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Abstract

Cultivation can substantially change soil quality through improvement or degradation of the physical and chemi-
cal characteristics. Vineyard soils are sensitive to soil changes due to the intensive chemical input. This study 
assesses the soil fertility changes in vineyard soils of the São Francisco valley in Northeastern Brazil during 
different cultivation time spans (5, 6, 8, 10, 12, 15, and 16 years). An area with natural vegetation (Caatinga) 
was used as a reference area. We analyzed pH, exchangeable contents of Ca, Mg, Na, K, and Al, potential acid-
ity (H+Al), available P, total organic matter, sum of bases, CEC, Al saturation, and base saturation at depths of 
0-20 and 20-40 cm. Univariate and multivariate analyses were used for data evaluation. The results showed that 
soil fertility changes were closely related to cultivation time spans. Contents of organic matter, Ca, Mg, and K 
were increased in most of the vineyard soils. The management of P fertilization deserves attention as the very 
high concentrations in soil are prone to leach and can contribute to triggering eutrophication. Discriminant and 
factor analyses proved to be useful tools for distinguishing the effects of management in the cultivated areas and 
helping to achieve sustainable land use in such fragile agro-ecosystems. 
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1. Introduction

The São Francisco Valley is the largest producer and 
exporter of fine table grapes in Brazil. To meet the 
high production demand, intensive chemical input 

through fertilizers and pesticides is needed (Freitas 
et al., 2011; Brasil, 2014). Several factors need to be 
managed effectively to achieve high yields, especially 
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irrigation, fertilization, and chemical control. There-
fore, studies on the effects of agricultural practices on 
soil quality and sustainability are of paramount im-
portance, especially for crops with intensive chemical 
input (Serrano et al., 2017). 
The São Francisco Valley is located in a semiarid re-
gion of Northeastern Brazil and has one of the largest 
public irrigation projects in the country. Soils in this 
valley are generally sandy and present very low levels 
of organic matter (OM) and phosphorus. These char-
acteristics make the soils very fragile towards chemi-
cal alteration. Vineyards are often planted after re-
moving the natural Caatinga vegetation to introduce 
crops. The removal of the natural cover, the addition 
of fertilizers, and intensive agricultural operations 
have triggered changes in the chemical properties of 
soils in this region (Silva et al., 2014). These chang-
es can affect both crop yield and the quality of the 
soil environmental (Fernández-Calviño et al., 2010; 
Wightwick et al., 2013; Duplay et al., 2014; Silva et 
al., 2014; Brunori et al., 2016; Preston et al., 2016), 
resulting in either improvement of the soil properties 
or accelerated soil degradation (Jiao et al., 2012). 
Irrigated soils commonly undergo chemical, physical, 
and biological changes in a relatively short time and 
with magnitude that varies as a function of soil man-
agement, fertilizer use, water quality and quantity, and 
chemical and physical soil characteristics (Schmitt et 
al., 2013). For instance, changes in OM contents, cat-
ion exchange capacity (CEC), pH, ion dynamics, and 
aggregation occur when the soil is subjected to tillage 
and the incorporation of crop residues. Furthermore, 
the widespread use of phosphate fertilizers and cupric 
fungicides has increased the concentration of trace el-
ements in vineyard soils, leading to transfer of these 
elements at toxic levels to humans and animals via the 
food chain (Fernández-Calviño et al., 2012; Wightwick 
et al., 2013). These changes become more evident as 
the length of the cultivation time in the area increases 

(Preston et al., 2016). The concern is even greater for 
sandy soils due to their very low adsorption capacity 
for ions and pesticides. 
Considering the fragile vineyard soils in the São Fran-
cisco Valley and the intensive agricultural system, 
multi-temporal studies to assess soil fertility changes 
are essential for soil sustainability. Most of the stud-
ies on vineyard soils were carried out in temperate and 
subtropical settlements and focused mainly on carbon 
balance, biomass production, and contamination of 
vineyard soils (Santos et al., 2013; Schmitt et al., 2013; 
Brunori et al., 2016). Additionally, data are very scarce 
for vineyard soil changes under cultivation in arid and 
semiarid regions. To fill this gap, this study assesses 
the changes in soil fertility in vineyard areas in the São 
Francisco Valley under different cultivation time spans 
using univariate and multivariate statistical analyses.

