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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 the design
and management plan for the Spanish demonstration agro-silvopastoral site. With this plan and its
implementation, the project partners seek to demonstrate the technical and economic viability of agro-
silvopastoral practices in Spain. 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 demonstration area is 40 ha in size in Spain. The management plan will 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.

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
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2. Recover the practice of multi-species rotational grazing, adapted to improve natural capital and
optimize commercial advantages

3. Recycle biomass waste within the farm, reducing external input of fodder and creating
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

Soils develop mostly over Middle Miocenic sediments that include red conglomerates (coarse-
grained clastic sedimentary rock) embedded in a very clay-rich matrix. Clasts are of very different
nature: quartz, quartzite and schist. Coarse and fine sand can be locally dominants. In the high part of
the farm, soils are defined by the presence of a clay-rich argilic horizon (Bt), being the Gley Chromic
Luvisols the most common soils in this area. These soils are rich in sand in the uppermost soil layer,
but with depth change abruptly to a very clay-rich horizon (sandy-clay to clay). This provokes
temporal hydromorphism in the rain season (gleic properties of the soil). Soils are acid in surface,
increasing the pH with depth until neutral pH, even slightly basic in depth layers. Carbonates area
rarely found in the first m of the soil (horizon A and Bt), but secondary carbonates can be found

deeper.

Soils are poor in organic matter and nitrogen, with also low contents of assimilable phosphorous,
and moderate contents of potassium and calcium readily assimilable (although in the uppermost soil
layer their contents are also low). In more stepped areas, large gullies show the intensity of the erosion

processes in the past.
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3.2. Climate

Climate data are based on the meteorological station installed within the farm, at 817 m of

altitude, in a flat area near the stream water (50 m of distance). Data are computed for the period 1976-

2003 (Figure 1).
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Figure 1. Climodiagram of the farm, fahe period 197€003.
Mean annual temperature is 11.5° and annual precipitation is 476.9 mm
The long series of precipitation data indicates a mean annual rainfall of 476.9 mm, while potential
evapotranspiration reaches up to 716.6 mm. Summers are typically hot and dry, with August showing
the lower probability of rains. Autumn is influenced by the Atlantic winds and recurrent rains that
usually starts by med September. A second peak of rains occur by February. Rains in spring are
common but highly variables. Mean annual temperature is 11.5 C, with mean temperatures for July

and August of 20.6 C, and of 3.4 C for January.

The annual cycles of precipitation and temperature is typically Mediterranean, with 8 months
classified as cold and 2.5 months classified as dry. By contrast, Blanco et al. (1989), based on the
Bagnouls & Gaussen ombroclimatic diagrams, reported that the area has among 100 and 125 days
effectively dry. Accordingly, the climate can be classified as Moderate Thermo-Mediterranean,

semiarid (400-600 mm) and cold (10-12 °C).
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3.3. Vegetation

From a phytogeography point of view, the farm is within the province CARPETANO-IBERICO-
LEONESA, sector SALMANTINO. The potential vegetation is dominated by acid holm-oak
woodlands (Genisto hystricis— Querceto rotundifoliae sigmetymAs consequence of the long
anthropic modification of the area, this vegetation appears strongly patched and show high spatial
variability. Locally formations common of the basic soils, such as Thymus zygit.., Brachipodium
distachyum(L.) Beauv., Salvia verbenacd.., Bromus madritensid.. y Trisetum flavescengl.)

Beauv., among others, are found in the area.

Currently, the non-farmed lands are restricted to woods in dry stepped areas and grasslands in wet
riversides. The area occupied by open holm-oak woodlands (Quercus rotundifolid_am.). Shrubs, such
Dorycnium pentaphyllurScop., Thymus zygi&. y Th. mastichinal.., share the understory with oak
saplings. In wet soil along streamwaters Crataegus monogyndacg. are also common. Where woody
understory have been largely removed two kind of herbaceous communities can be found, in the upper
parts the series Brachypodium distachya®r.Bl 1925 (TUBERARIETTEA GUTTATAE Br.BI.
(1940) 1952 en. Riv. Mart. 1978). In the lower areas, poor pastures are dominated by the series
Cynosurion cristatR. Tx. 1947 (ArrenathereteaR. Tx. (1937) 1970). In more degraded upper part of
the dehesa (central area of the farm; Map 3), the typical series are Dorycnium pentaphyllum
(Aphyllantion Br. BI. (1931) 1937, ONONIDO-ROSMARINETEA Br. Bl. 1947) y de POETEA
BULBOSAE Riv. God. & Riv. Mart., en Riv. Mart. 1978. In lower part of the same dehesa area, poor
pastures type Cynosurion cristatR. Tx. 1947 (ArrenathereteaR. Tx. (1937) 1970) are found. Given
the strong anthropic pressure, together with moderate to intense erosive processes, a mosaic of plant
communities is the main feature of the uncultivated areas. The dominance of species such as
Sanguisorba minogcop., Tolpis barbata(L.) Gaertner, Aira caryophyllealL., Carlina racemosd.., y
Trifolium cherleri L decreases with the soil erosion. Other factors, such as tree cover, soil erosion,

stocking rates ... determine the spatial distribution of pasture species.
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In forests and dehesa stands with high tree density, the most common species are Festuca rubra
L., Dactylis glomeratd._., Bellis perennid_., Trifolium repend.., Poa trivialis L., Trisetum flavescens
(L)) Beauv., Luzula campestrigL.) DC., Cynosurus echinatuk., Campanula rapunculus., Vicia
lathyroidesL., Phleum pratensk. and Myosotis discoloPers. These species define areas of moderate

to high soil fertility with low grazing pressure, and also pasture community of beneath tree canopies.

Plant species associated to eroded soils, with low grazing pressure but oligotrophic soils, we can
highlight Thymus zygis L., Vulpia ciliata Dumort. etc. On the contrary side, species common of areas
of high fertility and regular grazing are Bromus hordeaceus L., Cirsium arvense (L) Scop., Capsella
bursa pastoris (L.) Med., Hordeum murinum L., Chenopodium album L., Chamaemelum mixtum (L.)
All. and Carduus carpetanus Boiss. & Reut. In stepped areas with high grazing pressure, pasture
alternate with eroded, gullied, bare soils. Most common species are Sangusorba minorScop., Tolpis
barbata (L.) Gaertner, Aira caryophylleaL., Carlina racemosal., y Trifolium cherleri L., among
others. Other pasture species common on poor soils are: Vulpia bromoidegL.) S.F. Gray, Eryngium
campestrd.., Lolium rigidumGaudin, Aegilops neglect&eq. Ex Bertol., Taeniaterum caput medusae

(L.) Newski, Trifolium arvensd.., Anthyllis lotoided.. and Chamaemelum nobilg..) All.

In open treeless areas, no degraded by livestock pressure, and sufficient soil fertility, most
common species are: Agrostis castellanaBoiss. & Reut., Trifolium glomeratumL., Trifolium
campestre Schreber, Trifolium striatum L., Rumex angiocarpusMurb., Carex divisa Hudson,
Geranium pusilumL., Trifolium pratenselL., Poa bulbosal., Plantago lanceolatal., Phleum

pratensel., Cerastium glomeraturhuill. and Holcus lanatud..

In more managed pastures, close to the farm houses, a more rich pasture community is found,
classified as Poo-Trifolion subterranei (Riv. God. 1964) Riv. God. & Ladero 1970, with tendency to
Tuberarion guttae Br. Bl. 1931. A wet meadow, classified as Cynosurion cristati R. Tx. 1947
(ARRHENATHERETEA) is present in the flat area that surrounds the streamwater. Here, rushes
(Scirpus holoschoenpare locally abundant. In less humid areas soil is also covered by species of the

Poo-Trifolion subterranei association, with slight influence of the less mature Tuberarion association.
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Trees

Mufiovela farm include among their agroecosystem wood pastures, dense forests, open grasslands
and arable lands. Most abundant tree species is Quercus ilexlocated in 9 plots and 3 land uses (Table
1, Map 1). Tree density in fenced areas, where grazing was excluded since decades (Forest_1 and
Forest_2), tree density is above 100 trees ha™, and tree size cover a wide range of stem diameter and
height (Table 1 and Figure 2). Besides of oak trees, other woody species of different nature/high are
present in more dense stands: Rosa canina, Crataegus monogyna, Thymus zygis, Daphne gaitium

Asparagus sp

Oak regeneration is also null in dehesa stands, with continuous grazing, although part of the tree
population is still young. Tree size varies from 14 cm to 70 cm of normal diameter (3.9 to 7.0 m for
tree height). Tree density ranges from 8.9 to 67.9 trees per ha, being very low in the plot Dehesa_1,
and rather high in the plot Dehesa_3. While in Dehesa_1 no shrubs species are found, Crataegus

mongyna is present in Dehesa_2 and Dehesa_3, and Daphne gnidium in Dehesa_2.

