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Executive summary
This deliverable presents the results obtained from monitoring of the pilot experiences
during the first-year activities carried out to monitor the action C3. The pilot experiences
were implemented by the end of 2019 and beginning of 2020 in Catalonia and La Rioja.
The setting of monitoring variables was performed in the middle of 2020, the first
monitoring campaign has been realized in October 2020 and the second campaign in
July 2021. Following the monitoring protocol explained in Deliverable 10 (Aranda et al.
2020), this document presents the first results obtained in the pilot experiences in
vineyards in La Rioja and Catalonia.
The first section is a short introduction to the deliverable, with a briefly description of the
pilot experiments and the main objectives of this deliverable. The second section
summarises the monitoring protocol, to have a quick overview of the monitored variables
in Catalonia and La Rioja. The third and fourth sections detail the results of the first-year
preliminary results of the variables measured in both sites of Catalonia and La Rioja.
Finally, the fifth section summarizes the main outcomes found in the first monitoring
campaign.
We have tried to define accurately all the activities that have been carried out this year
and that will be carried out in the following four years before evaluating the adaptation
measures implemented. We have presented the preliminary results of all the
environmental variables that are been measuring and also all the variables that are going
to be measured, with different methodologies, timings, and protocols: (i) soil properties
(soil analysis and soil moisture, soil microbial biodiversity), (ii) vineyard production (total
production, grape quality, wine quality), (iii) hydrological and sedimentological response
(infiltration rates, sediments, times to response), and (iv) site meteorological conditions
(air moisture and temperature, rainfall).
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1. Introduction
The main objective of the LIFE MIDMACC project is to promote adaptation to climate
change through the implementation and testing of different landscape management
measures in mid-mountain areas of Spain: scrubland clearing, forest management and
different assays in vineyards in three study areas (Aragon, La Rioja and Catalonia).
The demonstrative activities have been performed in different pilot sites representative
of Mediterranean mid-mountain areas. Once the demonstrative activities have been
installed, a monitoring network has been designed, implemented, and started. The
objective of the monitoring is to evaluate the efficiency of the demonstrative activities
to improve the adaptation capacity to face climate change threatens and to improve
the socioeconomic development of the mid-mountain areas where the landscape
management measures have been implemented.
In this report, we present the preliminary results of the monitoring network related to one
of the landscape management practices considered in this project, that is, the promotion
of mountain agriculture by means of vineyards (few crops can grow and produce in these
conditions and only the vineyard offers a high added value; besides, this also an
adaptation measure vineyard to increasing temperatures). Adaptation measures consist
both in the conversion of scrubs into vineyards and in the adaptation of agricultural
practices to climate change conditions in long-established vineyards, with the purpose
of improving the restrictive environmental conditions for agriculture in the mid-altitude
Mediterranean mountains. Specifically, the adaptation agricultural practices tested are:
use of spontaneous cover crops vs. conventional soil management (tilling, herbicides,
mechanical weed removal), use of terraces vs. hillslope cultivation, and vase formation
vs. trellising. Most of these adaptation measures were already present in the pilot sites:
the specific sites were selected together with local stakeholders according to their own
interests.
The monitoring network implies the establishment and monitoring of a set of
permanent monitoring plots and monitoring instrumental with a triple objective:
- To assess the adequacy of the actions implemented to achieve the objective of
improving the adaptation capacity to climate change of mid mountain areas
agriculture as a means of adaptation to climate change.
- To evaluate the consequences derived from its application in maintaining
productions and/or improving end product (wine) quality.
- To assess the effects of these practices on soil carbon sequestration, soil
microbial biodiversity, and hydrological and sedimentological response (infiltration
rates, sediments, times to response).

Deliverable 15. Report with the 1st year monitoring results implementation C3 action
4

2. Summary of the monitoring protocol
Deliverable 10 (Aranda et al., 2020) collects all aspects related with the monitoring of
pilot experiences. Following, Table 1 summaries the monitored variables in the vineyard
pilot experiences in Catalonia and La Rioja. A detailed description of each variable, the
means to measure, frequency and specifications can be consulted at Aranda et al., 2020.
Table 1. Summary of the monitored variables in the vineyard pilot experiences in La Rioja and
Catalonia.
Variable

Measured variables

Soil
characteristics

Field bulk density
pH and electrical
conductivity
Total carbon concentration
Total nitrogen
concentration
CN ratio
Carbonate content
Organic carbon
Soil organic carbon and
nitrogen stocks
Organic matter
Organic phosphorus
Soil texture
Characteristic soil moisture
curve (Saturated soil
moisture, field capacity and
wilting point)

Soil

Soil water content (SWC)
Soil Temperature (15 cm)
Soil moisture and
temperature

Soil Microbial
Biodiversity

Short-, mid- and long-term
effects on soil microbial
biodiversity of land use for
vineyard establishment.
Five replicates per sample.
Samples taken end of
spring, at veraison.

