

0:  Presumably dead tree with no or only wilted leaves. Trees, however, may still 

recover by resprouting after a rain event. 

 

 

 



Tree 
# Treatment Vigor Animal damage Height Diameter Date 

    0-3 Y/N 
above 

ground     

1             

2             

3             

Example tree assessment form 

Other variables worthwhile collecting: 

Management 

 Watering volumes at planting and post-planting (i.e. control trees) 

 Husbandry practices (e.g. weeding time)  

Environment (see also Site Assessment Form) 

 Climate (rainfall & rainintensity, temperature, potential evaporation, solar 

radiation) historic records and weather station data during experiment 

 Soil texture over depth, organic matter content, soil nutrients (salinity) 

Plant 

 Survival (all trees, every 3 months in first year, followed by yearly recording) 

 Tree height, vigor (all trees, every 3 months) and stem diameter/caliper after 

first year 

 Weed count (every 3 months) 

 Plant physiological parameters: 

Photosynthesis & transpiration (5 trees/treatment, every 3 months, morning & 

noon), 

Predawn leaf water potential (5 trees/treatment, every 3 months) 

 Shoot/root ratio and leaf/stem ratio (destructive measurement, see below 

under ‘Cocoon  degradation – Excavation’) 

 Root depth and mycorrhizal activity (destructive measurement, see below 

under ‘Cocoon degradation - Excavation’) 

 

 

 

 



Soil 

 Soil moisture at different depths (e.g. 30, 60, 90 cm) over time within tree plots 

(Sensoterra) 

Cocoon degradation 

 Water level recording within Cocoon (using Harries permanent float), biweekly 

within first 3 months, following monthly) indicating leakage as degradation 

sign: 2 trees/treatment 

 Excavation (inspection reservoir (biological activity, see below), rooting depth, 

shoot/root ratio, leaf/stem ratio) 

After 6 months: 2 Cocoons with dead trees if available, or maximum 2 living 

trees/treatment) 

After 12 months: 3 Cocoons with trees 

 Follow up on naturally degrading Cocoons (every 6 months), inspecting tree 

flare, pit and erosion fill, runoff catchment (after rain events) 

Biological activity 

 Damage by rodents, grazers, insects 

 Below ground insects and micro-organisms  

Application 

Set the OBJECTIVES of the planting, for instance; reduction of costs (watering and 

maintenance/husbandry practices), expanding the planting window, water shortage, 

current low survival rates etc. 

The Cocoon technology is devised to support tree plantings especially in drier regions. 

The technology enables extending the planting window beyond the rainy season. This 

may particularly be beneficial when temperatures become sub-optimal for plant 

growth (i.e. rains in cold winter season, like in the Middle East). Ideally, trees should 

be getting established some months before the rainy season to take better 

advantage of later available rain water. 

Cocoons compensate for the erratic nature of rainfall common in dry regions: 

conventional tree plantings need to wait for the first rains to come. Also for more 

practical reasons pre-rain plantings are preferred when planting sites become 

inaccessible by muddy roads or flooding, or when competing with other field activities 

during the rainy season.  

Planting after the rainy season may be considered when temperatures have become 

more favorable for tree growth: if top soil has dried by evaporation or available soil 



moisture has percolated down beyond the reach of tree roots upon planting, roots of 

‘Cocoonized trees’ may thus reconnect to the soil moisture in substrata. 

Plantings are typically envisioned in drier regions, implying that trees are characterized 

by low water use and tolerance for drought and salinity, if relevant. Cocoons are 

particularly used in combination with forestry species to support ecosystem services. 

Also other objectives may be of interest like production of charcoal (e.g. Prosopis spp.) 

or fodder (e.g. Moringa perigrina). Additionally, rain-fed grown fruit trees may be 

considered, like olives, grapes, pistachio and pomegranates or even mango’s and 

avocado’s. Young trees raised in Cocoons require less supplementary watering while 

getting established and show better performance, such as opportunities for early 

grafting. Cocoons are not recommended in irrigated, highly productive fruit and nut 

cultivations.  

Regions with less than 100 mm of rain may still sustain tree vegetation, depending on 

the availability of (sub)surface runoff (e.g. Al Ghat, KSA), or intrusion of (saline) water 

near coastlines (e.g. Jeddah, KSA). Showing the highest potential in drier regions, 

Cocoons may also support tree establishment in wetter parts, amongst others by 

controlling weeds competing for water, nutrients and light. 

Suitability of the Cocoon technology is mostly driven by annual rainfall regime and soil 

type, as both determine tree available water. In addition to a subsequent estimate of 

tree available water, vegetation situation, temperature regimes Land Life Company will 

narrow down tree selection/planting setup further. 

Planting Setup considerations: 

a) Test several tree and shrub species. Native and adaptive species should be 

selected for the plantings. These species are drought tolerant, thus requiring 

relatively small amounts of irrigation water, and salt tolerant, thus surviving on 

subsurface saline water.  

b) If possible and available test on 2 locations. 

c) Test different planting seasons; i.e. autumn vs. spring (preferably, trees should 

be getting established some months before the rainy season). 

 

  



3.3 ABOVE GROUND PROTOCOL 

Vegetation monitoring control 

1. Objectives 

Above ground vegetation monitoring intends to achieve four objectives at different 

scales:  

 Test Cocoon effectiveness: determine survival rates, assess vigor, assess growth of 

planted seedlings, assess the effect on adjacent vegetation 

 Test the adaptation of the selected species (adaptive restoration) 

 Evaluate the restoration of the demonstration areas 

 Quantify the carbon (CO2-C) stored on vegetation 

 

2. Monitoring parameters 

In order to achieve the objectives of the above ground plant monitoring we propose to 

measure five groups of parameters: 

- Vigor (survival and health) 

- Growth rate 

- Vegetation structure and composition 

- Plant biomass stock 

Additionally, fauna recruitment will be evaluated qualitatively. In order to detect 

problems related to Cocoon installation or possible defects or limitations of the device it 

is necessary to assess the Cocoon device estate jointly with vigor and growth measures.  

A synthesis of field observations and measures to be taken at each site is provided on 

table 1. 

 

  



 

 

 

 

  

Task/Measure How When 

Seedling 

characterization 

Height and diameter measures (10 

seedlings per specie), seedling 

health 

Before 

plantations 

Seedling 

identification  

Labelling (30% of seedlings per 

specie and site) 

Dec 2016 

May 2017 

Vigor 

 

Visual evaluation (all labelled 

seedlings, 30%  per specie and site)  

May 2017 

Oct  2018 

Oct  2019 

Growth Height and diameter measures (all 

labelled seedlings, 30% per specie 

and site) 

May 2017 

Oct  2018 

(only height) 

Oct  2019 

Cocoon device 

assessment 

Visual indications (lip collapse, 

protector lost, deficient 

installation) on all labelled 

seedlings 

May 2017 

Oct  2018 

 

Vegetation 

structure 

Cover and height measures taken 

in 25 m transects (3 per ha) 

May 2017 

May  2019 

Vegetation 

composition (plant 

diversity) 

Plant identification and specie 

abundance, all sites 

May 2017 

May 2019 

Microsite 

evaluation 

Orthogonal pictures (5 controls per 

spp, 1m diameter, 3 cocoons per 

each control) 

May 2019 

Plant biomass 

stock 

 

Modelling and destructive analysis 

(6 trees (3 Cocoons+3 

control)/main spp) 

 

Oct  2019 

 

Fauna evaluation Visual indications (footprints, 

tracks, nests, direct observation…), 

all area 

May 2017 

May 2019 

Oct 2019 

 

Table 1. Synthesis of field observations and measures to be taken at each site. 

 



3. Methodology 

Seedling characterization 

In order to characterize the planting material used we propose to measure shoot and 

root height, and tree base diameter in a sample of at least 10 seedlings per specie, 

previously to planting process, as soon as possible after the reception of the seedlings. 

The measures should be taken using a measuring tape/stick (height) and a caliper 

(diameter).  