Rainfed cultivated lands are mostly treeless (7 out of 10 plots), and only few of them have very
low tree density (0.6 and 2.5 trees ha™ in the big and small plots, respectively). Trees are big and old
(minimum normal stem diameter > 45 cm and height of 6.3 m), with no presence of oak regeneration
at all. Other trees species found in the rest of the farm: walnuts (Juglans regia), black locust (Robinia
pseudoacacia) and common horse chestnut (Aesculus hippocastanum) around the housefarm, poplars
(Populus sp.) in the garden and along stream water, where hawthorns (Crataegus monogyna) grow as
understory. Poplars are 14 m height and hawthorns are 3.4 m height, on average. In the three

grasslands, no trees are present.

Interestingly, the plot where the grazing was excluded more recently (EXPER_REG), tree density
moderate (51 trees ha™), but most of the trees were still very young (saplings). This trial, and the high
density of young trees in the forest plots where grazing is excluded, show clearly that Quercus ilexs a
tree species that can be naturally regenerated just adapting the grazing scheme (calendar and/or

stocking rate). However, in those plots where no of very few trees are present, regeneration only by
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natural processes could take many decades. So, where a rapid and sufficient natural regeneration is not
expected, both artificial tree plantation and protection need to be implemented. The need of artificial
regeneration in some plots gives the opportunity to introduce low-cost approaches for artificial tree

regeneration and also to diversify the woody species of the farm, including some palatable species.

Although the reinforcement of the tree regeneration and diversification is the main goal of this
forest management plan, also the care of the mature trees is needed what includes tree protection
against diseases and pruning to favor the structural stability of the tree crown and acorn production.
Although this latter advantages of pruning is questioned by some scientific studies, is a traditional
farmers’ reason for pruning. Also the firewood is a tree product traditionally used and marketed.

Although this practice in last decades left a huge amount of branches biomass unused.

Surface TREES DBH HEIGHT
PLOTS ha Ne N°ha | Mean [ Min | Max | Mean | Min | Max
CROP_1&3 24.0 17 0.6 58.0 46.2 | 70.0 8.1 6.3 9.0
CROP_2 2.0 5 25 535 477 | 624 8.2 7.5 9.0
CROP_4 4.0 1 .25 45.0 - - 8.0 - -
CROPS 51010 124 NO TREES
GRASS 1to3 74 NO TREES
DEHESA 1 3.0 32 8.9 44.2 159 | 70.0 54 4.8 6.0
DEHESA 2 5.8 189 324 35.2 14.0 | 65.3 51 3.9 7.0
DEHESA_3 7.8 531 67.9 32.9 143 | 64.6 5.0 4.0 6.0
EXPER_REG 0.8 51 60.2 14.5 1.3 58.3 25 0.3 6.5
EXPER_FOR 0.6 No data
FRUIT_ORCH 0.3 No data
FOREST 1 1.2 125 106.8 | 27.3 2.9 67.5 4.0 1.0 7.0
FOREST_2 0.8 110 1346 | 211 25 60.5 3.0 0.7 6.0
TOTAL FARM 70.9 | 1061 | 14.72 31.4 1.3 70.0 4.6 0.3 9.0

Table 1. Data of the density and size of oaks trees in the different plots of the Mufiovela farm.
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Map 1. Land uses and farm infrastructures of Mufiovela. Contour lines every 1 m are shown.
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Figure 2. Diagram of tree siz€DBH, cm) distribution in the three main land uses with oak trees.
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Figure 3 & 4. Two images of Quercus ilex population in Mufiofalan. Above, a grazes area
with matures trees at very low density and without young trees. Below, a plot where livestock was
excluded since years and a dense cohort of young trees have grown.

Crops

The farm has 10 plots devoted to annual or pluriannual crops, that are cultivated following
different rotational cycles (Table 2). Four of the plots are not irrigated and are cultivated with cereal
grains (barley and wheat) and fodders (rye and triticale). In some plots, legumes such as chickpea were
included in the rotation. Six plots are irrigated although rarely all plots in the same year. In these plots,
also cereal grains are cultivated, but a large variety of species are rotated. Apart of the above
mentioned crops, irrigated crops also include corn, vetch with oats, alfalfa (pluriannual crop) and some

experimental crops.
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Plots ha 2012/13 2013/14 2014/15 2015/16 2016/17
1 181 Wheat Barley }}mﬁ%}:nd Barley Wheat
< R
‘? 2 | 2.0 | RyeForage | Rye-Forage | Rye-Forage | Rye-Forage Barley
N
§ 3 | 59 |RyeTnticale | Barley Wheat Barley Barley
D
4 | 40 Barley Wheat Chickpea Wheat Wheat
5 | 07 Wheat Bilez Verch: | Vsichocereals/ | Vetchtiticale
oats/Com Com / Com
Alfalfa and | Alfalfa and Wheat and
6 4.4 Vetch- Vetch- Hiiataand Wheat Research
I ; ) Barley :
R oats/Com oats/Com project
Yl 7| 12| Baley Wheat Barley Alfalfa Alfalfa
i Barley and | Wheatand | Barleyand | Wheatand | Wheatand
T | 8| 12| Research Research Research Research Research
[ projects projects projects projects projects
D " . . Wheatand | Wheat and
9 | 3.4 Barley Wheat Barley Alfalfa Alfalfa
Barley,
10 [ 15 Barley Wheat Wheat. Rye Barley Wheat
and Vetch

Table 2. Series of cropsultivated in the last five years in the different parts of the farm

3.4. Livestock species and Breeds

Data of livestock units are reported by meteorological year (1 September to 31 August) that fit

better to the reproductive cycle than calendar years. Indeed, the calving period for cattle start by end

August to early September. In Mufiovela, local breeds of cattle and sheep are reared. Inventory of

animals are presented in separate sections per species. Criteria for why each species was chosen is

represented in bold text.
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Cattle

The local breed named Morucha is the only reared in Mufiovela farm. It’s a very rustic breed, with
easy calving and high maternal instinct, well adapted to the harsh conditions of the extensive grazing
in dehesas of cold regions. It is the main local breeds of the Salamanca province but it is also present
in other warmer regions. Within this breeds, two subtypes are recognized, finely white-mottled and
black. This latter, rather brave and needed of very skilled herder, has been reared in Mufiovela since
1979. There are only 4172 animals in Spain, of these, 3201 in Salamanca’, the area together the North

of Céceres (the neighbour province) with the largest census of extensive cattle in Spain.

Mufiovela is one of the few farms in which this variety is bred in purity: of the total breeding
females registered in the Genealogical Book (4055), in 2018 there were only 455 animals in purity,
and 30 of them are in the Mufovela farm, making the work at Mufiovela of great importance for the

maintenance of this breed population.

The Morucha breed has the highest fertility rate of all breeds exploited in Spain (79.1%), the one
with the lowest number of cows without registered births (6.5%), and the one with the lowest interval

between deliveries (416.3 days).

On July 1, 2019, there were 27 mother cows and 2 stud bull. VVeal calves are fattened on farm and
slathered with the age of 16-18 months old, when they are still classified as yearlings. Heifers (1 or 2
years old) are usually sold to other farmers as selected mother cows. Some of them are left as within-

farm replacement rate.

Cattle in dehesas live around 11-12 years, and accidental death are rare (<1%), so the annual need
of replacement is around 10% of the herd. This replacement is usually done with animals born in the
farm, excepting the stud bull, usually bought to other livestock farm. No animals are bought for
fattening. Since 2012 (1st January), 8 mother cows and 1 stud bull were replaced by 10 mother cow

and 1 stud bull.

1[1] Morucha (black variety) population on date 31-12-2018. Fuente: ARCA
https://servicio.mapama.gob.es/arca/flujos.html? flowld=datosCensalesRaza-flow& flowExecutionKey=e2s2
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Sheep

For sheep are managed in Mufiovela for a research program on the development of new diagnosis
approaches for different zoonosis and anti-parasitism vaccines. Secondary, herd is used for the
production of lambs for slaughtering or fattening in feedlots, what allows a better use of pastures and

crops stubble.

