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QUALITY OF SURFACE WATER RELATED TO LAND USE: A
CASE STUDY IN A CATCHMENT WITH SMALL FARMS AND
INTENSIVE VEGETABLE CROP PRODUCTION IN
SOUTHERN BRAZIL®

Karina Hacke Ribeir0(2), Nerilde Favaretto(3), Jeferson Dieckow(3), Luiz Claudio de Paula
Souza(g), Jean Paolo Gomes Minella(4), Luciano de Almeida‘® & Michele Ribeiro Ramos®

SUMMARY

Water degradation is strongly related to agricultural activity. The aim of this
study was to evaluate the influence of land use and some environmental
components on surface water quality in the Campestre catchment, located in
Colombo, state of Parana, Brazil. Physical and chemical attributes were analyzed
(total nitrogen, ammonium, nitrate, total phosphorus, electrical conductivity, pH,
temperature, turbidity, total solids, biological oxygen demand, chemical oxygen
demand and dissolved oxygen). Monthly samples of the river water were taken
over one year at eight monitoring sites, distributed over three sub-basins. Overall,
water quality was worse in the sub-basin with a higher percentage of agriculture,
and was also affected by a lower percentage of native forest and permanent
preservation area, and a larger drainage area. Water quality was also negatively
affected by the presence of agriculture in the riparian zone. In the summer season,
probably due to higher rainfall and intensive soil use, a higher concentration of
total nitrogen and particulate nitrogen was observed, as well as higher electrical
conductivity, pH and turbidity. All attributes, except for total phosphorus, were in
compliance with Brazilian Conama Resolution N° 357/2005 for freshwater class 1.
However, it should be noted that these results referred to the base flow and did not
represent a discharge condition since most of the water samples were not collected
at or near the rainfall event.

Index terms: water pollution, agriculture, nutrients, micro watershed.
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QUALITY OF SURFACE WATER RELATED TO LAND USE: A CASE STUDY IN A CATCHMENT...

RESUMO: QUALIDADE DA AGUA SUPERFICIAL RELACIONADA AO USO
DO SOLO: UM ESTUDO DE CASO EM UMA MICROBACIA COM
PEQUENAS PROPRIEDADES E PRODUCAO INTENSIVA DE
VEGETAIS NO SUL DO BRASIL

A degradacdo dos recursos hidricos estd intensamente relacionada a atividade agricola.
O objetivo deste trabalho foi avaliar a influéncia do uso do solo e de alguns componentes
ambientais na qualidade da dgua superficial na microbacia do rio Campestre, municipio de
Colombo, Parand. Foram analisados os atributos fisicos e quimicos (nitrogénio Kjeldahl,
améonio, nitrato, fésforo total, turbidez, pH, temperatura, condutividade elétrica, sélidos totais,
demanda bioldgica de oxigénio, demanda quimica de oxigénio e oxigénio dissolvido). A coleta
das amostras de dgua foi realizada mensalmente por um ano em oito pontos, distribuidos em
trés sub-bacias. De modo geral, a qualidade da dgua foi inferior na sub-bacia com maior
porcentagem de agricultura, sendo influenciada também pelas porcentagens de floresta, drea
de preservagdo permanente com agricultura e drea de contribui¢cdo da sub-bacia. Na esta¢do
de verdo, provavelmente em razdo da maior precipitacdo pluvial e do uso do solo, ocorreram as
maiores concentragées de N Kjeldahl e N particulado, bem como de condutividade elétrica, pH
e turbidez. Todos os atributos analisados, exceto o P total, estavam de acordo com a Resolug¢do
Conama n° 357/2005, para dgua doce de classe 1. No entanto, cabe ressaltar que o
monitoramento realizado referiu-se ao escoamento de base e ndo representou uma condi¢do de
descarga, jd que a maioria das coletas ndo foi realizada durante ou préoxima do evento de
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precipitagdo.

Termos de indexagdo: polui¢do da dgua, agricultura, nutrientes, microbacia.

INTRODUCTION

Increased agricultural production is a reflection of
population growth, and this affects water availability
and quality (Maxted et al., 2009). The potential of
water contamination from agricultural activity is
extremely high (Lal & Stewart, 1994), especially in a
conventional system with excessive application of
fertilizers and pesticides on high slope areas (Manosa
et al., 2001; Hart et al., 2004). This potential is even
higher during intense rainfall events (Takeda et al.,
2009).

Soil use and management, according to their
capacity, as well as the adoption of conservation
techniques are fundamental for preserving water
quality (Zeilhofer et al., 2006; Diebel et al., 2009).
Preservation of native vegetation prevents water
pollution (Yang & Zang, 2003; Mehaffey et al., 2005;
Yang et al., 2007), especially in the riparian zone,
which acts as a filter. Eutrophication of rivers and
lakes is one of the main problems related to
agricultural activity (Sharpley et al., 1994), and the
use of mineral and organic fertilizers in agriculture,
even though they are essential for plant growth, can
become a source of water pollution (Hooda et al., 2000;
Hart et al., 2004; Shigaki et al., 2006).

The quality of the water in a catchment is
determined by human and environmental factors, as
well as their interaction (Ngoye & Machiwa, 2004;
Diebel et al., 2009; Takeda et al., 2009). In the
Campestre catchment, land use in most of the
agricultural areas is in conflict with land capability,
mainly due to the shallow soil and steep slopes.