2. Materials and Methods

2.1. Study area and experimental set-up

Soil samples were collected in vineyards of Petrolina, 
Pernambuco State, Brazil. Geographic coordinates and 
soil classification for each area are shown in Figure 1. 
The climate is classified as Bswh’ according to the Köp-
pen classification. The annual average air temperature 
and rainfall are approximately 26 °C and 541 mm, re-
spectively. The vineyards are irrigated using sprinklers 
and drip systems (Teixeira, 2010), and water quality is 
within the acceptable limits of salinity and sodicity. 
The study area comprises five agricultural companies 
focused mainly on grape export (Colinas do Vale, Vale 
das Uvas, Fazenda Andorinha, Frutex and Fruit Fort), 
an experimental field from Embrapa Semiárido (EM-
BRAPA), and tenant farms with public irrigation proj-
ects (Bebedouro 1 and Bebedouro 2). These areas have 
different fertilization and liming records. In general, 
fertilization in agricultural companies annually contrib-
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utes 40 m3 ha-1 of OM, 120 kg ha-1 of N, 150 kg ha-1 of 
K2O, 210 kg ha-1 of MgSO4, and doses of P2O ranging 
from 100 to 200 kg ha-1. In the Embrapa experimental 
field, 30 m3 ha-1 of OM, 100 kg ha-1 of N, 300 kg ha-1 
of K2O and 222 kg ha-1 MgSO4 are applied to the soil 
annually. Due to the high content of P in the soil, P fertil-
izer has not been applied in recent last years. On aver-
age, the tenant farmers apply less OM (20 m3 ha-1). The 
annual amounts of other nutrients are 140 kg ha-1 (N), 

125 kg ha-1 (P2O5), 230 kg ha-1 (K2O), and 100 kg ha-1 
(MgSO4). The application of lime occurred at a fre-
quency defined by the need indicated by soil analysis 
and ranged from 500 to 1000 kg ha-1. The K2O ap-
plications are especially high because this nutrient 
is among those in greatest demand by the vines. The 
addition of MgSO4 is necessary in these areas due to 
the high Ca contents, which necessitates adding ad-

 
Figure 1. Geographic coordinates and soil classification for area of vineyards in Petrolina-Brazil. 1 = Colinas do 
Vale - Typic Quartzipsamment; 2 = Embrapa - Ultisol Plinthic; 3 = Vale das Uvas - Typic Quartzipsamment; 4 = 
Fazenda Andorinha - Typic Quartzipsamment; 5 = Frutex - Typic Quartzipsamment; 6 = Bebedouro 1 - Ultisol 
Plinthic; 7 = Fruit Fort - Typic Quartzipsamment and 8 = Bebedouro 2 - Ultisol Plinthic.
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equate Mg to enable the complex functions of proper 
soil exchange.

2.2. Soil sampling

Soil samples were collected from vineyards that 
had been in cultivation for 5, 6, 8, 10, 12, 15, 16, 
and 30 years. Samples were collected from cul-
tivated (CA – planting line) and reference areas 
(RA - Caatinga) at two depths (0-20 cm and 20-40 
cm). The reference areas (with no anthropogenic 
 

 

                  

