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1. Introduction

This report presents the monitoring results of the plantations carried out in El Pinillo (Gran
Canaria, Spain), and Carregal do Sal and Vouzela (Vizeu, Portugal) in the context of C2 actions
(see Execution status report 2022024). Restoration monitoring began according to the
protocol established in Action A2 (see Environmental, economic and social indicators monitoring
protocol). According to this protocol, prior to planting, a detailed soil moghemical
characterization was conducted for the main units of the areas where the planting systems were
placed. From each unit, a composite sample of topsoil (first 20 cm) was obtained by mixing sub
samples homogeneously distributed along the longestdr transect in each unit. Additionally,

soil profiles for the most representative soil types in each area were described. Soil sampling

was repeated in 2024 to evaluate the evolution of some soil properti@y@ars after planting.

Important efforts for seedling monitoring have been done in El Pinillo plantations, with more
than 5000 seedlings labelled and monitored during the 2P22period Despite the
heterogeneity in the soils and the variability in the meteorological conditions between the
planting years and areas, the high number of seedlings allows us to take robust conclusions
about the effectiveness of the treatments. However, in @rdo provide even more robust
conclusionsan experimental area was established to reduce this heterogeneity and improve

the comparison between treatments.

The monitoring campaign in the Carregal do Sal plantations started in September 2022, after the
summer drought. More than 700 seedlings were labelled and monitored in Carregal up to
September 2024, when unfortunately, a forest fire affected the area dgstgp all the
plantations. Regarding the Vouzela reforestation, the initial plantation took place from February
to March 2023, and more than 400 seedlings were labelled and monitored in 2023 and 2024

field campaigns.

In addition of providing results about the growth and vigour of the plantations, this report
presents an assessment of the evolution of vegetation based remote sensing data, alongside
with meteorological data collected from the stations installed by thejgxt (El Pinillo) or from

public institutions in the area (Vouzela and Carregal do Sal).

The results in this deliverable are of relevance, since they provide robust evidence of the
effectiveness of the different planting systems and restoration strategies, even detected in the

first years after planting, which are considered the most critioalthe establishment of the
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plantations. However, since the evolution of plantations must be evaluated in the midterm to
take more robust conclusions, a monitoring scheme has been planned in the context of Post

LIFE plan (see deliverable Rb#fE Conservation and Communication Plan)

2. Reforestation methods description

In LIFE Nieblas project, four primary reforestations methods have been employed: (i) the
traditional (TR method utilizing hose irrigation; (ii) the Cocof@CN}pystem; (iii) the Individual

Fog Water Collector (IFWC); and (iv) the Autonomous Fluid Discharge System (AFDS), with drip
irrigation. These methods were implemented in the reforestations carried out at El Pinillo (Gran

Canaria, Spain), Carregal do Satt(Rml), and Vouzela (Portugal).

2.1 Traditional method (TR)

TRinvolvesplantingtreesin aconventionamannerby digginga holeandplacinghe seedlingThis
method serves as a control group for comparison against other methodoldgiesidition, h

the restoration projects carried out in Gran Canaria over the last decade, there has been a
recognized need to provide water to newly planted seedlings, particularly during their first
drought season, to prevent high mortality rates (Carabassa et &1)20This practice aligns

with the traditional method, involving an initial settlement irrigatiand a maintenance
irrigation during the next dry seasoBxceptionally a emergency irrigation in case that severe

drought affects theplantationscould be done

2.2 Cocoon system (CCN)

The Cocoon system is a setintained and cellulosbased biodegradable nurturing system
individually installed and buried beneath each tree. This system not only creates a humid and
cool environment but also offers protection against weather and herbiyoatection Figure
1-Figure20 ® ¢ KS /2022y Qa RSLRarda Oy Kz2fR dzJ G2
with minimum evaporation, thanks to their insulated underground. This irrigation and nursery
method was developed in a previous Life project, LIFE The Life Greethairigs undergone

successful testing in high drougtisk areas in the southern part of Gran Canfaria

! CarabassaV., AlbaPatifio, D., Garcia, S., Campo, J., Lovenstein, H., Van Leijen, G., Castro, A., Gonzélez,

6
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One of the most significant advantages of this system is that it doeslemtand constant
monitoring or regular irrigation, thereby reducing the need for recurrent human intervention
and minimizing economic investment (lowers water consumption, absence of irrigation systems,
etc.). Additionally, the biodegradable materials usedhese systems are more cesffective

compared to synthetic alternatives used previously in similar systems.

In terms of the irrigation process, seedlings initially receive a settlement irrigation, wid%l20

inside the Cocoon and someelis more in the central hole, in order also to stabilize the soil.

The Cocoon is filled with

and
buried subsurface with
the seedling

from harsh
rays, desicating winds
and small animals

The Cocoon

Controlled seepage of
water straight to the
roots, encouraging a

and

Figurel Diagram of a Cocoon system and its advantages. Source: Land Life Company.

F., Viera, G., Kourkoumpas, D.S., Zioga, A.A., Papadelis, C.E., Andreu, A:Gaioian&., Kallen, S.,
Alcafiiz, J.M. (2021) Watsaving techniques for restoring desertified lands: some lessons from the field.

Land Degradation and Development 33, 41213}. https://doi.org/10.1002/Idr.4134
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Figure2 DiagramTwo years old fayéMirica fayg seedling planted using the Cocoon technology.

2.3 Individual Fog Water Collectors (IFWC)

Based on the insights from a prior study, the {GeGuy projecthttps://www.lifequguy.com),

scientific observatios indicated that individual protection metaihesh can reach the dew
condensation temperature under suitable conditions. Consequently, when this phenomenon
occurs, condensed dew directly drips onto the root area of seedlings by gravity, establishing a
direct, natural, and regular irrigation systefrhus,Individual Fog Water Collectofi&WQ usea

metal meshto capturefog anddew condensationMoreover, an innovative enhancement has
been introduced to improve water collection capacity, involving the installation of a plastic net
around the metallic shelteiRjgure3) to maximisewater collection The IFWollectors not only
protect against herbivores but also provide shashelshieldagainstwind, resultingin healthier

plantdevelopmentduringthe earlystages.
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Figure3 IFWC with plastic net installed in the experimental plot of LIFE Nieblas, in El Pinillo (Gran
Canaria).

2.4 Autonomous Fluid Discharge System (AFDS)

The Autonomous Fluid Discharge System (AFIg8re4) is an automatic device developed by

the Instituto Tecnoldgico de Canari#if@ engineers, designed to irrigate an entire reforestation

area without relying on a power supply or human actidhe systen2 LISNJ 1 Sa 2y | NOKAY
principle and the Gaussian curve, facilitating to the automatic, autonomous, and controlled

discharge of fluids into a deposit without requiring any energy supply or electronic control

device. It combines efficiency, autonomy, anggularity characteristics without electrical

consumption or C&emissions. Specifically designed for connection to a drip irrigation network,

the AFDS should be installed only when this type of irrigation method is available or necessary.
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Figure4 AFDS connected to a water deposit, in El Pinillo planting area (Gran Canaria).

