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Abstract

A large portion of the world wine production is located in regions suffering - or expected to suffer - from desertification.
These agricultural soils, in addition to being highly unstructured, have very low levels of organic matter (<1%). This is aggravated
by an abusive tillage of the plots, which implies that the maintenance of these soils depends entirely on the addition of chemical
products such as fertilizers and herbicides. This situation, in turn, leads to physiological imbalances in the vine that result in
deficiencies in the quality of the grape.

In viticulture, the development of regenerative techniques to improve soil quality is aimed at benefiting producers, and
specifically at improving the productivity, sustainability and biodiversity of their soils, as well as adapting their production
systems to the new climate change scenarios (response to abiotic stresses - extreme temperature, water stress -). Organic mulch
is an effective method to manipulate the crop-growing microclimate increasing crop yield by controlling soil temperature and
retaining soil moisture by reducing soil evaporation. Moreover, carbon dioxide (CO,) emissions are also mitigated by this practice.
The effectiveness of different organic mulching materials applied within the row of a vineyard was evaluated in a Tempranillo
vineyard located in La Rioja (Spain). Organic mulches (straw mulch, SM; grapevine pruning debris, GPD and spent mushroom
compost, SMC) were compared with two traditional bare soil management techniques (one based on the use of herbicides to

avoid weed incidence and one based on the use of the tillage inter-row).
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Abbreviations: SM: Straw Mulch; GPD: Grapevine Pruning Debris; SMC: Spent Mushroom Compost

Introduction

The traditional cultivation of the vine all around the world has
been reconverted and more winemakers have decided to return
to the origins, taking care of their vines as their predecessors,
withoutaddingadditives or pesticides and promoting an ecological
agriculture. Ecological production considers multiple techniques
of soil management, crops and the environment, which should be
considered by the producers.

The addition of an organic cover, unlike a vegetal cover, widely
used in viticulture, allows to keep the soil free of weeds and to
improve humidity. Among its many advantages, these soil mulching
management techniques can reduce evaporation and erosion

[1,2], isolate the soil from extreme temperatures [3], reduce weed
infestation [4], increase the availability of nutrients and organic
matter [5] and thereby may lead to increases in vine yield, vine
water use efficiency (WUE) and vine nitrogen use efficiency
(NUE), increase the biological activity of the soil [6], and favours
the good sanitary status of the plants [7].

Concretely for grapevine cultivation, which takes place
mostly in semi-arid areas all around the world [8], high water
requirements are necessary to complete the growth cycle of
grapevines, which coincides with the driest months [9]. Moreover,
evaporative demand is expected to increase as a consequence of
increased global air temperature [10,11].
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Mulching is also an interesting and promising management
practice to consider when accounting for carbon emissions and
storage capacities. A recent meta-analysis based on data from
61 peer-reviewed publications showed that on average, straw
mulch increased the emissions of N,0 and CO, by 24.7% and 4.7%
respectively, while significantly promote CH, uptake, by 22.6%
compared with that of no-mulching [12]. However, the impact of
soil mulching on crop yields and greenhouse gas emissions was
also affected by temperature, water input amount, cultivation
practice and nitrogen application rate. In this sense, decreases
[13,14] or no changes [15,16] in soil greenhouse gas emissions by
straw mulch were also observed under some cropping systems,
soil types, and nitrogen fertilizer levels.

It is imperative to know the processes that control soil
environments under various mulching conditions and the effects
of mulching materials on crop yield, productivity and water
use efficiency. In this context, the developed research aimed at
studying the effects of different mulches on thermal fluctuations
and humidity in the soil as well as their role in the CO, uptake.

The study site was located in the North-Eastern Spain on a
soil defined as a typical Haplocalcids soil according to the base
for Soil Resource [17]. Two traditional management techniques
(one based on the application of herbicides, and another based on
the row cultivation) and three organic mulches (SMC, from spent

mushroom compost, which is composed of straw, poultry manure
and urea; S, straw and GPD, from shredded grape pruning remains
from previous years) have been implemented for 4 years as cover
layers in the vine cultivation.

On the one side, we measured volumetric water content
(WVC) and soil temperature at different depths (5, 15 and 25cm).
For this, several Drill & Drop probes (Sentek, Stepney, Australia)
equipped with 3 sensors have been placed. Moreover, climatic
data on radiation and precipitation have been obtained from
the La Rioja Agroclimatic Information Service station located
in Aldeanueva de Ebro. On the other side, we measured soil
respiration with a portable EGM-4 (PP Systems) equipment which
directly measures CO, concentrations emitted by the soil applied
to the mulch cover or bare soil.

Mulching coverages favourably influenced the soil water
retention throughout all the grapevine vegetative cycle as
compared with bare soils, retaining up to 25% more water as
compared to traditional treatments (Figure 1). However, the soil-
moisture variation was not the same under different mulching
materials, being the straw mulch (SM) the one that retained more
water in the months of higher evaporative demand, compared
with GPD based-cover and SMC. The changes of soil moisture in
the upper surface layer (0-10cm) were highly dynamic, probably
due to water vapour fluxes across the soil-atmospheric interface.
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Figure 1: Daily precipitation (A) and soil volumetric water content variation under different depths: 5cm (B1), 15cm (B2) and 25cm
(B3) for different management soil strategies during the 2021 grapevine cycle season. H: Herbicide; I: Inter-row Cultivation; SM:
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Straw Mulch; GPD: Grapevine Pruning Debris; SMC: Spent Mushroom Compost.
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A similar trend occurred with mean soil temperature (Figure
2). Organic mulches altered soil temperature in comparison with
bare soil by reducing soil temperature in summer and raising it in

winter. Moreover, the same buffering effect for the temperature on
the covered soil also remains in the deeper layers.
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Figure 2: Solar radiation (A) and daily variation of the soil temperature under different depths: 5cm (B1), 15cm (B2) and 25cm (B3)
for different management soil strategies during the 2021 grapevine cycle season. H: Herbicide; I: Inter-row Cultivation; SM: Straw
Mulch; GPD: Grapevine Pruning Debris; SMC: Spent Mushroom Compost.
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In this study, various mulching materials were applied to the
soil surface, aiming to study their impact on the soil respiration
and alterations on the carbon dioxide (CO,) emission pattern.

We observed that the three studied mulches influenced
the soil respiration mainly through changing the soil surface
properties, which affected the soil temperature, moisture, as
well as soil gas concentration. Concretely, seasonal average CO,
fluxes (from grapevine flowering up to maturity) were lower for

mulched than unmulched treatments, except for SMC (Figure 3).
CO, emissions within the different mulches were ranking as SMC >
SM = GPD. These results might be induced by the soil biochemical
processes which control CO, production and consumption and
affects microorganism and root activity [18,19]. So, in this study,
GPD and SM improved soil fertility and increased crop yield (data
not shown) and partially offset the increase of CO, emissions. SMC
similarly increased crop yield but at expenses of increase the risk
of soil CO, emissions.
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standard error of the mean (n=15).
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Figure 3: Seasonal variations (flowering up to maturity) of the CO, emissions under the various treatments. H: Herbicide; I: Inter-
row Cultivation; SM: Straw Mulch; GPD: Grapevine Pruning Debris; SMC: Spent Mushroom Compost. Vertical bars denote the

Conclusion

To conclude, we could see that organic mulch had a positive
impact on soil-moisture storage and soil temperature, thus
favouring crop growth and grape yields and that the extent of these
effects depends on the type of mulching materials. These changes
led to higher rates of CO, retention in GPD and SM treatments as
compared with bare soils, whereas SMC significantly enhance soil
CO, emissions.
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