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foreword

Tree planting is a complex challenge which can address multiple objectives. Globally, there is a vast number of tree 

planting initiatives with diverse aims including production, soil and water protection, forest landscape restoration, 

recreation and landscaping, etc. For example, just within the field of ecosystem restoration, of which tree planting is a 

major component, Objective 15 of the UN Convention of Biological Diversity (2010) aims at restoring 15% of degraded 

ecosystems worldwide. Likewise, the New York Declaration on Forests (2014) aims at restoring 200 million hectares 

before 2030. In total, it is estimated that there are more than 2 billion hectares worldwide requiring restoration.

 The success of tree planting projects depends upon the fulfilment of a group of requisites, including the correct 

choice of plant material (high quality and adapted to the site), its adequate management and installation, and the 

application of suitable plantation techniques (especially soil preparation). Once the trees are planted, particularly 

during the first years it is of utmost importance to avoid the negative effects of certain factors which may pose 

a danger to the newly planted trees. In temperate conditions, including those predominant in Europe and the 

Mediterranean, the main menaces are drought, competing vegetation and wildlife damages.

 This technical guide focuses on the first two of these menaces, drought and competing vegetation, and introduces 

some of the most common techniques that managers of a tree planting project may apply to mitigate the negative 

effects of these threats. In particular, this guide focuses on two techniques, soil conditioners and groundcovers. 

These have not been applied regularly in traditional tree planting schemes, although interest in them is increasing in 

our context for technical, economic and environmental reasons.

 A significant portion of this guide consists of synthesis of some of the main outcomes of the FP7 Sustaffor project, 

executed over the period 2013-2015. During this project, a range of innovative techniques were developed to 

mitigate the negative effects of drought and competing vegetation in tree planting, with the aim of creating new 

solutions which improve the cost-effectiveness and sustainability of tree planting. These techniques are:

• A new soil conditioner, designed to reduce the negative effects of drought

• Four new groundcovers, designed to control competing vegetation. These models include biodegradable 

groundcovers based on new biopolymers or woven jute, as well as long-lasting (or reusable) mats made of 

recycled rubber. 





1. 
The challenge of tree

planting in Europe and the 
Mediterranean
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1. The challenge of tree planting in Europe and the Mediterranean
1.1. Some basic rules of tree planting

Tree planting may have a wide range of objectives, among which the most common are the generation of products 
(timber, fuelwood, fruit, cork, game), ecosystem services (soil, water and biodiversity protection) and social services 
(landscaping, gardening, recreation). The success of any type of tree planting project depends on the adequate 

achievement of a large and complex chain of factors, described below. The manager can control some of these 

factors, while others are out of control and unforeseeable.

The five basic rules of tree planting are:

• Pedoclimatic characterization:  an adequate knowledge of the climate and soil is necessary. On many occasions 

small-scale phenomena that might not be easily taken into account (e.g. a particular desiccating wind in the 

area, the presence of active limestone or gypsum, etc.) are as relevant as the general traits of the area: annual 

and seasonal precipitation and temperature, predominant soil features, etc.

• Working at the level of microsite conditions: an area for planting is seldom homogeneous. Some features at 

the microsite level can be of utmost importance, notably the changes in physiography (concave / convex shape 

of the ground), slope steepness and aspect (affecting the growing conditions), and especially water balance. An 

adequate zoning of the area for planting is necessary in order to adapt the species and planting techniques to 

different microsite conditions.

Picture 1.The general soil and climate features of the slopes in the forefront are constant. However, the physiography and aspect have the 
effect that the right-hand side slopes are barely covered with vegetation, left-hand side slopes show a denser shrubby vegetation cover and 
the concave and flat areas show well-developed trees. The implementation of tree planting should also adapt the species and techniques to 

the different microsites

• Choice of plant material: the most appropriate vegetative material is chosen based on the site characterization (both at 

general and microsite level) and on the species present in the area. The main factors affecting this choice are the species 

and variety, provenance, age and format. In general, it is accepted that the best-performing and resilient seedlings are 

those that are healthy, show a large root system and a thick stem and are well supplied with nutrients. Moreover, the 

use of a range of species with different functional characteristics (sprouters and seeders, deep-rooters and shallow-

rooters, N-fixing species) allows the reduction of risks leading form uncertainties linked with future climate evolution 

and other threats. Another possible enhancement is the use of seedlings hosting specific mycorrhizal (plant and fungi) 

associations. Finally, direct sowing (using seeds instead of seedlings) may be an efficient manner for achieving the 

adequate development of the root system of taproot species (e.g. Mediterranean Quercus species).
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• Site preparation: management of the site prior to planting defines to a large degree the probability of success 

of the planting project. Soil preparation aims at easing the acclimation of seedlings to the new conditions, and 

aims to increase soil water retention capacity and to reduce soil compaction, at least in the soil volume occupied 

by the roots during the first years. In water-limited conditions the soil preparation must be particularly strong in 

order to allow the roots to reach deep, humid horizons as soon as possible.

     

Pictures 2 and 3. Left: soil preparation on steep slopes is performed with specialized machinery, including the spider backhoe excavator. Right: 
in flatter areas, more standard options are suitable for soil ripping and/or plantation pit-digging with regular machinery

• Preparation and execution of tree planting: timing is quite relevant for the success of the tree planting 

project. In areas with mild winters and dry summers planting should be done in autumn, in order to allow the 

development of the root system during the wettest period of the year and to be able to withstand the difficult 

conditions of summer. Likewise, areas with extremely cold winters and a negligible dry period in summer should 

be planted in spring in order to minimize frost damage. Other relevant factors which can lead to the failure of the 

seedlings include plant handling before and during planting; prior to planting, the most critical operations are 

the extraction of plants from the nursery, their transport to the site (which must be done in specially equipped 

vehicles) and the storage of seedlings until planting. Storage time should be minimized to the greatest extent 

possible, and seedlings should always be protected from direct sun and wind. The execution of planting is also 

critical; the work must be done with appropriate tools and by skilled professionals who install the plants correctly 

and vertically without bending the root system or damaging the seedling, avoiding air pockets, and keeping the 

root collar at ground level.
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1.2. Main threats to tree establishment

Adherence to the previously stated rules is a sine qua non requisite for the successful achievement of a tree planting 

project, the actual planting being the first stage of the process, which ends with the tree adequately installed in the 

ground. The second stage, lasting for (at least) the juvenile age of the trees, is concerned with tackling the main 
threats which can pose a risk to the future of the trees, the first years being the most critical ones. The main threats 

to tree planting in temperate areas, such as those predominant in Europe and the Mediterranean, are:

• Drought: particularly in Southern Europe and the Mediterranean area, the climate is characterized by a dry 

period coinciding with the highest annual temperatures which results in a water deficit with a large geographic 

and inter-annual variability. The impact of drought is expected to become more and more severe in the next 

decades according to the projected climate scenarios which depict higher temperatures and more irregular 

rainfall in the Mediterranean area and beyond. Thus, even sites which have traditionally experienced a slight 

seasonal drought or none at all may suffer from temporary but significant water shortages in the near future. 

Moreover, there are factors such as slope steepness, convex physiography, sun-facing aspect or soil features 

(shallowness, high stoniness, or light, sandy texture) which may dramatically increase the negative impact of a 

drought event. This threat is especially relevant although not restricted to sites with low annual rainfall.

Picture 4. Drought is especially damaging for small seedlings, which have an underdeveloped root system

• Competing vegetation: spontaneous vegetation (i.e. weeds) can compete with trees for water, nutrients and 

light. This vegetation is characterized by a very efficient use of available resources. Besides the direct negative 

effect on tree performance, competing vegetation may pose a severe difficulty in management of the area by 

hiding the trees during the first months or years. This threat is especially relevant in medium to highly productive 

sites where the competition exerted by spontaneous vegetation is more intense.
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Pictures 5 and 6. Left: holm oak (indicated within a red rectangle) shaded by weeds four times higher. Right: monitoring staff 
releasing the competence of a tree to evaluate its status

• Browsing damage: the growing population of ungulates (especially roe deer, wild boar and deer) and leporids 

(rabbit, hare), in addition to domestic animals (sheep, goats, cows) pose a difficulty to the success of tree 

planting, although the specific damaging species can vary greatly between regions. The sensitivity of a tree 

planting project to these damages depends largely on the species involved (both trees and animals) and on 

factors which are difficult to foresee such as the abundance and movements of the different animal species 

during the period when the trees are most vulnerable to damage.