3. Reforestations execution

3.1 Portugal plantations

Plantations in Portugal were carried out in the protected areas of Vouzela and Carregal do Sal

(see Product AlAnalysis of the status of the areaageratior). The main objective in Carregal

R2 {If A& G2 NBai2-RBuguede makwbodls wipuercug robdudntd £ A OA | y
Quercus pyrenaiga® ¢ 2 | OKAS@®S (KAa 32+t GKS&S &aLISOASa
plot is located in the Voug@aramulo Local Natural Parkigure5 and Figure 6), whose

conservation strategy includes the use of species of native flora. In additi@n toburand Q.

pyrenaica Quercus subewas also introduced for its even higher resistance to fire, making it

especially suitable for reforestation in these fpeone areas.

10
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Figure5 Vouzela higherred polygon)and Carregaldo Sal(lowerred polygon)plantingareasin Viseu dao
Lafoes region

3.1.1 Carregal do Salplantations

In Carregaldo Sal,ground conditioningtook placein Februaryand March 2022 before the
plantations were madeGroundpreparation worls werecarried out by the Brigades of Forest
Sappers from the Viseu D&o Lafdes Intermunicipal Community. The plot was cleared in strips
Ff2y3 G§KS S NNIvényhe slopeb2thyeldaddizeine vaggt&iandvas left intact to
help to retain soilmoisture,to protect plants during the hottest periods, and prevent $min
erosion. Reforestatioractivities were conducted between February and March 20658
seedlingsequally distributed among the selected speaiasre planted(see Table 1)n addition,

to improve the comparison among treatmenis,March 2023, 50 seedlings per treatment were
planted in the upper part, in a flat area, with the same soil and shadowing conditibisvas

calledthe experimental area.

11
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Tablel Number of seedlings planted in Carregal do Sal planting area in20p2riod per planting
system andpecies and water used for irrigation.
. Number of
! Species; Number of plants Species, seedlings per Watering Watering  Watering
Planting system (March 2022 N‘gm:gh‘go‘ggms plantng  2022() 20230 2024
system
(2.3ha) (0.45ha)
Traditional (TR) Quercus pyrenaica430 Quercus robuc, 1032
Quercus robuc 430 172
(1.25ha) (0.1ha)
Cocoors )
(cCN) Quercus pyrenaica100 Quercus robuc 250
Quercus robuc 98 52
(2.4ha) (0.1ha) 4000 6740 4700
Quercus pyrenaica300 '
(250 plants with hexagonal Quercus robur
Individual Fog L plar] g (with hexagonal
net; 50 withhexagonal net+ .
Water mosquito net) net+ mosquito 650
Qollectors q net) ¢ 37
(IFWGQ Quercus robug 300 Quercus robur
(250 plants with hexagonal  (jth hexagonal
net; 50 with hexagonal net+ net)c 13
mosquito net)
Total 1658 274 1932

In terms of water use for settlement irrigations, 250 Cocoons were filled with a total of 4000
water, equivalent to 16per Cocoon. Following reforestation using the Individual Water Fog
Collector (IFWC) antdaditional (TR)methods, technicians considered the subsequent rainfall
sufficient for theli NBs&ti@ent, saving water in the process. Additionally, during Spring 2023
and 2024, Cocoon&€CNith live trees have been refilled. In 2023 and 2024, the plants in the

TRreforestation method and IF@ sectors were also watered during summer with 5| per plant.

12



Life
\ —s4l\ieblas

NATURA 2000 ——  LIFE19 CCM/ES/001199

16500 17000

Mapa de Localizagdo
Life Nieblas
Carregal do Sal

Areas_sist_rega_CS

[ Coccons

["] Colocagéo Coletores Individuais
["] Plantacdo Tradicional

éé, o
<

v

00558

85500

ETRS_1989_Portugal_TM06
Geodetic Reference System 1980
Transverse de Mercator

Elaboragdo:
Maio, 2024
230
aje. 0
®

VISEU DAO LAFOES

16500 17000

Figure6 Locationof plots and equipment in Carregal do Sal.

As for the water collected by the collectors, it was only possibiedtallthe water meters at

the entrance to the tanks in September 2023, so data are only available from that date onwards.
Between November 2023 and June 2024, the collectors collected 1868 of water, which
amounts to around 212itres per collector per monthThe following Figure illustrates the

volume of water entering the tanfEigure?).

Figure7 Amount of water thatentered the tank between 10/30/2023 and 07/25/2024

13



Life
—s4l\ieblas

— LIFE19 CCM/ES/001199

3.1.2 Vouzela plantations

Cleaning and conditioning wastvere carried out in Vouzela during the spring of 2022, followed
by planting in February and March 2023. A total of 1143 seedlings were planted over an area of

around 3.2hgFigure8), with equal distribution by species and planting systems (see Table 2).

Mapa de Localizagso
Ufe Nieblas
Vouzela

Areas_sist_rega_CS
Coccons

Colocagio Coletores Individuais
Plantagdo Tradicional

Figure8 Locationof planting areas and equipment in Vouzela planting area.

After planting, the Cocoons received around 20 water. TR and IFWC did na#ceive a
settlement watering due to the wet conditions of the terrain after rains in winte220n 2024,
in addition to the Cocoongplants in the traditional sectors and Individual WatagCollectors

received around Bof water each.

14
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Table2 Numberof seedlingplantedin Vouzelgplantingareain 2023,planting systemand species.

Number of seedlings per

Planting system Species; Number of plants planting system
(1.6ha)
uercus pyrenaica80
Traditional (TR) Q pyrenaica 310
Quercus robug 110
Quercus suber 120
(0.6ha)
Cocoons Quercus pyrenaica80 233
(CCN) Quercus robug75
Quercus suber 78
(1ha)
Individual Fog Water Collectors Quercus pyrenaicq200 600
(IFWC) Quercus robug 208
Quercus suber 192
Total 1143

As for the water collected by the collectors, the water meters could only be installed at the
depositsinstalled in September 2023, so data are availabigly from that date onwards.
Between October2023 and October 2024, the collectorsgistered 4128 litres of water,

amounting to approximately 171&res per collector per month.

3.2 El Pinillo plantations

3.2.1 Reforestation actions 2021-2023

The habitatgargetedin GranCanariaalign withAnnex | of theeUHabitatsDirectivewith respect

to Natura 2000 Habitat restoration species. Reforestation actions are planned in Gran Canaria
within the priority habitats 4050, "Macaronesian endemic heaths." The primary objective of
these restoration efforts is to establish, protect, and expand these ptetk habitats by
introducing xeric Laurisilva speciefdditionally, the area serves as a case study for
implementing four distinct reforestatiomethods enablinga thorough assessment of each

methodology's practicality and benefits within the study area.

