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Abstract

The research paper deals with an evaluation of the effect of three types of organic mulch materials
- cereal straw, wood chips and compost on soil moisture maintenance in vineyard in the Czech Re-
public in years 2017-2019. For comparison, the variant without mulch coverage “black fallow” was
also monitored (control variant). The experiment was based on an experimental site in the village
of Rakvice in the South Moravia Region. The three year results of the experiment demonstrate that
the use of these three organic materials has a positive effect on the increase of soil moisture com-
pared to the control variant. The best results are achieved by the variant with cereal straw, where
the highest values of soil moisture were measured. At the same time, the yield of grapes and their
qualitative parameters from individual variants were evaluated. Used organic mulching materials
showed a significant statistical difference in the quality of the grapes compared to the control vari-
ant. These differences were demonstrated in the YAN content and in the variant with cereal straw
also in the titratable acidity. The results of the experiment demonstrate that what might otherwise
be agricultural waste, can be used to improve soil moisture and it represents an important agro-
technical treatment in vineyards contributing to the protection of soils and the environment in
viticulture in Czech Republic and central Europe.

1. Introduction

According to reports and models conducted by the Intergov-
ernmental Panel on Climate Change (2013), agriculture is per-
haps the most significantly affected by climate change of all sec-
tors of human activity. Actual climate change brings important
challenges to viticulture. Some of the major risks may be driven
by the projected rise in air temperatures and the decrease in soil
water availability (Fraga et al., 2016; Santos et al., 2017).

According to data (OIV, 2018) there are approximately 6 mil-
lion ha of vineyards in the world, what means, that vineyards
represent one of the most important crops in terms of income
and employment from global perspective. Despite the fact that
the vine belongs to a deep-rooted plant species, numerous stud-
ies have shown that its cultivation in the coming period will
be significantly affected by increasing global climate change
(Chaves et al., 2007; Keller et al., 2011).

The forescated warming and unbalanced rainfall distri-
bution will have a detrimental impact on the physiology of the
grapevine and ultimately on the yield of grapes (IPCC, 2013).

It has been shown that these factors can be inhibited and
even counteracted by certain management practices that can be
applied by growers (Keller, 2010; Fraga et al., 2016). One poten-
tial adaptation measure that needs to be considered and further
studied is the application of mulches (Chan et al., 2010). Mulches

are organic or inorganic products that may be placed on the soil
surface. Mulching reduces soil compaction, protects the soil sur-
face against erosion, regulates soil temperature, reduces evapo-
ration and increases soil moisture (Chen et al., 2007). In addition
to saving water, organic mulching improves soil quality and in-
creases its organic matter content (Ji and Unger, 2001). Mulches
may also be beneficial for combating pests and stopping weed
development, thus reducing water competition (Guerra and
Steenwerth, 2012). Moreover, vineyards with mulch tend to suf-
fer less from heat and water stresses (Cerdr et al., 2015; Mahdavi
et al,, 2017). Previous studies showed that by means of mulch-
ing, it is possible to decrease water requirement and to maintain
yield, even under adverse climatic conditions (Bahar and Yasa-
sin, 2010; Chan et al., 2010; DeVetter et al., 2015).

The aim of this study is to evaluate the effects of different
organic mulch materials on soil moisture retention in vineyard,
yield of grapes and their qualitative parameters.

2. Materials and methods

2.1. Characterization and location of the experimental area

Experimental measurements were carried out in the period
from 2017 to 2019, in a 16 years old vineyard, with the planting
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of the Griiner Veltliner variety on the rootstock of Kober 5BB. In
the vineyard, plants spacing is 2.4 x 0.9 m and a manner of grow-
ing is on a higher line with a cut per one twig.

The vineyard is located in the South Moravia Region in
the “Velké Pavlovice” wine-growing sub-region, in the area
of “Rakvice” and on the land called “Kozi Horky” (Latitude:
48°51'29"N, Longitude: 16°48'48" E). The site is in a corn produc-
tion area, a very warm and dry climate region with an altitude
of 164 m a. s. L. The slope of the land is up to 5%. The soils on
which the experiment was conducted are classified according to
Czech soil classification system as a Pelic Chernozems developed
from very fine substrates (clays, marls, Carpathian flysch and
tertiary sediments). According to the WRB classification (IUSS
Working Group WRB, 2015) the studied soils are classified as
Chernozems. Content of a soil rock fragments (fraction > 2 mm)
is up to 10%, content of humus is 3.49% and pH value 7.4.

