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This White Book gathers the lessons learnt during the design and implementation
demonstration project in the city of Valladolid regarding the reforestation of urban aree
testing and demonstrating the feasibility of combining forestation related technique
degraded areas.
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Chapter 1. Introduction

The QUF (Quick Urban Forest) project is a European project, funded by the Life + Programme
of the European Commission, which aiatscontributing to the improvement of theving
conditionsand environment of European urban industrial areas by testing and demonstrating
the feasibility of combining forestation related techniques in degraded areas. These
techniques include the use afycorrhiza and water retainers (both alone and combined).

A key demonstration project has been designed and developed in the Spanish city of
Valladolid. The results and lessons learnt from the demonstration project have been gathered
into this White Book vth the objective of helping other Southern European cities develop
more efficient and effective reforestation projedtsurban areas

The problem

There are 181 urban areas in Européh over 200.000inhabitants 26 of these areas are
located in the soth of Europe, many of them dhe result of a rapid immigration to cities in
recentyears.If we consider cities with more than 100.000 inhabitants thenber multiplies

by 10. Quick construction of industrial zones surrounding large capitals, rapid ylaaming
including very few green zones, and intensive agriculture landscapes now abauadon
industrial deteriorated soil, are configuring the typical landscape of these cities. The CO2
balance of these cities is one of the wostEurope. Dry climatekere (400500 mm per year

in the case of Valladolid), opposite to central and nerthEurope, cause deterioration of the
soil, air and waterthat advances every day, and it is extremely difficult to counteract. The
process of recovery is very slow, amdmany cases it can't be taken baeithout human
intervention, anddesertificationis the final result(Serpa et al., 2015Fven when there is
human interventionbiomass increaseslowly, because launching the projects is difficult
(planting failing, neds of continuous irrigation) and growing conditioae very slow(hard
climate, bad soil) (Foley et al., 2005).

People of these cities, that once were living there as a temporary step because of high prices in
the centre of the large cajtals, travellingmany kilometres are tending to be established in
these areas New jobs, schools, hospitals, entertainmesgntres etc., are more and more
placed there. But environmental conditions, slightly improved in the last ybgrplacing
gardens in the new areaSdlvati et al., 2017), are still far from being solved.

Large field surrounding these cities are difficult to manage (FAO, 2016). Placing watering
infrastructure is expensive, and sometimes these fields were previously waste landfills, before
regulation was able to arrange correct waste processes in industrial cities.

This problem is not usually discussed in the public sphere and is more complex and deep than
one may think. Air pollution, depending on the orography, may affect people's health. How can
we help to drastically improve the restoration of conditions, the air, the social welfare, the CO2
absorption, the climate smoothing, the soil, etc. in urban areas like these?

The QUF Project aims at testing and proposing a set of solutions to enable chedggricker
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reforestation applicable to these cities. For that reason, the QUF project is directly facing up
some of the main environmental problems of European urban areas that, together with the
waste treatment, are undoubtedly the major environmental B&ages of our cities.

Problems that are common to all European citiessoil degradation, air pollution,
deforestation, etc. are worsen in the case of Southern European cities, due to their climate
conditions, water availability, and economic problerSsiicheSalguero et al., 2012). This is
even more critical due to the important fact that climate change is affecting first those places
in the boundary of desertification.

Three of the main environmental problems that urban areas are facing in Europe (and
worldwide) are:

Air pollution.
Soil sealing.
Deforestation and climate change.

O« O¢ O«

In the following paragraphs below, we discuss those problems in Europe and how QUF will try
to contribute to their mitigation:

Air pollution

Air pollution in our cities has dramatically grown in recent decades due to the burning of fossils
fuels, the rise of traffic and the rise of industrial and energy production.

The EU estimates that human exposure to fine particulate matter (PM2di)sesabout
350.000 premature deaths each year.

The major air pollutants in urban areas are ozone and nitrogen oxides (NOX). These pollutants
pose serious threats to human health, as they can be the cause of respiratory disorders,
aggravated asthma, and impalevelopment of lung function in children.

Measurements of air quality show that almost 90 % of the inhabitants of European cities
where PM10 concentrations are measured are exposed to concentrations that exceed the
21 h AN ljdzZt fAGe A RSEAYS fS@St 2F wn >

Indeed air quality in the European cities of the Mediterranean region is five times worse than
the air in Northern European cities (Baldasano et al., 2003).

Reforestation of degraded areas in southern cities, especially in the Mediterranean altea, w
directly affect concentration of fine particulate matter, will also provide oxygen (a part to be
transformed in ozone and also helping to transform CO into CO2), decreasing CO and CO2, and
enabling to curb the NOX percentage. Urban forests can be dedams management
alternatives to minimize pollution in urban and perban areas (Escobedo and Nowak, 2009).

“tandp A4 LI NIHAOdZ FGS YIFGGSNI 6AGK Iy FSNBReylFIYAO RAFYSHSN
based on model calculations using anthropogenic primary PM and PM precursor emissions as an input (year 2000,
EU 25) EU Clean Air for Europe (EABrogramme http://europa.eu/scadplus/leg/en/lvb/128026.htm.

2 Ensuring quality of life in Europe's cities and towns. EEA Report No 5/2009
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Soil sealing

ONRaA2Yy>S f2aa 2F 2NHIFIYAO YIFIGGIGSNE O2YLI OlAzy: &
Soil degradation is accelerating,tvinegative effects on human health, natural ecosystems

and climate change, as well as on our economy (Foley et al., 2005). At the moment, only nine

EU Member States have specific legislation on soil protection (especially on contamination)
(European Comrssion, Environment, 2011) and protecting soils remained an important

objective for the Union, as shows the fact that a proposal for a Soil Framework Directive is still

pending.

LY wnnc GKS 9dzNRBLISIY ! yA2y Qa YI A yreasingyddd. 6 2 NS |
All regions along the Mediterranean coast, most other coastal regions, and almost all large
urban agglomerations are affected by soil sealing (Montanarella, 2007).

Reforestation in southern cities will enable the creation of fertile sodyenting erosion and
enabling the arrival of new species, so augmenting biodiversity (Paul, 2016). The use of certain
forestation techniques as the ones used in the QUF project might also improve some
deterioration soils, typical in surrounding citiesn@hating or blocking part of the heavy metal
pollution existing today. It is believed that the usage mofcorrhizaand water retainers
together might facilitate a quick improvement of the floor, microbiological life, and organic
materials in the first layats of soil (Siles, 2010), that will be slowly be passed, through rain and
living beings, to lower layouts. Proving to what extend this is truth is one of the objectives of
the QUF Project.

Deforestation and Climate change

Carbon dioxide (COZ2) is respditsi for 63% of mamade global warming, and the most
commonly produced by human activity greenhouse gas.

Since the Industrial Revolution, the concentration of, @Cthe atmosphere has increased by
around 37%, and it continues to rise. It is mainly praalby the combustion of fossil fuels.

Deforestation is responsible for approximately one quarter of global greenhouse gas
emissions. When forests are cut down, the carbon stored in the trees is released into the
atmosphere as CO2, adding to the greenhoeffect.

At the same time trees help to regulate the climate by taking up f@n the atmosphere,
they play a role in water cycles and reflectivity of the earth surface.

Consequences of climate change are already obvious all around Europe: temperaeires a
rising, rainfall patterns are shifting, glaciers are melting, sea levels are getting higher and
extreme weather resulting in hazards such as floods and droughts is becoming more common
leading to modify existing ecological dynamics.

Southern Europe anthe Mediterranean basin are two of the more vulnerable areas to climate
change, due to the rise of temperatures, extreme phenomena and droughts (Beniston et al.,
2007).

To limit global warming it is essential to halt the rising trend in global greenhoase ¢

3 http://ec.europa.eu/environment/soil/process_en.htm
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emissions before 2020.

Green urban spaces

Recent studies carried out at the University of Seville by Dr. Manuel Enrique Figueroa show
that one hectare of urban forestry generates the oxygen used by six people and that a tree can
absorb the CO2 producdaly 100 cars in a day. Some species, like some types of pines, may
absorb between 48.870 y 27.180 kilos of CO2 a year.

Green areas in the cities have more benefits. Studies show that children who live in areas with
abundant green space are more active, 4@%s likely to be obese (Ellaway et al., 2005) and
show higher levels of attention than those without these benefits (Velarde et al., 2007). For
these reasons, access to green urban areas has been proposed as an important indicator of
urban sustainabilitand quality of life (Sanesi et al., 2011).

European cities of the Mediterranean region generally lack green areas, and most of the ones
aldzZRASa R2yQ30% & yednllaas in icdteScitias.sHowever, there is a trend
towards increased areas ofe@essible green space in most European cities (EC, 2003).

Once again measures focused in those European areas with more need of green zones are
possibly a priority for our continent.

Our approach

I LILINREAYFGSE @ 1 2F 9 dzNE BEh@By 202Ritiddestimated that £ A S &
80% of the population will. There are approximately 1.600 urban areas with more than 50.000
inhabitants, defined as functional urban areas, in the European Union.

Urban sprawl is affecting the environment as never befarBuman history and it is affecting
LIS2 L) SQ&a ljdzr t Ade 2F €AFS FyR KSIHfOK®

We are convinced that forestation is a major concern in Europe to fight against most of these
problems. But results of these forestations are much more important in those zones where
arid conditions create special problems for population, especially irarurdreas and its
surroundings.