Moreover, almost 50 % of the riparian zone (30 m on
each side of the river) is not covered by native
vegetation. This environment with intensive
production of vegetables under conventional tillage is
a potentially significant source of water contamination
from soil and water losses with their associated
pollutants of nutrients and pesticides.

The aim of this study was to evaluate the influence
of land use and environmental components on the
quality of the surface water in a catchment with small
farms and vegetable production under conventional
tillage. The specific objectives were to assess the
influence of land use and riparian vegetation on water
quality; identify the interference of the size of the sub-
basin (drainage area) on water quality; evaluate the
effect of the season on water quality; and compare the
physical and chemical parameters obtained in the
river with Brazilian legislation, as well as with the
results from a runoff study.

This research may help to design strategies for
integrated planning and management of rural areas
for improving and maintaining the quality of natural
resources. This is important in ecologically fragile
areas subject to inappropriate use.

MATERIALS AND METHODS
Characterization of the study area
The study was carried out on an area of 1,010 ha

in the Campestre catchment located in Colombo, State
of Parana, in the south of Brazil. The soil survey
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consisted of sampling and analyzing 14 soil profiles
from different geographic positions, based on the soil
recognition survey of the State of Parana (Embrapa,
1984), and on geology and topography. Soil
classification (Embrapa, 2006) resulted in 11 soil
units (Figure 1) distributed over a Cambisol (50.4 %),
combination of Cambisol + Neosol (41.6 %), Neosol
(4.1 %), Latosol (2.6 %) and Gleisol (1.3 %). The
physical and chemical attributes of the Haplic
Cambisol (two soil profiles) and Litholic Neosol (one
soil profile) representing the main soil units [typic
dystrophic Th Haplic Cambisol with phyllite as parent
material (34 %) and combinations of dystrophic
Haplic Cambisol + typic dystro-umbric Litholic
Neosol with phyllite + quartzite as parent material
(42 %)] are in table 1. More details can be found in
Waltrick (2011).

The climate is classified as Cfb (mesothermal
humid subtropical) by Koeppen, with cool summers
and no dry season. The average temperature in the
coldest month is below 18 °C and in the warmest
month is below 22 °C. The average annual rainfall is
between 1,400 to 1,600 mm. Two rain gauges were
installed near the study area, showing a total rainfall
volume of 988 mm during the summer period (growing
of summer crops from October 2007 to April 2008)
and 180 mm during the winter period (cultivation of
winter vegetables from May 2008 to September 2008).
The highest rainfall volume was from November 2007
to February 2008 (806 mm).

676900 677900 678?00
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The drainage network and monitoring sites are
shown in figure 2. To determine the land use of each
monitoring site (Figure 3 and Table 2), cross-
tabulation (Eastman, 1999) was applied. Land use was
obtained from Almeida (2003) and revised by field
observation. Of the total area (1,010 ha), 44 % is
covered by native vegetation (“Floresta Ombréfila
Mista”), predominantly characterized by secondary
forest at different stages of regeneration; 23 % with
reforestation (mainly Mimosa scabrella and
Eucalyptus sp); 19 % with agriculture, predominantly
of vegetables, including lettuce (Lactuca sativa L.),
broccoli (Brassica oleracea var. Italica Plenck),
cauliflower (Brassica oleracea var. Botrytis), squash
(Cucurbita pepo L.) beetroot (Beta vulgaris L.),
cucumber (Cucumis sativus L.), tomato (Solanum
lycopersicum L.), pepper (Capsicum annuum L.) and
green beans (Phaseolus vulgaris L.); and 14 % with
grassland as pasture for animals or unused.
Agriculture, as described earlier, is based on vegetable
production characterized by family farming using a
conventional system (plowing and harrowing), with
heavy application of mineral and organic fertilizers
(poultry litter). It is common to use water from streams
toirrigate the vegetables. Some farms have adopted
an organic system by using organic fertilizer, with
tillage consisting predominantly of animal traction.
For vegetable production, there is estimated
application of 48 Mg ha! yr'! of poultry litter (2.2, 2.4
and 1.7 % of N, P,O5 and KO, respectively), resulting
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% Typic dystrophic Brown Latosol, 8 - 20% slope

Typic dystrophic Ta Haplic Cambisol, 20 - 45 slope,
divergent convex landform, parent material - quartzite

Typic dystrophic Tb Haplic Cambisol, 20 -45% slope,
convergent concave landform, parent material - phyllite

|:| Typic dystrophic Tb Haplic Cambisol, 20 - 45% slope,
divergent convex landform, parent material - quartzite + phyllite

Typic dystrophic Tb Haplic Cambisol, 20 - 45% slope, convergent
concave landform, parent material - quartzite + phyllite

v Combination of umbric dystrophic Ta Haplic Cambisol and typic
/ dystro-umbric Litholic Neosol, both with 20 - 45% slope,
% parent material - quartzite + phyllite

Combination of typic dystrophic Tb Haplic Cambisol and
Chernozemic Litholic Neosol, both with 20-45% slope,
divergent convex landform, parent material - quartzite + phyllite

Combination of typic dystrophic Tb Haplic Cambisol and typic
dystro-umbric Litholic Neosol, both with 20- 45% slope, divergent
convex landform, parent material - quartzite + phyllite