The climate is continental. According to Czech Hydromete-
orological Institute (2019), long-term average annual air temper-
ature from the period of 1981-2010 is 8.9°C. Long-term average
annual precipitation is 559 mm with the highest rainfall occur-
rence in summer (from June to July: 35% of the annual total pre-
cipitation) and a minimum in winter (from January to March:
15% of the annual total precipitation).

2.2. Character of the mulching materials and experiment
variants

For the purpose of experimental measurements, the soil
surface in the rows of vineyards was covered with three differ-
ent types of mulch material of organic origin: cereal straw (in
amount of 1.2 kg:m?, volume weight 100 kg:m-3), wood chips (in
amount of 4 kg:m2, volume weight 400 kg-m=) and compost (in
amount of 2 kg-m2, volume weight 560 kg-m-2). The doses of ma-
terials were used following the multiannual mulch values based
on initial experiments in Germany, reported by Ziegler (2012).
The control variant represents a cultivated interlayer without
covering material. The initial application of mulching materi-
als was on 2nd January 2017 and was renewed in the following
years. Each of the experimental variants was established in 3
replicates and the area of each variant was 24 m?.

2.3. Collection and analysis of soil samples

Undisturbed soil samples were taken to Kopecky cylinders
made of stainless steel, of a volume of 100 cm?® and a height of
5 cm. Sampling were performed from three layers of soil profile

Table 1
Average values of selected physical properties of soil
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(i.e. in depths of 0.1 m, 0.2 m and 0.3 m). Above each sampling
depth the top layer of soil was removed with a trowel and Ko-
pecky cylinder (3 cylinders per each sampling soil layer) were
placed on the flattened surface. The cylinder was pushed into
the ground evenly and after pushing 5-10 mm under surface it
was carefully removed from the soil by a spade. Then the Ko-
pecky cylinder was cleaned and packed in a plastic bag. There
were determined current bulk density, porosity, maximal capil-
lary capacity and minimal air capacity of undisturbed soil sam-
ples in laboratory. Soil samples were always taken in the spring
of the experimental year. Table 1 provides an overview of aver-
age values in individual years.

2.4. Measuring of the meteorological data and soil moisture

A weather station (AMET, Czech Republic) was installed in
the experimental vineyard, which recorded data on air tempera-
ture and rainfall. In all experimental variants, the soil moisture
values were measured by “VIRRIB” humidity meters (AMET,
Czech Republic), located at a depth 0.3 m in 3 treatments per
variant. The soil moisture was recorded during a growing sea-
son every day at regular fifteen-minute intervals using the “VIR-
RIBLOGGER” recording unit.

2.5. Evaluation of yields and qualitative parameters of grapes

The grapes were harvested separately for the individual ex-
periment variant (11 plants per variant in 3 replicates), weighed
using KERN KB 10 000 laboratory scale (Kern & Sohn GmbH,
GERMANY) and the average yield of grapes (per 1 plant) was
determined, which was subsequently converted to the average
yield of grapes expressed in tonnes per a hectare of vineyard.

At harvest, the juice of each variant was analyzed for pH,
density of sugar in juice were determined by refractometry
(°CNM), titratable acidity and Yeast Assimilable Nitrogen (YAN)
by titration with NaOH using TITROLINE EASY (SI Analytics
GmbH, GERMANY). All measurements were performed three
times per variant.

2.6. Statistical analysis

Results were reported as averages and standard deviation.
Multivariate analysis of variance (ANOVA) and Tukey’s honestly
significant difference (HSD) tests were conducted to determine
the differences among averages, using the software package
“Statistica 12.0” (ver. 12.0, 2017). Multivariate analysis of vari-

Year Bulk density Porosity Volume Maximum Minimal air
(g-cm™) (%) Water Air capillary capacity  capacity
(% volume) (% volume)
2017 1.19 54.71 25.33 29.38 40.13 14.58
2018 1.39 46.96 24.69 22.27 35.78 11.19
2019 1.23 53.12 31.29 21.84 40.69 12.43
2
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ance was conducted, and the results were compared using Tuk-
ey’s multiple range assay at a significance level of a = 0.05.