Moreover, a qualitative evaluation of the seedlings must be done. This evaluation 

allows to detect shoots and roots health problems (insects, diseases, chlorosis, loss of 

leaves, stem scars, rotten roots). Moreover, we must pay attention on the presence of 

spiralized roots or J-rooting. If any of these problems (or others) are detected they 

should be noted.  

The type and dimensions of the containers, and the nursery where the seedlings 

proceed must be recorded too. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Evaluation of F. carica and O. europaea planting material. Appropriate root 

structure in F. carica seedlings (left). Bad root development in the container can 

explain future problems in root growth (right).  

 



 

 

Seedling identification 

In order to evaluate Cocoon effectiveness is necessary to identify the monitored 

planted seedlings with a code. This identification can be made, for example, using 

aluminum or plastic tags. Moreover, we strong recommend having a map of the area 

with a schematic localization of the seedlings with their respective codes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2. Q. ilex seedling labeled with aluminum tag that allow thin face with pen 

marking. 

 

 



We must identify at least 30% of the seedlings (including all the controls) per specie 

and site, differencing site specific variables (flat vs slopes, soil types, etc.) or treatment 

variables (Cocoon with degradable wicks, Cocoon with half water content, compost 

use, etc.). In treatments, species or sites with less than 50 seedlings, all individuals will 

be identified. We will select (and identify) the Cocoons closest to each control (with a 

minimum of three Cocoons per control, as far as possible). In order to have a good 

data coupling, it is important to identify each selected seedling with Cocoon with the 

closest control. 

Plant vigor 

Tree vigor is a health indicator, also giving insights on survival rates. Survival rates 

during tree establishment in the first year can mainly be attributed to the Cocoon. 

Survival rates in subsequent years may clearly also be affected by extreme drought or 

other factors like grazing and fire, all beyond the scope of the Cocoon. Vigor is 

assessed by the following semi-quantitative scores during their normal growing period: 

3: Healthy tree, with more than 75% of green, not wilted leaves. Also active 

growing points (apices) may be visible 

2: Affected tree, with 25-75% of the leaves being wilted, yellow or brown 

1: Severely affected tree with less than 25% of the leaves being green (i.e. the 

majority wilted, yellow of brown) 

0: Presumably dead tree with no or only wilted leaves. Tree seedlings, however, 

may still recover by resprouting after a rain event. 

 

 

Figure 3. Tree seedlings in different health states, according to the proposed scores: 

healthy tree (left), affected tree (center) and severely affected tree (right). 

 



Vigor will be evaluated at least for 30% of the seedlings (including all the controls) per 

specie, site and treatment. We will measure the seedlings with Cocoons closest to each 

control (with a minimum of three Cocoons per control). In treatments, species or sites 

with less than 50 seedlings, all individuals will be measured. In order to have a good 

data coupling, it is important to identify each selected seedling with Cocoon with the 

closest control. 

Vigor measures will be taken after the second plantation (May 2017), one year after 

(Oct 2018) and in autumn 2019 (Oct 2019). 

Growth 

Tree growth will be assessed by measuring maximum plant height, from root crown to 

the shoot apex, using a measuring tape/stick. Be carefully not to measure from Cocoon 

tape. In order to also account for tree volume (multiple branching), stem diameter will 

be measured at the tree base (at the level of the Cocoon’s tap, at 10 cm of the soil), 

using a caliper.  

Plant selection for growth measurements will be the same as vigor: we will measure 

the seedlings with Cocoons closest to each control (with a minimum of three Cocoons 

per control). In treatments, species or sites with less than 50 seedlings, all individuals 

will be measured. In order to have a good data coupling, it is important to identify each 

selected seedling with Cocoon with the closest control. Growth measures will be taken 

jointly with vigor measures (May 2017, Oct 2018, Oct 2019). However, in October 2018 

sampling period diameter measures will not be taken in order to facilitate the 

monitoring due that probably little differences will be recorded between 2017 and 

2018 samplings for this parameter.  

Rodents grazing on saplings may cause negative growth. Moreover, plague infestation 

can affect seedlings development. Fast growth, wind or deficient root system 

development can cause tree fall. All these situations must be recorded. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Taking height and diameter measures. 

 

Root development  

In order to determine the effect of the Cocoon on plant development, root elongation, 

volume and biomass will be measured in 3 seedlings with Cocoons and the adjacent 

controls (6 trees per specie). For taking these measures it is necessary to carefull 

unearth the selected trees (see Plant biomass stock). 

Vegetation structure  

The growth of spontaneous vegetation is an indicator of the restoration of the site. The 

evaluation of the structure and composition of this vegetation will allow determining 

the degree of restoration of the site. Moreover, this measure will allow estimating 

aboveground biomass carbon stock in forests or rangelands. Vegetation structure and 

composition will not be evaluated in crops. 

Structure will be evaluated quantifying cover types in each site or sub-site (differencing 

site specific variables: flat vs slopes, soil types, etc.). It is necessary to distinguish 

between herbaceous cover, woody species cover (shrubs and trees) and other soil 

cover types (litter, dry branches, plant remains). The method proposed is the point 

transect. Extending a tip of 25m a transect will be established and the evaluator will 

note the main cover every 20 cm. Height of the dominant specie must be measured 

each 20 cm. Woody species must be identified and height measured. 

A minimum of 3 transects per hectare must be done in order to have representative 

measures. In slopes, transects must be done parallel and perpendicular to the slopes. 

Transect vertex must be fixed with metal bars in order to repeat measures at the same 



place. For this, each vertex must be identified with UTM coordinates or a specific code. 

It is recommendable to install permanent bars during the project and to sketch a map 

with transects localization.  

 

Figure 5. Different soil covers (herbaceous, litter, bare soil) in an evaluation transect. 

Vegetation structure measures must be done just after the plantation (May 2017) and 

in the spring 2019 (May 2019). 

Vegetation composition (biodiversity) 

In order to determine vegetation composition the evaluator must identify all plant 

species (herbaceous, shrubs and trees, including planted ones) in the demonstration 

area (vegetation inventory) differencing each site or sub-site (according site specific 

variability: flat vs slopes, soil types, etc.).. Monitor could take advantage of transect for 

doing this but probably he will need additional work in order to detect all the plants. 

For each plant, abundance estimation must be done, using this pattern ranks: 

1: testimonial 

2: low frequency (<25% soil cover) 

3: high frequency (25%-75% soil cover) 

4: dominant (>75% soil cover) 

Flora inventories must be done in parallel to structure evaluation: just after the 

plantation (May 2017) and in spring 2019 (May 2019). 

Microsite evaluation  

In order to detect the Cocoon effect on surrounding vegetation development we 
propose to perform a vegetation evaluation at microsite scale in a selection of 
seedlings. Cocoon effect on herbaceous vegetation cover and biomass will be 
evaluated tracing a 1m diameter circle around the Cocoon (using a plastic or metal 
circle, see picture 3). For cover evaluation, it is recommendable to take an orthogonal 
picture covering all the area inside the circle and calculate the cover in the office (using 
a specific program or a grid panel). Another option is to measure herbaceous cover 
directly on the field using two perpendiculars 1m transects inside the circle. However 
this measure will be surely less accurate.  



 

 
Figure 6. Example of an orthogonal picture of a sample circle of 1m diameter. 

 

For determining plant biomass in the same place of cover measurements all the 

herbaceous vegetation will be harvested and weight (after drying at 60°C for 4 days). 

All the microsite measures will be ever coupled with a respective adjacent control. A 

minimum of 5 controls per specie, site and treatment will be selected and measured 

(taking a picture and harvesting). For each control, the same seedlings with Cocoons 

selected for vigor and growth measures will be measured and harvested. In order to 

have a good data coupling it is important to identify each selected seedling with 

Cocoon with the closest respective control (in pictures and harvested vegetation).  

Microsite evaluation must be done in spring 2019 (May 2019).  

 



 

Figure 7. Example of control seedling (C1) and adjacent Cocoon selection (C1-1, C1-2, 

C1-3) for paired measures. Each measured control must have paired measures with 

Cocoons. It is important to have a code system that allows data coupling. 

