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ABSTRACT: Excessive nitrate leaching represents a potential groundwater contamination. This study
was carried out in an experiment area located in the city of Piracicaba/SP- Brazil, on a sandy-clayey
loam soil. The objective was to evaluate internal drainage and nitrate leaching at the depth of 0.80 m
in a crop succession, using 15N-labeled ammonium sulfate, in two split N applications. Evaluations
were based on two corn crops, the first grown during the 2003/2004 cropping season, and the second
in the 2004/2005 season, and on a black oat crop grown during the off-season. Treatments consisted
of a single 120 kg N ha-1 rate, in the form of labeled (15N) ammonium sulfate, and two split N applications
at 30-90 and 60-60 kg N ha-1. The fertilizer was applied in previously-defined subplots, in the first corn
cultivation only (2003/04 cropping season). Evaluations included: soil physical and water content
characterization; water flux density in the soil, and nitrate leaching at a 0.80 m depth; nitrogen in the
soil solution derived from the fertilizer and 15N recovery by the soil solution at the end of the corn and
black oat crop cycles. Loss by leaching in the 1st corn cultivation was approximately 96 and 68 kg ha-1

nitrate, for treatments with 60 kg ha-1 and 30 kg N ha-1 applied at seeding, respectively, of which only
3 and 1 kg ha-1 were from the nitrogen fertilizer.
Key words: flux density, 15N-ammonium sulfate, no-till, soil solution

DRENAGEM INTERNA E LIXIVIAÇÃO DE NITRATO EM UMA
SUCESSÃO MILHO-AVEIA-PRETA-MILHO, COM DOIS

PARCELAMENTOS DE NITROGÊNIO

RESUMO: A lixiviação excessiva de nitrato pode ocasionar a contaminação de corpos d’água. O presente
trabalho foi desenvolvido em área experimental no município de Piracicaba/SP - Brasil, em um solo de
textura areno-argilosa. O experimento teve como objetivo avaliar a drenagem interna e a lixiviação de
nitrato à profundidade de 0,80 m com o tempo em uma sucessão de culturas, utilizando-se sulfato de
amônio marcado com 15N, com dois parcelamentos de N. As avaliações foram feitas em dois cultivos de
milho, o primeiro no ano agrícola 2003/2004, o segundo em 2004/2005, e um de aveia-preta na entressafra.
Os tratamentos consistiram de uma dose única de 120 kg ha-1 de N, na forma de sulfato de amônio
marcado (15N) e os dois parcelamentos de N foram 30-90 e 60-60 kg N ha-1. O adubo foi aplicado em
subparcelas, previamente definidas, apenas no primeiro cultivo do milho (safra 2003/04). Foram avaliados:
caracterização físico-hídrica do solo; densidade de fluxo de água no solo e lixiviação de nitrato na
profundidade de 0,80 m; nitrogênio na solução do solo proveniente do fertilizante e recuperação de 15N
pela solução do solo na profundidade de 0,80 m no final do ciclo das culturas de milho e aveia preta. A
perda por lixiviação, a 0,80 m de profundidade, no 1º cultivo de milho, foi de aproximadamente 96 e 68 kg
ha-1 de nitrato, para os tratamentos com 60 kg ha-1 e 30 kg ha-1 de N aplicado na semeadura, respectivamente,
dos quais apenas 3 e 1 kg ha-1 foram provenientes do fertilizante nitrogenado.
Palavras-chave: densidade de fluxo, 15N-sulfato de amônio, plantio direto, solução do solo

