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INTRODUCTION

Soil and water are essential resources for human

ABSTRACT

Inadequate and intensive management of soils can promote changes in their chemical
attributes and impair the quality of surface and groundwater, especially in hillside areas.
Therefore, the aim of this study was to identify possible changes in soil and water
chemical composition of hillside areas cultivated with horticulture. For this, chemical
attributes of three soil depths (0-10, 10-30, and 30-60 cm) were determined in three
hillside positions (upper, middle, and lower thirds) of five hillside and adjacent forest
areas, as well as water from reservoirs for agricultural use and human consumption.
Compared with the forest area, horticultural areas present soil with lower organic matter
content and CEC, but higher values of pH, base saturation, and contents of P, Ca, and K.
In cultivated areas, CEC decreases from the upper to the lower hillside, without
significant changes in other soil fertility parameters. Soil fertility decreases with depth,
regardless of soil management and hillside position. Water from reservoirs adjacent to
hillside areas with horticulture is more acidic and has a higher nitrate content, especially
during rainy periods.

et al., 2009). In addition to influencing the drainage of a
river basin, relief also determines the occurrence of plant

life survival, but their intensive and inadequate use has led
to environmental degradation (Chartres & Noble, 2015).
Hillside areas are especially susceptible to degradation,
mainly when used for olericulture due to an intensive soil
management and use of agricultural inputs in this activity
(Lima et al., 2015; 2016). There are reports that the lower
the technological level of agriculture is, the greater the
potential for degrading the agricultural environment
(Stefanoski et al., 2013). Practices involving poor soil
cover and its tillage favor environment deterioration, both
in conventional and organic agriculture (Santos et al.,
2010).

The dynamics and intensity of erosive processes are
influenced by landscape form (relief) (Qi et al., 2012) by
directing the flows of water and sediments. Thus, while
erosion is influenced by landscape form, different
directions of water flow are responsible for variations of
chemical and physical attributes over the hillside (Sanchez

species and land use capacity. The removal of natural
vegetation for agricultural use, especially for crops that
require an intensive management, may result in loss of
nutrients along the slope, especially when management is
inadequate (Faria et al., 2010).

Several studies of soil-landscape relationships have
identified that intensive and continuous cultivation in
convex areas (on hillsides) present progressive sediment
losses, while concave areas act as deposition areas
(Marques Janior et al., 2014; Resende et al., 2014). In this
regard, Campos et al. (2013) investigated the influence of
relief on soil attribute distribution in the segment of a
hillside and found an increase in the contents of P, Ca, Mg,
and K and values of pH and CEC starting from the hilltop
towards the softer slope of the relief, i.e. in areas of
deposition foothills. In addition, soil type, climate,
vegetation, management, and the technological level of
farms influence the distribution of soil chemical attributes
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along the landscape of a river basin (Sanchez et al., 2009;
Campos et al., 2013).

In agricultural areas where the highest
technological level is employed, the occurrence of high-
fertility soils is common because the nutrients exported by
harvests are replenished and the adoption of conservation
management practices minimize erosion and leach losses
(Portugal et al., 2010). In this scenario, Camocim de S&o
Félix stands out for the irrigated cultivation of vegetables
and use of high amounts of fertilizers and phytosanitary
products to maintain crop productivity. Associated with
this, the rather rugged (concave-convex) relief and
inadequate management of these areas lead to large losses
of nutrients, which accumulate in the lower parts of the
river basin, usually in dams or reservoirs, being the main
cause of eutrophication of the water used for irrigating
vegetables and human and animal consumption.