       

Pictures 7 and 8. Trees damaged by wildlife. Left: young pine uprooted by wild boar. Right: young wild cherry debarked by roe deer

The impact of these threats on a young tree may lead, within few days or weeks (minutes in the case of wildlife), 
to a loss of vigour, a reduction in growth rate and eventually death. All of them must be considered when defining 
a tree planting project, as well as the techniques foreseen to overcome them during the first years following 
planting. This guide focuses on the first two threats (drought and competing vegetation) and more specifically 
on the techniques of soil conditioning and groundcovers to tackle them. 
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1.3. Tackling the main threats: the “rules of the game”
Tree planting should be complemented with the application of techniques aimed at overcoming the abovementioned 

threats in order to achieve the success of the project. These techniques should meet the following requirements:

• Cost-effectiveness and foreseeability: : adequate tree performance must come at the lowest possible cost, 

all the while considering the whole lifespan of the technique (purchase, transport, installation/application, 

maintenance and disposal). Moreover, the techniques whose application is hard to foresee (e.g. corrective 

measures applied in cases of emergency) are less desirable than those whose application can be planned in a 

more predictable manner.

• Environmental friendliness: growing pressure of the public opinion on sustainability and environmental 

friendliness shapes legislation and policies, and thus subsequently influences the techniques and methods eligible 

to be employed. Environmental friendliness includes the whole life cycle of any technique, from the origin of raw 

materials (which should preferably be renewable or recycled) to their use and maintenance (minimal impact, 

low input of fuel/energy) and their disposal (preferably biodegradable and innocuous, or reusable). 

• Autonomous functioning and durable effect: the technique should be as self-sustained as possible in order to minimize 

the need for repeated interventions and labour inputs, which have a large effect on the total cost of the planting 

project. Furthermore, the technique should be effective for as long as possible in order to allow the tree to withstand 

the negative effects of various threats, at least while it is most sensitive.

Optimizing the investment should be a leading principle. In general, tree planting is more efficient when it ensures 
the success of a moderate number of trees per hectare rather than diluting the limited resources and efforts over a 
large number of trees if a high success rate cannot be guaranteed. Following this principle, tree planting should be 
planned on a long-term basis, with an appropriate choice of initial density, a site zoning which focuses on the best 
microsites, the performance of meticulous soil preparation, and the use of top quality seedlings and plantation 
techniques which are efficient, environmentally friendly and self-sustained and that minimize the number of 
monitoring and tending operations required.





2. 
Tackling drought in tree 

planting
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2. Tackling drought in tree planting
2.1. Summary of most common techniques to mitigate drought impact

Water availability is the most limiting factor for vegetative growth in most world ecosystems, including those 

with a Mediterranean climate. Consequently, there is a wide range of techniques aiming at increasing the volume 

of water available for a young tree. The most common techniques considered in tree planting in Europe and the 

Mediterranean, either individually or combined with others, are provided in Table 1.

      

Pictures 9 and 10. Left: a simple water harvesting intervention, tree well for concentrating rainfall towards the tree. Right: water 
wagon and tractor for performing emergency or support irrigations

       

Pictures 11 and 12. Left: gravity-operated irrigation system, consisting on a deposit connected to drippers. Right: scheme of 

micro-irrigation system, based on a semi-buried PVC tube with holes at the wall (Martínez de Azagra & Del Río, 2012) 
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Table 1. Main techniques applied against drought. Adapted from Coello et al. (2015) and based on Mansourian et al. 

(2005), Chirino et al. (2009), Coello et al. (2009), Oliet & Jacobs (2012), Vallejo et al. (2012), Piñeiro et al. (2013) and 

Stanturf et al. (2014).

Technique 
type Technique Description

Level of achievement of requirements Suitable in areas 
inaccessible to regular 

machinery (e.g. 
agricultural tractor)

cost-
effective & 
foreseeable

Environmental 
friendliness

Autonomous 
& durable

Special soil 
preparation

Water 
harvesting: tree 

wells, micro-
catchments

Modify micro-physiography 
to concentrate runoff; this 
can be complemented with 
a column of stones or a dry 

well upslope of the tree 
to enhance deep water 

infiltration

x / o o + Yes

Extra deep soil 
preparation

Deep soil preparation (> 
60–80 cm) for enhancing 
water retention and fast 
root access to deep soil 

layers

o x / o + Yes

Watering

Emergency 
irrigation with 
water wagon

Application of water 
through water wagon and 

hoses
x / o x x No

Irrigation with 
deposit/pump & 

drippers

Drippers on each tree or 
tree row, connected to a 

water deposit, reservoir or 
water stream

x x x No

Micro-irrigation

In-depth irrigation applied 
locally through pre-

installed devices beside 
the tree: tubes, deposits 
with wick or permeable 

clay pots

x / o o x / o (depends on technique)

Soil 
conditioners Soil conditioners

Product mixed with the 
soil for improving physical 
features, especially, water 

holding capacity

+ o + Yes

X: low     o: medium     +: high
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2.2. An insight into soil conditioners 

2.2.1 What is a soil conditioner?

As mentioned in Table 1, a soil conditioner is a product incorporated into the soil aiming at improving its physical 
(and sometimes also chemical) features, mimicking the functioning of soil organic matter. The foundation of this 

technique is to compensate for a non-optimal feature of the soil that can be limiting to plant early development, 

especially imbalanced texture (too light or too heavy) or low nutrient availability, cation exchange capacity or stability 

of aggregates.

Soil conditioning most commonly seeks to improve the following features: 

• Water retention capacity: light textured soils often lack aggregates and therefore have a low water holding capacity, 

whereas water holding capacity can be critical for the young tree during a dry period.

• Soil permeability and structure: heavy textured soils are vulnerable to compaction, which impairs aeration and 

permeability (movement of air and water through the soil), resulting in poor root growth and a higher risk of tree 

health problems due to water logging and root suffocation. Soil conditioners can be applied to either stimulate water 

infiltration (movement of water into the soil) or percolation (movement of water through the soil).

• Soil nutrients: soil conditioners may include nutrients (mineral or organic, fast- or slow-release), improve the soil 

nutrient retention capacity (especially in light soils) or increase the availability of nutritive elements (calcium, 

magnesium, potassium, ammonium, etc.) already existing in the soil by enhancing cation exchange capacity (CEC).

Soil conditioners ease the early acclimation of the seedlings to the planting site, to increase both their survival and 
early growth and prevent the risk of dwarf-growth pattern that could harm the future development of the tree. 
Moreover, they are is compatible with other techniques to reduce risks associated with drought shown in Table 1.

2.2.2 A classification of soil conditioners

The most common range of products utilized for soil conditioning purposes include:

• Organic conditioners: worm castings, peat, biochar, and residues from agriculture (crop or processing waste), 

farming (manure), forestry (chips, sawdust) as well as urban residues (sewage sludge, solid waste).

• Mineral conditioners: gypsum, lime, clay, vermiculite, perlite.

• Synthetic conditioners: products including artificial hydro-absorbent polymers.

