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Abstract

The purpose of this study was a comparison of soil parameters among superficial and
sub-superficial horizons of three representative type of soils in Vale dos Vinhedos, Brazil,
aiming Viticulture in general, but Precision Viticulture (PV) management as specific focus.
Basic aspects of Viticulture or PV are still discussed, by instance, sampling procedures,
influence of pedology on quality of wine or methods for defining the management zones.
Samples were collected according to each horizon, superficial (0-20 cm in depth) or
sub-superficial (>40 cm in depth), that is, A (all soils), A2 (Neossolo), Bi (Cambissolo), or Bt
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(Argissolo). Micro-vinification was performed for grapes derived from five classes of soil.
The pedological parameters analyzed were granulometric fractions, chemical parameters and
degree of flocculation. Data were organized according to a Geographic Information System
(GIS) by ten classes of soil. Basic statistical analysis, line graphs, XY plots and factor
analysis were used to interpret the physicochemical variables related to horizons, soil and
wine. Relative Accumulation Indexes were evaluated for horizons of soil, classes of soil and
wine. Data organized by horizon and type of soil showed great dispersion, so outliers were
discarded and data organized by class of soil. Correlation of data related to soil horizons, A
against A2/B, was evident for macronutrients. Micro-vinification altered content of K and P
in wine. Relative Accumulation Indexes of soil horizons correlated to declivity, when
declivity lesser than 20% occurred. Fe and Zn showed correlation among sub-superficial
horizon and wine for some classes of soil.

Keywords: composition, GIS, precision agriculture, wine
1. Introduction

Precision agriculture, and by extension precision viticulture are related to innovations in
pedology since 90s (MacBratney et al., 2003), such as geographic information systems (GIS),
remote sensing, spatial variability, or localization systems oriented by satellite, what can be
applied to specific agricultural sectors such as the production of grapes, optimization of vine
performance, quality of the wine or environmental impacts (Proffitt et al., 2006).

The influence of the soils on the quality of grapes and wines has been worry humanity since
remote times. This is not associated to the taste of “minerality” in wine, what would be
derived from the rock and soil occurring in the vineyard, hypotheses refuted by recent
research (Maltman, 2013), but to the concept of “terroir”. Haynes (1999) defines terroir as all
the factors above and below the ground that affect the grape during growth that is
meteorological, physiographical, pedological, geological and viticultural factors; excluding
biological phenomena as pests, diseases, herbicides, mutations, etc. Moreover, the geological
factor is ignored outside France and the pedological factor is restricted to texture (Haynes,
2000). Mackenzie and Christy (2005) remarked that the relation vine — soils is a fundamental
part of the concept of terroir, a concept born in the “Old World” and being adopted albeit
reluctantly in some parts, by the “New World”. The concept and role of terroir may be well
known but the underlying science is only beginning to understand.

Italian immigrants arrived to the Serra Gaucha, Rio Grande do Sul State (RS), Brazil in the
transition of nineteen and twenty centuries, deriving initially in territorial division by little
farms, which over time evolving gradually to fruticulture, viticulture, hospitality and tourist
(Farias, 2009). Vale dos Vinhedos region is a little valley, delimited by latitudes 29°08'15” S
to 29°14'26” S and longitudes 51°29'48” W to 51°37'55” W, that is only 0,25% of the Serra
Gatcha territory, where the first geographic indication of Brazilian wines took place
(Chimento et al., 2016). Flores et al. (1982) characterized the Vale dos Vinhedos as a complex
geomorphology, region with significant contrasts in altitude, slope, and sun exposure, where
the occurrence of flat and soft wavy terrains is 14.2% of the area, and 58.2% of the area are
wavy or strongly wavy terrains; geology is dominated by basalt rocks, and there are three
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main classes of soil, Argissolo (31.1%), Cambissolo (48.4%), and Neossolo (13.4%).
Argissolo soils are Ultisols, thus, mineral soils with a strong difference between horizons,
high clay content and textural B horizon (Bt). Cambissolo soil are Inceptisols, again mineral
soils but with incipient B horizon (Bi) and a sub-superficial horizon of minimum 10cm
thickness, underlying an A, Ap (A horizon affected by man procedures), or AB horizon.
Neossolo soils are Entisols few developed, shallow, stony and without B horizon.