The QUF project is a European project, funded by the Life + Prograhthe European
Commission, which aims at contributing to the improvement of the life and environment of
European urban industrial areas by testing and demonstrating the feasibility of combining
forestation related techniques in degraded areas. Thesehrtiggies include the use of
mycorrhiza and water retainers, with the objective of reducing watering requirements,
increase biomass production and improve soil conditions. 30.000 plants of 6 Mediterranean
native species have been planted, between 2014 antis2@ising three kinds of treatments
(mycorrhizal, retainers and both together) in demonstration site in the city of Valladolid.
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Chapter 2. The QUF Project
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The objective of the project is to contribute to the improvement of the environment of
European dban industrial areas by testing the feasibility of forestation related techniques in
arid populated cities of South Europe, specifically with degraded soils due to industrial activity,
where climate change is more aggressive, and high maintenance and wedeurces
consumption are required. These techniques include the use of mycorrhiza and water retainers
(both alone and combined), all monitored automatically through a network of sensors to
create an extensive dataset of the environmental conditions thedresults.

The following sections include a brief description of the objectives and how the project has
been designed and implemented.

Objectives

Plantations such as the one carried out by the QUF project, on abandoned industrial areas next
to the city (and connect to forestall areas), normally require previous restoration using
specialized methods that compact, stabilize and prepare the soil. These expensive processes
are adequate when the zones are small enough and in the middle of very urbaneasdhat

require quick acting.

However, the major efforts are now devoted to create forest areas in the surrounding zones of
cities or those inside industrial polygons where infrastructure creation requires expensive
preparation. The success of the operatiamay be determined the orientation of the land, the

rain conditions of the first years, and summer temperatures. When conditions are bad, the
percentage of failing is reaching 50%. Consequences in economic costs, water expenses,
working hours, transport mintenance, CO2 generation, etc., are clear, and the results are not
always satisfactory at achieving tke&pectedfinal result. This also obliges the municipality to
have several private maintenance companies that should be prepared for acting depending o
conditions.

Despite all the efforts made by the City Council, the rate of survival of new tree in the first two
year is very low, with loses around 40%.

Usually, there is not only one cause of a tree lost but two or more factors occur. These
problems appar in most of European cities, particularly, in the Mediterranean cities.

The QUF Project was aimed at demonstrating that the combination of these techniques could
help obtaining the following results:

0 The achievement of at least 95% of successful treémted without water
infrastructure, and at least 30% more trees alive than when using no technology.

The achievement of a 20% more in average tree biomass (measuring the dry mass of
the aerial and terrestrial part of bushes and trees), compared with réference
population trees. The corresponding CO2 absorption increase will be also at least 20%
of the reference population.

0 Capture of at least 6 tons of CO2 during the first two years (much more during

O«
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following years, see following points for explanafio
A decrease of 10% of noxious gases and patrticles in the atmosphere (CO, plumb, etc.).
The achievement of an increasing curve of average air and soil humidity in those zones
where trees have been planted, taking the five milestones (from HO to H4).
An ncreasing of at least 1% in soil organic matter after H4 from HO, as average
measure in 30 cm. surrounding the trees, 10 cm. of first soil layout.

O« O«

O«

The experiment
The location

Valladolid City Council has granted for the project a plot with a surface obepmately 13
hectares. This plot is located in the city of Valladolid, at the Avda. de Santander bordering the
Pisuerga River.

As a demonstrator, Valladolid is a perfect example of the cities the project is aimed at. Most of
its characteristics may be do#y applicable to other southern cities, including all Southern
capital cities like Madrid or Rome, affecting millions of habitants.

It is located in thecentre of the Castile and Ledn region where the clime is sanai The soil,
mainly madefrom inceptisoiles and alfisles (according to the International Soil Taxonomy)
has traditionally been used for agriculture purposes, (mainly dry cultivation), and the gradual
installation of industrial settlements and urban areas. Currently industry is,thegevith
services, the main economic drivers of the city.

At the end of the fifties Valladolid experienced a boost of industrial activities, mainly due to
the automotive industry. As a consequence of the industrialization and the urban construction
explogon of the nineties the environmental conditions have worsen.

Valladolid has doubled its population since 1960. The climate is Mediterranean mild, according
to J. Papadakis methodology. The temperatures are quite extreme, with substantially
significant diferences between day and night, with an annual average of 12.3°C.

Winters are cold with frequent fogs and frosts (61 frost days on average) and 8 days of snow a
year. The summers are hot and dry, with highs around 30°C, arriving to 42°C in some cases, but
minimal fresh, slightly exceeding 13°C.

To fight against these conditions, Valladolid has joined th®$of £t SR at I OG0 2F GKS
fight climate change and achieve the-20-20 objectived

At the same time, the Province Council of Valladolid hasezhwut a reforestation project
(part of which has been carried out with the support of the Life program in the frame of the
Green Deserts project, although it has not included the surrenders of the city of Valladolid).

The location of the plantation hake following characteristics:

0 Itis located next to the Pisuerga River.
0 The plot is not developable, and therefore the plantation will become a green area of

4http://www.va|Iadolidagendalocal21.es/plandeaccionparalaeﬁa&g)stenible/tenemosunplan.htmI
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the city for good.

It is located next to an industrial area but in the future it will becomg phthe forest

parkRibera de Castilla

0 Communication facilities were suitable enough, both for reaching the pot and for
telecommunication purposes. There is an air quality measuring station from the
Council connected to the internal wireless netwdiibgr optic) near the plot.

O«

Figurel: View of the plantation plot

The plots limiting at the north are industrial land belonging to a polygon, and have disused
degraded soils. Across the river, there is a factory (Michelin),afribe largest industries in
the city. It presents an important gap over the river (frori Eneters).

Figure2: Land before plantation
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The plantation

During the project the effect of different treatments (mycorrhiza, reta;and mixed) in the
improvement of the survival of six tree species has been tested.

The species tested have been:

0 Trees Quercus ilexQuercus faginegPinus pineand Juniperus thurifera
Shrubs Amigdalus communiand Acer campestre

There species havgeen inoculated with the following mycorrhiza:

1. Pisolithus tinctorius (Pers.) Coker & Couch (ectomycorrhiza).

2. Scleroderma polyrrhizum (JF Gmel.) Pers (ectomycorrhiza).

3. Glomus ssp. (Endomycorrhiza).
These mycorrhizal fungi used are fungi that are preseniradly in Valladolid, they are able to
mycorrhizal host species and young plants and are efficient by spore inoculation.

Each plant species of the project were mycorrhizal with the following fungi:

0 Pinus pineavith Pisolithus tinctorius.
0 Almond Juniperg and Ace with Glomus.
0 Q. fagineaandQ. ilexwith Pisolithus tinctorius + Scleroderma polyrrhizum

The retainer used was the Stockosorb retainer. This retainer is easy to use and has no added
complementary products that could mask the comparison withatieer treatments tested.

The plantation is designed as follows: 6 species are planted (4 shrubby tree and 2) in mixed
masses, divided in four sectors per block, depending on planting techniques of the project,
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that is, if retainers and mycorrhizae are usednot. Therefore we have a sample for each
soil/spice and treatment (main components of the project). The four sections are:

Figure3: Scheme of the uses of reforestation techniques

Mycorrhizae
& Retainer

Retainer

No
Mycorrhizae techniques
(witness)

The experimental is design in blocks in which the 4 treatments tested are repeated.

A total of 5 blocks with 4 sectors in each block, where the repopulation is made following
techniques:

1. Witness: Plant in container.
2. Retainer: Plant in container plantedth polymer retainer.
3. Mycorrhizae: Plant is inoculated with mycorrhizae.
4. Mycorrhizae plus retainer: inoculated plant is used and polymer retainer is
incorporated into the planting hole.
3 of the blocks are approximately 2 hectares and each of its fodorseloas 0.54 hectares. A
fourth block is a little bit smaller, with a surface of 0.33 hectares per sector.

Finally a block of 0.6 hectares will be planted using plants with an edible mycological species,
Pinus pineamycorrhizal with Lactariugeliciosus.Four planting techniques are repeated in
turn; witness, retainer, mycorrhizae and mycorrhizae with retainer.

In the following map shows the 5 different blocks and the 20 sectors where the various
combinations of reforestation techniques applied:
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Fgure 4: Map of the plantation

The sensor network and data analysis

The experimental design of the project consisted in control plots and transepfsthe
plantation - in which survival and growth dynamics at tresel were measured periodically.
Apart from field data, the impact of the different treatments has beertked using automatic
remote sensing technigues.

The analysis has been performed by using data from several sources:

1. A network of sensors that monitors temperature and humidity at 20 and 40 cm. of 64
plants of 2 speciesP{nus pineaand Quercus ilexin the 4 control plots along with
climatic variables. The measures are obtained every 30 minutes during the entire
duration of the project.

2. Observation of the survival of 1.436 trees of the 6 species in the 4 control plots at key
moments of the project.

3. Measuement of the variables of biomass at the end of a project in a sample of plants.

The analysis has been performed in the full dataset and comparing the results by treatment,
specie, and soil characteristics.

The results have been calculated at control péatel and transept level for i) each species, ii)
each treatment and iii) speciteeatment to analysethe variability and interaction among
hierarchical levels.