3. Results and discussion

The results of the physical properties of the soil obtained
over a three-year period do not indicate a significant effect of dif-
ferent organic mulching materials on the soil properties (Table
1). Slight differences in individual years were influenced by agro-
technical tillage and the total rainfall in the observed period. The
values given in Fig. 1 show average values of air temperature and
distribution of rainfall during the year. The total annual rainfall
was 480 mm in 2017, 513 mm in 2018 and 713 mm in 2019. These
data were obtained from a weather station located at the experi-
mental site. The stated amount of rainfall in the mentioned years
had a significant effect on the soil moisture under the individual
organic mulch materials and also in control variant, when the in-
creasing amount of rainfall also increased the soil moisture (Fig.
2-4). The best results were achieved in the monitored period by
the variant with cereal straw, for which the highest values of soil
moisture were recorded. This fact can be explained by the slower
outflow of surface water during rain, the absorption of water by
the cereal straw itself and thus easier penetration into the soil
profile. Sarkar and Singh (2007) reported the beneficial effect of
organic mulch materials on the retention of soil moisture after
rain. They also found that mulched soil is able to hold 19 to 21
mm more soil moisture in the profile up to 1.2 m than soil without
mulch cover. This effect enabled grapevines to better resist ex-
treme drought stress during the growing season and positively in-
fluence the course of physiological processes (Fraga et al.,, 2016).

In the monitored period 2017-2019, the obtained values of
soil moisture at the experimental sites suggest a positive effect of
used organic mulching materials on soil moisture in comparison
with uncovered control variant. While in 2017 the soil moisture
was significantly higher only for the variant with cereal straw,
in the following two years all variants with organic mulch ma-
terials exhibited significantly higher soil moisture than control

Organic mulch materials improve soil moisture in vineyard

variant. Figs 2-4 show the values of volume moisture of the soil
for individual experimental variant. The highest average mois-
ture values were measured for cereal straw mulch (26.65% vol.
in 2017, 32.33% vol. in 2018 and 37.57% vol. in 2019). Prosdocimi
et al. (2016) stated that straw mulch in small doses from 75 g-m?
can positively affect soil moisture conditions. On average, it re-
duces water loss from soil by 14%, and this effect occurs imme-
diately after the application of cereal straw. The results obtained
from experimental measurements confirm that cereal straw can
be a very suitable organic material for retaining water in the
soil profile.

Variants with wood chips and compost also confirm a posi-
tive effect on maintaining soil moisture, as their obtained aver-
age soil moisture values from three years period are in 2018 and
2019 higher than control variant. DeVetter et al. (2015) stated
that mulch materials improved soil moisture likely by reduc-
ing an evaporation from the soil surface and indirectly through
suppression of weed competition for soil water. The lowest soil
moisture was measured in variant with compost (21.88% vol. in
2017) and in the control variant (21.91% vol. in 2018 and 23.12%
vol. in 2019). The average values of all experimental variants are
given in Table 2.

Table 3 shows the average values of grapes yield for the
Griiner Veltliner variety, which were determined for individual
experimental variants. The results show that the efficiency of
mulch materials is reflected in an increase in the yield of grapes
in the longer term. While in 2017 there was no statistically sig-
nificant difference in yields between the evaluated variants, in
the following two years the difference was proved in benefit of
variants with organic mulch materials on soil surface compared
to control. The best results were achieved with the use of cereal
straw mulch, where the yield was 12.1-19.4% higher compared
to the control variant. Fraga et al. (2016) states that the use of
mulch materials can reduce by 10-25% the yield loss of grapes
caused by water stress and by reducing nutrient availability in
the soil. They point out at the same time, that this strategy alone
may not be sufficient to completely mitigate yield losses and
other additional treatments should be applied (e.g. optimization
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Table 2

Organic mulch materials improve soil moisture in vineyard

The average moisture values and their statistics for the whole studied period (2017-2019)

Experimental variant Year of experiment

2017 2018

2019

Average soil moisture values (% vol.)

Cereal straw 26.65 +0.42¢ 32.33 £0.03f
Wood chips 22.04 +0.03? 24.62 +0.05¢
Compost 21.88 +0.112 24.35 +0.04¢
Control 22.60 +0.05> 21.91 +0.09*

37.57 +0.03¢
26.35 +0.04¢
25.38 +0.11¢
23.12 +0.032

Note: Mean values in one column followed by the same letter were not significantly different from each other by Tukey’s test at P < 0.05.