15
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3.2.2 Seedsselection

To achieve these reforestation objectives, thirteen different species have been selEctrae

9 SIOK O2yGNAROdziAyYy I (2 (KIMG@tResespedics A€ Brez& A O S NA A
(Ericaarboreg, laurel (Laurusnovocanariensjs acebifio(llex canariensiy faya (Morella faya),

palo blanco Ricconia excel3abarbusano Apollonias barbujana mocan Yisnea mocaneja

madrofio canario Arbutus canagnsis), bencomiaBgncomia caudafa follao {iburnum

rigidum), peralillo Maytenus canariensjstajinaste azul @hium callithyrsurjy cedro (€drus

sp.), and vifiatigoRersea indica To ensure a continuous supply of plants, seeds and seedlings

are collected for local nurseries responsible foeit propagation. The seedlings then undergo

an acclimatisation phasi a dedicatednursery area, allowingthem to adapt before being

transplantedto reforestation sites.

Tajinaste azul
Follao 9%

4% |

Bencomia
9%

Madrofio
Canario
2%

Acebifio
1%

Figure9 Proportionof each plant species planted in El Pinillo.

3.2.3 Ground conditioning

Before undertaking reforestation wks, in addition to thenstallation ofsafety measures and
the set upthe water storagesystem, land was cleared of vegetation. The vegetation clearing
was thoughtfully planned by the technical staff, consideringttreain characteristicsgrosion
processegsuchasrunoff), weather conditions (heavy rainfall, drought, and heat waves), and the

orographic profile (e.g., hilly areas).

16
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To mitigate erosion and preserve natural vegetatithe, clearingof the vegetationwas donein
stripsof 0.5 to 1 m width, perpendicular to the slopgnd0.5 to 1 mstrips of intactvegetation
were left in between thecleared strips(Figure 10). Thisdesignallows to the remaining
vegetation to anchor the soil and prevestil erosion. Additionally, thelreadyestablished
vegetation provides shelteandshadefor youngplants,protectingthem from excessive sunlight

andprolongedexposure.

- ‘..,.“ "“'!u, :
cﬁ\’ﬁ‘ c' I 3

Figurel0 Vegetationclearing in strips previously to the plantation.

3.2.4 Reforestation execution

Thereforestationgoalat EIPinillowasto plant20000treesoverthree seasons (2022022, 2022
2023, and 2022024). In pursuit of this goal, Life Nieblas has implemented four different
planting systemsincludingAutonomousFluid DischargeSystem(AFDS)OCN TR, and IFWC
acrossseparate plots of landMore information about thechoice of systems and their
functioningcan be found imeport 'A3: Eqgipment evaluation and selectionMonitoring and
evaluation protocol'All the equipmentvastestedduringthe action'C2:Executiorof traditional

andinnovativereforestations'where a detailed description of the methods used can be found.

17
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Reforestation activities began in October 2021 and plantations were executed alo22kte
22, 202223 and 20224 campaigns planting oneplot for each planting system in each
campaign Figurell). In this regard,a total of 18.3 hectares havédeenplantedin El Pinilloby
December2024.Sofar, the projecthassuccessfullplanted15000trees,whichrepresents/4%
of the target (20000 trees)The difference between the planned and the executefbrested
surface and number of seedlings is due to the fact that some aeraaininaccessible, while

othersaremade upof existingroadsor forests.

All reforestation areas at El Pinillo - Life Nieblas AG20-014
25/05/2023

& TEST
TRADITIONAL

IFWC1

4
A

Figurell Distribution map of plantations according to the reforestation method applied. NaBFS1

area contains three tankAFDS1, AFDS2 & AFDS3) and AFDS2 area contains (AFDS4, AFDS5 & AFDS6).

Traditionalmethod (TR)

In the Rmethod each treewasplantedwith the additionof 1| compostandreceiveslOlof water
during settlement.In emergency situationsgxtra 10 irrigation wasprovided,followed by one
instant10lirrigation per month during the summer for the first few yeadfsom2021,atotal of
4575 plantswere plantedusingthe traditional method. Theseplantations wee carried out over

an area of Hha

18
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AutonomousFluid DischargeSystem(AFDS)

In the ADFDSystem treeswere planted with the addition of lof compost and receive 10f
water during settlementandafterwards, the system dischardavater regularly tothe plants.
In particular, a part ofhe seedlingsinder theAFDSeceivedcontrolleddischargegrom Mayto
September(Strategy3), while others were irrigated froduneto September(Strategy2). The
remaining AFDSeedlingsvereconnectedo the fogwatercollectorsandonlyreceivedhe initial
settlementirrigation (10, andtwo emergencyrrigations-one in July and one in August (per
plant, Strategy 1). Since 2021, a total of 208ants have been planted using the AFDS method,

covering an eea of 2ha.

Cocoon(CCN)

Thetreesin the CCN systemvere plantedwith the addition of 11 compost,andthe containess

were filled with 25 of water, followed by10l irrigation per month during the summsof the

first years.Under extreme dry conditiongdditional irrigation can be provided. Particularly in El

Pinillo, ®me Cocoons weneefilled once (2§ during the first summer (Stratézs2 and 3), while

2YS aSSRftAy3aa gSNB y20 6 GSNBR RdAzZNAYy 3 &dzYYSNJI
without additionalwatering Since2021,atotal of 2165plantshave beerplantedusingthe CCN

method, covering an area o4.5 hectares.

Individual FogWater Collectors(IFWC)

The treedn IFWC werglanted with theaddition of 1 compost and receiwt 10 litres of water
during settlement.Under droughtemergenciesadditional 10-litre irrigation was provided,
followed by one event of 10! irrigation per month during the summer for the first few years.
However some of the seedlings were not watered during summer (Strategy 1) to test the
functioning of the device without additionalatering Since2021 ,atotal of 5916plantshave been

plantedusingthe cocoonmethod, covering an area 6fha.

Further information about the seedlings distribution per planting system and tree species can
be found in Table 3 anigurel2.

19
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Table3 Description of the reforestatioworks carried out at El Pinillo, described by the area covered, the
number of trees planted, the number of devices installed, and the implementation days (time required
for reforestation) per planting system.

Systems Irrigation

Area Trees Implementation time

Area per method (ha)  planted Ezzt:;lgig) neRNn())rk (days)
IFWC 6 5916 5916 2,000 142
AFDS 2 2082 6 6700 48

TR 55 4575 N/A 750 62
CCN 4.5 2165 2165 380 84
TOTALS 18 14738 8087 7830 336

700

H Faya

® Barbusano
M Brezo

M Laurel

H Palo Blanco

M Bencomia

W Tajinaste azul

Follao

B Madrofio Canario

B Acebifio

Vifiatigo

m Peralillo

test

Cedro

Traditionnal
5, Traditionnal
Traditional

22-23 23-24

Figurel2 Number of seedlings planted per species, planting system and season in El Pinillo, between
2021 and 2024.

3.3 Experimental plot

An experimental plotvasestablished on a terrace ne&arranco del AndéfFigurel3) over
skeletal soil$igurel4 with high stone conten{Figurel4) this soilis similar to tlat found in the
surrounding area (segection4.3.1.1Skeletakoils(profile ZE). The plot was designed better
comparethe effectivenesof the different treatmentsandto incorporatenew techniques such

as theDeepDropsystem andhe addition of biochar asrganic amendmentin two different
doses (1 and 2 kg per tred)is important to highlight that this experimental plot was an addition
to the project, which was not initially in the proposal. However, this extra effort done by the

project partners, both in terms of installing the equipment and carrying out the refation,

20
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responds to the need to reduce, as much as possible the uncertainties of the reforestation area.
The idea was to enable the comparison of traditional and innovative reforestation systems under
the most similar soil and shading conditions possible, in tesfri®th soil moisture retention

and survival rates.