The geographical availability and physical-chemical properties of most of these products vary considerably, which 

impedes generalizing about their effects and recommendations for use. Thus, in the next chapters we focus on the 

most standardized soil conditioning system: the synthetic soil conditioners.
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Pictures 13 and 14. Some products utilized as soil conditioner. Left: compost (author: Normanack). Right: nursery substrate (peat) 

       

Pictures 15 and 16. Left: mineral soil conditioner vermiculite (author: Forestal Catalana). Right: synthetic soil conditioner 
TerraCottem Universal® (author: TerraCottem Internacional)

2.2.3 Main characteristics of synthetic soil conditioners

Synthetic soil conditioners are applied particularly to avoid or reduce the need for artificial water application in any 

type of tree planting project or in forest nurseries. These products include hydro-absorbent polymers (also known 

as water absorbent polymers, superabsorbers or hydrogels), which are commercialized alone or mixed with other 

ingredients. In contact with water (e.g. during a rainfall), these polymers become hydrated and can increase their 

volume by 50 times or more. As the soil gradually becomes dry, the water stored in the polymer is taken up by tree 

roots. 

The key to design and develop hydro-absorbent polymers is to achieve a balance in its hygroscopic capacity, which 
must be: 
• High enough as to limit water losses from leaching (gravity) and from evaporation, thus storing and keeping a 

large volume of water available to the tree for a long time.

• Low enough as to not compete with the tree roots for marginal soil water during prolonged droughts.
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In order to achieve optimized performance, these polymers are often combined with other ingredients which provide 

additional properties besides the increased water supply, improving the soil features both physically and chemically.

            

Pictures 17 and 18. Water absorption by a 
soil conditioner including water absorbent 
polymers. Left: addition of 100 g of distilled 
water to 2 g of TerraCottem Universal® 
soil conditioner. Right: after 30 minutes, 
the hydrated soil conditioner has absorbed 
90% of the water; in less than 2 hours it 
will be fully absorbed (author: TerraCottem 
Internacional)

The main advantages of synthetic soil conditioners include their universal application, being useful in tree planting 

in any climate having short- or long-term water scarcity periods, their straightforward and simple application method 

during tree planting (just mixing the product with the soil of the plantation pit), their low dosage, and the lack of 

maintenance requirements. 

However this technique has one main drawback: the criticisms raised by some societal sectors due to the polymer 

composition of some commercial formulations, for instance, polyacrylamide. Unlike un-polymerized acrylamide 

which is the monomer or “brick” out of which polyacrylamide is made, polyacrylamide is nontoxic. Polyacrylamide 

cannot release the harmful monomers during natural degradation processes. However, during manufacturing 

process, it may occur that some monomers are not transformed into the stable polymers. Not all manufacturers of 

polyacrylamide perform sufficient quality control tests to achieve the legal threshold values of free acrylamide; all of 

the above results in a in a negative societal perception of polyacrylamide. 

In annex 1 we introduce the Sustaffor project, whose aim is to develop and validate new techniques for improving 
tree planting projects. The evaluation of the application and performance of those innovative techniques is 
analysed as case studies in further annexes.
annex 2 comprises the case study of a new synthetic soil conditioner. 





3. 
Tackling competing
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3. Tackling competing vegetation in tree planting
3.1. Summary of most common techniques to control competing vegetation

Competing vegetation is a limiting factor which is particularly relevant in intermediate to highly productive sites, 
especially until the trees are large enough to have a well-developed root system and a crown which is able to shade 

the ground and reduce weed proliferation. Although the level of competition depends partly on weather (e.g. 

increased by a wet spring season) its incidence is more predictable than drought. The need for interventions against 

competing vegetation, as well as their recurrence, must be estimated during the tree planting project design phase 

since it is a mandatory intervention in most sites during the first five to ten years after planting.

The most common techniques used to control competing vegetation in tree planting in Europe and the Mediterranean, 

some of which are compatible with others, are provided in Table 2.

      

Pictures 19 and 20. Left: manual mechanical weeding with brush cutter. Right: tractor-operated mechanical weeding with flail 
mower (author: M Burguess)

       

Pictures 21 and 22. Left: chemical weeding with backpack sprayer (author: Servei de Sanitat Vegetal, DARP, Generalitat de 
Catalunya). Right: cover crop consisting of strawberries and raspberries
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Table 2. Main techniques used against competing vegetation. Adapted from Coello et al. (2015) and based on 

Mansourian et al. (2005), Chirino et al. (2009), Coello et al. (2009), Oliet & Jacobs (2012), Vallejo et al. (2012), 

Piñeiro et al. (2013) and Stanturf et al. (2014).

Technique 
type Technique Description

Level of achievement of requirements Suitable in areas 
inaccessible to regular 

machinery (e.g. 
agricultural tractor)

cost-
effective & 
foreseeable

Environmental 
friendliness

Autonomous 
& durable

Mechanical 
weeding

Hand-operated 
mechanical 

weeding

Destroying competing 
vegetation with man-operated 
tools or machines (e.g. brush 

cutter); recurrent intervention 
with the risk of damaging the 

trees

X o X Yes

Tractor-operated 
mechanical 

weeding / tillage

Destroying competing 
vegetation with flail mower 

or tillage tools; recurrent 
intervention with the risk 

of damaging the trees and/
or not reducing competition 

sufficiently if not applied close 
to the tree

o X X No

Chemical 
weeding

Herbicide 
application

Application of products to 
prevent the germination 
or to suppress competing 

vegetation; recurrent 
intervention with high 

environmental impact and 
subject to legal constraints

+ X X Yes

Mulching

Cover crop

Seeding the soil around the 
tree with dense cover species 

that impede the arrival of 
spontaneous, more aggressive 

vegetation; requires good 
knowledge of site and plant-

plant interactions

X + + No

Groundcover
Covering the area around 

the tree for impeding weed 
development or establishment

o/+ o/+ + Yes

X: low     o: medium     +: high
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3.2. An insight into groundcovers

3.2.1 What is a groundcover?

It is an arrangement of manmade or natural materials placed beside a seedling or along a tree row aiming at 

impeding the establishment or proliferation of competing vegetation near the stem. The groundcover (also known 

as “mulch”) has a triple effect:

• Avoids the germination of pre-existing competing vegetation seeds or the sprouting of weed root suckers 

(shading effect) and impedes that undesired seeds reach the topsoil near the tree (barrier effect).

• Mitigates soil water evaporation, which is quite relevant for water-limited sites.

• By keeping an area free of weeds with the tree at its centre, the groundcover eases the finding of young 
seedlings for maintenance and monitoring staff, thus reducing the risk of damaging the trees if a further weeding 

intervention (e.g. mechanical or chemical weeding) is applied.

Moreover, the groundcovers modify the pedoclimatic conditions at microsite level, especially the temperature and 

the water and air circulation between the soil and the atmosphere. For example, black film groundcovers produce 

a fast increase of top soil temperature, which can advance tree flushing. The effects of the groundcovers depend 

largely on their composition and thickness.

Picture 23. The groundcover allows keeping the area around the roots free of competing vegetation, even under severe competition 

The use of groundcovers helps reduce or avoid the need for repeated interventions against competing vegetation, 
such as mechanical or chemical weeding. Thus, it is an especially useful technique for areas and management 
schemes where the investment in labour should be minimised.
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3.2.2 A classification of groundcovers

There is a wide variety of products and materials utilized as groundcovers, and there are different ways to classify 

them. The Table 3 summarizes the most common types of groundcovers.

      

Pictures 24 and 25. Left: chips groundcover made from urban pruning waste. Right: chips groundcover consisting of residues from 
forest operations (author: L. Coll)

       

Pictures 26 and 27. Plastic groundcovers. Left: black polyethylene film. Right: white polypropylene woven mat
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Table 3. A classification of groundcovers.

Type Main sub-types Advantages Disadvantages

Particle-based: 
consisting 
of a layer 
of stacked 
fragments

Organic: waste or by-
products from agricultural 
and forest operations, 
composted or not (straw, 
woodchips, ramial chipped 
wood, tree bark, etc.)

