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Organic mulching offers numerous agronomical benefits, but its impact on wine quality remains unclear. This
study assessed the effect of this practice on wine physicochemical, phenolic composition and sensory properties.
Over four years, three organic mulches (grape pruning debris (GPD), straw (STR), and spent mushroom compost
(SMQ)) and two conventional practices (tillage (TILL) and herbicide (HERB)) were evaluated in two locations.
Wines from mulching treatments exhibited higher pH, potassium, hue, and lower tartaric acid. Moreover, the

SMC mulch treatment showed lower amounts of wine anthocyanins, flavonols and hydroxycinnamics, probably
due to increased nutrient availability. However, no differences were detected in the wine sensory analysis.
Therefore, organic mulches could be alternative practices to mitigate the consequences of climate change
without significant impact on young wine's phenolic profile and sensory properties compared to HERB and TILL
conventional soil management. However, future studies should focus on wine evolution during aging.

1. Introduction

Phenolic compounds are a diverse group of secondary metabolites
that are divided into two distinct classes based on their structural
characteristics: non-flavonoids (such as phenolic and stilbenes) and
flavonoids (including anthocyanins, flavonols, and flavanols). These
compounds are synthesised in plants as protection against damage from
biotic and abiotic stresses or as signalling molecules. Polyphenols have
been extensively studied for their potential health benefits. In this
respect, grapes and wine, which are known for their high concentration
of phenolic compounds, have been the subject of many studies. For
example, many studies have demonstrated that moderate wine con-
sumption exhibits antioxidant effects, which could mitigate the risk of
several health issues, including neurodegenerative disorders, cancer,
diabetes, and cardiovascular diseases (Artero et al., 2015). Moreover,
these compounds play a key role in wine since they contribute to the
overall sensory profile of wines and affect their quality by influencing
characteristics such as color, taste, and mouthfeel properties (Flamini
et al., 2013). Even, aroma compound release during wine tasting could
be influenced by the phenolic compound composition, as reported by
Pérez-Jiménez et al. (2020). Recently, Allegro et al. (2021) reviewed the
role of these compounds in wine quality and sensorial properties. For
example, anthocyanins are widely known to be the pigments responsible
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for red wine color, both by direct contribution or indirectly after re-
actions and interactions like copigmentation with other phenolic com-
pounds, such as flavonols and hydroxycinnamic acids. In addition,
anthocyanins may have beneficial effects on astringency. Besides an-
thocyanins, other phenolics, like flavanols (i.e. flavan-3-ol monomers
and proanthocyanidins), are also directly linked to wine mouthfeel
properties such as astringency or bitterness. Flavonols, besides indi-
rectly contribute to wine color, have recently claimed attention as being
responsible for unwanted deposit formation and several cases of pre-
cipitation (Gambuti et al., 2020). Overall, high concentrations of
phenolic compounds have been associated with high quality and high
price wines (Allegro et al., 2021). However, as it is widely known,
climate change, i.e. global warming and water stress, is predicted to
affect wine organoleptic properties through, among other factors, lower
accumulation of some phenolic compounds (Gutiérrez-Gamboa et al.,
2021).

Climate change significantly impacts agriculture and grapevine
production, especially in semi-arid areas like Mediterranean countries,
increasing critical temperature and reducing effective precipitation pa-
rameters. Moreover, other consequences are earlier phenological events,
shorter growing seasons, and earlier harvest, which results in altered
grape and wine quality: i.e. increased alcohol level, lower acidity, or
poor accumulation of anthocyanins and poor phenolic maturity.
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Furthermore, climate change is accelerating the soil erosion and
desertification, which poses a significant risk to the sustainability of
viticulture. In this context, it is essential to develop innovative and
sustainable agricultural practices to address these implications and
safeguard crop production and quality, maintaining economic perfor-
mance and increasing the sustainability and richness of the ecosystem.
Different viticultural techniques are being explored in order to mitigate
the effects of global warming on viticulture (Gutiérrez-Gamboa et al.,
2021). In relation to soil management practices, for example, cover
crops constitute an interesting alternative to the use of tillage and her-
bicides, but, this soil management practice can negatively affect vines
under water stress conditions due to direct water competition. In
contrast, organic intra-row mulching could represent a sustainable soil
management alternative with an interesting adaptation to semi-arid
conditions. The benefits of using organic mulches are described in
other works and are widely attributed to the improvement of the
physical, chemical, and biological soil characteristics (Mundy & Agnew,
2002). Some of these benefits include the contribution of organic ma-
terial and nutrients to increase soil biological activity and reduce the
inputs of synthetic fertilisers (Agnew et al., 2005). Additionally, organic
mulches increase soil porosity and decrease temperature, compaction
and evaporation, improving the soil's water storage capacity and
reducing irrigation water demand (Pou et al., 2021). Besides, the
physical barrier created by the organic mulch reduces the herbicide
inputs due to the inhibition of excessive weed emergence (Mairata et al.,
2023), which is attractive for ecological vineyard management.

The influence of organic mulching on the soil biological, chemical
and physical properties is so significant that it could have indirect effects
on grape and wine quality, similar to what has been observed with other
agronomic soil management practices. For example, it is known that
cover crops could influence phenolic composition by an arise in the
competition for water and nutrients, which reduces vigor and enhances
fruit exposure (Steenwerth & Guerra, 2012). However, concerning the
application of intra-row organic mulches, there are very few published
articles and these have shown contradictory results on the effect on
general grape phenolic content and wine quality. Some works found an
improvement in grape phenolic content by using organic or inorganic
mulches (Cataldo et al., 2020; Jiang et al., 2022), while in others, no
effect (Gil et al., 2018) or a decrease in phenolic content was observed
(Buesa et al., 2021). This lack of agreement is mainly due to the nature of
the different mulches used and the significant differences in environ-
mental and field conditions between studies (Steenwerth & Guerra,
2012). On the other hand, most articles agree on how organic mulching
affects the physicochemical properties of must and wine. Organic
mulching on the vine row generally increases the content of nitrogen
(N), phosphorus (P), potassium (K), and organic matter (OM) in the soil,
which could lead to higher values of K and pH in the wine (Chan et al.,
2010). However, some studies did not find any impact on berry
composition and quality (ROU, 2003). Organic mulches have also re-
ported increased plant yield and pruning weight (Varga & Majer, 2004),
which could also indirectly affect grape and wine composition.
Furthermore, and in contrast to other soil management practices that
have been extensively studied, no previous studies have investigated the
influence of organic mulching on the detailed wine phenolic composi-
tion analysed by chromatographic methods and their organoleptic
evaluation.

Therefore, and with the aim to increase the knowledge about the
impact of this sustainable viticultural practice on wine quality, this
study evaluated the influence of intra-row organic mulching on wine's
physical-chemical characteristics, detailed wine phenolic composition,
and sensory properties. A four-year field experiment (2019, 2020, 2021,
and 2022) was replicated in two vineyards from La Rioja (Spain) to
achieve our objective. Five soil management treatments on the vine row
were evaluated in each field. Three of them involved organic mulches:
(i) shredded grapevine pruning debris from previous years (GPD), (ii)
spent mushroom compost (SMC), mainly composed of straw, poultry
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manure, and urea, and (iii) straw (STR). These treatments were
compared with two conventional soil management practices: (iv) her-
bicide (HERB) and (v) under-row tillage (TILL). This alternative soil
management practice is exciting when the organic mulches are sub-
residues and can be used to improve crop management and reduce the
environmental impact on the ecosystem. The main goal of this study was
to provide a detailed description and analysis of the physicochemical
properties, phenolic content and sensory characteristics of wines made
from these five soil management treatments. This paper is the first to
broadly examine the impact of different organic mulches on the wine's
detailed phenolic composition analysed by UHPLC and on its organo-
leptic properties. Its novelty and conclusions are underscored by the
extensive four-year study conducted across two distinct locations.