In this context, the experimental design consisted of parallel rows for each irrigation system. A
random distribution of treatments was deemed unnecessary, as the plot maintained uniform
soil type and consistent shading conditions throughout the area.tiadily, organizing the

treatments in rows ensured proper management in each case, as for instance water application.

‘fog collectors

‘Experimental area

Figurel3 Localization of the experimental area in El Andén ravine, at the lower part of the southern
slope.
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Figurel4 Soilprofile of the experimental area, which might be considered very similar to the ZE profile.

Planting systems in thexperimentalplot included
- Cocoon(CCN).

- An improved version of the innovative water fog collectoSWQ@: The improved
version ofthe IFWC consists adding a Im high polyethylenenesh around the metal
mesh to enhance fog water collection and capitalize on environmental humidity

condensationigurel5).

- DeepDrop(DD):DeepDrop(Figurel6) is a drip irrigation system that optimises water
use by reducing evaporation losses since it delivers water directly to the root system

(https://deepdrop.es). This system It has been tested successfully in agricultural

plantations across the Iberian Peninsula and the Canary Islands. However, the deep Drop

system has not been tested in reforestation projects yet.

- Traditional+biocharBiochar was produced by another European project, VERCOCHAR

(https://www.vercochar.com) that usesPinus radiatacharcoal. Biochar was obtained
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from the pyrolysiof pine residues (obtainethrough pruningof Pinusradiatatreesby
Cabildode Gran Canariafter wildfiresin 2019)by thepot method (Figurel7). Biocharis
anorganic amendment known for its high stabilised organic carbon and high water and
nutrient retention capacity that couldhelpestablishseedlingsn droughtenvironments.

The treatments included théhe addition of 1 and 2 kg respectively (BC_1, BC_2):

- Traditional (TR).

Figurel6 Detail of a DeepDrop dispositive before (right) and after (left) being installed at field.
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Fgure 17 Biochar pot used for the pyrolization of pine remains

Fifty seedlingsvere planted per treatment, resulting in a total of 250 seedlifigigiurel8). Each
seedlingwas labelled,and basal diameter and height wermeasured. To avoid including
additional variables while ensuring enough replicates, oNlgrella faya - the most
representative species of the target habitat (fapaézal} was planted. Comparisoamong

speciescould bedonein the general plantations All planting systemgexcept biocharyvere

fertilized with compost at a rate of [Lper tree, mixed directly with the soil. In the
Traditional+biochar treatmerthe two dosesested (1 kg and 2 kg of biochar per planting hole)

were applied or25 individuals each. The biochaasalso mixed withthe soil (Figurel9).

I .

X % ’ x A ‘ REB L
Figurel8 General view of the experimental ar@aft), and Morelldaya seedlingplantedamendedwith
compost
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Figurel9Biochar incorporation at the planting hole.

The compost use(Figure20) was obtained from the organic fraction of municipal solid waste,
separated at source composting carried out in Ecoparque Gran Canaria Sur (San Bartolomé de
Tirajana). According to theompost producer, the compost composition wamainly plant
remains (7880%), expired food (20%), and digestatitom householdorganicwaste(15-20%)
(seeFigure 3). Also, according to theroducerthe heavymetalscontentwasrelatively low (class

B according to the RD 506/2013 of fertiliser products), and its stability idoad@s indicated

by an acuteammoniasmell).

However, the analysis of the soils after the compaggplicationrevealedimportant increasen

heavy metad content, especially Cr (100 mg/kg), which suggests that the compost may have a
higher heavy metal concentration than reported by thepplier Nonetheless, heavynetal
concentrations inall treatments were below the generic reference level for ecosystems
protectionin Ganarysoils as recently established by the Cabildo de Gran CarmaR®EN de 17

de febrero de 2022 Soils amended witcompostalsopresentedhigher carboncontentand a

slight increase in electrical conductivity, mainly due to the salinity present in the compost
(Tabled).
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detailwhereplant remainscouldbe observedjointly with impurities(plastics).

Table4. Chemical characterization of the contealilsand soils amended witkompost in the
experimental area.

Control soil Soil + compost

pH 6.9 7
Elect. Cond. (ext. 1:5; dS/m) 0.085 0.14
Carbonates (%) Detec. (<3) Detec. (<3)
Kjeldahl N (%) 0.26 0.26

P Olsen (mg/kg) 44.9 43.3
Organic C (%) 2.24 3.06

K (mg/kg) 1241 1007
Ca (mg/kg) 3518 3027
Mg (mg/kg) 1071 905

Na (mg/kg) 85 98

Cd (mg/Kg) <0.5 <0.5

Cu (mg/Kg) 81 55

Cr (mg/Kg) 21 100
Hg(mg/K) <0.4 <0.4

Ni (mg/Kg) 36 150

Pb (mg/kg) <5 Detec. (<5)
Zn (mg/kg) 77 120
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Regarding thérrigationregime,all plantsreceived a settlementvatering of 10per plant atthe
time of planting.Moreover,all plantsreceivedl0l wateringper planttwice amonth fromJulyto
Septembebboth inclusive(60l per plant),exceptthe Cocoorsystenmwhich will requiretwo tank
refillsduring summer (Sper plant). Alditionally, emergency wateringill bedoneif necessary,

accordingo the droughtregimeto guaranteethe plantationsurvival.

Starting on June 13, 2023, soil moisture content sensors (SMS) were installed in the experimental
plot. Specifically, moisture sensors associated with Cocoon, traditional reforestation, individual
collector, traditional reforestation with Biochar (first si®), and Deep Drop were installedn
September 8, new sensors were installed: one as a reference for theintmmvention area (No

Plant) and another at a traditional reforestation site with Biochar (second désejecond
measurement point for Deep Dpowas installed on October #12023. During the period from

May 10", 2024, to July'§ 2024, data from the Biochar 2 sensor was lost due to misalignment with

the sun ofthe pulse emitter and battery depletion.