The analysis has been done by using different statistical methods (OSL and survival models)
depending on the target of the analysis. The statistical tools used in the analigsis
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The factors considered in the study: aimed to assess the role of degraded soils, adversity of
abiotic factors and need to recover the forest trees are particularly veale in urban
environments, where to promote reforestation of arid and industrialized areas it is strongly
advised to carefully evaluate and use techniques that promote the growth and survival of the
plant. Our goal was to demonstrate the feasibility ofating green areas and, in this way,

recover land in the cities without any major irrigation infrastructure. That has been the main
motivation of our project.
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Chapter 3. Urban soils restoring:
foundations

The recovery of forest cover through the implemta&tion of forest plantations had its boom
during the XX century, particularly in arid and semd zones (Master and Curtain, 2004).

Restoration is the process of recovery of an ecosystem that has been degraded, damaged or
destroyed (Mansourian, 2005p ghat the restoration of the original features, such as the
composition, structure and function, that existed before degradation is achieved (Jordan et al.,
1987; Hobbs and Norton, 1996; Higgs, 1997). It is clear that the restoration of land to its
original form in degraded and polluted urban areas, located in completely artificial
environments, is not entirely possible, but they can be improved, creating more
environmentally favourable situations. The reforestation of these lands can improve soll
conditions and the landscape in a relatively short period of time.

Natural regeneration of Mediterranean ecosystems is especially affected by the summer
drought and water stress (Ruano et al., 2009) especially under edaphic conditions that impair
the ability of gants to colonize these areas.

All restoration projects have, at least, four phases:
Preliminary analysis

A thorough preliminary analysis of the situation is required before initiating the design of the
project. This analysis must include, at least:

0 The leation and the urban plans of the area.
0 The soail.

0 The weather conditions of the area.

0 The purpose ofhe plantation(main use)

Thelocationis a critical factor of any restoration project.

When facing a forestation project in an urban area the analysis of the present and future uses
of the land is critical for the success of the project. Cities change very quickly, but trees take
years to grow and a green area must be defined to last permiine

It is important to consider that the area to be restored must have the appropriate qualification
as green or rural area and that classification in the city plan should not be expected to change
in the future.

For that reason, the urban planning tfe city has to be consulted and future town plan
considered.

The second element that has to lamalyseds thesoil. Soil testing is keto understand how

the restoration should proceed. Soil has an important impact on the type of species to be
planted, the density of the plantatig the type of soil preparatiothat has to be done, the
type of mycorrhizae and even type of retainer to lpphked.
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To analyze soil trenches have to be done and a detailed analysis of the physicochemical
structure, texture and components of the soil has to be developed. It is advisable to consult an
expert in soils for this analysis. If chemical or heavy npilfilition is suspected, then a more
comprehensive analysis must be done. In this regard, an expert in phytoremediation should
consider the factors and the possibilities of carrying out the restoration of the land.

The third element that has to be taken antconsideration isweather. Temperature and
precipitations must be considered. The weather conditions influence species selection and
treatments to be used.

Along with all these elements, a very important consideration that affects the design and
planningof the work isthe goal of the project itself If the plantation is located within a city
the project leaders must take into account what use will the new green area have.

For example, in the QUF Project, the plantation is located on the banks of andagra park.

It is also opposite to a school and a shopping mall. For all that reasons, the plantation was
conceived since the beginning as a park to be enjoyed by the citizens. That has conditioned
both the selection of species and the design of thentd#on itself, for example by
incorporating paths that facilitate walking around the area and reaching the river.

Definition and design

Havinganalysedthe initial situation the project has to be defined. This includes, in the first
place, the selectionsf the techniques that will be tested. If the project includes both the use

of mycorrhizae and or water retainers, the definition work start with a research on the three
main elements of the design:

Ox¢

Selection of species.
Selection of mycorrhizae.
0 Selectiorof retainers.

O«

The researclshouldbe based on the location, soil and weather of the plantation plot, and
would consist mainly on desk research and consultation with experts, if needed.

When choosing thespeciesit is highly convenient to use native spexiof the area, as they
have greater ability to adapt to climatic and soil conditions. The intended use of the plantation
also need to be taken into consideratiorigourand aspect of the plants, insects and diseases
problems, etc.). It is crucial to studexisting literature on previous restoration works of the
area and the current and past situation of species in the city.

Mycorrhizal plant is a guarantee of survival; especially in areas with highly degraded and
infertile soils. Naturally 99% of planterin some kind of mycorrhiza (endomycorrhiza and
ectomycorrhiza) that allows plants to improve the uptake of water and nutrients, achieve
greater resistance to pathogens and boost their growth and survival. The type of symbiosis to
be formed will depend orthe plant species considered. It is therefore very important in
controlled mycorrhizal associations, both in nursery and in field, to make an appropriate
selection of species of fungi, depending on the host species and depending on the needs of the
planting site (soil type, climate, pH, €lc
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Because this selection puts at stake the success of the plantation, advice from an expert is
always advised in order to select the suitable autochthonous species along with the most
suitable type and form of mycorrtakinoculum.

Retainersare applied for water intake and nutrients in soils, improving water management
and plant growth, acting as a water reservoir and releasing it to the needs of the plants.
Usually they prolong the time until the plants reach the wdtipoint and help streamline
rainwater, irrigation, fertilizers, adsorbing and storing for later release.

There are many different types of retainers but the most important is based on the use of
polymers that are capable of absorbing water, increasingr th@lume about 300, 500 or even

600 times. They are able to expand and provide water between five to seven years (decreasing
performance over time).

Most NB ( I AfofrBuNiioss are based on potassium and carbon, which has greater
expandability. Sometimesvater retainers are mixed with other products, creating specific
substrates that are suitable for increasing soil quality.,(including organic fertilizers). Some

of the products that are available today include more than 20 different products, creating a
complete product supply to the plant almost autonomously. This allows more intense natural
cropping with chemical fertilizerthat way, and avoid burnout soil. Other retainers are based

on natural sources, such as algae, whose natural advantages are clear, although the capacity
expansion in these cases is lower than in the polyb@sed products.

The results of the QUF projeeill provide a guide for future projects on the real effects of the
retainer used. However, the great amount of retainers and the continuous evolution of this
technology will require an updated study of the solutions available at the maketch
moment

For all the components of the project, a cost benefit analysis is highly recommended. In
Chapter7 a costbenefit of the QUF project has been included to help project leaders make
informed decisions when designing their reforestation projects.

Implementation

After commissioning the two previous phases, analysis of the baseline and selection of species
and treatments, the next phase is the implementation of the plantation. In this phase three
main elements should be defined:

1. Design of the plantadn: number of species, density (number plants/ha.), location
(placement of each species within the framework of planting), type of land preparation
(point or line, stroke or woods ...), number of treatments and their location in the field.

2. Distance betwee the lines or strokes.

3. A detailed work plan.

When defining the work plan and thplantation various aspects should be taken into
consideration:

0 Scenic value: the location of species within the plantation should take into
consideration the esthetical asps¢ such as theolourof the set.

White Book of reforestation of degraded urban areas in Southern Europe



)

[ ]
R cese ] Iclaves §Qlf,
| |QUICK URBAN FOREST Ea ek o

0 The logic of the plantation to make it feasible on a practical level.

0 The quality of the plant is vital for the proper development and growth of the
plantation. The root ball must have healthy roots and white tips. Inement
should spoil or broken root balls without white tips are used. Using one or two
plant sap is advised because it develops better and can survive more easily with
the tested treatments.

0 Planting should be done by expert practitioners.

0 In the case of psence of herbivores, it is essential to use a protective mesh or
continuous tubes with aeration holes on each of the plants.

0 Check the competition from herbaceous vegetation around the plant is

recommended for a suitable plantation establishment and depment. To do
this, one should conduct a harrowing plot and hand weeding around the plant
once or twice a year, depending on the level of competition that exists. Special
care should be taken to remove the herbaceous competition especially around the
plarts and in the moments of greatest growth and demand, spring and summer.

Monitoring and evaluation

Monitoring the evolution of the plantation is essential for its success, particularly if treatments
are being used. Tracking the plantation helps to diagrexs® assess the plantation since its
inception and, with this information, make decisions about whether it is worth the treatments
applied, if corrective actions are needed or whether to remove or add any new action into the
work plan.

Plantation map

To m&e a correct assessment of the evolution of the plantation it is necessary to have a map
of the planted area in order to define the number of sample plots that will help us evaluate the
quality and the development of the plantation.

Stratification of theplantation

One of the first needs before monitoring the plantation is to stratify the plantation into more
homogeneous units according to any of the following criteria: age differences of the plant
nursery of origin, soil, slope, etc.

Sampling system

A sanpling system has to be defined for the monitoring phase. The sampling system depends
on the size of the plantation and the availability of data. Systematic, random or transect
sampling can be done. In all cases the stratification previously made has takée into
account.

The samples may have a frequency proportional to the level f control we want to have of the
plantation, and the objectives of the reforestation project. Survival and growth (height and
diameter) are the basic measurements that need &éodwone. For these variables twice a year
would be enough (preferably before and after summer). However, it is recommended to
conduct more sampling during the first two years after planting.
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In the QUF Project, as we will see in along this White Book, waonletof sensors has been
installed and millions of data are being gathered, particularly on soil humidity and
temperature. This exhaustive monitoring and data gathered is aimed at controlling, in
meticulous way, théehaviourof the treatments and providea comprehensive understanding
of its effects at the plantation. The demonstration character of this experiment justifies our
monitoring system, but once the results are analyzed and presented in this book future
projects, it would not require such an imgant display.