The first September 2017, there were 19 adults, 17 mothers and 2 males. Replacement is done
either with animals born into the farm or by purchase in neighboring farms. Indeed, in August 2015
half of the herd was renewed by purchasing 8 females and 1 male. Losses are associated to
complications at birthing, wildlife attacks (foxes) and overage of adults. Because these sheep have
different ages, and to which some of them are very old, it is decided not to incorporate to Life
Regenerate the existing sheep in Mufiovela, and buy 9 sheep and a ram, to use them specifically to the

AMP grazing (see later in section 7).

The Merino breed is chosen, in its black variety. The merino sheep is appreciated for its rusticity,
its ability to adapt to different media and its seasonally adjusted reproduction system that allows it to
enter gestation at any time of the year, although the fall covers are the most favorable in what Fertility
is concerned. The Merino breed has a significant environmental importance for its system of extensive
exploitation in Dehesa zones, where it contributes to maintain the ecological equilibrium of a
unique ecosystem. The main production of the Merino sheep is fine wool, it is characterized by the
great extension of the fleece, the high density and uniformity of the fibers, the curly, the resistance,
and the absence of dead hair, which make the Merino the best breed for the production of wool. The
Merino black Wool also presents an added value as a producer of a colored fiber (mainly black) that
can be spun and woven without any type of dye added (for the elaboration of garments in people
allergic to synthetic dyes). The black variety of the Merino sheep is classified as endangered, there
being in the year 2018% a total of 8386 animals (1138 of them are in Castilla y Leon) breed in 68

farms, so it is considered necessary to increase the effective population of this variety.

2 Merino (Black variety) population on date 31-12-2018
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Turkey

The chosen race is Dehesa turkey. It is typical of the farmhouses of West lberia, linked to the
large Dehesa oak groves, distributed over Extremadura, Western Andalucia, Salamanca and border
regions of Portugal. They are very rustic birds, perfectly adapted to life in semi-freedom. Easy to
fatten, it feeds mostly on fruits, grains and wild invertebrates, taking advantage of the stubble during
the summer, and the “montaneras” of oaks during the autumn. They were traditionally marketed in the
late spring, as turkey pullets in surrounding villages, or early in the winter as barley birds for city

markets. Its consumption occurs mainly in the Christmas.

Its current genetic importance is high due to its rusticity, its high production in eggs, meat,
feathers, etc. with minimal maintenance costs, as well as its ability to avoid the action of predators
such as the fox, due to its ability to fly and spend the night in the trees. They can also be used as
biological control of pests, mainly in the places of revival of locusts, concentrating there the action of

the flocks in the appropriate times.

At present, it is in serious danger of extinction due to the abandonment in the countryside, which
constituted its main survival nucleus. Its promotion must be linked to programs of rural development

and sustainable use of natural resources

When grazing (2 or 3 days) after cattle, the following benefits are expected: Turkeys scratch, dig
and peck at the cow manure looking for larvae of parasitic flies that flock to the feces, thereby
eliminating large quantities of the parasites and reducing the possibility that the cows eat them by
accident. As they search of worms and insects to eat (scratching, digging and pecking the soil) turkeys
mix manure and soil together. They spread the manure, facilitating the recycling and thus increasing
the fertility and organic matter content of the soils. Turkey manure is rich in calcium (Ca), nitrogen
(N), phosphorus (P) and potassium (K), which can, in turn, increase the soil pH, making it more

adequate for growing highly palatable forage crops.

Fuente: ARCA
https://servicio.mapama.gob.es/arca/flujos.html? flowld=datosCensalesRaza-flow& flowExecutionKey=els2
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4. Land/soil management plan

In this section we describe the management plan that we follow in the 70 ha of the Spanish pilot site
(Mufiovela farm) to improve the soil and grass condition, what include the shift form continuous
grazing to the adaptive multi-paddock grazing system (AMP), the implementation of key lines in
critical areas, and barriers to halt soil erosion in large gullies. In this section we describe changes in
land uses for the objectives planned. In section 7 we will later describe the livestock management

following the AMP grazing scheme compare to the continuous grazing scheme. Map 2 shows an

overall distribution of the activities that will be carried out during the project.

Legend

E Continous grazing
Rotational grazing
D Irrigation crops
D Investigation areas
[ crops feed and forage
Pruning 2019
[=27 Pruning 2020
Key line
Hardwood-Ash
Spaced Q.ilex+Q.suber
Q.ilex+ Q.suber

smEnN

Drought-resistant species
Non drought-resistant species
Breeding Goldsmith beetle
Compost

Map 2 Overall distribution of the activities.
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4.1. Paddocks design

The trial in the demonstration site in Spain, Mufiovela’s farm, areas with the adaptive multi-
paddock grazing system (AMP) and areas with the usual continuous grazing system will be compared

(Map 3).

1. The AMP system area: will be practiced on 20.75 Ha, split in 10 main paddocks divided by
solid fences (Map 8). The paddocks were defined to alter the landscape as little as possible,
following existing fences and topographical features (water bodies, roads, ridges, etc.). Main
paddocks will be divided into sub-paddocks using moveable and/or electric fences. Each plot will be
grazed for few days followed by long resting periods to assure the full recuperation of pasture species
after very short periods of heavy grazing. Sub-paddocks definition criteria can be found on section 7

of this document.

2. The control area: this area will occupy 14.17 ha in 2 different zones: Zone A (a total of 4.67 ha)
are grasslands in wet riversides; and Zone B (a total of 9.5 ha) is a dehesa-type land use. The control

area will be grazed as usual, with continuous presence of cattle.

In all ecosystems we can differentiate two periods: the growing season, when there is vegetation
growing; and non-growing season when there isn't vegetation growing. The aims and critical
decisions are different in each season. While during the growing season the aim is to grow as much
forage as possible and the critical decision is recovery period, during the non-growing season the aim

is to ration out the available forage.

Besides a maximum dry matter production, diverse pastures that produce a variety of seeds,
leaves, stalks and roots, are essential for an equilibrated animal diet. Where an appropriate seed bank
is lacking, herbaceous plants will be seeded, laying emphasis on legume-rich permanent pastures
(mainly nitrogen fixers and protein producers such as clover and lucerne). For this reason, the sowing
of several zones has been planned (see distribution plan paddocks): Plots 1, 2, 3 and 4, located within

the rotational grazing area, and Plot 21 for Control herd.
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Map 3. Mufovela farm with area managed with rotational grazing (yellow) vs area managed with
continuous grazing (green).

Forage crops will be produced in agroforestry systems, combining annual with perennial (woody)
crops. Special importance will be given to woody crops with high palatability and medicinal
properties. The combination of traditional native pastures, tree brows and acorns, with novel sown
rich-legume pastures, fodder crops (e.g. double attitude triticale), and woody forage (leguminous shrub
species and others) will be designed to maximize the fodder autonomy of the farmers. Furthermore,
measures will be planned in order to improve soil health and production (e.g. reduced tillage/direct

seeding; abandonment of agrochemicals; application of high valued, organic manure and compost).
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4.2. Key Line design

A Key Line design will be developed, in order to mitigate soil erosion and compaction and
accelerate soil building and increase pasture productivity. The Key Line method is based on the
natural and anthropogenic topography of the landscape and makes use of specific contour lines (Key
Lines) in order to maximize infiltration and divergence of water on the farm. In this way, the risk of

water-logging is also reduced importantly.

The natural flow of water through Paddocks 1 & 2 are causing serious erosion in paddock 8.
Applying keyline in paddocks 1 & 2, (and its zone of influence, paddock 5 to 8) to stop erosion is the

first priority.

Map 4. Water runoff zones dviufiovela: Red circles indicates main erosion areas. Area bounded in
black indicates the keyline application area

After being implemented in these paddocks, results will be analyzed regarding soil humidity and

crop vields. If the methods are proven effective, Keyline may also be implemented in later years in
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paddocks 3 and 4. These paddocks are also eligible for application, but erosion is negligible, therefore

the application of keyline does not require the same level of urgency as it does in paddocks 1 & 2.

Map 5. Keyline design on paddocks 1 & 2, and its zone of influence, paddock 5 to 8

4.3. Other Anti-erosion Measures

In the parcel called Dehesa 3 there are various zones that feature ravines and gullies caused by
erosion over many years. As a result of the impact on the land from cows stepping and stomping, the
areas has not been able to regenerate. This zone is inside the control area where the animals maintain a
continuous grazing plan. To effectively address the erosion, the area will be fenced off so as to limit

the cattle from entering the area, allowing it to regenerate.

