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Based on the analytical results described above, the 
vineyard soils of the Columbia Basin can be readily 
distinguished from those of the Willamette Valley and 
Snake River Valley.  Relative to Columbia Basin soils, 
Willamette Valley soils are higher in iron, manganese, 
titanium, and organic matter, and lower in calcium, 
soluble salts, and pH. The contrasts in soil chemistry 
are attributable to significant differences in climate and 
soil parent material. The Willamette Valley receives 
100 cm of annual precipitation, which is four times the 
average for the Columbia Basin, and Willamette Valley 
vineyard soils are developed not in loess, but in deeply 
weathered colluvium derived from basalt and 
sedimentary rocks (5). The sampled vineyard soils of 
the Snake River Valley could be distinguished from 
those of the Columbia Basin by lower concentrations 
of iron, manganese, and titanium and higher 
concentrations of soluble salts. The differences in soil 
chemistry can be attributed primarily to contrasting 
parent materials. Snake River Valley vineyard soils, 
which are developed primarily in loess and fluvial and 
lacustrine sediments derived from granitic or silicic 
volcanic rocks (6), are less influenced by basalt 
bedrock than their Columbia Basin counterparts. 

 
CONCLUSIONS 
Based on the analyses performed by this study, three of 
ten Columbia Basin AVAs, the Columbia Gorge, 
Walla Walla Valley, and Lake Chelan, are 
distinguishable based on soil chemistry. The distinctive 
soils of these three regions arise from significant 
differences in climate and soil parent material. The 
chemical components analyzed in the study allow 
Columbia Basin viticultural soils to be distinguished 

from their counterparts in the Willamette Valley and 
Snake River Valley AVAs. 
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ABSTRACT 
Brazil has a recent history on geographical indications and product regulation for high quality wines. The first 
geographic indication implemented was the Vale dos Vinhedos Indication of Procedence (IP), within the wine 
production zone named Serra Gaúcha, northeast of State Rio Grande do Sul. During the last decade, the Vale dos 
Vinhedos ascended to the category of Denomination of Origin (DO) and three new IPs were delimited in the same 
region: Pinto Bandeira, Altos Montes and Monte Belo. It is known that production of high quality wines depends on the 
interaction of environmental factors and human activities. At local scale, soil plays important role since several factors 
affecting grape and wine quality are related to soil properties. The objective of this study was to evaluate potential 
contributions of soil to differentiate between wines produced in each of the four geographic indications at Serra Gaúcha. 
Material used included a digitized soil map in scale 1:50.000 of Serra Gaúcha and digital georeferenced boundaries of 
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the geographic indications. Spatial analysis was done on ArcGIS software. A total of 23 soil mapping units were found. 
Results showed that both the DO Vale dos Vinhedos (15 mapping units) and IP Pinto Bandeira (13 mapping units) have 
a relative predominance of Inceptisols, with low natural fertility and low organic matter content. The IP Monte Belo (9 
mapping units) presents near 50% of Ultisols, with low natural fertility and medium to high levels of organic matter. In 
the IP Altos Montes (11 mapping units) most soils are Inceptisols with low natural fertility and low organic matter 
content, as well as Oxisols with low natural fertility and medium level of organic matter. Due to the observed spatial 
variability, soil information can help to tipify and differentiate wines produced in each of the four geographical 
indications at Serra Gaúcha. 
 
Keywords: Soil, terroir, GIS. 
 
1 INTRODUCTION 
Brazil has a recent history on geographical indications 
and product regulation for high quality wines. The first 
geographic indication for wine was the Vale dos 
Vinhedos Indication of Procedence (IP), officially 
established in 2002 [1], within the wine production 
zone named Serra Gaúcha, northeast of State Rio 
Grande do Sul. During the last decade, several studies 
were done in order to help to improve quality and 
typicality of wine, providing information to help vine 
growers to choose the adequate grape variety and to 
adotp the right practices [2; 3; 4; 5; 6, 7; 8]. In this 
period the Vale dos Vinhedos ascended to the category 
of Denomination of Origin (DO) and three new IPs 
were delimited within the same region: Pinto Bandeira, 
Altos Montes and Monte Belo [9, 10]. 
It is known that production of high quality wines 
depends on the interaction of several factors, like 
climate, site or topographical location, soil and 
geology, grape variety and cultural practices. However, 
the discussion about contribution of each one is far 
from consensus given the complexity of interrelations 
[11; 12]. Climate is determinant for the production of 
high quality wines in a given region, but at local scale 
many other physical aspects assume critical 
importance, specially because of their high spatial 

variability when compared to climatic elements. The 
soil is one of the most import factors of the terroir, 
since several variables affecting grape and wine quality 
are related to soil properties [13]. 
Therefore, to know the occurrence and main 
characteristics of soil types is an essential step both to 
improve the wine quality of a given cultivated region 
as to search for new potential areas for grape growing. 
In this context, Geographic Information Systems (GIS) 
become an important tool for decision making. 
This study aims to evaluate the occurrence and 
charactheristics of soil types in the four geographic 
indication areas above mentioned, and to identify 
potential contributions of soil to differentiate wines 
produced in each of these areas. 
 
2 MATERIALS AND METHODS 
The study area comprises four geographic indications 
for wine, the DO Vale dos Vinhedos (7.244,8 ha) and 
the IPs Pinto Bandeira (8.114,7 ha), Altos Montes 
(17.384,3 ha) and Monte Belo (5.609 ha). All the four 
areas are situated at northeast of state Rio Grande do 
Sul, southern Brazil, within the Serra Gaúcha wine 
production zone, between latitudes 28°30’S and 
29°30’S and longitudes 50°45’W and 52°W (Figure 1). 