2. Materials and methods
2.1. Chemical and reagents

Caffeic acid, p-coumaric acid, ferulic acid, gallic acid, (+)-catechin,
trans-resveratrol, and trans-piceid were procured from Sigma-Aldrich
(St. Louis, MO, USA). trans-Caftaric acid and quercetin glucuronide
were obtained from Biopurify Phytochemicals (Chengdou, China).
Malvidin glucoside was sourced from Extrasynthese (Genay, France).
Formic acid (LC-MS grade) was acquired from VWR International
(Radnor, PE, USA). Acetonitrile (LC-MS) and methanol (LC-MS grade)
were obtained from Scharlab (Barcelona, Spain). The water used was
Milli-Q quality (Millipore Corporation, Burlington, MA, USA).

2.2. Study site and plant material

This study was conducted over four consecutive years (2019, 2020,
2021, and 2022) in two different fields located in the north of Spain (La
Rioja) within the Qualified Designation of Origin Rioja (QDO Rioja).
One field was in Aldeanueva de Ebro (Field 1), and the second was in
Logrono (Field 2). This region has a warm-summer Mediterranean
climate with continental influence. However, Field 1 experienced a drier
climate, with an average annual temperature of 14.7 °C and annual
precipitation of 381 mm, compared to 13.9 °C and 459 mm in Field 2
(see Appendix Table A1). The grape variety analysed was ‘Tempranillo’,
which was grown using a bilateral Royat Cordon system with spur
pruning and a planting frame of 3205 (2.6 m x 1.2 m) and 2778 (3 m x
1.2 m) plants ha™! in Field 1 and Field 2, respectively. As described by
Blanco-Pérez et al. (2022), the fields were managed following European
Union regulations for IPM (Field 1) and organic farming (Field 2) (EU,
2018) with water drip irrigation to avoid critical water stress situations.
Based on the methodology presented by Mairata et al. (2023), the soil
physicochemical properties of Field 1 and Field 2 were analysed before
the implementation of soil management treatments (Table A2). Field 1
had more sand than Field 2, classifying it as loam and clay soil,
respectively. Both fields had an alkaline pH (8.2) and low soil electro-
conductivity. Field 1 had poor soil with low organic matter (1%) and low
nitrogen ratio (0.85%0) compared to Field 2, which had 2.4% organic
matter and 1.87%o nitrogen ratio.

2.3. Soil treatments and experimental layout

Five soil management treatments were implemented in February
2019 and restored annually in each field. The three organic mulches
consisted of grapevine pruning debris (GPD) from previous years, straw
mulch (STR), both provided by the Government of La Rioja and spent
mushroom compost (SMC) derived from Agaricus bisporus mushrooms
enriched with animal manure and urea, supplied by “Sustratos de La
Rioja SL”. Organic mulches were applied to a thickness of 25 cm. Two
conventional soil practices were also studied: under-row tillage (TILL)
and herbicide application (HERB). The herbicides used were Terafit
(25% w/w Flazasulfuron) and Atila (36% v/v Glyphosate), applied at a
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rate of 100 L/ha. These treatments were applied to the under-vine row,
extending up to 50 cm on each vine side. The physicochemical proper-
ties of the organic mulches were previously analysed by Blanco-Pérez
et al. (2022) (Appendix Table A3). The STR and GPD mulches are very
similar, with low nitrogen content and high organic matter and C/N
ratio. However, the SMC substrate is a fine-textured mulch with high
nitrogen content and a low C/N ratio. The two vineyard had the same
experimental design following a randomised treatment of three block
per soil management, with each block containing between 40 and 50
plants.0

2.4. Harvest and vinification

Grapes from each replicate and treatment were harvested with an
average field °Brix ranging from 22° to 24°. They were vinified sepa-
rately to assess the impact of soil management treatments on wine
quality. Three repetitions were made for each treatment and field. The
vinification followed the usual methodology for producing red wines,
and approximately 90 kg of grapes were crushed, destemmed, and
vatted in 100 L tanks. The samples were treated with potassium meta-
bisulfite to achieve a final total SO, concentration of 50 mg/L. Subse-
quently, the musts were inoculated with the commercially available
Saccharomyces cerevisiae strain Uvaferm VRB (Lallemand) at a rate of 25
g/hL. The process of maceration of the must with the skins lasted for
eight days, with daily punching to promote the release of the compo-
nents of the berry into the must. Alcoholic fermentation occurred at a
controlled temperature of 25 °C, monitored by reducing sugar mea-
surements. When the alcoholic fermentation concluded, the wines were
inoculated with lactic bacteria Oenoccocus oeni Lalvin SILKA (Lalle-
mand) to develop malolactic fermentation at 20 °C. Once the malolactic
fermentation was finished, wine samples of each replicate were taken for
physicochemical analysis. Aliquots of each wine were frozen and stored
at —20 °C until the phenolic compounds were analysed. Wines from
Field 1 in 2021 have not been included in the analyses described below
due to an issue during the vinification process.

2.5. Determination of wine physicochemical parameters

Each wine replicate was characterised by measuring alcoholic
strength, pH, total acidity, volatile acidity, color hue, potassium, CI and
CIELab parameters according to the International Organisation of Vine
and Wine (OIV, (International Organisation of Vine and Wine), 2022)
and tartaric acid by the Rebelein method (Lipka & Tanner, 1974). Total
phenolics were determined as TPI by spectrophotometric absorbance at
280 nm after the prior dilution of samples (Portu et al., 2023). Malic and
lactic acids were analysed using enzymatic methodology using an
automatic enzymatic analyser (Y200, Biosystems SA, Barcelona, Spain).

2.6. Sample preparation and quantification of wine phenolic compounds
by UHPLC-QqQ-MS/MS

Before UHPLC analyses, wine samples were defrosted and centri-
fuged. The samples were filtered using LLG Syringe Filters SPHEROS
with a pore size of 0.22 pym (LLG Labware, Meckenheim, Germany).
Wine phenolic compounds were analysed using a Shimadzu Nexera
chromatograph (Shimadzu Corporation, Kyoto, Japan) equipped with a
3200QTRAP® triple quadrupole mass spectrometer (AB Sciex, Fra-
mingham, MA, USA) and an atmospheric pressure ionisation source (ESI
and APCI).

The methodology followed for the UHPLC analyses of wine phenolic
compounds was described by Portu et al. (2023). A Waters Acquity BEH
C18 analytical column (100 x 2.1 mm, 1.7 pm) with a VanGuard pre-
column Acquity BEH C18 (5 x 2.1 mm, 1.7 pm) from Waters (Milford,
MA, USA) was used. The mobile phase solvents comprised Milli-Q water,
LC/MS grade acetonitrile, and LC/MS grade formic acid. Both methods
were set with a flow rate of 0.45 mL/min, and 2.5 pL of wine samples
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were analysed. The autosampler and oven temperatures were main-
tained at 7 °C and 40 °C, respectively.

For the analysis of anthocyanins, the mobile phase consisted of 2%
formic acid in water (eluent A) and 2% formic acid in acetonitrile
(eluent B). The elution gradient was as follows: 0-0.5 min, 1% B iso-
cratic; 0.5-1.5 min, 1-8% B; 1.5-4 min, 8% B isocratic; 4-5 min, 8-12%
B; 5-5.5 min, 12% B isocratic; 5.5-6 min, 12-14% B; 6-7 min, 14% B
isocratic; 7-9 min, 14-22% B; 9-12 min, 22-30% B; 12-13.5 min,
30-90% B; 13.5-14.5 min, 90% B isocratic; 14.5-15 min, 90-1% B;
15-18 min, 1% B isocratic.

For the analysis of the other phenolic compounds, the mobile phase
consisted of 0.1% formic acid in water (eluent A) and 0.1% formic acid
in acetonitrile (eluent B). The elution gradient was the same as for
anthocyanins.