Plant biomass stock  

Above ground carbon stock of shrubs and trees will be estimated with modeling tools 

according to vegetation structure and composition data (woody species cover and 

height). Biomass equations will be applied according to the dominant vegetation. 

Moreover, herbaceous carbon storage will be evaluated taking advantage of the 

herbaceous biomass evaluation in microsites (see Vegetation structure and 

composition).  

This model will be supported with destructive measurements on 3 individuals with 

Cocoons + adjacent control (3 controls), per specie. For these individuals we will take 

pictures of shoots and roots (having a 20 cm ruler as reference), and we will measure 

total, shoot and root volume and length, taken from fresh seedlings. After soil cleaning 

we will measure shoot and root volume, and after drying at 60°C for 4 days we will 

measure total plant, shoot, root and lateral root weight. A sample of each tree root 

and shoot will be send to the lab in order to determine C content. It should be done 

this destructive sampling only for the dominant specie (most planted or most 

representative). 

C1 C1-2 

C1-1 

C1-3 



It is mandatory to do this destructive measure in these Cocoons (and controls) where 

microsite evaluation had been done, in order to better compare the measurements. As 

other individual measures, the sampled Cocoons must be coupled (and identified) with 

respective controls. This destructive measure must be done close to the end of the 

project (Oct 2019), in order to have a more accurate approximation to C storage and 

root development.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Unearthing a moringa tree planted with Cocoon technology in Saudi Arabia. 

 

 

  



Fauna evaluation 

This parameter assesses the entry of animals to the restored area by counting 

footprints evidences and direct observations. The entry and establishment of 

macrofauna in restored areas, if do not causes damage to vegetation or soil, is an 

important step in ecosystem restoration. Fauna recruitment and entrance (use) will be 

measured through monitoring qualitative indicators during the field samplings: tracks 

(footprints), excrements, lairs, nests, direct observations. If possible, identify the 

specie. 

This measure  

will be done taking advantage of the successive visits at the site, but specifically during 

plantations and in spring and autumn 2019 (May 2017, May 2019, Oct 2019). 

 

 

 

 

 

 

Figure 9. The presence of tracks, excrements or lairs are good indicators of fauna 

recruitment in restored areas. 

Cocoon devise assessment 

 

In order to detect survival or growth problems related to deficient installation, failures 

or limitations of the device, a Cocoon devise assessment will be done jointly to growth 

and survival measures. Symptoms of deficient installation as Cocoon outstanding from 

soil surface, incorrect fulfill of holes (space between Cocoon and soil walls), turned 

Cocoon or an excessive fulfilling of seedling holes must be recorded. Moreover, 

failures or limitations of the device as early lip collapse, broken bowl, protector fall or 

protector lost must be recorded. 

Cocoon devise assessment will be done in the seedlings selected for growth and height 

measures in May 2017 and October 2017.  

 



  

             

   

 
Figure 10. Symptoms of deficient installation or devise limitations or failures:  Cocoon 
outstanding from soil surface, incorrect fulfill of holes (space between Cocoon and soil walls), 
excessive fulfilling of seedling holes, lip collapse, protector fall, protector lost, turned Cocoon 
and half silted bowl.  

 



3.4 BELOW GROUND PROTOCOL 

The reliability of a soil analysis depends on a good sample. Soil tests and analysis will 

be done on a sample that is only a tiny fraction of the field trial where Cocoon boxes 

will be installed. We assume that data from the analysis of the soil sample represent 

the entire trial area. Therefore, care must be taken to ensure that the soil sample 

truly represents the experimental area. 

The recommendation for monitoring, common description and classification of the 

soils of the different experimental sites, is to use the Soil Survey Manual (NRCS, USA 

,1993) and the World Reference Base for Soil Resources (FAO, 2014). 

The “Soil Survey Manual” is the most complete reference for soil sampling and soil 

identification and description of soil factors (intrinsic and extrinsic) and soil properties. 

It is a guide of general acceptation and recognition. 

The “World Reference Base for Soil Resources” is the international soil classification 

system most used and important for soil classification today. The manual includes the 

rules for classifying soils, the identification of diagnostic horizons, properties and 

features of the soil profile, description of the soil groups, summary of analytical 

procedures for soil characterization, etc. 

1. Soil monitoring by two kinds of soil samples 

In each Experimental Site, at the beginning and at the end of The Green Link Project, at 

least two representative soil samples at two different soil depths, topsoil layer (Ts) and 

subsoil layer (Ss) will be taken. In the next epigraph (General sampling procedure, 

point 3) you could find how to take those samples. 

Ts. Top soil sample will include the superficial layer of soil. The sample will be 

taken precisely from the mass of soil which will be introduced in the cylinder of 

the Cocoon box where the plant is located and where the initial root development 

will be produce. After the project time spam, we will analyze again this superficial 

soil in direct contact with the superficial root systems looking for changes. Soil 

depth will be the first 10 cm of the superficial soil layer  

Ss. Subsoil sample. We will follow changes in soil conditions below the Cocoon 

box, where the deeper root system development will occurs. The sample will be 

taken from the bottom of the hole where the box will be placed. Because the box 

has a height of around 22 cm, the depth of the soil sample will be between 20 and 

30 cm. 

 



General sampling procedure 

1.1 Where to sample 

A critical step in obtaining accurate soil tests is collecting representative samples in the 

field. The area to be sampled should be as uniform as possible in terms in soil type. 

Avoid unusual spots where you observe some conditions different from the rest of the 

trial area (e.g. excess of rock fragments). 

Fields with significant landscape or other differences should be divided into separate 

sample subareas (see Figure 1). Each distinct subarea should be sampled separately. 

Differences may include soil type, color or texture, slope, degree of erosion, drainage, 

crop and/or manure history, or other factors that may influence soil properties.  

 

 

 

 

 

 

 

 

 

Figure 1. Example of Cocoon trial area with differences in landscape and soil type. 

Collect a separate final composite soil sample from each of the four subareas 

(A, B, C, D and E) 

Typically, uniform fields (or each of the selected subareas) should be sampled in a 

simple random pattern across the field collecting at least 5 equal size soil cores or 

subsamples by walking in zig-zag pattern over the trial area. The subsamples should be 

mixed together for having a final composite sample. 

 

1.2 Equipment 

Use clean sampling tools and avoid contaminating the soil sample during their mixing 

or packaging. For instance, a small amount of fertilizer residue on your hands or tools, 

C 
D 

B 

A 

E 



can distort the analysis results. The necessary equipment for soil sampling will be 

including: 

 Spade or shovel preferably made of steel. 

 Plastic bucket or large plastic bag for collecting and mixing subsamples. 

 Plastic bag to contain about 1 kg of the final composite sample. 

 Waterproof marker to label the plastic bag to identify the sample. 

 Map of the area if you are taking more than one composite sample. Mark each 

sampled subarea on the map. 

 

1.3 How to take a good soil sample at the beginning of the project 

For each distinct soil uniform area or subarea you are sampling, select at least 5 spots. 

Discard surface litter, mulch, vegetation, fertilizer residues, and surficial crust, etc., 

from the sample spot by scratching the soil surface with the spade or shovel.  

You could have two different situations: 

a) If the Cocoon boxes are already installed, but you did not take any soil sample 

yet: 

 Select at least 5 spots close to the Cocoon boxes, which ensure a 

balanced representation of the whole trial area.  

 At each spot you should dig a hole with the spade or shovel cutting out 

a triangular wedge of soil and set it aside (see Figure 2a). The hole 

should be 40 cm deep.  

 Now, from one side of the hole take a thin slice of soil from 20 to 30 cm 

depth. Save this subsoil sample (Ss) in the corresponding bag as a part 

of your composite Ss sample.  

 After this, take other slice of soil from the same side of the hole from 

the surface (0 cm to 10 cm depth). Save this top soil sample (Ts) in their 

corresponding bag as a part of your composite Ts sample. 

 Repeat the two last steeps in each of 5 the selected spots.  