INTRODUCTION

Leaching is the translocation of soluble salts
that occurs via a descending flux of water in the soil
profile (Kiehl, 1987). In the case of nitrogen, leaching
is extremely important because it can noticeably de-

crease the amount of ammonium and nitrate in the
plough layer, and consequently reduce the availability
of this nutrient. When excessive, leaching represents
a potential groundwater contamination hazard by ni-
trates (Stark et al., 1983; Hoeft, 2003). Gava (2003)
revised papers on N losses by leaching, between the
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years of 1978 and 1999, and observed that in 78% of
the experiments conducted in different soils and crops,
fertilized on average with a rate of 92 kg N ha-1, the
total N losses by leaching were small, 1.26 kg N ha-1,
on average. Nitrate losses by leaching were similar
in the 1st year of a corn crop, for three N rates ap-
plied (22, 100, and 134 kg N ha-1), in two soil types
(sandy and clayey), but in two other subsequent corn
crops the rate of 134 kg N ha-1 presented higher ni-
trate loss by leaching (Sogbedji et al., 2000). N losses
by leaching can be controlled by splitting the appli-
cation of nitrogen fertilizers, especially during high
precipitation periods. In addition, maintaining the
ground covered with plant material is important since
plants constitute the only safe way of recycling ni-
trates. In studies on N fertilization (20 and 200 kg N
ha-1) in corn with two types of management (har-
vested residues or returned residues) was verified
that, during 30 years of simulation, nitrate losses by
leaching were higher in plots where the residues were
removed from the soil, when compared with plots
where residues were returned to the soil (Gollany et
al., 2005). However, did not find significant differ-
ences between cultivation systems or between split
N applications, for the amount of nitrate found be-
low 1.2 m, during two years of experimentation (Al-
Kaisi & Licht, 2004). However, the amount of N lost
by leaching varies significantly depending on the N
rate, fertilizer application method, amount of rainfall,
and soil properties (Kiehl, 1987).

Within this context, the objective of this pa-
per was to evaluate internal drainage and nitrate leach-
ing (total and derived from the fertilizer) at the depth
of 0.80 m in a crop succession (corn-black oat-corn),
using 15N-labeled ammonium sulfate, in two split N ap-
plications.

MATERIAL AND METHODS

The field experiment was carried out in
Piracicaba, SP, Brazil (22°42’30" S, 47º38’00" W, and
approximately 546 m elevation). According to
Köppen’s international classification, the climate is
Cwa, known as “upland tropical”. This is a

mesothermal climate with a dry winter, with the mean
temperature in the coolest month under 18oC, reach-
ing above 22oC in the hottest month. The annual means
of temperature, precipitation, and relative humidity are
21.1oC, 1,257 mm, and 74%, respectively. The dry
season occurs between the months of April and Sep-
tember, and July is the driest month. The rainiest
month oscillates between January and February, and
total precipitation in the driest month does not reach
beyond 30 mm.

The soil is a Typic Hapludox (Latossolo
Vermelho Amarelo distrófico) (EMBRAPA, 1999). Be-
fore implementing the experiment, soil samples were
collected at 0-0.20, 0.20-0.40, 0.40-0.60, and 0.60-
0.80 m depths to determine the chemical and physical
characteristics presented in Tables 1 and 2. The par-
ticle size analysis was performed according to meth-
odology described in Gee & Bauder (1986), bulk den-
sity by the volumetric ring method and particle den-
sity by the volumetric flask method described in Kiehl
(1979). The project involved two corn crops, the first
grown during the 2003/04 cropping season, and the
second during the 2004/05 cropping season, in addi-
tion to a black oat crop grown during the off-season.

Before implementing the no-till system (NTS),
in 2003, the soil was submitted to initial tillage (one
subsoiling, one plowing, and two harrowings); in or-
der to make the area more uniform, 50% dolomitic lime
was applied before plowing and 50% after plowing but
before harrowing; the second harrowing was per-
formed before seeding.