- Renewable raw materials, possibility to 
valorise waste
- Biodegradable, not requiring removal 
(1-time technique)
- High aesthetic value
- Good buffering of extreme 
temperatures
- Potential soil fertility enhancement 
during their degradation

- Heterogeneity: the properties vary considerably 
depending on the material utilized, particle size 
and shape, layer thickness
- Difficult to apply in steep areas
- Light particles (i.e. straw) require repositioning 
in windy sites
- Hygroscopicity: these particles absorb water and 
must be wet to become permeable (drawback in 
sites with light rainfall episodes)
- Potential health problems for the tree (decaying 
fungi)

Inorganic: stones

- When locally abundant, cheap raw 
material
- No hygroscopicity, fully permeable
- If the stones are porous (e.g. many with 
volcanic origin) it is possible to enhance 
water input from dew
- Do not require removal as long as not 
hampering tree growth

- Non-commercial option: only suitable in stony 
sites with adequate stones, preferably flat and not 
too dense
- Heterogeneity: the properties vary depending 
on the size and shape of the stone and on layer 
thickness 
- In steep areas sliding stones can hurt staff and 
damage trees

Sheet-based: 
consisting of 
a continuous 
cover

Plastic sheet: polyethylene 
film or woven 
polypropylene mat, lasting 
for 5-7 years

- Homogeneous, reliable performance
- Range of commercially available options 
(colour, density, shape, format, material, 
UV-protection) adaptable to the site
- Light: cheap to purchase, transport and 
install
- Possibility of mechanized installation 
(row mulching)
- Polyethylene films: effective mitigation 
of soil water evaporation
- Woven polypropylene mats: excellent 
permeability

- Removal required, which is a very expensive 
operation; risk of environmental pollution 
otherwise
- Non-renewable raw material, non-recyclable 
after utilization
- High visual impact
- Woven polypropylene mats: risk of competing 
vegetation growing through the mulch

Long-lasting sheet: made 
on highly durable material, 
i.e. woody materials, 
rubber

- Very long durability, interesting for 
long-term purposes, i.e. gardening, green 
areas; possibility of reusing in several 
trees
- Generally, it does not require fixation to 
the ground
- It can be made of renewable, recycled 
and recyclable raw materials 

- Depending on the material, removal may be 
required
- Heavy and expensive to purchase and transport

Biodegradable sheet: 
made of biopolymers, 
natural fibres (woven 
or felt), treated paper, 
cardboard…

- Renewable raw materials, possibility to 
valorise waste
- Biodegradable, eliminating need for 
removal (1-time technique)
- High aesthetic value (depending on 
model)
- Potential soil fertility enhancement 
during their decomposition
- Growing range of commercial options 
adaptable to the site

- Heavier and/or more expensive than plastic
- The durability of the newest products may be 
uncertain 
- Paper sheet (often treated with paraffin) and 
cardboard sheet may be hard to install, especially 
in uneven areas

In Annexes 3, 4 and 5 we present three study cases on the application and performance of three innovative 
groundcovers: i) long-lasting groundcover made of recycled rubber, ii) biodegradable groundcover made of a new 
biopolymer and iii) biodegradable groundcover made of woven jute treated with bio-resin
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4. Cost analysis of techniques to mitigate drought impact and 
control competing vegetation
This chapter presents and discusses a cost analysis of the application of various techniques utilized to alleviate the 
negative effects of drought and competing vegetation in tree planting. The most commonly applied techniques are 

contrasted with some innovative options, including soil conditioners and innovative groundcovers, in line with those 

presented in Annexes 2 - 5.

The aim of the analysis is to compare the costs resulting from the application of each technique individually, in 

order to help decision-making on the most suitable option at the level of the tree planting project. Each cost analysis 

is complemented by a brief sensitivity analysis showing the effect of modifying some of the inputs of the analysis 

(i.e. labour costs).

The analysis does not consider other costs related to tree planting (soil preparation, plant purchase, planting 

execution, etc.). Moreover, it is assumed that all the presented techniques against drought or competing vegetation 

have the same effect on the trees, and that it is necessary to apply one technique or another to achieve the success 

of the tree planting project. For instance, the application of a given dose of soil conditioner or a given number of 

emergency irrigations corresponds to an optimal management which allows achieving adequate survival and growth 

rates and guarantees a successful outcome. Moreover, the potential positive effects of groundcovers on soil water 

content, temperature buffering or nutrition status improvement are not considered.

The prices and work productivity rates considered are based on field experience and on the publication “Prontuario forestal” 

(Colegio de Ingenieros de Montes, 2005). These figures, as well as the other assumptions of the analyses (shown below) 

are to be interpreted and adapted to the circumstances of each manager, together with intrinsic factors of each project: 

• Capacity to plan and apply recurrent interventions

• Availability of machinery and staff

• The preferred distribution of resource expenditure, which can be concentrated at the beginning of the project 

and minimised afterwards, thus prioritising a stable and known investment (i.e. preventive measures such as 

soil conditioning and groundcovers are preferred). Another option is to distribute the investment over the first 

years, adjusting it to the uncertain evolution of the planting area which itself requires thorough monitoring; this 

strategy favours corrective measures such as emergency irrigation or repeated weeding. 

Section 4.1 shows the cost analysis of various techniques to minimize drought risk while section 4.2 provides the 

cost analysis of different options to control competing vegetation. In both cases, a range of tree planting scenarios, 

representative of various conditions, are considered:

a) Flat, easily accessible site. Each round trip to the site for the staff installing or applying the techniques takes 

40 minutes.

b) Moderate slope (10-20%), intermediately accessible site: each round trip takes 80 minutes.

c) Steep slope (30-50%), poorly accessible site: each round trip takes 120 minutes.

Other assumptions of both analyses are:

• Labour cost amounting to 18 €/h, organized in 8 hours per working day including the round trip to the site.

• Marginal costs and yields (lower unitary costs or higher yields resulting from the application of the techniques 

for a larger number of trees) are not considered. Likewise, the possible effect of the cost on various planting 

densities was not considered.
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4.1. Cost analysis of various techniques against drought

This analysis compares the cost of applying two types of techniques against drought:

• Emergency irrigation: one or two applications. The cost of further emergency irrigations can be calculated based 

on the figures provided.

• Soil conditioner, such as the product described in Annex 2, applied in two doses: 40 g/tree (typical for small- to 

medium-sized seedlings) and 100 g/tree (considered for large seedlings). 

 
 
4.1.1. Assumptions of the analysis

Assumptions about emergency irrigations
• The emergency irrigations are applied within the first 3 years after planting; no interest rate applies.
• The intervention is performed by 3 staff (tractor driver + 2 hose operators). The productivity of this crew in a flat area 

is 150 trees/h (24 seconds/tree). This rate is not affected by tree size, although larger trees require additional water 
input and so would imply lower productivity rates.

• Applying an emergency irrigation in scenarios b) (moderate slope, intermediately accessible) and c) (steep slope, poor 
accessibility) leads to yield reduction of 25% and 50%, respectively, compared to scenario a) (flat, easily accessible).

• The cost of the materials (tractor, water wagon, hose, fuel) is 22 €/h.
• The time needed for planning each irrigation, including monitoring for evaluating the need for intervention and 

organizing the crew is 3 h (1 person).
• The time required for loading the water wagon, mounting and dismounting the hoses and other activities during each 

emergency irrigation application is 1 h (1 person).
• The cost of the round trip travelling for implementing each emergency irrigation is calculated based on an average 

speed of 30 km/h, amortization cost of 0.40 €/km and the time needed for a round trip (40, 80 and 120 minutes, 
respectively, for scenarios a, b and c), resulting in 8, 16 and 24 €/trip, respectively.

 
Assumptions regarding application of the soil conditioner 
• The retail price of the soil conditioner is 10 €/kg. Consequently, the unitary cost is 0.4 €/tree if applied at a dose 

of 40 g/tree and 1.0 €/tree for 100 g/tree dose.
• The rate of soil conditioner application in a flat site is 240 trees/h (15 seconds/tree) for a 40 g dose and 144 trees/h 

(25 seconds/tree) for a 100 g dose. These rates were calculated based on the time required to plant a tree with soil 
conditioner, compared with the time required to plant it without this technique.