Parameters 
Vineyards 

1 2 3 4 5 6 7 8 

pH 7.26 5.98 7.13 6.35 6.74 6.33 6.71 6.50 

P (mg dm-3) 1035.05 238.31 378.73 535.59 374.87 76.98 290.34 248.36 

K (cmolc dm-3) 0.27 0.26 0.30 0.23 0.49 0.44 0.18 0.46 

Ca2+ (cmolc dm-3) 4.67 3.52 6.05 4.10 5.02 2.55 4.12 3.28 

Mg2+ (cmolc dm-3) 1.32 1.00 1.73 1.60 1.52 1.13 1.68 1.08 

Al2+ (cmolc dm-3) 0.05 0.13 0.00 0.08 0.07 0.07 0.07 0.05 

H + Al (cmolc dm-3) 0.69 0.85 0.93 1.79 1.02 1.29 0.96 1.07 

Na+ (cmolc dm-3) 0.28 0.24 0.27 0.31 0.31 0.24 0.20 0.29 

O.C. (g kg-1) 9.15 10.23 10.47 13.32 10.05 6.41 9.84 7.34 

O.M. (g kg-1) 15.77 17.63 18.05 22.96 17.32 11.05 16.97 12.66 

CECeffective (cmolc dm-3) 6.59 5.15 8.36 6.32 7.40 4.43 6.25 5.17 

CECtotal (cmolc dm-3) 7.22 5.87 9.29 8.03 8.35 5.66 7.14 6.19 

SB (cmolc dm-3) 6.54 5.02 8.36 6.24 7.34 4.36 6.18 5.12 

V (%) 90.40 84.67 89.84 77.90 87.76 77.47 86.68 82.68 

m (%) 0.77 2.43 0.00 1.34 0.93 1.51 1.06 0.97 

Sand (%) 89.10 88.10 80.10 75.10 76.60 87.10 83.10 86.60 

Silt (%) 4.00 5.00 9.00 10.00 10.50 5.00 5.00 5.50 

Clay (%) 6.90 6.90 10.90 14.90 12.90 7.90 11.90 7.90 

 

interference) presented the same soils and were 
adjacent to the vineyards. Chemical and physi-
cal analyses of the cultivated areas are shown in 
Table 1. 

Three composite soil samples were collected from 
each vineyard and reference area. For sampling, the 
cultivated area was divided into three subareas. In 
each subarea, 20 samples were taken randomly from 

Table 1. Chemical and physical analyses of soil samples from vineyard areas in Petrolina-Brazil.

1= Colinas do Vale; 2= Embrapa; 3= Vale das Uvas; 4= Fazenda Andorinha; 5= Frutex; 6= Bebedouro1; 7= Fruit Fort e 8=  

Bebedouro 2. O.C. = Organic carbon, O.M. = Organic matter; CEC = cation exchange capacity; SB = Sum of bases, V(%) = 

base saturation, m(%) = Aluminum saturation percentage.
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the planting row. These samples were them mixed up 
to form a composite sample. A similar procedure was 
carried out in the reference areas.

2.3. Chemical and physical analyses

The samples were air dried and passed through a 
2-mm sieve. The chemical characteristics analyzed 
were the pH in water; exchangeable K+ and Na+ 
by flame emission photometry after extraction 
with Mehlich-1; exchangeable Ca2+, Mg2+, and Al3+ 
by titration after extraction with 1 mol L-1 KCl  
solution; H + Al by titration after extraction with a 
0.5 mol L-1 calcium acetate solution; and available 
P by colorimetry after extraction with Mehlich-1 
(Embrapa, 2011). Organic carbon (OC) was deter-
mined by the Walkley-Black method. The results 
obtained from the sorptive complex were used to 
calculate the values for the sum of bases (SB),  
total (T) and effective (t) cation exchange capacity, 
base saturation (V%), and Al saturation (m%). The 
particle size of soil samples was analyzed using 
the densimeter method as described by Embrapa 
(2011). 

2.4. Statistical analysis

The study was conducted with an 8 x 2 x 2 fac-
torial design (eight cultivation times, two envi-
ronments, and two depths) with three repetitions, 
totaling 96 experimental units. The experimental 
results were analyzed by applying an F test to the 
analysis of variance (ANOVA), as well as correla-
tion analyses, and Tukey’s test (P<0.05). The re-
sults were also assessed by discriminant analysis 
(DA) and factor analysis (FA). By analyzing sev-

eral correlated variables, the DA enabled further 
comparison between the cultivated and reference 
areas. Furthermore, FA was applied to verify the 
soil characteristics related to the downward move-
ment of P. All multivariate statistical analyses 
were performed with XLSTAT statistical software  
(version 2014.5.03). 

