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1. Main aim and targets of the agro-silvopastoral plan

This report is a deliverable for action A.3 of the LIFE project “Regenerate”.

It describes an agro-silvopastoral system design for Sardinian demonstration site. With this
plan and its implementation, the project partners seek to demonstrate the technical and
economic viability of agro-silvopastoral projects in Italy. During the project’s lifetime, we
intend to demonstrate that these systems can become self-sufficient and profitable based on
resource efficiency principles and incorporating added value products, both at a
demonstration and a larger scale. The most typical problem found in these types of systems is
the impossibility to become self-sufficient and the reliance on external inputs which make

costs for farmers and managers too high to remain profitable.

The total size of the farm is 230 ha and is composed by three main farm-plots located within a

radius of about 10 km:

1) “Elighes Uttiosos” (about 120 ha; 40°07°59.43’N 8°35°28.63°’E), a mountain area
characterized by woodlands (dominated by olm oak) and wooded grasslands as main
land-uses;

2) “Santu Lussurgiu” (about 50 ha; 40°11°41.34°’N 8°39’15.96°’E), a valley area in which
permanent grasslands is the main land-use;

3) “Pischina Ruja” (about 65 ha; 40°08°50.71"°N 8°41°42.13”’E), a hilly-wooded zone
where the main land-use is woodlands and rotational-wooded grasslands (mainly cork
and downy oaks).

The management plan will be put into practice and combine knowledge uptake from other

areas/sectors especially concerning grassland, agroforestry and livestock rotation; test

innovative methods such as production of livestock fodder from biomass waste; evaluate the
results obtained, provide viable farm and waste management models, disseminate and raise
awareness on the issues and results; and involve external stakeholders to promote long-term

sustainability.

The main innovation behind this business model scheme is to break away from the trade-offs
typically assumed to these types of management plans; mainly the idea that to achieve
multifunctionality and conservation of natural resources, productivity must be sacrificed and

viceversa.
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2. Objectives of the project

The management plan has the following specific objectives:
1. Combat the loss of natural regeneration and soil degradation in degraded
silvopastoral areas by providing effective, mosaic landscape management procedures
and improving soil quality
2. Recover the practice of multi-species rotational grazing, adapted to improve natural
capital and optimize commercial advantages
3. Explore the opportunity to recycle biomass waste within the farm
4. Reduce external input of fodder and create alternative sources of income
4. Integrate new technologies and monitoring of project advances
5. Influence policy-making and involve external stakeholders to promote replication

and long term sustainability

3. Soils, climate and baseline vegetation and livestock

3.1. Soil

Soil characteristics in the Sardinian demonstration site vary in the three farm-plots. The
Elighes Uttiosos farm-plot is characterized by a different soil system compared to the other
farm-plots. Below are reported the soil characteristics according to the Sardinia Soils Map at a
1: 250.000 scale’.

Table 1. Elighes Uttiosos soil

Substrate Acid effusive rocks (andesites, rhyolites, riodacites, etc.)
and intermediate (phonolites) of the Cenozoic and their
deposits of mountainside and colluvial.

Morphology Rhyolites, rhyodacites, ignimbrites: areas with shapes
from steep to sub-flat

Description Rock outcrop and soils A-C, A-R and subordinately A-
Bw-C, shallow, from sandy frank to clay loam, from
permeable to medium permeable, neutral, saturated.

Taxonomy ROCK  OUTCROP, LITHIC XERORTHENTS,
(USDA 2010, Soil Taxonomy) | subordinately XEROCHREPTS

Land Capability Classes VI-VII-VIHI

L Aru A., Baldaccini P., Delogu G., Dessena M.A., Madrau S., Melis R.T. (1990). Carta dei suoli della Sardegna
in scala 1:250.000. Assessorato alla Programmazione e all’Assestamento del Territorio, Centro Regionale
Programmazione, Dip. Sci. della Terra, Univ. of Cagliari, Italy (1990)
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Table 2. Santu Lussurgiu and Pischina Ruja soils

Substrate Basic effusive rocks (basalts) of the upper Pliocene and
the Pleistocene and related deposits of mountainside and
colluvial sides.

Morphology Areas with shapes from undulating to sub-flat and with
steep slopes on the edge of the lava-flows.

Description Outcropping rock and soils with A-R profile and
subordinately A-Bw-R, shallow, frank clay, permeable,
neutral, saturate

Taxonomy ROCK  OUTCROP, LITHIC XERORTHENTS,

(USDA 2010, Soil Taxonomy) | subordinately XEROCHREPTS

Land Capability Classes VIl - VII

3.2. Climate

Climate data are based on a meteorological station of the Sardinian Hydrographic Agency

located at

Santu Lussurgiu, at 557 m of altitude. Temperature data are computed for the 48

years and rainfall data for a period of 80 years (Fig. 1).

Santulussurgiu (OR) 557 m s.I.m. (80-48)

Annual rainfall: 1118 mm; Mean annual T= 14.6°C
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=Tmin 4,7 4,7 6,2 76 10,5 14,2 17,8 19,2 155 12,4 88 6,1

Fig. 1. Climodiagram of the Santu Lussurgiu weather station
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The long series of precipitation data indicates a mean yearly annual rainfall of 1,118 mm,
typical of Mediterranean mountain areas. Rainfall are mainly concentrated in autumn and
winter with peaks in November and December (>150 mm each month). Summers are
typically hot and dry, with July and August showing the lowest rainfall amount. Rains in
spring are very common and high with a mean total amount of 261 mm from March to May.
Mean annual temperature is 14.6 °C, with mean temperatures for August of 24.1 °C, and of
7.3 °C for January.

According to the Képpen—Geiger climate classification system, the climate can be classified

as a Temperate, hot and dry summer climate.

