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ABSTRACT: The conducted research aims to ascertain the variations in macro and
microelement content within the soil-to-leaf relationship in small vineyards. The vineyard
block (1.2 ha), located in Sremski Karlovci, Serbia, planted with GraSac (Riesling Italico), was
divided into 20 subplots. Each subplot served as an individual location for soil and leaf sam-
pling. Soil samples were collected at three depths, while leaf sampling occurred at two phe-
nophase (end of flowering and at ripening), with separation into petiole and blade parts. Vari-
ability of soil physico-chemical characteristics between subplots was determinate, with the
greatest variability in the 30—60 cm soil layer. The soil generally displayed low levels of or-
ganic matter and available P, K, Zn and B. Erosion processes were indicated by the spatial
distribution of physico-chemical parameters. Differences in nutrient contents were noted among
leaf parts and phenophases, aligning with existing literature. Comparing leaf nutrient status
to optimal values from literature, N and P content was found at lower limits, confirming K
and B deficiencies. Identically, fertilization recommendations can be inferred from soil and
foliar analyses, primarily for N, K and B. Additionally, based on soil analysis, a slight increase
in P and Zn application is advisable. Established correlations among all observed variables
revealed connections between soil parameters, across all depths, and nutrients in the leaf blade
at the end of flowering. It is notable to say that nutrient content in soil, particularly N, K, Mn
and Zn, exhibited statistically significant positive correlations with its content in the leaf blade,
respectively. Further research is necessary to lay the foundation for the development of ac-
curate and reliable criteria for diagnosing nutrition, not only for the whole species but also
among grapevine leading varieties. Given the significant variations in nutrient requirements
and accumulation among these genotypes, this research will be instrumental in ensuring op-
timal nutrient supply while minimizing deficiencies or excesses.
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INTRODUCTION

In viticulture, there exists a greater potential for anthropogenic influence
on soil improvement, compared to the possibility of improvement intervention
on other abiotic factors, such as climate. Therefore, soil management should
be approached systematically, already during the establishment of the vineyard
(Ninkov et al., 2017). The transfer of nutrients from soil to plants has a sig-
nificant impact on yield and, more importantly, on the quality of grapes, par-
ticularly in high-quality varieties that are used for winemaking. Both nutrient
deficiencies and sufficiency have a crucial influence on the quality and yield
of grapes. For example, it has been found that a low level of potassium can
reduce sugar content and the amount of colour-giving compounds in grapes,
while a high K level can decrease must acidity. Elevated nitrogen levels can
delay ripening, resulting in lower levels of anthocyanins, increased acidity,
reduced sugar and phenolic compound content, and lower colour intensity in
grapes (Garcia-Escudero et al., 2013).

It is well known that nutrient status in plants is influenced by numerous
factors, ranging from complex soil processes (such as pH, carbonates, physical
characteristics of the soil, among others), to climatic conditions, and the plant
itself (species, age, phenological stage, etc.). In viticulture, this complexity is
even more pronounced due to the influence of grape variety, rootstock and
clones, as well as the ongoing impact of climate changes. After extensive soil
analysis and soil improvement during vineyard establishment, it is advisable
in viticulture to perform soil analysis every four years, while foliar analysis
should be conducted every season. Foliar analysis is essential for fine-tuning
nutrient management since soil status does not fully reflect the actual nutrient
composition in the plant, as it is influenced by complex nutrient uptake pro-
cesses from the soil. Several methods of nutritional plant analysis have been
proposed; however, mineral content analysis of leaf blade and petiole are still
the most widely used determination methods (Garcia-Escudero et al., 2013;
Hickey et al., 2021), while in the past, the entire leaf was analysed (Papri¢ et al.,
2009). In addition, grapevine nutrient guidelines have mostly been developed
for two phenological (growth) stages: bloom and veraison (ripening) (AWRI
2010, NSA 2011; Hickey et al., 2021).

Different parts of the leaf contain varying contents of nutrients, and it is
important to compare them with appropriate criteria (Melo et al., 2018). When
deciding between leaf petiole or leaf blade analysis, there are several advan-
tages and disadvantages to consider. Generally, leaf petiole is easier to sample
as a representative sample and has a longer history of application. However,
as a transport tissue, it has lower accuracy and exhibits large diurnal and
yearly fluctuations in nutrient contents. Additionally, it may fail to diagnose
certain nutrient deficiencies, such as Mg, and has a small dynamic range for
N. On the other hand, leaf blade analysis provides higher accuracy and wider
ranges for nutrient dynamics. However, it requires careful sampling and thor-
ough washing before analysis, as it is prone to sample contamination from dust
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and chemicals (Hickey et al., 2021). Based on their extensive research, Schreiner
and Scagel (2017) recommend using leaf blades, as opposed to petioles, for
diagnosing the N, P, and K status of Pinot noir grapevines.

