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Abstract: In recent years, research has focused on verifying various ways of dosing organic matter
into the soil in Central European conditions. The main reason for this is to search for the optimal
management methods for soils with permanent vegetation. In this article, we state and evaluate the
results of experiments carried out at the Lednice experimental site (Sauvignon Blanc variety) and
the Velké Bilovice experimental site (Pinot Gris variety) between 2018 and 2020. The experiments
evaluated the deep placement of compost and compost enriched with lignohumax at a rate of
30 t-ha~! in the areas around vineyard tree trunks on the basic physical properties of the soil and
the yield and quality of grapes. Results proved the positive effect of compost heaps and compost
combined with the applied lignohumax on improving soil density (2-10% difference compared with
the unfertilized reference variant) and porosity, which ultimately resulted in improved soil moisture
conditions at both experimental sites (8-25% difference compared with the unfertilized reference
variant). At the same time, the results demonstrated the positive effect of the applied compost and
the chosen method of application on the yield and quality of grapes. In the case of Sauvignon Blanc,
the increase in yield in the fertilized variants was 12-34%, while, in the case of Pinot Gris, it ranged
from 24 to 33%. Among qualitative indicators, the grapes of both varieties were evaluated for sugar
content, total acidity, pH, and amount of yeast assimilable nitrogen. In this case, results were not
unambiguous in favor of fertilized variants; however, in most cases, fertilization had a positive effect.

Keywords: viticulture; compost; grape quality; deep application; physical soil properties

1. Introduction

Viticultural production represents a dynamically developing sector which is accom-
panied by continual innovation and intensification of applied technological procedures.
Efforts for optimization of the product and its qualities often lead to excessive use of soil,
which represents the basic production resource. This trend may have the negative effect
of decreasing soil fertility. This is caused by a complex interaction of factors, the main
ones being the limited application of organic fertilizers, a high degree of mechanization
of work operations associated with a high number of passes, and high doses of applied
agrochemicals, etc. [1,2].
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In terms of viticulture sustainability in recent years, research has focused on the
problems of application and dosage of organic matter into the soil [3]. Organic matter in the
soil plays an unmistakable role in creating and improving its physical properties, such as
soil retention capacity, density, and capability to form soil aggregates, and it influences the
soil water regime [4]. Diacono and Montemurro [5] state that organic matter significantly
affects the development of soil edaphon—biological and chemical processes contributing
to soil quality. In the case that regular application of organic matter into the soil is not
ensured, a decrease in its fertility occurs [6].

In a vineyard, the loss of soil fertility may negatively affect the yield and quality of
the grapes. According to recordings done by White et al. [7], soil properties represent one
of the main factors directly affecting grape quality and, also, the organoleptic properties
of the produced vine. In the context of addressing sustainable agriculture, in recent years,
there has been an increasing focus on replacing traditional, and often unavailable, manure
with other alternatives in the form of green manure or compost [8].

Composting is an aerobic process in which the action of microorganisms leads to the
decomposition of various types of biodegradable wastes Partanen et al. [9] presented their
effective transformation of compost with the possibility of reapplication to the soil [10,11].
However, only a limited number of papers have dealt with the application of compost in
vineyards, with the main focus on vine growth, grape yield, grape quality, and the overlap
into the field of wine production with the main focus on the growth of vines [12-14].
Roots play a key role in the nutrition of vegetation from the soil. It is well-known that the
application of compost may affect the growth of roots by influencing the availability of
nutrients in the soil [15]. While inorganic fertilisers are instantly available and acceptable
to plants, compost decomposes gradually. Mineralized nutrients are released for many
years depending on the origin and chemical composition of the applied compost and on the
soil-climatic conditions [16,17]. In their papers, Nardi et al., Dougherty et al., and Cataldo
et al. [18-20] state that the application of compost may stimulate the growth of roots by
humic substances that are released into the soil from decomposing organic matter. These
substances have a beneficial effect on the proliferation of roots and the total amount of
plant biomass.