3.3. Vegetation

In the Elighes Uttiosos farm-plot two vegetation series were identified:
Holm-oak Sardinian-Corsican, calcifuge meso supramediterranen series (Galio scabri-

Querco ilicis sigmetum)

This series, located between 500 and 1000 m a.s.l, includes the following communities:
Evergreen holm-oak mesowoods of the association Galio scabri-Quercetum ilicis with Erica
arborea, Galium scabrum, Arbutus unedo and Hedera helix, Smilax aspera, Rubia peregrina,
Rosa sempervirens, Ruscus aculeatus, Clematis cirrhosa, Cyclamen repandum, Luzula
forsteri, Asplenium onopteris,Carex distachya e Galium scabrum.

Shrub vegetation of the associations Erico arboreae-Arbutetum unedonis and Telino
monspessulanae-Cytisetum villosi. Garigues of the class Cisto-Lavanduletea.

Secondary grasslands of the class Artemisietea.

Annual vegetation of the class Tuberarietea guttatae.

Holm-oak Central Western Sardinian, acidofilous meso supratemperate series (Saniculo
europaeae-Querco ilicis sigmetum)

This series located between above 900 m a.s.l, includes the following communities:
Acidophilous mesowoods of Q. ilex and llex aquifolium of the association Saniculo
europaea-Quercetum ilicis with Crataegus monogyna, Rubus gr. ulmifolius e Cytisus villosus,

Genista desoleana, Cyclamen repandum, Galium scabrum, Sanicula europaea, Luzula
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forsteri, Polystichum setiferum, Brachypodium sylvaticum, Viola alba subsp. dehnhardtii,
Asplenium onopteris, Pteridium aquilinum subsp. aquilinum.

Shrub vegetation of the association Genisto desoleanae-Ericetum arboreae

Garigues of the association Armerio sardoae-Genistetum desoleani.

Secondary grasslands of the class Poetea bulbosae.

Annual vegetation of the class Tuberarietea guttatae.

In the Santu Lussurgiu farm-plot the following vegetation series was identified:

Cork-oak Central Western Sardinian, calcifuge mesomediterranean series (Violo
dehnhardtii-Querco subebris sigmetum)

This series, located between flat areas below 700 m a.s.l, includes the following communities:
Mesowoods of Q. suber of the association Violo dehnhardtii-Quercetum suberis with Viola
alba ssp. dehnhardtii, Oenanthe pimpinelloides, Hedera helix, Pyrus spinosa and Crataegus
monogyna.

Shrub vegetation of the associations Erico arboreae-Arbutetum unedonis and Calicotomo-
Myrtetum.

Garigues of the association Lavandulo stoechadis-Cistetum monspeliensis.

Secondary grasslands of the class Artemisietea.

Annual vegetation of the class Tuberarietea guttatae.

Trees

In the Elighes Uttiosos farm-plot, which is characterized by the most relevant presence of
trees in the whole Caratzu farm, three land uses were considered: (i) Dehesa type, (ii)
permanent grassland and (iii) woodland. In these areas, the most abundant tree species are
holm oak (Quercus ilex L.) and pubescent oak (Quercus pubescens Willd.). In the paddocks
(including the control ones) corresponding to the Dehesa type land use, a total of 89 trees
were counted with 81 holm oak trees and 8 pubescent oak trees. Tree density ranges between
4 to 31 trees per ha and tree size varies from 21 cm to 82 cm of normal diameter (5.1 to 15.3
m for tree height). No significant natural regeneration for the Quercus spp. trees is present in
this land use due to the periodical tillage every 5 to 10 or more years practiced by the farmer
aiming to sow annual forage species in rotation with secondary grasslands. In these areas,
where a sufficient natural regeneration is not occurring, both artificial tree plantation and

protection need to be implemented.
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Table 3. Tree density in different paddocks belonging to the Dehesa type land use in the
Elighes Uttiosos farm-plot of the Caratzu farm.

Trees ha’
Nr. of trees | Area size (m?) !
1-Dehesa Type 8 9,200 8.7
2-Dehesa Type 5 7,000 7.1
3-Dehesa Type 29 9,400 30.9
4-Dehesa Type 25 9,200 27.2
Control-Dehesa Type 22 56,800 3.9

The paddocks belonging to the land use “permanent grasslands” are mainly characterized by a
shrub vegetation, and trees (Quercus ilex and Quercus pubescens) do not exceed 5 meters of
height. The diameter of the trees does not generally exceed 25 cm. The shrub vegetation in
this land use is dense in many areas (above all in paddock 7) with the presence of clearings.
Some natural tree regeneration for the Quercus spp. trees is present and aiming to favour and
speed this process, protection of the young seedlings can be an appropriate strategy. In fact,

regeneration only by natural processes could take many decades.

In the woodland land use of the Elighes Uttiosos farm-plot, tree measurements were carried

out on three areas representing the three most common tree density typologies:

e woodland with a high number of trees (WL1)
e forest with moderate number of trees (WL2)
e open forest (WL3)

In the following table data on tree parameters are reported.
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Caratzu farm.

Table 4. Tree size variables in the woodland land use in the Elighes Uttiosos farm-plot of the

Variable WL1 WL2 WL3

Nr. of trees 48 26 21
Trees ha™ 1528 828 668

Nr. of sections 50 28 22
Average diameter [cm] 14,96 (£ 6.3) | 13.71(x4.8) | 18.64 (£ 8.4)
Average height [m] 9 9.8 14

On average, tree density in the woodland is 1,008 plants per hectare, represented by Quercus
ilex L., Quercus pubescens Willd. and Arbutus unedo L. with 80%, 15% and 5% of presence,

respectively.