Methodology

Periodicity

Soil sampling
Soil analysis

See Table
2 below

Catalonia: Humidity sensors
Teros 10, Teros 11 (Meter)
and data-loggers ZL6 (Meter)
La Rioja: Humidity sensors
S-SMC M 005 humidity
probes and data-loggers
U30-NRC Meteorological
Station HOBO USB

Continuous
(20202024)

Soil microbiologic diversity
Bacteria and fungus
populations: DNA quantitative
PCR analysis (bacteria and
fungus population size) and
DNA semiquantitative Next
Generation Sequencing to
obtain Biodiversity indices
(Shannon, Simpson)

See Table
2 below
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Total grape
production
Grape Quality

Vineyard
production
Wine quality

Rainfall
simulation

Site
meteorological
conditions

Hydrological
response and soil
erosion
-

Meteorological
variables

Grape Kg per hectare
Grape color, Potential
Alcoholic strength, pH,
Total acidity
All relevant parameters
according to the
Compendium of
International Methods of
Analysis of Wines and
Musts of the Organisation
Internationale de la Vigne
et du Vin (OIV), such as
alcoholic strength, pH,
phenolic content… And
qualitative value evaluation

Information obtained from
wine growers and
winemakers

Yearly
2020-2023

- Runoff coefficient
- Infiltration rate
- Time to runoff
- Ponding time
- Wetting front
- Sediment concentration
- Sediment production
- Sediment detachment

Rainfall simulation
experiments

Seasonally
(2021 as a
wet and
2022 as a
dry soil
condition in
each plot)

Maximum temperature
Minimum temperature
Temperature
Relative humidity
Precipitation
Wind speed

Catalonia: Nearby
Meteorological Stations of the
Servei Meteorològic de
Catalunya (SMC)
La Rioja: nearby
Meteorological Stations
provided by the owners of the
Wineries (San Prudencio and
Vivanco); Temperature and
relative air humidity sensors
installed in the plots of the
project

Continuous
(20202024)
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3. Preliminary results of the 1st monitoring campaign
in vineyards in Catalonia
3.1. Monitoring results of the Soil
3.1.1. Soil characteristics
The first soil samplings were carried out in July 2020 in all plots in the three locations of
Catalonia region. At each monitoring plot, fifteen soil samples were sampled with an
auger from 10 to 20 cm. Soil samples were obtained in an X shape centred in the soil
moisture sensor location and covering mostly the whole plot. For analysis, samples were
grouped in threes according sampling proximity, to create five composite samples per
plot. All soil variables listed in Table 1 were obtained from these samples and some pilots
will be resampled according to Table 2. The 2020 analysis was sent to Eurofins analysis
laboratory, and we already have the results (Figure 1 and 2).
In La Rioja and Roses, samples have been obtained in mid-2021, together with microbial
biodiversity analyses, following the same procedure. This mid-2021 analysis was sent to
Eurofins analysis laboratory, and we do not have the results yet.
Table 2. Soil samplings for soil physical and chemical properties and microbiologic diversity
estimation along the project in the different sites. All samplings in the same year correspond to a
single sampling period (about veraison): number indicates number of plots sampled. *Extra
sampling in Espolla due to soil texture inconsistencies.
Site
Llívia (Catalonia)
Empordà Espolla (Catalonia)
Empordà Roses (Catalonia)
Tudelilla (La Rioja)
Clavijo (La Rioja)

2020
3
2*
0
0
0

2021
0
0
5
4
4

2022
0
0
0
0
0

2023
3
1
0
0
0

Total
6
3*
5
4
4

The 2020 analyses represent long time effects of vineyard establishment in the case of
Espolla, for the conventional soil management plot (C) and the long-established cover
crop plot (WE), and the initial conditions for the newly established cover crop (NC); in
the case of Llívia, samples represent the original conditions for a recently establish
vineyard (NV) and for a very recently established vineyard (VNV), with the nearby
pasture (P) representing original conditions.
Some plots will be resampled according to Table 2 to follow soil evolution under different
treatments (for recent or new treatments). For long established treatments (in La Rioja
and in some plots in Empordà), no resampling will be performed, and data will be
compared between plots representing different conditions.
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Figure 1. Box plot of soil characteristics variables in Espolla plot. Dark green boxes represent
Well Established Cover, light green boxes represent New Cover and brown boxes represent
Conventional Soil Management. The box portion of the box plot is defined by two lines at the 25th
percentile and 75th percentile. The two whisker boundaries are the 5th and 95th percentile.

The first preliminary 2020 soil results analyses are shown in Figure 1 (Espolla) and 2
(Llívia). In Espolla, NC plot (Espolla) shows higher values of macronutrients (N-P-K),
organic carbon and organic matter than WE and C plot. In general terms, NC soils
(spontaneous cover has only been allowed from 2019) have high values of
macronutrients and organic matter (Figure 1). Therefore, the soil impact in terms of
nutrients availability of a new spontaneous cover crop is lower than a soil conventional
management, which presents lower values of these nutrients. In the case of a
spontaneous cover crop allowed for several years (WE), the behaviour is quite similar
than C (Figure 1).
In Llívia, VNV has higher macronutrients than NV and similar organic carbon and organic
matter (Figure 2). As expected in a cattle grazing, pastureland shows higher values of
organic carbon, organic matter, and N. Therefore, the short and very short-term effects
of transformation of pastures to vineyard are decreases in organic matter, organic
carbon, and nitrogen soil availability, and for contrary, increases of P, K and N-NO3 in
the soil. We would expect this pilot to be more comparable to La Rioja pilots because of
the higher altitude and the short and very short terms effects of transformation from
croplands to vineyards.
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Figure 2. Box plot of soil characteristics variables in Llívia plot. Orange boxes represent New
Vineyard, beige boxes represent Very New Vineyard and dark green boxes represent Pasture.
The box portion of the box plot is defined by two lines at the 25th percentile and 75th percentile.
The two whisker boundaries are the 5th and 95th percentile.
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Another analysed variable is soil texture, which is in general, sandy loam and sandy clay
loam for all Espolla plots, and sandy clay loam for Llívia vineyards, except in pasture (P)
which is clay loam (Figure 3).