3. Results and Discussion

There was a significant difference (P<0.05) in OM 
content between the cultivated areas and the ref-
erence areas for most of the analyzed cultivation 
times (Table 2). The highest OM contents occurred 
in the areas under cultivation for 5, 8, 10, 12, and 
16 years at depths of 0-20 cm and in the areas un-
der cultivation for 8, 10, 12, and 16 years at depths 
of 20-40 cm . 
In areas under different vineyard cultivation times 
in the São Francisco Valley region, Faria et al. 
(2007) found an increase in OM content compared 
to areas with no anthropogenic interference. This 
effect is beneficial for the region, given the very 
low OM content originally found in the soil (Table 
2). Organic matter is important for soil structure, 
nutrient retention, and thus for the quality of the 
sandy soils from this region. As expected, there 
was a reduction in the organic matter content with 
increasing depth in both the cultivated areas and 
in the reference areas. Preston et al. (2016) ob-
served high positive correlation (p<0.01) between 
organic matter and Cu in the same studied region, 
which indicate the low mobility of Cu in the soil. 
Furthermore, the positive correlation between Cu 
and organic matter shows that OM probably act as 
a main metal reservoir in vineyard soils (Duplay 
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et al., 2014; Gómez-Armesto et al., 2015). This 
fact might ameliorate vineyard soils of a semiarid  
region known as the largest center of irrigated fruit 
production in Brazil. 
There was no significant difference in the OM con-
tents in the area cultivated for 6 years at all depths 
(Table 2). This may be related to the fact that this is 
an experimental area of Embrapa Semiárido, and the 
amounts of added manure and plant residues are lower 
than those regularly used in areas belonging to export 
companies. There was also no significant difference 
in the OM content in the area under cultivation for 5 
years at depths of 20-40 cm (Table 2). This may be 
due to the more recent application of manure, which 
would not have been mineralized, resulting in limited 
mobilization towards subsurface layers.

Areas under cultivation for 15 and 30 years had 
higher OM values for both depths than the refer-
ence areas (Table 2). These areas belong to a tenant 
farmer from the Bebedouro Irrigation Project who 
grows the Italia variety for the domestic market. 
Thus, this farmer does not make great investments 
in the vineyards and uses lower annual amounts of 
OM (20 m3 ha-1) compared to agricultural companies 
(40 m3 ha-1) and Embrapa (40 m3 ha-1). Under such 
manure management, soil cultivation had negative 
effects on the already low OM contents. Cavalcante 
et al. (2007) report that conventional tillage sys-
tems showed a reduction in OM content, probably 
because of inadequate management (for example, 
the removal of leaves that fall during senescence or 
during pruning). On the other hand, Almeida et al. 
(2005) found higher OM contents in a non-tillage 

 

 

CT 

OM P  Ca  Mg Na  K  H+Al  CEC  SB  V 

(%) (mg dm-3) (cmolc dm-3) (%) 

Years CA RA CA RA CA RA CA RA CA RA CA RA CA RA CA RA CA RA CA RA 

 0-20 cm 

5 15.77a 5.69b 1035.05a 6.50b 4.67a 1.10b 1.32a 0.43b 0.28a 0.19b 0.27a 0.05b 0.69a 0.66a 7.22a 2.43b 6.54a 1.77b 90a 72b 

6 17.63a 12.18a 238.31a 5.04b 3.52a 2.33a 1.00a 0.73a 0.24a 0.24a 0.26a 0.28a 0.85a 0.94a 5.87a 4.53a 5.02a 3.59a 84a 79a 

8 18.05a 9.00b 378.73a 11.38b 6.05a 1.35b 1.73a 0.67b 0.27a 0.23a 0.30a 0.23b 0.93b 3.08a 9.29a 5.56b 8.36a 2.48b 89a 44b 

10 22.96a 7.21b 535.59a 3.00b 4.10a 0.68b 1.60a 0.35b 0.31a 0.21a 0.23a 0.05b 1.79a 1.21a 8.03a 2.51b 6.24a 1.30b 77a 51b 

12 17.32a 7.37b 374.87a 189.2b 5.02a 3.35b 1.52a 1.37a 0.31a 0.24a 0.49a 0.57a 1.02a 0.58a 8.35a 6.10b 7.34a 5.53b 87a 90a 

15 11.05b 15.37a 76.98a 3.20b 2.55a 1.83b 1.13a 0.53a 0.24a 0.24a 0.44a 0.26b 1.29b 2.20a 5.66a 5.07a 4.36a 2.87b 77a 56b 

16 16.97a 7.79b 290.34a 2.00b 4.12a 1.83b 1.68a 0.73b 0.20a 0.22a 0.18a 0.15a 0.96b 1.65a 7.14a 4.58b 6.18a 2.93b 86a 63b 

30 12.66b 15.37a 248.36a 3.20b 3.28a 1.83b 1.08a 0.53a 0.29a 0.24a 0.46a 0.26b 1.07b 2.20a 6.19a 5.07b 5.12a 2.87b 82a 56b 