Figure21 Experimental plot during the installation of soil moisture senshmsg 13, 2023).
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The graph belovghowsthe soil water content measurements of the full period up to

September 13, 2024. A more detailed analysis is performé&eatior4.3.3

Name Max Min Mean
== Experimental Area Biochar 0380 m¥m? 069 m*m®  0.266 m*m”
== Experimental Area Biochar 2 0.408 m*/m? BEY m?/m? 3.53 m3m?
= Experimental Area Biochar 2 Bis 0.244 m¥*'m?®  0.284 m?*m® 0.284 m*/m?
== Experimental Area Biochar Bis 0.284 m¥m? 0124 m*/m? 0177 m¥m?
== Experimental Area Cocoon 0.354 m¥m?* 0187 m3m* 0258 m¥3m?
== Experimental Area Deep Drop 0.247 m¥m* 01 m3im®  0.222 m¥m?
== Experimental Area Deep Drop 2 0.287 m3/m? 0124 m3m®  0.252 m¥m?
== Experimental Area Individual 0.368 m¥m? 068 m¥m®  0.259 m*m?
== Experimental Area Individual Bis 0.289 m¥m? 0184 m¥m®  0.205 mYm?
== Experimental Area No Plant 0.393 m¥m? 0A7I m3m®  0.270 mm?
== Experimental Area Traditional AN mYym® 00396 mym® 0.234 m3m?
Accumulated Rain (right y-axis) 9.80 mm 0 mm 323 pm
Figure22 Experimental plot soil moisture data.
Groupby: | 1d v
Experimental Area SMS from 15/06/2023 to 18/12/2024 somn

75mm
0.45 m¥m®
70 mm

0.8 miym? 65 mm

| 60mm
0.35 mjm® ¢ 55 mm
50 mm
A, a5 mm
40mm
asmm
30 mm
015 m¥jm* zmmm
20 mm
01 m%im® 15 mm
10 mm
0.05 m*im*

5 mm

0 mjm* o mm
2023-07 2023-08 2023-08 2023-10 2023m 2023-12 2024-01 2024-02 2024-03 2024-04 2024-05 2024-06 2028-07 2020-08 2024-08 2028-10 2026m 202812
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4. Reforestationsnonitoring

4.1 Carregal do Sal

4.1.1 Soil characterization

The soiin the Carregatlo Sal(Figure23) plantingareais characterisedy a shallowdepth (<40

cm) and high stoniness (>25% in volume in superficial horizons and >50% in volume in
subsuperficial horizons), which substantiaiguceshe waterretention. Additionally its sandy
texture further decreaseghe water-holding capacity, limiting the water available to plants.
Moreover, despite having a high organic matter content (>9% in superficial horizons and >5% in

subsuperficial horizons), the acidic pH, high infiltration capacity, and relatively high tormmediu
precipitation make this soil prone to nutrienisaching(Table5).
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Figure23 Profile CSND, characteristic of the planting area in Carregal do Sal.
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Macromorphologicaldescriptionof horizons

Al (0 to 10 cm,)Moisture state: dry. Redox state oxidied.Staining none observedCoarse
fragments content frequent (39%in weight), granite, 100 mm diameter, rounded, medium
spherical, irregulardistribution. Texture sandy loam. Structure weak, granular, 1-2 mm
diameter. Organic matter very high (9.62 %), decomposed plant debris and hurRaana
activity: not observedRoots abundant, 1 mm diameter, livingield tests null reaction to HCI.
Accumulations not observed.Cementations not observed.Coatings not observedHorizon
lower limit, transition: no soildiscontinuitieswavy,gradual Additional observationscharcoal

fragments in the soil matrix.

A2 (5 to 25 cm) Moisture state: dry. Redox state oxidised. Staining Horizon lower limit

observed. Coarse fragments contentfrequent (42% in weight), granite, 200 mm diameter,

rounded, plains, irregular distributiom.exture sandy loamStructure weak, granular, -2 mm

diameter.Organic matter high (5.56%), decomposed plant debris and humBauna activity

not observed.Roots abundant, 3 mm diameter, living-ield tests null reaction to HCI.

Accumulations not observed.Cementations not observed.Coatings not observed. Horizon

lower limit, transition: no soil discontinuities, plain, abrupkdditional observationsnone.

Table5. Physicochemicalharacterizatiorof the horizonsof CSINDprofile.

Al (010 cm) A2 (1040 cm)
>2 mm (%) 38.9 42.1
Sand (%) 77.3 75.3
Silt (%) 15.5 19.5
Clay(%) 7.2 5.1
Textural class Sandy loam Sandy loam
pH H20 4.8 5
Elect. Cond. (ext. 1:5; dS/m) <0.05 <0.05

Carbonates (%)

Undetec. (<3)

Undetec. (<3)

N Kjeldahl (%) 0.4 0.29
P Olsen (mg/kg) 13.2 6.5
Organic C 5.58 3.22
K (mg/kg) 66 27
Ca (mg/kg) 131 45
Mg (mg/kg) 20 8
Na (mg/kg) 29 19
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4.1.2 Soil monitoring

4.1.2.1 Physicochemical parameters

In the Carregal do Sal restoration areas, three distinct soil umése identified, each
corresponding to aifferent planting systenapplied Figure24). All soil units exhibited a high
organic matter content (744.1.1%) and low conductivity (Talie However, the acidic pH (4.6

5.2) combined with the sandy texture and very low clay content (<5%) pooidote nutrient
leaching Since nsevere degradatioprocesses have been detectek consideredhat the use

of organicand/or calcicamendmentsunnecessarydespite the recommendations @nalytical
bulletins, with benchmark values referred to agricultural sailgny case this decisionwill be
re-evaluated considering ongoing monitoring of passive restoration parameters, such as

vegetation structuraneasures.

Figure24 Soil samplinginits in Carregal do Sal planting area. 1: CCN; 2: TR; 3: IND.
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Table6 Physicochemicatharacterizationof the topsoil at CarregalDo Salplanting areas

Unit 1 (CCN) Unit2(TR) Unit3 (IND)

Org. Matter (%) 5.2 111 7.6
pH 4.6 4.8 4.6
Elect. Cond. (mS/cm) 0.06 0.05 0.07
P (mg/kg) 12 10 17
K (mg/kg) 47 116 122
Kjeldahl N (%) 0.23 0.37 0.4
Coarse sand (%) 59 52 57
Fine sand (%) 33 33 27
Silt (%) 6 10 11
Clay(%) 2 5 5
Textural class Sandy Sandyloam Sandyloam

4.1.3 Soil moisture monitoring and meteorological indicators

Accordingo the meteorologicaltation of the municipalityof Carregatio Sal(Figure25), 2022
wasanormal year regarding total precipitatiorlowever, humidity was relatively low, especially
during summer, but also during January 2023, with 37 days with less thareBQbte humidity

From January to December 2023 the accumulated precipitation was 820l. However, from
January to May 2023, accumulated rain was only 1@t means aspeciallydry spring 2024

was again a normal year regarding precipitations, withiredant precipitations durig spring

and fall.Summer 2022 was especially hot, with more than 85 days with minimum temperatures
higher than 20°C.
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Figure25 (top) Daily average air temperature and (bottom) daily accumulated precipitati@arregal
do Sal observatory between 20222024

Capacitive sensors were chosen for monitoring the soil moisture Fggpae26), since this
method is widely used and, through calibration, can be applied to estimate the soil matrix
potential. This kind of sensor measures the dielectric permittivity of soil, which varies
proportionally with its water content. The permittivity of mixture of materials is directly
related to the permittivity of its individual components, with water having particularly high

permittivity compared to other soil elements.