  The final amount in both composite topsoil sample (Ts) as well as the 

subsoil sample (Ss) should be around 1 kg each. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure 2. Illustration to take a good soil sample (a) when the Cocoon boxes are already 

installed, but you did not take any soil sample yet; (b) when is the time of plantation 

and Cocoon box installation 

b) If you are at the time of plantation and Cocoon box installation: 

 Select at least 5 spots where the Cocoon boxes are going to be installed, 

which ensure a balanced representation of the whole trial area.  

 The auger equipment should dig a hole as wide and as deep where the 

Cocoon box is going to be installed (Figure 2b). Thus, from one side of 

the hole take a thin slice of soil from 20 to 30 cm depth. Save this 

subsoil sample (Ss) in the corresponding bag as a part of your composite 

Ss sample.  

 After this, take other slice of soil from the same side of the hole from 

the surface (0 cm) to 10 cm depth. Save this top soil sample (Ts) in the 

corresponding bag as a part of your composite Ts sample. 

 Repeat the two last steeps in each of the 5 selected spots.  

 The final amount in both composite topsoil sample (Ts) as well as the 

subsoil sample (Ss) should be around 1 kg each. 

Place all the soil subsamples from a single depth in a clean plastic bag or container and 

mix thoroughly. Then, transfer the final composite soil sample to their corresponding 

plastic bag. Make sure that the bags are properly labelled with the following 

information, before you send them to the laboratory for analysis: 

o Name of the trial area or experimental site (for instance, Tous) and name of the 

country (for instance, Spain). 

o Date of sampling (dd/mm/yyyy) 

o If needed, name of the subplot or subarea in your experimental site in case of 

significant differences of soil type (see Fig. 1.). 

o Soil sampling depth code: Ts (0-10 cm) or Ss (20-30 cm). 

 

(a)     (b) 

Ts 

Ss 

Ts 

Ss 

 



2. Analytical methods for soil characterization 

Sample preparation: The soil samples should be air-dried, sieved to remove material 

with diameter > 2 mm (calculate the percentage of rock fragments). The fine earth (< 

2mm diameter) is stored in air-tight plastic boxes until analysis.  

Moisture content: All the analytical results should be expressed on dry soil, so a 

subsample should be dried in an oven at 105ºC until constant weight. 

Soil biological activity determinations: As for Ts and Ss samples, a composite one of 5 

soil cores will be taken. Soil samples should be maintained at 4ºC until their arrival at 

the laboratory. Once in the lab, soil samples should be analyzed as soon as possible. If 

not, they should be frozen at -80ºC until analysis. However, for practical reasons owing 

to the difficulty of keeping samples at 4ºC and as we agree in Almeria meeting, 

samples should be sending immediately to the laboratory in a close plastic bag keeping 

the field conditions at the sampling time.  

Chemical properties: 

Electrical conductivity (EC): It is measured in soil saturation extracts by the method of 

Richards (1964).  

Ammonium and nitrate: They are extracted with 2 M KCl solution and determined by 

steam distillation by micro-Kjeldahl automatic analyser using the Bremner method 

(Black et al., 1965).  

Soil pH: It is determined in saturated paste (Richards, 1954). Alternatively, the pH of 

the soil is measured in the supernatant suspension of a liquid soil: distilled water in a 

ratio of 1:5 (volume: volume) (according to ISO standards). 

Cation exchange capacity (CEC): It is determined according to the method of Bower et 

al. (1952). The sample is percolated with sodium acetate (pH 8.2 for alkaline soils), the 

excess salt is then removed (with ethanol 96%) and the adsorbed Na exchanges by 

percolation with ammonium acetate (pH 7). The Na in this percolate is a measure for 

the CEC. 

Exchangeable bases (EB): are extracted with 1 M ammonium acetate solution (pH 7) 

(Peech, 1954) and the baes are measured in this percolate.  

Available Phosphorus (P): It is determined colorimetrically according to the method of 

Olsen and Dean (Black et al., 1965).  

Carbonates: Total carbonates are measured using the Bernard calcimeter method 

(MAPA, 1986).  



Physical properties: 

Soil texture: It is assessed after elimination of the soil organic matter by the 

hydrometer method (Bouyoucos, 1936). 

Soil aggregate stability (AS): A wet-sieving (0.25 mm mesh) procedure modified from 

the Henin and Feodoroff (1958) method is used (Primo-Yufera and Carrasco, 1973). 

Water retention capacity (WRC): It is determined using the equations of McLaren and 

Cameron (1996): 

(a) WRC = (θ10 - θ1500) * BD 

(b) WRC = (θ33 - θ1500) * BD 

where θ10, θ33, θ1500 are gravimetric water volumes at -10, -33, and -1500 kPa, 

which are obtained using the pressure membrane method (Richards, 1947), and BD is 

the bulk density (field capacity is defined as the gravimetric water volume at -10 kPa 

and -33 kPa). 

Soil erosion: Erodibility of soil is estimated through the factor K of Universal Soil Loss 

Equation (USLE) by a nomograph that includes five soil parameters: texture, organic 

matter, coarse fragments, structure, and permeability; as proposed by Wischmeier and 

Smith (1978) and Renard et al. (1997). 

Compaction: It is determined through the bulk density (BD), which can be determined 

gravimetrically by drying a known volume of sample at 105°C. 

Soil moisture at the Experimental Sites with Sensoterra sensors 

Volumetric soil water content (ϴV): The ThetaProbe (ThetaProbe ML2x, Delta-T 

Devices) is used to measure volumetric soil water content (ϴV). It matches with other 

methods, such us time-domain reflectometry (TDR) or capacitance measurement. A 

simplified standing wave measurement is used to determine the impedance of a 

sensing rod array and hence the volumetric water content of the soil matrix. The 

ThetaProbe ML2x is connected to the Moisture Meter (type HH2, Delta-T Devices) 

which reads and stores the measurements. 

 

 

 

 

 

 



Biological properties: 

Total organic carbon (TOC): Soil organic matter content is determined by oxidation 

method by potassium dichromate following Walkley–Black procedure (Jackson, 1958). 

The factor used to convert C into organic matter is 1.724 (MAPA, 1986). 

Particulate organic matter (POC) (g C/kg soil): It is determined from 20 g of dry soil 

after dispersing by shaking overnight in a 100-ml solution of sodium 

hexametaphosphate (5 g l−1) and sieving through a 0.050 mm sieve. The POC (≥0.050 

mm) is recovered by back-washing the sieve followed by filtration (Whatman filter 

paper #541) (Martínez-Mena et al., 2012 and Six et al., 2002 modified), and analysis of 

the carbon content by Walkley–Black procedure (Jackson, 1958). 

Soil carbon stock: It is determined using the total organic carbon, bulk density and 

depth (estimation). 

Soil respiration: It is measured in the field experimental areas through CO2 flux 

measurement equipment (Dräger X am 5600 equipped with infrared sensor IR CO2). 

Soil microbial and enzymatic activity: It is determined colorimetrically by measuring 

soil β-glucosidase, alkaline phosphatase and urease activities, after soil incubation with 

the proper buffers for each enzymatic activity. 

Microbial Biomass is determined by the spraying-extraction method based on Vance et 

al. (1987) procedure 

 

 

 

 

 

 

 

 

 

 



 

3.5 SOIL SAMPLING PROTOCOL FOR THE STUDY OF 
SOIL FUNGI AND BACTERIA 

1. Material 

- Five airtight 50 mL tubes (Falcon tubes) or alternatively, a larger (250 mL) airtight 

container (e.g. Tupperware). ID Forest can provide you with sterile 50 mL tubes upon 

request. 

- Gardening shovel or spade. Prior to use, please make sure that the tools are clean 

and free from soil. 

2. Procedure 

- At agricultural plots were tillage is practiced, directly take soil samples from the 

surface down to 20 cm (8 in) deep at five representative 

points in the plot. At forest plots or agricultural lands under no-tillage management, 

discard the top 5 cm (2 in).  

- As far as possible, discard pebbles larger than 0.5 cm (0.2 in). If 50 ml tubes are 

available, keep each sample in one of them. Otherwise, mix all five samples into a 

larger container. Make sure that the amount of soil from each subsample is even. 

- Close tubes/containers tightly to avoid desiccation. Keep refrigerated or at room 

temperature. Avoid heat.  