D Fragmentary dystro-umbric Litholic Neosol, 20 - 45% slope,
divergent convex landform, parent material - quartzite

Typic dystro-umbric Litholic Neosol, 20 - 45% slope, divergent
convex landform, parent material - quartzite

Typic dystrophic Ta Haplic Gleisol, 3 - 8% slope, convergent
concave landform, parent material - holocene sediments
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Figure 1. Soil units in the Campestre catchment.
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Table 1. Particle size distribution and chemical attributes of two soil profiles (Haplic Cambisol and Litholic
Neosol) representing the main soils of the Campestre catchment

Horizon Depth Sand Silt Clay pH(CaCl,) Ca Mg K Al H+Al CEC P C
cm g kgl — cmol kg' —————— mg kg! gkg'!
Typic dystrophic Th Haplic Cambisol, parent material phyllite, agricultural use
A 0-45 208 380 413 7.0 8,1 4.4 0.83 0.0 1.9 15.2 35.1 40.9
B 45-100 86 802 113 6.7 6.5 3.9 0.28 0.0 1.9 12.6 15.8 21.2
Typic dystrophic Tb Haplic Cambisol, parent material phyllite + quartzite, forest use
A 0-38 197 338 465 4.6 4.0 3.1 0.16 1.0 9.7 17.0 3.2 318
B 38-86 223 267 510 4.0 0.6 0.2 0.04 3.8 13.1 14.4 0.7 18.2
Typic dystro-umbric Litholic Neosol, parent material quartzite + phyllite, forest use
A 0-18 273 364 362 4.4 2.4 1.9 0.25 2.4 8.4 13.0 24 374

676]000 677]000 678|000 679|0[)0
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Figure 2. Digital elevation model and monitoring sites in the Campestre catchment.
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Figure 3. Land use and monitoring sites in the Campestre catchment.
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in 1,056, 1,152 and 816 kg ha! yr'! of N, P,O5 and
K,0 by organic fertilization. In the conventional
system, organic fertilizer is applied plus 4 Mg ha! yr'!
of mineral fertilizer (10-10-10), resulting in the addition
of 400 kg ha!l yr! of N, P4O5 and K5O by mineral
fertilization.

The drainage network in the Campestre catchment
should have 30 m on each side covered by native forest,
according to Brazilian Legislation (Brasil, 2002). To
obtain this riparian zone, the buffer routine from the
IDRISI 3.2 software was applied, following Eastman
(1999). In the entire catchment, 135 ha should be
preserved by law, with native vegetation as the
riparian zone; however, 43 % was not (Table 3). Sub-
basin A was most protected by riparian vegetation
(60 % was covered by native forest and only 6.4 %
was used for agriculture). In contrast, 19 % of the
riparian vegetation of sub-basin B was used for
agriculture (Table 3). Moreover, most of the
agricultural production occurs very near the riparian
zone (Figure 4).

The slope was determined using topographic data
(Figure 5) (1:10,000 scale, with contour lines every 5 m
in digital media). The predominant slope is 20-45 %,
followed by 13-20 % (representing 45 and 24 % of the
entire catchment, respectively). Agricultural use in

Table 2. Land use in the Campestre catchment

Karina Hacke Ribeiro et al.

the entire catchment occurs predominantly in areas
of high slopes (41 % of the agriculture in slopes greater
than 20 %) (Table 4).

Monitoring sites and sampling

Water from the river was sampled monthly from
October 2007 to October 2008 (except January 2008)
at eight monitoring sites distributed over the entire
catchment (Figure 2). Most of the sampling days were
dry days. The water samples were taken manually
from the center of the river at a depth of 5 cm at the
respective monitoring sites and transported in ice
chests to the laboratory for further analysis. All
parameters were analyzed in the laboratory except
temperature, which was determined in the field.

Water sample analysis

The parameters of pH, electrical conductivity (EC)
and turbidity were measured in the laboratory just
after sampling. Total solids were determined by drying
a 20 mL homogenized aliquot at 105 °C (Bartram &
Balance, 1996). Dissolved oxygen (DO) and biological
oxygen demand (BOD) were determined by the
Winkler method modified by sodium azide (APHA,
1995), and chemical oxygen demand (COD) was
determined by potassium dichromate according to the

Land use
Monitoring site Area
Native forest Reforestation Agriculture Grassland Other
ha ha % ha % ha % ha % ha %
Al 35 26 74 4 11 0 0 6 17 0 0
A2 134 64 48 37 28 8 6 25 19 2 1.5
A3 (Sub-basin A) 331 164 50 89 27 28 8 48 15 2 0.6
B1 99 42 42 4 4 32 32 21 21 1 1
B2 267 61 23 140 52 13 5 54 20 0 0
B3 515 225 44 82 16 118 23 87 17 2 0.4
B4 (Sub-basin B) 675 274 41 144 21 163 24 90 13 5 0.7
C (Entire) 1010 440 44 234 23 192 19 138 14 6 0.6
Table 3. Land use in the riparian zone (30 m each side of the river) in the Campestre catchment
Land use in the riparian zone