The use of multivariate analysis in agrarian
sciences has allowed a better assessment of changes
imposed on the chemical quality of soil and water
(Oliveira et al., 2008; Coletti et al., 2010) since the
conventional statistical analysis is often not sufficient to
describe cause-and-effect relationships (Silva et al., 2016).
By means of the factor and principal components analyses,
Coletti et al. (2010) concluded that substances of
ammonia, ammoniacal nitrogen, and nitrate from
agricultural activities were the main contaminants of water
resources. In the study of Silva et al. (2016), the
application of these analyses not only discriminated the
enrichment sources of OM, P, and heavy metals in
vegetable cultivation but also elected and revealed the
decisive factor for distributing these variables along the
hillside of an Oxisol. In short, multivariate statistics allows
a greater capacity to describe intra- and interdependence
relationships in agricultural systems, allowing establishing
and planning more appropriate management practices.
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Although olericulture is one of the agricultural
activities that intensely exploit soil and water and use
agricultural inputs (Lima et al., 2016), there is a lacuna in
the literature concerning its effects on soil and water
changes of surface and ground sources, especially in
hillside areas of river basins. In order to verify the
hypothesis that the olericulture with a low technological
level developed in a hillside environment can induce great
changes in these environments, this study aimed to identify
changes in soil and water chemical attributes of hillside
areas under intensive horticulture.

MATERIAL AND METHODS

Soil and reservoir water samples were selected
from five vegetable growing areas located in Camocim de
Sdo Félix, Pernambuco, Brazil (Figure 1). Regional
climate is type As’, i.e. a rainy tropical climate with a dry
summer according to Alvares et al. (2013) classification.
The average annual temperature is around 24 °C, with an
annual precipitation ranging from 900 to 1,300 mm.
Altitudes rarely exceed 1000 m, with a wavy and rather
rugged relief, very to moderately developed, deep soils,
and natural vegetation predominantly of semideciduous
and/or semi-evergreen forests (BRASIL, 1973).

Selection of areas was carried out based on in loco
visits and information obtained from the local office of the
Instituto Agrondmico de Pernambuco (IPA) and farmers.
Thus, we selected five agricultural areas (Al, A2, A3, A4,
and Ab), with a typical regional management system, and
four forest areas (F1, F2, F3, and F4), which consisted of
fragments of secondary forest vegetation at the hilltop,
with the minimum of anthropogenic intervention, and used
as reference areas to better express the results of the
management effect on cultivated areas.
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FIGURE 1. Location of agricultural (A1, A2, A3, A4, and A5) and native forest (F1, F2, F3, and F4) areas.
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At the different sampling sites, the soil is classified
as a VYellow Latosol (EMBRAPA, 2013), which
corresponds to a Xanthic Ferralsol according to FAO
(1990) classification, developed from gneiss and granite
rocks of the Pre-Cambrian period (BRASIL, 1973). The
soil is exploited successively throughout the year by
growing the main vegetables: tomatoes, cabbage, chard,
lettuce, peppers, and cowpeas. Vegetable cultivation in
these areas is characterized by planting in short grooves in
beds or pits where seeds and/or seedlings are placed.

Soil fertilization is always performed by adding
organic material (poultry litter) and chemical fertilizers.
Crop management consists of sprinkler and localized
irrigation (micro-sprinkler and drip), as well as fertilizer
and pesticide applications in a preventive and corrective
way most of the times without a technical support. Among
the fertilizers historically used during a 35-year
cultivation, the following stand out: monoammonium
phosphate (MAP), diammonium phosphate (DAP), simple
superphosphate, urea, NPK formulations (06-24-12, 20—
10-20, 10-10-10, 10-20-20, and 20-0-20), potassium
chloride, potassium sulfate, micronutrients (FTE), foliar
fertilizers (Zn), ammonium sulfate, calcium nitrate, and
potassium nitrate.

In the cultivated areas, soil samples were collected
in the planting rows, totaling 10 simple samples for each
composite sample at each hillside position (upper third —
UT, middle third or hillside — MT, and lower third or
foothill — LT ) and three depths (0-10 cm, 10-30 cm, and
30-60 cm). In forest areas (F), sampling was carried out in
a zigzag pattern only at the top, being collected 10 simple
samples to form a composite sample, also at the three
depths. These samples, after air-drying, were decloded and
sieved through a 2-mm opening nylon sieve.

In the irrigation water reservoirs (R1, R2, R3, R4,
and R5) of the respective cultivated areas and in the
reservoir for human consumption (R6), 200 mL of water
was collected between the 5th and 8th days of all months
of 2010. To obtain representative samples, subsamples
were collected at different points of the dams, avoiding
sites with atypical turbidity or suspended material. After
collection, samples passed through qualitative filter paper
of slow filtration, being conditioned in a refrigerator (4 °C)
and then analyzed. In addition, monthly precipitation data
were obtained from ITEP/LAMEPE (2010), being used to
assist in interpreting the results.