Figure 3. Soil texture triangle with all the samples from Espolla and Llívia plots. Different colours
represent the different agricultural practices.

3.1.2. Soil moisture
In Catalonia, a sensor network has been designed to monitor the evolution of the water
in the first 45 cm of the soil, as indicator of water availability for the vegetation and
recovery of soil functioning. The sensor network measures a single profile per plot at
three different depths: 15, 30 and 45 cm. Each profile site consists in three SWC sensors.
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Figure 4. Daily soil water content evolution from August 2020 to October 2021. Each rectangle
shows different sensor depth (15, 30 and 45 cm) and rainfall and soil temperature at 15 cm. Figure
4a shows Espolla pilot, Figure 4b Roses pilot and Figure 4c Llívia pilot. Legend colour are the
different agronomical practices. The water tap symbol represents water irrigation (only in Roses
plots).

Soil water content (SWC) at three different depths was measured in continuum from
August 2020 and here we present the results until October 2021 (Figure 4).
In Espolla pilot (Figure 4a) we observed that NC presents an intermediate state between
WE and C (tilling + herbicides), responding similarly to C in autumn (when the soil has
not yet been recovering from summer drought) but quickly reaching similar SWC to WE,
then following the same evolution till next spring, with C presenting lower values along
autumn and winter. In late winter (February-March) vegetation activation can be deduced
from a decrease in SWC in all plots, although much slower in C, which may be attributed
to the absence of green cover. Sensibility to spring rains is again intermediate for NC,
which joins SWC evolution of C by the end of spring till next autumn, when the cycle
repeats, which might be related to a still poorly developed green cover. It is expected
that NC will resemble WE more and more as its green cover develops.
In the Roses pilot, where combining vine conduction (Trellis vs Gobelet) and hillside
management (Slope vs Terrace) (Figure 4b), no clear pattern could be related with these
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conditions. The two plots presenting the lowest values shared no common factor: trellis
+ slope (TS) and Gobelet + terrace (GT). Some selective emergency irrigations or
unplanned water leaks from the emergency irrigation system might have distorted the
results (irrigation days are showed through the tap symbol). We are looking forward to
obtaining information from the irrigation (amount of water, dropper flow, duration…).
However, both terraces (Trellis Terrace - TT and Gobelet Terrace - GT) seem to be more
sensitive to spring rains as slope vineyards only respond near the soil surface. Gobelet
+ Slope (GS) is the least sensitive to spring and summer rains and keeps higher SWC
most of these seasons.
In the Llívia pilot, precipitation is much more frequent and higher than in the other pilots,
and the absence of a developed green cover and the small size of vines in the newest
vineyard (VNV, 1 year old vineyard) determine the evolution of SWC (Figure 4c).
Although deepest sensor is still sensitive to rain events all over the year, SWC is always
highest at this depth, revealing small water capture by vines. In the new vineyard (NV, 7
years old vineyard), higher canopy development, the presence of a spontaneous green
cover and a straw mulching in the vine row (also present in VNV, but not as consolidated
as in NV) result in a slower SWC dynamic, not so sensitive to rains but conserving more
soil water in spring and most of summer, even with presumably a higher water extraction
by vines.
3.2. Monitoring results of Biodiversity
Quantification of microbial population of Llívia and Espolla sites was performed by qPCR
assays. Five replicates of each different agricultural practices were extracted
independently and analysed in a Mx3000p equipment (Stratagene). Total bacterial
population (16S rRNA genes), ammonia oxidizing prokaryotes (amoA_AOB and
amoA_AOA genes of ammonia oxidizing bacteria and archaea, respectively) and fungal
population (ITS1 rRNA genes) were assessed (see Figure 5).
All vineyards present similar quantity of total bacterial populations (108-109 16S rRNA
gene copy numbers/g sample), but in general Espolla shows less total quantity. The
higher microbial population was observed in Llívia Pasture management. However,
Espolla presents a highest ratio of fungal population in all samples respect Llívia (38%).
Ammonia oxidizing prokaryotes are present in all samples of both sites. Nonetheless,
AOB populations are greater than AOA population. High nitrate levels are concomitant
with the highest AOB/Bac ratio: Espolla New Cover and Llívia New Vineyard. This fact
could be explained due to the activity of nitrite oxidizing bacteria (NOB) which on
depends on simultaneous AOB activity.
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Figure 5. Quantitative assays of microbial monitoring in Llívia (a) and Espolla (b) of different
agricultural practices. Total bacterial population (16S rRNA); AOB (ammonia oxidizing bacteria);
AOA (ammonia oxidizing archaea); total fungal population (ITS1 rRNA). Presented values are the
mean and SD of independent triplicates.
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Figure 6. Bar charts represent the ratio of each ammonia oxidizing prokaryotes (amoA from AOB
and AOA), and fungal population versus total bacterial population.