 20-40 cm 

5 9.83a 5.39a 467.35a 2.97b 3.00a 0.82b 1.00a 0.27b 0.25a 0.20b 0.22a 0.06b 0.25b 0.80a 4.72a 2.14b 4.47a 1.34b 94a 62b 

6 11.15a 8.13a 179.98a 2.59b 2.13a 2.02a 0.63a 0.45a 0.23a 0.21a 0.23a 0.25a 1.60a 0.91b 4.83a 3.84a 3.23a 2.93a 66b 76a 

8 11.49a 5.34b 325.66a 5.31b 4.92a 0.92b 1.20a 0.65a 0.28a 0.22b 0.26a 0.24a 0.33b 2.72a 6.98a 4.75b 6.65a 2.03b 95a 42b 

10 20.72a 6.51b 827.75a 2.04b 4.50a 0.38b 1.98a 0.33b 0.36a 0.19b 0.25a 0.04b 0.88b 1.05a 7.97a 1.99b 7.09a 0.94b 88a 47b 

12 11.38a 4.78b 197.18a 140.8a 3.62a 2.82b 1.42a 1.15a 0.28a 0.25a 0.39a 0.38a 1.07a 0.55a 6.77a 5.15b 5.70a 4.60a 83a 89a 

15 8.32b 13.76a 50.64a 1.10b 2.63a 1.73b 1.23a 1.08a 0.25a 0.24a 0.39a 0.28b 1.32b 2.64a 5.83a 5.98a 4.51a 3.34b 77a 55b 

16 12.26a 5.20b 321.72a 1.02b 3.58a 1.67b 1.55a 0.62b 0.22a 0.20a 0.15a 0.18a 0.69b 2.12a 6.19a 4.79a 5.50a 2.67b 89a 55b 

30 9.72b 13.76a 39.65a 1.10b 3.15a 1.73b 1.07a 1.08a 0.27a 0.24a 0.42a 0.28b 1.24b 2.64a 6.14a 5.98a 4.90a 3.34b 79a 55b 

 

Table 2. Averages fertility soil attributes evaluated of cultivated areas (CA) and caatinga (RA) in different 
cultivation times (CT) and at two depths (0-20 and 20-40 cm).

Means followed by same letter (between CA and RA for the same attribute and depth) not differ significantly by Tukey 

test (P<0.05)
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system due to the greater diversity of plant species 
and the probably higher carbon recycling provided 
by continued replacement of organic plant material.

OM content presented positive and highly sig-
nificant correlations with Ca, Mg, CEC, and SB at 
depths of 0-20 cm and with P, Ca, Mg, Na, CEC, 
and SB at 20-40 cm for the cultivated areas (Table 

 