Monitoring site

Native forest Reforestation Agriculture Grassland Other Total

ha % ha % ha % ha % ha % ha

Al 4.5 94 0.0 0 0.0 0 0.3 6 0.0 0 4.8
A2 11.5 70 0.9 6 1.1 7 2.5 15 0.4 3 16.4
A3 (Sub-basin A) 26.6 60 9.9 22 2.9 6 4.5 10 0.4 1 44.3
B1 1.7 20 0.1 0 3.7 42 3.4 39 0.0 0 8.9
B2 20.9 67 2.3 7 1.7 52 6.5 21 0.0 0 31.4
B3 35.3 55 4.2 7 11.9 19 12.73 20 0.0 0 64.1
B4 (Sub-basin B) 49.3 55 10.1 11 16.9 19 12.9 14 0.4 0 89.4
C (Entire) 76.8 57 20.2 15 19.7 15 17.5 13 0.8 1 135.0

R. Bras. Ci. Solo, 38:656-668, 2014
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open reflux method (APHA, 1995). For nitrogen as
ammonium (NH,-N) and nitrogen as nitrate (NO;-N),
the samples were filtered with a 0.45 mm ester
cellulose membrane. Ammonium-N was determined
by the phenol method using spectrophotometry at 640
nm (APHA, 1995), and nitrate-N was determined by

676000 678000
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spectrophotometry at 220 nm using metallic zinc to
determine the interference (Norman & Stucki, 1981).
For total nitrogen (total N) and total phosphorus (total
P), samples were digested via the Kjeldahl method
(APHA, 1995). Total N (Kjeldahl) was determined by
spectrophotometry at 640 nm following the same
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Figure 4. Agricultural area and riparian vegetation in the Campestre catchment.
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Figure 5. Contour lines and monitoring sites in the Campestre catchment.

R. Bras. Ci. Solo, 38:656-668, 2014



662

Karina Hacke Ribeiro et al.

Table 4. Slope and land use in the Campestre catchment

PO . Environmental Slope
Monitoring site
component g3 3-8 % 8-13 % 13-20 % 20-45%  45-75% >75 %
ha % ha % ha % ha % ha % ha % ha %
Al Agriculture 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0
Total 0.0 0.2 0.8 4,3 20.2 7.3 2.7
A2 Agriculture 0.1 0.8 06 65 29 33.2 2 22.9 29 34 02 23 0 0.5
Total 0.2 2.4 12.3 25.1 69.2 19.7 5.8
A3 (Sub-basin A) Agriculture 0.1 0.4 1.1 38 7.7 26.8 7.6 26.6 10.6 37 1.3 46 0.2 0.8
Total 0.5 6.6 36.3 68.2 164.3 43.1 12.1
B1 Agriculture 0.1 02 42 13 7.4 23.2 105 32.8 8.8 28 09 28 0.1 0.3
Total 0.7 20.4 27.8 28.8 4.2 0.9
B2 Agriculture 0.1 0.6 1.3 98 34 26.7 4.2 33.1 3.5 28 0.3 2 0 0.1
Total 0.8 10 36.3 59.9 123 30.2 6.8
B3 Agriculture 0.5 04 99 83 252 213 396 334 39.7 34 3.1 26 05 0.5
Total 2.2 35 81.5 133 211.6 41.9 9.8
B4 (Sub-basin B) Agriculture 0.5 0.3 14 8.7 322 198 51 313 58 36 58 3.6 1.3 0.8
Total 2.5 44 104 170 284.4 56.6 14.1
C (Entire) Agriculture 0.6 0.3 15 79 404 21 589 305 68.8 36 7.2 37 16 0.8
Total 3.1 50 141 240 450 100 26.2

method used to determine NH,-N. Total P was
determined by spectrophotometry at 880 nm following
the ascorbic acid method (APHA, 1995). Total N
(Kjeldahl) refers to the soluble NH4-N, as well as N
associated with the sediment, either organic or
mineral. So, particulate N, which represents the N
associated with the sediment, either organic or
mineral, was determined by the difference between
total N (Kjeldahl) and NH,-N. It is important to
explain that NO3-N was not recovered in the total N
(Kjeldahl) method (Sharpley & Menzel, 1987), so total
N (Kjeldahl) represents only the organic N and the
NH,-N fraction.

The results from the watershed were compared
with Conama Resolution N° 357/2005 (Brasil, 2005),
Brazilian legislation which establishes the maximum
pollutants permitted, taking the uses of water into
consideration. Furthermore, the results from the river
were compared with the results from the runoff study
carried out by Ramos (2009) in the Campestre
catchment in large plots.

Statistical analysis

The data were subjected to different analyses. The
first analysis was the Kruskal-Wallis H test (Levin,
1999), which examines individual variables and allows
us to evaluate the differences in each variable (physical
and chemical parameters) between sub-basins (A and
B) and seasons (summer and winter), as well as among
the monitoring sites in each sub-basin. This is a non-
parametric analysis of variance and was chosen
because it does not require assumptions of normality
and homogeneity. To find the difference between the

R. Bras. Ci. Solo, 38:656-668, 2014

sub-basins (A and B), analysis was performed taking
the average of the monitoring sites into consideration,
as well as considering only the outlet monitoring site
of the sub-basin. To check the seasonal differences,
two groups were considered: summer (October 2007
to April 2008) and winter (September 2008 to May
2008) using the average of all samples collected for
each seasonal period. The second analysis was the
Wilks Lambda test, which belongs to multivariate
analysis (Johnson & Wichern, 1998). In this case, the
variables chosen in the first test were analyzed
together by checking the ability of the variables in
explaining the variance of the system. The third
analysis was multiple regression (Hirsch et al., 1993)
to evaluate the relationship between the soil use and
environmental components (independent variables)
and water quality parameters (dependent variables).
The environmental components were the riparian
zone, the size of the sub-basin and the distance from
the agricultural area to the river. In this analysis,
independent variables were related to each dependent
variable to try to identify and quantify those that
contribute to describing the variability of the dependent
variable.