The interpretation of foliar analysis results and the establishment of refer-
ence values is a particularly demanding and extensive work, requiring multi-
year comprehensive trials. Such research has always been of interest for vine-
yard management and remains relevant due to ongoing climate and numerous
other changes. Extensive studies presenting values by grape varieties, growth
periods, various nutrient levels, and the combination of multiple elements are
documented in the works of Bergmann and Neubert (1976). Nowadays, several
methods have been proposed for interpreting foliar analysis results, including
the sufficiency ranges (SR) method, critical values method, DRIS (diagnosis
and recommendation integrated system), and DOP (deviation from optimum
percentage) (Romero et al., 2014). These methodologies consider different
ranges of values and aim to classify each nutrient content as deficient, low,
adequate, high or excessive. Establishing these criteria requires extensive sur-
veys of basic data and nutrient contents within a specific region. This process
involves the compilation of a comprehensive database over time, which includes
various factors such as climate, topography, soil properties, genetics, grapevine
varieties and cultivation practices, including irrigation techniques (Romero et
al., 2014). Research in Serbia on this topic has experienced periods of vigour
in the past, followed by a hiatus. However, there is a renewed focus on these
studies, making them highly relevant and deserving of continued attention.

The aim of this study is to highlight the variations in the content of mac-
ro and microelements in the soil — grapevine leaf relation in a small-sized
vineyard, and additionally, to examine the variations in grapevine leaves based
on leaf part and season.

MATERIALS AND METHODS
Location of investigation and sampling

The research was conducted during the vegetation period of 2020 at the
Experimental Field of the Faculty of Agriculture, University of Novi Sad in
Sremski Karlovci. The observed research plot covers an area of 1.2 hectares
planted with the Grasac (Riesling Italico) variety grafted on Keber 5 bb root-
stock, clone SK-54. The vineyard was established in 1994, with rows oriented
in a north-south direction. The planting distance is 2.8 x 1.6 m and grafts are
planted in pair. The vine training system is modified Karlovci training system
(one cane and one spur with 12 and 2 buds respectively). The relative elevation
difference of the vineyard between the northern highest point bordering the
nearby forest and the south-eastern point adjacent to the road is 12 m.

In order to spatially characterize the variability of the soil, the vineyard
block was divided into a grid of 20 subplots (Figure 1), each subplot covering
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an area of approximately 600 m? and containing 7 rows. Each individual subplot
was then observed as a single sampling location/unit for soil and grapevine leaf.
Soil sampling was carried out at three depths (0-30, 30—60, and 60—90 cm) us-
ing an agrochemical auger, with one representative sample per subplot consisting
of 10—15 individual samples (following the methodology for soil fertility control).
This way, a total of 60 soil samples were collected on April 21, 2020.

Figure 1. Layout of divided subplots of observed vineyard block

Grapevine leaf sampling was performed during two phenophases of the
grapevine life cycle: flowering (with 80% of plants in this phase) on June 10,
2020, and onset of ripening on August 17, 2020. Sampling was done in the
early morning hours, following the methodology for leaf sampling for foliar
analysis of macronutrient status. For each grape cluster, an opposite leaf was
picked together with its petiole. From each of the 20 subplots, 30 individual
leaves were taken evenly as one composite sample. Samples were stored in a
paper bag and kept cool during transportation to the laboratory.

Laboratory analysis

The laboratory analyses of collected soil and grape leaf samples were
conducted at the Laboratory for Soil and Agroecology of the Institute for Field
and Vegetable Crops. The laboratory is accredited according to the SRPS ISO/IEC
17025:2017.
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The total of 60 soil samples were air-dried and sieved to a particle size of
<2 mm, in accordance with ISO 11464:2006. The pH value in 1:2.5 (v/v) sus-
pension of soil in 1 M KCI was determined upon the ISO method 10390:2005.
The free CaCO; content was determined by volumetric method ISO 10693:1995.
Organic matter content was measured by sulfochromic oxidation method (Ty-
urin’s method). Total organic carbon (TOC) and total nitrogen were determined
by elementary analysis (CHNSO VarioEL III) after dry combustion in accord-
ance with the ISO 10694:1995 and AOAC Official Method 972.43:2006, re-
spectively. Readily available phosphorus and potassium were extracted by
ammonium lactate extraction, and measured by the means of spectrophotom-
etry and flame photometry, respectively (Egnér et al., 1960). Particle size dis-
tribution was determined in the <2 mm fraction by the pipette method (Van
Reeuwijk, 2002). The size fractions were defined as clay (<2 pm), silt (2-20
um), fine sand (20-200 pm) and coarse sand (200—2,000 pm). Cation exchange
capacity (CEC) was determined by ammonium acetate (Chapman, 1965). The
content of available microelements was determined by soil extraction using
DTPA according to the ISO 14870:2001 method. The determination of available
Boron content was performed after soil extraction in hot water. The detection
of Cu, Zn, Fe, Mn and B from prepared solutions was carried out using the
ICP-OES Vista Pro Axial instrument, Varian, following the US EPA 200.7:2001
method.