These sensors typically consist of three parts: the electrodes (probe), the transmission circuit,

andthe electronicsMiniaturisationdue to microelectronicsallowsthe probesto incorporateall
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necessary components for generating, reading, interpreting, and encoding the reading at their
end, providing a standard analogudigital or wireless output signal. If the electronic part
processing the signal is separate from the probe, the transmission will be analogue, often via a

coaxial cable.

The use of capacitiveensors for measuring soil moisture is convenient due to their ability to
provideaccurateresultsandrequirelow maintenanceMoreover,thesesensorsare suitablefor
telemetry, facilitating remote soil monitoring and optimization of irrigation management and

other aspects of agricultural management.

eecar .

Figure26 Decagon ECH2MHS (left) provided with the Hobolink R:&MD (right).

Regarding installation, sensors were placed vertically in the soil which provides an average
moisture value along the probe; it could also be installed horizontally so the moisture is
measured at the specific depth of the probe. It is important to consider that burying the probe
can modify the soil characteristics, potentially affecting the repnéstiveness of the reading.
Despite differences among dielectric methods, none are affected by soil texture, temperature,
or salinity. However, these sensors have certain limitations related to frost, soil conductivity,

gaps, initial calibration, temperate, and agricultural mechanisation.

Toestimatethe dielectricpermittivity and,consequentlysoilmoisture,techniquessuchastime
domainreflectometry(TDR)¢apacitivanethod,andfrequencydomainreflectometry(FDRpare
used.TheHobolinkRXWSMDsensorsacquiredfor the projectintegratesan ECH2Q0HSsensor
that consistof a 10 cm probe manufacturedby DecagorwhichusesFDRechniqueat a70 MHz

frequency.

Capacitive techniques rely on creating a capacitor from two electrodes, using thassail
dielectric material. The capacitance of this capacitor will depend on the dielectric constant of
the soil. The FDR technique incorporates this capacitor into an oscillating circuit, so that by

sweepinghe frequencyiits resonantfrequencycanbe determinedand,in turn, its capacitance.
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The frequency of 70 MHz minimises the effects of salinity and texture, making it suitable for

most types of soils.

According to thenanufacturer the sensor accuracyt3.3% typical 0 to 50°C (32° to 122°F) for
mineralsoilsup to 10dS/mand+2%with soilspecificcalibration.Thisis a systemlevelaccuracy
specification and is compriséd ¥ (i K S actuhBa¥ £ Q3m3/m? typical (+0.02m3/m?3 soil
specific) plus the mote accuracy of £0.003 m3/m3 at 2%7C°F). There are additional
temperature accuracy deviations of £0.008/m3/°C maximum for the probe across operating
temperatureenvironment,typical<0.001m3/m3/°C. (Thetemperaturedependencenf the mote

is negligible.)

Two methods could be used for calibrating soil moisture sensors: the standarddoyieg
method and the weighing lysimeter method. The oxdiging method is considered the most
accurate, but it is also destructive, labentensive, and timeconsuming. Té weighing
lysimeter method, on the other hand, is a reliable approach for estimating crop
evapotranspiration, but it is also quite complex. However, both the standard -dwgng
method and the weighing lysimeter method may not substantially improve acgun certain

soil conditions, such as those with an electrical conductivity of less than 10dS/m (Qin et al.,
2021).

Sensors installed in the field to measure moisture levels have been found to exhibit a similar
behaviour pattern, which is closely correlated with the occurrence of precipitation. This trend

has been observed across different geographical locations agdtion systemgFigure27).

Figure27 All soil moisture sensors data from October 2021 to December 2024 represented with daily
evapotranspiration and daily accumulated rain.
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When it comes to soil moisture, there are several factors that can affect their readings, even

under the same conditions. These factors can include:

Soilcomposition The compositionof the soil can affect the dielectric constant,whichis the

measureof a material'sability to store electricalenergyin an electricfield. Soilwith high clay
content, for example, will have a higher dielectric constant than soil with a low clay content,

which can affect the readings of a capacitive soil moisture sensor.

Soiltemperature Thetemperatureof the soilcanaffectthe readingsf acapacitivesoil moisture

sensor, as it can affect the dielectric constant of the soil. Cooler soil will have a lower dielectric

constant than warmer soil, which can affect the accuracy of the sensor's readings.

Soil compactionSoil compaction can affect the readings of a capacitive soil moisture sansor,
it canaffect theelectrical conductivity ofhe soil. Compactedoil will have a higher electrical

conductivity than loose soil, which can affect the sensor's readings.

Sensor placemeniThe placement of the sensor in the soil can affect its readings, as it can affect

the areaof soilthat the sensoiis measuring. If the sensor is plactmb close to a rock or other

obstacle, for example, it may not be measuring the true moisture content of the soil.

Sensorcalibration Thecalibrationof the sensorcanalsoaffectits readings.f the sensor is not

calibrated correctly, it may produce inaccurate readings, even under the sanuitions.

As the manufacturer indicated, the devices installed in Carregal do Sal require manual
downloading (via Bluetooth or USB). The manufacturer also highlighted the importance of
clearingthe devicesmemoryafter datais downloaded.Thisis becausdf the memorybecomes

full, they will stop recording new data, and this issue cannot be avoided.

Consideringhe manualnature of the downloadprocess]TCproposethe implementationof an
uploadpage couldeenabledwithin Grafana, similato the imageshownbelow (Figure28). This
approach should result in a semitomatic process that not only safeguards the logs but also
imports the datainto the Grafanavisualisatiorsystem whichwill be further discussedater in

this document.
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Carregal do Sal CSV file upload

Datalog upload

Seleccionar archivo | Ninguno archivo selec. | Upload file

Figure28. Proposediataloguploadpage.
In particular, m Carregal do Sal plantation 5 soil moisture sensors have been installed since May
2022 (Tablg).

37



Life
—s4l\ieblas

——  LIFE19 CCM/ES/001199

N
NATURA 2000

Table7. Soil moisturesensors installed in Carregal do Sal plantations.

Sector Sensor Sensor Sensollocation
codel code2
IND 21490994 IND_sms_1 https://maps.app.qoo.gl/o6WKhATE6BMK7Kgtu9
IND 21490986 IND_sms_2 https://maps.app.qoo.gl/36y4DcafhzgtV4vD9
https://www.google.com/maps/place/40%C2%B02
=R 6'20.0%22N+7%C2%B056'03.0%22W/@40.4389439
21490992 TR sms 1 7.9343001,131m/data=!3m1!1e3!4m4!3m3!8m2130.4388889!4d
7.9341667?entry=ttu
https://www.google.com/maps/place/40%C2%B02
cc 21490998 Cocoon_sms_  §'20.09622N+7%C2%B056'03.0%22W/@40.438893,

1 7.9367416,880m/data=!3m2!1e3!4b1!4m4!3m3i2!3d40.4388889!4d
7.9341667?entry=ttu

https://www.google.com/maps/place/40%C2%B02
21490993 cc 6'17.0%22N+7%C2%B056'03.0%22W/@40.4380596
CcC 7.9390376,880m/data=!3m2!1e3!4b1!4m4!3m3iR!3d40.4380556!4¢
7.9341667?entry=ttu

However, due to a problem on the internal software of the sensors no data is available for CCN
and TRDsensors Regardingndividual fog water captors (IFWC)the same pattern hasbeen
observed in both sensorsyhich demonstrates that they are correctly installed (Figure 24).
However, soil inndividual_sms_Jpresents a lowemoisturecontent probably due to a slightly
higher stoniness in the soil or differences in soil textlirés important to note that retrieving

data from the sensors requires traveling to the measurement site, and issues such as missing
sensors, incomplete data downloads, or damage to cables and transmitters caused bytwildlife

particularly wild boars have b&n encountered.