There are no results yet regarding the soil microbial diversity assessment conducted by
means of paired end amplicon sequencing (16S/ITS-Miseq). The results are expected to
be available at the last year of the project, as the soil samples will be sent all together by
the end of 2023 (to improve the diversity assessment being in the same run of
sequencing) to the sequencing provider for 16S rRNA and ITS2 paired-end amplicon
sequencing (Next Generation Sequencing, NGS). Currently, there are around 96 DNA
extracts from samples preserved to be sent (15 from Llívia and 13 from Espolla in 2020
and 25 from Roses and 40 from La Rioja in 2021). The next microbiology soil sampling
is scheduled to be in mid-2023, together with soil sampling for soil physical and chemical
properties (see Table 2). Therefore, we will not report the NGS-based soil diversity
results in this deliverable. For further information of the monitoring protocols, consulting
Aranda et al. (2020, Deliverable 10).
3.3. Monitoring results of Vineyard production
Central to the vineyard pilot experiences is to determine if adaptation of mid mountain to
climate change can be achieved through agriculture and more specifically through
vineyard establishment. Complementarily, the feasibility of vineyard migration to mid
mountain as an adaptation measure of the vineyard to climate change will also be
assessed. To answer both points, grape production per hectare, grape quality and, most
significantly, wine quality will be studied. As vineyard pilots are completely governed by
local stakeholders (wine growers, winemakers), data will be yearly obtained from them.
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Adaptation criteria have not been imposed to local stakeholders, which means they may
slightly differ from one site to another: conserving total production, wine quality or both,
or obtaining new wine profiles, such as ice wine or different aromas may be two different
strategies of adaptation, both for local wine growers and for winemakers of other regions.
At this moment, we have requested this information from the vineyard owners, but they
have not yet provided it to us. We expect to receive this data throughout 2022.
3.4. Monitoring results of Rainfall simulations
Land use and land cover determines the relationship between precipitation and both
runoff and soil erosion. The establishment of a vineyard, whether recent or long time,
affects the vegetation cover, which in turn affects interception and evapotranspiration of
the plants, and the soil properties, with significant consequences for runoff and soil
erosion. The use of different soil management practices, such as tilling, implementation
of cover crops, terraces, and others, will result in quite different hydrogeomorphological
effects. The objective of this environmental monitoring is to assess the effect of vineyard
establishment or the use of adaptive agronomic practices on the hydrological response
and soil erosion.
For this purpose, we have been carrying out rainfall simulation experiments (Iserloh et
al., 2012) seasonally in all monitoring plots and control plots (non-vineyard sites. Fennel
in Espolla and Pasture in Llívia) in Catalonia. The first in October 2020 (considered as
wet soil conditions) and the second in July 2021 (in dry soil conditions). A detailed
description of the rainfall simulations is described in Aranda et al., 2020 (Deliverable 10).
For Catalonia pilots, we have finished processing the 2021 samples, but data is still being
processed and therefore, the 2021 results are not shown. We show the results of the first
rainfall simulations conducted in October 2020.
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Table 3. All hydrogeological and sedimentological variables extracted from rainfall simulations in
Espolla, Roses and Llívia plots in October 2020. Simulations without runoff are represented in
Time to runoff variable with a NA (not available) and with a 0 value in Sediment concentration,
production, and detachment. RC: Runoff coefficient (mm mm-1), IR: Infiltration rate (mm h-1), TR:
Time to runoff (min), WF: Wetting front (cm), SC: Sediment concentration (g l-1), SP: Sediment
production (g) and SD: Sediment detachment (g m-2 h-1).
Agricultural
practices

Site

C

NC
Espolla
WE

F

TT

GT
Roses
GS

TS

NV
Llívia

VNV
P

RC
(mm mm-1)
0.10
0.39
0.48
0.03
0.01
0.08
0.00
0.08
0.00
0.00
0.00
0.01
0.02
0.00
0.00
0.00
0.13
0.04
0.06
0.02
0.01
0.12
0.02
0.04
0.01
0.01
0.02
0.11
0.03
0.29
0.35
1.11

IR
(mm h-1)
18.60
20.05
31.15
12.50
35.16
37.73
34.70
45.55
33.65
24.00
27.90
36.65
11.27
13.40
14.05
1.45
23.70
30.00
22.35
18.10
32.60
23.20
27.20
29.80
29.75
30.85
37.76
33.65
26.85
30.35
4.40
2.55

TR
(min)
5.9
3.5
3.4
4.9
8.8
11.0
19.3
2.9
NA
10.2
NA
7.7
16.6
NA
NA
NA
7.7
9.7
6.4
16.3
11.8
6.1
6.8
3.8
14.2
9.7
3.4
3.5
8.3
6.5
5.2
2.4

WF
(cm)
10
11
8
10
10
13
11
7
7
6
6
9
6
8
10
8
8
15
12
7
13
7
13.5
16
8
8
11
12
11
8
2
NA

SC
(g L-1)
1.01
0.32
0.54
0.30
1.70
1.82
5.11
0.85
0.00
0.54
0.00
6.77
11.81
0.00
0.00
0.00
2.02
5.22
18.25
18.74
5.84
1.76
3.16
1.03
5.07
2.56
8.04
2.45
1.03
12.13
0.36
0.23

SP
(g)
0.24
0.57
0.39
0.02
0.06
0.35
0.00
0.14
0.00
0.00
0.00
0.28
0.68
0.00
0.00
0.00
0.40
0.46
2.92
0.33
0.11
0.33
0.12
0.12
0.15
0.06
0.48
0.92
0.07
6.56
0.63
0.84
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SD
(g m-2 h-1)
5.10
12.27
8.55
0.39
1.29
7.56
0.06
3.06
0.00
0.09
0.00
6.06
9.76
0.00
0.00
0.00
8.64
10.02
63.30
7.14
2.40
7.05
2.67
2.52
3.30
1.23
10.44
19.83
1.56
141.99
13.68
18.18

Table 4. Mean hydrogeological and sedimentological variables extracted from rainfall simulations
in Espolla, Roses and Llívia plots in October 2020. All values have a n=3, except Pasture with
n=2. All values represent mean ± standard error. RC: Runoff coefficient (mm mm-1), IR: Infiltration
rate (mm h-1), TR: Time to runoff (min), WF: Wetting front (cm), SC: Sediment concentration (g l1), SP: Sediment production (g) and SD: Sediment detachment (g m-2 h-1).