Liming was made at 0-0.2 m depth, in order
to increase base saturation up to 60%. The experimen-
tal design was organized as random blocks in a facto-
rial arrangement, with four replicates. Treatments con-
sisted of two split applications of a single dose of 120
kg N ha-1: (i) 30 kg N ha-1 at seeding and 90 kg N ha-1

as sidedressing at the 6-to-8-leaf stage, and (ii) 60 kg
N ha-1 at seeding and 60 kg N ha-1 as sidedressing at
the 6-to-8-leaf stage. The experimental plot consisted
of 9 corn rows of 5.0 m long (an area of 36 m2, since
the rows were space of 0.8 m). The distance between
plots was 2.0 m. A subplot was demarcated in center
of each plot for the application of ammonium sulfate

Table 1 - Soil chemical properties before installation of the experiment, at 0-0.20, 0.20-0.40, 0.40-0.60, and 0.60-0.80 m depth.

htpeD S
Hp
lCaC 2

MO niser-P K aC gM lA+H lA

m Lgm 1- mdg 3- mdgm 3- lomm----------------------- c md 3- -----------------------
2.0-0 50.31 8.4 02 01 6.1 61 31 13 0.2
4.0-2.0 13.31 1.4 81 7 1.1 9 5 04 0.4
6.0-4.0 34.31 6.3 11 1 9.0 6 1 05 4.11
8.0-6.0 08.02 9.3 11 2 6.0 01 2 313 1.7

OM = organic matter.
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enriched with 5.5% of 15N atoms. This subplot con-
sisted of the central 2.0 m of the three central rows
of the plot. Ammonium sulfate not enriched with 15N
was applied to the rest of the plot area as a source of
N.

Furadan was applied on the sowing furrow (in
order to control termites and caterpillars) at the rate
of 20 kg ha-1. During corn cultivation, a strict control
of pests was also carried out, and the crop was
sprayed with lufenuron (Match 300 mL ha-1) against
the fall armyworm (Spodoptera frugiperda J.E. Smith)
whenever damage by the pest reached a rating of 1
(scraped leaves – 20%). The postemergence herbicide
glyphosate at the rate of 2.400 g ha-1 a.i. was used to
control weeds whenever needed. In order to control
ants, an ant killer (a.i. deltamethrin) was sprayed at
the recommended rate.

The corn cultivars used in the 2003/2004 and
2004/2005 cropping seasons were the same, early
cycle, normal-planting hybrids, used for grain produc-
tion and highly resistant to lodging. This corn is very
resistant to rusts (Puccinia sorghi, P. polyssora, and
P. Physopella), Phaeosphaeria maydis, fusarium infec-
tions, stunting, and grain diseases. Sowing was per-
formed manually on Dec.11, 2003 and Dec.1, 2004
for the 1st and 2nd cultivations, respectively. Seeds were
distributed using a ruler, leaving two seeds at every
0.20 m, thinned to one plant two weeks after emer-
gence (Dec.18,2003 and Dec.8,2004), to obtain a fi-
nal population of approximately 62.500 plants per hect-
are, i.e., 5 plants per meter of furrow. On Feb.24, 2004
and Feb.12, 2005, the corn plants reached full bloom
and grains were harvested on Apr.14, 2004 and Apr.07,
2005.

After harvesting the corn crops (2003/2004
and 2004/2005 cropping seasons) the crop residues
were cut with a chopper, simulating a drum roller

chopper. The black oat was sown in rows, manually,
on Sep.29, 2004, after the corn was harvested. In or-
der to sow the oat, all corn trash was removed, and
rows were spaced at 0.20 m, using a seeding density
of 60 kg ha-1; the corn trash was later returned to the
plot. The oat plants emerged on aug.09, 2004 and
reached full bloom on oct.28, 2004. The crop was
managed mechanically with a straw chopper, simulat-
ing a drum roller chopper.

A summary of the experimental procedures
can be seen in Table 3.