Regarding the tree health status, some endogenous pathogens are present; in particular there is
the sporadic presence of Uredo quercus, Cystodendron dryophilum, Microsphaera alphitoides
and Lembosia quercina which do not cause significant damage as they are quite tolerated by
trees. From the entomological point of view, it is reported the cyclic presence of Limantria
dispar L. which is hindered thanks to the natural antagonists. It can be said that a certain
presence of diseases in the tree component is normal, therefore, the general health status of

the trees in all the land uses of the Elighes Uttiosos farm-plot is rather good.

Crops

Grasslands are used both for grazing and for hay production. No irrigation is carried out in the
farm. The farm is composed by three farm-plots: Elighes Uttiosos, Pischina Ruja and Santu

Lussurgiu.

In the Elighes Uttiosos farm-plot (Fig. 2) most of the land is occupied by woodlands (about
99 ha) and about 16 ha are characterized by grasslands that are both grazed and mown in

spring.
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700m

Fig. 2. Aerial image of the Elighes Uttiosos farm-plot

Among grasslands, wooded grasslands (Dehesa type) have a size of about 9 ha, are
periodically tilled and sown with annual forage species and are usually grazed during autumn-

winter depending on the weather conditions and mown in spring for hay production.

Following is reported the last 5-years crop rotation scheme:

Field 2012-13 2013-14 2014-15 2015-16 2016-17

1 Secondary | Secondary | Secondary | Secondary | Secondary
grassland grassland grassland grassland grassland

2 Secondary | Oats-Italian | Secondary | Secondary | Secondary
grassland ryegrass grassland grassland grassland

mixture

3 Secondary | Secondary | Oats-Italian | Secondary | Secondary

grassland grassland ryegrass grassland grassland
mixture

4 Secondary | Secondary | Secondary | Oats-ltalian | Secondary

grassland grassland grassland ryegrass grassland
mixture

5 Oats-Italian | Secondary | Secondary | Secondary | Secondary
ryegrass grassland grassland grassland grassland
mixture

Scheme 1. The last 5-years crop rotation
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Fig. 3. A snapshot of the grasslands in the Elighes Uttiosos farm-plot.

For the establishment of the Oats-Italian ryegrass mixture, the business as usual practices
include the preparation of the seedbed with a disc plough at 0.25-0.30 soil depth. After the
plowing, the sowing is carried out with a fertilizer spreader. Fertilization is usually performed
at sowing using 150 kg ha™ of ammonium phosphate. The average annual hay production
from the field with the oats-ltalian ryegrass mixture is 2.0 Mg ha™.

The average annual hay production from the secondary grasslands is about 300 rolls per year
(220 kg per roll).

In the Santu Lussurgiu and in the Pischina Ruja farm-plots (Figs. 4-6), the dominant land use
is permanent grasslands used with grazing with the only exception of the fields 7 and 14 that
are occasionally mown for hay production. In the Pischina Ruja, one field (n. 16) is occupied

by woodlands.
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Fig. 4. Aerial image of the Santu Lussurgiu farm-plot (Fields 6-10).

Google Earth

Fig. 5. Aerial image of the Santu Lussurgiu farm-plot (Fields 11-12).
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Fig. 6. Aerial image of the Pischina Ruja farm-plot (Fields 13-16).

Table 5. Field size (ha) in the farm.

Surface, Surface,
Field ha PLOT ha
0 98.9 8 17.2
16 37 9 5.8
10 34
1 7.5 11 3.2
2 25 12 7.0
3 0.9 13 19.3
4 1.3 14 4.9
5 4.2 15 1.9
6 11.7
7 4.9 TOTAL 231.6
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3.4. Livestock

Data of livestock units are reported on annual basis. The consistency of livestock is

summarized in the following table:

Table 6. Data of livestock units in the farm.

Animal Typology Units
Beef Cattles Cows 35
Beef Cattles Calves 25
Beef Cattles Bulls 2
Beef Cattles Stock replacement 10

Total Beef Cattles 72
Goats Dairy goats 95
Goats Aries 2
Goats Stock replacement 40
Total Goats 137
Pigs Sows 9
Pigs Weaners 1
Pigs Boars 14
Total Pigs 24
Equines Horses (Sardinian Anglo-Arab breed) 2
Equines Broodmares 2
Equines Donkey 1
Total Equines 5

PREPARATORY ACTION A3 REPORT V.2, Sassari, July 2019 — Page 14



Cattle

In the farm there are two breeds, “Sardo-Modicana” and “Charolaise”, with one Charolaise
and one Sardo-Modicana bull, respectively. Usually, the Charolaise bull is intended to
youngest cows, while the Sardo-Modicana bull to the oldest. Following this breeding scheme,
the produced calves are about 30% Charolaise and 70% Sardo-Modicana breeds. The
breeding system is a closed-cycle. The calves follow the cows until weaning (about 12
months), after that they are fattening from 2-3 months (Charolaise calves) to 5-6 months
(Sardo-Modicana calves). Charolaise calves are destined to local trade, while Sardo-Modicana

calves are destined to the “Bue Rosso” Meat Union.

Grazing scheme and feeding. Beef cattle graze throughout the whole year following a
rotational scheme both between farm-plots (part of animals in summer and autumn at Elighes
Uttiosos and the remaining at Pischina Ruja and all the animals in winter and spring at Santu
Lussurgiu) and between fields within the same farm-plot. The grazing scheme is summarized

below.

Table 7. Grazing scheme and feeding

Period Description Elighes Pischina Ruja | Santu
Uttiosos Lussurgiu

Autumn | Animals graze in mountain | 12 23 0

(Oct- areas. Feeding is mainly

Nov) represented by pasture and hay

Winter Animals start to graze in valley | from 12to 0 | from 23t0 0 from 0 to 35
area. Feeding is  mainly
represented by hay and pasture
(herbage grown during autumn)

Spring Animals graze in valley areas |0 0 All
until the hay mowing in
mountain zones

Summer | Animals gradually move to |12-15 20-23 0
mountain areas and graze both
in grasslands and woodlands
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Goats

The number of goats in the farm has more than tripled in the last five years, from 40 goats in
2012 to 130 in 2017. The goats are mainly Saanen breed, but also Sarda, Maltese and
Murciana breeds. The goat livestock is oriented to the milk production.