In soil samples, we determined the pH and contents
of Ca, Mg, K, H+Al, P, organic carbon, and Al
(EMBRAPA, 1997). From the obtained data, we calculated
the sum of bases (SB), cation exchange capacity (CEC),
base saturation (V), and organic matter (OM). In water
samples, on the other hand, we determined the pH, P

(vanado-molybdate  colorimetry), NOsz, and K,
determined by flame photometry.

The results were submitted to analysis of variance
by the F-test in a randomized block design, with the five
areas considered as blocks. The three hillside positions of
the cultivation areas (upper, middle, and lower thirds) +
forest (4 positions), combined with the three layers of soil
sampling, composed the 12 treatments, which were
analyzed statistically in a 4 x 3 factorial scheme. The
means of soil chemical attributes were compared by the
Tukey’s test at 1 and 5% probability. Pearson correlations
were also carried out among soil chemical attributes at 5
and 1% probability.

The dependence structure among variables was
investigated by principal component analysis, which is an
exploratory multivariate technique that projects the
original information into a smaller set of latent variables,
which are the eigenvectors constructed with eigenvalues
extracted from the covariance matrix, preserving the
maximum of the original relevant information. After
standardizing the variables (chemical attributes, OM,
cultivation areas, landscape segments, and depths) to zero
mean and unit variance, the criterion adopted to select the
number of components was eigenvalues above 1.00, as
proposed by Kaiser (1958). All statistical analyses were
processed in the software Statistica 7.0.

RESULTS AND DISCUSSION

The results of the F-test for the interaction between
positions + forest on the hillside and depths were only
significant (p<0.05) for soil K content (Table 1). This
indicates that, except for K, soil position in the hillside and
depth had independent influences on soil chemical
attributes.

Soil position was the only significant factor
(P<0.01) regarding pH values (Table 1), which were
similar in the three landscape positions. However, pH
values were higher when compared to forest soils,
corroborating the results of Santos et al. (2010) and
Guareschi et al. (2014). This fact may be associated with
the immobilization of bases in a greater diversity of plants,
as well as for larger sized plants that predominate in the
forest (Guareschi et al., 2014). In fact, the results showed
that the forest soil had the lowest Ca and K contents,
which reflected in lower base saturation (V) when
compared to soil values of the three hillside positions
cultivated with horticulture (Table 1). Soil base saturation
of the three hillside positions is at the level considered
from medium to high, while in the forest, it is considered
from low to very low (Faria et al., 2007).
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TABLE 1. Average values of chemical attributes at different depths of a Yellow Latosol under original forest and in the upper
(UT), medium (MT), and lower (LT) thirds of the hillside in five olericulture areas in Camocim de Séo Felix, PE, Brazil.

pH (H,0) P (mg dm™)

0-10 cm 10-30 cm 30-60 cm Mean 0-10 cm 10-30 cm 30-60 cm Mean
Forest 4.6 4.5 4.7 4.5b 7.0 3.8 2.8 4.5b
uT 5.8 6.0 5.9 5.9a 170.2 100.6 99.0 123.2ab
MT 6.2 6.3 6.4 6.3a 206.2 174.2 137.2 172.5a
LT 5.8 5.7 6.1 5.9a 150.4 132.0 134.6 139.0ab
Mean 5.6A 5.6? 5.8? 133.4A 102.6AB 93.4B
F Position (P) 26.41** 4.17*
F Depth (D) 0.26NS 4.19*
FPxD 0.61NS 0.94Ns
CV (%) 14 101

MO (g kg™) CTC (cmol. dm™3)