The Soil Taxonomy — U.S., the World Reference Base for Soil Resources - FAO and the
Brazilian System of Soil Classification (BSSC) are the main pedological references for
Brazilian Soils (Santos et al., 2018). Anyway, these systems are not exactly equivalent. The
Soil Taxonomy — U.S. and the BSSC consider Order, Sub-order, Large Group, Sub-group,
Family and Series, however, the BSSC Order depends on the occurrence or absence of
diagnostic horizons and the Soil Taxonomy includes also the water circulation (Prado, 2007).
The FAO system considers first and second level, with emphasis in the pedogenetical
process.

Leuween et al. (2010) discussed the soil-based zoning for viticulture terroir. “Historically,
viticultural zoning proved particularly useful in demarcating territories according to their
potential to produce wine of a certain quality or wine of a certain typicity”, so they continue
“more recently, wine producers have become interested in viticultural zoning in order to
enhance the technical management of their vineyards. A deeper knowledge of the spatial
variability of certain terroir factors has enabled a choice of the best adapted plant material in
each of the zones studied”. The authors described also the geological and geomorphological
models, working in scale lesser than 1:50,000 and complementary to the pedological model.
Which is more detailed (scale of 1:20,000 or superior) and expensive. Innovations as digital
elevation model, GIS and remote sensing were mentioned too. These concepts approximate
the expressions terroir and viticulture zoning with management zone, related to precision
agriculture (Yan et al., 2008; Aggelopooulou et al., 2013).

There are several methods for defining management zones. Flores et al. (2011) considered
each class of soil as a management zone. So, micro-zoning was implemented in one vineyard
of that study (Filippini-Alba et al., 2012) and soil aptitude was evaluated basing on the clay
content, level of organic matter, saturation of bases, and stoniness. Cambissolo soil with
declivity 20 to 45% and recommended levels of clay and organic matter showed the better
potential for vines development. A new data process by classification allowed clustering of
some classes of soil (Filippini-Alba et al., 2014). Filippini Alba et al. (2017) discussed the
conventional soil mapping process against the precision agricultural process, based on soil
parameters collected according to a regular grid.

Neossolo soils of Vale dos Vinhedos, RS, Brazil has high tannins contend due to its low water
stoking capacity (Chavarria et al., 2011). Miele et at. (2014) studied the wines composition
derived from the same vineyards considered in this report, so, five class of soils (two
argissolos, one cambissolo and two neossolos) and they observed differences of tannin
contend, phenols contend and colour index among them. Cabernet grape composition was
studies since climate and soil point of view in Brazilian conditions (Warmling et al., 2018).
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Bilc et al. (2018) studied two vineyards in Romania with sandy — clayey soil, similar
mineralogy and geology controlled by local aspects. The occurrence of macro-elements in the
soil was associated to the mineral detected by ray-X diffraction. Both vineyards showed high
contend of Ca, Cr, Sc and Zn in white grapes, however the black grapes showed only high
contend of Cu. Catarino et al. (2018) analyzed whether elemental composition of soil and
wine can be related to geographical origin, with multielement determination of 39 elements in
soils, grapes, must and wines. Four wines of three denomination of origin were discriminated
using Li, Mn, Rb, Sr and rare earth elements. Soil and wine elemental compositions were
occasionally related.

Leuween et al. (2018) reviewed 78 references about “Soil-related terroir factors” since 1969.
Inexistence of a “better soil for wine” was confirmed and according to they, contend of
berries related to nitrogen, anthocyanins and sugar are influenced by soil, as the mineral and
water status of vines. Climate is also an important factor. One conclusion was: “soil-vine
interactions have to be taken into account when studying the effect of soil on terroir
expression”.

As part of a precision agriculture project of Embrapa, the Brazilian Agricultural Research
Corporation, this study compared the texture and elemental chemical composition of the
superficial and sub-superficial horizons of three classes of soils in a vineyard from Vale dos
Vinhedos, RS, Brazil aiming to understand the influence of soil in viticulture context, with
specific focus on improving sampling procedures for precision viticulture and management
zones defining methods. Wine samples derived from microvinifications of grapes collected in
five classes of soil allowed to understand the soil — wine relation.