A base fertilization (phosphate and potassium)
in the seeding furrow was applied for both corn culti-
vations at the rate of 90 kg P2O5 ha-1 and 50 kg K2O
ha-1, in the form of single superphosphate and potas-
sium chloride, respectively, and applied 5 cm along-
side and below the seeds at seeding time, to avoid di-
rect contact with the seeds. In black oat, the base fer-
tilization consisted of 30 kg N ha-1, 90 kg P2O5 ha-1,
and 50 kg K2O ha-1 (Raij et al., 1997), in the form of
ammonium sulfate, single superphosphate, and potas-
sium chloride, respectively, performed by broadcast-
ing after seeding. The nitrogen fertilizations used am-
monium sulfate as source and were performed manu-
ally, in the seeding furrow (planting fertilization), in-
corporated into a shallow furrow at 0.20 m from the
crop row (sidedressing), when the corn plants showed
6-8 completely unfolded leaves. The application of
ammonium sulfate, enriched with 15N, was done
manually, only in the first corn cultivation, in the plant-
ing rows of the subplots (planting fertilization); at
sidedressing, the fertilizer was manually incorporated
to a furrow at 0.20 m from the seeding row.

The following assessments were carried out:

Soil water flux
One mercury manometer–tensiometer was in-

stalled on Dec.23, 2003 (5th day after emergence) in

htpeD pD dnaS tliS yalC ssalClarutxeT
m mdgk 3- gkg--------------------------- 1- ---------------------------

02.0-0 57.2 048 02 041 dnasymaoL
04.0-02.0 67.2 008 02 081 maolydnaS
06.0-04.0 47.2 067 04 002 maol-yalc-ydnaS
08.0-06.0 96.2 067 04 002 maol-yalc-ydnaS

htpeD dB orcaM orciM ytisoroP
m mdgk 3- ----------------------------%----------------------------

02.0-0 36.1 31 82 14
04.0-02.0 86.1 31 62 93
06.0-04.0 86.1 31 62 93
08.0-06.0 46.1 31 72 93

Table 2 - Bulk density (Bd), density of particles (Dp), granulometric analysis, and soil textural class, before installation of the
experiment, at 0-0.20, 0.20-0.40, 0.40-0.60, and 0.60-0.80 m depth.
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the central row of each subplot involving 15N, at the
following depths: 0.70; 0.80; and 0.90m. The tensi-
ometer readings were made daily through the crop
cycles. The tensiometers installed at the 0.70 and 0.90
m depths were used to determine total potential gradi-
ents ( Z

t
Δ

ΔΦ ), and the tensiometer at the 0.80 m depth
was used to determine hydraulic conductivity (K), at
Z = 0.80 m. The product between daily K and Z

t
Δ

ΔΦ

values resulted in the water flux density q (m3 m-2 s-1)
at depth Z = 0.80 m, according to eq. (1), or Darcy-
Buckingham equation (Libardi, 2005).

Z
Kq t

Δ
ΔΦ

−=  (1)

Total soil water potential for each depth was
calculated by eq. (2);

Φt = Φm + Φg  (2)

where Φg is gravitational potential, in m of water, mea-
sured considering a gravitational reference located at
the soil surface.

The matric potential Φm, in m of water, was
calculated according to eq. (3)

Φm = 12.6H + hc + Z  (3)

where: H = reading from the manometer, in m Hg; hc
= height of the mercury reservoir in relation to the soil
surface, in m of water; Z = installation depth of the
tensiometers, in m of water.

Soil hydraulic conductivity as a function of
matric potential was determined by the instantaneous
profile methods (Libardi, 2005), following the proce-
dure in Hillel et al. (1972). The function obtained was
as follows (eq. 4)

K = e70145Φm – 1.588  (4)

where K is expressed as mm day-1 and Φm as m wa-
ter.