 

 

 

 

 

 

 

 

 

 

 



3.6 STAKEHOLDER CONSULTATION 

 

1. The Social-Ecological System framework 

Ecosystems and socio-economic systems have many characteristics in common. 

Despite this we have always seen a perspective of humans separated from nature, 

with a controversial issue of link development with conservation (Martín-López et al., 

2009). However social and ecological systems are interlinked, human society is 

embedded within ecosphere limits and it has been coevolve with the dynamics of 

ecological systems (Berkes and Folke, 1998; Martín-López et al., 2012). In this process 

of coevolution the humans and the ecosystems have been becoming and integrated 

system. This connection between humans and nature has been known as social-

ecological systems (Figure 1, Martín-López et al., 2009). 

 
 

Figure 1. Diagram of a social-ecological system. Source: Martin-López et al., (2009) 

 

The social-ecological systems have different levels of resilience which determinate 

their capacity and functioning when the disturbances appear. The resilience is defined 

as the capacity of a system to absorb disturbance maintaining its structure and 

feedbacks (Walker et al., 2004). It also reflects the capacity of learning and adaptation 

in a changing world. Thus the resilience of a social-ecological system depends on its 

complexity and features (Carpenter and Folke, 2006; Folke 2006).  

 



2. Introduction of Ecosystem Services 

Recently it has appear a new framework of conservation in which biodiversity provides 

essential services to human systems (Martín-López et al., 2012) and it plays a key role 

for the self-organizing capacity of complex systems. These essential services are known 

as ecosystem services (ES), which has been defined as the direct or indirect 

contributions of ecosystems to human well-being (De Groot et al., 2010). Ecosystem 

services are becoming an important concept to communicate societal dependence on 

ecological life (Bastian et al., 2012), and it is also useful for decision-making in 

conservation actions and natural resource management (Harrison, 2010). 

Ecosystem services are classified into three categories, (1) provisioning services, 

products obtained from ecosystems such us fresh water or food, (2) regulating 

services, benefits obtained from the regulation of processes such us water regulation 

or air quality maintenance, and (3) cultural services, which are non-material benefits 

such us educational and spiritual values. 

 

Category Examples of ecosystem services provided 

Provisioning services  Food production 

 Raw materials 

 Genetic resources 

 Medicinal resources 

 Fresh water supply 

Regulation services  Climate regulation 

 Air quality 

 Water regulation and water 

purification 

 Soil erosion control and soil 

fertility 

 Pollination 

Cultural services  Tourism 

 Local identity and sense of 

place 

 Scientific knowledge and 

environmental education 

 Local ecological knowledge 

 Spiritual knowledge 

 

 

 

 

 



2.1 Methodological Approaches for Ecosystem Services Valuation 

The valuation of ecosystem services is focus on provides knowledge and useful 

information for decision makers in order to design policies and strategies for the socio-

ecological systems management. It can be consider three types of evaluation, 

biophysical, socio-cultural and monetary. Thus, it is an interdisciplinary exercise in 

which it is necessary to incorporate different sources of scientific, experimental, 

traditional and local knowledge (Cowling et al., 2008).  There has been done much 

work to quantify biophysical properties of ecosystem and the economic value, whereas 

attention of society´s preferences and perceptions for ecosystem services is much 

smaller (Castro et al., 2013).  

 

3. Supply and demand framework for stakeholder consultation 

In the recent years it has been noticed the importance of identifying the ecosystem´s 

capacity to provide services (supply side) and their social demand (demand side), 

because the status of the ecosystem services depends no its properties and on the 

societal needs. The capacity of ecosystems to provide services is suffering degradation. 

While certain demand of ecosystem services is increasing, as population is growing and 

their standards of living as well (Liu et al., 2010). The capacity of an area to provide 

services over a period of time is known as the supply side, and the services consume in 

an area over a period of time is the demand side (Burkhard et al., 2012). 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Conceptual framework of ecosystem services assessment linking the service-

providing units and the ecosystem services beneficiaries and how they could be 

explored (Castro et al., 2013). 



 

4. Implementing a stakeholder consultation 

4.1. Sociocultural valuation  

Socio-cultural valuation gives the opportunity to involve the beneficiaries of the 

services in decision-making, identify the most relevant ecosystem services in a place 

and evaluate the future management based on the opinion of the stakeholders 

(Martin-Lopez et al., 2012). This opinion shows their necessities and it will determinate 

the ecosystem services demand, use, enjoyment and value (Castro et al., 2014). 

Nevertheless the majority of ecosystem services studies do not explicitly include the 

preferences and values of different ecosystem services beneficiaries (Menzel and Teng, 

2010; Seppelt et al., 2012). Ecosystem services concept is necessarily linked with 

beneficiary's welfare, thus, including the importance of human preferences in their 

assessment is a necessary requirement (Martin-Lopez et al., 2012-13).  

 

There are different stages for socio-cultural valuation: 

1. Stakeholder identification  

2. Service preferences analysis. Evaluate the knowledge that stakeholders have 

about services, their social preferences, importance of ecosystem services on 

their welfare on their perception on vulnerable services. 

3.  Detection of the interactions between services caused by different interests. 

   4.2 Stakeholders identification  

 

An stakeholder is a person who has an interest in the use or management of 

ecosystem services. They can have two roles in relation with it: an active role- since 

they are able to control and manage the services- and a passive role- they are affected 

(negatively or positively) by the management of the ecosystem services. Furthermore 

according to the level of dependency on ecosystem services it can be three different 

kind of stakeholders: priority stakeholders (their welfare depends on ecosystem 

services provided), secondary stakeholders (they have an influence on the provision of 

services) and external stakeholders (their welfare do not depends on ecosystem 

services and do not have an influence on them).  Thus, it is an essential issue to 

identify the key stakeholders, who have an influence on its management and a 

dependency on them. 

Firstly it is important to understand and to analyze the socio-ecological system of each 

study area where the sites are. Once we have an idea of each area you can create a list 

with the main types of stakeholders, like farmers, managers, tourists, 

entrepreneurs…etc.   

Secondly, with this initial list of stakeholders we should create a questionnaire with the 

information we would like to obtain. The questionnaire (see Annex) of this project is 

accompanied with a panel with different pictures or tables to make the questionnaire 



easier. Before starting the questionnaire we should explain to the stakeholders that we 

are studying the relation between humans and nature, that is anonymous and show 

them a map of the area to make the questionnaire easier to understand. 

 It has been structured as follow: 

 Section A: Ecosystem Services  freelisting. We will show them the panel with 

the picture of our area before doing the restoration or plantation, with the 

main aim of doing the same questions in four years and analyze the different 

perceptions of the landscape.  

 Section B: Contributions/ benefits panel. From the ecosystem services panel 

they should choose four ecosystem services that they consider important to 

the area, explaining why and their trajectory on the last 10 years.  

 Section C: Species cultivated perception. The panel shows different kind of 

crops from the area, and they should choose which crops they think are 

important to maintain their wellbeing or their quality of life. Additionally there 

are different questions about the plants that we are going to plant in each area 

and their opinion and future vision. 

 Section D: Socio-Economic variables. The last section contains important 

information that will be correlated with the rest of the questionnaire 

Once we have all questionnaires done in the 6 different areas the results will be 

compared, we will have an overview of different opinions and preferences about 

ecosystem services depending on characteristics of each area. The questionnaires will 

be done again at the end of the project to be able to compare the evolution of 

landscape vision, from a degraded landscape to a restored one. 
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APPENDIX 

 A. Human pressure , impacts and soil reclamation plan 

Soil has a key role on the Earth’s ecosystem, since it is the basic component for food, 

feed, fuel and fibre production and for many ecosystem services (e.g. water and air 

quality, maintenance of climate, aesthetic values, cultural diversity etc). However, soil 

is considered a non-renewable natural source since its regeneration through chemical 

and biological weathering of underlying rock requires a long time. Hence it is a finite 

material.  