Optimising the effects of compost on the soil is closely connected to determining the
necessary number of doses and the application methods themselves. From the correct
viticultural-practice perspective, the selection of a proper application method and the cost
of the application itself play important roles. Most of the time, existing systems use the
application of compost to the inter-row surface with subsequent shallow incorporation [21].
However, the results of several papers by Hassanein and Abul-Soud, Navel et al., and
Mugnai et al. [13,22,23] state that to reach the synergy effect of application of the organic
matter, it is not enough to incorporate the organic matter at a depth of 100-150 mm, it is
necessary to apply it deeper than 200 mm (250-300 mm if possible). Other application
methods are also evaluated, e.g., into a pre-prepared furrow where the applied compost
goes deeper to where the roots are actively absorbing the water and nutrients being
distributed [15]. These, however, are very laborious. In contrast, a lateral application can
be used, in which the organic matter is directed to the area around the tree trunks with
a single, gradual incorporation. The above methods are characterized by considerable
labor and are related to the ploughing of a furrow among fertilized rows, the dosing of
the organic matter into the created furrow, and its subsequent covering connecting to the
flattening of the soil surface [24].

The objective of this paper is to evaluate the effects of the proposed deep implementa-
tion of compost into the area around tree trunks in vineyards on the physical properties of
the soil, as well as the yield and quality of the grapes.
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2. Materials and Methods
2.1. Characteristics of Experimental Sites

The experimental measurements were carried out at the experimental sites of Lednice
and Velké Bilovice between 2018 and 2020. Both locations are fertile vineyards which, in
terms of the regional division of the Czech Republic, are located in the Morava viticulture
region, Velkopavlovicka subregion.

2.1.1. Lednice Experimental Site

With coordinates of 48°47/30” north latitude and 16°47/56” east longitude, the area
of interest is located in a vineyard southwest of the Lednice village (Na Valtické vineyard
track). It belongs to the T4 area of a very warm, dry region with mild and dry winters.
The average annual temperature is 9 °C, and the long-term average sum of precipitation
is 500 mm per year. The average relative humidity is around 80%. For the purpose of
measuring meteorological data (monthly precipitation and temperature), a meteorological
station with remote data transmission (type AMET, Czech Republic) was installed at the
experimental sites. The measured values of precipitation and temperature during the
monitored years at the Lednice site are shown in Figure 1. The predominant soil types
are modal chernozem and carbonate chernozem; the parent substrate is loess. The soil is
slitty; this is a moderately heavy, skeletonless, and very deep soil with a mainly favourable
water regime. The depth of topsoil ranges from 0.3 to 0.4 m. The level of groundwater
ranges from 0.9 to 1.2 m below the soil level. The land is flat. The Sauvignon Blanc variety
is planted in the vineyard, grafted on the rootstock Kober 5BB, and shrubs are cultivated
using high-culture training with a cut to a single cane. The plantation was established in
2012; shrubs are planted in a clutch of 2.5 x 1.0 m.
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Figure 1. Average month temperature and the sum of precipitation (mm) recorded from January 2018
to December 2020 in Lednice.

2.1.2. Velké Bilovice Experimental Site

With coordinates of 48°52/59” north latitude and 16°53’5” east longitude, the area of
interest is located northwest of the Velké Bilovice village (Ulehle vineyard track). It belongs
to the T4, a warm, dry region with mild, dry winters. The average annual temperature
is 8.5 °C, and the average annual sum of precipitation is 550 mm. The average relative
humidity is around 80%. The measured values of precipitation and temperature during the
monitored years at the Velké Bilovice site are shown in Figure 2. The predominant types
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of soil are chernozem and pelic chernozem; the parent substrate is loess. The soil is slitty;
this is moderately heavy, skeletonless, and very deep soil with a mainly favourable water
regime. The depth of topsoil ranges from 0.3 to 0.7 m. Soils are located in a very permeable
subsoil, mainly skeletonless, medium-dry, and dependent on precipitation during the
growing season. The land is located on a plain. The vineyard is planted with a variety
of Pinot Gris, grafted on the rootstock SO4, and shrubs are cultivated using high-culture
training with a cut to a single cane. The plantation was established in 2007; shrubs are
planted in a clutch of 2.7 x 1.0 m.
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Figure 2. Average month temperature and the sum of precipitation (mm) recorded from January 2018
to December 2020 in Velké Bilovice.