2. Method
2.1 Study Area

The experiment was carried out in three vineyards (Figure 1) located in a recognized Winery
from Vale dos Vinhedos, RS, Brazil. The vineyards were established with cv. Merlot, clone
347, grafted on the Paulsen 1103 rootstock (Filippini-Alba et al., 2017), on total area of 2.42
ha. Vineyards 1 and 3 were established in 2005 and vineyard 2 in 2006. The vines were
conducted vertically and spur-pruned. The altitude of North half of Vineyard 1 is 557m, then
there is a little increment to 564m towards South, continuing to a narrow band on Northern
part of Vineyard 2. So, a wavy region alternating 578 m, 571m and 578m again, until the end
of Cambissolo soil (Figure 1). Vineyard 3 is higher in lateral parts (607 m, East and West)
than the central part, falling to 585m. Thus, Vineyards 1 and 3 are wavy soft relief and
Vineyard 2 shows a significant South to North 35m descent. The soils were classified in
accordance with Santos et al. (2018), as showed in Table 1.
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Vineyard 1

Vineyard 2

@ A2 horizon (Neossolo)
A Bi horizon (Cambissolo)
@ Bt horizon (Argissolo)

015 30 60 m
[

Note: SC/RS = Santa Catarina/Rio Grande do Sul (in red) State.

Figure 1. Location of superficial and sub-superficial soil sampling in vineyards of the study
area, Vale dos Vinhedos, Bento Gonglves (in red), RS, Brazil (in gray). Source image: Google
Earth®
Table 1. Classification of soil according to the Brazilian System of Soil Classification (BSSC),

Soil taxonomy — U.S. (ST — US) and mean characteristics of each unit of soil

BSSC Vineyard Description Horizon Sequence
(depth, cm)

Argissolo 3 Moderately clayey, declivity 3-8% Ap(15)-Bt1(16)-Bt
(PBAcall) 2(48)-BC(71)
Argissolo 1 2 Medium clayey to clayey, moderately Without profile
(PBAcal2) wavy, declivity 8-13%
Argissolo 1 Clayey loam to clayey, wavy, declivity Ap(24)-Bt1(18)-Bt
(PBAcal3) 13-20% 2(37)-BC(71)
Cambissolo  1&2 Clay loam to clayey, declivity 13-20% Without profile
(CXvel)
Cambissolo 2 Clay loam to clayey, declivity 20—45% Without profile
(CXve2)
Cambissolo  1&2 Clay loam to clayey, stony, declivity Ap(14)-AB(21)-Bi(
(CXve3) 20-45% 40)-BC(80)
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Neossolo 3 Sandy clay-loam to loam, stony, declivity Without profile
(RRh1) 3-8%

Neossolo 3 Sandy clay-loam to loam, stony, declivity Without profile
(RRh2) 8-13%

Neossolo 2&3 Sandy clay-loam to loam, stony, declivity Without profile
(RRh3) 13-20%

Neossolo 2 Sandy clay-loam to loam, stony, declivity Alp(25)-A2(36)-C
(RRh4) 20-45% R(109)

Ap = A horizon affected by man procedures.
2.2 Soil Sampling Methods

A regular network of 10mx10m was georeferenced in January 2011 by means of a Sokkia
SET 610 total station and a Sokkia GSR 2600 global receiver. Samples of A horizon were
collected with shovel in January 2011. Altimetry and slope maps were elaborated based on
WGS 84 reference system.

Sub-superficial sampling was performed at 28 points by chance in the regular network, after a
year. A shovel cutting was used to collect samples in the sub-horizon of 40-60 cm in depth, so
that, 11 samples were collected in the A2 horizon (Neossolo soil), 8 samples were collected in
the Bi horizon (Cambissolo soil), and 9 samples were collected in the Bt horizon (Argissolo
soil). There were no samples in CXvel and RRh3.