N° of plants sampled

It is advisable to carry out surveys with a significant number of plants per treatment. Studies
with insufficient sample sizes are not able to detect differences between groups, leading to the
erroneous conclusion thathere is no such difference (Fuller, 2011). However if the sample
number is excessive, the study becomes more expensive in economic and human terms. A
balance between the objectives and the budget of the project should be reached when
designing the sampl&he same must be considered in terms of sampling area, aiming to hold
as much variability as possildeping withbudget and operational constraints.

Data collection and statistical study

For each plant general and specific data as a species, treatment, plant status, correct
positioning of the guard, force and survival, should be assessed. As well as all data considered
interesting for the evaluation of the plantation.

The volume of dataatlected will condition the statistical analysis to be performed.
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Chapter 4. QUF Components and plantation

We have seen the main phases of a restoration project. This chapter summarizes the works
carried out by the QUF Project in these various phasestlae elections done, so it can guide
future reforestation works in Southern European cities.

The project selected for testing the use of techniques that include the use of mycorrhizae and
water retainers (both alone and combined). These techniques aant as we have already
seen, to improve the results of the plantation and the quality of the soil in areas with arid
conditions, surrounded by industrial zones or very poor soils.

By QUF Components we refer to the main elements that are part of plantaia that are
being tested, namely:

0 Soils.
0 Species (trees).
0 Treatments:

0 Water retainers.

0 Mycorrhiza.

o Combination of both.
During the design phase the QUF components available in the market were assessed and the
final components used were selected. Tdadection was made seeking to balance the budget
and the objectives of the project, and took into account the following criteria:

0 The weather in the area of the plantation (particularly average rain).
0 The various types of soil of the land plot.

0 The tree spcies.

0 The price of the components to be purchased.

0 Previous research and its results.

In the following sections we describe the analysis made and we explain why the selected
components were chosen for the project.

Weather conditions

We carried out an arlgsis of the weather conditions. These conditions are critical for the
selection of all components, but particularly for the selection of water retainers. In Annex 2
additional information of weather conditions in Valladolid is included.

This analysis cohaled, in brief, that:

0 The area has &ontinental Mediterranean weather characterized by cold winters
(temperatures under 5°C) and hot summers (average temperature of 22°C).

0 Average temperature is 1£°C.

0 Frosts are common, even during spring.

0 Rain is usally steadily uniform during the year, with the exception of July and August.

Average rain is 420 mm. annually.
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This information was the base for QUF Componsetection.

Soil conditions

Soil, as well as climate, is one of the most important factorplmmt growth, along with water
and nutrient supply. Processes such as erosion, salinization or contamination deteriorate the
physical or chemical properties, causing soil degradation.

Urban soils are subject to many changes and aggressions: compactmmtuafied inputs,
pollution, etc. Therefore, in this type of soil, it is necessary to know in detail and depth the
characteristics of the soil, its depth, its good or poor quality, etc.

A good study allows us to detect aspects of the dynamics and higfahe soil, such as the
presence of an agricultural surface that impedes the good development of the plants, the
depth of the soil that strongly influences the possibilities of the roots, ablur that can
indicate Drainage, presence of lime or other compounds such as iron oxides, texture indicating
water retention capacity for plants, etc. Definitely, the study of the soil allows us a better
interpretation of thebehaviourof plants in the future.

Figure5: Trench for soil analysis

Previous to the selection of QUF Components, in February 2014, the soil of the plot was
analysed. Two different trenches were done and soil analysis was performed at three different
depths:

0 FHomOto 20 cm.
0 From 20 to 50 cm.
0 From 50 to 120 cm.

The analysis of the soil shows that the plot has a soil poorly developed with recent alluvial
materials in depositional profiles, wittandy loam soil texture, with no saline alkaline an
8.42 pH, wih excessive release of nitrogen

However, and based on the findings of analysing the sensor data and survival data, we realised
that there are 3 different soils corresponding to the control plots 1, 2 and 3, and 4 and that soil

White Book of reforestation of degraded urban areas in Southern Europe



)
| |QUICK URBAN FOREST

nnnnnnnnnnnnnnnnnn

characteristics are playing more relevant role than expected so we aeaanother study in
order to get more information.

Due to the low degree of development of these soils and the low presence of chemical
elements, it is considered that one of the most important elements to urtdecds the
dynamics of water in the soil is texture, since its knowledge allows to infer about other
important characteristics such as:

Water retention capacity available for plants and supply.
Installations for the circulation of water.

Easy tillage.

Risk of water and wind erosion.

Ability to store nutrients.

Soil is not a simple mixture of particles. So#haviouris the combined response to the
different fractions of sand, silt and clay that interact with each other and with organic matter.
Howe\er, in soils with unbalanced textures and poor organic matter, the predominance of one
of the fractions can be determinant, as in our case. In this sense, each of the soil fractions in
each of the blocks has beamalysedising the following table:

Tablel: Results from soil analysis

1 1 0- 37 57 27 16 FRANK - SANDY
2y 3 2 0- 20 65 17 17 FRANK - SANDY
20 - 50 73 17 9,6 SANDY - FRANK
4 4 0- 30 43 30 27 LOAM
1 1 37 - 80 63 17 20 FRANK - SANDY
2y 3 2 50 - 120 97 1,85 0,57 SANDY
4 4 30 - 90 43 25 32 LOAM

It can be observed that blocks 2 and 3 are more sandy in depth than block 1 and 4, the latter
being the least sandy of the 4 blocks.

However, it is worth noting the low homogeneity of this soil doetlhe many uncontrolled
contributions that have occurred over the years. This makes it really difficult to diagnose and
interpret the result. Throughout the study plot there is a large quantity of coarse elements
that can influence théehaviourof the soi and growth, especially when its proportion is large.

A predominance of coarse elements in a soil causes it to act as a sieve against water, which it is
not able to retain, and presents few possibilities for nutrient supply.

Selection of plant species

Two initial premises where considered regarding the selection of species for the plantation
during the definition phase of the project:
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1. Both tree and shrub species would be tested.
2. Species had to be autochthonous.
3. Intree species both hardwoods andftsvoodsspecies would be selected.

For the selection of species we made a preliminary research that included:

& Analysingthe notebooks elaborated by the Regional Government (Junta de Castile
and Ledn) to provide advice on reforestation workgalladolid is included in Zone®1
-and technical guidelind$or reforestation also from the Regional Government.

0 Consulting the Environmentalewvices of Valladolid Council and the Regional

Government.

Revising the existing bibliography to identify the species that are most suitable for the

soil class of the land plot.

O«

The recommendations of the Regional Government regarding the type of sgeciese in
Valladolid have been particularly useful, since these recommendations are being elaborated,
and updated since 1994, being an accumulative, extensive and valuable experience in
reforestation programs. These programs have been designed for agrieudinds, and nor
urban areas, but have taken into consideration soil and weather conditions that are very
similar to those of our project.

With this information, and the knowledge of our experts, the working team selected the
following species:

0 Trees Quercus ilexQuercus fagineaQuercus pirenaigaPinus pineaand Juniperus
thurifera.
0 Shrubs Amigdalus communiand Acer campestre

The reasons for this selection were:

0 Quercusthe choice of oaks is justified as being specie with frequent developmental
problems in reforestation. On one hand, its implementation is difficult because it
presents a considerable rate of firstage mortality and it suffers a significant
development delay comparing to other species, especially conifers. In many of the
reforestation programs carried out in agricultural land, these species shows growth
standstill. In many cases the aerial part dries but returns to sprout as trees are still
alive but with an almost zero development of their aerial part during the first 5 years
or more. For that reason we have decided to test if the QUF techniques can enhance
the development of these species in reforestation projects.

Pinus pineas most often specie used in the reforestation programs in the province of
Valladolid, presenting sucssful implementation and development for the reported

O«

® Available here:
http://www.medioambiente.jcyl.es/web/jcyl/MedioAmbiente/es/Plantillal00/1180952518454/ /| | _

6 The notebook for Zone 11 is:
http://www.medioambiente.jcyl.es/web/jcyl/binarios/97/918/Cuaderno%20Zona%20n% G211 _Campos%2
0Centro%2846202013.pdf?blobheader=application%2Fpdf%3Bcharset%38&bIebheadernamel=Cache
Control&blobheadername2=Expires&blobheadername3=Site&blobheadervaluetere®o2Cnaache%2Cmust
revalidate&blobheadervalue2=0&blobheadervalue3=JGMdioAmbiente&blobnocache=true

" Available here:
http://www.medioambiente.jcyl.es/web/jcyl/MedioAmbiente/es/Plantillal00/1284455991422/ | |
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cases.

0 Juniperus thuriferaspeciewith a great ecological and ornamental value, but less used
in reforestation due to the difficulties of its reproduction in nursery. The juniper is,
however, a good dbice to be implemented in arid limestone areas with reforestation
problems.

0 TheAmigdalus communis a spice that is well adapted to site terrain and it is widely
used as an ornamental plant in Valladolid as a complementary species in reforestation
of agicultural lands.

0 Acer campestrisvas also included because it is a more demanding species, usually
associated to Atlantic and mountainous forest areas. Although its landscape value is
very valuable, the larger number of deaths in reforestation has reduds
implementation in restoration projects.

Selection of mycorrhiza

In order to meet the objectives of the project with respect to the implantation of sites with
mycorrhizal plants, the following activities were performed:

1. Selection of mycorrhiza fungiithr greater potential by selected species.
2. Preparation of inoculums and dose calculation.

3. Inoculation of plant in field.

4. Inoculation of plant in nursery.

Selection of mycorrhiza

To achieve the success of the mycorrhizal process it is very important that each species is
inoculated with the right type of fungus.

