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Loss of sediments and nutrients through runoff steepness and soybean variety on
portuguesa river basin

Perda de sedimentos e nutrientes atraves de inclinacao de escoamento e variedade
de soja na bacia hidrogréafica portuguesa

Manoel Moisés F. de Queiroz*; Ana Luca de A. dos Santos**; Simone D. Gomes**

Abstract - There is a great concern in areas with intensive agricultural use, such as physical structure of soil,
management system, pesticides application schedule and others. Those practices are associated with environmental
problems that indirectly affect the life quality as runoff and other nutrients that are carried through it. This trial studied
the loss of sediments, phosphorus and total nitrogen through runoff during the cycle of soybean crop, 2007/2008, in a
tillage area on Portuguesa river basin, Parana state, Parana. The experimental design had sixteen plots with four
treatments and four replications, two steepness and a green cover. The treatments were represented by T1 (conventional
soybean steepness < 10 %); T2 (transgenic soybean steepness < 10 %); T3 (conventional soybean steepness > 10 %)
and T4 (transgenic soybean steepness > 10 %). During the trial installation, the authors respected the steepness direction.
There were eight occurrences of rainfall during the crop cycle. But, the runoff occurred only during the four first ones.
The results showed that concentrations varied a lot because of the variability of drained volumes. The behavior of total
nitrogen as a parameter got a good correlation with the drained volume. The parameter phosphorus obtained several
concentrations despite the drained volume. Volatile solids concentrations were higher than the fixed solids ones. There
was no significant effect (p < 0.05) of green cover concerning the obtained results, as well as steepness.
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Resumo - Ha uma grande preocupacdo em areas com uso agricola intensivo, tais como a estrutura fisica do solo,
sistema de gestdo, programacdo de aplicacdo de pesticidas e outros. Essas praticas estdo associadas a problemas
ambientais que afetam indiretamente a qualidade de vida como o escoamento e outros nutrientes que sao realizadas
através dele. Este ensaio estudou a perda de sedimentos, fésforo e nitrogénio total através de escoamento durante o ciclo
da cultura da soja, 2007/2008, em uma area de lavoura em bacia do rio Portuguesa, Estado do Parand, Paranad. O
delineamento experimental teve dezesseis parcelas com quatro tratamentos e quatro repeticdes, duas declividade e uma
cobertura verde. Os tratamentos foram representados por T1 (inclinacdo de soja convencional, <10%), T2 (inclinagdo de
soja transgeénica <10%) e T3 (inclinacdo de soja convencional,> 10%) e T4 (inclinacdo de soja transgénica> 10%).
Durante a instalacdo do julgamento, os autores respeitada a direcdo declividade. Havia oito ocorréncias de chuvas
durante o ciclo da cultura. Mas, o segundo turno sé ocorreu durante os quatro primeiros. Os resultados mostraram que
as concentragBes variaram muito por causa da variabilidade dos volumes drenados. O comportamento do nitrogénio
total como pardmetro tem uma boa correlacdo com o volume drenado. O fdésforo pardmetro obtido varias concentracdes
apesar do volume escoado. Concentracdo de sdlidos volateis foram maiores do que os sélidos fixos. Nao houve efeito
significativo (p < 0,05) da cobertura verde sobre os resultados obtidos, bem como declividade.
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INTRODUCTION

Agricultural nonpoint source pollution (diffuse
pollution) has been a great concern on water resources and
may be major contributing factors to surface water
eutrophication (Sharpley et al.,2003). For examples,
Boesch et al. (2000) reported that agriculture was the
largest source of both nitrogen and phosphorus entering
the Chesapeake Bay, USA; Tabuchi (2005) reported that
eutrophication in Lake Kasumigaura, Japan was caused by
point and nonpoint source pollution and that agriculture
was one of major nutrient sources. Agriculturally driven
eutrophication would results in unprecedented ecosystem
simplification, loss of ecosystem services, and species
extinctions (Carpenter et al., 1998; Tilman et al., 2001).
Thus, reductions in nutrient transport from agricultural
watersheds were necessary to prevent eutrophication. The
use of agrochemicals such as pesticides and fertilizers
constitutes an important aspect of modern agriculture, as
they are needed to control various pests and improve soil
fertility. The benefits are increased supplies of food, but
problems arise when significant amounts of agrochemicals
accumulate as residues in soils or migrate into our
drinking water supplies (Robinson et al. 2007).

Among the wvarious agricultural activities,
intensive use of agrochemicals can have a serious impact
on water resources because nutrients may seep out
resulting in increases in nitrogen and phosphorus in water
bodies. Thus, an understanding of the runoff
characteristics of nutrients from watersheds with intensive
agricultural production is needed to plan appropriate
mitigation. The West and Southwest regions of Parana
state appear as regions where the agricultural activities are
quite intense, and the problems arising from these
activities. These agricultural activities emphasize the
cultivation of corn, soybeans, wheat and oats.