2.3 Physicochemical Analysis of Soils

Physicochemical analyses were performed on the Soil Laboratory of Federal University of
Rio Grande do Sul State (UFRGS), including nutrients determination (C, N, Al, Ca, K, Mg,
Na, and P), micronutrients (Fe, Cu, Mn and Zn), granulometric fractions (coarse sand, fine
sand, silt and clay), degree of flocculation and pH, according to Embrapa (1997).

2.4 Micro-Vinification

Five wines were made with Merlot grapes collected in the classes of soils RRh1/RRh2, RRh4,
CXve2/CXve3, PBAcall and PBAcal2/PBAcal3, in 2011 with 40 kg of grapes and two
repetitions each one (microvinification). Wines were analyzed in the Laboratories of Embrapa
Uva e Vinho, Bento Gonalves, RS, Brazil, including pH, macronutrients and micronutrientes
in similar way than soils samples, aiming comparison.

2.5 Data Processing

Data were organized and partially processed by the Geographic Information System ArcGIS
(Esri®). Statistical analyzes were performed by the Statistical Package for Social Sciences,
SPSS (IBM®). Groups of samples were organizer initially by first order of the Brazilian
System of Soil Classification - BSSC for each horizon A, A2, Bt and Bi. However, great data
dispersion was observed by some variables. So, some outliers were discarded, due to P
extreme values (superficial data, 6 samples) or sum of variables expressed as percentage of
the mean (sub-superficial data, 3 samples). New datasets were organized according to the
classes of soil (Table 1). Nonparametric test of Kruskall-Wallis allowed evaluating the
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influence of the classes of soil on total variance. Means for each class of soil were calculated
for samples of soil horizon and wine. Data comparison considered statistics, line graphs,
scatter-grans and factor analysis. The level of elements accumulation in the soil horizons or in
wine for each class of soil was study considering values of macronutrients and micronutrients
expressed as percentage of the mean of each horizon or wine. Values lesser than 65% were
considered impoverished, the interval 65% to 135% was considered background level and
enriched values were those greater than 135%, when the digits -1, 0 and 1 were attributed
respectively. The sum of these digits produced a relative accumulation index of each soil
horizon or wine.

\ MacrOthi“k Journal of Agricultural Studies

3. Results
3.1 Statistical Pre-treatment

Coefficient of variation showed values lesser than 30%, values between 30% and 100% and
some extreme values in the case of Al and P mainly (Table 2). Brown (1998) remarked: “the
coefficient of variation exceeding say about 30 percent is often indicative of problems in the
data or that the experiment is out of control. Means less than unity also provides spurious
results and the coefficient of variation will be very large and often meaningless”. Extreme
values of Al were consequence of great dispersion due to high standard deviation and low
mean. The A horizon of the Cambissolo soil presented contend of Al of 45 mg.kg? for a
unique sample and null value for the other 7 samples, inducing an anomaly of the coefficient
of variation (spurious value). P values were greater in the A horizon than in the
sub-superficial horizon, always with high dispersion. So, data were regrouped and some
outliers discarded as explained before.

Table 2. Mean (M, indicated unit) and Coefficients of variation (CV, %) for groups of
samples organized by first order of BSSC and soil horizon. C/FSand = Coarse/Fine Sand, %;
Silt and Clay in %; FD = Flocculation Degree, %; pH dimensionless; OrgC = Organic C, N,
Al, Ca, Mg, Na, K and P in mg.kg*; BS = Base saturation, %

Argissolo (9 samples) Cambissolo (8 samples) Neossolo (11 samples)

Variable A horz. Bt horz. A horz. Bi horz. A horz. A2 horz.
M Cv M CVv M Cv M Cv M CVv M Cv
Csand 26 18 22 53 27 18 16 86 29 28 29 44
Fsand 8 27 9 50 9 19 6 49 11 34 11 37
Silt 34 23 24 25 30 32 29 21 27 26 27 19
Clay 32 25 46 40 35 38 49 40 32 44 33 48
FD 23 64 24 34 27 72 28 39 30 72 33 25
pH 6 8 5 9 6 7 5 8 6 7 5 11
OrgC 2094 42 1041 49 1956 31 979 30 2552 45 1785 100
N 211 42 118 35 209 25 111 29 245 38 166 87
Al 0 0 147 165 6 283 128 145 0 0 103 165
Ca 2090 28 1305 47 2128 14 1509 34 2590 33 1498 53
Mg 281 40 273 42 302 21 284 33 338 22 230 50
Na 8 21 7 27 8 22 5 59 30 234 6 62
K 207 37 118 38 226 31 93 20 243 24 131 34
P 63 59 8 113 76 73 4 60 128 85 14 103
BS 80 9 62 29 73 18 70 19 80 13 62 41
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3.2 Statistical Treatment for Classes of Soil