Sites pH OM P Ca Mg Na K H+Al

g kg 
-1

mg dm
-3
_______________ cmolc  dm

-3
______________

 0-20 cm

OM CA -0.16 - 0.35 0.55** 0.58** 0.32 -0.38 0.3

RA -0.36 - -0.28 0.17 -0.15 0.42* 0.23 0.46*

P CA 0.47* 0.35 - 0.46* 0.25 0.34 -0.28 -0.15

RA 0.55** -0.28 - 0.75** 0.75** 0.17 0.81* -0.43*

Ca CA 0.53** 0.55** 0.46* - 0.62** 0.30 -0.15 -0.25

RA 0.47* 0.18 0.75** - 0.72** 0.42* 0.86** -0.29

Mg CA 0.32 0.58** 0.25 0.62** - 0.23 -0.19 0.01

RA 0.34 -0.15 0.75** 0.72** - 0.25 0.74** -0.25

K CA 0.01 -0.38 -0.28 -0.15 -0.19 0.44* - -0.03

RA 0.29 0.23 0.81** 0.86** 0.74** 0.45* - -0.10

H+Al CA -0.47* 0.30 -0.15 -0.25 0.01 0.05 -0.03 -

RA -0.94** 0.46* -0.43* -0.29 -0.25 0.14 -0.10 -

CEC CA 0.38 0.68** 0.38 0.90** 0.78** 0.40* -0.07 0.10

RA -0.20 0.40* 0.49* 0.74** 0.65** 0.50** 0.80** 0.40

SB CA 0.52** 0.58** 0.42* 0.97** 0.77** 0.38 -0.06 -0.21

RA 0.43* 0.11 0.81** 0.97** 0.86** 0.43* 0.91** -0.27

V CA 0.60** 0.10 0.39 0.63** 0.39 0.12 -0.08 -0.87**

RA 0.90** -0.23 0.66** 0.73** 0.62** 0.12 0.54** -0.82**

                                                 20-40cm 

OM CA -0.08 - 0.76** 0.57** 0.57** 0.51** -0.13 0.01

RA -0.46* - -0.32 0.16 0.29 0.30 0.29 0.50**

P CA 0.33 0.76** - 0.54** 0.63** 0.57** -0.42* -0.42*

RA 0.63** -0.32 - 0.67** 0.38* 0.35 0.57** -0.48*

Ca CA 0.48** 0.57** 0.54** - 0.57** 0.46* -0.06 -0.48

RA 0.38 0.16 0.67** - 0.51** 0.54** 0.85** -0.13

Mg CA 0.16 0.57** 0.63** 0.57** - 0.55** -0.01 -0.27

RA -0.13 0.29 0.38 0.51** - 0.48* 0.67** 0.37

K CA -0.37 -0.14 -0.42* -0.06 -0.01 0.22 - 0.37

RA -0.01 0.29 0.57** 0.85** 0.67** 0.73** - 0.24

H+Al CA -0.94** 0.01 -0.41* -0.48* -0.27 -0.20 0.37 -

RA -0.92** 0.50** -0.48* -0.13 0.37 0.27 0.24 -

CEC CA 0.01 0.70** 0.49* 0.84** 0.75** 0.57** 0.21 0.03

RA -0.40* 0.49* 0.20 0.63** 0.81** 0.63** 0.84** 0.68**

SB CA 0.39 0.63** 0.61** 0.95** 0.79** 0.59** 0.03 -0.43*

RA 0.19 0.25 0.64** 0.93** 0.78** 0.62** 0.91** 0.08

V CA 0.91** 0.14 0.51** 0.68** 0.47* 0.31 -0.25 -0.94**

RA 0.82** -0.17 0.74** 0.79** 0.26 0.26 0.49* -0.66**

 

 

 

 

 

Table 3. Pearson’s correlation matrix for chemical analysis vineyard areas in Petrolina-Brazil

** and * are significant correlations at p < 0.01 and p < 0.05, respectively.
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3). OM has a major role in the cycling of most nu-
trients, in addition to helping enhance the CEC of 
tropical soils. For the naturally low fertility and 
low OM soils of São Francisco Valley, inputs of or-
ganic materials are an essential part of the system  
sustainability.
The correlation between OM and P at 20-40 cm in 
the cultivated areas is probably due to the applica-
tion of P in the form of manure and other organic 
sources that are prone to transport P into the subsoil. 
The regular use of animal manure, root exudation, 
and the metabolism of microorganisms can continu-
ously maintain the blocking process of P adsorption 
sites. Organic acids with a high molecular mass (hu-
mic and fulvic acids) remain in soil longer and are 
more effective in the complexation of toxic elements 
such as Al. Therefore, these compounds can be more 
important than low-molecular-mass organic acids in 
the inhibition of P adsorption in soil (Pavinato and 
Rosolem, 2008). Furthermore, the cover crop pro-
vided during long-term cultivation changed the soil 
P dynamics as well. It occurs mainly due to P recy-
cling mobilized into crop residues and the coloniza-
tion of microorganism mobilizers of P in the rhizo-
sphere (Tiecher et al., 2015).
High levels of available P were found in soils (Table 
2) due to the cumulative effects of high rates of P 
applied via fertirrigation. Environmentally speaking, 
phosphate fertilizers have been widely used to ame-
liorate soils contaminated with Pb due to their strong 
affinity (Lin et al., 2005). However, the sandy soils 
of the study areas (Table 1) present a very low capac-
ity for P adsorption. The high mobility of phosphates 
in the soil profile given the increased values found in 
the subsoil indicate that the maximum P adsorption 
is easily met. Considering the nearness of the vine-
yards to the São Francisco river, problems related to 
eutrophication must be kept in mind. In other words, 
phosphate fertilizers applied in soils from this semi-