The production cycle is in continuous adaptation. The inseminations are performed in July-
August, in order to obtain the deliveries in December-January. The milking is mechanical.
The lactation period starts in January and lasts 9-10 months. The average milk production

from January to June ranges from 1.5 to 3.0 L d™* per goat.

Grazing scheme and feeding: goats graze in grasslands and in the woodland throughout the
whole year in the farm-plot of “Elighes Uttiosos”. In the last pregnancy period (October-
November) and in the first month of lactation (December- January), when goats are followed
by suckling kids, animal graze at the “Santu Lussurgiu” farm-plot. External feed is brought
during milking (twice per day) with soybean meal and beet pulp (from 600 g per animal to

800 g per animal per day).
Horses

For the breeds, it was defined that there is no need to introduce new ones to the farm and the

currently breeds available will be the ones used for the trials.
Breed Selection

In the case of the Italian demonstration site, a private farm was chosen and consequently the
animal breeded represents a typical farm in silvopastoral systems in Sardinia. Therefore, also
breeded animals the business as usual option adopted in this districts.
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4, Land/soil Management plan

In this section we describe the management plan which will be followed in the Sardinian
Demonstration site, the “Elighes Uttiosos” farm. The map in Figure 7 shows the overall distribution

of the activities carried out within the project.

@ water Point
Water tube

@ Water tanks and pump

® Quercus ilex

@® Truffles Inoculation Points

ZoneA_Permanent Grassland

1 AMP

[ Control

ZoneA_Dehesa Type

1 AMP

] Control

Google Satellite

150 m

@© water Point
—— Water tube
@ Water tanks and pump

ZoneB_Permanent Grassland
CJ ave
] Control

Google Satellite

Figure 7. Overall distribution of the activities carried out within the project at the Zone A (mountain

area) and Zone B (valley area) of the Elighes Uttiosos farm
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4.1 Adaptive Multi-paddock grazing systems

The trial sites will be divided into paddocks that will form the basis for the planning of the
land management activities and the livestock rotations. The grazing areas are divided into
main paddocks by solid fences, which follow existing fences and topographical features
(water bodies, roads, ridges, etc.), this division intends to alter the landscape as little as
possible. Where necessary, main paddocks will be divided into sub-paddocks using moveable
and/or electric fences.

For the optimization of pasture production in quantity and quality, adequate grazing and
restoring periods will be defined for every paddock. In the paddocks characterized by a low
grazing value, as observed by the baseline studies (see deliverable Al), pasture improvement
practices will be carried out, including overseeding, weed control, fertilization, aiming to
facilitate the presence of legume species (N fixers and protein producers such as clovers and
medics).

During the whole trial duration, the paddocks where summer and autumn grazing will occur
will be dedicated to hay production in spring, in order to sustain animal production when
limiting climate conditions reduce pasture production. In few paddocks, a 5-7-year crop
rotation scheme will be applied, through sowing of annual species (mainly oats, ryegrass and
annual self-seeding legumes), which will be grazed during winter and mowed in spring for
hay production.

The combination of traditional native pastures, tree brows and acorns, with novel sown rich-
legume pastures, fodder crops, will be designed to maximize the farm fodder autonomy.
Furthermore, measures will be planned in order to improve soil quality (reduced tillage,
rotational grazing, enhanced C input to the soil by dejections and increased of pasture primary

production).

4.2 Key-lines

The possibility to develop a key-line system in the Caratzu farm was explored aiming to
mitigate soil erosion and compaction, to enhance soil fertility and increase pasture
productivity. The baseline studies (see Deliverable Al) with particular reference to the
analyses on the soil traits, slope, elevation, vegetation and grassland productivity, have
highlighted some relevant constraints for performing the key-lines in most of the Caratzu
farm. Steep areas where the key-line adoption would be an interesting option to facilitate
water storage and reduce runoff and, thus, soil erosion, were found to have a very shallow soil
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(usually less than 15 cm of soil depth). In these conditions, the key-lines cannot be practically
made. In other slope areas, where soil depth might be sufficient to perform adequately key-
lines, high gravel percentage in the soil, presence of stones and rocks in the ground and high
shrub and tree densities will lead to unsustainable costs to perform the key-lines. Some small
areas within the farm can be however suitable for this soil tillage operation, but they are all
outside the areas where the Adaptive Multi-Paddock Grazing Systems is being applied. In
these areas, mainly characterized by a flat surface and sometimes problems of water lodging
during wet periods, the role of key-lines might be to improve water drainage. These areas are
located in the Elighes Uttiosos farm-plot in the Dehesa-type land use, but the current
positioning of the electrical fences and water points could need to be completely revised if
key-lines will be made. Further surveys will be also carried out in the following months in
particular through the evaluation of soil profiles in more areas of the farm in order to take the

final decision on the feasibility of the key-lines development.

5. Forest management plan

5.1. Natural regeneration of Quercus ilex in wood pastures
Natural regeneration of Quercus ilex is planned in the “permanent grassland” land use of the
Elighes Uttiosos farm-plot that will be managed under the Adaptive Multi-Paddock (AMP)

grazing scheme (Fig. 8).