For the purpose of foliar analysis, the collected leaf samples were thor-
oughly rinsed with distilled water and air-dried. Subsequently, the leaf petiole
was separated from the leaf blade. In this manner, a total of 80 individual plant
material samples were analysed: 20 samples from each observed subplot at
two time intervals, consisting of both leaf blade and leaf petiole for each sam-
ple. The samples were ground using a plant material mill. Prior to further
sample analysis, the moisture content was determined gravimetrically and the
presented results are based on dry weight. Total nitrogen was analysed using
the elemental analysis on the CHNSO VarioEl. III following the AOAC
972.43:2006 method. The determination of P, K, Mg, Ca, B, Mn and Zn content
was conducted after microwave wet digestion of the samples in a mixture of
ccHNO; and H,0, with gradual heating up to 180 °C using the Milestone
ETHOSI instrument with a digestion time of 35 minutes. The detection of
elements was performed using the ICP-OES Vista Pro Axial instrument, Varian,
following the US EPA 200.7:2001 method.

Statistical data processing

Data were statistically processed by analysis of the main descriptive pa-
rameters and correlations between examined parameters. All statistical analyses
were performed using STATISTICA for Windows version 13 (TIBCO, 2018).
Statistical parameters were shown in tables 1 and 5.
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RESULTS AND DISCUSSION

Soil properties and variability

According to the analysis of physical soil properties, the particle size
distribution indicates that the observed area primarily falls into two texture
classes clay loam and light clay based on the IUSS classification. However,
there is one sample from the higher part of the plot (sample ordinal number 18)
(Figure 1) that belongs to the class of rough sandy loam (30—60 cm), character-
ized by a high sand content. On observed plot, in the upper soil layer (0-30 cm),
the texture classes of clay loam and light clay are relatively equally distributed,
while in deeper soil layers, the dominant texture class is light clay. Based on
the conducted descriptive statistics (Table 1), the greatest variation in data is
observed in the soil layer at 30—60 cm depth. Overall, the largest differences
were found in the sand content, primarily due to the presence of one sample
(No. 18) with a high sand content of 89.52%.

According to the determined pH values, the tested samples range from
7.08 to 7.79, indicating a variation from neutral to slightly alkaline soil class
(Table 1). Based on the average pH values, the pH reaction decreases with
depth, and in terms of spatial distribution, the eastern and southern edges of
the plot exhibit higher pH values. The content of free carbonates expressed as
CaCQ;, according to the average values, exceeds the threshold for highly car-
bonate soils (>10%) and remains relatively consistent with depth (Table 1).
However, individual samples exhibit a wide range of variation, encompassing
all classes from non-carbonate to highly carbonate soils. The carbonate content
shows the least variation in the surface layer of the soil, while the variability
among samples increases with depth. The spatial distribution of carbonate
content aligns with the pH distribution. The variability of Cation exchange
capacity (CEC) is relatively consistent within each soil layer (Table 1). Gener-
ally, higher CEC values were observed in the western part of the plot. The
organic matter (humus) content is very low in all tested samples, falling with-
in the class of very low to low humus soil. As expected, it decreases with depth,
with the highest value recorded as 1.53 in the upper soil layer (Table 1). The
western and upper parts of the plot exhibit the lowest humus content.

Table 1. Descriptive statistics of soil properties at three depths (20 subplots of 1.2 hectare)

Percen- Percen-

Parameter Depth Average  Min. Max. tile tile Variance Std.
[cm] dev.*
25 75
0-30 47.59 37.61 70.45 42.84 50.89 39.63 8.27
Sand

30-60 46.46 33.02 89.52 40.36 46.95 101.94 12.84
60-90 44.48 33.11 65.53 39.39 47.39 33.28 7.86
0-30 27.88 20.32 33.40 26.32 28.64 8.28 2.88
30-60 28.10 12.20 36.60 26.54 31.12 25.29 5.03
60-90 29.07 21.88 35.60 26.98 30.30 13.00 3.61

(%]

Silt
(7]
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0-30 24.53 17.64 29.00 22.88 26.90 9.39 3.06