Tandem MS analyses were conducted using a 3200QTRAP triple
quadrupole mass spectrometer (AB Sciex) with an electrospray ionisa-
tion source (ESI Turbo V™ Source). The ionisation mode was positive
[M-H]" for anthocyanin analysis and negative [M-H]™ for other
phenolic compounds. Data acquisition was performed through multiple
reaction monitoring (MRM). The ionisation source parameters included
an ion spray voltage of 4.5 kV, a source temperature of 700 °C, and gas
pressures of curtain gas 50 psi, GS1 50 psi, and GS2 60 psi. Nitrogen
(>99.99% purity, degasified liquid nitrogen from a tank, Air Liquide,
Paris, France) was used as the source and collision gas.

The dwell time for each transition was optimised using the Scheduled
MRM tool based on the chromatogram, with a retention time, MRM
detection window of 60 s, and a target scan time of 0.75 s. Data acqui-
sition was conducted using the Analyst® 1.6.2 software (AB Sciex).
Some anthocyanins and non-colored phenolic compounds were quanti-
fied using calibration curves of corresponding pure commercial stan-
dards. For other compounds, tentative quantification was achieved
using calibration curves of standards with similar chemical structures: i.
e. p-coumaric acid for coutaric acid, ferulic acid for fertaric acid, quer-
cetin glucuronide for flavonols, catechin for flavanols, resveratrol for
viniferins and piceatannol, piceid for astringins, malvidin glucoside for
anthocyanins.

All wine replicates were injected twice without dilution and diluted
10 times with a solution of Milli-Q water/ethanol (80:20, v/v). Con-
centrations in wine samples were reported as milligrams per litre of wine
(mg/L).

2.7. Sensorial analysis

The organoleptic study was assessed every year after the completion
of vinification. The three wines made from each replicate and treatment
were combined so one single wine was evaluated per treatment and
block every year by a panel of the seven experienced wine tasters, 3
males and 4 females aged between 35 and 65 years, with extensive
group trained and expertise in sensory analysis. Participants were
required to sign a consent form before undertaking the sensory testing.
The wine tasters were not informed about the study's objective and were
not paid to participate. In addition, the sensory research was performed
in compliance with relevant laws and institutional guidelines and was
approved by the ethics committee of the University of La Rioja. The
samples were blindly assessed and served in a random sequence. The
sensory analysis of wines followed UNE 87-022-92 regulations. All
wines were tasted at room temperature individually in standard wine-
tasting glasses in random order without any identification. The evalu-
ation was an official scoring sheet based on the criteria employed in
various wine competitions and recognised by specific designations of
origin. The scoring system focused on identifying defects, indicating that
lower scores corresponded to higher wine quality. The sensory attributes
assessed included visual, olfactory, taste and overall harmony.
Furthermore, the evaluation included a quantitative assessment of aro-
matic descriptors on a scale of 1 to 10: fresh, ripe, and raisin fruit,
herbaceous notes, spices, dairy characteristics, and their respective
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intensities. Similarly, the taste characteristics, such as freshness, acidity,
structure, oiliness, bitterness, vegetal notes, astringency, persistence,
balance, and intensity were also quantitatively evaluated.

2.8. Statistical analysis

Due to variations in climate, vineyard management, soil type and
water availability, the different soil management practices were inde-
pendently analysed for each field. The statistical analysis used a linear
mixed effects model (LMM) to examine the relationship between the
dependent variable and the soil management treatments. Years of study
were used as a categorical random variable. An analysis of variance
(ANOVA) was performed to assess the significance of the categorical
variable, and Tukey's post hoc tests were used for pairwise multiple
comparisons between their levels. More detailed information about the
statistical results of the generalised linear model (GLM) of variables and
their interactions is presented in Appendix Table A4. Principal compo-
nent analysis (PCA) and canonical discriminant analysis (CDA) were
used to plot differences between soil management treatments using
phenolic compound amounts from the complete data. Data analysis was
performed using SPSS 22.0 (IBM Corp., Armonk, NY, USA) and RStudio
software, version 4.3.1. Any differences were accepted with a p-value
<0.05.

3. Results and discussion
3.1. Effect of organic mulches on wine physicochemical parameters

Table 1 presents the results of the physicochemical analyses of the
wines elaborated from different soil management practices within and
between fields. Regarding the influence of soil management practices,
more significant differences were found in Field 1 than in Field 2. In both
fields, the main differences affected the parameters related to wine
acidity and color. To start, the use of organic mulching (STR, GPD, and
SMC) showed minimal differences in alcohol content compared to
traditional practices (HERB and TILL). Only STR resulted in a decrease
in alcohol content in wine from Field 2. Conversely, there were notable
variations in acidity parameters. Mulch soil management (GPD, SMC,
and STR) led to increased pH, lactic acid, and potassium levels (the latter
only significant in Field 2), while decreasing tartaric acid compared to
HERB and TILL soil treatments. However, there were few significant

Table 1
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differences in total acidity. Variations in these parameters, particularly
pH, might account for the differences observed in other parameters, such
as hue value, which was higher in wines from organic mulches, indi-
cating potentially more brownish tones. No differences were noted in
other parameters like volatile acidity, while minor differences were
observed in color intensity, CIELab parameters, or total polyphenol
index. Nevertheless, it is worth noting that SMC wines exhibited the
lowest color intensity and total polyphenol index, and highest L* in Field
1.

In agreement with previous studies (Agnew et al., 2005; Cataldo
et al., 2020), our results have shown that using organic mulches could
significantly affect the physicochemical properties of wine, especially
acidity parameters (i.e. pH and tartaric acid) and hue. Acidity stands out
as a fundamental trait of wines, shaping their sensory attributes,
chemical stability, and microbiological resilience, while also influencing
their potential for aging. In this regard, pH serves as a more accurate
indicator than total acidity, offering insights into the levels of organic
acids, primarily tartaric acid, and cations, primarily potassium (Poni
et al., 2018). Previous works have shown that organic mulches
contribute significant amounts of potassium to the soil (Blanco-Pérez
et al., 2022; Mairata et al., 2023) resulting in higher concentrations of
this element in grape berries, increasing pH values due to the substitu-
tion of K* for H' in grape berry skins (Chan & Fahey, 2011). This cor-
relation was in line with the results reported by Agnew et al. (2005),
who observed increases of up to 7-19% in juice potassium amounts after
applying organic waste mulches. High potassium concentration could
also lead to excessive loss of tartaric acid through precipitation as po-
tassium bitartrate, which makes the adjustment of pH during wine
production more difficult and expensive. Lower levels of tartaric acid
and high pH values in wine are undesirable as they have been linked to
unstable, oxidised, and degraded flat wines, reduced wine quality and
color, altered microbiological stability and fermentation process
(Gutiérrez-Gamboa et al., 2021; Mpelasoka et al., 2003). Actually, the
fact that pH level causes anthocyanins to exist in different chemical
species with different coloration, probably explains that wines from
mulches consistently had higher hue values than conventional treat-
ments (Table 1). On the other hand, enhanced plant physiological ca-
pacity could improve yield (Burg et al., 2022). This consequence, that it
was observed in the case of SMC in Field 1 (data not shown), could also
explain the reduction in tartaric acid levels in wine made from organic
mulches due to dilution effects (de Souza et al., 2019), which could also

Results from the analyses of enological parameters of wines made from grapevines managed according to five different intra-row treatments (herbicide (HERB), intra-
row tillage (TILL) and organic mulching with straw (STR), grapevine pruning debris (GPD) and spent mushroom compost (SMC)) in two fields (Field 1 and Field 2)

during a 4-year study.