Both experimental vineyards are grassed in every other intermediate row. In the
cultivated inter-rows, the soil is kept weed-free by regular cultivation using cultivator
shovels and harrow plates, as well as mulching in the grassed inter-rows. The soil in
the area around the tree trunks remains weed-free by regular cultivation. During the
experiments, no additional irrigation was used for either vineyard.

2.2. Experimental Methodology

The effect of the deep placement of compost on the improvement of soil properties
and the yield and quality of the grapes was monitored at the experimental sites over the
2018-2020 period. The applied compost was made from biologically degradable garden
waste. The main components were grass cuttings, vegetable and fruit waste, wood chips,
and grain straw. The input raw materials were composted in strip bases with triangular
profiles and base widths of 1.5 m. In terms of composition, the applied compost met
the requirements of the CSN 46 5735-Composting standard [25]. In Table 1 are the av-
erage values of selected parameters of the compost applied in the vineyards during the
monitored period.

Table 1. Selected physical and chemical parameters of the compost applied.

Composition

K
(mg-kg™)

Mg P Ca Dry

(mgkg™) (mgkg™!) (mgkg™!) Matter (%) Nc (%) Cox (%) pHxkcL

Compost

4256 + 240

1190 £ 57 608 + 64 7605 =282 67.85+1.63 087 *£0.08 4.01+113 7.05%0.07
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The compost was applied to the cultivated in-rows using a specially designed pro-
totype of a device for deep placement of compost into the area around tree trunks. The
device was designed as a semi-trailer tractor machine placed on a single-axe chassis with
suspension. A rear tipping body is attached to the chassis. Its bottom is made of a trans-
verse chain conveyor with a hydraulic motor drive. There are ploughshares on both sides
of the machine that create a furrow 0.25-0.30 cm deep, into which the applied compost is
fed. The compost is further routed through a hopper into a ploughshare, and it falls on the
bottom of the created furrow. The resulting incorporation of compost is ensured by two
plates located behind each ploughshare.

The experiment was based on the following variants:

Variant I—control without compost

Variant II—compost (dose of 30 tha™1)

Variant IITl—compost (30 t-ha~!) + Lignohumax 20 (0.4 L-ha—!)

Each variant was based on the method of random blocks of 100 m in length in
3 repetitions. The applied dose of compost was 30 t-ha~!. Lignohumax 20 was added
to Variant III. This is a concentrated water solution produced by the hydrolytic-oxidation
degradation of technical lignosulphonates made up of a mixture of humic and fulvic acids,
including their salts. The application of lignohumax contributes to the higher activity of
the photosystem and chlorophyll formation. It increases the usage of nutrients contained
in the soil, supports the development of the root system, and helps to increase yields and
quality of the harvest. After adding it to the compost, microorganisms are activated, so the
degradation of the organic mass and maturing of the compost is accelerated [26].

2.3. Soil Analysis Methodology

Intact soil samples were collected for the determination of selected physical properties
according to Kopecky [27] at each site once a year at the beginning of the growing season
(in May) from depths of 0-0.10 m, 0.10-0.20 m, and 0.20-0.30 m. In each 10 cm layer,
5 undisturbed soil cylinders (100 cm?, 50 mm height & diameter) were collected. The col-
lected samples included these specifications: bulk density, total porosity, current water and
air content, maximum capillary water capacity, and minimum air capacity (methodology
according to the CSN 46 5331 standard) [28].

Kopecky’s [27] cylinders were used for the collection of intact soil samples. Five cylinders
were taken from each depth, and they were analyzed independently. The resulting values
were derived from the average partial results for each depth [29].

Collection of intact samples was carried out with respect to the soil conditions in the
monitored locality in inter-rows of vineyards, always from the same spot.

2.4. Grape Yield Evaluation

The grape harvest, regarding the ripeness of the grapes, was mainly based on me-
teorological conditions of the given year. An overview of the harvest dates at the two
experimental sites is shown in Table 2.