0-10cm 10-30 cm 30-60 cm Mean 0-10cm 10-30 cm 30-60 cm Mean
Forest 4.1 3.6 2.9 3.563a 13.6 12.9 12.7 13.08a
uT 2.6 1.9 1.6 2.06b 11.8 10.3 10.1 10.73ab
MT 2.2 1.6 1.3 1.72b 10.2 8.2 8.1 8.85bc
LT 2.0 1.7 1.1 1.62b 8.9 8.2 6.5 7.85¢C
Mean 2.73A 2.22B 1.74C 11.13A 9.9B 9.35B
F Position (P) 45.83** 11.31**
F Depth (D) 59.22** 11.46**
FPxD 0.90NS 0.78Ns
CV (%) 45 31

Ca (cmol; dm™) Mg (cmol, dm~3)

0-10 cm 10-30 cm 30-60 cm Mean 0-10 cm 10-30 cm 30-60 cm Mean
Forest 1.11 1.04 1.12 1.09b 2.64 1.79 1.50 1.97
uT 4.26 3.76 3.43 3.81a 2.30 1.96 1.36 1.87
MT 4.23 3.73 3.66 3.87a 2.17 1.89 1.45 1.83
LT 3.78 3.49 2.68 3.31a 1.50 1.60 1.01 1.37
Mean 3.34A 3.01B 2.72B 2.15A 1.8AB 1.33B
F Position (P) 20.80** 1.59NS
F Depth (D) 11.38** 10.29**
FPxD 2.04Ns 0.63\S
CV (%) 47 46

K (cmol, dm™) V (%)

0-10cm 10-30 cm 30-60 cm Mean 0-10cm 10-30 cm 30-60 cm Mean
Forest 0.23bA 0.20aA 0.18bA 0.20 32 24 22 26b
uT 1.49aA 1.05aA 1.38aA 1.31 70 68 64 672
MT 1.81aA 0.65aB 0.59abB 1.02 81 77 72 778
LT 1.03abA 0.53aA 0.50abA 0.69 73 70 69 702
Mean 1.14 0.61 0.66 63.91A 59.82AB 56.91B
F Position (P) 4.82* 38.80**
F Depth (D) 11.41** 3.92*
FPxD 2.98* 0.23N\s
CV (%) 95 37

Means followed by the same uppercase letter in the row and lowercase letter in the column do not differ from each other by the Tukey’s test

(5%). CV = coefficient of variation.

The highest values of Ca, K, and V for cultivated
areas are due to fertilizer and corrective inputs carried out
over the years of soil management in the areas, as also
justified by Portugal et al. (2010). The content of Mg in
soils cultivated with vegetables was similar to that of
adjacent forests (Table 1) since farmers do not use
fertilizers with this nutrient. This similarity in the contents
found in soils of cultivated areas and forests shows that
Mg contents come primarily from soil parent material.

Base saturation (V) values also tended to decrease
with depth, apparently more influenced by Ca and Mg
contents since K contents did not vary much with depth
(Table 1). K is retained with less energy in soil colloids
when compared to Ca and Mg, allowing its easy

movement in the soil profile (Souza et al., 2012; Duarte et
al., 2013), which justifies the greater uniformity of K
contents in the different soil layers when compared to Ca
and Mg, which decreased with depth.

The similarity of Ca and Mg contents in the soil at
different hillside positions are in accordance with the
results observed by Santos et al. (2008). However, these
authors observed a tendency of a higher P and Mg
accumulation in the lower part of the terrain, which was
not verified in our study. On this issue, Faria et al. (2010)
found that Ca and Mg contents increased with depth in
soils under native Cerrado, while we observed the opposite
in soils under forest (Table 1). This contrast may be
associated with the great difference between Cerrado and
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forest vegetation, which should reflect in different forms
of organic matter accumulation on the soil surface.

The only significant interaction between position
and soil depth was observed for K content (Table 1). This
may have occurred due to the joint action of several factors
such as soil texture and water infiltration, which vary
according to the different hillside positions (Lima et al.,
2015). In addition, soil K concentration (> 0.40 cmol.
dm™2), which is considered as high (Faria et al., 2007) and
its relative mobility in the soil profile (Souza et al., 2012;
Duarte et al., 2013), associated with variations of organic
matter content and CEC in the different soil layers (Table
1), may have been important in this interaction.