Field 1 Field 2 Field 1 Field 2

HERB TILL STR GPD SMC HERB TILL STR GPD SMC Average Average
Alcoholic degree (%, v/v) 14.00 13.92 14.04 13.94 13.61 13.05A 1291 A 12.30b 12.68ab 12.62ab 1391 A 12.71B
pH 3.73b 3.73b 3.87 A 3.90a 3.98a 3.67b 3.67b 3.82A 3.8a 3.83a 3.84A 3.76B
Total acidity (g/L) 5.48a 4.63ab 5.16ab 4.49b 4.58ab 5.10 A 510 A 4.90ab 4.91ab 4.70b 4.88 4.94
Tartaric acid (g/L) 2.15a 2.15a 1.9b 1.8b 1.75b 2.26a 2.19a 1.80b 1.95b 1.9b 1.95 2.02
Lactic acid (g/L) 1.18bc 1.18c 1.37ab 1.43A 1.41ab 1.47¢ 1.42¢ 1.79a 1.63b 1.65ab 1.32B 1.59 A
Potassium (mg/L) 954.9b 958.6b 1101.1ab  1158.3a  1130.3ab ~ 995.0b 988.5b 1193.5a 1144.8a 1160.9a  1063.4 1096.5
Volatile acidity (g/L) 0.57 0.49 0.56 0.47 0.64 0.45 0.45 0.51 0.50 0.49 0.54 A 0.48B
Color intensity (CI) 9.45 A 9.55a 8.97 A 8.20 A 6.74b 8.81 9.07 7.52 7.98 7.91 8.60 8.26
Hue 0.57¢ 0.56¢ 0.64ab 0.64b 0.69a 0.56b 0.56b 0.63a 0.61 A 0.64 A 0.62 0.60
a* (CIELab units) 46.95ab  46.94ab = 44.29b 47.38ab  50.67a 49.55 48.25 50.00 49.37 47.66 47.42B 48.97 A
b* (CIELab units) 24.41 24.88 22.00 25.21 27.93 25.87 25.03 24.45 25.32 23.66 24.82 24.87
L* (CIELab units) 15.32b 15.22b 13.96b 16.59ab  20.15a 18.17 16.75 19.19 18.02 17.51 16.18B 17.93 A
C* (CIELab units) 52.96ab  53.18ab  49.56b 54.08ab  57.88a 55.99a 54.39a 55.72 A 55.5a 46.89b 53.44 53.7
H* (CIELab units) 27.21 27.76 25.49 27.77 28.86 27.48 27.33 26.07 27.12 26.37 27.38 26.87
TPI * 54.07a 52.05A  53.95a 53.18a 43.17b 44.50 46.85 45.24 46.07 44.78 51.46 A  45.49B

The soil management treatments were independently compared within each field, and a separate comparison was made between the average values of the fields.
Concerning each parameter, minor letters represent significant differences between treatments, while major letters indicate significant differences between fields (p-

value <0.05). The absence of letters indicates a non-statistical difference.
 Total polyphenol index.
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increase pH (Chan & Fahey, 2011). Finally, in the same way, as in the
case of SMC in Field 1, other works have also reported that the STR
mulch could decrease the TPI in wine grapes (Buesa et al., 2021).

Another finding from our study is that wines from vineyards with
organic mulching had higher levels of lactic acid in both fields (Table 1).
This difference is likely because grapes from mulched vines had higher
levels of malic acid, possibly due to increased water availability from
mulching (data not shown). Additionally, variations in lactic acid levels
could also be influenced by different microbial populations during
fermentation (Benito, 2018), as organic mulches are known to positively
impact soil and grape microbial communities (Blanco-Pérez et al.,
2022). However, since we did not directly analyze the microbiology of
fermentation, this remains a hypothesis.

As for the significant reduction of alcoholic degree in Field 2 by
mulches, especially STR, previous studies, such as Caruso et al. (2013)
and Zhang et al. (2014) described a delayed maturation in potatoes
using biodegradable black films. This delay in sugar accumulation could
be due to reducing plant stress resulting from increased soil water
retention and a decrease in extreme soil temperatures (Pou et al., 2021).

Organic mulches have been widely reported to benefit the soil, such
as increased organic matter content, fertility, moisture, and below-
ground biodiversity (Blanco-Pérez et al., 2022; Mairata et al., 2023).
This study shows that this could lead to wines with higher potassium and
lower acidity values, resulting in wines with lower color intensity and
higher hue, especially in SMC soil treatment in Field 1. This could have
negative implications in wine microbial stability and the evolution of
wine organoleptic properties during aging. This behaviour was most
evident in Field 1, where the field was traditionally managed according
to conventional agricultural practices with low organic matter and ni-
trogen content.

Table 2
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3.2. Effect of organic mulches on wine phenolic composition

There are contradictory findings in existing literature when it comes
to the study of the impact of organic mulching on the phenolic content of
wine. In addition, all the studies have been based in spectrophotometric
analyses instead of using separation techniques based on chromato-
graphic methods. Discrepancies between studies may be attributed to
diverse factors such as climatic conditions, soil composition, grape va-
rieties, and the specific type of mulch employed, whether organic or
inorganic (Steenwerth & Guerra, 2012). This study entails a four-year
experiment conducted in two locations, using UHPLC-QqQ-MS/MS to
quantify the detailed phenolic compounds. For this reason, this research
offers a novel perspective on the subject.

3.2.1. Effect on wine anthocyanins

The results of the UHPLC analysis of anthocyanins in the wines ob-
tained from the different soil management practices are presented in
Table 2. In agreement with previous works on the Tempranillo grape
variety (Portu et al., 2023), the most abundant anthocyanin groups were
delphinidin, petunidin and, highlighting, malvidin. In Field 1, the wines
from the SMC treatment had lower significant amounts of cyanidin
(glucoside, acetyl glucoside and coumaroyl glucoside), delphinidin
(glucoside, acetyl glucoside and coumaroyl glucoside), petunidin
(glucoside, acetyl glucoside and coumaroyl glucoside) and peonidin
(glucoside and coumaroyl glucoside) than wine from the HERB treat-
ment. Moreover, SMC treatment also had significantly lower amounts of
delphinidin, cyanidin, petunidin, and peonidin glucoside than TILL
treatment. Finally, when compared to GPD, the SMC treatment showed
lower concentrations of the 3-O-glucosides of delphinidin, petunidin,
and peonidin, as well as petunidin-3-O-acetyl glucoside and the five

Average anthocyanin content (mg/L) in wines made from grapevines managed according to five different soil management practices (herbicide (HERB), intra-row
tillage (TILL) and organic mulching with straw (STR), grapevine pruning debris (GPD) and spent mushroom compost (SMC)) in two fields (Field 1 and Field 2)
during the 4-year study and their field average belongs to the four experimental field years.