Fungal species have been selected due to its mycorrhizal capacity and its antibiotic powers
that will provide protectionfor reforestation seedlings against pathogenic organisms, as well
as providing natural fertilizer nutrients to plants.

Literature and essays on prior tests were consulted, as well as experts from potential providers
of the component.

Bibliography used iades the following (in its original language):

0 J. Pera, J. Parladé (2005): Controlled inoculation of reforestation seedlings with

ectomycorrhizal fungi: current knowledge in Spain. Forest System Vol 14 N° 3 2005.

Agerer, R. (2001). Exploration types eftomycorrhizae: A proposal to classify

ectomycorrhizal mycelial systems according to their patterns of differentiation and

putative ecological importance, Mycorrhiza, f074.

0 Ana, R., Javier, P., & Joan, P. (20Qfjginal article Influence of the feligation
method in controlled ectomycorrhizal inoculation of two Mediterranean pines, Ann.
For. Sci., 64, 5¢583.

0 Duponnois, R., Plenchette, C., Prin, Y., Ducousso, M., Kisa, M., B4, A. M., & Galiana, A.
(2007). Use of mycorrhizal inoculation to improveforestation process with
Australian Acacia in Sahelian ecozones. Ecological Engineering, 2112105

0 Nadeem, S. M., Ahmad, M., Zahir, Z. A., Javaid, A., & Ashraf, M. (2014). The role of

(@]
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mycorrhizae and plant growth promoting rhizobacteria (PGPR)mjproving crop
productivity under stressful environments. Biotechnology Advances, 32(2)4829

Oliveira, R. S., Franco, A. R., & Castro, P. M. L. (Zfhined use of Pinus pinaster
plus and inoculation with selected ectomycorrhizal fungi as an ebatdogy to
improve plant performance. Ecological Engineering, 48103.

Quoreshi, A. M., Piché, Y., & Khasa, D. P. (2007). Field performance of conifer and
hardwood species $ears after nursery inoculation in the Canadian Prairie Provinces.
New Forests35(3), 236§253.

Sousa, N. R., Franco, A. R, Oliveira, R. S., & Castro, P. M. L.H&0h2ycorrhizal

fungi as an alternative to the use of chemical fertilisers in nursery production of Pinus
pinaster. Journal of Environmental Management, 95 SuR69g 4.

Antonio Diaz Espejo, A. Gutiérrez Abobal, Mario Honrubia Garcia (2004): Utilizacién de
mycorrhizacién controlada en la reforestacion de uele agricola con pino carrasco
Cuadernos de la Sociedad Espafiola de Ciencias Forestales, ISSM1TGRB. 17,

2004 (Ejemplar dedicado a: Actas de la Ill Reunion sobre Repoblaciones Forestales),
pags.151-156.

Martin-Pinto, P. y Oria de Rueda, J.A.: Efecto de la mycorrhizacion de Pisolithus
tinctorius y Rhizopogon roseolus sobre planta de Pinus nigra edglem la
restauracion de un monte quemado. Andrés Arija,P. 1 , HernaRddriguez, M. 1, 1

1 Instituto de Gestion Forestal SostenibEscuela Técnica Superior de Ingenierias
Agrarias. Universidad de Valladolid.

J. Parladé, J. Pera (2005): Inoculaciéntrotada con hongos ectomicorricicos en la
produccién de planta destinada a repoblaciones forestales. Estado actual en Espafia
Investigacion agraria. Sistemas y recursos forestales, ISSN79831Vol. 14, N° 3,
2005, pags419-433.

M. Honrubia,g. Diaz . Gutiérrez: Mycorrhizacion controlada de Pinus halepensis en
vivero en funcion del tipo de in6culo y técnicas de cultivo. Depto. Biologia vegetal. Fac.
Biologia. Univ. Murcia. Campus Espinardo, 30100 Murcia.

J. Pera; I.LF. Ahvez & X. Parladé (1993): &etibn de hongos ectomicocicos para

Pinus pinaster ait. Departament de Pato logia Veg#tatitut de Recerca i Tecnologia
Agroaliment@ies (IRTA). 08348ABRILS (Barcelona). Congreso Forestal Espafiol
Lourinzan 1.993. Ponencias y comunicaciones. Tidr361.

E. GoOmesanchez; a.i. Gonzaléxhoa; p. Torres J2J. De las Heras & E. Simarro
Mycorrhizacion de plantas de Pinus halepensis, Pinus pinaster y Quercus ilex subsp.
ballota para repoblacion de zonas incendiadas de escasa regeneracion natural.
Departamento de Produccion Vegetal y Tecnologia Agraria. Universidad de -Castilla
Mancha. (2) Departamento de Biologia Vegetal, Universidad Miguel Hernandez.
Facultad de Ciencias AmbientalEtche (Alicante).

As a result the team decided to select ttolowing species of mycorrhiza:

4. Pisolithus tinctorius (Pers.) Coker & Couch (ectomycorrhiza).
5. Scleroderma polyrrhizum (JF Gmel.) Pers (ectomycorrhiza).
6. Glomus ssp. (Endomycorrhiza).

These mycorrhizal fungi used are fungi that are present naturalialiadolid, they are able to
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mycorrhizal host species and young plants and are efficient by spore inoculation.

Each plant species of the project were mycorrhizal with the following fungi:

(@]

Pinus pineavith Pisolithus tinctorius.
Almond Juniperusind Arcewith Glomus.
Q. fagineaand Q. ilexwith Pisolithus tinctorius + Scleroderma polyrrhizum.

O¢ O«

Inoculum preparation and implementation

The case of ectomycorrhizas (Pisolithus and Scleroderma)

Organic field samples of fungi were collected, selecting those with similar characteristics of
those of the plantation site. Thieymeniumwas mashed to form a liquid mixture with sterile
distilled water until a homogeneous spore suspension was stable.

Oncethe suspension was stable, the required concentration was fitted for plant inoculation.
Usually, according to previous studies, a concentration between Barid5- 16 spores/ml,
depending of watering dose, is advised. To adjustitiel? Ndceration it was necessary to
use a counting camera Thoma type or Neubauer type.

The case of endomycorrhiza (Glomus ssp.)

A commercial mixture of readyp-use product was used. Several product suppliers were
tested at the lab, finally selecting the highest dtyabne according to the tests. The dose was

fitted to our treatment requirements of G1 g/pl. following same suspension procedure as
described before.

Inoculation inside the QUF Project was carried out in two separate periods of time and
methodologies:

White Book of reforestation of degraded urban areas in Southern Europe
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i) Inoculation at field site

April 30" 2014: (£'inoculation): 3103 plants.
May 14" 2014: (2%inoculation): 720 plants.

ii) Inoculation at nursery stage

May 8" 2014: (f'inoculation): 3308 plants.
May 222014 (2°inoculation): 3308 plants.

Overall 10.439 plants were inotated, considering that duringposing 2015 death trees were
planted again. After the firsstage study on climatic characteristics and soil properties on the
studyarea, the following species were chosen for inoculation:

O«

Main speciesPinus pinea, Quercus ilard Quercus faginea.

Secondary species / shrub vegetati@eltis australis, Juniperus thurifesiad Acer
campestris.

O«

As shown below, the techniques to be carried out axédd quantitatively by specie.

Table2: Species and number of plants to be inoculated

Plants to be micromised Celtis Arce Juniperus Pinus Quercus Quercus
by ECM australis campestris thurifera pinea faginea ilex
mycorrhiza 291 291 582 970 388 582 3103
mycorrhiza and retainer 291 201 582 969 388 582 3102
Total 582 582 1163 1939 776 1163 6205

i) Inoculation at field site

Mycorrhizal inoculation is supposed to be higher at nursery, where all steps of the inoculation
chain can be controlled (e.g., seedlings, watering, sail)our case, we conducted an
experimental process, consisted on inoculating the plant at the field, just at the moment of
plantation.
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For ensuring the success of the process in this case, the dose of mycorrhizae used was higher
compared to the usualabes used at nursery. Finally, the amount of dose inoculated on the

field was:

]
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Table3: Dose of mycorrhizae per species in field inoculation

SDLE

Juniperus oxycedrus Glomus spp. 0,1gr/pl 10 ml
Finus pinea Pizolithus tinctorius 1¥10"7 esp/ml 10 ml
Almond Glomus 0,2gr/pl 10 mi

Acer campestris Glomus 0,2gr/pl 10 ml
Quercus faginea Fizolithus + Scleroderma | 0,5%107 esp/ml + 0,5%10°7 esp/ml 10 ml
Quercus ilex Pisolithus + Scleroderma | 0,5%107 esp/ml + 0,5%10°7 esp/ml 10 ml

Two inoculations were done, with a time difference of 15 days to ensure a piopeulation
rate of plants. In this case, the way of procedure was directly by means of syringes. The

following table shows the inoculated dose by plant and date:

Tabk 4: Inoculation at field: part 1

SPRING PLANTING 2014

DATE: 30-4-2014

The lack of rain followinghe inoculation together with the poor soil condition and the
numerous dead trees found at that time, made the project management team to interrupt the
inoculation at study area level, deciding to focus on the 4 control plots where periodical
watering werenecessary to maintain plant survival rates at a reasonable level.

BLOCK Block 1 Block 2 Block 3 Block 4 CP

SECTOR 4 & 12 16 CONTROL PLOTS

TREATMENT Mycorrhiza | Mycorrhiza| Mycorrhiza| Mycorrhiza| CONTROL PLOTS
Almond 82 80 a0 43 120
Acer campestris 82 80 80 485 120
Juniperus thurifera 164 161 161 97 120
Pinus pinea 273 268 268 161 120
Quercus faginea 109 107 107 64 120
Quercus ilex 164 161 161 97 120
873 858 857 515 720
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Table5: Inoculation at field. Part 2.