The objective this work was to study the loss of
sediments, phosphorus and total nitrogen through runoff
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In the plots were collected volumes of surface
runoffs throughout the crop cycle after the occurrence of
precipitation. The drained volume surface runoffs were
collected in plastic container in which they have been

during the cycle of soybean crop, 2007/2008, in a tillage
area on Portuguesa river basin, Parana state, Brazil.

MATERIALS AND METHODS

This study was carried out in a farm located in
Portuguesa  River  watershed (location, latitudes
24°36'11"S and 24°31'39"S and longitudes 53°7'50"W and
52°59'8"W) in Ubirata city, Northwest of Parana state. The
predominant agricultural activity is the cultures of soy,
and wheat and corn. The handling practice used in the
rural property is the System Direct Planting, used three
years ago. There were occurrences of rainfall during the
crop cycle of summer (2007/2008). During the experiment
there were eight rainfalls. However, the runoff was
formed in the first four rainfall events.

The area was planted with transgenic and
conventional soybeans considering two slopes, <10% and
>10%. It is noteworthy respect to the situation of
cultivation employed by the owner, i.e., the experiment
was carried out in accordance with the timetable of the
owner and there was no interference in the system of crop
management of conventional and transgenic soybeans,
grown by local farmer. After planting, the plots are
demarcated; the gutters were installed, according to the
two slopes (towards the ground) and vegetation cover.

For the experimental design, 16 plots with 2,0 m?
were demarcated using for each plot to collect runoff
(natural rainfall) a metal box with 2,0 m long and 1,0 m
wide, with a collection pipe in one of ends, connected to a
storage container with 20 liters (Figure 1). The sixteen
plots were constrained in the direction of slope in four
treatments. Thus the experimental design had sixteen plots
with four treatments and four replications, two steepness
and two green cover. The treatments were represented by
T1 (conventional soybean steepness < 10 %); T2
(transgenic soybean steepness < 10 %); T3 (conventional
soybean steepness > 10 %) and T4 (transgenic soybean
steepness > 10 %).
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phosphorus (P), total solids (TS), volatile solids (VS) and
fixed solids (FS) using Standard Methods procedures The results of load of N, P and TS in surface
(1995). runoff obtained in this experiment are showed in the
: Figures 2, 3 and 4 respectively.

RESULTS AND DISCUSSION

120 steepness<10 % 120 steepness > 10 %

100 Oconventlpnal 100 # conventional PY
= 80 M transgenic < 80 M transgenic
£ £
op 60 op 60 —

) y=15,90x-1,559 ) y=9,176x+0,308 3,604x+ 2,301
Z 40 R?=0,967 = 40 RE=0737 — V=m o
20 —  y=7452x+ 219 20 —
0 RZ=0,858 0
0] 1 2 3 0 2 4 6 8
runoff-1T,
runoff - L

Figure 2 — Load of nitrogen in surface runoff on conventional soybeans and transgenic soybeans areas for two different
steepness
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Figure 3 - Load of phosphorus in surface runoff on conventional soybeans and transgenic soybeans areas for two
different steepness
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Figure 4 - Load of total solids in surface runoff on conventional soybeans and transgenic soybeans areas for two

different steepness

The runoff characteristics of nutrient species
were analyzed using nutrient load and surface runoff
obtained over first four rainfall events, there was no
significant effect (p < 0.05) of green cover concerning the
obtained results, as well as steepness. Several
representative indices for runoff, and nutrient load for
each treatment were fitting adequately by linear regression
with R? values between 0.77 and 0.98. However, no fitting
was obtained for surface runoff and total solids. The
regression models presented in Figure 2 show expected
value of loss of N in transgenic soybean area is greater
than ones in conventional soybean area for steepness < 10
%, while for steepness > 10 % the value expected of loss
of N in conventional soybean area is greater than ones in
transgenic soybean area. The expected loss of Pin
conventional soybean area is greater than ones in
transgenic soybean area for both slopes (Figure 3). The
loss sediment load was evaluated by TS load presented in
Figure 4. The results of TS suggest no effect occurred
because conventional and transgenic soybean covers for
both slopes.

In most agricultural watersheds, phosphorous
transport are reported to occur mainly in surface runoff
and soil erosion (Sharpley et al., 2003; Kim et al., 2006;
Gentry et al.,2007) and the transport pathways of nitrogen
are considered to be different from those of phosphorus
(Stutter et al., 2008).

CONCLUSIONS

The results suggested that the nutrient loads of drainage
water from the agricultural watershed with intensive
agricultural production were greatly fitting by linear
regression, resulting in the increases in expected nutrient
concentrations of the receiving river when the surface
runoff increases too. Although there was no significant
effect (p < 0.05) of green cover occurred difference
between expected values of N and P for conventional and
transgenic soybean covers in both slopes.
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