Soils have naturally a low potential to provide P, as
can be seen by its very low contents in soil forests, a
characteristic attributed to the poor parent material (gneiss-
sandstone). However, successive phosphate fertilization to
meet the needs of horticultural plants justify high P
contents (above 100 mg dm™3) (Silva et al., 2016). The
highest P contents found at a depth of 0—10 cm are from
drip fertigation, which concentrates P in the upper soil
layer where a higher vegetable root density can be found
(up to 20 cm), as well as its low mobility in the soil profile
(Paula et al., 2016; Fink et al., 2016). Because these areas
are located in the hillside, high P contents are
agronomically and environmentally worrisome since this
nutrient may be easily carried into water sources, with a
potential risk of eutrophication (Reay et al., 2012; Bai et
al. 2013).

The highest soil organic matter content in the
forest, when compared to those of the three hillside
positions (Table 1), is due to the greater plant species
diversity associated with a less soil mobilization and
greater carbon recycling in this environment (Portugal et
al., 2010). The addition of mineral fertilizers, especially
those nitrogen-based, also induces a greater soil organic
matter mineralization of cultivated areas (Lima et al.,
2016). In addition, the greater the soil disturbance is, the
lower the OM accumulation (Portugal et al., 2010; Lima et
al., 2016). At first, we could think of the hypothesis that
the lower OM content below 10 cm in depth in the
cultivated areas was due to the lower root development

capacity of vegetables when compared to large-sized
plants from forests, but it does not seem to be true. If this
hypothesis were correct, areas cultivated with heavy, deep
root system crops, as the sugarcane crop, should have a
high organic matter content even below 20 cm deep, which
was not observed in the results found by Portugal et al.
(2010).

Cultivated areas may have a CEC considered as
medium (5.0-10.0 cmol. dm™3), while forest areas may
present it high (> 10.0 cmol. dm™3) (Faria et al., 2007). Soil
CEC of the studied areas seems to have a high OM
dependence, which is evidenced by the similarity in
behavior of both variables (Table 1). This dependence was
also confirmed by positive and significant correlations
(P<0.01) between CEC and OM (Table 2) in cultivation
(0.82, 0.76, and 0.88, respectively, for depths of 0-10, 10—
30, and 30-60 cm) and forest areas (0.88, 0.99, and 0.83,
respectively, for depths of 0-10, 10-30, and 30-60 cm).

At the depths of 10-30 and 30-60 cm (Table 2), P
established significant (P<0.05) and negative correlations
with H+Al for cultivated areas (—0.46 and —0.52,
respectively) and positive correlations for forest areas
(0.82 and 0.91, respectively). Eberhardt et al. (2008) also
obtained a negative correlation between P and H+Al
contents. According to Fink et al. (2016), OM has a low
potential to adsorb P as it presents essentially negative
charges, unlike Fe (goethite and hematite) and Al
(gibbsite) oxides, more efficient and active in P adsorption,
especially in the pH range between 4.9 and 6.5, where Fe
and Al oxides exhibit positive charges, strongly attracting
orthophosphate anions.

In order to identify changes in soil chemical
attributes in cultivated areas with olericulture and forest, a
principal component analysis (PCA) was performed
(Figure 2). This analysis allows reducing the dimensions
of the data in two components and, therefore, facilitates
the interpretation plotted in a biplot graph (Freitas et al.,
2015). PCA explained 81.07% of the total variance of the
data (60.91% in PC1 and 20.16% in PC2). The PC1 axis
was influenced especially by the set of chemical attributes
(P, OM, Ca, K, V, and pH), which presented negative
eigenvectors.
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TABLE 2. Pearson’s linear correlation coefficients between soil chemical attributes in agricultural (A) and forest (F) areas at

depths of 0-10, 10-30, and 30-60 cm.