Table 2. Overview of harvest dates in each year.

Experimental Site Harvest Date
Lednice (Sauvignon Blanc) 29 September 2018 26 September 2019 5 October 2020
Velké Bilovice (Pinot Gris) 1 October 2018 20 September 2019 28 September 2020

The average number of bunches (pcs) was determined by a calculation based on the
total number of grapes summed from 10 shrubs of each monitored variety and variant,
according to the methodology stated by Pavlousek [30]. The average grape yield per shrub
was determined by calculating the weight of the grapes obtained by harvesting 10 randomly
selected bushes for each of the varieties and variants evaluated. Grapes were stored in
harvest containers and transported to a lab, where they were weighed using a digital scale.
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2.5. Evaluation of the Main Quality Parameters of the Must

From the analytical values, the sugar content, the content of all titratable acids, the
pH, and the amount of yeast assimilable nitrogen were determined. A total of 40 berries
were separated from different parts of the harvested grapes at random to make the result
as objective as possible. The berries were chosen so as not to distort the results, and the
result was as realistic as possible. Subsequently, the berries were mechanically ground, and
the produced mash was stirred. From the resulting mash, a sample of must was taken and
the analytical values determined according to standardized laboratory methods. The sugar
content was measured using a digital refractometer from PAL-1 (ATAGO Co., LTD, Tokyo,
Japan). The content of titratable acids was specified using titration using an automatic
titrator from TitroLine Easy (Schott Instruments GmbH, Germany) on NaOH. The pH value
was determined based on the potential of a glass electrode depending on the activity of
hydrogen cations relative to the reference calomel electrode. The potential was measured
using a pH meter, PH 526 from WTW company, with a combined glass and silver chloride
gel electrode using a calibrated buffer solution with a known pH. The amount of yeast
assimilable nitrogen was determined using formaldehyde titration. Each measurement was
performed in three repetitions.

2.6. Methods of Statistical Analysis

Results were reported as averages and standard deviations. Analysis of variance
(ANOVA) and Tukey’s honestly significant difference (HSD) tests were conducted to deter-
mine the differences among averages using the software package Statistica 12.0 (StatSoft
Inc., Tulsa, OK, USA). ANOVA was conducted, and the results were compared using
Tukey’s multiple range assay at a significance level of « = 0.05.

3. Results and Discussion

Tables 3 and 4 show the resulting values of the selected physical properties of soil
samples taken from a depth of 0.2 m, which corresponded to the evaluated depth of
compost placement. The determinations include the bulk density, total porosity, current
content of water and air, maximum capillary water capacity, and minimum water capacity.
Values measured for individually evaluated variants were compared mutually and, at the
same time, with the critical values for the given parameter [31].

Table 3. Basic physical parameters of soil, Lednice.

o v o gy Gt o
(g-em™1) ’ Water (% vol.)  Air (% vol.) (% vol.) (% vol.)
I 143 £0.07 a 45.056 £266a 16.05+935a 29.01 +=880a 35.07+2.00ab 9.98 + 1.58 a
2018 II 142 £0.09 a 4536 £339a 1839+110a 2697+£336a 38.35+281b 7.01 £0.87b
I 142 £0.12a 4530+ 443a 14224+072a 31.08£4.22a 3294 +315a 1236 +1.72a
I 1.37 £ 0.07b 4738 £259b 2051 +225a 2551+4.13a 36.88 £1.03a 10.50 £ 2.33 a
2019 1I 1.30£0.13a 50.03 +493a 2337+324a 26.66+8.13a 36.08 +2.77 a 1396 +2.81a
I 1.24 £0.07 a 52,67 +2.02a 2276+244a 2936+494a 3711+ 4.07 a 15.00 = 2.16 a
1 1.47 +0.08 b 4331 +£324b 2830+£36la 16.07+£329a 3574 £2.04a 757 £199a
2020 1I 1.37 £0.08 a 4749 £3.05a 2539+148a 2210+£4.27a 38.79 £ 1.59b 870 £220a,b
I 1.37 £0.02a 4737 £0.82a 2830+3.6la 19.07+386a 36.60+ 1.65ab 10.77 £ 243 Db

Legend: Mean values in one column followed by the same letter were not significantly different from each other
according to Tukey’s test at p < 0.05.
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Table 4. Basic physical parameters of soil, Velké Bilovice.