• Applying soil conditioner in scenarios b and c results in a 10% and 25% reduction in application productivity rate, 
respectively, as compared to scenario a.



35

4.1.2. Results of the cost analysis

Costs of emergency irrigation and soil conditioning

Table 4 shows the costs of mitigating the effects of drought on tree planting through the application of emergency 

irrigations (one or two interventions during the first three years) and the application of a soil conditioner (applied at 

doses of 40 g/tree and 100 g/tree), similar to the model described in Annex 2, in three tree planting scenarios with 

300 and 1,000 trees.

Table 4. Estimated total (€) and unitary costs (€/tree) of the application of various techniques against drought in 

three reference tree planting scenarios, with 300 and 1,000 trees planted, based on the assumptions described in 

section 4.1.1.

Scenario
Number of 

trees
Cost type

Techniques against drought

one eI
Water wagon + 

tractor

Two eI
Water wagon + 

tractor

sc - 40 g/tree 
(15-60 cm high 

seedlings)

sc - 100 g/tree
(100+ cm high 

seedlings)

a) Flat, easily 
accessible site

300
trees

Total 245 490 145 340

Per tree 0.8 1.6 0.5 1.1

1.000 
trees

Total 630 1,255 480 1,135

Per tree 0.6 1.3 0.5 1.1

b) Moderate 
slope (10-20%), 

intermediate 
accessibility 

300
trees

Total 310 620 150 350

Per tree 1.0 2.1 0.5 1.2

1.000 
trees

Total 825 1,655 495 1,160

Per tree 0.8 1.7 0.5 1.2

c) Steep slope 
(30-50%), poor 

accessibility

300
trees

Total 380 760 155

Not applicable(1)
Per tree 1.3 2.5 0.5

1.000
trees

Total 1,045 2,090 515

Per tree 1.0 2.1 0.5

EI: emergency irrigation; SC: soil conditioner
(1) The use of large seedlings on steep slopes with poor accessibility is not considered as a feasible option, and thus the application of the 100 g 

dose is not considered. 

Conclusions of the cost analysis:

• In all cases, the application of a soil conditioner at the dose prescribed for small to medium sized seedlings (40 g/tree) 
is cheaper than one emergency irrigation. The difference becomes more evident as accessibility gets poorer. Only 

when planting many trees in flat and easily accessible sites the unitary cost of one irrigation is reduced, approaching 

the cost of soil conditioning at this dose.

• The application of soil conditioner at 100 g/tree dose (prescribed for large seedlings) is more expensive than one 

emergency irrigation, although for a low number of trees in areas with intermediate accessibility the cost is similar.

• In all cases the application of two emergency irrigations is the most expensive technique.
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4.1.3. Sensitivity analysis

The cost of labour is a key input in the economic analysis, affecting the economic results of the different techniques, 

since it is one of the factors having the largest variation between different regions of Europe and the Mediterranean. 

The sensitivity analysis (Table 5) shows how the variation in labour costs (12, 18 and 24 €/h) affects the economic 

analysis shown in Table 4.

Table 5. Unitary costs (€/tree) of the application of various techniques against drought, subjected to various labour 

costs.

Scenario
Number 
of trees

Techniques and labour costs 

one eI
Water wagon + tractor

Two eI
Water wagon + tractor

sc - 40 g/tree 
15-60 cm high seedlings)

sc - 100 g/tree
(100+ cm high seedlings)

12 €/h 18 €/h 24 €/h 12 €/h 18 €/h 24 €/h 12 €/h 18 €/h 24 €/h 12 €/h 18 €/h 24 €/h

a) Flat, easily 
accessible site

300 0.6 0.8 1.0 1.2 1.6 2.1 0.5 0.5 0.5 1.1 1.1 1.2

1000 0.5 0.6 0.8 0.9 1.3 1.6 0.5 0.5 0.5 1.1 1.1 1.2

b) Moderate 
slope (10-20%), 
intermediate 
accessibility

300 0.8 1.0 1.3 1.6 2.1 2.6 0.5 0.5 0.5 1.1 1.2 1.2

1000 0.6 0.8 1.0 1.3 1.7 2.1 0.5 0.5 0.5 1.1 1.2 1.2

c) Steep slope 
(30-50%), poor 

accessibility

300 1.0 1.3 1.6 1.9 2.5 3.2 0.5 0.5 0.6

Not applicable(1)

1000 0.8 1.0 1.3 1.6 2.1 2.6 0.5 0.5 0.6

EI: emergency irrigation, SC: coil conditioner
(1) The use of large seedlings on steep slopes with poor accessibility is not considered as a feasible option, and thus the application of the 100 g 
dose is not considered. 

Conclusions of the sensitivity analysis

• Soil conditioning is much less dependent on labour costs than emergency irrigation. The application costs of 

soil conditioning at the indicated doses vary less than 30% between the lowest and highest labour cost values 

considered, while the figure rises up to 70% in the case of emergency irrigation.

• The preference for soil conditioning over emergency irrigation becomes more evident as labour costs increase 
(24 €/h), with the 100 g/tree dose comparable to 1-time irrigation in small plantings at intermediate accessibility 

sites. However, with cheap labour costs (12 €/h) soil conditioning at the 40 g/dose results in similar costs to one 

irrigation in easily accessible areas.
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4.2. Cost analysis of various techniques for controlling competing vegetation

This analysis compares the cost of applying reference techniques for controlling competing vegetation (mechanical 
and chemical weeding, plastic mulching) and innovative solutions (long-lasting and biodegradable groundcovers, 

with various retail prices), all of them applied at the individual tree level. The time frame of the analysis refers to the 

first five years of a tree planting project with 1,000 trees.   

 
4.2.1. Assumptions of the analysis

General assumptions
• The annual interest rate is 1.5%.

• The time needed for planning each maintenance intervention (weeding or removal of plastic or long-lasting mulch), 
including monitoring for evaluating the need for a given intervention and organizing the crew and materials necessary 
is 3 h (1 person).

• The cost of one round trip for implementing each maintenance intervention is calculated based on a regular vehicle 
(unitary cost: 0.30 €/km), an average speed 60 km/h and the time of travel indicated for each scenario (40, 80 
and 120 minutes). The resulting costs for scenarios a, b and c are 12, 24 and 36 €/trip, respectively.

• Regardless the technique applied to deal with the competing vegetation around a tree (each technique is considered 
for a square area of 100x100 cm centred on the tree) the site can be subject to areal weeding interventions such as 
tractor-operated weeding, whose cost is not considered.

Assumptions regarding the mechanical and chemical weeding
• The cost of the materials used in mechanical weeding (man-operated brush cutter, petrol, protective equipment) 

is 6.0 €/h. The application productivity rate is 60 trees/h (60 seconds/tree).

• In the case of chemical weeding, the cost of the materials (backpack sprayer, herbicide, protective equipment) 
is 3.0 €/h. The application productivity rate is 80 trees/h (45 seconds/tree).

• For each tree planting scenario, the number of recurrent weeding interventions depends upon site productivity. Three 
different levels of site productivity are considered, involving a variable number of required weeding interventions:

* High productivity: weeding is applied twice in years 1, 2, 3 and 4, and once in year 5.
* Medium productivity: weeding is applied once in years 1, 2, 3, 4 and 5.
* Low productivity: weeding is applied once in years 2 and 5.

Assumptions regarding all the groundcovers
• The groundcovers are properly fixed to the ground, not requiring any maintenance (repositioning of units removed or 

damaged by wind or wildlife).

Assumptions regarding the plastic groundcover
• The retail price is 0.9 €/unit, including u-shaped metal clips for fixation to the ground.

• Installation productivity rate is 120 seconds/unit (30 units/h).

• The groundcover is removed at the end of year 5, with a removal productivity rate of 100 seconds/unit (36 units/h).
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Assumptions regarding the long-lasting groundcover
• Two retail prices are considered: 4.5 €/unit and 6 €/unit. No fixation materials are required.