' 2-Dehesa Type | =
0.92 ha

Gaogle Earth

s et i
A

|gue 8. Snapso the paddocks where the natural (blue borders) and the artificial (yellow

300 m

borders) regeneration of the Quercus trees will be applied.
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Since plots included in the AMP grazing scheme remain free of grazing for long periods and
are grazed for short periods, livestock pressure on the oak seedling will be strongly reduced
giving an opportunity to those new plants. As it is well known, new oak plants grow very
slowly, and they are very palatable, therefore, grazing animals would have during years many
opportunities to browse oak leaves, hampering the tree growth, and even the survival at long
term. So, a sufficient number of natural emerged seedling will be protected to guarantee a
sufficient long-term recruitment. This so-called “assisted natural regeneration” has the
advantages of concentrating the efforts and resources on plants born naturally (from acorn
germination), which show a much higher survival than planted trees (transplantation stress
causes high mortalities in planted oaks during the dry Mediterranean summers; Moreno and
Franco 2013)°. Indeed, protecting naturally emerged plants has been evaluated as a low cost
approach for the natural regeneration of the Iberian dehesas and other extensive wood
pastures (Moreno et al 2018)%. As young oak trees need to be protected against cattle for
many years, long-lasting protectors are needed. The use of thorny artificial protectors bring a
new opportunity for this protection at a lower price than previous models (see for instance the

so-called “protector cactus”; Fig. 9) 4,

At the moment, two paddocks (paddocks 5 and 8; Fig. 8) were identified to facilitate natural
regeneration for a total of 1.3 ha. In the following years, more areas where natural
regeneration may be implemented will be identified. The final target number of Quercus spp.
plants per ha in the identified plots is 20-25 trees ha™. As in these paddocks we are using
natural regeneration, the expected tree density is expected based experience and other similar

areas in the region.

2 Gerardo Moreno y M? Dolores Franco. Efecto diferencial de la jara (Cistus ladanifer) en la supervivencia de plantulas emergidas y
plantadas de encina (Quercus ilex). En Congresos Forestales. 2013.

Gerardo Moreno, Manuel Bertomeu, Yonathan Caceres, Miguel Escribano, Paula Gaspar, Ana Hernandez, Maria Lourdes Lépez,
Francisco Javier Mesias, Sara Morales, Maria José Poblaciones, Fernando Pulido, Oscar Santamaria. Lessons learnt: Iberian
dehesa. Contribution to Deliverable 2.5 Lessons learnt from innovations within agroforestry systems of high natural and cultural value.

. AGFORWARD Project. file:///C:/Users/Gerardo/Downloads/\WWP2 ES Dehesa lessons learnt.pdf
https://protectorcactusworld.com
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Figure 9. Thorny artificial protectors that has been shown as efficient lost-cost protectors by
AGFORWARD project.

5.2 Artificial regeneration with Quercus ilex

For AMP plots that currently have no significant natural tree regeneration and with a low tree
density (paddocks 1 and 2; Fig. 8), the artificial regeneration by tree seedling transplanting
will be carried out. The aim is to have 20-25 trees ha™ in the future. The idea is to reach a tree
density close to the other paddocks in the farm. In these plots, oaks need to be planted with 1-
2 years old seedlings and then need to be protected. As the survival of newly planted trees is
always difficult, to guarantee the final target number of plants ha™, the initial number of
plants need to be higher. Being the current tree density equals to about 8 trees ha™ in the
initially identified paddocks, up to 25 plants per ha will be transplanted, which correspond to
an overall of 41 oaks to be planted and protected in the 1.6 ha of the paddocks 1 and 2. In the
following years and based on the results achieved, other areas where artificial regeneration
was not foreseen will be evaluated and if necessary it will be implemented accordingly.

In order to facilitate the summer survival of the transplanted plants, the decomposable cocoon
boxes (from the Life Green Link project (Life 15/CCA/ES/0125) may be used (Figure 10).
Otherwise, plants will be irrigated using the water to drink animals in the AMP plots.
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Figure 10. Decomposable Cocoon boxes (Life Green Link Life 15 CCA/ES/0125) can be
used to maintain soil moisture across summer

Regarding the permanent grasslands, Hoak regeneration plots will be implemented in Elighes
Uttiosos. However in Santu Lussurgiu, despite being advisable to carry out artificial
regeneration , there are some constraints as the landowner seems to not want to have trees in
that area and the vegetation of the valley is different from the the mountain one.

Therefore, for now artificial regeneration is not foreseen in Santu Lussurgiu permanent grass
areas, but in the following years results will be evaluated and if viable artificial regeneration

will be carried out.

5.3. Liming and inoculation to prevent tree decline and product mushrooms

In the Sardinian demonstration site, the baseline study highlighted no significant infections of
the Quercus trees by Phytophthora as well as by other important pests. Therefore, it was
decided that liming and inoculation were not needed for the purpose of preventing
Phytophthora infections. Nevertheless, liming and inoculation will be applied aiming to

promote the truffle production.

Truffle production

Firstly, a baseline study was carried out to assess soil physical and chemical properties aiming
to estimate whether liming was needed in the plots where truffle production was initially
planned (Fig. 11), calculating the dose needed to increase pH up to 7.5. Soil samples were
collected following the instructions provided by the ID Forest staff. Sites where liming and
truffle inoculation could be carried out optimally, were identified in spring 2018 by ID Forest

team together with the UNISS team. Twelve trees, six in the Dehesa-type and six in the
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Permanent grassland land uses of the Elighes Uttiosos farm-plot were identified and soil
samples taken in the vicinity of the tree trunks.

Inoculations with truffles will be carried out by digging holes (25 cm in diameter and 50 cm
deep) with a soil borer at a distance from the trunk of the twelve trees from 1 to 3 meters.
Then, the hole will be filled with optimized peat-based substrate with additives, mycorrhiza
helper bacteria and summer truffle (Tuber aestivum) spores and Tuber melanosorum spores.
These holes were finally covered with the same local soil. A metal grid will be placed over
each hole in order to avoid compaction from grazing animals and interference from wild
boars. Each inoculated site will be irrigated during summer to facilitate the truffle growth.
Usually, ID Forest foresees between 2-10 inoculations per tree, depending on the size and
health of each tree. Other limiting factors as labour and costs affects the number of
inoculations to be carried out. Therefore, it is foreseen to inoculate about 100 holes among the
12 selected trees.