 

 
 

Figure 1. Location of the four geographic indications within Serra Gaúcha, state Rio Grande do Sul, Brazil (1 = 
Monte Belo ; 2 = Vale dos Vinhedos ; 3 = Pinto Bandeira ; 4 = Altos Montes). 
 
According to Köppen’s classification, the regional 
climate type is Cfb [14], and viticultural climate is 
classified as IH+1 IF-1 IS-2, humid, warm temperate, 
with temperate nights [15]. In general, natural 
conditions are heterogeneous, with complex relief and 
high variability of soil types [16]. 

Material used comprises a digitized soil map in scale 
1:50.000 of Serra Gaúcha, descriptive and analytical 
data contained in the soil survey report, and digital 
georeferenced boundaries of the four geographic 
indications. ArcGIS was the software used for spatial 
analysis. 
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First the soil map was clipped with the boundaries of 
the four areas, aiming to identify individual soil types 
within each geographic indication and to calculate 
absolute and proportional areas. After, soil descriptive 
and analytical data were interpreted to identify 
favorable and undesirable properties of each soil type, 
from the wine point of view. 
 
3 RESULTS AND DISCUSSION 
Considering the four geographic indications, an overall 
number of 23 soil mapping units were found. Table 1 

shows that the DO Vale dos Vinhedos presents the 
highest number of individual soil types (15), followed 
by IPs Pinto Bandeira (13), Altos Montes (11) and 
Monte Belo (9). On the other hand, the number of 
polygons on the soil map shows that spatial distribution 
of soils in Altos Montes (165) and Monte Belo (118) is 
notably more heterogeneous than in Vale dos Vinhedos 
(62) and Pinto Bandeira (43). In part this is due the 
more fragmented landscape of the first two areas, 
meaning that from the soil point of view vineyard 
location may affect wine quality more strongly. 

 
Table 1. Number of soil types and number of individual polygons per soil order in four geographic indications of 
Serra Gaúcha (VV = Vale dos Vinhedos, PB = Pinto Bandeira, AM = Altos Montes, MB = Monte Belo). 
  

Number of soil types Number of polygons on soil map Soil order 
VV PB AM MB VV PB AM MB 

Ultisols 3 3 2 1 11 12 10 7 
Inceptisols 4 5 6 3 6 7 49 20 
Mollisols 4 1 0 0 4 2 0 0 
Entisols 2 2 2 2 37 18 88 69 
Oxisols 2 2 1 3 4 4 18 22 
Total 15 13 11 9 62 43 165 118 

Table 2 shows that, in terms of occurrence in the four 
study areas, Ultisols and Inceptisols are dominant. In 
Vale dos Vinhedos, Pinto Bandeira and Altos Montes 
most frequent soil types are Inceptisols, whith low 
natural fertility and low organic matter content. Altos 
Montes also presents a significant area of Oxisols, with 
low natural fertility and medium level of organic 

matter. In Monte Belo, in turn, near 50% are Ultisols, 
with low natural fertility and medium to high levels of 
organic matter. Mollisols occurr only in Vale dos 
Vinhedos and Pinto Bandeira, presenting high natural 
fertility and high levels of organic matter. Entisols, that 
are shallow soils, are more frequent in Pinto Bandeira 
and Altos Montes. 

 
Table 2. Area (ha) and proportion (%) per soil order in four geographic indications of Serra Gaúcha (VV = Vale 
dos Vinhedos, PB = Pinto Bandeira, AM = Altos Montes, MB = Monte Belo). 
 

Area (ha) Proportion (%) Soil order 
VV PB AM MB VV PB AM MB 

Ultisols 2686.5 2462.5 3204.8 2795.7 37.1 30.3 18.4 49.8 
Inceptisols 3100.6 2710.3 6956.8 2059.6 42.8 33.4 40.0 36.7 
Mollisols 1042.1 621.7 0.0 0.0 14.4 7.7 0.0 0.0 
Entisols 362.3 1468.5 2768.6 279.6 5.0 18.1 15.9 5.0 
Oxisols 53.3 851.7 4454.1 474.1 0.7 10.5 25.6 8.5 
Total 7244.8 8114.8 17384.3 5609.0 100.0 100.0 100.0 100.0 

Considering the climate in Serra Gaúcha (1.736mm 
mean annual rainfall), some properties can be regarded 
as unfavorable for wine quality, such as deep soils 
and/or with high levels of natural fertility, clay content, 
and organic matter. In this context, Mollisols are not 
recommended because of high fertility and organic 
matter content. Ultisols are also undesirable because of 
poor drainage and high levels of aluminium and 
organic matter. On the other hand, Inceptisols are 
preferred since they present good internal drainage, 
low fertility and low contents of organic matter. 
Oxisols are favorable as they are well drained and tend 
to produce more structured wines due higher levels of 
Iron oxides. Finally, Entisols have no limitations and, 
because of exceptional drainage, they can be specially 

advantageous in years affected by the El Niño 
phenomenon, when rainfall increases even more. 
Along with spatial distribution, interpretation of soil 
analytical and descriptive information allows to 
identify similarities and differences between the four 
geographic indications in Serra Gaúcha. Beside areas 
that present soils with good suitability there are also 
significant areas where it is not recommended to 
establish vineyards. Thus, soil must be taken into 
account to understand the terroir, and soil information 
is useful both to help planning new vineyards as to give 
a guide when changing varieties in some already 
cultivated area. 
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4 CONCLUSIONS 
Although the four geographic indications fall within 
the same wine production region, they present 
considerable differences in relation to soil types and 
properties. Due to the observed spatial variability, soil 
information can help to tipify and differentiate wines 
produced in each of the four geographical indications 
at Serra Gaúcha. However, for specific 
recommendations at vineyard scale, it is recommended 
to gather more information about soils at local level 
since the available soil map is not detailed enough for 
that purpose. 
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