arid region exceeded the plant demand and part of 
this amount may reach the water resources owing to 
the sandy texture and low Fe oxide content (Preston 
et al., 2016). 
The P concentration in soils was significantly different 
between the reference and cultivated areas in both soil 
layers (Table 2). Values for available P are extremely 
high in the cultivated areas. It is unlikely that soils 
with such high values of available P would be respon-
sive to P fertilization. For instance, the areas under 
cultivation for 5 and 10 years showed P values of up 
to 1035 and 535 mg dm-3, respectively. P contents in 
these soils were 159 and 178 times greater than those 
in the reference areas. At depths of 20-40 cm, P val-
ues in these areas were 157 and 405 times as high as 
those measured in the reference areas, which is con-
sistent with the large amounts of P prone to leaching. 
These two areas belong to large companies that apply 
large amounts of mineral fertilizers, agrochemicals, 
and other agricultural inputs. The high amount of P 
was due to the cumulative effects of the high P rates 
applied via irrigation in this region. Even sandy soils 
can accumulate high amounts of P by either P adsorp-
tion or precipitation in case long-term and successive 
phosphate fertilization is used (Schmitt et al. 2013). 
The leaching of P is also very high in these soils, be-
ing essential to reduce P inputs.
Ca contents in cultivated areas were significantly dif-
ferent from those in the reference areas at the two 
depths analyzed, with greater values found in cul-
tivated areas (Table 2). This increase may have oc-
curred because of liming and the use of superphos-
phates (calcium phosphates). In an area cultivated 
with vines for 12 years in the lower-middle region of 
the São Francisco River, Faria et al. (2007) also found 
higher Ca values in the cultivated areas compared to 
soil with Caatinga vegetation. Almeida et al. (2005) 
found considerably lower Mg and Ca contents in an 
uncultivated field than in conventional planting areas 
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because the uncultivated field was not subjected to 
liming and fertilization. 
The Mg contents indicated significant differences 
between the analyzed environments in the areas un-
der cultivation for 5, 8, 10, and 16 years at a depths 
of 0-20 cm and in areas under cultivation for 5, 10, 
and 16 years at depths of 20-40 cm. However, the 
highest values were always observed in cultivated 
areas (Table 2). This change may be due to the effect 
of liming, which increases Ca and Mg content and 
reduces H+Al content in soil. In this region, the use 
of magnesium sulfate is common in both soil and 
foliar fertilization. 
Ca and Mg values similar to those found at 0-20 
cm in the cultivated and reference areas were also 
observed at 20-40 cm in the two analyzed environ-
ments (Table 2). This was probably due to the or-
ganic complexation of these cations and their sub-
sequent movement into subsurface. According to 
Franchini et al. (2001), the movement of Ca and Mg 
can be explained by organic complexation of these 
cations; however, this complexation also depends on 
the plant residues in the soil surface. The decomposi-
tion of plant residues from the soil surface gives rise 
to water-soluble organic compounds, which have 
been known to be responsible for the complexation 
of Ca in surface layers, followed by migration in the 
soil profile (Gatiboni et al., 2003). These Ca and Mg 
contents in the subsurface could also have occurred 
due to the sandy texture of the soil and the low cation 
retention capacity in the study areas (Table 1), which 
left cations free in solution. 
In general, K contents differed significantly (P<0.05) 
between the cultivated and reference areas for both 
depths (Table 2). The areas under cultivation for 6, 
12, and 16 years at depths of 0-20 cm and the area 
cultivated for 8 years at depths of 20-40 cm did not 
show significant differences from the reference ar-
eas. Similar K values were found at the two depth 