oM P H+A Ca K CEC Vv
AL F A F A F A F A F A F A F
Soil depth of 0-10 cm
pH 012%™ 047%™ -0.12% 081* —-0.49% —0.05% 0.60** 08L* 035" 048* 0.20® 000%™ 0.61* 020"
oM 0.06™ 000" 041™ 0.86* 045% 090 032" 056™ 0.82** 0.88* 0.02° -0.69"
H+Al 041%™ 086% -0.01" —0.49™ —0.19™ 054™ —0.41" 030" 0.38™ 0.98** —0.86** —0.92**
Mg 059** —0.12 027 031 0.00® —0.10™ 021™ -0.10% 0.72** 069" 0.78** 008" 041™ 042"
Al 041" 043 015™ -0.82* 037 071" 043* 009" 030" -045% 070% 056" -0.02 —0.93*
Soil depth of 10-30 cm
pH 042 017 0227 023 042+ 0.15% 046% 071" 0.43* -027 024™ 025" 0.70°% 0.48™
oM ~0.45% 090% 068* 099* 0.28™ 067" 051* 084* 076%* 099% -0.33™ —-0.75™
H+Al 0.68* 0.99* -0.46* 092" ~0.09 0gom™ 0.19™ 0.80% 0.68%* 0.99** —0.81** —0.79*
Mg 038™ 019™ 012 oo5m 023m 025™ 0197 022 o046 037 076 033™ 0277 0.3
Al 019 040 033 o76m 0327 048™ 014m 04l ooam 046m 037™ 0427 -015™ 087+
Soil depth of 30-60 cm
pH 012%™ 057" 0.24™ 022" —045% 001" 059* -078* 002 026™ 001™ 004™ 0.62** 0.16™
oM 022 gp3m 0.65** 0.79% 034™ 0027 050* 065" 0.88** 0.83* -037™ 057"
H+Al 0.65** 0.79% -0.52* 081™ 023 gp1m 039™ 08L* 0.76%* 1.00%* -0.89** 033"
Mg 077+ 076™ 001 ooo™ 039™ 045 020m 006 g57ex 0o2m 074+ 057™ -0.07% 0.96**
Al osg 039 gogne 026 g9k 074 024 g4 g3om 024 ggox 078 _gagm pgns
* * and ns: significant at 5 and 1% probability by the Tukey’s test and not significant, respectively.

On the other hand, PC2 was characterized only by
Mg content (Figure 2). However, its positioning towards
the center of PC indicates its independence in cultivation
and reference (natural origin) areas. This fact showed that
Mg is not an environmental soil indicator to distinguish
agricultural areas under risk of environmental
contamination due to excess of agricultural inputs in
relation to reference areas, as well as its distribution over
the hillside and in the assessed depths under the conditions
of our study.

Soils from forest areas have a higher OM content,
which is in accordance with several studies that compare
changes in soil chemical attributes attributed to

agricultural practices in comparison to natural areas
(Portugal et al., 2010; Silva et al., 2016). The highest OM
contents in native vegetation areas are explained by the
greater contribution of organic residues (Portugal et al.,
2010) since the anthropic interference, such as the use of
agricultural implements and cultural practices, accelerates
OM degradation (Freitas et al., 2015). Thus, PCA, in line
with the univariate analysis, reinforces the intensive
exploitation in areas under vegetable cultivation with
agricultural inputs  (fertilizers and agrochemicals),
signaling possible contamination of water resources since
crops grown in hillside areas facilitate the loss and
accumulation of nutrients into water reservoirs.

Engenharia Agricola, Jaboticabal, v.38, n.3, p.351-360, may/jun. 2018



Chemical changes of soil and water in hillside areas under intensive horticulture 357

4
AGRICULTURAL AREA CP2-20.16% FOREST AREA
3
LT SA
2 ' % A LT 3 A5
MT 3 A4 REL LT 245 - LT 3 F3 MT_3_F3 ;
- LT2A3\ e UT3F MT3Fs
. . A LT 3 4~ F3 oT- 2 A
3P4 UT pIFaF3, s UT.SF
MT_3 FETS F'l LT’.[ |:2 LTIFS
0 T ’) I:1 LJ F4
T 3 F2 T UI J._ FZ
MT 3R TS m CP1-60.91%
1 MTL F]M T 2TF1 F4 ,
T L 1 g
T 1 F2
MT_1_Ad - LBJFQ%A MT_1_F1
-2 MT1A2|\/|T1A5 UT_1_F1
3 L UT_1AS
-4
-4 -3 -2 -1 0 1 2 3 4

FIGURE 2: Structure of variables and distribution of samples in forest (F1, F2, F3, and F4) and agricultural (Al, A2, A3, A4,

and Ab) areas in the respective landscape positions (UT = upper third, MT = medium third, and LT =

(1=0-10cm, 2 =10-30 cm, and 3 = 30-60 m).