Figure29 shows the evolution of two measurement points associated with Individual Collectors.
Both points reached peak soil moisture content between 0.432 and 0.444 m3/m3, with average
values ranging from 0.264 to 0.291 m3/n€ompared tothe data collected in Vouzela from
February 16, 2023, to August 1, 2024, for the Individual Collector, the measurement points in
Carregal do Sal appear to show overall better resHitsvever, it is important to note that these
datasets correspond to different measurement periogs,comparisons should be made with

caution.
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https://www.google.com/maps/place/40%C2%B026%2720.0%22N%2B7%C2%B056%2703.0%22W/%4040.438893%2C-7.9367416%2C880m/data%3D!3m2!1e3!4b1!4m4!3m3!8m2!3d40.4388889!4d-7.9341667?entry=ttu
https://www.google.com/maps/place/40%C2%B026%2720.0%22N%2B7%C2%B056%2703.0%22W/%4040.438893%2C-7.9367416%2C880m/data%3D!3m2!1e3!4b1!4m4!3m3!8m2!3d40.4388889!4d-7.9341667?entry=ttu
https://www.google.com/maps/place/40%C2%B026%2720.0%22N%2B7%C2%B056%2703.0%22W/%4040.438893%2C-7.9367416%2C880m/data%3D!3m2!1e3!4b1!4m4!3m3!8m2!3d40.4388889!4d-7.9341667?entry=ttu
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https://www.google.com/maps/place/40%C2%B026%2717.0%22N%2B7%C2%B056%2703.0%22W/%4040.4380596%2C-7.9390376%2C880m/data%3D!3m2!1e3!4b1!4m4!3m3!8m2!3d40.4380556!4d-7.9341667?entry=ttu
https://www.google.com/maps/place/40%C2%B026%2717.0%22N%2B7%C2%B056%2703.0%22W/%4040.4380596%2C-7.9390376%2C880m/data%3D!3m2!1e3!4b1!4m4!3m3!8m2!3d40.4380556!4d-7.9341667?entry=ttu
https://www.google.com/maps/place/40%C2%B026%2717.0%22N%2B7%C2%B056%2703.0%22W/%4040.4380596%2C-7.9390376%2C880m/data%3D!3m2!1e3!4b1!4m4!3m3!8m2!3d40.4380556!4d-7.9341667?entry=ttu
https://www.google.com/maps/place/40%C2%B026%2717.0%22N%2B7%C2%B056%2703.0%22W/%4040.4380596%2C-7.9390376%2C880m/data%3D!3m2!1e3!4b1!4m4!3m3!8m2!3d40.4380556!4d-7.9341667?entry=ttu
https://www.google.com/maps/place/40%C2%B026%2717.0%22N%2B7%C2%B056%2703.0%22W/%4040.4380596%2C-7.9390376%2C880m/data%3D!3m2!1e3!4b1!4m4!3m3!8m2!3d40.4380556!4d-7.9341667?entry=ttu
https://www.google.com/maps/place/40%C2%B026%2717.0%22N%2B7%C2%B056%2703.0%22W/%4040.4380596%2C-7.9390376%2C880m/data%3D!3m2!1e3!4b1!4m4!3m3!8m2!3d40.4380556!4d-7.9341667?entry=ttu
https://www.google.com/maps/place/40%C2%B026%2717.0%22N%2B7%C2%B056%2703.0%22W/%4040.4380596%2C-7.9390376%2C880m/data%3D!3m2!1e3!4b1!4m4!3m3!8m2!3d40.4380556!4d-7.9341667?entry=ttu
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Figure29 Individual collectors Soil Moisture in Carregal do S&la2®ctober 2022 to 120f January
2023.

4.1.4 Seedlings vigour

Monitoring campaign irCarregal do Sal started in September 2022, after the first summer
drought,whichcouldbe consideredasrepresentativeof survivalratesafter the first dry season
after planting(see number of seedlings monitored in Table Bpnitoring campaigns were
repeated in 2023 and spring 2024, according to the monitoring protocol. The monitoring
campaign in September 2024 had to be cancelled after the fire that affected the area. In total

more than 1500 vigour measures were taken between 2022 and 2024.

Due to the dense growth of spontaneous vegetation, some seedlings could not be located during
the spring 2024 survey. However, to ensure an accurate assessment of seedling physiological
status over time, those previously recorded as dead but not founétémeards to confirm their
condition were classified as dead in subsequent samplings. This correction was also applied in

alsoVouzela.
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Table8 Numberof monitored seedlings per species and planting system, in 2023 and 2024, in Carregal
do Sal plantations.

2023 Campaign TR CCN IFWC TOTAL
Quercus pyrenaica 76 146 63 285
Quercus robur 131 182 115 428
Total 207 328 178 713
2024 Campaign TR CCN IFWC TOTAL
Quercus pyrenaica 33 35 7 75
Quercus robur 78 111 11 200
Total 111 146 18 275

4.1.4.1Physiological state: global results

Plantationamadein Carregal do Sal presentedelativelyhigh mortality ratio at the beginning

of the experiment Figure30). In 2022 almost half of the seedlings were affected or in bad
condition, such as presenting symptoms of hydric stress (loss of leaves and chlorotic leaves). In
2023 almost half of the seedlings were dead (~40%), and although some of the seedlings that
were affected in 2022 had resprouted by 2023, mortality rates kept increasing. Only around a
35% of the seedlings were in good condition by 2024 with all leaves living and with active

apexes).

. Good Affected . Bad . Dead . Resproute

1.00 7
. I .
- .

0.00

Proportion

2022 2023 2024

Figure30 Distribution of the seedlings according to their physiological state per year in Carregal do Sal.
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4.1.4.2 Physiological state per planting system

When we analyse the results per planting system, a positive influence of the CCN method was
found in comparison to IFWC and th&plantation (Figure31). In 2023, CCN was the planting
system with the best results, with mortality ratio of ~20%, whichcontrastedwith the high
mortality ratio (above 50%) OfR In 2023 the IFWC treatment also presented a quite high
mortality ratio (44%), but still lower than TR. In 2024, the mortality rate increased a bit more,
especially in TR, but interestingly the CCN system kept the mortality rates at a relatively low rate,

with survival rates ~ 60%.

. Good Affected . Bad . Dead . Resprouted

2022 2023 2024

N .

TR IFWC CCN IFWC IFWC

Proportion
=
n
[=]

=
i
5]

Figure31. Distributionofthe seedlinggccordingo their physiological state per planting system and year
in Carregal do Sal.