Each year, we will measure the depth of the gully using a vertical micro-topographic profiler,

which is easy to use and presents low costs.

Beyond this measures for the control of erosion, soil ploughing will be not anymore practices in

the plots that have oak trees to avoid any possible dissemination of the Phytophthora pathogen.
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Figure 5& 6. Gullies caused by erosion in the plot Dehesa_3

5. Forest management plan

5.1. Natural regeneration of Quercus ilex in wood pastures

Natural regeneration of Quercus ilexs expected in the wood pastures that will be managed under
the Adaptive Multi-Paddock (AMP) grazing scheme (20.75 ha; yellow area on Map 3) and already

have some mature trees (plots 5, 6, 7, 8 and 10, with a total of 8.78 ha; green area on Map 3).

Given that plots included in the AMP grazing scheme (Map 3) remain free of grazing for long
periods and are grazed for short periods, the livestock pressure on the oak seedling will be strongly
reduced giving an opportunity to those new plants. Given that new oaks grow very slowly, and they

are very palatable, livestock would have during years many opportunities to browse oak leaves,
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hampering the tree growth, even the survival at long term. So, a sufficient number of natural emerged
seedlings 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”;

Figure 7)°.
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Map 8.Map ofindicating the main 10 paddockswhich the AMP grazing area is organized.
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3 Gerardo Moreno y M2 Dolores Franco. Efecto diferenciaCéua jadaiifean la supervivencia de plantulas
emergidas y plantadas de er@irexqus ilgxEnCongresos Forestat2813.

4 Gerardo Moreno, MaBetomeu, Yonathan Caceres, Miguel Escribano, Paula Gaspar, Ana Hernandez, Maria Lourdes
Lépez, Francisco Javier Mesias, Sara Morales, Maria José Poblaciones, Fernando Pulido, GssamSdaetantatferian
dehesa. Contribution to Deliver&lilessons learnt from innovations within agroforestry systems of high natural and cultural value.
AGFORWARD Projéle:///C:/Users/Gerardo/Downloads/WP2_ES_ Dehesa lessons_learnt.pdf

5 https://protectorcactusworld.com

PREPARATORY ACTION A3 REPORT V.2. Salamanca, July 2019 - Page 22


about:blank
https://protectorcactusworld.com/

Figure 7. Thorny artificial protectors that has beshownas efficient lostost protectors by
AGFORWARD project.

To achieve a sufficient natural regeneration, at least a population of 40 young trees per ha needs to
be protected in the following 3 years. Within these 8.78 Ha, 1.2 ha have sufficient regeneration (the

former Forest_1 plot in Map 1). For the other 7.58 ha, a total of 303 young plants will be protected.

5.2. Artificial regeneration with Quercus ilex and Q. suber

Plots managed by grazing need to have trees for shading and sheltering animals (animal welfare).
Formerly rainfed arable land that are now included within the AMP grazing scheme (number 1, 2, 3, 4;
again 10.26 ha in total; Map 8) currently have no or have insufficient mature tree to allow a
satisfactory natural regeneration. For this plots, we include some trees in the perimeter, what will
provide shade and shelter in at least 50% of the subplots in which main plots will be divided for AMP

grazing.
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Map 9 shows the lines of the trees (50% Quercus ilex50% Quercus subgr Both species will be
planted alternated every either 10 or 20 m in the line. In these lines, a total of 30 Quercus ilexand 30
Quercus subewill be planted with 1-2 years old seedlings and then protected. These trees will have a
Cocoon from the Life Green Link project (Life 15/CCA/ES/0125)° to reduce the need of irrigations

(Figure 8).

Figure 8. Decomposable Cocoon §
(Life Green Link Life 15
CCA/ES/0125 used to maintain so
moisture across summer. y

5.3. Artificial regeneration with other woody species

Besides oak, this plan aims to increase the quantity of tree and shrub species in the farm. This is
done primarily to diversify the fodder resources for livestock. Fodder diversity improves livestock
nutrition, an important factor of animal health. As the species proposed are non-drought resistant, they
were planned for the low part of the farm, with deeper/wetter soils: Portugese oak (Quercts fagined,
Ash (Fraxinus angustifolius Mulberry (Morus spp.) and Common Hawthorn (Crataegus monogyna)

in the low part of the farm.

Given the high palatability of these woody species, the protection needs to be stronger and longer.
We plan to introduce these species in the interspace created among the old and new metallic fence

(Figure 9; Map 9)

6 http://thegreenlink.eu/en/home/
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Figure 9. Image of the interspaceeated among new and old fences where new woody species
will be planted

Legend
B Qilex+ Q.suber
W Spaced Q.ilex+Q.suber
W Drought-resistant species
1 Non drought-resistant species
Hardwood-Ash

Map 9. Plantations and lines of palatable trees and shrubs to be planted in Mufiovela: Plots: light
yellow plot with hardwood ash. Tree Lines: Red squares where Quercus ilex suge@planted
alternated every 10 m. Orange squares planted with same species every 20 m. In purple where other
droughtresistant species planted in the interspace created among new and old fences, and in green
squares for nomrought resistant species,salin the interspace created among new and old fences.
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In the 1021 m of the lineal plantation in the high part of the farm (purple squares in the Map 9),
and in the 210 m of the lineal plantation in the lower part of the farm (green squares in the Map 9),
Portuguese oaks and Ash trees will be planted interleaved every 10 m (60 trees of each species). In

between trees, a common hawthorns and a mulberry trees will be planted (60 plants of each species).

The plantation in these lineal interspaces will facilitate the irrigation that surely these plant species
will need in summer. Plants will be watered to survival, not to accelerate the growth. This means that
plants could need water twice in the first year and one in the second year. Plants will be irrigated using

the water tank used to drink animals in the AMP plots (Figure 10).

Figure 10. Portable water tank to
drink cattle and irrigate planted trees
in dry summers.

5.4. Hardwood plantation

In plot GRASS 1, with 1.1 ha, a total of 172 ash trees (Fraxinus excelsigrwill be planted at 8x8
m. One-years-old plants, of 60-80 cm height, will be used. Due to the proximity of this plot to a water
source and the presence of other trees in the proximity this becomes an area suitable for ash trees to
grow without the need of irrigation. The water and shade provides a proper habitat for this specie.
Therefore, young trees will be irrigated in summer with the tank (Figure 11) only if trees become
visually stressed. As this plot will be managed with grazing with sheep as silvopastoral systems and
ash trees are very palatable, trees will be protected to avoid browsing and trampling. Besides, the first
2-3 years, when branches are still low, this plot will be grazed only in winter, when trees have not

leaves.
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5.5. Pruning

Oaks are regularly pruned in dehesas with three different goals, the formation of high stemmed
trees with wide crown, what optimize acorn and production, to get energy (firewood, charcoal), and to
feed livestock in winter when grass productivity is minimal. Depending of the three size, different

types of pruning are applied: stem formation, crown formation, crown maintenance.

Pruning for stem formatiarthis is applied to very young trees, when a single stem is aimed. All

secondary stems and low branches (below ~1.5-2 m) are removed (Figure 11 & 12). This concern to
trees with DBH ranging from 7.5-10 cm (diameter at breast height), what means ~ 50 oaks in

Mufiovela.

Pruning for crown formationthis is applied to young trees, with DBH ranging from 10 to 20 cm.

The objective at this size if to favour the formation of wide canopies (Figure 13), which can produce
lot of acorns, and many branches are accessible for livestock browsing. This concern to trees below 10

cm of DBH (diameter at breast height), what means 168 oaks in Mufiovela.

Figure 11 & 12. Pruning for stem formation
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and leaving lateral ones.

Pruning for maintenance of crown productivifiyhis pruning is regularly applied to mature trees

and different criteria/schemes are followed. Roughly two kinds of pruning are followed, an intensive

applied every 15-20 years (Figure 14), and a moderate applied every 10 or less years (Figure 15).

Figure 14. Images of pruning for the maintenance of crown productivity, removing more vertical
and less leafy branches. Hargense pruningthat removes ~2/3 of the branches (left) and more that
80% of the branches (right).
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Figure 15. Images of pruning for the
maintenance of crown productivity, removing
more vertical and less leafy branches. Here a

moderate pruninghat removes ~1/3 of the
branches.