Field 1 Field 2 Field 1 Field 2

HERB TILL STR GPD SMC HERB TILL STR GPD SMC Average Average
Delphinidin-3-glc 67.48a 61.37a 56.67ab 64.54 A 44.28b 45.28ab 52.03 A 39.25b 41.01b 38.34b 58.87 A 43.56B
Cyanidin-3-glc 5.84 A 5.14a 3.98ab 3.90ab 1.93b 4.50 4.17 2.40 2.75 2.37 417 A 3.23B
Petunidin-3-glc 82.27a 81.62 A 80.67ab 89.83a 75.75b 73.85ab 81.23a 67.34b 70.11ab 65.51b 82.03 A 71.94B
Peonidin-3-glc 23.36 A 23.86 A 19.59ab 21.29a 14.80b 24.85 24.84 18.43 19.27 17.76 20.58 21.09
Malvidin-3-gle 255.78 266.40 255.18 278.92 251.0 296.09 317.33 290.05 292.67 303.57 261.46 299.05
Delphinidin-3-acglc 6.95a 6.19ab 6.23ab 6.69ab 4.92b 3.65 4.34 3.41 3.55 3.32 6.20 A 3.68B
Cyanidin-3-acglc 2.0la 1.81ab 1.75ab 1.79ab 1.25b 1.07 1.19 0.91 0.91 0.85 1.72A 0.99B
Petunidin-3-acglc 12.94 A 11.56ab 12.16ab 12.73 A 8.70b 6.54 8.01 6.58 6.44 6.47 11.62 A 6.83B
Peonidin-3-acglc 6.31 6.23 6.13 6.11 4.50 3.39 4.18 3.45 3.17 3.07 5.86 A 3.46B
Malvidin-3-acglc 60.24 59.88 59.82 66.20 55.50 39.47bc 44.53ab 42.09abc 40.46bc 43.94 A 60.33 A 42.46B
Delphinidin-3-cmglc 9.01a 7.46ab 8.09ab 8.48a 5.82b 6.50ab 7.92a 6.60ab 6.06b 6.21ab 7.78 6.67
Cyanidin-3-cmglc 5.95a 5.12ab 5.50a 5.49a 3.17b 4.58ab 5.40a 4.21ab 3.98b 4.14ab 5.05 4.47
Petunidin-3-cmgle 11.37a 9.67ab 10.75ab 11.18a 7.09b 7.98ab 9.62a 8.11ab 7.33b 8.34ab 10.00 8.24
Peonidin-3-cmglc 5.58a 5.21ab 5.16ab 5.60a 3.14b 3.83ab 5.82A 4.67ab 4.22b 4.52ab 5.08 4.78
Malvidin-3-cmglc 26.26ab 26.06ab 26.79ab 29.77a 23.31b 21.41b 24.72 A 22.54ab 21.17b 23.90ab 26.44 22.72
Malvidin-3-cfgle 1.79 1.47 2.24 2.00 1.75 1.38 1.32 1.44 1.45 1.29 1.85A 1.39B
Total 583.15 579.04 560.71 614.55 507.61 545.22ab 596.65a 521.49b 524.55b 533.58ab 569.01 544.58
>~ non-acylated 434.73 438.39 416.11 458.50 387.78 444.57 479.60 417.48 425.8 427.54 427.10 438.88
>~ acylated 148.42ab 140.65ab 144.61ab 156.06a 119.83b 100.65b 117.05a 104.00b 98.75b 106.04ab 14191 A 105.70B
>~ acetylated 88.46ab 85.67ab 86.08ab 93.53a 74.87b 54.11b 62.26a 56.44ab 54.54b 57.64ab 85.72A 57.43B
>~ coumaroylated 58.17ab 53.50ab 56.29ab 60.52a 43.21b 45.16b 53.48a 46.13b 42.77b 47.11ab 53.34 46.88
>~ delfinidins 83.44a 75.02 A 70.99ab 79.71a 55.02b 55.43ab 64.29a 49.26b 50.26b 49.92b 72.84 A 53.90B
>~ cyanidins 13.80a 12.07a 11.23ab 11.19ab 6.39b 10.14ab 10.76a 7.52b 7.64ab 7.40b 10.94A 8.69B
>~ petunidins 106.58ab 102.85ab 103.58ab 113.75a 91.53b 88.37ab 98.86a 82.04b 83.88b 81.93b 103.66 A 87.02B
> peonidins 35.26a 35.29a 30.89ab 33.00 A 23.11b 32.92ab 34.84a 26.55b 26.66b 25.77b 3151 A 29.35B
>~ malvidins 344.07 353.81 344.03 376.90 331.55 358.35 387.90 356.12 355.75 369.98 350.07 365.62
Vitisin A 0.81a 0.65ab 0.87a 0.72ab 0.46b 0.69ab 0.73ab 0.82a 0.80a 0.62b 0.70B 0.73 A
Vitisin B 1.14ab 1.49a 0.74b 0.66b 1.02ab 2.45 1.15 1.25 1.15 1.90 1.01B 1.56 A
Vitisins 1.95ab 2.14a 1.61ab 1.38b 1.48ab 3.14 1.88 2.07 1.96 2.52 1.71 2.29

Nomenclature abbreviations: glc, glucoside; acgle, acetyl glucoside; cmglc, trans-p-coumaroyl glucoside; cfglc, caffeoylglucoside.
The soil management treatments were independently compared within each field, and a separate comparison was made between the average values of the fields.
Concerning each parameter, minor letters represent significant differences between treatments, while major letters indicate significant differences between fields (p-

value <0.05). The absence of letters indicates a non-statistical difference.
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coumaroyl derivatives. As a result, wines from SMC had the lowest total
concentration for all groups of anthocyanins, although the differences
were not significant for non-acylated and total anthocyanins. In Field 2,
the anthocyanin composition in wines from mulched vines closely
resembled that of HERB. However, wines from the treatments exhibited
lower concentrations of these compounds compared to TILL. For
example, STR and GPD had significantly lower concentrations of total
anthocyanins, acylated anthocyanins, coumaroylated derivatives,
petunidins, and peonidins. Additionally, STR had a lower concentration
of cyanidins, GPD had a lower concentration of acetylated derivatives
and total delphinidins, and SMC led to wines with lower concentrations
of delphinidins, cyanidins, petunidins, and peonidins. Finally, the most
important outcome regarding vitisins composition was found in wines
from SMC mulched vines in Field 1, which showed lower concentration
of total vitisins when compared to TILL.

The water status of vines, along with soil characteristics such as
fertility, can significantly impact the accumulation of phenolic com-
pounds in grapes, leading to notable differences in wine (Poni et al.,
2018). Consequently, the greater fertility and water availability in
mulched vines may result in reduced anthocyanin levels in wine. For
example, SMC significantly increased soil fertility in Field 1, which ex-
plains the lower anthocyanin content in wines from this treatment.
Conversely, in Field 2, vines subjected to TILL management exhibited
lower water availability at —25 cm, potentially explaining why this
treatment led to wines with the highest anthocyanin levels.

Few articles have previously evaluated the influence of organic
mulching on grape or wine general anthocyanin amount, but none of
them analysed wine-detailed anthocyanin composition by UHPLC. Cat-
aldo et al. (2020) reported that STR mulching in cv. Cabernet Sauvignon

Table 3
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increased total anthocyanins and extractable anthocyanins in one of the
two years of their study compared to TILL. A similar result was observed
by Jiang et al. (2022) in the same grape variety, as they found that mulch
with organic wood chips, like GPD mulch, increased grape anthocyanins
and total phenols more than TILL treatment. In contrast, Buesa et al.
(2021) found that GPD mulch decreased total anthocyanins compared
with TILL in one of three years of their study with the Bobal grape va-
riety in Eastern Spain, which are more similar climate conditions to our
research.

Anthocyanins are the pigments that primarily contribute to the color
of young red wines. Recently, their role in other sensory properties has
also been under investigation (Allegro et al., 2021). Our study has
demonstrated that, in certain instances, organic mulching may lead to
lower anthocyanin concentrations in wine compared to traditional
management practices. This effect was particularly relevant in the case
of acylated anthocyanins, which are more stable than non-acylated
forms (Zhang et al., 2021). Also, vitisins, which also contribute to
wine color stability (Zhang et al., 2021), were found in general at lower
concentrations in wines from mulched vines in Field 1. Therefore, our
results suggests that organic mulching may exert a potentially negative
impact on wine quality (Parpinello et al., 2009). However, as it can be
seen in Table 1, we just found a reduction in color intensity in wines
from SMC-mulched vines in Field 1, indicating that wine color is influ-
enced by various factors apart from anthocyanin concentration, as it has
been extensively reported (Heras-Roger et al., 2016; Parpinello et al.,
2009).

3.2.2. Effect on wine flavonols
Table 3 shows the results of the UHPLC analysis of flavonols. As

Average flavonol content (mg/L) in wines made from grapevines managed according to five different soil management practices (herbicide (HERB), intra-row tillage
(TILL) and organic mulching with straw (STR), grapevine pruning debris (GPD) and spent mushroom compost (SMC)) in two fields (Field 1 and Field 2) during the 4-

year study.