RESULTS AND DISCUSSION

Effect of soil use and environmental
components

All the parameters, except total solids, were
different between sub-basins A and B (Table 5).



QUALITY OF SURFACE WATER RELATED TO LAND USE: A CASE STUDY IN A CATCHMENT...

663

Table 5. Summary of statistical difference by the Kruskal-Wallis test (5 % probability) in sub-basins on
water quality parameters in the Campestre catchment

Parameter Sub-basin A x B® Sub-basin A x B® Sites A1 x A2 x A3 Sites B1 x B2 x B3 x B4
Total N (Kjeldahl) * * * *
Particulate N * * * *
NH4_N * * * *
NOS_N * * * *
Total P * * % ns
pH(CaCl,) * * % .
Total solids ns ns ns ns
EC * * * *
Turbidity * * * ns
Temperature * * ns ns
DO * * * ns
BOD * * * *
COD * * * ns

@ Analysis performed taking the average of the monitoring sites A1, A2 and A3 for sub-basin A; and B1, B2, B3 and B4 for sub-
basin B; @ Analysis performed on material from the outlet monitoring site of the sub-basin (A3 x B4). *: statistically different; ns:

not statistically different.

According to multiple regression analysis, the
percentage of agricultural land, the percentage of
forest (native + reforestation), the percentage of the
riparian zone taken up by agriculture, the distance
from the agricultural area to the river and the size of
the sub-basin had significant effects on most of the
parameters (Table 6).

The annual mean concentration of total N
(Kjeldahl), particulate N, NH,-N, NO;-N, total P, EC,
DBO and COD were higher in sub-basin B (Table 7),
indicating lower water quality. This can be explained
by the land use components (percentage of agricultural
land, percentage of forest) and environmental
components (percentage of riparian zone taken up by
agriculture, distance from the agricultural area to
the river). The land taken up by agriculture in sub-
basin B is 24 %, while in sub-basin A it is only 8 %
(Table 2). The vegetables are produced most through
conventional tillage, adding a heavy amount of
fertilizer (1,056; 1,152 and 816 kg hal yr'1 of N, P4Oj5
and K,0, respectively, by organic fertilization; and
400 kg ha'l yr! of N, P;O5 and Ky;O by mineral
fertilization). Additionally, 41 % of the agriculture in
sub-basin B is practiced on a slope greater than 20 %
on fragile soils. Haplic Cambisol (Cambissolo Haplico)
and Litholic Neosol (Neossolo Litdlico) are the main
soils throughout the watershed (Figure 1), as well as
in the agricultural areas (Figure 6). These soils have
phyllite and quartzite as parent material and a
predominant slope of 20-45 %, defining the very low
to moderate depth (20 cm - Litholic Neosol and 62-
110 cm - Haplic Cambisol), and loam to clay texture
(Table 1). Furthermore, 19 % of the riparian zone in
sub-basin Bis taken up by agriculture, while in sub-
basin A, only 6 % of the riparian zone is taken up by
agriculture (Table 3). Moreover, most of the
agricultural production occurs very near the river
(Figure 4). All this indicates potential for water and

Table 6. Summary of regression analysis between
dependent variables (parameters) and all
independent variables (soil use and environmental
components: agricultural area, forest [native +
reforestation] area, riparian zone taken up by
agriculture, distance from agricultural area to river
and size of the sub-basin) in the Campestre catchment

Parameter® Adjusted R? p-level
Total N 0.82 0.025
Particulate N 0.80 0.029
NH,-N 0.68 0.074
NO4-N 0.80 0.032
pH 0.93 0.004
BOD 0.80 0.031
COD 0.62 0.104

@ Parameters with differences explained by the soil use and
environmental components at p-level of 0.1.

Table 7. Annual average concentrations of water
quality parameters in the Campestre catchment

Sub-basin®

Parameter Value of H®
A B
Total N (mg L") 5.38 6.15 57.03
Particulate N (mg L) 4.94 5.66 55.74
NH,-N (mg L7 0.44 0.49 33.48
NO,-N (mg L) 1.42 1.66 51.83
Total P (mg L) 0.137 0.144 13.90
pH(CaCl,) 7.44 7.94 23.04
EC (uS cm™) 7.20 11.18 39.35
Turbidity (NTU) 9.27 8.82 57.37
Temperature (°C) 17.27 17.07 12.78
DO (mg LY 7.89 8.34 33.37
BOD (mg L) 0.86 0.88 37.72
COD (mg L) 9.37 10.07 31.77

@ Sub-basin A: average of the monitoring sites A1, A2 and A3;
Sub-basin B: average of the monitoring sites B1, B2, B3 and
B4. @ For all variables the test is significant at p=0.0005.
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Figure 6. Soil units in the agricultural area in the Campestre catchment.

soil losses, as well as associated pollutants. Yang et
al. (2007) and Yang & Zhang (2003) observed that the
concentration of NH,-N, NOs-N, total N, total P,
soluble P and particulate P decreased exponentially
with an increase in the area occupied by forest in a
catchment of 407 ha monitored weekly for one year in
the subtropical region of China. Mehaffey et al. (2005)
observed that the percentage of agricultural use and
percentage of urban area explained 25 to 75 % of the
variation in total N and total P in New York City’s
water supply catchments.