[C(,Ey 3060 2544  12.88 3024 2346 2836 1907 437
60-90 2645 1848 3404 2438 2980 1779 422
030 743 724 767 735 7152 00l 0.12
Ii’IfIKCl 30-60 740 714 779 726 754 0.03 0.17
60-90 738 708 777 726 754 004 019
030 1681 1227 1935 1577 1849 454 213
[C11115e€1/100g] 3060 1724 1185 2113 1510 1905  7.65 277
60-90 1763 1242 2149 1599 1927 659 257
030 1109 420 2146 652 1430 2289 478
52503 30-60 1115 421 2945 631 1178 6166 785
60-90 1147 140  3L13 631 1304 5930 770
030 115 075 153 098 130 005 022
8/1:3[ 30-60 082 025 140 063 098 008 028
60-90 066 013 112 044 083 008 027
030 1827 644 2848 1228 2441 5119 715
fnzn(;;lOOg] 30-60 764 181 1370 484 1078 1104 332
60-90 516 246 1426 354 555 846 291
030 1879 850 2836 17.04 2143 2140 463
Eﬁgwog 30-60 1222 459 1872 1120 1349 1015 319
60-90 1148 502 2995 917 1256 2605  5.10
030 738 236 2164 543 798 1544 393
[Cnll‘;/jkT;A 30-60 277 06l 6.57 147 371 266 1.63
60-90 141 033 376 084 172 076 087
030 991 627 1620 834 1063 559 236
[F;;gg? 30-60 1109 517 1805 942 1310 1039 322
60-90 1233 646 2186 1043 1377 1536 392
030 622 499 798 534 722 113 1.06
ladn%'/fg]m 30-60 695 537 921 579 827 175 132
60-90 780 528 1332 679 868  3.09 176
030 216 095 ol 148 231 288 170
[ZI::;/)I(T;]’A 30-60 080 021 165 062 097 013 0.36
60-90 064 024 143 037 090 0.1l 0.33
030 037 014 104 025 042 004 019
'[fr'l I;/Zk(?g] 30-60 028 008 072 020 033 002 0.13
60-90 026 006 051 018 035 00l 0.11

* Standard deviation

The content of readily available phosphorus, expressed as P,Os, shows
significant variation in the upper soil layer (Table 1). In the soil layer at 30—60 cm,
where the root activity of grapevines is highest, phosphorus levels are generally
low. The optimal phosphorus content was determined in only four out of the
60 tested samples. Half of the samples fall into the class of very low and low
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content, while one-fifth (12 samples) belong to the class of medium content. Ad-
ditionally, nine samples exhibit high phosphorus content, all of which originate
from the surface soil layer. In general, higher phosphorus content is found in
the lower parts of the observed plot. Based on the average value of available
potassium content, expressed as K,O, the soil is classified as low to medium
in terms of potassium content. Regarding the soil depths, the potassium content
shows the highest variation in the surface (0—30 cm) and deepest layers (60—90
cm), ranging from very low to optimal classes. There are no excesses of potas-
sium observed. In the soil layer at 30—60 cm, where the root activity of grape-
vines is highest, none of the samples reach the optimal level. Out of the 20
observed samples in the 30—60 cm soil layer, 16 belong to the low content class
(7-15 mg / 100g), while two samples fall into the very low (<7 mg / 100g) and
medium content (15-20 mg / 100g) classes, respectively. Similar to the spatial
distribution of phosphorus, potassium content is higher in the lower parts of
the observed plot.

Regarding accessible microelements in the soil, copper deficiency is not
expected in vineyards due to the intensive use of copper-based fungicides. The
copper content is the highest in the surface layer of the soil, where the highest
variance and standard deviation of results are present as well, indicating its
anthropogenic origin and it decreases with depth. The observed soil is gener-
ally adequately supplied with copper in deeper layers (Table 1 and Table 2).
However, in two specific parts of the vineyard (sample No. 4 and No. 17), the
copper content in the surface layer reaches notably high contents of 21.64 and
10.84 mg/kg, respectively. In contrast, other areas of the vineyard’s surface
layer have copper contents below 10 mg/kg. Content above 10 mg/kg suggest
an anthropogenic origin and may potentially have phytotoxic effects on the
vigour of young plants.

The observed soil is generally well supplied with available iron, and its
content is consistent throughout the soil profile, with all recorded contents
above the minimum values (Table 1 and Table 2). The lowest iron content was
found in the parts of the vineyard covered by samples No. 12, 18 and 19. The
iron content varies the most in the deepest layer of the soil. The content of
available manganese is the most consistent among all observed elements, in-
dicating that the soil is generally well supplied with this micronutrient values
(Table 1 and Table 2).

The content of available zinc generally decreases with depth and is at a
low level values (Table 1 and Table 2). Below the minimum threshold of 0.6
mg/kg, there are 15 samples in the deeper soil layers, specifically four sections
of the vineyard located in the 30—60 cm soil layer (samples No. 9, 16, 18, and
19). The determined zinc contents highlight the necessity of implementing
additional zinc fertilization to address the observed deficiency.

The content of available boron is very low. Out of the 60 analysed samples,
42 have values below the minimum threshold of 0.35 mg/kg (Table 2). In the
30—60 cm soil layer, where the root activity of grapevines is highest, only four
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sections of the vineyard have boron content exceeding 0.3 mg/kg (samples No.
12,12, 13 and 17). When applying boron fertilizers to the soil, extreme caution
should be exercised. It is necessary to determine the precise amount of ferti-
lizer, as there is a fine line between optimal quantities (1.5-2.0 mg/kg) and
amounts that can have toxic effects (5 mg/kg) (Ubavic¢ et al., 2008).