Field 1 Field 2 Field 1 Field 2

HERB TILL STR GPD SMC HERB TILL STR GPD SMC Average Average
Myricetin-3-gal 0.14a 0.12ab 0.13a 0.13ab 0.07b 0.14b 0.19a 0.16ab 0.15ab 0.16ab 0.12B 0.16 A
Myricetin-3-glc 2.80a 2.56 A 2.75a 2.84a 1.96b 1.89b 231A 1.92ab 2.00ab 1.96ab 2.26 2.02
Myricetin-3-glcU 6.41a 5.42ab 6.61 A 6.19a 3.71b 5.01b 6.34a 5.40ab 5.23b 5.26ab 5.67 5.47
Myricetin 1.83 1.52 1.62 1.45 1.18 1.49ab 1.84a 1.61ab 1.31b 1.81a 1.52B 1.61A
>" myricetins 11.18a 9.62ab 11.11 A 10.6a 6.93b 8.53b 10.67a 9.08ab 8.68b 9.18ab 9.89 9.26
Quercetin-3-gal 1.14a 0.94ab 1.31A 1.01a 0.54b 1.54 1.88 1.66 1.54 1.61 1.0B 1.64 A
Quercetin-3-glc 4.78a 3.91ab 5.90a 5.02A 2.14b 3.78 4.48 4.29 4.16 4.74 4.35 4.23
Quercetin-3-glcU 10.90ab 9.11ab 11.02a 9.77ab 6.14b 8.32b 10.36 A 9.63ab 9.18ab 9.07ab 9.39 9.37
Quercetin-3-rut 0.20 0.19 0.33 0.29 0.26 0.19 0.27 0.32 0.39 0.38 0.25B 0.31A
Quercetin 0.51a 0.44ab 0.56 A 0.45ab 0.29b 0.48ab 0.63a 0.44ab 0.37ab 0.36b 0.47 0.45
>~ quercetins 17.53a 14.59ab 19.11 A 16.61a 9.37b 14.31b 17.61a 16.34ab 15.64ab 16.17ab 15.44 16.0
Laricitrin —3-gal 0.03 0.03 0.03 0.04 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03
Laricitrin-3-glc 2.88a 2.67ab 2.99a 2.96a 2.22b 2.24 2.52 2.24 2.26 2.38 2.74 2.32
Laricitrin 0.06 0.05 0.06 0.06 0.06 0.06 0.07 0.07 0.06 0.07 0.06 0.06
> laricitrins 3.00 A 2.75ab 3.08a 3.06a 2.31b 2.32 2.62 2.34 2.34 2.47 2.83 2.42
Kaempferol-3-gal 0.33A 0.28ab 0.38a 0.33ab 0.16b 0.51 0.61 0.59 0.56 0.56 0.30B 0.56A
Kaempferol-3-glc 0.85ab 0.66ab 1.11a 0.88ab 0.24b 0.96 1.18 1.20 1.11 0.81 0.75B 1.04 A
Kaempferol-3-glcU 0.30a 0.26ab 0.31a 0.27ab 0.16b 0.34 0.40 0.37 0.37 0.30 0.26B 0.36A
Kaempferol-3-rut 0.02a 0.02ab 0.02ab 0.02ab 0.01b 0.02a 0.02ab 0.01ab 0.01ab 0.01b 0.02 0.01
Kaempferol 0.03 A 0.03ab 0.03 A 0.02ab 0.01b 0.04 0.04 0.03 0.02 0.02 0.02B 0.03 A
>~ kaempferols 1.54 A 1.24ab 1.85a 1.53a 0.59b 1.86 2.25 2.22 2.08 1.70 1.35B 20A
Isorhamnetin-3-gal 0.03 0.03 0.04 0.03 0.02 0.05 0.06 0.06 0.05 0.05 0.03B 0.05A
Isorhamnetin-3-glc 0.75a 0.63ab 0.84a 0.76a 0.42b 0.64 0.78 0.73 0.70 0.52 0.68 0.67
Isorhamnetin-3-glcU 0.02a 0.02ab 0.03 A 0.02a 0.01b 0.03ab 0.03 A 0.03ab 0.03ab 0.02b 0.02B 0.03A
Isorhamnetin-3-rut 1.03a 0.90ab 1.01a 1.03a 0.70b 0.99ab 1.09 A 0.87ab 0.87ab 0.79b 0.93 0.91
>~ isorhamnetins 1.84a 1.58ab 1.92a 1.85a 1.16b 1.71ab 1.96a 1.69ab 1.65ab 1.38b 1.67 1.66
Syringetin-3-glc 2.63 2.27 2.37 2.35 2.16 2.07 2.25 217 2.09 2.16 2.36 2.14
Syringetin 0.11 0.11 0.12 0.14 0.14 0.11 0.12 0.13 0.12 0.15 0.13 0.13
>~ syringetins 2.74 2.39 2.49 2.50 2.30 2.18 2.38 2.31 2.21 2.32 2.48 2.27
Total flavonols 37.80a 32.18ab 39.57a 36.14a 22.66b 30.92b 37.49a 33.97ab 32.60ab 33.22ab 33.67 33.61

Nomenclature abbreviations: glcU, glucuronide; gal, galactoside; glc, glucoside.

The soil management treatments were independently compared within each field, and a separate comparison was made between the average values of the fields.
Concerning each parameter, minor letters represent significant differences between treatments, while major letters indicate significant differences between fields (p-

value <0.05). The absence of letters indicates a non-statistical difference.
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expected from previous studies with cv. Tempranillo, myricetin and
quercetin-type flavonols were the most predominant compounds (Portu
et al., 2023). The most abundant glycoside was the glucosylated form,
accounting for 41% of the flavonols. As stated previously for the wine
physiochemical parameters and anthocyanins (Tables 1 and 2), there
were more significant differences in Field 1 than in Field 2. In this re-
gard, wines made from SMC mulch had lower flavonol concentrations,
especially with respect to HERB, STR and GPD treatments. HERB, STR
and GPD treatments had more concentration than SMC of myricetins,
quercetins, laricitins, kaempferol, isorhamnetins, and the total flavonol
amount. In Field 2, TILL treatment led to the highest concentration of
these compounds, but differences in the total amount per type of
flavonol were significant just in the following cases: total myricetins and
quercetins compared to HERB; total myricetins compared to GPD; and
total isorhamnetins compared to SMC soil management. Moreover, the
TILL treatment had significantly more total flavonol content than the
HERB treatment.

No previous studies have evaluated the influence of organic mulches
on wine detailed composition on flavonol compounds, despite being a
very important class of phenolic compounds. Actually, flavonols are
found abundantly in grapes and wine and their significance in wine-
making extends beyond their well-known antioxidant properties as they
contribute significantly to both the technological and sensory charac-
teristics of wine. For instance, recent research has elucidated that fla-
vonols can influence several key technological aspects during wine
production. Regarding wine stability, studies such as Gambuti et al.
(2020) have revealed that high concentration of flavonols may lead to
the formation of insoluble complexes and precipitation that causes the
presence of turbidity in bottle. In wines, these compounds are also
relevant regarding wine organoleptic properties, as they contribute to
various sensory aspects like color, bitterness, and astringency. For

Table 4
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example, previous studies indicate they interact with salivary proteins,
increasing perceptions of astringency and bitterness (Ferrer-Gallego
et al., 2016). In addition, it is well established that flavonols play a key
role in red young wine color stability, as they are very effective copig-
ments in copigmentations reactions with anthocyanins (Zhang et al.,
2021).