Nitrate Leaching (NO3
-) from the soil solution

In the central row of subplots involving 15N,
together with the tensiometers, one soil solution ex-
tractor (Reichardt et al., 1977) was installed at the
0.80m depth. The solution was removed by creating
vacuum with a hand pump until the manometer indi-
cated 430-480 kPa. The vacuum was maintained by
closing the connection tube between the extractor and
the vacuum pump and, after a minimum time of four
hours (depending on soil water content), the solution
was removed. Soil solution samples were collected on
03, 14, 27, and 29 January; 10, 15, 23, 24, and 27
February; 05 March; 21 April; 27 May; 04 June; 17
and 27 October; 30 November, and 27 December 2004;
and on 09 and 30 January; 05 and 27 February; 25
March, and 06 and 21 April/05. After collection, the
samples were frozen and later analyzed in a FIA sys-
tem – Flow Injection Analysis, according to procedures
described in Gine et al. (1980). Thus, the nitrate con-
centrations ( −

3NOC ) in the soil solution were determined
as mg L-1. The NO-

3 flux (leaching) at depth Z = 0.80
m was determined by the product between water flux
density (q) and NO3

- concentration (kg L-1 solution)
in the soil solution extracted with the extractor, i.e.,

−− =
33 NONO

qCq ,  (5)

where: −
3NOq   (kg m-2 s-1) = soil nitrate flux density at

the 0.80 m depth at a given instant; −
3NOC (kg m-3) =

mean NO3
- concentration in the soil solution at the

same instant and depth.
In order to determine N-NO3

- from the fertil-
izer in the soil solution (NSSDF), the samples
were distilled in a micro-Kjeldahl system, by alkalin-
izing the solution with MgO, and the distillate
was collected in a H3BO3 solution (20 g L-1), and
later titrated with H2SO4 0.05 mol L-1. The 15N deter-
minations in samples distilled from the soil solution
were performed in a magnetic-sector mass spectrom-

Table 3 - Experimental procedures.

etaD noitpircseD

3002,42rebmeceD
P(noitazilitrefesab,)nosaesgnipporc4002/3002(noitavitlucts1ehtfogniwoS 2O5 K, 2 dna)O 51 N

.noitacilppamuinommaetahplus
4002,81yraunaJ 51 .noitacilppagnisserdedismuinommadehcirneN

4002,41lirpA .porcseudiserfonrocreppohcdnatsevrahnroC
4002,92yluj P,N(noitazilitrefesabdna)nosaesgnipporc4002(taokcalbfogniwoS 2O5 K, 2 .)O

4002,82rebotcO .porcseudisertaokcalbforeppohC
4002,1rebmeceD P,N(noitazilitrefesabdna)nosaesgnipporc5002/4002(noitavitlucdn2ehtfogniwoS 2O5 K, 2 .)O

5002,8yraunaJ .noitacilppagnisserdedisnegortiN
5002,7lirpA .porcseudisernrocforeppohcdnatsevrahnroC
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eter with electron impact ionization – IRMS - ATLAS
MAT CH4 (Trivelin et al., 1973). The concentrations
of nitrate derived from the fertilizer (Cnf) were de-
termined based on the results obtained, according to
eq. (6),

−=
3100

%
NOnf xCNSSDFC  (6)

where: %NSSDF is the NO3
- percentage in the soil so-

lution derived from the fertilizer.1

The data were submitted to analysis of vari-
ance and the means were compared by Tukey test -
P = 0.05 (SANEST program).

RESULTS AND DISCUSSION

Soil water flux density in corn (2003/2004 and
2004/2005 cropping seasons) and black oat (2004
cropping season)

In both corn cultivations, total rainfall was 615
and 656 mm, respectively (Figures 1 and 2), higher
than the minimum indicated for the crop to produce
good yields, without the need to use irrigation (Fancelli
& Dourado Neto, 2005).

Although a precipitation increase of 41 mm
occurred in the 2nd corn cultivation in relation to the
1st (Figure 2), this did not imply greater crop develop-
ment. In the 1st corn cultivation (Figure 1) (2003/2004
cropping season), emergence, sidedressing fertilization,
and flowering occurred under better soil moisture con-
ditions, resulting from frequent precipitations in the
period. On the other hand, male flowering in the corn
cultivation in the following year (2004/2005 cropping
season) occurred under widely unfavorable conditions.
In this crop, flowering is a period considered critical

for grain productivity, being strongly affected by
drought conditions (Magalhães et al., 1995; Caramori
et al., 1999).