Expeiier;ental Variant Dlzzlli(ty Total (I:/f)))rosity Current Content Maé.aizgitl;ary g’ill:aggl
(g-em—3) Water (% vol.)  Air (% vol.) (% vol.) (% vol.)

I 125+ 0.11a 51.77+439a 2310 £390a 28.67£82la 40.81 £5.20b 1096 £1.46a

2018 I 1.32+0.08a 49.40£3.12a 2256 £1.78a 2684 £4.89a 3498 £0.74a 1442 £341a

I 128 +0.06a 50.77 £2.29a 2209+1.18a 2868+342a 3605+1.03ab 14724+232a

I 144+0.03b 4451+104a 1447 +£126b  31.37+3.72a 30.88 £1.30a 1496 £3.17 a

2019 I 129+ 0.05ab 5052+208ab 2337 +£132a 26.65+5.04a 36.07 £1.47a 13.96 £ 3.61a

I 137 +015a 4714+561b  2275+3.0la 2936+84la 3711+ 144a 15.00 +4.58 a

I 149+ 0.06b  4262+220a 2655+090ab 16.07+242a 3574 £2.04a 6.88+£1.16b

2020 I 144+0.04ab 4475+138ab 23.79+138a 2096+240b 3486+041a 9.89£1.14a

I 138+0.06a 47.04+213b  2739+246b 19.65+2.02ab 36.64+246a 1041 +£0.64a

Legend: 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.

No statistically conclusive differences between variants were recorded in 2018. Val-
ues of the bulk density were determined under the critical level for these soil types
(1.45 kg-m~3). This was also reflected in porosity values, which did not fall below the
critical limit for any of the variants (45% vol.). The values of the current water and air
content were at a good level, which was consistent with the site conditions on the collection
date. Values of the maximum capillary water capacity exceeded the limit value of 36%
(Variant II, Lednice; Variants I and III, Velké Bilovice). Thus, the structure of the soil was
disrupted. The minimum air capacity of Variant II, Lednice, was less favourable, for it
dropped below the critical level of 10% vol.

Results recorded in 2019 and 2020 suggest the deep placement of compost had a
positive effect on the physical parameters of the soil at both sites. For fertilised Variants II
and III, this was proven by better values of bulk density and associated porosity. Values of
the maximum capillary water capacity exceeded the limit value of 36% (Variant II, Lednice;
Variants I and III, Velké Bilovice). Thus, the structural ability of the soil was disrupted.
Values of the minimum air capacity for Variant I and Variant II, Lednice, and for Variant II,
Velké Bilovice, were less favourable, for they dropped below the critical level of 10% vol.

Several papers have focused on the problems with the evaluation of the physical
parameters of soils in viticultural regions regarding compost application, including Jha
et al., Logsdon and Malone, and Yazdanpanah et al. [32-34]. Similar to our results, these
papers also described the positive effect of applying compost on lower values of bulk
density and overall lower soil susceptibility to consolidation and higher content of water in
soil [35].

A number of papers abroad have dealt with problems with the effect of applied
compost on grape yield. For instance, papers from Pinamonti and Morlat [12,36] found
negligible or even no effect of compost on grape yield. On the contrary, in the results of their
multiyear work, Tangolar et al. [8] stated that the application of compost led to a significant
increase in the grape yield from the second year onwards. White et al. [7] stated that
optimisation of the soil environment by adding organic fertilisers is one of the main factors
affecting the quantitative and qualitative parameters of grapes. Likewise, Gaiotti et al. and
Mylavarapu and Zinati [15,37] claimed that the application of compost in vineyards may
affect the growth of roots by affecting the content and availability of nutrients in the soil.
It also positively affects the soil-moisture regime, its physical properties, and structural
stability, with a positive effect on grape yield.