SPRING PLANTING 2014

DATE: 14-5-2014

BLOCK CP

SECTOR CONTROL PLOTS

TREATMENT COMTROL PLOTS
Almond 120
Acer campestris 120
Juniperus thurifera 120
Pinus pinea 120
Quercus faginea 120
Quercus ilex 120
720

ii) Inoculation atnurserystage

According to the inoculation on the control plots and also the Project managept@nt(table
1); the remaining plants were inoculated at the nursery (table 6):

Table6: Summary of plants inoculated at nursery

10%
- increase
Total I_n el e Renedo Pend_lng . over the Fuenteamarga
mycorrhizal nursery mycorrhization nursery
total to
mycorrhizal

Ceiltis australis 582 120 208 254 58 312
Acer campestris 582 120 301 161 58 219
Juniperus thurifera 1163 120 720 323 116 440
Pinus pines 1939 120 1053 766 194 960
Quercus faginea 776 120 401 255 78 332
Quercus ilex 1163 120 625 418 116 535
TOTAL PLANT 6205 720 3308 2177 621 2798

Plants from two different nurseries were inoculated.
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Imagen 6. Planta de Quercus faginea a inocular en viveros Fuenteamarga

Table7: Dose of mycorhizae at nursery inoculation

HOST INODCULUM NUMBER OF SPORES DOSE
Juniperus oxycedrus Glomus 0,1gr/pl 1 ml
Pinus pinea Pisolithus 1*106 esp/ml 1 ml
Almond Glomus 0,1gr/pl 1 ml
Acer campestris Glomus 0,1gr/pl 1 ml
Quercus faginea Pizolithus + Scleroderma | 0,5%106 esp/ml + 0,5%10"6 esp/ml 1 ml
Quercus ilex Pizolithus + Scleroderma | 0,5%106 esp/ml + 0,5%10"6 esp/ml 1 ml

As described before in field inoculation, two inoculations in different times were done, to
guarantee a better symbiosis between fungi and plant. The two steps inoculation was carried
out in plants from the two different mseries used, according to the following calendar:

Nursery | located in Renedo (Valladolid):
6 1%inoculation: May 8 2014.
2" inoculation: May 21 2014.

O«

Nursery Il located in Fuenteamarga (Valladolid):
6 1%inoculation: June 172014.

2" inoculation: July £2014

O«
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After the inoculation process the project management team considered necessary to evaluate
the achieved level of inoculation at plant level. To analyze that,-pl&% sample was taken
from the nursery on the way to the plantation site. The plants weralyged at the lab by a
third party, not participating in the inoculation process. The presence of ectomycorrhizal, both
the count and the percentage of inoculated roots, were testedRorus pineand Quercus

ilex.
Pinus pinea
SAMPLE (customer code) myq:n::I:i:‘aE:Iinn m:'ﬁ:::::;::s Morphotypes =nal m':;:pr;‘-l‘:itz;:'llnn L Dbservations
Sector 1 Pp - - - - Mo enough light show
Sector 3 Pp 58,5 1 A 58,5 X
Sector 4 Pp 33,3 1 B 33,3 X
Sector 5 Pp 26,0 2 A-B 15,7 - 10,3 X-
Sector 6 Pp - - - - Mo enough light show
Sector 7 Pp 30,2 2 A-B 1,4 - 28,8
Sector 10 Pp 14,0 1 o 14,0 X
Sector 11 Pp 60,6 1 D 60,6 X
Sector 12 Pp 28,3 1 B 28,3
Sector 13 Pp 12,7 2 A-D 51-7,6 -X
Sector 18 pine a 26,9 2 A-B 2,4 - 22,5 X -
Sector 18 pine b 3.9 1 B 3,9
Sector 18 pine c 23,5 1 B 23,5
Sector 20 pine d 33,1 1 A 33,4 X
Sector 20 pine e 37,0 2 A-B 16,0 - 21,0 X -
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Quercus ilex
Sector 1 Qi 0,9 1 B 0,9
Sector 3 Qi 34,0 1 B 34,0 The sample contains two plants together - X
Sector 4 Qi 20,5 1 B 20,5 The sample contains two plants (one cut) - X
Sector 5 Qi 6,3 1 B 6,3
Sector 6 Qi 11,2 1 B 11,2
Sector 7 Qi 5,0 1 B 5,0 Plants with two stems (one dry). Little root - X
Sector 10 Qi 15,8 1 B 15,8 X
Sector 11 Qi 2,0 1 B 2,0 X
Sector 12 i 4,3 1 B 4,3 X

Outoome of the independent validation analysis:

In regard of the presented results, it can be concluded that 22 out of the 24 analysed samples,
the Pinus pinedrees from sectors 1 and 6, do not have enough root length to evaluate the
amount of mycorrhizas.

All samples, both pine or oak samples, no root out of the container was observed (original
prepared soil from the nursery) leading to considerer the development of root systems still
sparse and limited.

Quercus ilexsamples only present one morphologicgpé of ectomycorrhizal (whitgrey
coloration and smooth appearance, simulating wax). There are six samples in which to proceed
to identify fungi species, by means of DNA analysis.

On the other hand, pine samples show a greater morphological variety imstenf
ectomycorrhizal: four cases comparing to the once for Spanish oak. The most frequent
organism looks like cottetexture at a whitegrey coloration due to the presence of short
hyphae emanating from the mycorrhiza) and mycelial (or rhizomorphs) wades. Both
morphological types are presented while in some plants.

There are available data also on mycorrhizal roots samples (nine in all) as in the previous case
that might allow the identification of fungal species associated by DNA analysis. Botmgine

oak based samples, presented high variability in the percentage of detected mycorrhizal
colonization. The degree of mycorrhizal plants depends on both mycorrhizal its initial state (at
the time of removal from the nursery and field establishment) gysicochemical and the
biological soil characteristics of the different plots, characteristics which generally tend to be
highly variable. Our field samples indicate high variability in the percentage of mycorrhizal
roots, and therefore, it is recommendéd work with several repetitions at lab analysis.

Selection of water retainers

Water retainers are the second element to be tested in the QUF Project. These hydrogels are
applied for retaining water and nutrients in soil, improving water management aadt pl
growth, acting as a water reservoir and releasing it to the needs of the plants.

Many different experiments have shown greatly the effectiveness of this technology, especially
in poor soil conditions and climates where irrigation is difficult and e is concentrated in a
few weeks.
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To find the right retaining, an extensive search and analysis of existing studies carried out in
Spain, Portugal, Australia and the United States was performed. The results of these tests and
studies show that the Stockorb retainer was the most suitable for our type of soil and
species. This retainer is easy to use and has no added complementary products that could
mask the comparison with the other treatments tested.

Table8: Bibliography relagéd to various tests with retainers in different parts of the world

Authors and year | Reference Country | Species

Chirino et al 2011 | Plant Soil 344: 9910 Spain Quercus suber

Chirino et al 2012 | Plant Soil 344: 9911 Spain Quercus suber

Oliet et al. 2004 Manual de restauracid forestal 2 Spain Olea europaea

Oliet et al. 2004 Manual de restauracid forestal 2 Spain Olea europaea

Oliet et al. 2004 Manual de restauracid forestal 2 Spain Retama spharaeocarpa
Oliet et al. 2004 Manual de restauracid forestd 2 Spain Retama spharaeocarpa
Oliet et al. 2004 Manual de restauracid forestal 2 Spain Pinus halepensis

Oliet et al. 2004 Manual de restauracid forestal 2 Spain Pinus halepensis

Oliveira et al 2011 | Ecological Engineering 37: 2859 Portugal | Ceratonia siliqua

Oliveira et al 2011 | Ecological Engineering 37: 2859 Portugal | Pistaccia Lentiscus
Oliveira et al 2011 | Ecological Engineering 37: 2859 Portugal |Olea Europea

Paschke et al., 200{ Restor Ecol 8: 27B82 USA Artemisia ludoviciana
Paschke et al., 200{ Restor Ecol 8: 27B82 USA Artemisia ludoviciana
Paschke et al., 200{ Restor Ecol 8: 27B82 USA Artemisia ludoviciana
Paschke et al., 200{ Restor Ecol 8: 27882 USA Atriplex canescens
Paschke et al., 200{ Restor Ecol 8: 27882 USA Atriplex canescens
Paschke et al., 200{ Restor Ecol 8: 27882 USA Atriplex canescens
Paschke et al., 200{ Restor Ecol 8: 27882 USA Chrysothamnus nauseost
Paschke et al., 200{ Restor Ecol 8: 27882 USA Chrysothamnus nauseost
Ruthrof et al 2010 | Australian Journal of Botany 58: 6865 | Australia | Eucalyptusgomphocepha
Ruthrof et al 2010 | Australian Journal of Botany 58: 6865 | Australia | Eucalyptusgomphocepha
Ruthrof et al 2010 | Australian Journal of Botany 58: 6865 | Australia | Eucalyptusgomphocepha
SevaGomez et a

2004 Cuad.Soc.Esp.Ccias.Forest 17:233 | Spain Quercus ilex
Valdecantos et a

2004 Technical report CEAM Spain Quercus ilex
Valdecantos et al

2004 Technical report CEAM Spain Quercus ilex
Valdecantos et al

2004 Technical report CEAM Spain Quercus ilex
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The Stockosorb is a hydrogel formed by a polymer (cross linked as a potassium salt of
acrylamideacrylic acid) that increases the absorbing capacity of plants. It is a kind of super
absorbent polymer, high quity, due to its threedimensional cross linked structure and to the
loAfAGE 2F RSKERNIGAZY 2F AG& 3INRdAzLIQA OF ND2E&f
and easily provide it to plants when they need it.