Land uses, agricultural practices, deforestation, urbanization, mining and other human 

activities affect the soil quality and lead to soil degradation. Soil degradation refers to 

the decline of the soil capacity to perform its functions with negative impacts to 

carbon and nutrient cycle, air and water quality, biodiversity, food production and 

human health. The soil quality assessment and the following monitoring of the 

degraded land are key issues for land reclamation activities. With the implementation 

of a land reclamation plan degraded lands are returned to productivity and conditions 

existing before degradation process.  

As a tool for the environmental management and the quality assessment of a specific 

area the D-P-S-I-R framework can be used in order to describe the environmental 

problems by indentifying the cause-effect relationships between the environment and 

human activities in a wider socio-economic context. In this light, there is a chain of 

causal links starting with ‘driving forces’ (economic sectors, human activities) through 

‘pressures’ (emissions, waste) to ‘states’ (physical, chemical and biological) and 

‘impacts’ on ecosystems, human health and functions, eventually leading to political 

‘responses’ (prioritization, target setting, indicators) [1]. The components of the DPSIR 

framework are defined in Diagram 1. 



 

2.  Soil degradation 

2.1 Terms and definitions  

Soil degradation is defined as the decline of the soil capacity to perform its functions. 

The soil degradation can be the consequence of physical, chemical and biological shifts 

driven by environmental, social and economic pressures. The driving forces for soil 

degradation are divided into direct and indirect forces. They are presented in the Table 

1 [2]:  

Table 1: Driving forces for soil degradation 

Direct driving forces Indirect direct forces 

mining 

industry/ energy 

land development 

climate change 

agriculture/ forests 

natural event 

water stress 

tourism 

human population 

socio-political factors 

transport 

 

2.2. Soil degradation processes  

The main degradation processes that affect the soil functions as well as the soil quality 

include the erosion [3], the contamination [4], [5], [6] the salinisation [7], the decline 

inorganic matter [8],  the sealing [9], the landslides [10], the compaction [11], [12], 

[13], the loss of the biodiversity [8]and the desertification [14].  An overview of the soil 

degradation processes is presented in Figure
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Diagram 1: DPSIR framework for the implementation of a Reclamation Plan 

 



 
1.  

Soil erosion is defined as the breakdown, detachment, movement and 
distribution of soil particles mainly by water. It is a natural process, 
accelerated by human activities such as unsustainable agricultural 
practices, deforestation, overgrazing and construction activities.  

Soil contamination Is the presence, caused by human activities, of 
hazardous substances to such a degree that they pose a significant risk to 
human health or the environment, taking into account land use.  
Contamination can be divided in local and diffuse contamination. 

   

Soil salinisation is the process by which water-soluble salts accumulate in 
the soil. The factors influence soil salinisation are: i) hydrology, ii) climate, 
iii) irrigation, iv) drainage, v) vegetation and  vi) agricultural practices  

 

Decline in soil organic matter refers to the reduction of soil organic matter 
content as a resuslt of the redused presense of microorganisms and the 
influence of temperature, moisture and ambient soil conditions. Soil 
organic matter has a key role in soil fertility as it contains all of the 
necessary plant nutrients and makes them available for the plants  

Soil sealing is the covering of the soil surface with an impervious material 
or the changing of its nature so that the soil becomes impermeable. The 
sealing of soils by impervious materials is detrimental to its ecological 
functions such as water filtration and storage, and food production. Soil 
degradation by sealing is increasing at an alarming rate in developed 
countries  

Landslides are the downslope movement of soil, rock or both under the 
influence of gravity. Decreased organic matter content and soil compaction 
result in reduced water retention capacity of the soil and therefore the 
capacity of the soil to store and retain water is decreased, which results in 
an increased risk to flooding. Landslides are often related to the geological 
situation, bank erosion and changes in land use  

Soil compaction occurs when soil is subject to mechanical pressure 
through the use of heavy machinery or overgrazing, especially in wet soil 
conditions. Decreases soil porosity and soil infiltration rate, can cause 
redistribution of water and nutrients, decrease root development and 
penetration, and the direction and depth of root growth, and increases 
surface runoff.  

Loss of soil biodiversity  is closely linked to the decline of organic matter. 
Soils are a major habitat for plants and animals.  The increasing use of agro-
chemicals and the rapid decline in organic matter content are threatening 
the diversity of organisms in soils. 

 

Soil desertification is the sum of the geological, climatic, biological and 
human factors which lead to the degradation of the physical, chemical and 
biological potential of lands in arid and semi-arid zones, and endanger 
biodiversity and the survival of human communities. 

 



 

Figure 1: Soil degradation processes 

3. Soil quality assessment 

3.1 Terms and definitions  

Soil quality is defined as “The capacity of a specific kind of soil to function, within 

natural or managed ecosystem boundaries, to sustain plant and animal productivity, 

maintain or enhance water and air quality, and support human health and habitation” 

[15]. The basic soil functions are [16]:  

 Sustaining biological activity, diversity, and productivity 

 Regulating and partitioning water and solute flow 

 Filtering, buffering, degrading, immobilizing, and detoxifying organic and 

inorganic materials, including industrial and municipal by-products and 

atmospheric deposition 

 Storing and cycling nutrients and other elements within the earth’s biosphere 

 Providing support of socioeconomic structures (i.e. buildings, roads) and 

protection for archeological treasures associated with human habitation 

 

 

 

 

 



3.2. Soil quality indicators 

Soil quality cannot be measured directly because it is a broad, integrative, context-

dependent concept. Usually, soil quality assessment is conducted by evaluating a set of 

soil indicators, which determine a multi-objective decision making tool related to soil 

quality assessment. The soils indicators should be: a) measured easily, b) able to 

measure changes in soil functions, c) assessed in a reasonable amount of time, d) 

accessible to many users and applicable to field conditions, e) sensitive to variations in 

climate and management f) representative of physical, biological or chemical 

properties of soil, g) assessed by qualitative and/or quantitative methods [17]. Soil 

quality indicators are selected because of their relationship to specific soil properties 

and soil quality [18], [19] 

A minimum data set of soil indicators that can be used in soil quality assessment as 

well as their correspondence with the linked function is presented in Table 2 [20], [17], 

[21] and [22]:  

 

 

 

 

 

 

 

 

 

 



 

Table 2: Minimum data set of soil indicators 

Physical  

soil hydrologic 

characteristics, such as 

water entry and retention 

that influences availability 

to plants 

Chemical  

equilibrium between soil 

solution  and exchange sites; 

plant health; the nutritional 

requirements of plant and soil 

animal communities; and levels 

of soil contaminants and their 

availability for uptake by 

animals and plants  

Biological  

organisms that form the soil 

food web that are 

responsible for 

decomposition of organic 

matter and nutrient cycling  

Soil indicators/function Soil indicators/function Soil indicators/function 

Soil texture/ Holding and 

cycling of water and 

nutrients 

pH/ Chemical and biological 

activity 

Microbial biomass C & N/ C 

and N stock 

Depth of soil and rooting 

system/ productivity and 

erosion rate 

Electrical conductivity/ Critical 

limits of microbial activity and 

plant development 

Potentially mineralizable N/ 

productivity 

Infiltration and bulk 

density/ Compaction, 

productivity and erosion 

rate 

Extractable N, P, and K/ 

Availability of nutrients 

Soil respiration/ Microbial 

activity 

Water holding capacity/ 

Holding and cycling of 

waste 

Total organic N and C/ Fertility, 

stability and erosion rate 
 

Soil temperature/ 

Productivity, microbial 

activity and organic matter 

content 

  

 

3.3. Soil quality assessment flowchart  

In this sub-section, the flowchart for the soil quality assessment is presented in 

Diagram 2. This describes the steps should be followed by a decision maker in order to 

identify the human activities impact on the soil quality.  

The first step of the “Soil Quality Assessment” involves the identification of the human 

activities acting in a specific area. These human activities exert pressures on the 

environment such as land use changes, emissions and excessive use of natural sources. 

The next step includes the soil state assessment through the selection of the 



appropriate soil quality indicators depending on the human activities and the site as 

well as the climate conditions in the study area.  Finally, the main impacts caused by 

these human activities are identified. 