This group of phenols share most of their biosynthetic pathway with
anthocyanins (both flavonoids), so it seems reasonable that the results
are related. Flavonols play an essential role in the color stabilisation of
young red wines through the copigmentation interaction with antho-
cyanidins, so this could also partly explain the less color intensity
observed in SMC wines in Field 1. Moreover, flavonol biosynthesis is
sensitive to solar radiation and they are synthesised to protect berries
from ultraviolet radiation. Burg et al. (2022) described an increase of
plant vegetative growth applying a nutrient-rich organic mulch, like the
SMC, which may reduce cluster light interception and decrease wine
flavonoid accumulation (Wang et al., 2021). Therefore, our hypothesis is
that increased water and nutrient availability in mulched vines, partic-
ularly for SMC at Field 1, may increase vine vigor and, consequently,
decrease flavonol accumulation. This result could contribute to
explaining why SMC wines in Field 1 had higher L* and lower color
intensity.

3.2.3. Effect on wine flavanols and non-flavonoid compounds

Table 4 summarises the wines' flavanol, phenolic acid (hydrox-
ybenzoic acid and hydroxycinnamic acids), and stilbene composition.

Flavanols mainly exist as monomers, oligomers and polymers and
contribute to wine color stabilisation, astringency, and bitterness
perception (Gutiérrez-Escobar et al., 2021). Their contribution to wine
mouthfeel properties and wine color is extensively referenced (Water-
house et al., 2016). In contrast, flavan-3-ol monomers are considered

Average flavanol and non-flavonoid content (mg/L) in wines made from grapevines managed according to five different soil management practices (herbicide (HERB),
intra-row tillage (TILL) and organic mulching with straw (STR), grapevine pruning debris (GPD) and spent mushroom compost (SMC)) in two fields (Field 1 and Field

2) during the 4-year study.

Field 1 Field 2 Field 1 Field 2
HERB TILL STR GPD SMC HERB TILL STR GPD SMC Average Average
Flavanols
Catechin 13.11 12.30 12.11 12.18 10.72 9.98 10.43 10.20 10.12 9.90 12.09 A 10.07B
Epicatechin 4.83ab 4.62ab 3.67b 4.56ab 5.01a 3.60 3.57 3.54 3.65 3.66 4.54 A 3.60B
Epicatechin gallate 0.37ab 0.44a 0.42 A 0.33ab 0.11b 0.58ab 0.67a 0.50ab 0.44b 0.57ab 0.33B 0.54 A
Gallocatechin 2.77a 2.75a 2.80a 2.74a 2.30b 2.86 3.17 3.03 2.86 3.24 2.67B 3.02A
Epigallocatechin 1.88 1.97 1.80 2.16 2.17 2.08 2.26 2.07 1.99 2.21 2.00 2.14
Procyanidin B1 11.43A 10.82ab 11.20a 10.22ab 8.55b 12.17ab 12.78b 12.24ab 11.81ab 11.48a 10.45 12.09
Procyanidin B2 2.78a 2.45ab 1.95b 2.32ab 2.64ab 2.54 2.25 213 2.37 2.46 2.43A 2.33B
Procyanidin B3 1.53a 1.46ab 1.46ab 1.40ab 1.14b 1.73 1.80 1.67 1.70 1.80 1.40 1.73
Procyanidin C1 0.12ab 0.11ab 0.09b 0.12ab 0.14a 0.12 0.13 0.12 0.13 0.13 0.12 0.13
Total 38.83 36.90 35.50 36.03 32.78 35.65 37.06 35.51 35.09 35.45 36.00A 35.64B
Hydroxycinnamic acids
Caffeic acid 0.27b 0.27b 0.26b 0.27b 0.33A 0.45ab 0.42b 0.43ab 0.44ab 0.50a 0.28B 0.45 A
Caftaric acid 48.00a 42.98ab 45.62a 45.83a 34.00b 40.81ab 43.35a 41.10ab 36.62b 42.90ab 43.29 40.85
p-Coumaric acid 0.45b 1.64b 1.55b 1.75b 2.58a 1.59b 1.67b 1.79ab 1.75ab 2.16a 1.79B 1.82A
Coutaric acid 43.71a 35.25ab 37.42ab 38.43ab 26.85b 19.27 19.85 19.26 18.52 18.03 36.33 A 19.33B
Ferulic acid 0.20 0.20 0.20 0.20 0.20 0.18b 0.19ab 0.19ab 0.19ab 0.20a 0.20 0.19
Fertaric acid 6.59 6.28 6.09 6.41 6.02 5.57 5.78 5.63 5.32 5.60 6.28 A 5.59B
Total 100.25a 86.62ab 91.15ab 92.88a 69.97b 67.86ab 71.27a 68.39ab 62.84b 69.40ab 88.17 A 68.23B
Hydroxybenzoic acid
Gallic acid 16.34ab 15.52ab 12.66b 14.78ab 16.73a 8.87 8.96 8.21 9.03 9.06 15.21 A 8.90B
Stilbenes
trans + cis-Resveratrol 0.29ab 0.38ab 0.26b 0.30ab 0.44a 1.25 1.41 1.25 1.18 1.63 0.33B 1.33A
trans + cis-Piceid 2.52 2.54 2.02 2.43 2.45 10.16 10.20 8.51 8.03 7.79 2.39B 8.97 A
e-Viniferin 0.03ab 0.03ab 0.02b 0.03ab 0.04a 0.11 0.10 0.08 0.09 0.09 0.04B 0.09 A
Q-Viniferin 0.04ab 0.05a 0.03b 0.04ab 0.05a 0.11 0.12 0.09 0.09 0.09 0.04B 0.10A
trans + cis-Piceatannol 0.06 0.07 0.06 0.07 0.08 0.12 0.12 0.11 0.10 0.12 0.07B 0.11A
trans + cis-Astringin 0.19 0.22 0.18 0.20 0.21 0.45 0.49 0.39 0.39 0.37 0.20B 0.42 A
Total 3.13 3.28 2.58 3.06 3.27 12.19 12.44 10.43 9.89 10.08 3.06B 11.03A

The soil management treatments were independently compared within each field, and a separate comparison was made between the average values of the fields.
Concerning each parameter, minor letters represent significant differences between treatments, while major letters indicate significant differences between fields (p-

value <0.05). The absence of letters indicates a non-statistical difference.
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poor copigments, except for epicatechin, despite being present in higher
amounts than flavonols in young red wine (Gutiérrez et al., 2005).
Phenolic acids, especially caffeic acid, take part in copigmentation re-
actions with anthocyanins, they are associated with browning processes,
and they can act as precursors of volatile phenolic compounds (Gutiér-
rez-Escobar et al., 2021). Stilbenes are phytoalexins which are syn-
thesised in response to biotic and abiotic stresses (Flamini et al., 2013).

Overall, no discernible trend between soil management treatments
was observed, as there were numerous differences across different
compounds and fields, which limits the conclusions that can be drawn
from the study. Specifically, when comparing to control treatments
(HERB and TILL), the SMC treatment showed lower concentrations of
flavanol monomers and dimmers (such as epicatechin gallate, galloca-
techin, and procyanidins B1 and B3), as well as hydroxycinnamic acids
(including caftaric and coutaric acids). No significant differences were
observed in total flavanols and stilbenes, while a notable decrease in
total hydroxycinnamic acid concentration was observed in this treat-
ment compared to HERB and GPD treatments.

The different profile in flavanol composition may have sensorial
implications. For example, besides their implication in mouthfeel
properties (Waterhouse et al., 2016), there are differences in their
effectiveness as copigments (Rivero et al., 2020). Additionally, dimer
and trimer procyanidins have been found to negatively impact the
intraoral release of esters, showing stronger negative correlations
compared to monomeric flavanols such as catechin and epicatechin
(Esteban-Fernandez et al., 2018).