Water deficit periods of one week at flower-
ing may cause a yield reduction around 50% (Fancelli
& Dourado Neto, 2005). Because of precipitation, high
water flux densities were obtained in both corn culti-
vations, reaching means (for treatments studied) of
4.10 and 3.68 mm day-1, maximum values of 74.5 and
53.3 mm day-1, and totals of 479 and 455 mm for the
1st and 2nd cycles, respectively. Therefore, this fact may
have favored high nitrate leaching rates. Flux density
values of 188 mm for corn grown under no-till, and
38 mm under conventional planting; these values were
well below the data found in study observed by Gava
(2003). Higher water flux densities, in corn grown in
lysimeters under the no-till and conventional systems,
in a period of 2 consecutive years (Shipitalo &
Edwards, 1993). These authors found mean values from
645 to 464 mm (87/88 cropping season) and from 799
to 596 mm (88/89) for the no-till and conventional sys-
tems, respectively. In turn, with in a sandy clay loam
soil under different management conditions and found
results close to this experiment were found by Castro
et al. (2002). According to the authors, the highest flux
densities found were 40 mm day-1 in a soil under pas-
ture and conventional cultivation, 25 mm day-1 under
no-till, and 180 mm day-1 in a bare soil. The explana-
tion for the obtained high flux densities could be the
texture of the studied soil, classified as sandy, because,
in general, these soils have smaller water and nutri-
ents retention capacities and high susceptibility to ero-
sion than clayey soils (Lima & Lima, 2000).

In the black oat cycle, during the 2004 crop-
ping season (Figure 3), a total precipitation of 146.5

1Note: Because ATLAS MAT CH4 only detects 15N in samples that contain at least 0.5 mg Ntotal, percentages in 15N atoms were
detected only on 09, 14, and 29 January; 27 February, 21 April, and 27 October/04; and on 30 January and 21 April/05. The
analyses were carried out at CENA/USP’s Stable Isotopes Laboratory.

Figure 1 - Water flux density (mean of four replications) and
precipitation as a function of time (DAE) in corn,
2003/2004 cropping season. Negative number of
DAE refer to period before emergency.

Figure 2 - Water flux density (mean of four replications) and
precipitation as a function of time (DAE) in corn,
2004/2005 cropping season. Negative numbers of
DAE refer to period before emergency.
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mm can be observed, irregularly distributed, and 68%
of the total occurred between 54 and 66 Days after
emergency (DAE), while the remaining 32% occurred
near the flowering season (80 DAE). Consequently, the
water flux densities were higher in that period, reach-
ing maximum values of 4 and 21 mm day-1 and total
values in the crop cycle of 21.7 and 73.6, respectively,
for the 30-90 and 60-60 kg N ha-1 treatments. The ir-
regular rainfall distribution during the black oat cycle
could have been responsible for the small amount of
black oat dry matter mass obtained, which varied from
2,865 to 3,158 kg ha-1.

With respect to differences between treat-
ments, a small flux density variation occurred between
treatments 30-90 and 60-60 kg N ha-1 in both corn cul-
tivations and in the black oat cultivation. However, the
same behavior was verified, i.e., higher flux densities

were observed right after intense precipitations. In the
three cultivations, the treatment where 60 kg N ha-1

were applied at seeding and 60 kg N ha-1 as
sidedressing showed higher water flux densities dur-
ing the entire cycle. This could probably be due to
greater root development in that treatment, which in-
terfered with the quantity of macropores, because of
the exploitation of a larger soil volume: according to
Martins et al. (2002), the roots increase the degree of
soil structuring by releasing exudates, and increase OM
contents via biochemical cycling (formation, death, and
decay of fine roots) contributing to stabilize aggregates,
increasing soil macroporosity. Thus, Rasse & Smucker
(1999) demonstrated that an increased number of
macropores resulted in higher drainage flow. The wa-
ter flux densities for the 30-90 and 60-60 kg N ha-1

treatments during the 2nd cultivation (Figure 2) were
smaller than in the 1st cycle (Figure 1), although pre-
cipitation was higher during this period. This fact can
probably be explained by the formation of trash, which,
in turn, influenced water retention at the surface, in
agreement with data obtained by Carvalho et al. (1999)
and Castro et al. (2002), but disagreeing from Gava
(2003). Another explanation for this fact could also be
the better precipitation distribution in the 2nd.