Table 2. Minimum and optimal values of microelements in the soil for grapevines (Lan-
yon et al., 2004; Ubavi¢ et al., 2008; Ninkov et al., 2019)

Assessment of the level Cu Fe Mn Zn B
of provision [mg/kg]

Minimum values 0.2 2.5-4.5 2.0 0.6 0.35
Optimal values 1.2-2.4 11-21 10-20 3-6 1.5-2.0

Overall, the tested 20 subplots exhibit variation in the physico-chemical
characteristics of the soil, with the highest variability observed in the 30—60
cm soil layer, where grapevine root activity is the greatest. The soil generally
exhibits low levels of organic matter, macronutrients such as phosphorus and
potassium, as well as micronutrients like zinc and boron. The spatial distribu-
tion of the physicochemical parameters of the soil indicates the presence of
erosion processes at the investigated microlocation.

Foliar analysis, content and seasonal dynamics
of nutrients

Based on the analysis of two parts of grapevine leaves (blade and petiole)
during two phenophases (flowering and ripening), differences in nutrient con-
tent have been observed both among leaf parts and across seasons (Table 3).
Nitrogen, boron and manganese are found in higher contents in the leaf blade,
specifically during the flowering (sampling in June), compared to the second
sampling in August during the ripening. Phosphorus and potassium are found
in higher contents in the leaf petiole, while the content of P remains relatively
consistent across the two seasons. The content of K is higher in the petiole
during the flowering phase (sampling in June). It has been determined that
there are higher levels of magnesium and calcium in the leaf petiole, particu-
larly during the ripening phase in August (Table 3). Finally, zinc shows sea-
sonal variation, with higher contents observed in the leaf blade during June,
while higher contents are found in the leaf petiole during August (Table 3).
These findings are broadly consistent with previous research and the estab-
lished nutrient dynamics, where the content of N and K is highest in leaves
during spring and decreases throughout the season. The content of P in leaves
is highest before flowering, and additionally, the content of Ca and Mg is
higher in older leaves (Buri¢, 1979).
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Table 3. Nutrients content in grape leaves (mean value) according to leaf part and sampling
time

Leaf Sampling N P K Mg Ca B Mn Zn
part time [%] [mg/kg]
June 2.77 0.21 0.62 0.35 2.48 3550 21893 3279
Blade St. Dev. 0.11 0.03 0.04 0.03 0.20 7.86 35.19 5.89
August 2.16 0.17 0.40 0.46 3.42 3328 209.31 2847
St. Dev. 0.09 0.02 0.03 0.06 0.18 7.44 32.32 3.28
June 0.84 0.28 0.78 0.81 2.07 24.39 63.17 26.82
Petiole St. Dev. 0.08 0.08 0.14 0.08 0.19 3.13 15.15 8.18
August 0.64 0.24 0.57 1.69 3.30 29.05 20592  42.16
St. Dev. 0.08 0.12 0.22 0.19 0.30 1.76 86.74 1571

According to literature (Goldspink et al., 2000; Verdenal et al., 2021) N
content in the leaf blade is very different to that in the petiole: petiole N content
i1s more sensitive to variations in N nutrition than leaf blade N content, which
is more constant. Consequently, the chosen analysis (i.e., on either the leaf
blade or petiole, or both together) will greatly affect the results and require
adapted interpretation thresholds (Verdenal et al., 2021).

In European vineyards, leaf blades are the standard tissue for diagnosing
vine nutrients (OI'V, 1996). On the other hand, the petioles are the tissue of
choice for routine diagnosis of vineyard nutrient status in United States and
Australia (Robinson et al., 1978; Christensen, 1984). Benito et al. (2013) sug-
gest that diagnosis of nitrogen, phosphorus, potassium, manganese and zinc
is preferable in the blade at complete cap-fall, fruitset and veraison, while
the petiole is a better choice for iron and boron at both complete cap-fall and
fruitset, and for boron at veraison. Calcium and magnesium are likely to be
found at flowering or veraison, and iron at veraison, independently of sampling
tissues.

Table 4 presents optimal nutrient content thresholds in grapevine leaves
based on various literature sources, illustrating variations influenced by factors
such as authorship, season, leaf segment, and research location. It is important
to note that Table 4 offers a foundational overview. However, there are addi-
tional studies establishing optimal values, deficiencies, excesses, etc. Further-
more, some studies even provide insights into grapevine varieties and spe-
cific rootstocks. The production guidelines, based on ranges of nutrient status
from the literature, are indicative for grape producers and testing laboratories
(Schreiner and Scagel, 2017). The benefit for them will be if production guide-
lines take into account the effects of nutrients on vine productivity and must
quality.

Comparing the outcomes of our spring foliar analysis (Table 3) with the
reference values detailed in Table 4 (despite their variations attributed to dif-
ferent authors), it is deduced that the content of N and P in grapevine leaves is
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at the lower optimal threshold. Potassium content is notably deficient, in both
the blade and petiole. In contrast, Mg and Ca contents are satisfactory, with
Ca even reaching the upper limit of sufficiency. Distinct thresholds for Mn
and Zn are presented, placing their content within the upper sufficiency
optimal limit and well within the sufficiency range, respectively. Despite
these distinct threshold levels, the content of B is notably deficient, particu-
larly in the petiole.