Site

Agricultural
RC
practices (mm mm1)

C
NC
Espolla
WE
F
TT
GT
Roses
GS
TS
NV
Llívia VNV
P

0.32 ± 0.11
0.04 ± 0.02
0.03 ± 0.03
0.00 ± 0.00
0.01 ± 0.01
0.06 ± 0.04
0.03 ± 0.02
0.06 ± 0.03
0.01 ± 0.00
0.14 ± 0.08
0.73 ± 0.38

IR (mm h-1)

TR (min)

WF (cm)

SC (g L-1)

SP (g)

SD (g m-2 h-1)

23.27 ± 3.96
28.46 ± 8.02
37.97 ± 3.8
29.50 ± 3.74
12.91 ± 0.84
18.38 ± 8.66
24.35 ± 4.30
26.73 ± 1.92
32.79 ± 2.51
30.28 ±1.96
3.48 ± 0.93

4.2 ± 0.8
8.2 ± 1.8
11.1 ± 6.7
9 ± 1.0
16.6
8.7 ± 0.8
11.5 ± 2.9
5.6 ± 0.9
9.1 ± 3.1
6.1 ± 1.4
3.8 ±1.4

9.7 ± 0.9
11.0 ± 1.0
8.3 ± 1.3
7.0 ± 1.0
8.0 ± 1.2
10.3 ± 2.3
10.7 ± 1.9
12.2 ± 2.7
9.0 ± 1.0
10.3 ± 1.2
2.0

0.62 ± 0.2
1.27 ± 0.49
1.99 ± 1.58
2.44 ± 2.17
3.94 ± 3.94
2.41 ± 1.52
14.28 ± 4.22
1.98 ± 0.62
5.22 ± 1.58
5.20 ± 3.49
0.30 ± 0.07

0.40 +0.10
0.14 ± 0.10
0.05 ± 0.05
0.09 ± 0.09
0.23 ± 0.23
0.29 ± 0.14
1.12 ± 0.90
0.19 ± 0.07
0.23 ± 0.13
2.52 ± 2.04
0.74 ± 0.11

8.64 ± 2.07
3.08 ± 2.26
1.04 ± 1.01
2.05 ± 2.01
3.25 ± 3.25
6.22 ± 3.14
24.28 ± 19.56
4.08 ± 1.01
4.99 ± 2.79
54.46 ± 44.08
15.93 ± 2.25

All rainfall simulations last 20 minutes. In each experiment, several variables
characterizing the hydrogeological and sedimentological response are obtained: Runoff
coefficient – RC (mm mm-1), Infiltration rate - IR (mm h-1), Time to runoff -TR (min),
Wetting front - WF (cm), Sediment concentration - SC (g l-1), Sediment production – SP
(g) and Sediment detachment – SD (g m-2 h-1), among others. The following equations
have been used to calculate the hydrogeological and sedimentological variables:
𝑅𝑢𝑛𝑜𝑓𝑓 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 (𝑚𝑚/𝑚𝑚) =

𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 (𝑚𝑚) = 50 𝑚𝑚 ∗
𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 (𝑚𝑚/ℎ) =

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝐷𝑒𝑡𝑎𝑐ℎ𝑚𝑒𝑛𝑡

𝑆𝑜𝑖𝑙 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒
100

𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 (𝑚𝑚)
𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (h)

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑔/𝐿) =

(𝑔/𝑚2

𝑅𝑢𝑛𝑜𝑓𝑓 (𝑚𝑚)
𝑇𝑜𝑡𝑎𝑙 𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙 (𝑚𝑚)

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑔)
𝑅𝑢𝑛𝑜𝑓𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝐿)

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑔)
𝜋 ∗ 𝑟𝑎𝑑𝑖𝑢𝑠 2 (𝑚2 )
ℎ) =
𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (ℎ)