Means of the chemical variables for classes of soil and soil horizons are presented in Table 3.
Chemical elements were usually richer in A horizon than in the respective sub-superficial
horizon and pH was less acid in A horizon. Al, OrgC, N, pH, Ca, Mg, K and P were
significant in 20% level for Kruskall-Wallis nonparametric test. CSand, Fsand, Clay, FD and
Na were included also by the sub-superficial horizon means, with the exception of N. Na is a
special case due to the anomaly for A horizon of RRh1, verified in only one point. Absence of
significance for the granulometric variables and FD in the A horizon appears as main
difference between A horizon and sub-superficial horizon behaviors. Line graphs help for
interpreting data (Figure 2). Clay content and chemical variables suggest discrimination
between the different classes of soil. Strong contrast between Al values in superficial and
sub-superficial horizons was evident, like as the low contrast for content of silt. Anomaly of
Na was evident for RRh1 in A horizon (NAL).

Table 3. Means for the chemical variables by class of soil and horizons A and sub-superficial.
Horz = Horizon; Rp = repetition
Classofsoil Horz Rp pH Ca Mg Na K P Zn Cu Mn Fe

CXve2 A 2 56 2145 358 7 219 75
CXve3 A 4 57 1945 276 8 184 42
PABcall A 2 65 2576 401 8 309 69
PABcal2 A 4 6.2 1945 237 9 203 57
No Data
PABcal3 A 2 56 1393 164 6 109 29
RRh1 A 3 65 3181 389 87 189 64
RRh2 A 2 6.3 2657 358 10 239 76
RRh4 A 3 6.1 1952 284 7 275 96
CXve2 Bi 2 56 1714 298 3 109 4 2 11 43 1
CXve3 Bi 5 50 1436 294 7 84 3 2 10 31 1
PABcall Bt 3 57 1952 324 5 160 20 4 14 43 2
PABcal2 Bt 4 50 1128 298 8 113 2 2 7 34 2
PABcal3 Bt 2 50 692 146 6 65 2 4 10 93 2
RRh1 A2 3 49 1069 186 8 102 5 1 3 25 2
RRh2 A2 2 50 1424 261 7 88 24 2 4 14 3
RRh4 A2 4 6.0 1759 246 3 163 13 3 9 30 1
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Figure 2. Line graphs for the chemical variables according to eight classes of soil and A or B
horizon. Symbols of lines: 1% letter corresponds to first order of BSSC; 2" letter represents
the horizon (A or S for A2, Bi or Bt), and number corresponds to the class of soil. So, AAl is
A horizon for PBAcall, CS2 is Bi horizon for CXve2, etc. CSand, FSand, Silt, Clay, FD and
BS in %, pH dimensionless, other in mg.kg™.

3.3 Wine Composition and Comparison with Soils

Elemental chemical composition of wines was similar for all cases (Table 4). Coefficients of
variation were low; however P, Fe, Mn and Zn showed a moderately increment. XY plots
with label identification of each sample were used for evaluating correlations, that is, linearity,
due to the dispersion showed by soil data and the punctual nature of information. K-P and
pH-Ca plots (Figure 3) confirm linearity of soil samples; anyway, there was some dispersion.
The correlations were significant for pairs of the elements pH, Ca, K, Mg and P. Contend of
K in wine showed a great jJump when compared to soil, what suggested an intensive influence
of vinification process (Figure 3). The pH — Ca plot located wines samples in low values of
pH and Ca with a big jump between both sets of samples too; the correlation soil-wine was
discarded in this case because of absence of linear pattern of wine samples when the scale
was amplified.
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Table 4. Means of pH and contents of the chemical elements in wine from the mentioned
soils (two repetitions). Variables in mg.kg™, except pH