The stated findings based on foliar analysis of deficiencies in certain ele-
ments are in complete alignment with soil analyses, except in the case of Zn.
Soil analysis revealed low levels of organic matter, P, K, and B. The Zn content
in grapevine leaves is sufficient, while specific parts of the observed plot are
characterized by low levels of this element.

It is important to emphasize that a synchronized fertilization recommen-
dation can be deduced from both soil and foliar analyses, especially concerning
nutrients N, K and B. Nonetheless, according to soil analysis, a slightly elevat-
ed application of P and zinc Zn could be contemplated within the scope of
fertilizer management. Importantly, with leaf P content at the lower threshold
and Zn content well within the optimal range, increased quantities of P and Zn
would not adversely affect the vineyard’s ecosystem.

Based on the results of the entire study, correlations between all observed
parameters were determined. The strongest correlations were obtained between
soil parameters from all three depths and nutrients in the leaf blade sampled
in flowering phase (Table 5).

The nutrient content in the soil, specifically nitrogen, potassium, manga-
nese, and zinc, showed a positive statistically significant correlation with the
respective nutrient content in the leaf blade. However, this relationship was not
observed for phosphorus and boron.

The soil pH and carbonate content exhibited a negative and statistically
significant correlation with the content of P, K and B in the leaf blade. The
influence of high soil carbonate content, and consequently elevated pH levels,
on nutrient uptake inhibition has been the subject of thorough investigation
(Cambrollé¢ et al., 2015). On the other hand, soil carbonate showed a positive
correlation with the content of Mg and Mn in the grapevine leaf blade. How-
ever, the negative correlation between carbonate content in soil and Ca uptake
and is unexpected. On the other hand, soil available phosphorus showed a
statistically significant positive correlation only with the Ca content in the leaf
blade. The complex process of calcium uptake, involving various transport
pathways, remains a subject of ongoing debate in research studies (Duan et al.,
2022; Nistor et al., 2022) and influenced by a many of factors, including water
stress. It is widely acknowledged that mature leaves typically exhibit elevated
calcium content what is also found in present study (Table 3).
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Table 4. Optimal values for the interpretation of grapevine leaf nutrient content according
to literature, on dray mass

. Leaf N P K Mg Ca B Mn Zn Fe
Source  Location Season
part [%] [mg/kg]
| Bergmann, whole . LL 2.30 025 120 025 15 30 30 20
1986 leaf € UL 2.80 045 1.60 0.60 2.5 60 100 70
) Papric¢ et whole LL 2.50 022 13 025
al., 2009 leaf UL 275 024 14
Melo et al  whole LL 240 029 11 026 12 26 390 150 89
3 ” Brazil
2018 leaf UL 300 039 14 033 1.6 39 578 256 140
4 Verdenal whole LL 2.00
etal., 2021 leaf UL 2.30
AWRI, . . LL 300 025 10 03 12 30 25 30
> 2010 Australia blade flowering ;1 560 40 18 06 2.8 200 200 60
Garcia-
. . LL 313 027 09 03 21 58 68 18 105
6 Escudero = Spain  blade flowering 1y 353 031 19 04 23 67 87 20 131
etal., 2013
7 Verdenal tiol LL 0.40
etal., 2021 petiole UL 0.60
AWRI, . LL 0.80 025 18 12 35 30
8 2010 Australia petiole UL 110 050 30 0% 25 70 60 26 730
o NSA, Canada  vetiole flowering 1L 160 016 15 02 04 25 20 20 40
2011 p € UL 2.50 060 40 04 15 50 150 100 180
10 g:lcrliitro Spain  petiole flowering LL 094027 1.3 06 14 4023 1422
UL 110 034 18 07 15 42 29 17 25
etal., 2013
Goldspink . . LL 09 030 13 12 30 25 15
11 tal, 2000 Australia petiole flowering 17> %9 3 >04 55 35 500 25

LL = lower limit of optimal content
UL = upper limit of optimal content

Table 5. Correlation coefficients between soil parameters at three depths and leaf nutrient
status of leaf blade sampled in June (flowering)

Leaf blade, flowering

Soil N P K Mg Ca B Mn Zn

pH-KCl -0.162  -0.421*  0.032  0.326% -0.407* -0.556* 0.372*  -0.230
CaCO;s -0.236  -0.522* -0.173  0.315*% -0.460* -0.491* 0.562*  -0.026
OM 0.271*  0.444* 0.316* -0.132  0.485* 0.471* -0.272*% -0.094
TOC -0.058  -0.018 0.116  0.283*  0.033  -0.004  0.178 -0.108
N-Total 0.310*  0.437* 0.259* -0.088 0.487*  0.518* -0.282* -0.072
P,0s 0.174 0.215 0.201 0.029  0.293*  0.251 -0.155  -0.100
K,0 0.262*  0.292*  0.335% -0.047 0.386* 0.278* -0.243  -0.070
Coarse sand -0.156  -0.273* -0.040  0.058 -0.281* -0.466* 0.085 -0.027