Additionally, as the Caratzu farm has no presence of Phytophtora, the truffles to be inoculated
was decided focusing on their economic benefits. Considering that Pisolithus tinctorious
doesn’t generate an edible harvest and therefore doesn’t give any economic benefits (helps the
plant health and other indirect economic benefits). It is foreseen the inoculation of edible
truffles, like Tuber melanosporum which is 5 times more expensive than Tuber aestivum, in

order to optimize the activity profitability.

~ A
Goaogle Earth \ N
fvzi‘m;: Google 3 —~ 4 e | | 300m

Figure 11. Snapshot of the sites where liming and inoculation for truffle production will be
carried out.
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Since the truffle life cycle comprises two years, truffles are not expected to form before the
second year after inoculation.

6. Biomass waste management

Pruning/harvesting is carried out mainly on trees of Quercus ilex and Arbutus unedo and
resulting wood is then sold. A negligible amount of biomass farm waste is then expected.
However, a design for an improved waste management and strategy for adding value will be
developed and proposed to the farmer. In particular, ID Forest will design cultivation tests for
mushroom cultivation from the farm holm oak pruning waste. The pruning waste will be used
to create substrate blocks inoculated with shiitake mushroom mycelium. Shiitake inoculated
blocks will be then incubated under controlled temperature conditions. During this time the
mycelium will colonice the bags completely and uniformly. Finally, mushrooms from each
block will be picked, dried and weighed in order to get an estimate of average yield per kg of

holm oak pruning waste.

7. Agrosilvopastoral plan design

7.1 System design and implementation

AMP GRAZING

In the Caratzu farm, a vertical transhumant grazing scheme is currently adopted with cattle
grazing from June-July to December (early January) in the mountain areas of the Caratzu
farm (Elighes Uttiosos farm-plot) and from January to June in the valley areas of the farm
(Santu Lussurgiu farm-plot). Within each of these two farm-plots, areas with the adaptive
multi-paddock grazing system (AMP) and areas with the business as usual continuous grazing
system will be compared. In the Elighes Uttiosos mountain farm-plot, the AMP system will
be practiced in 6.6 ha, split into 8 paddocks of 0.6-1.2 ha each (Figure 12), while the control
area will occupy 10.2 ha. Paddocks 1 to 4 (a total of 3.5 ha) were identified within an area
characterized by a dehesa-type land use and paddocks 5 to 8 (a total of 3.2 ha) were selected
within a permanent grassland with high woody species and Pteridium aquilinum cover. Two
control areas were identified with the same size and land use of the two trial areas (Figure 12).
In the Santu Lussurgiu valley farm-plot, the AMP system will be practiced in 5.3 ha, split into

8 paddocks of 0.3-0.4 ha each (Figure 13), while the control area will occupy about 4.0 ha.
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Several crop species will evaluated in order to find the best mix that improve the pasture
quality and control weeds. It is foreseen to sow a mixtures of perennial grasses (Festuca
arundinacea, Dactylis glomerata, Phalaris acquatica), self-seeding legumes such as different
varieties of Trifolium subterraneum (Campeda, Antas, Losa, Mintaro), and perennial legumes
(Trifolium pratense). Small experiments will be carried out to assess the effect of both grazing
and cutting performance of those mixes.

Google Earth

400 m

Figure 12. Elighes Uttiosos mountain area: rotational grazing scheme (yellow lines) and
control fields (red lines)

Figure 13. Santu Lussurgiu valley

farm-plot: rotational grazing scheme

(yellow lines) and control fields (red

10-PG lines).
- 035 _h_,a -

12-PG
033 ha

A
N

. 200m |
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In order to have comparable results, the average annual stocking rates in both the control plot
and in all AMP plots will be the same (up to 1.1 LSU ha™). That means, in both areas the

cattles, goats and horses will be exposed to the same amount of food.

Nevertheless, each AMP plot will be grazed for few days with high instantaneous stocking
rates (up to about 8 LSU ha™* in mountain areas (EU), up to about 21 LSU ha-1 in valley areas
(SL), as shown in Table 8) followed by long resting periods to assure the full recuperation of
pasture species. A group of seven (7) cattle will be selected as experimental units to graze in
the trial plots according to the AMP system. Immediately after cattle grazing, a group of
fifteen to twenty (15-20) goats in the paddocks 5-8 and two (2) horses in the paddocks 1-4
will graze for a few days in order to exploit as much as possible the different feeding
behaviour between cattle, goats and horses. The control plots will be grazed according to a
continuous grazing scheme with lower instantaneous stocking rates (up to 1.1 LSU ha™) using

cattle.