4.1.4.3Physiological state per species

Regardinghe resultsper speciesCCNeeps highlighting as the planting system with the highest survival
ratio for both QuercusoburandQuercus pyrenaigdoth in year 2023 and 202#terestingly, the
IFWC system improved survival rates compared to QRr@burbut not inQ.pyrenaicgFigure32). This

could be due to an innovation that was introduced to the IFWC system, putting a plastic net of

around 1 m heigh{Figure33) to improve water capture and reduce evapotranspiration.
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. Good Affected . Bad . Dead . Resprouted

2022 2023 2024
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Figure32 Distribution of the seedlings according to their physiological state per tree species, planting
system and year in Carregal do Sal.

Thus,Q.robur,whichhad a higher proportion of individuals of the IFWC system with plastic net,
presented lower mortality rates with gétic net than without (Figure(3, while this effect on

survival rates was less pronouncedldnpyrenaicgFigure34).

Figure33IFWC with plastic net in Portugal pantations. Waps to avantage of the plastic net for hive
establishment.
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Figure34 Physiological statef Carregal do Sal seedlings from the IFWC planting method (with and
without plastic net) per species and year.

4.1.4.4 Seedlingsgrowth

The CCN method increased the height of the seedlings compared to the TR method, especially
in the case of.robur. The IFWC method did not present an improvement of height. On the
other hand, both the IFWC and the CCN method increased seedlings width compared to TR
(Figure35), and seedlings @.roburwere slightly wider thai@. pyrenaica(Figure36).

Cluercus pyrenaica | Quercus robur

s

IFWC

Height (cm)

Figure35 Heightof the seedlings per tree species, planting system and year in Carregal do Sal.
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Cluercus pyrenaica | | Quercus robur

Width (mm)

==

TR CCHN IFWC TR CCN IFWC

Figure36 Width of the seedlings per tree species, planting system and year in Carregal do Sal

Regarding the vigour monitoring inglexperimental areaf Carregal do Sallanting systems
clearly increased survival rates, with CCN performing the ta¢ss followed by IFWdigure
37). While all the individuals under the TR treatment were dead by 2024, CCN and IFWC systems

kept the mortality reasonably low, without much increase between 2023 and 2024.

B cooo [ anected [ Deac

2023 2024

||
TR CCN TR CCN

Figure37 Distribution of the seedlings according to their physiological state per planting system and year
in Carregal do Sal experimental area.

1.00

[=]
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i
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Due to the extremely high mortality of TR in the experimental zone of Carregal, we were unable
to assess the effect difie planting system&€CN and IFW&h height and width in relation to TR.
However, our results indicate a tendency for greater height and wid@dN compared to IFWC
(Figure38). This aligns with the positive effect of CidNigour (Figure &) and the observed

enhancement of height and width in CCN acrb®sgeneral plantation aregFigure35-Figure

36).
B ccn BE Fwc
a . b .
L]
607 . 10.0 .
L]
540- E 7.5
z :
g e
T z
204 5.0
-
cen IFWC ceN IFWC

Figure38. (@) Heightand (b) width of the seedlings per planting system in Carregal do Sal experimental
area.
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4.1.5 Passive restoration

Beforethe forest fire in September 2024 natural regeneration of Carregal do Sal planting area
was working well. Vegetation cover was very Hig®%),dominatedby grassesandshrubs(see
species abundance in Table 9)ith the exceptionof the west sector, where poor vegetation

and tiny soils existed={gure39-Figure40).

Figure39 Pictures of Carregalo Sal planting area. Herbaceous and shrubs cover almost all the
soil(right), despite some patches with big granite blocks and outcfiefi3.

Figure40 Aerial view of the planting area in Carregal do Sal (blue poligons) in 2021. RGB (left) and false
color(right) Source: Sistema Nacional de Informacao Geografica.
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Table9 Speciesnventoriedin Carregaddo Salplantingareain May 2023.Abundanceanges:4, dominant
(>75%vegetation covex, 3, high frequency(25-75%vegetationcover);2, low frequency(<25%
vegetationcover);1, testimonial.

SPECIES ABUNDANCE
Erica australis 4
Graminoids 4
Citysus grandiflorus 4
Cytisugnultiflorus 3
Ulex europaeus 3
Pteridium aquilinum 3
Crepis capillaris 3
Acacia dialvata 3
Eucalyptus globulus 3
Rubus sp. 2
Campanula sp. 2
Quercus robur 2
Quercus pyrenaica 2
Cistus lasianthus 2
Glandora prostata 2
Lavandula stoechas 2
Thapsia villosa 1
Crataegus sp. 1
Hakea sericea 1

In addition, to assess the passive restoration evolution, SerZisaltellite images (10 m/pixel)

from 2016, 2019, and 2023 were analysed. The images were processed usingaateenaitic
classification method @dearest neighbor, KNN) and categorizeaidifferent land cover types,
including trees, shrubs, grass, and bare soil (Figure 38). As expected, the image analyses revealed
a decrease in the shrub cover after the forest fire in y2@t7, as shows the decrease in the

shrub cover, and the increase in the bare soil and grass cover from 20216 to 2019, and by 2023

the tree cover had already started to increase.
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500 750 1,000 m

Figure41Land coveevolution inCarregal do Sallanting area in the period 2016 (before the forest fire),
2019 (just after the forest fire) and 2023, using Sentidé@hages and knn classifier (seaitomatic
classification)

However, in September 2024 an intense forest fire affected the area, completely destroying all the
plantations carried out in the context of the projg&tigure4?2). Theforest fire severity index was
calculated using Sentinel images taken just after the fire. Heavily affected areas could be observed

in some areas, despite in others some patches of unaffected vegetation rérigime43).

S ——

g M, Wi &n

- ral

er the rst fire in Septmber 2024.

#Eah

Figure42 Imagesof the planting area in Caregal do Sal aft
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-8.000 -7.930 -7.860

40.510

40.440

0 1 2 3 4 Skm FalseColorSatelite Imagery ( Sentinel-2 Bands: B12, BSA, B2).
Median pixel composition between 30-9-2024 to 21-10-2024.
WGS 84.

Figure43Burnt Area Index map of the area affected by the September 2024 forest fire in Carregal do Sal.
Blue polygon shows the area where plantations are located.
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4.2 VVouzela
4.2.1 Soil characterization

The soilin the Vouzela planting arg&igure43) is characterised by a high heterogeneity due to

the presence of large granite blocks (40% of the surface occupied by rocky heats). This results in
highly variable soil depths, ranging from less than 20 cm to over 100 cm, although deeper soils
are most comron. Across all horizons, the stoniness is medium and relatively homogeneous
(29-32%), mainly comprising fine gravel fragment2 (Bm). The sandy texture of the soil
reduces its wateholding capacity, consequently limiting the water available to plants.
Moreover, despite the high organic matter content (>6% in superficial horizons and >3% in
subsuperficial horizons), the acidic fFable D), high infiltration capacity, and relatively high to

medium precipitatiored to nutrient leaching

Figured4 ProfileVOU, characteristic of the planting area in Vouzela.
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