• The groundcover is effective for 15 years. Each unit is installed at three different sites, in 3 consecutive periods of 
5 years each. The costs are calculated considering installation in years 1, 6 and 11 and removal in years 5, 10 and 
15. Thus, the cost of a long-lasting groundcover for a 5-year period is a third of the retail purchase cost plus three 
installations and three removals. This technique is not considered for scenario c because of its high density which 
makes it unsuitable for steep slopes and poorly accessible sites.

• Both installation and removal productivity rates are 90 seconds/unit (40 units/h).

Assumptions regarding the biodegradable groundcover
• Two retail prices are considered: 2 €/unit and 3 €/unit, including u-shaped metal clips for fixation to the ground.

• The groundcover is effective for 5 years.

• Installation productivity rate is 120 seconds/unit (30 units/h).

 
4.2.2. Results of the cost analysis

Cost of recurrent weeding and various groundcovers

Table 6 shows the unitary costs of application (purchase, installation and disposal) of different techniques for 

controlling competing vegetation during the first 5 years of a tree planting project. The calculations are done 

considering 1,000 trees in the above-mentioned tree planting scenarios and levels of site productivity. 

Table 6. Estimated unitary cost (€/tree) of application of various techniques for controlling competing vegetation 

for 1,000 trees under three reference tree planting scenarios and three levels of site productivity for each scenario, 

based on the assumptions described in section 4.2.1. The total costs (€) can be calculated multiplying by 1,000).

Scenario
Site 

productivity

Techniques against competing vegetation

Mechanical 
weeding

Chemical 
weeding

Plastic 
mulch, 0.9 € 
retail price

Long-lasting 
mulch, 4.5 € 
retail price(1)

Long-lasting 
mulch, 6 € 

retail price(1)

Biodegradable 
mulch, 2 € 
retail price

Biodegradable 
mulch, 3 € 
retail price

a) Flat, easily 
accessible 

site

Low 1.0 0.7

2.2 2.7 3.2 2.7 3.7Medium 2.6 1.8

High 4.6 3.2

b) Moderate 
slope 

(10-20%), 
intermediate 
accessibility 

Low 1.3 0.9

2.6 3.0 3.5 2.8 3.8Medium 3.3 2.3

High 5.9 4.1

c) Steep 
slope (30-
50%), poor 
accessibility

Low 1.6 1.1

3.0
(Not applicable on steep 

slopes)
3.1 4.1Medium 4.1 2.8

High 7.3 5.1

(1) the costs shown correspond to the average of 3 uses lasting for 5 years each (1 purchase, 3 installations, 3 removals)
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Conclusions of the cost analysis

•	 In low productivity sites,	where	the	number	of	weeding	interventions	required	is	low	(two	or	less),	mulching is 

not	a	suitable	option.

•	 In medium productivity sites,	with	an	expected	need	for	annual	weeding	during	the	first	five	years,	herbicide application	

is	the	cheapest	option	although	in	poorly	accessible	sites	the	results	are	somewhat	similar	to	plastic	mulching and 

to 2 € biodegradable groundcover.	 In	the	case	that	the	use	of	herbicide	is	restricted,	the	use	of	plastic	mulching	is	

cheaper	than	mechanical	weeding.	The	cost	of	using	the	2	€	biodegradable	or	the	4.5	€	long-lasting	mulch	is	similar	to	

mechanical	weeding	in	sites	with	good	accessibility,	and	lower	in	intermediate	to	poorly	accessible	sites.	In	the	latter,	

even the 3 € biodegradable mulch leads to costs similar to mechanical weeding.

• In highly productive sites,	 requiring	 frequent	weeding	 interventions,	mulching	 is	 the	 cheapest	 option. Only 

the	most	expensive	units	(6	€	long-lasting	and	3	€	biodegradable)	in	easily	accessible	sites	have	costs	similar	to	

herbicide	application.

•	 The	cost	of	utilizing	4.5 € long-lasting mulches leads to results similar to 2 € biodegradable groundcovers in 

easily accessible sites,	while	 in	 intermediate	 sites	 the	biodegradable	 option	 is	 cheaper.	 The	 6	 €	 long-lasting	

groundcover provides lower costs than the 3 € biodegradable mulch.

•	 The	attractiveness	of biodegradable mulches depends largely on their retail costs. A retail cost of 2 € becomes 

comparable	 to	0.9	€	plastic	mulching	 in	 intermediate	access	sites,	and	the	cost	differences	are	even	smaller	

for	poorly	accessible	sites.	The	biodegradable	units	with	a	retail	price	of	3	€	are	not	competitive	with	plastic	

mulching, according to the analysis. It should be stressed that this analysis does not take into account the 

environmental and social advantages of the biodegradable groundcovers, which are increasingly taken into 

account	in	tree	planting.

4.2.3. Sensitivity analysis

Table	7	shows	how	the	different	levels	of	labour	cost	(12,	18	and	24	€/h)	affect	the	costs	of	techniques	for	controlling	

competing	vegetation	in	tree	planting	(Section	4.2.2).

Table	7.	Unitary	costs	(€/tree)	of	the	application	of	various	techniques	against	competing	vegetation	in	1,000	trees,	

subjected	to	three	labour	costs,	three	scenarios	and	three	productivity	levels.

Scenario
Site	

productivity	

Techniques and labour costs

Mechanical 
weeding

Chemical 
weeding

Plastic	mulch,	
0.9 € retail 

price

Long-lasting	
mulch, 4.5 € 
retail price(1)

Long-lasting	
mulch,	6	€	

retail price(1)

Biodegradable 
mulch, 2 € 
retail price

Biodegradable 
mulch, 3 € 
retail price

12	
€/h

18	
€/h

24
€/h

12	
€/h

18	
€/h

24
€/h

12	
€/h

18	
€/h

24
€/h

12
€/h

18	
€/h

24
€/h

12	
€/h

18	
€/h

24
€/h

12	
€/h

18	
€/h

24
€/h

12	
€/h

18	
€/h

24
€/h

a)	Flat,	easily	
accessible site

Low 0.8 1.0 1,3 0.5 0.7 0.9

1.8 2.2 2.6 2.3 2.7 3.1 2.8 3.2 3.6 2.4 2.7 2.9 3.4 3.7 3.9Medium 1.9 2.6 3.2 1,3 1,8 2,3

High 3.4 4.6 5.8 2.3 3.2 4.2

b)	Moderate	slope	
(10-20%),	access	

intermediate

Low 1.0 1.3 1.7 0.7 0.9 1.2

2.0 2.6 3.1 2.5 3.0 3.5 3.0 3.5 4.0 2.6 2.8 3.1 3.6 3.8 4.1Medium 2.5 3.3 4.1 1.7 2.3 2.9

High 4.4 5.9 7.4 3.0 4.1 5.3

c)	Steep	slope	
(30-50%),	poor	

accessibility

Low 1.2 1.6 2.0 0.8 1.1 1.5

2.3 3.0 3.7
(Not	applicable	on	steep	

slopes)
2.7 3.1 3.4 3.7 4.1 4.4Medium 3.1 4.1 5.1 2.1 2.8 3.6

High 5.5 7.3 9.1 3.7 5.1 6.5

(1)	the	costs	shown	correspond	to	the	average	of	3	applications	lasting	for	5	years	each	(1	purchase,	3	installations,	3	removals)
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Conclusions of the sensitivity analysis

• The cost of using groundcovers is much less dependent on labour costs than recurrent weeding techniques. 
The increase in costs of using biodegradable mulches when increasing labour costs from 12 to 24 €/h amounts 

to 20% while in the case of mechanical and chemical mulching the increases are 65% and 75%, respectively. Both 

reusable and plastic mulching correspond to increases of around 50% when considering the mentioned rise in 

labour costs.

• In low productivity conditions mulching remains as an economically unsuitable option compared to chemical or 

mechanical weeding at any labour cost.