The Breeds selected will use the same proportion the typical silvopastoral system in the

region uses. They are:

Elighes Utiosos: 7 seven cattle (30% Charolaise and 70% Sardo-Modicana) and 15-20 Goats
(Saanen)

Santu Lussurgiu: 7 seven cattle (30% Charolaise and 70% Sardo-Modicana) and 2 Horses
(Sardinian Anglo-Arab breed)

Control: Only cattle (30% Charolaise and 70% Sardo-Modicana)

PREPARATORY ACTION A3 REPORT V.2, Sassari, July 2019 — Page 26



Table 8. Instantaneous and average stocking rates (LSU ha™) inside AMP and control areas

(LSU ha-1)

Treatment | zone typology paddock Aerea (ha) Maximum
istantaneous
stocking rate*
(LSU/ha)

AMP EU DT 1 0.92 7.6

AMP EU DT 2 0.70 10.0

AMP EU DT 3 0.94 7.5

AMP EU DT 4 0.92 7.6

AMP EU PG 5 0.59 11.9

AMP EU PG 6 1.25 5.6

AMP EU PG 7 0.60 11.7

AMP EU PG 8 0.72 9.7

AMP SL PG 9 0.32 21.9

AMP SL PG 10 0.35 20.0

AMP SL PG 11 0.33 21.2

AMP SL PG 12 0.33 21.2

AMP SL PG 13 0.30 23.3

AMP SL PG 14 0.37 18.9

AMP SL PG 15 0.36 194

AMP SL PG 16 0.30 233

Total surface 9.3
Average stocking rate|1.2
(LSU ha-1)
Control CTRL EU - 10.25 11
Control CTRL SL - 3.8 11
Total surface 14.5
Average stocking rate|1.1

EU: Elighes Uttiosos (mountain areas); SL:

Grassland. * Stocking rates are calculated

Santu Lussurgiu (valley aereas); DT: Dehesa Type; PG: Permanent

considering 7 cattles, 2 horses and 15 goats in EU-AMP areas, 7

cattles in SL-AMP areas and 16 cattles in both EU and SL control areas

PREPARATORY ACTION A3 REPORT

V.2. Sassari, July 2019 — Page 27



In the Elighes Uttiosos mountain farm plot, grazing will start in July 2018 from the paddock 1
and will follow the grazing rotation scheme as depicted in the Figure 14a. After completing
the first rotation run (all the paddocks from 1 to 8 be grazed), the seven cattle of the trial will
be moved to paddock 1 again. The same rationale for the grazing rotation scheme in the Santu
Lussurgiu farm-plot will be applied (Figure 14b). If pasture growth will have been not
sufficient for animals to graze and during a no-growing period (e.g. dry season, close period)
animals will be fed with hay following the same grazing rotation scheme as described above.
In the same situation but in a growing period when grazing would damage regrowth (open
period), animals will be moved in another area (outside the experimental paddocks, for
example in the woodland areas) where they will be fed with hay.

The grazing rotation is established from paddock 1 to paddock 8 and from paddock 9 to
paddock 16 respectively in the Elighes Uttiosos and in the Santu Lussurgiu farm-plots, but it
is respected only if there is herbage to be grazed at the established moment of animal entrance
in the paddock. For example, if only one paddock has herbage to be grazed but it is not the
paddock that should be grazed in that moment, animals will be moved in this paddock
irrespectively of the grazing rotation scheme and keeping the animals there until the grass is

completely grazed.

Plot Plot

10
11
12
13
14

15

0 ~d O U w N

Figure 14. Hypothesis of the first run of the grazing rotation scheme among paddocks in the
Elighes Uttiosos mountain farm-plot (Fig. 13a) and in the Santu Lussurgiu valley farm-plot
(Fig. 13b).
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The comparison among the two grazing schemes will be initiated in autumn 2018, and will be

monitored for at least 2 consecutive years.

7.2. Livestock management plan

An adaptive strategy that incorporates short grazing times with relatively high animal
stocking densities and long recovery periods, to prevent overgrazing and to promote optimal
plant communities and protecting soils will be applied. Firstly, an adequate stocking rate will
be calculated (number of animals per unit area) based on the forage available over the
growing season. Furthermore a planning of livestock rotation will be made, based on the size
of the paddocks defined and according to AMP criteria.

Stocking rates on control plots represent the business as usual option adopted in farms in
Sardinia. The instantaneous stocking rates targeted in AMP areas have been chosen, in
agreement with partners, according to AMP criteria explained above.

A well-planned rotation of livestock improves animal performance, optimizes the pasture
utilization efficiency, secures a homogenous distribution of animal manure on soil and
guarantees resting periods long enough for the sward to recover after grazing. This in turn
improve soil fertility, and reduce soil erosion, which will lead to pasture regrowth and
persistence over time.

As mentioned before it is important to synchronize the herds” nutritional requirements with
the seasonal forage production. In order to take full advantage of the available resources, the
project seeks to develop a multi-species rotational grazing planning. In this project the trial
sites will rotate at least 2 different animal species, to be chosen according to the local
circumstances and limitations. The principle of multi-species rotation is based on the fact that
every livestock species has its own, specific feeding strategy.

Furthermore, innovative design of water troughs for livestock will be implemented. In order
to reduce the risk of disease transmission through water, Regenerate will introduce an
innovation called Smart Water Points. The Smart Water Point system consists of a main water
pond or tank, located at a central location. From the main water point, water will be
distributed to the paddocks that are at that moment grazed by animals, using a floating pump
and durable pipes. When livestock is moved to another paddock, the water trough in the next
paddock will be cleaned and the water provision will be changed from one paddock to the
next one. In this way, the chance that wildlife will get into contact with drinking water is

reduced.
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7.3. Monitoring and adaptation of the system

Since the beginning of the AMP trial, some agro-ecological variables have started to be
monitored in order to guide the grazing duration and the resting period for each paddock and,
therefore, to adapt the livestock management according to the forage resources available
along the year and to achieve the goals of the AMP trial (e.g., improving pasture quality,
production and persistence, enhancing soil fertility, increase pasture utilization rate by grazing
animals, etc.). For these purposes, the forage production of grasslands, the plant biodiversity
and some soil quality indices will be monitored throughout the duration of the AMP trial. At
annual basis, some performances of the animals (e.g., fertility per year and cow and calve
growth rate) involved in the AMP trial will be also monitored by interviewing the farm

owner.