In Espolla C plot, the RC is higher than the NC and WE plots (Table 4). In parallel, the
IR is the lowest. On some occasions, C presents superficial crust which reduce water
infiltration. In the WE cover plot, we find lower runoff values than the NC plot, due to the
interception effect of water on well-established vegetation. Vegetation cause water
retention on the surface for longer and water has a better chance of infiltrating. In case
of fennel (F), there is no runoff as the soil is totally covered and protected by vegetation.
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But the IR is not the highest, so the difference must be in water intercepted or in
evaporation, which allows water retention on the vegetation, and therefore neither
infiltration nor runoff.
The SC in the runoff water does not vary too much between plots, although the variability
is greater in the WE and the F, and this is reflected in the SD (Table 3). There seems to
be a simulation in each case with much more sediment dragged per unit volume for a
similar runoff, which results in this pair of simulations giving higher runoff rates. We find
that, in correspondence with what happens with runoff, the SD is higher in the C plot.
Also, the NC has higher erosion values of SD than the WE, which has similar values of
F.
In Roses, SD has the highest values in the GS, followed by GT, TS, and TT. Differences
in SC play a very high role, which could point to a singular difference in soil surface
(different texture from the other plots or different cover condition or sloping direction...).
However, there do not appear to be any significant differences between vineyards with
different forms of planting. Regarding runoff, it is slightly larger in the TS than the TT. In
case of gobelet vineyards, runoff is higher in terrace than slope. There is apparently no
clear pattern in runoff in the case of the distribution of the grapevine in gobelet or trellis.
Both plots with higher runoff (TS and GT), coincide in being the two with the lowest soil
water content in the soil throughout the year (Figure 4), although this is not seen in the
infiltration, and runoff levels are very low.
The pattern in the IR is the same as with the RC, which is not at all expected. It should
be noted, however, that the RC is always very low, which leads to the question of whether
the differences in infiltration are not only due to differences in precipitation between the
four plots due to the wind. In fact, following the same pattern the RC and the IR have
already point out that an important component of the differences between treatments is
the difference in precipitation. If we represent the infiltration as a proportion of the rain
(data not shown), which eliminates this component, we can see that, except for TT, the
infiltration coefficient and the RC does follow a symmetrical pattern, when one goes up
the other goes down. An exception would be, as we have said, the TT. It has the lowest
infiltration coefficient and the lowest RC, making us wonder where the remaining water
has gone (the two of them only reach about 60% of the rain). The cover retention would
be ruled out by low coverage (only one of the three simulations reaches 60%, the other
two being below 10%, at the same level as other treatments. It was measured on a
different day from the rest, with wind, which would result in much less water reaching the
circle, although in the rain gauges the records are the highest in Roses (which, if true
that part of this water does not reach the ground, would contribute to lower the proportion
of both runoff and infiltration.) The other possible component is evaporation, stimulated
by the wind, which would justify the difference between infiltration + runoff on one side
and precipitation on the other. Higher wind values would increase evaporation.
In Llívia, the runoff was between 12 and 27 mm in the P plot and, on the other hand, the
VNV, with a bare soil, the rates are up to 4 mm (data not shown). In the VNV, there was
a straw cover, manually added, and almost no vegetation. In the NV, the runoff was very
low or practically non-existent. The cover in this vineyard is established based on low
cover and straw. SD is the result of the sediment transported per unit volume and the
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runoff produced. There may be a high runoff, but if it does not transport sediment, the
total erosion will be low, as happens in the Llívia pasture.
There is a high range in the SD in the VNV (between 0 and 142 g m-2 h-1 approximately),
while the SD in the NV is very low (Table 3). In the case of P, the SD is very stable
between measurements, around 15 g m-2 h-1. If we look at the data from the point of view
of SC, the P cover seems to protect very well from erosion, and very high runoff resulted
in minimal erosion that can exceed the NV one, which it has a lower SD. But, due to the
much lower runoff, and not to the concentration of sediment, which is higher than in the
P and similar with the VNV. The IR in Llívia is symmetrical with the RC, as well as happen
in Espolla, except for the F already explained before.
As we can see with the results of the rainfall simulations, there is a lot of dispersion in
the resulting data (Table 4). This would indicate that a significant effort should be made
to increase the sampling number for each agricultural practice.
3.5. Monitoring of site meteorological conditions
The registration of the meteorological conditions is key to understand the evolution of
previous variables along the project duration. In Catalonia plots, all three sites have
nearby meteorological stations of the SMC (Servei Meteorològic de Catalunya) or ICGC
in case of Llívia plot (since June 2021), sometimes adjacent to the plots (Table 5). This
publicly available information has been used to represent site meteorological conditions,
included rainfall in soil moisture figures (Figure 4).

Table 5. Reference meteorological station per experimental plots.
Site

Reference Meteorological Station

Espolla

Espolla (SMC)

Roses

Roses (SMC)

Llivia

Puigcerdà (SMC)* ICGC Llívia (since June 2021)

Clavijo

San Prudencio winery

Tudelilla

Vivanco winery
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The meteorological data is downloaded on a monthly basis at least. In Espolla station,
there is no wind speed data, and for this reason we do not show wind speed data here.
Regarding Puigcerdà station, we only have the precipitation data. We will request the
other meteorological variables from SMC and from ICGC too (Llívia station installed in
June 2021). Figure 7 shows the evolution of air temperature, air relative humidity and
rainfall in Espolla and Roses sites. Puigcerdà rainfall, used as a reference for Llívia site,
is represented in the Figure 4c.

Figure 7. Evolution of air temperature, air relative humidity and rainfall in Espolla and Roses
meteorological station from August 2020 to October 2021. The green line is air temperature, red
line maximum temperature and blue line minimum temperature.
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4. Preliminary results of the 1st monitoring campaign
in vineyards in La Rioja
4.1. Monitoring results of the Soil
4.1.1. Soil characteristics
In La Rioja, samples have been obtained in mid-2021, together with microbial biodiversity
analyses, following the same procedure. This mid-2021 analysis was sent to Eurofins
analysis laboratory, and we do not have the results yet.
4.1.2. Soil moisture
In La Rioja, humidity probes were installed in two estates corresponding to two wineries,
San Prudencio in Clavijo and Dinastia Vivanco in Tudelilla. In Clavijo, two vineyards are
compared according to their position on slopes or terraces, while in Tudelilla, vineyards
of different ages are compared. In both cases, a difference is also made between
vineyards with or without grass (Tillage) (Figure 8).

Figure 8. Experimental design for the monitoring of the vineyards.