Soil class pH Ca Mg Na K P Zn Cu Mn Fe
RRh4 3,8 71 80 9,0 1160 81 1,2 0,3 3,8 0,8
RRh1/2 3,7 73 80 9,2 1278 165 0,8 0,3 3,7 0,7
PBACall 3,8 80 88 9,5 1240 156 1,2 0,3 51 0,8
PBACal2 3,8 72 83 9,0 1208 114 1,6 0,4 45 1,1
Cxvel/2/3 3,7 72 82 8,4 1138 105 11 0,3 4.4 1,1
CofV (%) 1 5 4 4 5 28 22 8 14 20

CofV = Coefficient of Variation
g’ °NL’1 g
g 150 OA\-M E o OMA1
D- av O °NA2 oAA!
i
1004 NA3 ° oCAZCAﬁ AA2
° NV4 ] cs’*ons1 T )
Nnégaz aat o o 0O a3
NA1°AA2 [+] st°<§53 AA3
50° C°A3 1000 oNé:S
AA3° ast AS3
NS20gy © NS4
NSt ] W NV
0] csa% Asz o ?A‘.';w
. K mg.kg™" - » | | pH

Figure 3. Comparative XY plots for soils (horizons) and wine, K — P and pH — Ca. Identical
nomenclature than Figure 2, but “letter V”’ identifying wine samples

XY plots between micronutrients (Figure 4) showed different patterns than previous one. The
proximity and linearity between the subsuperficial soil samples of PBAcal2 (AS2), CXve3
(CS3) and RRh1 (NS1) with the corresponding wines samples (CV, AV2 and NV1) in Fe-Zn
plot suggested a relation between them; a separated linear pattern is observed among the
subsuperficial samples of CXve2 (CS2), PBAcall (AS1), PBAcal3 (AS3), RRh4 (NS4). The
Mn-Cu plot showed linearity for almost all sub-superficial soil samples; linearity between
wine samples appears no real (scale effect).
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Figure 4. Comparative XY plots for soils (horizons) and wine, Fe — Zn and Mn - Cu. Identical
nomenclature than Figure 2, but letter “V” identifying wine samples

A comparison between results of factor analysis in sub-superficial soil samples (8 means) and
wines samples (5 means) is presented in Table 5. Both process explained about 90% of total
variance with three factors. The variables pH, Ca and Mg in factor 1; pH, Cu and Zn in factor
2 and P in factor 3 were mutual in both processes. However, K appeared only in soil and Mn
showed opposition for factor 1; and in wine, Fe substituted Mn (factor 2) and K substituted
Fe (factor 3). So, phenomena appear similar but not exactly the same.

Table 5. Associations related to sub-superficial soils samples (8) and wine samples (5) for the
chemical variables. EVAR = Explained variance

Soil (Sub-superficial) Wine
Factor Assoclation EVAR  Assoclation EVAR
1 pH, Ca, K, Mg, -Mn  46% pH, Ca, Mg, Mn 43%
2 pH, Cu, Mn, Zn 29% pH, Cu, Fe, Zn 33%
3 Fe, P 16% K, P 14%

3.4 Relative Accumulation Indexes

Relative accumulation indexes were nulls in some horizons (background level) or very
variable for A horizon and sub-superficial horizon, especially for PBAcall, PBAcal3 and
RRh1 (Table 6). Similar indexes were used for comparison of geochemical samples of
sediments and soils (Filippini-Alba et al., 2008). Wine composition showed low variability.
Pearson correlation coefficient of RIA against RIS was 0.38, however the value was
incremented to 0.76 when outliers were discarded (CXve2 and RRh1). When mean values
were considered for declivity intervals, the correlation coefficient against (RIA + RIS) was
-0,343 and value was -0,887 when the samples with high declivity were discarded (CXve2,
CXve3 and RRH4).
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Table 6. Relative accumulation indexes for A horizon (RIA), Sub-superficial horizon (RIS)
and Wine (RIW). -/+ = impoverishment/enrichment