Pruning for Crown Maintenance will concern up to 1060 trees in Mufiovela. Depending on the
state and the branching of each tree, mature trees of Mufiovela will be pruned with one or the other
scheme (moderate or intense). Based on the number and size of the oak trees, the allometric equations
published by Ruiz-Peinado et al (2012)’ that allow reliable estimation of branch biomass, applying

the pruning criteria above commented, the firewood produced is estimated on Dry Matter (Table 3).

PLOTS Trees Mean DBH Firewood Production (Kg)
N° cm per Tree per Stand per Year
CROP_1&3 17 58 1147.0 19499 1300
CROP_2&4 6 52.1 918.1 5508 367
DEHESA_1 32 442 371.2 11877 792
DEHESA_2 189 35.2 179.8 33973 2265
DEHESA_3 531 32.9 142.3 75575 5038
EXPER_REG 51 14.5 0.7 35 2
FOREST 1 125 27.3 59.9 7491 499
FOREST_2 110 21.1 15.2 1669 111
TOTAL FARM 1060 314 154835 10322

Table 3. Estimation of firewood resulted of the pruning of Mufiovela trees. Data by plots (Map 1)

7 RuizPeinado, R., Montero, G., & Del Rio, M.B@0i23s models to estimatewatocks for hardwood tree spEoiest
system21(1), 452.
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Following the same allometric equations and criteria, the branch biomass produced is estimated on
94194.5 kg DM. If this biomass is reported by year, an annual production of branches available for

pruning is estimated on 6279.6 kg DM (Table 4).This yearly average is estimated for 15 years.

Branch Biomass, Biomass Available for Biomass Available for Pruning
Trees kg Pruning Produced per Year
50% 50% 50% 50%
Trees Trees Trees Trees
per per 213 (213 (/3 (213
PLOTS N° Tree Stand branches) |branches) | TOTAL | branches) | branches) | TOTAL
CROP_1&3 17 579,0 9843,0 1640,5 3281,0 | 49215 109,4 218,7 328,1
CROP 2 5 493,0 2465,0 410,8 821,7 1232,5 27,4 54,8 82,2
DEHESA 1 32 336,0 10752,0 1792,0 3584,0 | 5376,0 1195 238,9 358,4
DEHESA 2 189 213,0 40257,0 6709,5 13419,0 | 20128,5 447,3 894,6 13419

DEHESA 3 | 531 | 1860 | 987660 | 164610 | 32922,0 | 493830 | 10974 | 21948 | 32922

EXPER_REG 51 36,0 1836,0 306,0 612,0 918,0 20,4 40,8 61,2
FOREST 1 125 128,0 16000,0 2666,7 5333,3 8000,0 177,7 355,6 533,3
FOREST 2 110 77,0 8470,0 1411,7 2823,3 4235,0 94,1 188,2 282,3

-II—:OA-IF—{'?\\/IL 1060 188389,0 | 31398,2 | 62796,3 | 94194,5 2092,2 4186,4 6279,6

Table 4 Estimation of branch biomass resulted of pruning of Mufiovela trees. Data by plots (Map 1)

The pruning plan for Mufiovela’s farm was established taking into account the distribution of the trees

as well as their average DBH, and Tables 3 and 4.

Autumn 2019: The pruning will be carried out in the plots CROP_1&3, DEHESA 1, DEHESA 2
and FOREST 1. It is estimated that 363 trees will be pruned and the type of pruning will depend on

their DBH. The reasons to choose these plots are the following:

- CROP_1&3: The trees in these two plots present the highest average DBH, this means that these
trees are the oldest ones on the farm. There are few trees in these areas however, they need to be prune

to avoid the breakage of the branches due to their heavyweight.
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- DEHESA 1 & DEHESA_2: This two areas also present old trees and as it has been mentioned
before there is the risk of branch breakage. In these plots, the branches and leaves of the trees could
also be used to feed the animals to complement their diets. This will and save some money in animal

feed if there is not enough pasture in these plots in autumn.

- FOREST 1: This plot has been an experimental plot for the last decades and animals did not have
access to it until the Autumn of 2018. There was a high presence of oak regeneration which got
damaged by the animals. A stem formation pruning should be done to the trees that were no damages

and the trees were the damage is irreversible should be taken out of the ground.

Autumn 2020: The pruning will start in CROP_2 and DEHESA_3. In DEHESA_3 there are
around of 479 trees, mainly adults. This leads us to prune the trees in these plots in several years. A

maintenance pruning (1/3 of branches) will be done along eight years at the rate of 60 trees per year.

FOREST 2 and EXPERT_ REG will not be pruned due to the scientific investigation that these

plots are used for.

5.6. Liming and inoculation

In an exhaustive visual inspection of canopy, trunk and root (this later in a collection of 20 trees),
no symptoms of diseases (included root rot by Phytophthora were detected in any of the tree species
present in the farm. To do this work, we first measured (height and stem diameter) and individually
tagged 50 adult trees located in two subplots. Health status of these holm oaks, was assessed
considering both the aerial part and the root system. Although no symptoms of dieback disease were
found, certain crown transparency was evident. Besides, symptoms have been observed in many farms
in the region , a preventive action has been decided. Within the options, the soil liming has been
showed as a low-cost effective method to reduce the risk of oak infection by Phytophthora Soil
liming stimulates the germination of the spores of resistance in the absence of susceptible plants, so

effectively decreases its density. Although it does not completely prevent infection of oaks, does

8 http://saladeprensa.usal.es/node/42818
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reduce significantly the effects of the infection, decreasing the symptoms of the disease and, in
addition, induces a significant increase in the emission of new absorbent roots in comparison with
trees growing on non-limed substrate. These results point to an additional advantage of liming: trees
are better able to survive periods of high pressure of disease, despite the destruction of roots caused by
Phytophthord To maintain the level of protection, liming is recommended in the year 1, 3, 5 and then
every 5 years, with a dose of 1000 kg lime per ha (Figure 16). Liming is planned for plots named

Dehesa_1, Dehesa_2 and Dehesa_3 (Map 1), with a total of 16.8 ha.
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Figure 16. Application of lime to plot Dehesa_3 in winter 2018

Before liming and innoculation, six compound soil samples were taken in September 2017 to
analyse physical and chemical properties of the soils (three samples in each subplot). Soils samples
were analysed at IRNASA. The pH, a critical parameter for truffle production was found to be
approximately 6.5 at each subplot. After data analysis and interpretation, the amount of lime needed to
increase pH up to 7.5 at each subplot was estimated. Soil texture was equilibrated (sandy loam) and

optimal for truffle cultivation, with moderate content in clay.

Liming of the two aforementioned plots in order to increase soil alkalinity (pH) was carried out in

November 2017. This was the optimal time for liming, as lime is activated in the soil with the rainfall

https://www.juntadeandalucia.es/medioambiente/portélemab/\aefbientales/montes/gestion_forestal sostenible/equilibrios

biologicos/planes_de_lucha_integrada/podredumbre.pdf
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poured during winter and spring. Then in April 2018, the soils were tested again to know whether
liming had been successful. Soil pH increased up to 7.5 in one of the subplots but not in the other, that

only reached near 7.0. Additional lime was added at the time of soil inoculation.

Field inoculation of selected trees: Execution of 82 point inoculations (38+44 at each subzone) by

means of holes filled with optimized substrate (Figure 17), summer truffle inoculum and mycorrhiza
helper bacteria developed by ID Forest company. The first step was to mark the points with stakes,
scattered all over the subplots and at a distance from the tree trunk from 1 to 3 meters. Then,
Mufovela farm workers dug out holes with a soil borer. Holes were 25 cm in diameter and 50 cm
deep. ID Forest workers added optimized peat-based substrate with additives, mycorrhiza helper

bacteria and summer truffle (Tuber aestivuinspores into the wholes and covered them with local soil.

A metal grid was placed over each hole in order to avoid compaction from cattle and interference from
wild boars. Also, ID Forest advised Mufiovela farm workers about how to water (dose and frequency)

the plots during summer. Similarly, point inoculations with Pisolithus tinctoriusa fungal species with

a high colonization power, were done in four point inoculations at each subplot. In this case, holes
were enriched with Pisolithus tinctoriusspores obtained from wild mushrooms previously collected in

an area in high pH soil. . —
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Figure 17. Holes opening \ .8
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6. Waste management plan

A design for an improved waste management and strategy for adding value will be developed. The
materials will most likely be used within the same exploitation, or otherwise processed into sellable
products that will have a value elsewhere. The proteins and organic biofertilizer produced during the
process can be used directly within the exploitations as high value, alternative animal feed (for pigs
and poultry), and improvement of soils and pastures. Also, a design will be to production of

mushrooms through biomass substrates in each site to provide a close-to-market approach.