Regarding the composition of hydroxycinnamic acids in wine, it is
noteworthy that SMC led to a lower concentration of tartaric acid esters
but a higher concentration of simple hydroxycinnamic acids compared
to the other treatments. This suggests differences during the fermenta-
tion process that have resulted in increased hydrolysis of tartaric acid
esters, possibly due to a higher pH and potential increased activity of
lactic acid bacteria (Virdis et al., 2021). However, this is only a hy-
pothesis, as no microbial determinations were performed.

However, these differences were not consistently observed in Field 2,
where only a few significant differences were found. Notably, wines
from GPD mulched vines exhibited lower amounts of total hydroxycin-
namic acids than those from TILL, likely due to a lower concentration of
caftaric acid. Additionally, it was also observed higher hydrolysis tar-
taric acid esters in SMC mulched wines with respect to control
treatments.

Considering all the obtained results, our study shows the influence of
organic mulching on the phenolic composition of cv. Tempranillo wine
when compared to traditional soil management practices was scarce and
could depend on the mulching type and the vineyard conditions. In this
respect, the intra-row mulching with SMC led to wine with lower sig-
nificant concentrations of acylated anthocyanins, flavonols and
hydroxycinnamic acids, but only in Field 1. In contrast, in Field 2, STR
and GPD led to wines with lower concentration of total anthocyanins
with minor differences on the rest of compounds. Apart from differences
in climatic conditions, in the years before the trial, Field 1 had been
managed according to conventional practices, while Field 2 had been
handled according to ecological practices. Therefore, due to the drastic
change in vineyard management, organic mulches probably had a more
noticeable effect on the accumulation of phenolic compounds in grape
berries in Field 1 than in Field 2. In this regard, organic mulches pro-
moted more water retention and nutrient availability in the soil (Pou
et al., 2021), which could lead to increased cluster growth and size. This
could reduce the relative proportion between skin and pulp and conse-
quently decrease the phenolic content in these treatments due to a
dilution effect (Gil et al., 2018).

3.3. Canonical discriminant analysis on wine phenolic composition

Principal component analysis (PCA) plots were performed on each
field, analysing the effect of the main phenolic groups on the soil
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management treatments (see Fig. Al in the appendix). However, the
graphs did not discriminate between the soil treatments analysed. For
this reason, a canonical discriminant analysis (CDA) was performed
(Fig. 1) showing the maximum differences between wines from different
soil management treatments according to their phenolic composition.

Function 1 explained 54.2% of the variability, and function 2
explained 24.2%. Thus, the cumulative explained variance was 78.4%.
Function 1 separated conventional soil management practices (HERB
and TILL) from mulching treatments (STR, GPD and SMC). In addition,
Function 2 allowed distinguishing SMC soil management from STR and
GPD. The multivariate CDA analysis focuses on finding linear combi-
nations that maximise soil treatment separation and minimise vari-
ability. In this sense, it is essential to analyze the data deeply to identify
the most influential variables in each case. This analysis does not
consider the concentration of the compounds examined, so their influ-
ence on wine phenolic content could be minimal. The conventional soil
management treatments (TILL and HERB) outperformed the organic
mulches (GPD, STR and SMC) by 92% phenols with an average amount
of <0.1 mg/L. Syringetin, ferulic acid, procyanidin C1, and kaempferol
glucuronide were the most concentrated influenced compounds, with a
total cumulative influence of 4% in Function 1.

Function 2 distinguished the organic mulch treatments (SMC of GPD
and STR). This function was mainly influenced (96%) by low-
concentrated compounds. Among the most abundant molecules,
ferulic acid, myricetin galactoside, caffeic acid, procyanidin C1 and
syringetin were the most influencing polyphenols in graph distribution
(2.5%). Overall, data clustering was determined (92%) by low-
concentrated compounds (< 0.1 mg/L) on the phenolic profile of the
wine. The same analysis without considering minor compounds (data
not shown) indicated no differences between the treatments analysed.
Therefore, although the analyses theoretically found differences in the
phenolic profile between the different soil management practices, their
perception of the wines is questionable due to the slight influence of
these phenolic compounds at low concentrations.

3.4. Sensory analysis

Fig. 2 shows the sensory evaluation of the wine samples, including
overall organoleptic assessment (reverse scoring) (Fig. 2a) and aromatic
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Fig. 1. Canonical discriminant distribution of wine samples made from
different intra-row soil management practices (herbicide (HERB), intra-row
tillage (TILL) and mulches of straw (STR), grapevine pruning debris (GPD)
and spent mushroom compost (SMC)) based on their phenolic composition.
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Fig. 2. Sensory average evaluation (a), aromatic (b) and taste (c) descriptors of wines with different soil treatments (herbicide (HERB), intra-row tillage (TILL) and
using mulching of straw (STR), grapevine pruning debris (GPD) and spent mushroom compost (SMC)) in Field 1 (1) and Field 2 (2). n.s. = non-significance.

and taste descriptors (Fig. 2b and c, respectively). No previous studies
examined the organoleptic properties of wines made from intra-row
organic mulches, so our research is the first to investigate the influ-
ence of this practice on wine organoleptic evaluation.

As shown in Fig. 2a, no significant differences were found among
wines made from the soil management treatments in any of the two
fields. Therefore, despite the significant differences in physical-chemical

and phenolic parameters (Tables 1-4), organic mulching did not affect
the organoleptic evaluation of these red wines according to our tasting
panel. Despite differences in certain chemical parameters, the lack of
significant sensory differences between soil management treatments
may be attributed to their negligible effect on organoleptic properties. It
is important to note that the sensory perception of wine is influenced by
a multitude of factors beyond just its chemical composition, including
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structural characteristics and complex interactions between volatile and
non-volatile compounds (Yang & Lee, 2020). Nevertheless, these find-
ings should be approached with caution, despite being derived from a
multi-year study conducted across different locations, which lends
robustness to the data. It is important to acknowledge a significant
limitation: the relatively small number of tasters involved in the tasting
panel. Despite the study's replication in two separate locations and four
years, this aspect may impact the generalizability of the results. In
addition, it is important to acknowledge that this sensory evaluation was
conducted immediately after wine production. Differences in sensory
attributes are expected to evolve over time due to factors such as
oxidation and flavor stabilisation during aging, which unfortunately
were not analysed in this experiment. In light of these considerations,
future research could explore sensory evaluations of aged wines to
capture potential differences in sensory perception that may emerge
over time.

4. Conclusions

This study was the first to assess intra-row organic mulches' influence
on wine's detailed phenolic composition and sensory properties by
conducting a 4-year experiment replicated in two different locations.
Mulching application can increase nutrient and water availability
leading to wines with specific characteristics when compared to tradi-
tional soil treatments. In our study, mulched vines resulted in wines with
higher pH, potassium, lactic acid, and hue values, and lower tartaric acid
content. These results suggest that mulching may have a negative impact
on wine quality. However, only minor differences were found in wine
color determinations such as color intensity, total polyphenol index, or
CIELaB parameters. Regarding the effect of organic mulches on wine
phenolic composition, we observed great differences between the results
obtained from the two fields, suggesting that soil and climate properties
could have a significant impact on the final effect of organic mulches on
wine quality. In this sense, vines mulched with SMC in Field 1 resulted in
wines with lower concentrations of anthocyanins, flavonols, and
hydroxycinnamic acids. However, except for anthocyanins, we observed
minor variations in Field 2, probably because this field had already a
great fertility prior to the beginning of the experiment. Moreover, wines
from the different treatments were grouped according to their phenolic
composition, although the compounds which contributed most to this
separation were presented at very low concentrations. Finally, the
tasting panel was not able to identify significant differences between
wines. For this reason, we suggest using organic mulching in cv. Tem-
pranillo grapes to make viticulture more environmentally sustainable
and adaptable to current and future climate restrictions with minimal
impact on young wine quality. However, more studies should be per-
formed to study the evolution of wine composition and sensory prop-
erties through aging, as wines from mulching treatments may have
negative characteristics in traits like pH, tartaric acid, or hue, which
could made them less suitable for aging.
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