A\\ Macrothi“k Journal of Agricultural Studies

Related elements

Soil RIA RIS RIW Declivity

A horizon Sub-superficial Wine
CXve2 0 -3 0 20-45 % -Na, -Fe, -P
CXve3 0 -1 20-45 %
PBAcall 2 5 0 3-8% +Mg, +K +Ca, +K, +P, +Cu, +Zn
PBAcal2 0 -1 5 8-13 % -P +Fe +7n
PBAcal3 -4 -2 13-20% -Ca, -K, -Mg, -P -Ca, -K, -Mg -P, +Mn, +Zn '
RRh1 3 -2 0 3-8%  +Ca, +Mg, +Na Na, -P, -Cu, -Zn, P 71
RRh2 0 0 8-13 % '
RRh4 1 1 -1 20-45 % +P -Na, +K, +P -P
4. Discussion

Statistics of groups organized by first order of BSSC and horizon showed significant data
variability especially when the comparison A horizon against sub-superficial horizon was
made (Table 2). Al and P contrasts suggested the influence of managing operations as pH
correction and fertilization. Thereby, some outliers were discarded.

Soil depth is suggested as a significant pedological parameter for terroir effect (Haynes, 1999;
Coipel et al., 2006). Declivity is also mentioned, due to its participation in water soil
circulation (Filippini-Alba et al., 2017). The use of means by class of soil was validated
because of significance of Kruskall-Wallis nonparametric test for these groups, for almost all
chemical variables in some horizon and granulometric variables for sub-superficial horizon.
Alteration of A horizon was confirmed when the means of the granulometric variables
organized in that way showed equality for that test, so with distribution by chance. Line
graphs confirmed these facts too (Figure 2). An anomaly of Na in smooth-wavy relief (RRh1)
suggested accumulation of this mobile element. Anyway, this information was considered
doubtful due to its punctual nature.

Contents of Ca, K, Mg, P and pH in A horizon and sub-superficial horizons correlated
between them, with linear patterns in the XY plots (Figure 3). Anyway, the wine samples
appeared isolated without correlation with macronutients of soil. K and P contents in wine
appeared strongly affected by vinification (Figure 3). A different condition was evident for
Fe-Zn plot (Figure 4), when some wine and sub-superficial horizon samples occurred
according to a linear pattern, suggesting a clear correlation, confirmed by pair association
(grapes corresponding to the same class of soil). Mn-Cu plot (Figure 4) showed soil samples
linearity only. As other works showed, more trace elements must be considered for better
results in that sense (Balc et al., 2018; Catarino et al., 2018).

Factor analysis explained about 90% of total variance with three factors in the case of
sub-superficial horizon and wine. The first factor related to pH and earthy alkaline elements,
the second one related to pH and heavy metals and the third one related to P and one metal.
Factors were similar for soil and wine, but not equal. Legacy processes between soil and wine
can be suggested.

The Relative Accumulation Indexes showed a characteristic behavior for each horizon and
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class of soil, except Cxve3 and RRh2 with background level. Sum of RIA and RIS correlated
to soils with declivity lesser than 20%. Values of RIA and RIS suggest more control of
declivity for the horizontal variability than control by type of soil. Some wines were
characterized by Fe, P and Zn values. Enrichment of Zn in PBAcal3 and impoverishment of
Zn in RRh1 occurred also in wine.

Since a precision viticulture point of view, this study suggests that the first layer of soil, ten
or twenty centimeters, must be discarded, especially if preterit procedures affected the A
horizon. Volume of samples might be greater, perhaps, cores of 10 cm diameter and 50 cm
depth would be the ideal condition, and so data precision would be improved. Sub-superficial
horizon appears as the better layer to be collected, according to two depths if it was possible,
to comparison effects.

Results confirmed the tridimensional nature of classes of soil, in the way that a characteristic
behavior of each horizon by class of soil was observed. So, all classes of soil must be considered
as management zones, with specific treatment in each case. If a detailed map of soils is
unavailable, a spatial variability representation of soil features involving altitude, declivity, layer
depth, horizon sequence and texture in the scale of the vineyard would be a good approach.
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