6.1. Edible mushroom production

The production of edible mushrooms is viewed as a commercial activity within the concept on
circular economy as it is based on the use of waste of oak pruning, currently neglected and fired on
site. In January 2019 ID Forest expects received 150 kg of holm oak woodchips, coming from
Mufiovela farm pruning waste, used as raw material (substrate) for the first test of mushroom
cultivation. Woodchips were sterilized in an autoclave and then poured with a source of protein (oat
bran), and finally were inoculated with shiitake mushroom mycelium. In total 30 substrate bags of 10
L each were prepared. From January 2019 until April 2019, shiitake inoculated blocks were incubated
under controlled temperature conditions (Figure 18). During this time the mycelium colonized the
bags completely and uniformly. In April 2019 ID Forest technicians took the incubated blocks into a
mushroom fructification room. Here, high humidity and controlled temperature allow shiitake
mushroom fructification out of the blocks (Figure 19). Mushrooms from each block were regularly

picked, dried and weighed in order to estimate of average yield per kg of holm oak pruning waste.
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Figure 19. Mushrooms growing

6.2. Composting waste from pruning

The pruning residues will be treated by co-composting with cattle manure, which is available on
the farm itself. The pruning remains will be crushed to promote composting. Two tests in parallel are
proposed with different mixing percentages. The first test will aim to treat the maximum amount of
pruning waste, while in the second treatment will use optimal mixing percentages for the composting

process. For the calculation of these mixtures, an elementary analysis of the carbon/nitrogen ratio of
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the available waste will be carried out. The tests will be carried out at the facilities of the Mufiovela
estate. The collaborators of IRNASA will execute these tests, under the supervision and control of
Egbert Sonnneveld (Volterra). Depending on the C/N available in each type of waste (pruning
residues, manure) they will be mixed to generate an ideal C/N balance (29 -30:1 for optimum compost,

38-39:1 for optimum use of wood).

The composting will be done in a composter built for this purpose, reusing materials. In Figure 20
you can see this type of composter. During the composting process the temperature and humidity of
the substrate will be controlled. Material aeration will be done every week. The tests will begin in

September-October 2018.

Figure 20. Palletcompost bin

6.3. Breeding of Cetonia Aurata

The natural presence of the goldsmith beetle (Cetonia aurata Figure 21) that would potentially
thrive on chipped biomass waste and produce high protein larvae. Pruned remains (2-3 months) and
composted (6-9 months) will be used to breed "rose chafer" (Cetonia Auraty For the breeding of this
beetle, the material from composting mixed with soil and fallen leaves will be used as a substrate. The
breeding will be done in well ventilated plastic containers. The temperature will remain between 22-

25°C, while humidity will remain between 30-50%. The feeding of adults (and as a supplement and
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sources of water for the larvae) will be fruit, which will be removed after 2-3 days to control the mite
and Drosophila pests. Larvas L3 (Figure 22) will be collected and will serve as protein feed for

animals.

Figure 21 & 22. Adult goldsmith beetle (Cetonia aura{@da).Larva L3 Cetonia Aurata (drcha

As well as the composting tests, the Cetonia breeding will be carried out at the Mufiovela farm,
under the supervision of Egbert Sonneveld (Volterra). Jose Luis Hernandez (IRNASA-CSIC) will
supervise the feeding tests of the turkeys with the larvae. If the population of the beetle is successful
(large enough to be a consistent source of food), analyses of the larvae (protein and amino acid
content) will be carried out to determine the nutritional quality and benefits of the larva versus the

conventional feed.

7. Livestock management plan

7.1. Multi-species grazing system

In the project Regenerate, we implement and test a multi-species rotational grazing scheme. It is
important to synchronize the herds” reproduction needs with the seasonal production of pastures,
fodder and forage. Furthermore, the healthiest and most productive individuals of each herd will be
identified and selected for further breeding, in order to acquire a herd that is well-adapted to the local
environment. In order to take full advantage of the available resources, the project seeks to develop a

multi-species rotational grazing planning.
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Multispecies grazing refers to grazing by two or more species of grazing animals on the same land
unit, not necessarily at the same time, but within the same grazing season. Multispecies grazing
provides a great opportunity for optimizing use of plant species on a pasture, as different livestock
species prefer different plants. This maximizes forage utilization, translating into higher animal
production rates per acre, lower costs of production and better returns for producers. In this project the
trial sites will rotate at least 3 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. Some grazing strategies that are used with
multispecies grazing are:

e Mob grazing: all the animals are run as one group.

e Leader/follower grazing: one flock/herd is run through a paddock first, then a second flock/herd
runs through the same paddock immediately after. The stock with the highest nutrient
requirements has first access to the paddock, while the stock with lower nutrient requirements
follow, grazing the sward down closely.

e Alternated grazing: a variation of the previous system. One type of animal is run during one

period over a group of paddocks, then another type of animal is run at a later period.

The election for this project is the Leader/follower grazing, and the order is Bovine, Ovine and

Turkeys.

7.2. Adaptive multi-paddock (AMP) grazing system

This adaptive strategy that incorporates short grazing times with relatively high animal stocking
densities and long recovery period, to prevent overgrazing and to promote optimal plant communities
and protecting soils. The recovery period (RP) is the time that a grazed plant needs to recover to be
grazed again. Adequate recovery period during the growing season is necessary to conserve
rangelands and enhance their productivity. AMP grazing systems requires excluding grazing animals
from previously grazed areas for enough time to allow plants to regrow before they are again
defoliated. It could be different recovery periods during a year, one to slow growing condition and

other in rapid growing condition. Grazing period (GP): In AMP grazing system short grazing periods
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are promoted to avoid plant overgrazing, according to the second law of Voisin'®. If the grazing
periods are short enough the average defoliation intensity of preferred plants and the opportunity for
repeated use of previously heavily used areas tends to decrease. All decisions made regarding the

AMP grazing plan follow criteria established by the Savory Institute™.

A well-planned rotation of livestock improves animal impact, optimizes the utilization of
available pastures, secures a homogenous distribution of animal manure over the terrain and
guarantees resting periods long enough for the sward to recover after grazing. This in turn helps
accelerate soil formation, improve soil fertility and reduce soil compaction and erosion, which will

lead to a more prosperous pasture regrowth.

An adequate grazing planning will be developed twice a year: at the beginning of the season,
when most growth occurs (the growing season plan); and again, at the end when growth has greatly
slowed or stopped (the non- growing season plan). Each season should be planned differently. The
growing season plan is operrendedbecause you don’t know when growth will end or exactly how
much forage will grow. The non-growing season is closedin that you are rationing out a known

amount of forage (Figure 23).
Open-ended Plan Closed Plan

* *

Figure 23. Representation of
growing season andon-growing
season. Adaptation to Savory A.
and Butterfield 2016.

Forage Volume

Forage volume Non-Growing Seaso!
progressively

increasing

Reserve
—

Drought reserve forage
being used or new gi
and new plan underway

Forage volume
progressively
decreasing

10 Andre Voisin: André Marcel Voisin (7 January 1903 - 21 December 1964) was a French biochemist, farmer and
author best known for developing the theory of Rational Grazing (also known as Voisinism, Voisin Grazing or Rational
Intensive Grazing). He also lectured extensively on his theories in many parts of the world. His books have been
translated into 18 languages and reprinted many times.

11 https: //www.savory.global /
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7.3. Stocking Rates

The pastures and flock managed under the AMP grazing scheme will be compared with a similar
area of pastures and flock managed with current continuous grazing (Map 3). AMP grazing will be
practiced in 20.75 ha, split in 10 main paddocks (Map 8). Main paddocks will be divided into sub-
paddocks using moveable and/or electric fences. Each sub-paddock will be grazed for few days,
followed by long resting periods to assure the full recuperation of pasture species after very short
periods of heavy grazing. A group of 16 cattle and 1 bull will be selected as experimental units. The
control area will occupy 14.17 ha in 2 different zones: Zone A (a total of 4,67 ha) are grasslands in wet
riversides; and Zone B (a total of 9.5 ha) is a dehesa-type land use, and will be grazed as usual, with
continuous presence of cattle with a similar stocking rate calculated for the whole year. An adequate
stocking rate is calculated taking into account the number of animals available and the number of

paddocks to create a planning of livestock rotation.