The annual average concentration of all parameters
is shown in table 7. In it, standard deviation does not
indicate a difference between sub-basins. However,
comparing the values by a non-parametric analysis,
which is more appropriate for the nature of the data
since they do not follow a normal distribution, the
difference was significant for all parameters, except
for total solids (Tables 4 and 5).

In general, higher values of total N (Kjeldahl),
particulate N, NH,-N and NO3-N were observed in
the river (Table 8) in monitoring sites with a higher
percentage of agriculture, a lower percentage of forest,
a higher percentage of the riparian zone taken up by
agriculture and a larger drainage area (size of the
sub-basin). The higher annual average concentrations
of both particulate N and total N (Kjeldahl) were found
in monitoring sites C and B4 (Table 8). Monitoring
site C represents the entire catchment, and B4
represents the entire sub-basin B. These monitoring
sites had the largest size, as well as the highest
percentage of agriculture (19 and 24 %, respectively),
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and a smaller percentage of the riparian zone occupied
by native vegetation (56 and 55 %, respectively). In
addition, in both, 71 % of the agricultural area is on
greater than 13 % slope (Table 4). Zeilhofer et al.
(2006), studying water quality in the Cuiba River
Basin, central Brazil, for three years in 21 monitoring
sites, observed that total N (Kjeldahl) concentration
increased significantly in the sub-basin devoted to
intense agricultural land use. However, the total N
(Kjeldahl) mean annual concentration (1.74 mg L1)
of that study was much lower than the mean annual
value from the Campestre catchment (6.85 mg L'1),
which was explained by heavy N fertilization (organic
and mineral fertilizers).

In a study involving runoff in large field plots
(hillslope) in the Campestre catchment with different
vegetable crop production systems, Ramos (2009)
obtained total N weighted annual mean concentration
in runoff of 30, 27, and 26 mg L‘! for organic,
conventional and forest system, respectively. The
annual mean concentrations of total N (Kjeldahl) in
the river ranged from 4.8 to 6.8 (Table 8) and are
much smaller compared to the runoff values (Ramos,
2009). However, most of the sampling days were not
after an intense rainfall.

Particulate N (organic and inorganic N associated
with the sediment) represented 72 % of the total N,
indicating a long term available source. Particulate
N is also denominated organic N because most of the
N associated with the sediment is organic N (Hatch
et al., 2002). High concentration of particulate N in
the Campestre Catchment is consistent with the heavy
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Table 8. Annual average concentrations (+ standard deviation) of water quality parameters in the Campestre

catchment
Monitoring site
Parameter
Al A2 A3 (Sub-basin A) B1 B2 B4 (Sub-basin B) C (Entire)
Total N (mg LY 5.54 +4.57 5.10 +3.35 550 £3.87 478 £3.72 6.03 +4.57 563 +3.64 6.79 +4.81 6.85 +4.53
Particulate N (mg L'Y) 514 +4.63 462 +343 508 +4.03 438 377 5.5 +4.5 519 +3.63 6.29 +4.88 6.32 +4.59
NH,-N (mg LY 040 +0.24 0.48 +0.22 045 028 041 023 052 +0.29 044 +0.35 051 +0.36 053 +0.21
NO,-N (mg L) 1.19 +1.13 145 087 162 070 1.71 +0.76 1.48 +0.73 172 +081 178 049 171 +0.71
Total P (mg LY 0.13 +0.04 0.16 +0.07 0.13 +0.04 0.14 +£0.05 0.13 +0.04 0.14 +0.04 0.17 +0.09 0.14 +0.05
Total solids (mg L) 225.83 £143.98 254.17 +£130.49 275 +164.46 254.17 £130.49 279.58 +159.4 208.33 +104.08 183.75 +150.7 242.08 +171.03
pH(CaClz) 6.57 +0.63 7.84 +0.62 791 £0.54 8.3 +0.89 7.81 +0.58 8 +0.73 8 +0.71 803 £0.73
EC (uS cm™) 271  +0.48 7.7 +1.69 11.21 +0.84 1863 +758 799 +069 11.82 +£1.66 13.72 +£1.36 11.54 +2.98
Turbidity NTU) 278 +255 11.66 +12.68 13.37 =+10.19 10.68 =+13.4 796 +524 882 867 9.68 +10.49 1228 =+10.94
Temperature (°C) 1695 +15 17.78 +1.5 1708 +1.41 17.82 197 175 +1.6 1691 +1.52 168 £1.67 16.73 +£1.39
DO (mg LY 7.7  +0.95 7.83 +0.71 816 £0.79 7.4 +1.09 811 +0.82 8.52 +1 8.4 +0.74 8.6 +0.99
BOD (mg L) 065 +0.88 081 +0.68 111 091 118 +0.96 0.84 +0.92 092 +094 089 068 131 +0.92
COD (mg LY 7.2 +5.8 11.75  £9.91 9.17 +8.29 2258 £22.05 6.21 £6.86 1323 833 10.77 11.62 14.42 +£13.03

application of manure in the catchment. Furthermore,
the transport of sediment to watercourses is enhanced
in areas with intensive soil cultivation, especially in
steep areas (Manosa et al., 2001; Hart et al., 2004).
Ramos (2009), in a runoff field study in the Campestre
catchment, also noted that most of total N (more than
70 %) consisted of particulate N (organic N). In
contrast, Yang et al. (2007), in a catchment of 407 ha
monitored weekly for one year in the subtropical region
of China, observed that only 16-30 % of the total N
was particulate N. Most of the total N in the study of
Yang et al. (2007) consisted of NO3-N (50-60 %). In
our study, NH,-N and NOgs-N represented only 28 %
of the total N (Table 8).