With this product in agriculturea reduction of irrigation frequency of 50% is achieved because

1 kilogram of product retains 2890@res of water. In a study on a sandy soil as the QUF project,

this reduction in frequency of irrigation was observed for the same amount of soil water after
80 days in this case.

STOCKOSORB mantiene la humedad

I

i . Suelo arenoso con 3 gl STOCKOSORE
¢ -

Contenldo en agua [L]

Dias después del altimo riego

It was applied in wet (8 parts of product per one of water): about-250 ml of homogeneous
product in 1 litter of volume of the planting hole.

The use of components

Once the concrete components were selected, we defined the way in which they will be used
and combined. As defined in the proposal, the components are used in two ways: alone, and in
combination with others.

The plantation is designed as follows: 6 speaee planted (4 shrubby tree and 2) in mixed
masses, divided in four sectors, depending on planting techniques of the project, that is, if
retainers and mycorrhizae are used or not. Therefore we have a sample for each soil/spice and
treatment (main compoants of the project).

The experimental is design in blocks in which the 4 treatments tested are repeated.

A total of 5 blocks with 4 sectors in each block, where the repopulation is made following
techniques:

1. Witness: Plant in container.

2. Retainer: Planti container planted with polymer retainer.

3. Mycorrhizae: Plant is inoculated with mycorrhizae.

4. Mycorrhizae plus retainer: inoculated plant is used and polymer retainer is incorporated
into the planting hole.

3 of the blocks are approximately 2 hectares @adh of its four sectors has 0.54 hectares. A
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fourth block is a little bit smaller, with a surface of 0.33 hectares per sector.

Finally a block of 0.6 hectares will be planted using plants with an edible mycological species,
Pinus pineamycorrhizal withLactarius deliciosusFour planting techniques are repeated in
turn; witness, retainer, mycorrhizae and mycorrhizae with retainer.

In the following map shows the 5 different blocks and the 20 sectors where the various
combinations of reforestation technigseapplied:

0 Block 1sectorsl, 2,3 and 4.
A Sector 1: Witness.
A Sector 2. Mycorrhiza and retainer.
A Sector 3: Retainer.
A Sector 4: Mycorrhiza.
0 Block 2sectorsb, 6, 7 and 8.
A Sector 5: Mycorrhiza and retainer.
A Sector 6. Mycorrhiza.
A Sector 7: Witness.
A Sector 8Retainer.
Block 3: sectors 9, 10, 11 and 12.
A Sector 9: Witness.
A Sector 10: Mycorrhiza and retainer.
A Sector 11: Retainer.
A Sector 12: Mycorrhiza.
0 Block 4: sectors 13, 14, 15 and 16.
A Sector 13: Witness.
A Sector 14: Mycorrhiza and retainer.
A Sector 15Retainer.
A Sector 16: Mycorrhiza.
0 Block 5 olLactariusBlock: sectors 17, 18, 19 and 20.
Sector 17: Retainer.
Sector 18: Mycorrhiza.
Sector 19: Witness.
Sector 20: Mycorrhiza and retainer.

O«

To Do Do Do
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Chapter 5. Data analysis

The QUF Project is a demonstration jeri. For that reason, verifying and controlling the
effects of the different tested techniques is an essential element of the project. Our intention
is to make a rigorous and quantitative analysis of these effects to give greater validity to the
conclusims. The analysis is performed comparing the results by treatment, specie, and soil
characteristics. In particular, 5 analyses are done:

1. Analysis of the effect of the treatments on the water storage capacity of the soil after
the rainfall.

2. Analysis of theffect of the treatments on average soil humidity.

3. Analysis of the effect of the treatments on average soil temperature.

4. Analysis of the effect of the treatments on the species survival.

5. Analysis of the effect of the treatments on plant biomass variables.

As it has already been mentioned in Chapter 2 when introducing the QUF Project, the analysis
is performed by using data from three main sources:

0 A network of sensors that monitors soil temperature and soil humidity every 30
minutes at a depth of 20 and 4fm, in the rooting system of a total of 64 plants in 4
experimental blocks, along with a weather station that register local climatic variables
(air temperature, precipitation and wind speed). To monitor soil characteristics two
species Pinus pineaand Quercus ilex were selected, using two plants per specie in
each treatment in each block (16 plants per block).

0 Evaluation of the survival of 1.436 trees of 6 species at key moments of the project (7
observations so far).

0 Measurement of biomass related infoation at the end of a project in a sample of
plants.

The availability of a huge amount of data coming from the sensor network is an important
feature of the QUF Project. Lack of high quality data continues to be one of the main
constraints in agriculturgoarticularly in forest plantations on degraded soils. The use of
sensors expands the information available for decision making in terms of possible treatments
(4 alternatives in the QUF) or the choice of the species (almond tree, oak, pine, gall oak,
junipers and maple).

In the following sections we describe in detail the methodology used for gathering and analysis
data, as well as the theoretical and the empirical models that has allow us to obtain relevant
conclusions on the real effect of the techniquiested. All this information is expanded in
Annex 1.

Methodology

The overall methodology we are using to make the data analysis is shown in Figure 5.

1. The sensors collect the data in real time and send the information to the server.
2. Data are downloaded &m the server in a monthly basis.
3. Survival data are obtained in field conditions every few months.
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4. Biomass data have been obtained at the end of the project.

The data are cleaned and the datasets used for the analysis are built.

6. Statistical analyses afgerformed and the results are discussed within the group and
with external experts to obtain the main conclusions.

7. Based on the initial findings, the models of analysis are reviewed.

8. The preliminary findings are uploaded to the QUF site and a summarglusiéd in
the newsletter.

o

The following models of analysis have been applied: descriptive analysis, causal analysis of the
treatments on soil moisture at 20 and 40 cm, soil temperature at 20 and 40 cm, and soil
moisture gradient, moisture absorpticanalysis, survival analysis and analysis of biomass.

The overall methodology we are using to make the data analysis is shown in Figure 6.

Figure6: Analysis methodology

Collectinghe
data

Discussiorand Downloading
modelreview the data

Cleaning the
data

Theoretical model

General model

The occurrence of isolatierainfall episodes in the Mediterranean area, are likely to take place
during the drought periods of the summer. This makes difficult for soils to retain the scarce
water, thus challenging the survival of the seedlings and further growth of plants.

The diferent treatments used in the project intend to improve the capacity of water
absorption of the soil during these events of heavy rain by keeping higher levels of moisture
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for longer periods. It will yield higher average humidity in the soil that isylilkcelmprove the
survival chance of the plants and further growth.

Our model will explain the effect of the treatments: on water absorption of the soil after the
rainfall; on the increase in average humidity, both at 20 and 40 cm; on the decrease imgradie
humidity between 20 and 40 cm; and on the soil temperature at 20 and 40 cm. The analysis to
assess whether the improvement of soil conditions is related to increasing the survival chance
of the plants. Eventually, biomass measurement is carried ouetifyvthat the absorption of
carbon in the stem and root of plants, as well as the height and diameter of the plants, have
improved due to the treatments.

The analysis is done by analysing the average effect of the treatments for the whole sample
and depeming on the period (vegetative and no vegetative), the specie and soil characteristic
of the test blocks.

Changes in the moisture storage capacity of the soil after rainfall

Combining soil humidity data from sensors with weather incidents recorded byt#tiers
located in the plantation allow to analysing a very important phenomenon: the gradual
infiltration of surface runoff resulting from a rainfall depending on the treatments.

The theoretical description of the phenomenon is the following:

Rain water ifiltrates into the ground at a speed that depends on the characteristics of the saill,
vegetation (Jiménez et al., 2006) and the percentage of soil saturation. The roots, and organic
matter, increase the concentration of macro pores where the water canwgy dJarrett and
Hoover, 1985) favouring its circulation and drainage to lower layers. Previous research has
studied the effect of soil texture (Smith and Parlange, 1978) and vegetation (Johnson and
Gordon, 1988) on the rate of infiltration of rainwatet.i$ expected that the treatments to
seedlings in nurseries can also positively influence the retention of water in the topsoil,
increasing water resources availability for plant growth. In fact, water resources have shown to
have a relevant effect on thsurvival of seedlings in the arid Mediterranean area (Lopez et al.,
1998).

Maximizing the use made by plants of a scarce resource like water is vital when rain events
tend to be concentrated in short periods of time, both at daily and seasonal levelisThis
particularly relevant in the geographical area of the project, where summer storms play a
decisive role in minimizing water stress of the plants during the long summer droughts.

In fact, the amount of rainfall recorded in the summer proved to be theabe that most
influenced the natural regeneration of pine forests in the surrounding environment (Ruano et
al., 2009) above rodent predation or the level of seeds produced.