Bovine On July 1, 2019, there were 27 mother cows and 2 stud bulls. A group of 17 cattle (16
mother cows and 1 stud bull) are selected as AMP experimental units to graze in the trial plots
according to the AMP system. A group of 12 cattle (11 mother cows and 1 stud bull) will be selected
as control group, and will graze in the control plots according to a continuous grazing scheme with a

similar stocking rate average (calculated for the whole year) to the AMP group

SheepA group of 10 sheep (9 sheep and 1 ram) will be selected as AMP experimental units to

graze in the trial plots according to the AMP system.

Turkeys A group of 5 turkeys (4 females, 1 male) will be selected as AMP experimental units to

graze in the trial plots according to the AMP system.

The resulting stocking rates are 17.4 UGM/ 20.75 Ha (0,845 UGM/Ha) for AMP and 12.22
UGM/14.17 ha (0.862 UGM/ Ha) for Control. The calculated stocking rate is represented as an annual
average and in both areas they are similar on one-year period to retain the comparability of the results.

In the control group, the stocking rate will be the same throughout the whole year. However, in the
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AMP group, one paddock in particular may have a very high stocking rate while the animals are

rotating through it, however during the period of rest the stocking rate will be zero.

PADDOCKS Total Surface, Ha | Original Crop Type AMP grazing

1 3,03 Crop (Barley) Long term pasture sown
2 3,32 Crop (Barley) Long term pasture sown
3 1,76 Crop (Barley) Long term pasture sown
4 2,15 Crop (Barley) Long term pasture sown
5 1,45 Dehesa Natural pasture

6 1,35 Dehesa Natural pasture

7 1,57 Dehesa Natural pasture

8 1,9 Dehesa Natural pasture

9 1,54 Alfalfa Grass-legume mixture
10 2,68 Dehesa Natural pasture
TOTAL 20,75

Table 5. Paddocks size (ha) in the AMP grazing system, original crop type and AMP use.

AMP GROUP CONTROL GROUP
Calf Shee Calf
Bull | Cattle <6 months Ram 0 Lamb Bull |Cattle <6 months
Number | T | 16 16 1 1 9 9 1 | 11 11
UGM 1 | o066 0,36 009 | 007 | 004 | 1 | o066 0,36
Value
Total
sy 1 | 1056 | 576 009 | 063 | 036 | 1 | 726 3,96
TOTAL
1o 174 12.22

Table 6 TOTAL UGM (units of large animals) on AMP group and CONTROL group.

7.4. Definition of fixed paddocks and movable subpaddocks
Frist we have to define small subpaddock taken into account the following technical criteria:
e Paddock Size

e Number and type of animals to be housed in it.

e Orography of the paddock
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e FEasy access for machinery.

e Presence of trees that provide shade to animals: the presence of shadow favors animal welfare

and allows greater weight gain.
e Proximity to water supply points:

e Paddock form: The square is the ideal form of the plot, because for the same surface, the
perimeter is lower. Therefore, the cost of the fences will be lower, and the time required for
their installation is also less. Subpaddocks with width-long relationships greater than 1:3

increase the effects of social hierarchy of animals.

e Bibliography: different authors** recommend a number of divisions higher than 30 to prevent

pasture overgrazing.

The first year, AMP grazing zone will be dividing in 44 subpaddocks (Map 10):

Table 7 Distribution and extension of main paddocks (10) and subpaddocks (44)

PADDOCKS Total Sub- Subpaddock average
Surface paddocks surface, Ha
Ha
1 3,03 7 0,43
2 3,32 7 0.47
3 1,76 4 0.44
4 2,15 5 0,43
5 1,45 3 0,48
6 1,35 3 0,45
7 1,40* 3 0,46
8 1,9 4 0,47
9 1,54 3 0,51
10 2,68 5 0,53
TOTAL PADDOCKS 20,58 44 0,46

* Total surface with water pond: 1,57 Ha

12 Gholamreza Sanjari, Hossein Ghadiri, Bofu Yu: Effects of time-controlled and continuous grazing
on total herbage mass and ground cover. Journal of Agriculture and Rural Development in the Tropics and
Subtropics. Vol. 117 No. 1 (2016) 165-174

Pinheiro Machado, Luiz Carlos: Pastoreo racional Voisin: Tecnologia Agroecolégica para el tercer
Milenio. 2004. ISBN 950-504-576-X. pg 113.
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Paddock 1-2'scheme ¢ Paddock 3-4

Paddock 7

Paddock 9

Map 10. Distribution and extension of
main paddocks (10) and subpaddocks (44)
in the AMP grazing zone Paddock 10
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7.5. Rotational grazing Plan

Timing and planning in a chart™® or spreadsheet (in this case using one provided by the Savory
Institute) is the key to holistic planning of grazing. In Mediterranean ecosystem we can differentiate
the growing season when there is vegetation growing (open period) and non-growing season (close

period) when there isn’t vegetation growing.

7.5.1. Growing season (open period)

On Mufiovela’s farm, the growing season in a meteorological normal year is estimated from mid-
October to mid-June, with a winter interval of growth slowdown from the beginning of November to
mid-February. During the first years of the project it will be necessary to produce fodder in cropland,
since pasture production will not be sufficient to feed the flock. It is also advisable to produce a

minimum stock of forage for when extreme climate conditions limit the pasture production.

With this objective, in November 2017 a meadow was implanted in the area corresponding to
paddocks 1 to 4. This meadow has not had the expected production, since the lack of rain that occurred
in the area during the autumn months did not allow its correct development, and caused that in the
meadow other less palatable species for the animals were developed. On the same way, on October
2018 a grass/legume mixture will be implanted in the Paddock 9, which as irrigation will be allowed to
be grazed at the end of winter. Therefore, in September 2018, all the animals existing on the farm were
introduced to graze all the existing herbaceous vegetation, performing a "cleaning" of the unwanted

species, and also having enough time to get enough production of grass in the rest of paddocks.

On the other way, paddocks 1 to 4 may not be grazed in the first rotation, starting rotation on
paddock 5A, and finished on 10E. If not possible to complete the first rotation because there is no
sufficient herbage, animals will be introduced into any paddock that has herbage in optimal state to be

grazed, irrespectively of the grazing rotation scheme.

13 In Life Regenerate project will use the chart transferred by Alejab. AleJAB is a non-profit association that brings
together a network of agents of change in the agrarian field. It is part of the global network of the Savory Institute, being an
accredited node for the Iberian Peninsula and North Africa since December 2017.
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If no paddock is available for grazingbecause there is no herbage in optimal state to be graze, or

grazing would damage regrowth, there are two options depends of grazing period on each paddock:

Supplement animals on each paddock: animals will be fed on each paddock during the grazing
period, then will move to the next paddock and apply the same sequence (Graze the first days
and supplement the rest of days). This method will be chosen in the winter months, as there is
no vegetative growth of the pasture; the animals will stay more days in each sub-paddock, and
will be supplemented during the days indicated in the grazing plan. In this way, the possible
damage caused to the spring regrowth would be less, since the plant is not growing. On the

other hand, the slaughter paddock is allowed to recover.

Use “sacrifice” paddock: animals will be moved to a small lay of land where flocks can be
confined for a long period and fed with other foods produced on Mufiovela (hay, alfalfa, etc)
until there is enough grass available to continue the rotation in other paddocks.. These are
relatively flat paddock with a slight slope of 1% to 2% percent for drainage, should be dry,
level, with good access to animals and machinery. Such an area can be a vital part of a
rotational grazing system on limited acreage. For this we have selected the subpaddock 10D

and 10E, although each year of the project will choose a different sacrifice paddock

It could be different recovery periods during a year, one during the sloe growing period and other

during the peak of plant. On Mufiovela’s farm, an average Recovery Time during the slow growing

period (between November and February) is estimated on 180 days. Recovery time on the period of

the high plant productivity (from March to June) is estimated on 30 days. Those initial Recovery

Periods will be recalculated at the end of the first year of the project according to the results observed.

Grazing period is related to recovery period and division numbers or paddocks

GRAZING PERIOD (GP)= RECOVERY PERIOD (RP) / (N° OF PADDOCKS - 1)

The calculated grazing period for open period ranges between 2-10 days (depending on number of

paddocks available)
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Planning of growing season (open period) in Mufiovela’s Farm has been carried out following the
holistic management methodology proposed by the Savory Institute. This institute has prepared a
series of documents™ (books, e-books etc) that explain in detail how to plan a rotational grazing
system. ALEJAB, the Spanish representative of Savoryglobal, has facilitated this informational
material to IRNASA and Volterra technicians to develop close and open period management plans. A
screenshot of the Open Management Plan can be seen below. Refer to the accompanying Excel for a

more in-depth view.