 

 

 

 

 
Diagram 2: Flowchart of soil quality assessment 



4. Reclamation plan 

4.1. Terms and definitions 

Reclamation or restoration is the process by which derelict or highly degraded lands 

are returned to productivity and by which some measures of biotic function and 

productivity are restored. Environmental management minimizes the impacts of 

human activities on the environment and help in preserving eco-diversity [3], [14].  

4.2. Objective of the reclamation plan 

The main objective of a reclamation plan is to ensure that the land is returned to a safe 

and productive use which is compatible with the surrounding landscape [3], [4].  

The reclamation plan and the new land uses should address the needs of the local 

community and ensure the protection of human health; the improvement of human 

life quality and the encouraging of economic activity. Moreover, it should ensure the 

adaptability of the final reclaimed area to the surrounding natural landscape.  

4.3. Data inventory 

A data inventory is required in order to collect characteristic data of the study area 

that allow proper and on time implementation of the reclamation plan. Into this 

framework, some main characteristics should be also taken into consideration concern 

aesthetics, intended use, and versatility when shaping the land in order to construct a 

land resource with both maximum feasible utility and versatility for future generations. 

The characteristic data that associated with a reclamation plan can be grouped in two 

categories, i) the natural characteristics and ii) cultural characteristics. For a 

sustainable and effective reclamation plan, a detailed description of the study area is 

required in order to access the current state of the degraded land and plan the next 

steps of the reclamation. The main characteristics of a reclamation plan are presented 

in Table 3.  

 

 

 

 

 

 

 

 

 

 

 



Table 3: Natural and cultural characteristics 

Natural characteristics Cultural characteristics 

Topography Location 

Climate Accessibility 

Altitude Size and shape of the site 

Exposure Surrounding land use 

Hydrology Land ownership 

Geology Type, intensity and value of use 

Soil Quality Population characteristics 

Terrestrial ecology  

Aquatic ecology  

 

4.4. Implementation of reclamation activities 

The reclamation activities involve specific agricultural management practices 

depending on the degradation process (e.g. vegetation, removal of contaminants etc), 

and an appropriate monitoring system.  

In Diagram 3, several proposed reclamation techniques and agricultural management 

practices are presented. These should be implemented or avoided in order to reclaim a 

degraded area. For instance, in the case of soil desertification, farmers should plant 

tree species with low water requirements and use innovative and cost-effective 

methods such as the Cocoon Technology. 

4.5 Monitoring of reclamation activities 

After the implementation of the reclamation activities taking place in the degraded 

area, their monitoring is required in order to ensure the successful follow-up of the 

reclamation planned. The main parts of the monitoring process are: 

 soil quality monitoring 

 measures for the effective establishment of crops and tree plantations 

 soil stabilization and erosion control 

 export of updated maps and comparison with reference maps in order to 

monitor the reclamation development with respect to the time period. 

 



 
Diagram 3: Reclamation plan flowchart 

  



5. Case studies of reclamation processes 

Indicative case studies of reclaimed areas are presented in the Table 4. 

 

Table 4: Case studies of reclaimed areas 

Location Cause/ effect Impact 
Reclamation 

Technique 

Flambeau (USA) 
Mining 

operations 

Soil & water 

pollution 
Land reforestation 

Turkey 
Soil waste 

dump 

Soil & water 

pollution 
Land reforestation 

Lake Koroneia (Greece) 

Irrigation, 

industrial 

wastes 

Drying up 
Water resources 

management 

Portugal Forest fires 
39,893ha of 

burnt area 

Forest clearing; slope 

treatment; mulching; 

water management 

Copsa Mica (Romania) 

Soil pollution 

by heavy 

metals 

soil pollution 

(150,000ha) 
phytoremediation 

 

The Flambeau Mine, located in Wisconsin (United States) mined for the production of 

copper, gold and silver. The mine operations cause soil and groundwater pollution due 

to the surface runoff. The reclamation activities began in 1996 and involved backfilling, 

topsoil replacement, wetland management and tree planting (Figure 2) [2].  

 

 

 
Figure 2: Flambeau Mine Site before mining operations (a), during mining operation 

(b) and after reclamation plan (c). 

 



The plan for the reclamation of soil waste dump in Turkey (Figure 3) included 

forestoration techniques in a total area of about 4,500ha. The planted trees include 

oak, cypress, pines, maples and ashes [2].  

 

Figure 3: Reclamation of soil waste dumps 

Lake Koroneia is located in Northern Greece. Agricultural and industrial operations 

caused many impacts in the water quality and quantity. The lake is under restoration 

through sustainable water management for crops irrigation and monitoring system 

(Figure 4) [1]. 

 

 
Figure 4: Reclamation of Koroneia Lake 

 

Several fires affected forests in Portugal in 2010 (Figure 5). A total area of about 

40,000ha was damaged. The lack of land cover in combination of steep slopes (>20%) 

resulted to high erosion rates. The reclamation techniques included soil stabilization, 

slopes treatment and mulching [24].  

 



 
Figure 5: Forest fires in Portugal (2010) 

Copsa Mica in Romania is one of the most polluted areas due to the operation of 

industrial plants. The concentrations of Cd and Pd in soils were very high and the land 

area became uncultivated. Phytoremediation techniques were implemented in order 

to remove contaminants of the polluted area with the planting of camelina and oil 

seed rape [25]. 
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  SOIL RECLAMATION PLAN TABLES 

Table I: Identification of Driving Forces 

A. Driving forces 

Location:  

Describe the current land uses:  

Landowner:  

Provide a map of the study area and the involved land uses: 

Provide a map of the road network: 

Describe the driving forces that act in your area:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table II: Identification of pressures 

B. Pressures 

Identify the pressures (human activities) derived by the driving forces that act in 

your area: 

 

 

 

 

 

Describe the environmental problem of your area: (e.g. gas emissions, air & water 

pollution, land degradation) 

 

 

 

 

 

 

 

 

 

Provide information about the level of your environmental problem: (local or 

regional) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table III: Assessment of the state 

C. State 

Describe the methodology that will be followed for the assessment of the current 

situation (state) of the study area: (e.g. collection of representative soil samples and 

soil analysis) 

Provide the soil indicators used for the assessment of soil quality: (e.g. soil texture; 

pH, CaCO3, organic matter content etc) 

Provide information about the relationship between soil indicators and soil 

functions:  

(for example, describe how the high values of electrical conductivity decreases the 

nutrients uptake by the plants) 

 

 

 

 

 

 

Define reference conditions that existed before current land uses and pressures 

 

 

Provide information about the soil quality assessment resulted by soil analysis (e.g. 

high values of heavy metals content; low water holding capacity etc) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TableIV: Environmental and socio-economic impacts 

D. Impacts 

Provide information about the environmental impacts: (e.g. soil contamination; soil 

erosion; loss of biodiversity etc, water and air quality) 

 

 

 

 

 

 

 

 

 

 

Provide information about the social impacts:  

 

 

 

 

Provide information about the economic impacts  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table V: Responses 

E. Responses- Reclamation plan  

Describe main objective of stakeholders and decision makers of your area:  

 

Provide the time schedule of the reclamation plan 

Estimate the total budget of the reclamation plan 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 



B.SEEDLING CHARACTERIZATION FORM 
  

Date of measurement:                                               

Specie 
(scientific 
name) Nursery 

Container 
type1 

Container 
dimensions 
(cm x cm x 
cm) 

Seedling 
age       
(years) 

Shoot 
height 
(cm) 

Root 
height 
(cm) 

Basal 
diameter 
(cm) Observations2 

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  

    

 

        

  



 
 
Container type codes: 

P: Pot  
T: Tray (T) 
TU: Tube  
B: Block  
PP: Plastic protector  
Br: Bareroot 
 
 

Observations codes: 
I: Insects 
D: Diseases  
C: Chlorosis  
L: Loss of leaves  
SS: Stem scars  
R: Rotten roots  
S: Spiralized roots  
J: J-rooting 
  



VIGOR, GROWTH AND COCOON ASSESSMENT FORM  
 

  

Date of measurement:                               Site:                                    Sub-site:      

Seedling 
identification 
(code) 