Leaching of total nitrate and of nitrate derived
from ammonium sulfate (15N)

In the 1st corn cycle (2003/2004 cropping sea-
son), it can be verified in the Table 4 that the highest
nitrate fluxes, in both treatments, were between 30-
60 and 60-90 days after plant emergence (DAE); the
highest water drainage values at 0.80 m were also ob-

tnemtaerT EAD
nosaesgnipporc4002/3002-noitavitlucnroC

noitatipicerP m08.0taeganiardretaW
ON 3

- gnihcael
latot )FD(rezilitreF

ahNgK 1- --------------------mm-------------------- ahgk--------------- 1- ---------------
0903 03-0 1.011 a26.301 a72.01 a02.0
0606 a19.921 a79.31 a81.0
0903 06-03 6.002 a76.561 a41.33 a97.1
0606 a11.081 b00.02 b82.0
0903 09-06 4.932 b17.551 b39.42 a49.0
0606 a36.812 a46.16 a68.0
0903 021-09 0.516 b45.1 a10.0 a70.0
0606 a56.3 a10.0 a70.0
0903 latoT 0.516 b45.624 b53.86 )%51.4(a00.3
0606 a92.235 a16.59 )%61.2(b93.1

Table 4 - Water drainage and leaching of total nitrate and of fertilizer-derived nitrate (DF) at 0.80 m depth in corn, 2003/2004
cropping season. DAE = Days after emergency

Note: Treatments 30-90 and/or 60-60 refer to the application of N at seeding and at the 6-8-leaf stage. DAE stands for days after
emergence. Means followed by common letters, in the column, are not different at the 5% significance level by Tukey test.

Figure 3 - Water flux density (mean of four replications) and
precipitation as a function of time (DAE) in black
oat, 2004 cropping season. Negative numbers of DAE
refer to period before emergency.
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served during this period. In the period between 30-
60 DAE, the treatment where 30 kg N ha-1 were ap-
plied at seeding showed greater nitrate leaching (33.14
kg ha-1), significantly differing from the treatment
where 60 kg N ha-1 were applied at seeding, even
though drainage was smaller in this treatment. This re-
sult can be explained by the higher amount of N ap-
plied as sidedressing in the 30-90 kg N ha-1 treatment,
which was performed at 22 DAE; however, high pre-
cipitation (150.2 mm) was recorded in the subsequent
period (37 to 42 DAE), which provided higher water
drainage during that period. This fact can be demon-
strated by the higher amount of nitrate in the soil so-
lution derived from the fertilizer (1.79 kg ha-1 nitrate)
in the 30-90 kg N ha-1 treatment, when compared with
the 60-60 kg N ha-1 treatment (0.28 kg ha-1 nitrate).
Between 60-90 DAE, however, flux density in treat-
ment 60-60 (61.64 kg ha-1 nitrate) was higher, differ-
ing significantly from treatment 30-90 kg N ha-1.
Greater drainage was also verified in the treatment
where 60 kg N ha-1 were applied at seeding, probably
because of greater plant root development, which
might have increased the number of macropores, al-
lowing drainage to increase, as discussed in the pre-
vious topic.

The treatments were not different for water
drainage at 0.80 m until 60 DAE, and no differences
occurred between treatments for nitrate leaching until
30 DAE and in the period from 90-120 DAE. In the
later period, however, the quantity of nitrate leached
was practically null, since drainage was practically neg-
ligible as a consequence of low precipitation.