50



Fine sand 0.433*  0.333*  0.197 0.167  0.358* 0.501* -0.210 -0.308*

Silt -0.121  -0.261* -0.162  0.075  -0.168 -0.094 0.370* 0.148
Clay 0.073  0.496*  0.085 -0.303* 0.398* 0.547* -0.362*  0.132
CEC 0.227  0.542*  0.023 -0.322*¥ 0.480* 0.688* -0.406*  0.168
Cu-DTPA 0.201 0.195 0.235  -0.024 0.272*  0.141 -0.101 -0.077
Fe-DTPA -0.073  0.031  -0.090 -0.421* 0.007 0.039 0.172 0.287%*
Mn-DTPA -0.195  -0.267* -0.276* -0.347* -0.264* -0.304* 0.472*  0.335*
Zn-DTPA 0.003  -0.006  0.058 0.017 0.195 0.040 0.116 0.287*
B-H,0 0.060  -0.124 -0.042 -0.024  0.123 0.160  -0.029 0.094

* Significantly correlated p=0.95

Soil organic matter, total nitrogen, and available potassium content are
significantly positively correlated with the major nutrients in the leaf blade: N,
P, K, as well as with the content of B and Ca, which indicates importance of
applying good fertilizer management. Total nitrogen is negatively correlated
with the content of Mn, while total organic carbon is positively correlated only
with the content of Mg in the leaf blade. The cation exchange capacity (CEC)
of the soil showed a statistically significant positive correlation with the content
P, Ca and B in the leaf blade. However, CEC exhibited a negative correlation
with the content of Mg and Mn in the leaf blade. Stated findings indicated
antagonistic interactions between elements. The influence of soil particle dis-
tribution on nutrient content has been determined, particularly on the phos-
phorus content in the leaf blade. However, the obtained correlations are not
logical for drawing a general conclusion.

CONCLUSION

The tested 20 subplots of the small sized plot of 1.2 ha exhibit variation
in the physico-chemical characteristics of the soil, with the highest variability
observed in the 30—60 cm soil layer. The soil generally exhibits high pH reac-
tion, low levels of organic matter, available P, K, as well as low levels of mi-
cronutrients Zn and B. The spatial distribution of the physico-chemical param-
eters of the soil indicates the presence of erosion processes at the investigated
microlocation.

Based on the analysis of two parts of grapevine leaves (blade and petiole)
during two phenophases (flowering and ripening), differences in nutrient con-
tent have been observed among leaf parts and across seasons, which broadly
aligns with established nutrient dynamics described in the literature. Based on
foliar analysis and by comparing nutrient levels in the leaves during the flow-
ering phase with various literature sources’ threshold values, it was found that
the content of N and P is at the lower limit, while the deficiency of K and B is
clearly confirmed. Synchronized fertilization recommendations can be inferred
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from both soil and foliar analyses, particularly for nutrients N, K, and B. How-
ever, based on soil analysis, a slightly increased application of P and Zn would
be recommended for fertilization.

Based on the established correlations among all observed variables, the
highest correlations were determined between soil parameters across all three
depths and nutrients in the leaf blade sampled during the flowering phase. The
nutrient content in the soil, specifically N, K, Mn, and Zn, showed a positive
statistically significant correlation with the respective nutrient content in the
leaf blade. However, this relationship was not observed for P and B. The iden-
tified correlations indicate the influence of pH and carbonates on reduced
uptake of certain elements, as well as the presence of nutrient uptake antago-
nism in the grape leaves depending on the physicochemical soil parameters.

Further research is necessary to lay the foundation for the development
of accurate and reliable criteria for diagnosing nutrition, not only for the whole
species but also among grapevine leading varieties. Given the significant var-
iations in nutrient requirements and accumulation among these genotypes, this
research will be instrumental in ensuring optimal nutrient supply while mini-
mizing deficiencies or excesses.
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OPUTUHAIJIHU PAJ]

OJHOC CAAPXKAJA MUKPO U MAKPOEJIEMEHATA YV 3EMJBUILTY
N JINCTOBUMA HA MHUKPOJIOKALI1JY BUHOI'PATA

Jopmana M. HUHKOB', TIpeapar H. BOXXOBU'R?, Cranxo B. MUWJINR!,
Wsan . KYJbAHUWR?, Cresxana I1. JAKILIWR',
Hparocnas M. I/IBAHI/IHIEBI/I'Fl2 WBana J. BYKOB)?