Figure 9 shows the average daily series of the three Tudelilla vineyards: young, mid-term
and old. This is probably the area where most problems were encountered in obtaining
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the data. Firstly, the probes placed in the control plot had to be repositioned several times
because they were probably dug up by the fauna, almost systematically (gaps Nov-2020
to Dec-2020; March-April 2021).
The young vineyards are the only ones without missing data. In the case of the middleaged vines, there were two incidents. The gap in January-April 2021 was caused by
damage to the probes from tillage work in the field. In April 2021 the probes were
replaced and marked so that this problem would not be repeated in the future. From the
end of May 2021, the datalogger stopped receiving data due to a failure of the solar
panel. In November 2021, the installation of the solar panel was checked, and it was put
back into operation. Finally, in the case of the old vineyard, a gap was observed between
January and April 2021, also due to damage to the probes as a result of work on the
vineyard. The probes were reinstalled and marked to avoid future problems. Since then,
no further problems have been observed.

Figure 9. Soil humidity and precipitation in Tudelilla. Green: vineyard with grass. Red: vineyard
tillage. Blue: precipitation.

In general, there is a good correlation between rainfall events and soil moisture increase.
The time lag between the two series corresponds to the fact that the rainfall data are
from the E282 rain gauge station of the Confederación Hidrográfica del Ebro, located
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about 6 km from the experimental plot. We are waiting to receive the data from the rain
gauge of the Dinastia Vivanco Winery, which will improve the final results.
Throughout the project and when the complete series are available, the appropriate
analyses will be carried out to explain the differences between the different trials.
Figure 10 shows the average daily series of the two Clavijo vineyards: terrace and
hillslope. The precipitation data is recorded in the rain gauge station A197 in Leza, 1km
from the experimental plots.
In this case, continuous series are shown in the grassed and ungrassed experiments in
both areas and there is a very good response of soil moisture to rainfall events. In the
case of the soil moisture of the hillside control plot, it has not been possible to download
the data because they are in a closed plot and the owner has not yet provided us with
access. In both experiments, it can be observed that the soil of the grassy vineyards
maintains the soil moisture more. Particularly striking is the drop in soil moisture in the
vineyard without grass on the hillside, although the soil recharged considerably with the
last rains at the end of November.

Figure 10. Soil humidity and precipitation in Clavijo. Upper plot from the terrace and lower plot
from the hillslope plots.
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4.2. Monitoring results of Biodiversity
Sampling of soil for biodiversity was done in 2021. There are no results from La Rioja
yet, as explained in section 3.2 (last paragraph).
4.3. Monitoring results of Vineyard production
Central to the vineyard pilot experiences is to determine if adaptation of mid mountain to
climate change can be achieved through agriculture and more specifically through
vineyard establishment. Complementarily, the feasibility of vineyard migration to mid
mountain as an adaptation measure of the vineyard to climate change will also be
assessed. To answer both points, grape production per hectare, grape quality and, most
significantly, wine quality will be studied. As vineyard pilots are completely governed by
local stakeholders (wine growers, winemakers), data will be yearly obtained from them.
Adaptation criteria have not been imposed to local stakeholders, which means they may
slightly differ from one site to another: conserving total production, wine quality or both,
or obtaining new wine profiles, such as ice wine or different aromas may be two different
strategies of adaptation, both for local wine growers and for winemakers of other regions.
At this moment, we have requested this information from the vineyard owners, but they
have not yet provided it to us. We expect to receive this data throughout 2022.
4.4. Monitoring results of Rainfall simulations
In La Rioja, the rainfall simulation experiments were carried out in November and
December 2020, considered as wet soil conditions. Here we present the results of these
experiments. Although 3 experiments were performed per agricultural practice type (3
replicas), some results had to be removed because they seemed incorrect (e.g., RC >
1). This can be due to problems in either the rainfall simulation experiment (e.g., the
circular ring is not correctly fixed in the ground) or the post processing of the water
samples.
In Clavijo, none of the plots (control nor the vineyard in both hillslope or terrace) produce
runoff or sediment response, except for one experiment in the terrace covered with
scrubland (terrace control) (Table 6). This data is not sufficient to withdraw consistent
results so new experiments will be carried out in the next campaign.
In Tudelilla, the hydrological response was low and similar between plots, except for the
young vineyards where there was no runoff. Mean RC was 0.07 in the scrubland (control)
plot and 0.06 in the mid-term and old vineyard plots (Table 7). The response time was
however quite different, with slower response in the scrubland (mean TR = 25 min) and
much quicker response in the vineyards (mean TR < 5 min). There were large differences
in the sediment response, with the highest mean of SC, SP and SD in the mid-term
vineyard (0.88 g L-1, 0.30 g and 6.50 g m-2 h-1, respectively) and the lowest in the
youngest vineyard (no response). This could be due to the steep hillslope gradient of the
mid-term vineyard plots (> 20%) compared to the rest of the plots. More experiments
need to be carried out (especially for the scrubland, with only 1 replica) in order to obtain
more robust results.
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Table 6. All hydrogeological and sedimentological variables extracted from rainfall simulations in
Clavijo and Tudelilla in November and December 2020. Simulations without runoff are
represented in Time to runoff variable with a NA and with a 0 value in Sediment concentration,
production, and detachment. RC: Runoff coefficient (mm mm-1), IR: Infiltration rate (mm h-1), TR:
Time to runoff (min), WF: Wetting front (cm), SC: Sediment concentration (g l-1), SP: Sediment
production (g) and SD: Sediment detachment (g m-2 h-1).