Part of the experiments was also to determine the dynamics of changes in the content
of N¢ and Cyx in the soil in both experimental vineyards. In general, it was found that
the values of total nitrogen (N¢) increased in the variants with incorporated compost.
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Higher values were always recorded in the upper depth of the soil profile (up to 0.10 m).
Similarly, the total organic carbon (Cox) content of the fertilized variants was also higher.
A comparison of the values of the Cyx content at the beginning and end of the performed
experiments shows that in the Lednice experimental site, the C,x content was on average
higher by 0.99% for var. I, 1.15% for var. II, and 1.30% for var. III. At the Velké Bilovice
experimental site, the increase in Cox content averaged 1.49% for var. 1, 1.74% for var. II,
and 1.95% for var. IIL

While for the Sauvignon Blanc variety at the Lednice site, the grape yield was propor-
tionally equal in each year, for the Pinot Gris variety in 2019 and 2020, the overall grape
yield was significantly lower than in 2018. The main reason was probably low temperatures
and higher rainfall, which affected the phenomenon of flowering and the establishment
of grapes. A characteristic physiological problem of the variety, especially for unselected
material, is its high susceptibility to flower abortion and alternating fertility. Except for one
year, the obtained data, shown in Tables 5 and 6, show a higher grape yield of Sauvignon
Blanc for both fertilised variants (Variant II and Variant III) compared with the unfertilised
reference variant. For the Sauvignon Blanc variety, this increase was 12-34%. For the
Pinot Gris variety, the differences across years were recorded at a higher level: in 2018,
the increase was 23.8%; in 2019, the increase was 94%; and in 2020, the increase was 33%.
A very high difference in yields between the unfertilized and both fertilized variants in
2019 may have been strengthened by accidental influences (e.g., local damage to shrubs),
a higher sum of precipitation in the phenophase of development, and ripening of grapes,
according to the BBCH-scale (code 71-81), as stated by Lorenz et al. [38].

Table 5. Results of grape yield evaluation, Lednice (Sauvignon Blanc).

Experimental Year Variant z’(\lzfger:freuzl_ei;i
I 2.66 =093 a,b

2018 II 221+055a

I 2.07£040a

I 248 £045a
2019 II 3.08 £ 0.45ab

I 3.33 £0.35b

I 239+£0.15a

2020 II 2.75+£0.05¢

I 2.68 £ 0.09 b

Legend: 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 6. Results of grape yield evaluation, Velké Bilovice (Pinot Gris).

Experimental Year Variant ?lrger:f:uzlfi;i
I 419+121a
2018 I 421+0.08a
I 519+ 1.46Db
I 154 +0.69a
2019 I 217+ 045ab

I 3.00+0.27b
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Table 6. Cont.

Experimental Year Variant ?l:;r:}?:u\liflt)i
1 1.58 £ 0.19 a

2020 II 2.00 £0.15ab

III 211+0.07b

Legend: 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.

The resulting average values of selected analytical parameters of grapes, from which
the sugar content, the content of titratable acids, pH, and amount of yeast assimilable
nitrogen (YAN) were evaluated, are stated in Tables 7 and 8.

Table 7. Results of evaluation of grape’s qualitative parameters, Lednice (Sauvignon Blanc).

. . Sugar Titratable Acids YAN
Experimental Year Variant Content CNM) pH () (gL-7) (mg-L~7)

I 1732 £0.01 a 331+0.01a 6.22+0.01b 256.50 £ 3.54 a

2018 II 16.75 £ 0.07 b 331+0.01a 6.81 +0.01c 454.50 £ 3.54 ¢
I 17.32+0.01 a 3.41£0.01b 612+ 0.01a 330.10 £0.02b

I 2391 +£0.01c¢ 321+0.01Db 890+ 0.01b 285.00 £2.83 a

2019 II 22.01+0.01a 331+0.01a 9.31+0.02¢ 28550 +2.12a
I 2231 £0.01b 3.30 £0.00a 8.69 £0.03a 250.00 £ 141b

I 23.81 +0.01Db 310+ 0.01a 11.21 £0.02b 261.50 +2.12b

2020 II 2391+£0.01c¢ 3.11+0.00 a 10.51 £0.02a 291.5+071a
I 23.32£0.01a 321 £0.01b 10.51 £ 0.01 a 288.5+495a

Legend: 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 8. Results of evaluation of grape’s qualitative parameters, Velké Bilovice (Pinot Gris).