Regarding total P, the same trend as total N
(Kjeldahl) was expected; however, differences occurred
only between sub-basin A and B and among
monitoring sites from sub-basin A (Table 5). There
was no difference among the monitoring sites from
sub-basin B. One factor that may have contributed to
this inconsistency is the dilution effect from rainfall
[total P concentrations are much smaller than total
N (Kjeldahl) and, thus, more sensitive to the dilution
factor]. Another possible explanation is the heavy
organic (poultry manure) fertilization affecting much
more N losses than P losses. Additionally, P transport
from soil to water is highly related to surface runoff,
and most sampling days were on dry days.

The weighted annual mean concentration of total
P in runoff in the Campestre catchment (Ramos, 2009)
was 9.48, 0.92 and 0.30 mg L'! for the conventional,
organic and forest systems, respectively. These values
are much higher when compared with the data from
the river (0.14 mg L! total P, the average of all
monitoring sites) (Table 8). This allows us to conclude
that the river water has better quality compared to
the runoff water (Ramos, 2009) from the hillslope. The
large percentage of the catchment occupied by forest
(67 % of the catchment has native vegetation +

reforestation) (Figure 3) made a huge contribution to
water quality. Again, it is important to note that river
water sampling was conducted mostly on days without
rainfall, and, possibly, sampling during or just after
rainfall would result in higher values.

The lowest values for most of the water quality
parameters (NH4-N, NOs-N, total P, EC, turbidity,
temperature and BOD) were obtained in monitoring
site A1 (Table 8). This is the most protected site (0 %
agriculture, 74 % native vegetation and 100 % of the
riparian zone preserved by native vegetation) (Figures
3 and 4). There is generally an increase in the
concentration of N, P, EC, BOD and COD with an
increase in agricultural area; however, this trend is
most evident in electrical conductivity. The
concentration of ions in water increases with an
increase in the percentage of agriculture (Figure 7),
characterizing the potential for nutrient transport
from soil to water (Hooda et al., 2000).

Conversely, even with a smaller area dedicated to
agriculture, sub-basin A showed higher values of
turbidity and temperature (Table 5). Higher
temperature was probably due to the fact that
monitoring sites A2 and A3, though having a higher
percentage of forest, were not protected by trees at
the sampling point while, in sub-basin B, most of the
monitoring sites were under the forest canopy. For
turbidity, the major contribution was from monitoring
site A2, possibly since it was near a road. However,
the turbidity values at all monitoring sites are
considered low (Brasil, 2005).

Dissolved oxygen was lower in sub-basin A (Table
5), which could also indicate lower quality (higher
levels of organic matter in water); however, the COD
and BOD do not confirm this hypothesis. The lower
concentration of DO in sub-basin A is possibly due to
visually lower turbulence in two of the monitoring
sites.
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As previously stated, analysis of runoff samples
from the Campestre catchment (Ramos, 2009) showed
greater losses of water, soil and nutrients compared
with the river results. Despite intensive vegetable
production in 19 % of the catchment, there is also 67 %
of the land covered by forest (44 % native forest and
23 % reforestation), which somewhat enhances water
quality in the Campestre catchment. Moreover, the
spatial distribution of areas with agriculture
surrounded by forest and grassland possibly also
reduces the pollution potential of intense vegetable
production. Although there are areas with high
pollution potential, for example, farmland near the
river without riparian zone preservation, there are
many other factors that diminish this effect. It is also
important to point out that the monitoring in the river
refers to a one-year period with only one sampling
after a heavy rain.

Effect of the season (summer and winter)

The Kruskal-Wallis test using the average of the
monitoring sites showed seasonal differences for total
N (Kjeldahl), particulate N, NH,-N, NO;-N, total P,
pH, total solids, turbidity and DO (Table 9).
Particulate N, NO;-N, total P, DO, BOD, pH,
turbidity and total solids explain 76 % of seasonal
variation in the catchment considering Wilk Lambda
statistical analysis.

The higher concentration of total N (Kjeldahl) and
particulate N in summer (Table 9) is presumably due
to the increased volume of rainfall, coinciding with a
period of increased agricultural land use and,
consequently, greater application of organic and
mineral fertilizers. Farmers also grow vegetables in
the winter, but cultivation is predominant in the
summer season. Higher concentrations of nutrients
in surface water are usually found in the season with
higher rainfall (Ngoye & Machiwa, 2004; Donadio et
al., 2005; Takeda et al., 2009); however, the opposite
also can be true, explained by the dilution effect from
rainfall (Carvalho et al., 2000).