Values of pH of water reservoirs are within the
limits established by CONAMA (2005), which ranges
from 6 to 9, but a slight reduction is observed in months
following increases in precipitation (Figure 3A). This
variation in water pH may be associated with the
acceleration of the eutrophication process (increase in OM,
Ni, and P contents), while the pH reduction may be
associated with the surface transport and leaching of
ammoniacal fertilizers (among other acid sources), being
accumulated in reservoirs after higher precipitation
volumes. Similar behavior was also observed in water
samples from the reservoir destined to human consumption
(R6), indicating that soluble organic substances may be
infiltrating into the soil until reaching the water table.
Duarte et al. (2008) attributed pH reductions to water
heating and production of organic acids from the
biological decomposition of water OM.

lower third) and depths

Nitrate (NO3") concentrations in water reservoirs
remained below the limit of 10 mg L™ (CONAMA, 2005),
but an increase in concentration was observed after
precipitation (Figure 3B). Water from R6 is not shown in
the graph since it has a larger scale, presenting higher
values for NO3™, ranging from 4.72 to 4.97 mg L™ and
with no direct relation with the precipitation of the same
period. Considering that nitrate is very soluble in water
and poorly adsorbed by soil (Vidal & Neto, 2014), these
results indicate that nitrate have been leached in the soil,
slowly and continuously contaminating the water table
over several years of infiltration since water volume in R6
is high, but variations did not respond immediately to the
precipitation of the same year. The low water volumes of
reservoirs and increases followed by rainy periods reveal
that a small part of the nitrate from hillside soils may be
being carried to dams by topsoil erosion.
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FIGURE 3. Influence of precipitation and temporal variation of NPK and pH values on water samples from six reservoirs (R) used
for vegetable irrigation (R1, R2, R3, R4, and R5) and human and animal consumption (R6) in Camocim de Sao Félix, PE, Brazil.

Phosphorus concentrations in dam waters (Figure
3C) reached values 500% above the maximum of 0.02 mg
L allowed by CONAMA (2005). Water from R6 had
much lower P concentrations when compared to those
from R1, R2, R3, R4, and R5, but still higher than the
maximum allowed by CONAMA (2005) for human
consumption. An increase in precipitation reduced P
concentration both in water reservoirs and in R6, but the
inverse was observed for NO3;™~ concentration. Considering
that P is slightly mobile in the soil (Paula et al., 2016) and
that organic matter mineralization does not cause water
eutrophication in these environments even in areas with
high contents of this component (Freire et al., 2013; Vidal
& Neto, 2014), the high concentration of P in reservoir
waters is related to soil hillside erosion.

Potassium concentrations (Figure 3D) in all water
samples from R1, R2, R3, R4, and R5 were lower than 10
mg L™, a limit value established by CETESB (1999).
However, the water from R6 presented concentrations
higher than 10 mg L™ throughout the year. In the water
destined for irrigation, K concentration slightly increased
with the rainy period probably due to the superficial runoff
of the rainwater, while in the water from R6, a reduction in
K concentration was observed due to the dilution effect as
the amount of water in the water table increased.

Souza et al. (2012) also mentioned a similarity
between the temporal variations of K and NOs~ contents,
as observed in our study. However, because K is
predominantly in a cationic form, it tends to be more
retained by negative soil loads (Duarte et al., 2013) and,
therefore, its leaching must be less intense and slower,
leading to less sensitive variations than those observed for
nitrate.

CONCLUSIONS

In comparison with forest areas, horticultural areas
present soil with a lower organic matter content and CEC,
but higher values of pH, base saturation, and contents of P,

Ca, and K.

In cultivated areas, CEC decreases from the upper
to the lower hillside, without significant changes in the
other parameters of soil fertility.

Water from reservoirs adjacent to the hillside areas
with horticulture is more acidic and has a higher nitrate
content, especially during rainy periods.
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