ranges analyzed, probably because the rainfall in the 
region exceeded 100 mm when soil samples were 
collected for the study. Therefore, these high K val-
ues at depths of 20-40 cm were due to leaching of K 
that resulted from the high rainfall and the low CEC 
of soils. Faria et al. (2007) obtained similar results. 
Highly significant positive correlations were observed 
between pH, Ca, SB, and V% (0.52-0.60, P<0.01) at 
depths of 0-20 cm and between pH and Ca and V% 
(0.48-0.91, P<0.01) at depths of 20-40 cm for the cul-
tivated areas. Such correlations were also observed 
for pH, P, and V% for the reference areas at both 
depths analyzed. A significantly negative correla-
tion was also observed between pH and H+Al for the 
cultivated and reference areas at both depths (-0.47 
(P<0.05), -0.94 (P<0.01), -0.94 (P<0.01), and -0.92 
(P<0.01), respectively; Table 3). Araújo et al. (2000) 
found a similar correlation for pH and Ca in soils cul-
tivated with cassava and in native forest. Overall, the 
pH values of reference areas were lower than those of 
cultivated areas (Table 1). 
The CEC values significantly differed (P<0.05) in ar-
eas under cultivation for 5, 8, 10, 12, 16, and 30 years 
at depths of 0-20 cm, while at depths of 20-40 cm, 
only the areas under cultivation for 5, 8, 10, and 12 
years showed higher values in relation to the refer-
ence area (Table 2). Faria et al. (2004) observed an 
increase in the CEC of soil cultivated with vines us-
ing green fertilization. One of the determining factors 
in this difference was the increased OM content in 
the cultivated soil, with a subsequent increase in ex-
change sites. According to Aprile and Lorandi et al. 
(2012), OM largely contributes to the CEC of soils, 
especially in the surface layer.
Discriminant and factor analyses were used to provide 
further explanation soil of the fertility changes in the 
vineyards. The combinations of correlated variables 
were clearly distinguished between cultivated and ref-
erence areas at both depths (Figure 2). There was no 
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significant difference among vineyard soils cultivated 
for 5, 6, 8, 10, 12, 15, and 16 years. More than 90% of 
samples from the reference areas were properly clas-
sified, whereas 83% of the samples in cultivated areas 
were adequately classified. 

Phosphorus was the nutrient with the highest differ-
ences between the reference and cultivated areas, 
regardless of depth (Table 2). This reflects the great 
amounts of P applied to soils. These values prob-
ably exceed plant requirements, which Schmitt et al. 
(2013) also observed in vineyard soils. The very high 
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P concentrations found in the soils are a major con-
cern in regard to eutrophication. We used the factor 
analysis technique to better address the downward 
movement of P (Figure 3).
Two factors with eigenvalues higher than unity ex-
plained roughly 65% of the total variance. Factor 
1 was positively loaded on P (0.65), OC (0.61), Ca 
(0.62), Mg (0.76), Na (0.75), silt (0.84), and clay 
(0.90), while it was negatively loaded on sand (-0.88). 
Factor 2 showed high positive and negative loadings 
on pH (0.77) and Al (-0.93). The opposite association 
between P and sand content confirms that P move-
ment towards deep layers is mainly governed by soil 
texture (Silva et al., 2014). Therefore, the high and 
continuous application of P in these soils increases the 
potential of P leaching and contamination of surface 
and underground waters (Pizzeghello et al., 2011). 

Other studies have shown that land use changes can 
modify P concentration and bioavailability (Redel et 
al., 2015). In contrast with other vineyard regions, in 
which metal contamination is the main environmen-
tal concern (Mackie et al., 2012; Navel and Martins, 
2014), vineyard soils in São Francisco Valley are 
prone to P leaching and subsequent eutrophication. 
These sandy soils are more prone to leaching of nutri-
ents (ions) and pesticides; this is due the low adsorp-
tion capacity of these soils. Therefore, these soils are 
(more easily than clay soils) a source of P and contam-
inants to other ecosystem compartments. Thus, best 
practices for management of P fertilization are essen-
tial to guarantee environmental sustainability (Balemi 
and Negisho, 2012). According to Junior et al. (2016), 
the input of crop residues plays an important role in 
reducing water and sediment losses. Schmitt et al. 
(2013) observed that long-cultivated vineyard soils 
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under continued phosphate fertilization pose risk of 
contamination due to the high amount of P desorbed 
into surface and underground water. These studies 
showed that P equilibrium concentration can be prop-
erly used as an environmental indicator of P leaching. 

4. Conclusions

In general, the transformation of Caatinga areas 
into cultivation fields increased pH and soil fertility. 
However, the management of the phosphate fertil-
ization deserves attention since vineyards are among 
the most vulnerable sites affected by soil erosion 
processes, indicating a risk of surface water con-
tamination. The intensive P application, especially 
via fertirrigation, built up the available P in soils to 
levels far beyond the amounts that grapes require. 
As a result of the low P adsorption capacity of the 
soils, high amounts of the element are prone to leach 
and can contribute to triggering eutrophication pro-
cesses. Thus, best practices for the management of 
P fertilization are essential to guarantee high grape 
quality and environmental sustainability. The use of 
discriminant and factor analyses proved to be use-
ful for distinguishing natural and cultivated areas, as 
well as aiding management practices that can pre-
serve this fragile agroecosystem.
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