. . Sugar Titratable Acids YAN
Experimental Year Variant Content CNM) pH ) (gL1) (mg-L—1)
I 21.31 £0.01a 391 £0.01b 530 £0.03a 167.50 +3.54 a
2018 I 23.92+0.01b 3.61+0.01a 6.61 £0.02¢ 291.00 £ 141c
I 2421 £0.01c 3.60 £0.00 a 6.51 £0.01b 272.50 £3.54b
I 2241 +0.01a 321+0.01a 771 £0.02b 301.50 £2.12¢
2019 I 22.31+0.01b 321+0.01a 8.01 £0.02¢ 276.00 £1.41b
I 2241 +£0.01a 3.31+£0.01b 751 +£0.02a 2295+212a
I 18.61 £ 0.01 a 3.31£0.01a 11.30 £ 0.02 a 21450 £2.12 a
2020 I 19.21 £0.01b 320+ 0.00b 11.11 £ 0.02Db 413.00 £2.83b
I 19.41 +0.01 ¢ 331+0.01a 11.39 £ 0.04 a 426.00 £ 1.41c

Legend: 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.

In the Czech Republic, the sugar content is stated in degrees of the normalized must-
meter (°NM). Degrees of the normalised must-meter indicate the measure of 1 kg of
sugar in 100 litres of must. Thus, the sugar content is a value that states the number
of fermentable sugars in must expressed in degrees of normalised must-meter (Act No
321/2004 Coll.). Results recorded from the experiments were not unambiguous at either
site. For the Sauvignon Blanc variety at the Lednice site, the sugar content of must ranged
from 17.32°NM to 23.91°NM. In 2018 and 2019, the value of the sugar content was identical
or higher for the unfertilised Variant I. In 2020, it was lower for the unfertilised Variant
I than for Variant II, although the difference was 0.4%. For the Pinot Gris variety at the
Velké Bilovice site, the values of sugar content were different. Values of the sugar content
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ranged between 19.21°NM and 24.21°NM throughout the monitored period. Except in
2019, sugar content values of must were lower for the unfertilised Variant 1 compared with
the fertilized Variant II and Variant IIL

Bravdo et al. [39] reported a decrease in the production quality of grapes with excessive
vegetative growth of shrubs. Gaiotti et al. [15] evaluated the effect of compost on soil fertility,
vine growth, yield, and quality of grapes of the Cabernet Sauvignon variety during a five-
year period. During the experiment, the compost was applied to the inter-rows and the
area around tree trunks. The decrease in grape quality was recorded for both methods of
application as well. On the contrary, a nine-year experiment by Mugnai et al. [13] showed
different results regarding vine growth and grape quality following compost application to
V. vinifera during the monitored period. The application of compost conclusively affected
the average weight of grapes, except during 2003, 2004, and 2005. The quality of grapes
(expressed by pH and °Brix) was not affected by the compost application, except during
2006 when °Brix was higher than for the variant fertilised with compost. Morlat and
Symoneaux [40] also found that the pH of must increases with the increasing dosage
of compost.

The pH value is defined as a negative decadic logarithm of hydrogen cation activity
in must or the resulting wine. Under modern viticulture conditions, it is one of the most
important parameters of must and wine which affects biochemical processes in wine and
the development of fermentation itself [41]. The results obtained show that the pH value
of must ranged between 3.10 and 3.41 at the Lednice site and between 3.20 and 3.91 at
the Velké Bilovice site. At the Lednice site, all annual pH values were higher for fertilized
Variants II and III. At the Velké Bilovice site, the pH values were higher for the unfertilized
reference Variant I in 2018. In other years, the pH value was comparable to the fertilized
variants. Ruffner [42] states that pH value is affected mainly by the ratio of tartaric acid and
malic acid. According to Pavlousek [30], the pH of musts should range between 3.0 and
3.3, which allows the production of quality wine. It is clear from the results that besides
the fertilisation method, values can be affected by other factors, such as temperature,
precipitation, etc.