Lower concentration of NH,-N, NO3-N and total
P in the summer period (Table 9) was not expected,
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Figure 7. Relationship between agriculture and
annual average concentration of electrical
conductivity (EC) in the Campestre catchment.
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but it may be because of the dilution effect from
rainfall. Carvalho et al. (2000) also observed lower
concentration of these nutrients in the winter season.
As previously described, total P concentrations are
much smaller compared with total N (Kjeldahl) and,
therefore, dilution may be affecting the results of total
P and not the results of total N. Palacio et al. (2009)
observed a strong influence of seasonality on surface
water quality in a catchment monitored at seven points
from January to August. However, it is important to
consider that, in the Campestre catchment, most of
the sampling days were not after intense rainfall. The
results from this study show mainly the effect of
subsurface drainage. So, the seasonality effect would
not have a significant influence. The study area is head
drainage (Figure 2); therefore, the contribution of
surface runoff on water quality occurs fundamentally
during rainfall events. In a head drainage system, to
check the effect of runoff on water quality parameters,
water samples should be taken during the rainfall event.

The EC is expected to increase in summer (Table
9), due to the increase in fertilizer applications and
higher rainfall, which in fact occurred in the
Campestre catchment.

Regarding the seasonal effect at each monitoring
site verified by the Kruskal-Wallis test (Table 10),
there is variation mainly due to the nutrients, pH
and DO. According to the Wilk Lambda test (Table
10), these parameters explain more than 83 % of
seasonal variation.

Brazilian legislation for quality of surface water

Comparing the data from the Campestre
catchment with Resolution 357/2005 (Brasil, 2005),

Table 9. Summer and winter average concentrations
of water quality parameters in the Campestre

catchment
Parameter Summer” Winter® Value of H
Total N (mg LH)® 7.69 4.46 24.0
Particulate N (mg L')® 7.35 3.91 26.2
NH,-N (mg L)@ 0.35 0.55 19.1
NO,N (mg L'H® 1.19 1.85 22.3
Total P (mg L'H)® 0.12 0.15 12.5
Total solids (mg L)® 192.1 278.8 11.3
pH(CaCly)® 8.3 7.4 38.3
EC (uS cm™) 11.98 10.00 0.039
Turbidity (NTU)® 9.66 4.91 6.2
Temperature (°C) 17.5 16.9 0.69
DO (mg L'H)® 7.55 8.69 29.6
BOD (mg L) 0.78 1.11 1.2
COD (mg L) 9.37 8.94 1.0

@ Summer: average of all monitoring sites from October to
April; @ Winter: average of all monitoring sites from May to
September; @ Significant at 5 % probability according to the
Kruskall-Wallis test.
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Table 10. Seasonal difference for the Kruskall-Wallis and Wilk Lambda tests for each monitoring site in the

Campestre catchment

Kruskall-Wallis Test

Monitoring site e e
- Significant parameter

Wilk Lambda Test - Significant

parameter and contribution

Al Total P, pH and DO
A2 NH,-N, pH and DO

A3 (Sub-basin A)  Total N and Particulate N

B1 pH and DO

B2 NH,-N, pH and DO

B3 Total N, particulate N, Total P and pH

B4 (Sub-basin B)
C (Entire)

COD, DO and Total solids
Particulate N, NO,4-N and pH

%

pH, COD, BOD and Particulate N 94
pH, T°C, COD, total N and Total solids 90
Particulate N, DO, NO4-N and EC 95
DO and T°C 88
pH, N particulate and DO 83
pH, Total solids, T°C and COD 89
DO, NO,-N, EC, NH,-N and Particulate N 99

pH, particulate N, EC, T°C, total N Kjeldhal and Total P 100

total P does not fit within the maximum values
allowed for freshwater class 1 (water used for
irrigation of vegetables which are eaten raw). The
annual average concentration of total P in the
Campestre catchment was 0.14 mg L1, and the
maximum allowed is 0.1 mg L-1. The other
parameters (NH,-N, NO3-N, BOD, DO and turbidity)
are in accordance with Brazilian legislation. The
values allowed for freshwater class 1 are 2 mg L1
NH,-N in water pH from 7.5 to 8.0, 10 mg L1 NOs-N,
3 mg L'1 BOD, 6 mg L1 DO and 40 NTU, and the
annual average concentration in the Campestre
catchment was 0.47 mg L1, 1.58 mg L1, 0.96 mg L1,
8.06 mg L'l and 9.7 NTU, respectively.

CONCLUSIONS

1. Water quality was lower in the sub-basin with
a higher percentage of agriculture, a lower percentage
of forest (native or reforestation), a greater size
(drainage area) and a higher percentage of the riparian
zone taken up by agriculture.

2. Higher concentrations of total N (Kjeldahl),
particulate N, EC, pH and turbidity were obtained in
the summer season, probably due to higher rainfall
and intensive soil use, although lower concentrations
of total P, NH,;-N and NO;3-N were observed, possibly
due to the dilution effect from rainfall.

3. Analysis of runoff samples showed greater losses
of water, soil and nutrients compared with the river
results; however, it is important to point out that
monitoring in the river refers to the base flow
(subsurface drainage) and does not represent a
condition of intense discharge since most of the
sampling days were not on or near a rainfall event.

4. All parameters, except P, were in compliance
with Brazilian legislation (Conama Resolution N° 357/
2005). The average levels of total P were associated
with eutrophic environments in rivers, but excessive
growth of aquatic plants was not visible in the river.
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