Forage production of grasslands

The biomass production for each paddock (in both AMP and control areas) is monitored at the
beginning and the end of the grazing period by measuring the sward height with a HFRO
sward stick®. Since each paddock is grazed for about 3 to 7 days, the sward height
measurements are carried out following this time span. At each season and for at least two
consecutive years, the HFRO sward stick will be calibrated in order to obtain robust and
reliable regression equations between sward height and dry matter biomass.

The calibration of the HFRO sward stick will be carried out by taking height measurements
and then cutting herbage biomass within a 0.5 m? unit area. At least 20 unit areas for each
season will be considered that will be chosen along a range of sward height as wide as
possible. Within each unit area the sward height will be taken in five points and the five
measurements will be averaged to obtain the sward height for the unit area in that moment.
The herbage biomass after cutting will be removed and stored in plastic bags to avoid biomass
losses until it will be oven-dried at 65°C and then weigh for the determination of dry matter

production.

5 L tMannetje and RM Jones, 2000. Field and Laboratory Methods for Grassland and Animal Production Research. CABI Publishing, 447
pages.
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Plant biodiversity

Plant biodiversity is monitored in homogeneous patches identified throughout preliminary
floristic-structural surveys (see Deliverable Al) inside each paddock. Patches with the same
vegetation types in the control areas were also identified and monitored for comparisons.

Data for the assessment of plant biodiversity will be collected according to (i) the vertical
point method and (ii) the floristic relevé.

(i) Vertical point method: a permanent transect of 50 m in length is positioned inside each
vegetation patches. Along the transect, every 100 cm plant species touching a stick are
identified and recorded. As a whole, 43 transects were already installed in the AMP trial
areas.

(i) Floristic relevé: in order to record rare species eventually not touched by the stick, plant
species present in a buffer areas 2 meters large along the transects are identified and recorded.
For each plant species recorded along the transect, the frequency of occurrence (fi = number
of occurrences/100 points), which is an estimate of species canopy cover, will be calculated.
To the species detected in the buffer area fi=1 will be empirically assigned.

The monitoring started in spring 2018 and the surveys will be repeated periodically at each

season in the AMP trial areas.

Soil traits
At the beginning and at end of the AMP trial, soil samples will be collected and analysed for

the following variables:

. pH (H20)

. organic carbon (by an elemental analyser CHN)
. Total nitrogen (by an elemental analyser CHN)
. P (P,0s Olsen)

. K exchangeable

. CEC and BCSR (Ca2+, Mg2+, Na+)
. Bulk density of the top soil (0-5 cm or 0-10 cm)
At the beginning of the AMP trial, also soil texture is determined. Only for the bulk density,

sampling will be carried out twice a year, in spring and in autumn.

Sampling points have to be chosen close to transects identified for the plant biodiversity
surveys. Therefore, at least three transects per paddock, depending on paddock size and

heterogeneity, will be considered. Along each transect, at least three soil samples will be
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obtained and analysed as a bulk derived from 3-4 soil cores as depicted in the following

picture.

Sample 1

soll core

Sample 2

Sample 3

FLORISTIC TRAMNSECT

O soil core
soil core 0 soll core
O
soll core
0 O soil core I 50!10[]
soil core 0 m

At each sampling point, 3 soil cores at 0-20 cm, 20-40 cm and 40-60 cm depth have to be

collected, according to the soil depth in the specific sampling point.
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8. ANNEX 1. Role and tasks developed by the project staff

Name of the | Name of the person Concrete role in the | Tasks developed
beneficiary project
UNEX Gerardo Moreno Marcos Senior researcher - | Assistance for the
Scientific manager design of practices
and trials
Leading the edition
of the deliverable
UNEX Francisco Javier Mesias | Project manager until
Diaz 22/10/2018 — Senior | Providing input on
researcher.  Actual | finances and market
Deputy Project | opportunities,
Director assistance with trial
design
UNEX Miguel Escribano Sanchez | Project manager from
22/10/2018 — Senior | Assistance with
researcher economic aspect of
trial design
UNEX Fernando Javier Pulido | Senior researcher Support trial design
Diaz for all sites
UNEX Guillermo Gonzélez | Senior researcher Support trial design
Bornay for all sites
UNEX M2 del Pilar Romero | Technical Staff /
Fernandez Admin Staff Support trial designs
UNEX Paula Gaspar Garcia Senior researcher Participate in trial
design for all sites,
communication with
other partners
UNEX Maria Catalan Balmaseda | Technical Staff
Providing support
trial designs
VOLTERRA | Egbert Sonneveld Project Manager until
(affiliate Blonk) September’18 Coordinate
VOLTERRA's input
regarding AMP,
compost, pruning,
vegetal regeneration
to the management
plan
VOLTERRA | Ignacio Martin Technical Supervisor
Responsible for
planning and drafting
of Management plan
regarding AMP, new
tree  species and
alternative  income
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streams

VOLTERRA
(affiliate
Transfer)

Sven Kallen

Project Manager from
September 2018

Coordinate
VOLTERRA's input
regarding AMP,
compost, pruning,
vegetal regeneration
to the management
plan

UNISS

Giovanna Seddaiu

Senior researcher
(Associate Professor)

Coordination of the
design of trials at the
Elighes Uttiosos
demonstration site

UNISS

Pier Paolo Roggero

Senior researcher
(Full Professor)

Collaboration in the
design of trials at the
Elighes Uttiosos
demonstration site

UNISS

Simonetta Bagella

Senior researcher
(Associate Professor)

Collaboration in the
design of trials at the
Elighes Uttiosos
demonstration site

UNISS

Antonio Pulina

Researcher
(additional staff)

Collaboration in the
design of trials at the
Elighes Uttiosos
demonstration site

ID-Forest

Jaime Olaizola Suéarez

Project Manager

Technical support trial
design forest
management practices
and improvement of
tree health. Supervise
trial  design  waste
management
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