Acids in musts and wines are evaluated by total acidity. They are also referred to
as titratable acidity due to the measurement of the value of all titratable acids. It follows
from the results obtained that the acid content in the must ranged between 6.12 and
11.21 g-L~! at the Lednice site and between 5.30 and 11.39 g-L~! at the Velké Bilovice site.
At the Lednice site, the acid content was different among the evaluated variants, generally
comparable or higher in the unfertilised Variant I (2020, Variant I) than in the fertilised
variants. The situation was similar at Velké Bilovice, except in 2018 when the acid content
was lower in the unfertilised Variant I. Organic acids are formed from sugars and are
produced as by-products of metabolic transformation during breathing. A high content of
acids in must leads to imbalanced and highly acidic wine. Low content of acids makes wine
sweet and insufficiently stable, especially against oxidative processes, as stated Arias-Gil
et al. [43]. Pavlousek [30] also states that acid content is influenced by many factors during
the ripening period; its content changes dynamically and ranges from 6 to 9 g-L~.

Total YAN is a source of nitrogen in must that yeasts are able to use for reproduction
and their own activity [43]. YAN can be seen as a central and dominant factor in the
aromatic structure and subsequent quality of the produced wine. For an ideal fermentation
process, the minimum amount of YAN should be at least 190-200 mg-L~! [44]. Therefore,
the obtained results show that the determined values of YAN correspond, in most cases, to
technological needs, except for the unfertilised Variant I from 2018 at the Velké Bilovice site.
The nutrition of the vine is a factor that can affect the composition of grapes, including the
content of YAN, the lack of which is the main cause of fermentation processes [43]. The
results of 2018 and 2020 suggest in both experimental vineyards that the application of
compost can be an interesting tool in nitrogen management, which contributes to increasing
its content in grapes, and, therefore, in pressed must. This effect may have an overlap
in winemaking processes, where it may reinforce the restriction of the addition of yeast
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supplementary feed in the form of mono-or diammonium phosphate, which is normally
added to must during fermentation. Verdenal et al. [45] state that in order to support the
optimal yield of grapes and their quality, sufficient availability of nitrogen content in the
soil is necessary, with an overlap to its optimal moisture content.

4. Conclusions

Results of experiments carried out between 2018 and 2020 suggest the deep placement
of compost in the area around tree trunks in vineyards had a positive effect on selected
soil properties and the yield and quality of grapes. Results show the positive effect of
incorporated compost and compost combined with the applied Lignohumax 20 by the
improvement of bulk density of the soil and its porosity, which ultimately resulted in
improved soil moisture ratios at experimental sites under Central European conditions.
At the same time, the results also show the positive influence of the compost applied and
the selected method of application on the yield and quality of the grapes. Experiments
carried out by other authors point to the great importance of the application dose, origin,
chemical composition, and method of compost incorporation for achieving the optimal
effects. Assuming the application of compost is carried out in the described methods
and at sites with comparable soil and climatic conditions, doses around 30 t-ha~! can
be considered satisfactory. In this context, the importance of compost as a substitute for
insufficient manure or mineral fertilisers, which can be fully used in sustainable vineyard
management, should not be overlooked.

It is in sustainable viticulture that great attention still needs to be paid to issues
associated with ensuring soil fertility in relation to threats, such as periods of prolonged
drought due to climate changes, degradation of soil structure due to insufficient supply of
organic fertilizers, and excessive soil loading, etc. Growers should aim to gradually replace
high doses of mineral fertilisers with local organic fertilisers, such as compost, which are
available both in terms of quantity and cost. Results of the experiments carried out may be
used as a practical base for realisation and further evaluation of compost application in
viticulture in order to improve cultivation conditions for grapevines with an emphasis on
the optimization of the yield and quality under Central European conditions.
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