Plan de Pastoreo y Planilla de control
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Figure 24. AMP grazing open period chart

14 Manejo holistico: una revolucion del sentido comun para regenerar nuestro ambiente
Autores: Allan savory, Jody butterfield. Editorial: CABLE A TIERRA. ISBN: 9789874684202.
E books: https://savory-institute.myshopify.com/collections/e-books-espana
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7.5.2. Non-Growing season (close period)

The objective of a closed planning is to ration the forage during the non-growing season while
maintains the best nutritional plan possible for animals. The summer non-growing season in a

meteorological normal year is estimated from mid-June to mid- October.

The forage available™ on grazing surface at the end of the growing season must be quantify. To
estimate the amount of forage in a pasture without collecting all the forage, many different methods have

been developed. These methods can be divided into direct and indirect methods.

- Direct methods: collecting a sample of the pasture and then estimating yield.
0 Exclusion areas
0 Exclusion cages
- Indirect methods: rely on one or more plant characteristics to provide yield estimation.
o Pasture ruler
0 Rising plate meter

0 Sward height stick

Grazing exclusion cages are one of the most effective tools for observing grazing utilization. The
cages exclude grazing animals from a small representative area so that grazed vegetation outside the cage

can be compared to ungrazed vegetation inside.

The aim of a recent study’® (2015 year) on Mufiovela’s was to describe the behavior of ‘morucha’
cattle in a dehesa in the province of Salamanca using GPS technology and to determine the possible
relationship with the pasture biomass production. The results of the study (see below) can be a good

starting point to estimate pasture production on AMP grazing areas.

15 The production of natural pastures freatideargas in the sewtst of the Iberian Peninsiglagsa) is limited both in quantity
and quality, with annual mean values of 1,440 kg / ha of DM and 10.3% of gross protein (PB). and 55.2%aofdldetébility of Or
(BMD). When the pastures are improved, with phosphoric fertilizatiomstrodudtiothef species plus phosphoric fertilizations, the
productions increase reaching 2,500 kg / ha of M.S., with 12.6% of P.B. and 60l2#eifdd. WOARASTOS . 221 (12): 131
156, 1990991

16fiMej ora del a p r o v eatutalasmyieleandintentd groductive delrvacena descarre en sistemas de produccion
extensiva mediante |l a implantaci-n de | as tecnoVamez®ds de | &
Aldana, J.L. Hernandez, R. Addydsarcia. Innovacion Sostenible En Pastos: Hacia una Agricultura de Respuesta al Cambio Climatic
2016. Libro de actas 552 Reunién Cientifica de la Sociedad Espariola para el Estudio de-B82Pastos, pg 387
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- e
Produccién 3844 £ 516 1706 £ 190
(kg/ha)
Especies Bromus Hordeum
Festuca rubra Trifolium glomeratum
Lolium multiflorum Chamaemelum nobile
Trifolium glomeratum
Trifolium pratense
Medicago lupulina
Plantago lanceolata
Arbolado NO DISPERSO

| ZONA 3 |

2269 £ 765

Hordeum
Trifolium sp

DENSO

Dactylis glomerata
Plantago lanceolata
Trifolium sp.

Vulpia bromoides

DENSO

Figure 25. Representation of the movements of the animals throughout the day: the hours indicate the
position of the animals @hat time; the arrows with continuous line indicate the movements from 0:00 to
18:00 and arrows with dotted line the reverse way; the stars they point to the two ponds of the farm.
Grass production (dry matter, mearstE, n = 3) and main species in thaur sampling areas

The visual estimation method can be a good choice to determine the production of forage mass

because it is practical, fast, non-destructive and inexpensive, which allows the researcher to assess large

numbers of samples'’. A well training observer can visually estimate a “theoretical” plot that would feed

one cow per day. This visual reference can be compared with the pasture in the exclusion areas'® that

have been established in several paddocks (P1, P2, P3, P9 and P10) and that have not been grazed during

the open period, and with the stocking density that have had the plots where these exclusion zones are

located. Then we must calculate the grazing period on each subpaddock and determinate if the pasture

amount we have is enough to face the rotation on closed period.

17 Soriano et al., 2013.

18 There are various methods to estimate the mass production of forage in pastures:
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Planning of non-growing season (close period) in Mufiovela’s Farm has been carried out following
the holistic management methodology proposed by the Savory Institute, and a management template for
the close period has been prepared. A screenshot of the Close Management Plan can be seen below. Refer

to the accompanying Excel for a more in-depth view.
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Figure 26. AMP grazing close period chart.

The comparison among the two grazing scheme will be initiated in autumn 2018, and will be
monitored for at least 2 consecutive years. During the first year of the project it will be necessary to
cultivate feed crops, since the production of natural grass will not be enough to sustain animal
production. It is also advisable to produce a minimum stock of forage for when the extreme weather

conditions limit the production of pastures.
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8. Dissemination of Practices

The following information will be included in the training activities:
To avoid dispersion of Phytophthoraspp.

- importance of disinfecting pruning materials. If an external company carries out the pruning, they
must be instructed to comply with this method

- plowing less or not as deep can decrease infection

- application of truffle traps to fortify roots and necessary criteria: distance, depth and strategic

inoculation points
Guidelines to reduce water logging or swamping

- use keyline where possible which helps spread the accumulation of water across the soil
- in low-lying areas, prone to swamping, plant productive bushes/trees to use for fodder or as

biomass.
Early detection of Phytophthora

- when the kit is finished, early detection methodology will be shared

9. Annual update

This management plan will be updated by all partners on a yearly basis.
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10.

Name of the

beneficiary

Name of the person

Concrete role in the

project

Scientific manager -

Role and tasks developed by each person of the project staff

Tasks developed

Assistance for the design of

practices and trials

UNEX Gerardo Moreno Marcos Senior researcher Leading the edition of the
deliverable
Project manager until Providing input on finances and
. . . . 22/10/2018 — Deputy o -
UNEX Francisco Javier Mesias Diaz PrO; - market opportunities, assistance
roject Director - o .
. with trial design
Senior researcher
Project manager from | Assistance with economic aspect
UNEX Miguel Escribano Sanchez 22/10/2018 — Senior | of trial design
researcher
UNEX Fernando Javier Pulido Diaz Senior researcher Support trial design for all sites
UNEX Guillermo Gonzalez Bornay Senior researcher Support trial design for all sites
UNEX Ma del Pilar Romero Technical Staff / Support trial designs
Fernandez Admin Staff
Participate in trial design for all
UNEX Paula Gaspar Garcia Senior researcher sites, communication with other
partners
UNEX Maria Catalan Balmaseda Technical Staff Providing support trial designs
Coordinate VOLTERRAs input
VOLTERRA Project Manager until | regarding AMP, compost,
(affiliate Egbert Sonneveld - .
September 2018 pruning, vegetal regeneration to
Blonk)
the management plan
Responsible for planning and
VOLTERRA | Ignacio Martin Technical Supervisor draftln_g of Management plan .
regarding AMP, new tree species
and alternative income streams
Coordinate VOLTERRA's input
VOLT_ERRA Project Manager from | regarding AMP, compost,
(affiliate Sven Kallen . .
September 2018 pruning, vegetal regeneration to
Transfer)
the management plan
Supervision of design of field
trials, design of trial for
CsIC José Luis Hernandez Mulas Project manager Salz_amanca_sne, assistance with
design of livestock management
schemes, coordination with UEX,
Volterra and ID Forest
Design of trial for Salamanca and
csIC Ignacio Santa Regina Senior researcher assistance to other partners with
Rodriguez design of livestock and waste
management trials.
Providing inputs soil and micro-
CsIC Alvaro Péix Geldart Researcher soil organisms assistance with trial
design.
Raquel Arroyo Palomares Farm operational Compiling collected data, design
CsIC RIS
manager of trials livestock and cropland
CsIC Cesareo Perez Rincon Junior researcher 2 Assistance with trial desings
CsIC Martha Elena Ramirez Bahena Pro_Ject manager Support trial design
assistant
ID-Forest Jaime Olaizola Suérez Project Manager Technical support trial design

forest management practices and

improvement of tree health.
Supervise trial design waste
management
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