Adjacent 
control 
(code) Vigor1 Height (cm) 

Diameter 
(mm) 

Cocoon 
devise 
assessment2 

Other 
observations3 

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        

    

 

        



 
 
 
 
1Vigor codes:  

3: Healthy tree, with more than 75% of green, not wilted leaves. Also active growing 
points (apices) may be visible 
2: Affected tree, with 25-75% of the leaves being wilted, yellow or brown 
1: Severely affected tree with less than 25% of the leaves being green (i.e. the majority 
wilted, yellow of brown) 
0: Presumably dead tree with no or only wilted leaves. Tree seedlings, however, may 
still recover by resprouting after a rain event 

 
2Cocoon devise assessment codes: 

OK: Good condition and correctly installed  

O: Outstanding from soil surface  

IF: Incorrect fulfil of holes (laterals) 

OF: Over filled (central hole) 

L: Lip collapse 

BB: Broken bowl 

HSB: Half silted bowl 

FSB: Fully silted bowl  

TC: Turned Cocoon 

PF: Protector fall  

PL: Protector lost  

 

3Other observations codes: 

 G: Grazing 
B: Broken stem 
P: Plague infestation 
T: Tree fall 

 



 
ESTRUCTURE MEASURES FORM  

 
 Date of measurement:                                               Site:                                                            Sub-site: 
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BIODIVERSITY MEASURES FORM  

 
Date of measurement:                                               Site:                                                            Sub-site: 

 
  

SPECIE ABUNDANCE 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 
 
Abundance codes: 

1: testimonial 
2: low frequency (<25% soil cover) 
3: high frequency (25%-75% soil cover) 
4: dominant (>75% soil cover) 

  



 
 
 

FAUNA EVALUATION FORM 
 
Date of measurement:                                               Site:                                                            Sub-site: 
 

OBSERVATION 
TYPE 

PRESENCE ABSENCE SPECIE/S 

FOOTPRINTS    

EXCREMENTS    

LAIRS     

NESTS    

DIRECT 
OBSERVATIONS 

   

 
  
 

 



C. Questionnaire - Stakeholder consultation 
 

DATE     ..........................                                Nº SURVEY   .....................          

The (each research center) is working on a study on the links between humans and nature. We 
are studying the benefits provided by nature to humans. To do this we are surveying residents in 
the area. It would be helpful to know your opinion/perception through this survey. Would you 
like to answer? Remember that all responses are anonymous and it only takes 15 min. There are 
no "right answers", just tell us what you think. Thank you! 

Study area 

The study area is located in Calabria (Italy) . Showing map. 

 

SECTION A: ECOSYSTEM SERVICES FREELISTING  
Nature is providing, directly or indirectly, benefits to human, which contribute to the 
maintenance of our wellbeing. For instance, from trees we obtain wood for furniture, bees 
pollinize flowers for agriculture production, or and we obtain freshwater for human use from 
rivers, etc.  
 (Show panel of the photo of the pre-plantation plot) 
1. Do you think this parcel located in Calabria provides contributions or benefits that support 

human wellbeing of the local communities? (Here is important to explain we mean the case 

study, pre-plantation plot)  

 Very many 

 Many 

 Few  

 Very little to none 

2. Can you give me examples of all potential benefits? (All they consider) 

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

……………… 

3. What could this parcel provide to you? 

 Happiness                              Enjoyment/Pleasure            
 Freedom                                 Peace 
 Insecurity                               Other……………………. 
 Mental wellness                      
 Environmental knowledge                                     
 

 

 

 



SECTION B: CONTRIBUTIONS/BENEFITS PANEL 
(Show Ecosystem Services panel) 

From the BENEFITS PANEL, could you choose what you think are the most important benefits for 
maintaining wellbeing or quality of life of people living in the area and why?  

(Choose only 4) (SHOW BENEFITS PANEL) 

 

Choose the four 
most important ES 

Rank the ES selected. 
Write 1 to 4, from the 
most important to the 
least important.  
 
 

Why are they 
important? (describe 
with 1 or 2 words) 
 

Using the 4 ES you chose: 
In the last 10 years, 
would you say each has: 
(1) Decreased 
(2) Remained the same 
(3) Increased 
(4) Don´t know 

  
  

    

    

    



SECTION C: SPECIES CULTIVATED PERCEPTION 
1. Which crop types do you think provide the most benefits to maintain the human well-being 

of the region? 

…………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………

……………… 

Why?…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………
………………. 

 
 (Show panel with 4 crops, the crop selected and 3 crops characteristics of each case study) 

From the CROPS PANEL, could you choose what you think are the most important crops for 
maintaining wellbeing or quality of life of people living in the area and why? (Choose only 4 (SHOW 
CROPS PANEL) 

Crop types Do you 
know them? 

Rank the 4 crops as: 
(1) Least convenient 
(2) Somewhat 
convenient 
(3) Very convenient 
(4) Most convenient 
(5) Don´t know 

Why are they 
important? 
(describe with 1 
or 2 words) 
 

2 aspects positives 
and 2 negatives 

Crop 1 
 

 
  

Crop 2 
 

 
  

Crop 3     

Crop 4     

 
(Explain and show photo of the crop selected for the study area. ) 
 
2. Do you know (each specie planted) ?                                ⎕ Yes    ⎕ No    
 
 
3. What is your opinion in relation with (each specie planted) ? 

…………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………
……………… 

What do you consider that the (each specie planted) provides to human wellbeing? 
...............................................................................................................................................................................................
........……………………………………………………………………………………………………………………………………



…………………………………………………………………………………………………………………………………………
……………………… 
Do you think that planting (each specie planted)  help in terms of providing new job 
opportunities? 
⎕ Very much    ⎕ Much   ⎕ Few    ⎕Not very much 
Why?…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………
……………… 
If your answer was Very much/ much/few, What type of job? 
…………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………
……… 
 

4.  How do you think the (each specie planted) affect the maintaining of the local identity or 
cultural heritage of this region/area?  

 Very much  Much  Few   Not Very muc

 
5. Do you think the (each specie planted) will affect to the economic development of the 

region?  

 Yes, Which 

sense?……………………………………………………………………………………………………………. 

……..….……………………………………………………………………………………………………………………

……… 

 No, 
Why?……………………………………………………………………………………………………………………

……. 

……….……………………………………………………………………………………………………………………

………... 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 



SECTION D: SOCIO-ECONOMIC VARIABLES 
 

1. Where do you live? (Zip code) 

 

2. Do your parents/grandparents come from this municipality or province? 

                    ⎕  Yes                ⎕ No 

 
3. What is/was your profession? 

 

⎕ Primary sector             ⎕ Secondary sector           ⎕ Tertiary sector 

 

 

4. Is your profession related with rural development of this region? 

4a. IF YES. What were your motivations ....................................................................................................... 

………………………………………………………………………………………………………………………………………

….......... 

 

6. Do you own or lease land in the area as part of your occupation?  

 Yes, I lease land     

 Yes, I own land 

 No  

 

6a. IF YES: Do you own or lease land for any of the following uses: 

 Agriculture 

 Ecological agriculture 

 Cattle 

 Other livestock (sheep, goats, etc.) 

 Dairy 

 Mining 

 Forestry 

 Other, please specify________________ 

 

5. What is the highest level of school you have completed/the highest degree you have 

received? 

 None 

 Primary school  

 Secondary school 

 High school  

 University 

 Other…….. 

 Prefer not to say 

 

6. How old are you?   .................................... years 

 

7. Within what range your net monthly income is included? (Optional question) 
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  < de 1000Є               

  1000-2000 Є    

 >2000  Є 

 

8. What geographic location do you identify with most? (Chose just 1) (change for each 

study area) 

 Municipality                                Spain  
 Province                                       Europe 
 Andalusia                 Other: ………………..   

 

To be completed by the interviewer 

  Place of the interview (city, town, village): 

………………………………………………………………… 

  Respondent’s attitude: good/not very interested/not interested 

  Understanding of the questionnaire: high/medium/low 

  Gender: male/ female 

 Privacy at the time to answer: Total/partial  

 Time of the survey 

 