Agricultural
RC
IR (mm h-1)
practice
(mm mm1)

Site

Hillslope
control

Hillslope
scrubland
Clavijo
Terrace
control

Terrace
scrubland
Scrubland

Young

Tudelilla

Mid-term

Old

TR (min)

WF (cm)

SC (g L-1)

SP (g) SD (g m-2 h-1)

0.00

30.58

NA

10

0.00

0.00

0.00

0.00

50.81

NA

10

0.00

0.00

0.00

0.00

35.85

NA

10

0.00

0.00

0.00

0.00

14.78

NA

1.5

0.00

0.00

0.00

0.00

10.31

NA

0.5

0.00

0.00

0.00

0.00

17.70

NA

4.5

0.00

0.00

0.00

0.18

23.43

6.6

7

1.24

0.48

10.39

0.00

25.35

NA

4

0.00

0.00

0.00

0.00

19.05

NA

10

0.00

0.00

0.00

0.00

28.05

NA

10

0.00

0.00

0.00

0.00

15.08

NA

7

0.00

0.00

0.00

0.00

23.59

NA

10

0.00

0.00

0.00

0.07

12.55

25.8

0.5

0.25

0.02

0.35

0.00

17.28

NA

6

0.00

0.00

0.00

0.00

15.45

NA

4.5

0.00

0.00

0.00

0.00

10.69

NA

9

0.00

0.00

0.00

0.00

27.34

NA

6

0.00

0.00

0.00

0.00

15.10

NA

7

0.00

0.00

0.00

0.18

24.60

12.3

7

2.65

0.90

19.49

0.00

5.83

NA

2

0.00

0.00

0.00

0.11

12.23

3.0

2

0.44

0.16

2.27

0.06

20.10

2.5

3

0.28

0.04

0.51

.
Table 7. Mean hydrogeological and sedimentological variables extracted from rainfall simulations
in simulations in Clavijo and Tudelilla in November and December 2020. All values have a n=3,
except Tudelilla Scrubland with n=1. All values represent mean ± standard error. RC: Runoff
coefficient (mm mm-1), IR: Infiltration rate (mm h-1), TR: Time to runoff (min), WF: Wetting front
(cm), SC: Sediment concentration (g l-1), SP: Sediment production (g) and SD: Sediment
detachment (g m-2 h-1).
Site

Clavijo

Agricultural
practice
Hillslope
control
Hillslope
scrubland

RC
(mm mm-1)

IR (mm h-1)

0.00±0.00

39.08±10.50

NA

10±0

0.00±0.00 0.00±0.00

0.00±0.00

0.00±0.00

14.26±3.72

NA

2±2

0.00±0.00 0.00±0.00

0.00±0.00

TR (min)

WF (cm)

SC (g L-1)

SP (g)

SD (g m-2 h-1)
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Terrace
control
Terrace
scrubland
Scubland
Tudelilla

0.06±0.10

22.61±3.23

6.6

7±3

0.41±0.71 0.16±0.28

3.46±6

0.00±0.00

22.24±6.59

NA

9±2

0.00±0.00 0.00±0.00

0.00±0.00

0.07

12.55

25.8

1

Young

0.25

0.02

0.35

0.00±0.00

14.47±3.40

NA

7±2

0.00±0.00 0.00±0.00

0.00±0.00

Mid-term

0.06±0.11

12.25±6.42

4.1

7±1

0.88±1.53 0.30±0.52

6.50±11.25

Old

0.06±0.06

12.72±7.15

2.8±0.30

2±1

0.24±0.22 0.06±0.08

0.92±1.19

4.5. Monitoring of site meteorological condition
Figure 11 shows the daily series of maximum temperatures (red), minimum temperatures
(orange) and relative humidity (blue) of the three vineyards for the period 29-10-2020 to
25-09-2021. The maximum temperatures are 39.6, 40.6 and 38.6 ºC in the young, midterm and old vines respectively while the minimum temperatures have been -3.6 ºC
(young), -4.3 ºC (mid-term) and -4.9 ºC (old).

Old

Figure 11. Daily average of minimum and maximum temperature and relative humidity in three
vineyards (Tudelilla).
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Figure 12. Daily average of minimum and maximum temperature and relative humidity in vineyard
on hillslope: thermometer on the vineyard and under a tree (Clavijo).

As an example, Figure 12 is a representation of the climatic variables collected in the
Clavijo vineyards. There is no gap, and the lack of data is due to the fact that the data
have not been downloaded. On the hillside, 36.3 and 36.2 ºC maximum temperature has
been recorded in the thermometers installed in the vineyard and under the tree
respectively and the minimum temperatures are -4.7 and -4.5 ºC respectively.
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5. Conclusions
The main objective of this deliverable is to present the 1st year monitoring results of
the implementation C3 action.
The preliminary results of physical and chemical soil properties and soil moisture, soil
microbial biodiversity; rainfall simulations and meteorological conditions, are shown to
analyse the effects of adaptive vineyard establishment and agronomic practices.
However, we still cannot draw outstanding conclusions with only the first year of data.
Finally, it should be highlighted that all the monitoring tasks planned during the first year
have already been developed and data has been analysed or, in some cases, is being
analysed by the different project partners. The monitoring of the pilot experiences has
been made from summer of 2020, and they are scheduled until December 2023.
Nevertheless, we plan to carry out more rain simulations during 2022 to obtain more
robust results in La Rioja and Catalonia as well.
Soil biodiversity has been scheduled to analyse the data during the last 2 years of the
project. In addition, crop productivity is the only variable not yet achieved, as it depends
on vineyard owners. Consequently, all the activities (except crop productivity) and the
1st year periodicity defined in the LIFE MIDMACC proposal have been successfully
completed.
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