Data from the weather station will be used to identify rainfall events, which sl
characterized according to their intensity and time of the year. The evolution of the soil
moisture after an event of rainfall (particularly during the summer) will yield valuable insights
about the soil capacity to retain water depending on the treahts. By using measurements
over time on two separate layers, one at a depth of 20 cm and other at 40 cm, will allow to test
whether infiltrated water remains longer at the different horizons with one treatment or
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another.
Analysis of moisture in the sait different strata

Using the data recorded by the sensors we want to analyse the soil moisture dynamic at two
depths (20 and 40 cm). The objective is to determine the effect that treatments have on the
soil water storage capacity of the species chosanpfanting. The three applied treatments:
mycorrhizaretainers, and the combination of these two treatmentsiked) will be compared

with a control- plants without treatment.

Soil water retention capacity is expected to increase through the use of estaémd also with

the mycorrhization, although to a lesser extent. From a research point of view, there is little or
no information about how the combination of both treatments will behave. Measuring
ongoing values of soil moisture at two depths, we hopesttisfy the following research
hypotheses:

i.  The treatments will contribute to the increase of the soil moisture in the rooting
system environment of the seedlings.
ii.  The absolute difference of moisture between 20 and 40 cm layers will be reduced by
the treatments.
iii.  The effect will vary for each soil characteristics depending on the treatments.

From the theoretical point of view, increasing the amount of water in the soil over time has an
associated best thermal conditions for the root development of ggBurdett, 1990; Bowen,
1991), avoiding phenomena such as hardening of the-postery plants. There is an influence

of soil temperature in the resistance to water stress (Arnott et al., 1993) and in the post
nursery (Franco et al., 2001) developmentspkcies. The specific heat of the soil increases,
causing a delay effect in the change of the temperature at the seasonal and daily level. It is
expected that the daily data will have very low climatic variability in the lower horizo8{40

cm depth), btinot in the upper horizon (Scheffer et al., 2002).

The consequences of this process is that the roots extend their period of development
(Clarkson et al., 1986) and can go deeper into the ground (McMichael and Quisenberry, 1993).
It is an indirect, althogh efficient, method to lengthen the period of root growth, especially
useful in the phase of seedling establishment. Previous studies (Fullner, 2007) have shown that
biomass production is increased in value as the gradient vertical temperature dropsdretwe
the horizons.

Measurements of survival in field conditions along with the biomass data will allow to

confirm/discuss this hypothesis of survival. In fact, it is advised to compare the results of
moisture of the study with other factors that will be apséd over the life of the project such

as survival models throughout the life of the plantation and development of root biomass at

the end of the project.

Survival analysis

The targets of our forest plantation are multiple, from slowing soil erosion to the
reintroduction of native species. These objectives are achievable, provided that the planting
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lasts over time and seedlings still survive in the field. South et al., (20@@)ested that the
initial response in a plantation is affected, in order of importance, by environmental
conditions, the management of the plant morphology and its physiology. Therefore, there are
many factors to consider, particularly in MediterraneanvigEonments. First, that there is
enough rainfall to ensure the initial rooting of the plant and secondly by guarantying a
sufficiently long vegetative period (Navarro et al., 2006).

Irrigation at the time of executing the plantation is advised (Silesl.e2810) to ensure an
optimum plant survival rate, especially in the Mediterranean area (Castro et al., 2005). In
Spain, irrigating forest plantations under water stress conditions is an established practice
(Serrada et al., 2005). But howadays, thera tontradiction in the literature since it has been
shown by various authors that the survival and growth of plants greatly improves with an
initial (or successive) irrigation (Jiménez et al., 2004), while other authors advise against the
initial irrigation because it induces the plants to be less tolerant to summer drought and
therefore, adversely affecting the economic performance of the plantation (King et al., 2009).
Due to the extraordinary weather conditions during the plantation, we decided to perfor

first irrigation in much of the surface repopulated.

Once the plant is arranged in the field, the first step in assessing the degree of success of a
plantation in semarid conditions is to quantify the survival of seedlings and subsequently
identify gowth rates (Maestre and Cortina, 2004).

In the QUF project, through the monitoring of abiotic conditions of the plantation and through
precise measurement of the temperature and humidity in individuals planting, we intend to
monitor (accurately and contirously during the establishment phase) those factors that are

most likely to influence seedling survival (McKay, 1997).

Indicators such as net response rate (NRR) (Armas et al., 2004) have been used to measure
survival in controlled trials. Periodic measmrents to control the survival rate along different
stages of the project, and for different factors, namely i) soil characteristics ii) species and iii)
treatment will be made in the project. This information will be related to the soil humidity data
registered in the plants monitored.

The methods most frequently used to model the survival of the trees are statistical, using a
flexible nonlinear function with values between 0 and 1, and using maximum likelihood
estimates (MLE). In general, it is assumdudhttthere is a risk base function that is
proportionally affected by different covariates on what are called proportional hazard models.
The most common distribution function is the Hagistic, although senparametric models

are also widely used if thehape of the hazard function is not the main goal of the analysis, as
proposed by Cox & Oakes (1984). It is also frequently used nonparametric estimators of
survival function as proposed by Kaplan & Meier (1958) using intervals of width equal to the
obsenation intervals. Recursive portioning methods and neural networks have been also use
without yielding clear improvements over conventional statistical models (Monserud & Sterba,
1999).

Analysis of variables related to biomass

Analysing the root developmemh the project is intrinsically linked with previoasalyse of
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humidity, temperature and survival. In a new plantation, the flow of biometric data from the
radical part of the plants is of greater importance, by providing greater inference capacity to
better understand and correlate the different processes:

1. Root elongation of each individual is closely correlated with the temperature in the
ground to reach the optimum for each species (Stone et al., 1983).

2. The survival of netaproot plants is favouredyblateral root development (Stone and
Taylor, 1983).

3. Foliar biomass production increases until reaching the optimum for each specie (De
Lucia et al., 1992) which varies depending on the geographic origin (Lyr, 1996).

Given the relatively short time horizaf the project QUF, measuring biometric indicators (see
section 4) of the radical part is the cornerstone that relates survivability, plant physiology and
abiotic factors. The challenge is to determine which morphological attributes are the most
appropride to measure these parameters considering their autocorrelation. It has been
proposed measuring root attributes that may better predict the survival and growth of the
plant in the field (Louis et al., 2004) while being simple to measure (Scagel et9d), BY
modelling these processes we will be able to test hypotheses and expected results at the
species level, speciggeatment, soil and treatment. Some of these hypotheses are:

1. In relation to the production of root biomass, treating seedlings at thesery with
retainers, mycorrhizaor the combination of both rhixed will yield better results
compared to seedlings without treatment.

2. The effect will vary for each specie depending on the treatments.

The effect will vary for each soil characteristiepending on the treatments.

4. There is a correlation between the effect of the treatments on survival rates and the
effect of the treatments on root biometrics.

w

Unlike moisture, temperature and survival data, biomass data will be taken outside the control
blocks (through longitudinal transects) because of being destructive (the plant is extracted
from the ground).

The following procedure has been performed in order to determine the amount of carbon
present in the plants:

The plants were removed from the gnod and were kept in plastic bags with their
rootballs.

Once in the laboratory, the plants are divided into aerial and subterranean parts
(cutting in the root collar). Both parts are labelled with the name of the plant and the
sector where they come from.

Both parts are cleaned carefully, removing traces of soil (careful cleaning not to lose
roots, they might be flushed whenever a large strainer or sieve is placed where all
parts of the plant are collected).

Both aerial and subterranean parts are weigheda iprecision scale (in decigrams). For
the aerial parts, the diameter at the bottom and the total height are measured. Data
of every plant are collected in spreadsheets.

Each aerial and subterranean part of the plants is placed in separate trays with their
labels and they are introduced in a laboratory oven for the drying. The temperature of
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the oven must be 60°C.

Once in the oven, the content of the trays must be weighed every 24h. When the
weight loss in those 24h is lower than the 10% of the previoughtethe plant is
considered dried and has to be taken out of the oven.

Once dried, every plant part (aerial and subterranean) has to be weighed. This weight
will be added to the spreadsheet as dry weight (aerial and subterranean).

Carbon content can be ¢dined from the dry weight of every part and a coefficient
that depends on the species.

Survival data in control plots in different times

Survival data are obtained using periodic observations on the control blocks established
specifically for evaluatg survival.

Measurement of plant survival will be made on 1.436 trees of 6 species in the following times:

1 month after the start of planting (June 2014).

4 months after initial planting (August 2014).

Five months after the start of the planting (Septeen 2014).
After the first winter (March 2015).

At the end of the second summer (September 2015).

At the end of spring of the third year (June 2016).

At the end of the third year (November 2016).

The number of trees measured by specie, treatment, and bl@tkreplicates for the
combination of species and treatment) is shown in Table 1.

Collection of the survival data has been made in field conditions, surveying the status of the
tree plant (live=1/dead=0). A survival data set with the observations will be created with the
statistical package R.
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Table9: Sample of trees for survival analysis in control plots by treatment amecie

There are 78 trees that show a different specie depending on the year of observation (2014,
2015 and 2016), mainly in the Quercus faginea and pirenaica (under certain siatwoes it is
difficult to differentiate both species). We have decided not to include in the analysis those
species due to the high uncertainty of the true specie.

Data provided by the sensors each 30 minutes (humidity, temperature and climate)

The humidiy and temperature data are obtained through sensors installed in 64 plants. The
sensors are of 2 types:

Aquacheck: is a capacitance sensor that measures the frequency units (SFU) of the
capacitance circuit generated by the electrodes of the probe. Theaserontains a

pair of electrodes that act as a capacitator and the soil medium act as a dielectric of
the capacitator and completes and oscillating circuit. The output of the capacitance
probes are associated to the scaled frequency hat is related t@ailenoisture. The
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