Table 3
The average yield of grapes for the observed period (2017-2019)

Experimental variant Year of experiment

2017 2018

2019

Average yield of grapes (tha™)

Cereal straw 10.73 £0.112k¢ 12.42 +0.09¢f

Wood chips 10.67 +0.10® 12.01 +0.03¢
Compost 10.65 +0.082 11.85 +0.06¢
Control 10.55 +0.082 11.08 +0.10¢

13.22 +0.09¢
12.66 +0.13f
12.19 +£0.09¢
11.07 +0.16%

Note: Mean values in one column followed by the same letter were not significantly different from each other by Tukey’s test at P < 0.05.

of cut and nutrition of plants, supplementary irrigation). Ramos
and Martinez-Casasnovas (2006) stated that mulching with or-
ganic matter can therefore not only be a means of improving soil
moisture conditions, but it can also have a beneficial effect on
the quantity of yield and quality of grapes. However, the results
of the analyses focused on the evaluation of selected qualitative
parameters of grapes show that no statistically significant differ-
ence in the sugar content of the grapes was demonstrated in the
individual experimental variants (Table 4). For the three-year
averages was the sugar content slightly higher in the variant cov-
ered with cereal straw (22.94°CNM) and compost (22.83°CNM).
This situation was similar for the pH of the must, the highest
value of which was measured in the experimental variant cov-
ered with wood chips. Jackson (2008) states that the optimal pH
values for musts are in the range of 3.1-3.7. These values create
a good prerequisite for the future chemical and biological stabil-
ity of wines. Acids in must are, in addition to sugar content, one
of the most important qualitative parameter. Acids in musts and
wines are evaluated as titratable acidity by measuring the value

Table 4
The average of qualitative parameters of grapes in period (2017-2019)

of all titratable acids. The optimal acid content during grape rip-
ening is moving in the range of 5-8 g-I'! (Ribéreau-Gayon et al.,
2006). The determined values show that the optimal amount of
titratable acids was achieved in all evaluated variants. The high-
est content was determined for the variant covered with cereal
straw (5.24 g-1"). An equally important parameter is a yeast as-
similable nitrogen (YAN). Its essential importance is to provide
nutrition for the yeast so that the sugars contained in the must
are converted into ethanol during the fermentation process. For
an ideal fermentation process, the minimum content of yeast as-
similable nitrogen should be 150-200 mg-l* (Ribéreau-Gayon et
al., 2006). The obtained results show that the determined values
of yeast assimilable nitrogen correspond to the technological
needs of the three experimental variants. In the case of a vari-
ant covered with wood chips, it is necessary to increase the YAN
content by supplementary nutrition for yeast before fermenta-
tion. In addition to mulching materials, the final quality of the
grapes is affected by several factors (e.g. the vintage, the amount
of nutrients in the soil).

Experimental variant Qualitative parameters of grapes

Density of sugar pH Titr. acidity YAN

(°CNM) (gl (mg1?)
Cereal straw 22.94 £1.722 3.54 +0.092 5.67 +0.24> 153.44 +0.16¢
Wood chips 22.55 +1.792 3.69 +0.25% 5.24 £0.182 124.84 +1.21°
Compost 22.83 +1.73? 3.45 +0.112 5.20 £0.012 161.66 +0.41¢
Control 22.22 +0.90? 3.31 +0.08% 5.21 £0.102 151.64 +0.43>

Note: Mean values in one column followed by the same letter were not significantly different from each other by Tukey’s test at P < 0.05.
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4. Conclusions

Regarding the results of measurements carried out over a
three-year period, the use of organic mulch materials of inter-
row of vineyards can be described as a promising agrotechnical
treatment that has a positive effect on soil moisture. Organic ma-
terials not only help maintain higher soil moisture, but these fac-
tors also have a positive effect on the resulting quality and yield
of the grapes. In particular, it was an increase in the content of
yeast assimilable nitrogen in variants with cereal straw and com-
post, and also higher content of titratable acidity in variant with
cereal straw. The results show that of the three organic materials
used, the most promising is the use of cereal straw, which retains
the most moisture in the soil. This agrotechnical treatment can be
designated as a promising treatment that growers (small farmers
or large companies) can easily take in the short term, taking into
account economic and agri-environmental aspects. Its advan-
tage is also the possibility of combination with other appropriate
treatments or strategies, that will generally support the sustain-
ability of viticulture in the future. The increasing lack of natural
rainfall, especially during growing period, which occurs in the
wine-growing regions due to climate change, necessarily cre-
ates a need for appropriate adaptation treatments and therefore
these experimental measurements are still ongoing to demon-
strate the longer-term positive effect of organic mulch materials.
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