" UIHCTUTYT 3a paTapcTBO M MOBPTAPCTBO, IHCTUTYT O HAIIMOHAHOT 3HAYaja 32
Peng@mxy Cp6wujy, Makcuma I'opkor 30, Hou Can 21000, Cpouja
Yuusepsuret y HoBom Cany, [lossonpuBpenau dpakyiTeT
Tpr Hocuteja O6pamosuha 8, Hosu Cax 21000, CpOuja

PE3MME: CripoBezieHO HCTpa)KMBamke MMa 3a IAJb J1a yTBPAY BapHjaiuje y caap-
Kajy MaKpo- U MEKpPOEIIEMEHATa y OJTHOCY 3eMJBHINTE—ITUCT Y MaJMM BUHOT'PaIUMAa.
[Mapuena Benuuune 1,2 xekrapa y Cpemckum Kapnosuuma (Cpouja), ca coptoM ipaway
(Riesling Italico), monespena je Ha 20 nenosa, moj mapiiena. CBaka 1moJ mapuesna ciy-
XKHJIA je Kao IMojelnHavHa JIOKaIlHja 3a y30pKOBamkbe 3eMJBHINTA U JINCTOBA. Y30pIHU
3eMJBHIIITA Cy CaKyIlJbaHU Ha TPU NYOUHE, IOK je Y30PKOBAKE JINCTOBA 00aBIHEHO Y
nBe (eHodasze (pas3a uBeTama u Gaza capeBama), ca pa3BajambeM JPIIKE U JIHCKE.
Bapwujanuje y Gpuznako-xeMHjCKUM KapakTEpPUCTUKaMa 3eMJbUIITA Cy TOTBpheHe mehy
nocmarpanux 20 mox napuena, ca Hajgehom Bapujadbunnomthy y ciojy 3eMJBUIITA OJT
30—60 cm. 3emibHIITE TEHEPAITHO TI0KA3Yje HU3AK Ca/IpXKaj OPraHCKe MaTepyje U pH-
crynadtor gocpopa (P), kamujyma (K), unnka (Zn) u 6opa (B). IIpocropra aucrpu-
Oyuuja GU3HIKO-XeMUjCKHX NIapamMeTapa yKasyje Ha IPUCY THe rpouece eposuje. [loGu-
jeHe pasynke y caapikajy XpaHJbUBUX MaTepHja Mehy menoBuma nucra u perodaszama
cy y ckiafay ca noctrojehom nmreparypom. [pu ynopehusamwy canpkaja XpaHIbUBUX
MaTepHja y JIMCTOBUMA Ca ONITUMAJIHUM BPEIHOCTUMA U3 JTUTEPATYPE, YTBPhEHO je na
je canpkaj azora (N) u docdopa (P) Ha 10H0j TpaHuIU, U TOTBPEH je HeAOCTATAK
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kanujyma (K) u 6opa (B). UnenTnune npenopyke 3a hyOperme MOry ce JOHeTH Ha
OCHOBY aHaJIM3e 3eMJBUIITA U (OJIHjapHe aHau3e, mpe ceera 3a a3ot (N), kanujym (K)
n 6op (B). [lonarHo, Ha OCHOBY aHaJM3€ 3eMJBHINTA, IPENIOpyUyje ce Oyaro mosehame
npumeHe docdopa (P) u muaka (Zn) 3a hyopeme. YTBpheHne kopenanuje u3mely cBUX
rocMaTpaHUX MPOMEHJBUBHUX OTKPHJIE CY Be3e u3Mel)y mapameTapa 3eMJbHILTA HA CBE
Tpu AyOnHE M XpaHbUBUX MAaTEPUja y TUCTY TOKOM (ase ueTama. Caapikaj XpaHibi-
BUX MaTepHja y 3eMJbHIITY, HapounTo asora (N), kamujyma (K), manrana (Mn) u
[MHKA (Zn), MOKa3yje CTaTUCTHYKH 3HauajHe MO3UTHUBHE KOpealnje ca cajapikajeM
oarosapajyher exemeHTa y JuCTy TOKOM (pa3e nBeTama. HeomxonHa cy gajba HCTpaKu-
Barma Kako O ce MOCTABHJIM TEMEJBbH 32 Pa3B0j TAYHHX U MMOY3AaHUX KPUTEPHUjyMa 3a
JIMjarHO3y MCXpaHe BHHOBE JIO3E, HE CAMO 3a IIeJTy BPCTY Hero u Mehy ’eHuM Boaehum
coprama. C 003upoM Ha 3HauYajHE BapHjallnje y 3aXTEeBHMa 32 XPaHJBUBUM MaTeprjama
Y aKkyMyJanuju Mel)y OBUM reéHOTHIIOBHMA, OBaKBa UCTPAKUBarba 01 OHJia 01 KJbYyYHOT
3HaYaja 3a JOCTU3abEe ONTHMAITHOT CHA0IeBah-a BHHOBE JIO3¢ XPAaHJBUBHM MaTepHjama,
n30eraBajyhu \UXOB HEOCTATaK UM CYyBHUIIAK.

KJbYUHE PEYMU: 3emspuiTe BUHOTpaia, poIujapHa aHAllM3a, BHHCKA COpPTa
pauiay
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