• In medium productivity conditions plastic mulching shows intermediate costs falling between mechanical and 

chemical weeding at all labour costs, while the economic feasibility of other techniques vary considerably:

* With a high dependence on site accessibility, the cheapest labour costs (12 €/h) makes mechanical weeding falling 

to lower, similar or higher costs in sites with good, intermediate and poor accessibility (respectively) compared to both 

2 € biodegradable mulching and 4.5 € long-lasting mulching.

* With high labour costs (24 €/h) the cost of chemical weeding is lower, similar or higher in sites with good, 

intermediate and poor accessibility (respectively) as compared to 2 € biodegradable mulching. At this labour cost, the 

3 € biodegradable mulch is an alternative to mechanical weeding in sites with intermediate (similar costs) and poor 

(lower costs) accessibility.

• In high productivity conditions mechanical weeding is the most expensive technique at all labour cost levels. 

Plastic mulching is cheaper than herbicide application in all cases, while 2 € biodegradable mulching is also 

cheaper than herbicide application except in easily accessible sites for the lowest labour cost level.

• Among mulching techniques, the use of plastic groundcover leads to the best economic results at the low labour 

cost level (12 €/h), followed by 4.5 € long-lasting mulching. However, at the highest labour cost level (24 €/h) 

plastic mulching results in costs similar to or higher than 2 € biodegradable mulching in intermediate and poor 

accessibility sites, respectively.
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Annex 1. Sustaffor project: developing and evaluating new tree 
planting techniques 
Summary of the project

The Sustaffor project, titled “Bridging effectiveness and sustainability in afforestation / reforestation in a climate 
change context: new technologies for improving soil features and plant performance” took place over the period 

2013-2015. The aim of the project was to develop and validate new techniques to improve tree planting projects in 

environmental, technical and economic terms.

The Sustaffor project website offers complete descriptions of the plantation techniques developed, the research 
performed, results and publications: www.sustaffor.eu

The new techniques

The techniques developed during the project aim at mitigating the negative effect of drought and competing 

vegetation, including a new soil conditioner (described in Annex 2) a new long-lasting groundcover made of recycled 

rubber (Annex 3), a new biopolymer-based groundcover (Annex 4) and a new woven jute mulch treated with bio-

resin (Annex 5).

Evaluation of the techniques in outdoor conditions: the field trials

The performance of the new techniques was assessed in a network of eight field trials installed in four strongly 

contrasting bioclimates in NE Spain (Table 8), in comparison with reference techniques, i.e. those currently utilized 

for the same purpose (Table 9).

Table 8. Main features of Sustaffor field trials, established in spring 2014.

Bioclimate Semiarid Mediterranean continental Mediterranean humid Montane

Municipality Mequinenza Solsona Banyoles Fontanals Cerdanya

Altitude (m) 210 m 672 m 215 m 1.430 m

Site type Forest burnt in 2005 Abandoned agricultural field
Abandoned 
agricultural field

Abandoned grassland

Aspect, slope
South & North
40% & 60%

Flat Flat North, 30%

Mean annual (summer) 
precipitation

370 (70) mm 685 (165) mm 870 (215) mm 887 (270) mm

Soil texture Loamy-sandy Loamy-clayish Loamy-silty Loamy-sandy

Tree species planted Pinus halepensis
Juglans x intermedia, 
Quercus ilex & Tuber 
melanosporum

Juglans x intermedia,
Pinus pinea

Fraxinus excelsior,
Betula pendula

Size of treatments against 
competing vegetation

40 x 40 cm 80 x 80 cm 80 x 80 cm 40 x 40 cm
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Table 9. Treatments evaluated in Sustaffor field trials

Technique type Description Code in Annexes 2-5

Drought impact 
reduction 

New soil conditioner (Annex 2), in three doses: 20, 40 and 80 g/tree TCU+20g, TCU+40g, TCU+80g

Commercial soil conditioner TerraCottem Universal®, 40 g/tree TCUStd 40g

Control (no technique applied against drought) Control

Competing vegetation 
control

New long-lasting groundcover, recycled rubber (Annex 3) RUBBER

New biopolymer-based groundcover (Annex 4) BIOPOLYMER 

New woven jute mulch treated with bio-resin (Annex 5) JUTE

Commercial woven biofilm Commercial biofilm

Commercial plastic (polyethylene) groundcover Polyethylene

Application of commercial herbicide each spring Herbicide

Control (no technique applied against competing vegetation) Control

Annexes 2, 3, 4 and 5 show the main conclusions of the use of these innovative plantation techniques in Sustaffor 

field trials regarding their application and performance for improving tree and soil characteristics. The long-term 

environmental impact of each product could not be evaluated during the project, although a brief sustainability 

assessment has been done based on its physicochemical composition.

     

Pictures 28 and 29. Sustaffor field trials. Left: Semiarid conditions. Right: Mediterranean-continental conditions

     

Pictures 30 and 31. Sustaffor field trials. Left: Mediterranean-humid conditions. Right: montane conditions 
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Annex 2. Case study: application and performance of a new syn-
thetic soil conditioner 
Description of the product

The product analysed is a new prototype of the soil conditioning technology developed by the SME TerraCottem 

Internacional, named TerraCottem® Universal Plus. This formulation includes a synergic mixture of several ingredients, 

among others:

• A new hydroabsorbent polymer, free of polyacrylamide  capable of absorbing and storing water that would be 

otherwise lost to evaporation and leaching, thus remaining available to the tree for a longer period.

• Different types of fertilizers, a well-balanced combination of slow- and fast-release fertilisers providing a 

sustained nutrition over a long time.

• Humates, to enhance root growth and nutrient uptake, improve soil structure, CEC and stimulate microbiological 

activity.

• Growth precursors, which activate root cell elongation and differentiation, promoting belowground and 

aboveground biomass production, allowing roots reaching deep soil layers in a short time.

• Carrier materials, selected for their chemo-physical properties: CEC, water retention capacity, homogeneous 

distribution of all components.

Picture 32. Aspect of the innovative soil conditioner TerraCottem Universal Plus (author: TerraCottem Internacional)

Evaluation of application

• Very easy application: it is mixed with the soil of the plantation pit in the dose prescribed by the producer: 

40 g/tree for seedlings with heights of around 15-60 cm; 100-200 g/tree for seedlings sized 1-2 m high. The 

application of this soil conditioner at the previously-specified doses increases the time needed for planting one 

tree around 15 or 25 seconds (respectively for low and high doses), including the handling of the product boxes 

within the area of planting.

• Charging water in the polymers: the polymers start storing water after a significant rainfall or when an 

establishment irrigation (performed after planting) is applied. Thus, the adequate functioning of this technique 

is subject to an adequate choice of the planting period, which should be performed during a wet season or 

complemented by an initial water application.
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Evaluation of performance

•	 Remarkably	positive	results	seen	in	areas	with	poor	and	light	soils,	with	 low	water	and	nutrient	retention	
capacity,	such as those from semiarid and montane conditions described in Annex 1. Under both circumstances, 

but especially in the case of semiarid conditions where water deficit is severe, this technique notably improves 

all the tree-related variables monitored (Figure 1)

•	 Negligible	effect	in	high	quality	sites	with fertile and rather heavy soils with good water retention and availability, 

including Mediterranean continental and Mediterranean Humid described in Annex 1.

•	 The	dose	of	40	g/tree	seems	to	be	the	most	adequate	for small to medium-sized trees: lower doses (20 g/

tree) are less effective in most cases, while higher doses (80 g/tree) do not result in significant increases in tree 

performance.

      

      

Figure 1. Main effects of soil conditioning in Sustaffor field trials. Treatment codes as in Annex 1. Different letters indicate significant 
differences (p<0.05), grouped by Duncan test. For volume growth, lower case letters (a, b) refer to data from 2014 while capital 

letters (A, B) refer to data from 2015.

Environmental impact

The product is free of any toxic component, so it is expected to be innocuous in the environment. Moreover, this soil 

conditioner reduces	or	avoids	the	need	for	applying	emergency	irrigation, which is an intervention that may have 

a negative environmental impact (i.e. using a large amount of water during a dry period, consumption of fossil fuels 

and possible erosion problems if applied on slopes due to movement of staff and hoses within the planted area).
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Annex 3. Case study: application and performance of a new 
long-lasting groundcover made of recycled rubber 
Description of the product

This prototype was developed by the SME EcoRub. It consists of a 1.5 mm thick layer of black recycled rubber, stable enough 

as to avoid the need for being fixated to the ground. Moreover, it has an anti-UV treatment for enhancing its durability. It is 

round- or square-shaped and has two modifications to ease its installation: a central hole and a cut going from the centre to 

the perimeter. A small version of this product is also available for mulching forest nursery pots, being a reusable option which 

can be recovered and utilized several times.

This technique has an estimated service life of 15 years, so it can be utilized in a single site or it can be removed after some 

years and installed in further tree planting sites. It has been designed especially for landscaping and gardening purposes.

      

Pictures 33 and 34. Long-lasting groundcovers made of recycled rubber

Evaluation of application

• Very easy installation thanks to the avoidance of the need for fixation. Even in uneven surfaces, the contact 

of the groundcover with the ground is good, thanks to its flexibility. The installation rate of 80x80 or 100x100 

cm units in a flat area, including handling time, is 90 seconds per unit. This time is reduced in 50% when the 

groundcover area is 40x40 cm.

• High density (2,750 g/m2), being the factor with highest incidence on slowing the installation rate.

• Requires removal at the end of its service life, as it is not biodegradable, which limits its potential in hardly 

accessible sites especially if it is intended to re-utilize it several times.

• Orientation: the groundcover should be installed with the radial cut oriented leeward, in order to prevent that 

the open flaps are folded by the prevailing wind.
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Evaluation of performance
•	 Results	 similar	 and	 often	 superior	 to	 alternative	 techniques	 including chemical weeding and commercial 

mulches (Figure 2). Compared to unweeded trees, those with this groundcover show higher growth rates (aerial 

and/or subterranean) in both productive and limiting sites.

•	 Increase	of	tree	growth	compared	to	herbicide	application	 in	productive	sites, being similar to commercial 

plastic and bioplastic mulching.

•	 Higher	soil	moisture	than unweeded trees and to the commercial biofilm tested in semiarid conditions, and 

than herbicide in productive conditions.

      

      

Figure 2. Main effects of the recycled rubber long-lasting groundcover in Sustaffor field trials. Treatment codes as in Annex 1. 
Different letters indicate significant differences (p<0.05), grouped by Duncan test. For volume growth, lower case letters (a, b) refer 

to data from 2014 while capital letters (A, B) refer to data from 2015.

Environmental impact

The product is made of recycled	waste	(rubber), with an intrinsic environmental benefit. This is also an advantage 

compared to plastic mulching, obtained from a non-renewable raw material. Moreover, it is an alternative	to	the	use	
of	negatively	impacting	weeding	techniques such as herbicide application and mechanical weeding.

The limiting factor of this technique from the environmental point of view is the need	to	remove	it, provided that it 

is not biodegradable.
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Annex 4. Case study: application and performance of a new bio-
degradable groundcover made of a new biopolymer
Description of the product

The prototype analysed consists of a black frame made of a new 100% biodegradable biopolymer, fused to a 

commercially available black biodegradable film. The frame is made and fused with an injection mould by the SME 

DTC. The aim of the frame is double:

• To keep the film unfolded, easing its installation and avoiding its deformation by wind.

• The corners are designed for the use of a specific type of biodegradable nail (“bio-pins”).

 

     

Pictures 35 and 36. New biopolymer based mulch in two versions. Left: frame fused to a biodegradable film. Right: full plate 
version consisting entirely of the new biopolymer

Evaluation of application

• Easy installation thanks to the biopolymer frame. The fixation with bio-pins is effective except in stony or 

compact soils where other fixation options are preferred, e.g. u-shaped metal clips. The installation rate of 80x80 

or 100x100 cm units installed in a flat area, with bio-pins (soft soil) or metal u-shaped clips (any soil), including 

handling time, is 110 seconds. This time is reduced by 50% when the groundcover area is 40x40 cm.

• Moderate density (550 g/m2 including the chosen biofilm), easing the work of distribution throughout the 

planting area.

• The expected durability of the product depends on the particular biofilm to which the frame is attached. In the 

case of the frame fused to biopolymer and the full plate versions, their expected service lifetime is 5 years.

Evaluation of performance

• Results similar and often superior to alternative techniques, including chemical weeding and commercial 

mulching alternatives. The technique results in higher growth rates (aerial and/or subterranean) than unweeded 

trees in all the conditions tested (Figure 3).

• Generally greater tree growth compared to herbicide application and to commercial mulching, in both 

productive and growth-limiting site conditions.

• Increased soil moisture as compared to unweeded trees and herbicide application (for highly productive sites) 

and to commercial biofilm mulch (for growth-limiting sites).
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Figure 3. Main effects of the new biopolymer-based groundcover in Sustaffor field trials. Treatment codes as in Annex 1. Different 
letters indicate significant differences (p<0.05), grouped by Duncan test. For volume growth, lower case letters (a, b) refer to data 

from 2014 while capital letters (A, B) refer to data from 2015

 

Environmental impact

The biopolymer is 100% biodegradable, made of renewable raw materials. It is expected to be innocuous to the 

environment, offering a clear benefit from the environmental point of view as compared to plastic mulching, and 

particularly when compared to unsustainable recurrent weeding techniques such as mechanical and chemical 

weeding.
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Annex 5. Case study: application and performance of a new biode-
gradable groundcover made of woven jute treated with bio-resin
Description of the product

The prototype analysed consists of a 100% biodegradable woven jute cloth treated with furan bio-resin for 
increased lifetime, produced by the SME La Zeloise. The leading principles of development are to utilize natural 

fibres and organic resins for achieving a highly performing groundcover with excellent aesthetic value.

     

Pictures 37 and 38. Biodegradable groundcover made of woven jute treated with bioresin

Evaluation of application

• Easy installation thank to its excellent flexibility, allowing its adaption to all surfaces. The fixation is easily done 

with metal u-shaped clips, or with nails and washers. The installation rate of 80x80 or 100x100 cm units in a flat 

area, including handling time, is 130 seconds. This time is reduced by 50% when the groundcover area is 40x40 cm.

• Moderate density (460 g/m2) easing work of distribution throughout the planting area.

• The expected durability of this prototype in areas subject to severe sunshine, UV radiation and weed competition 

is approximately 3 years, which may be limiting for some forestry applications, where complementary mulching 

or alternative options against competing vegetation might be required. In conditions with less solar radiation 

and aggressive competing vegetation, a larger durability can be expected.

Evaluation of performance

• Similar and often superior productive and physiological results as compared to alternative techniques, including 

chemical weeding and commercial groundcovers. The product results in higher growth rates (aerial and/or 

subterranean) than unweeded trees in both productive and growth-limiting site conditions (Figure 4).

• Predominantly higher tree growth as compared to commercial bioplastic mulching, both in productive and growth-

limiting site conditions, and as compared to herbicide application and plastic mulching in productive sites.
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Figure 4. Main effects of the new jute-based groundcover in Sustaffor field trials. Treatment codes as in Annex 1. Different letters 
indicate significant differences (p<0.05), grouped by Duncan test. For volume growth, lower case letters (a, b) refer to data from 

2014 while capital letters (A, B) refer to data from 2015.

 
Environmental impact

The product is composed of natural fibres and organic resins (both being renewable raw materials) which are 

100% biodegradable and innocuous. Like the new biopolymer groundcover shown in Annex 4, this product offers a 

considerable environmental advantage compared to reference techniques for controlling competing vegetation such 

as plastic mulching (unsustainable raw material) and especially as compared to repeated weeding interventions with 

herbicides or the use of petrol-operated tools and machinery.
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