Therefore, during the 1st corn cycle, 68.35
and 95.61 kg ha-1 nitrate (or 14.43 and 21.59 kg N
ha-1), for treatments 30-90 and 60-60 kg N ha-1, re-
spectively, were leached at 0.80 m, of which 3.0 and
1.39 kg ha-1 were derived from the fertilizer applied
(120 kg N ha-1). These values, notably in the 2nd corn
cultivation, can be considered high when compared
with results observed in the literature. Before the ex-
periment was implemented, this soil probably already
had a high amount of native N, derived from previous
crops. Libardi & Reichardt (1978) were pioneers on
this subject and verified losses of 6.7 kg N ha-1 dur-
ing a one-year period at a depth of 1.2 m, when a rate
of 120 kg N ha-1 was applied to a bean crop. Again in
bean, Meirelles et al. (1980) found a leaching value of
15 kg N ha-1 at a 1.20 m depth during one year of
experimentation, and only 1.34 kg N ha-1 came from
the applied fertilizer (100 kg N ha-1). In a corn experi-
ment under no-till, Gava (2003) obtained very low N
leaching values in a clayey-textured soil. This author
found a maximum N flux density value of 1,500 g ha-1,
at 0.50 m, in the period from 20 to 128 DAE, when

25 kg N ha-1 were applied at seeding and 50 kg N ha-1

were applied as sidedressing. In turn, Gollany et al.
(2005) studied N rates in clayey soils and found mean
leached nitrate values of 32 and 78 kg ha-1 year-1, when
applying rates of 20 and 200 kg N ha-1 in corn.

In addition to high precipitation values during
the crop cycle (615.0 mm), another factor that may
have had an influence at relatively high nitrate flux den-
sities at 0.80 m was soil type (sandy), in agreement
with Sogbedji et al. (2000), who stated that nitrate
leaching was higher in sandy soils than in clayey soils.
However, high leaching can be due to both intense pre-
cipitations and reduced soil volume explored by the
roots (Silva, 1982 and Camargo et al., 1999).

However, it is noteworthy that although
greater nitrate leaching (Table 4) was detected in
treatment 60-60 during the 1st corn cycle, treatment
30-90 kg N ha-1 showed a higher fertilizer-derived ni-
trogen value, which indicates that in treatment 60-
60 kg N ha-1, most leached nitrate came from the
soil. Therefore, it can be supposed that plants in the
treatment where 60 kg N ha-1 were applied at seed-
ing and 60 kg ha-1 were applied as sidedressing, ab-
sorbed more fertilizer-derived N. These results indi-
cate that higher N sidedressing rates provide higher
losses of N derived from the fertilizer, in agreement
with Sainz Rozas et al. (2004), who obtained in-
creased nitrate leaching when the N dose applied at
the V6 stage of corn was increased. Nitrogen losses
of 66.5 kg ha-1 by leaching when 200 kg N ha-1 were
applied at corn planting (Costa et al., 2003).

Table 5 presents water flux density and nitrate
leaching (total and fertilizer-derived) values corre-
sponding to the fallow period between the 1st corn cul-
tivation and black oat cultivation, between black oat
and the 2nd corn cultivation, and during black oat cul-
tivation. In both fallow periods, water drainage was
higher in treatment 60-60. However, nitrate leaching
values showed different between treatments only in the
period between the 1st cultivation and the black oat
crop. In the period between the black oat crop and
the 2nd corn cultivation, nitrate leaching was approxi-
mately 0.07 and 0.03 kg ha-1 in the 30-90 and 60-60
kg N ha-1 treatments, respectively. No precipitation
occurred in the period from 0-40 DAE during the black
oat cycle, in the 2004 cropping season (Table 5), which
caused low water drainage values at 0.80m depth, and
no nitrogen loss by leaching in that period. During the
black oat cultivation period (0-80 DAE), total water
drainage was 21.7 and 73.57 mm, and the soil solu-
tion removed gave leached nitrate results of 0.62 and
2.64 kg ha-1 for treatments 30-90 and 60-60 kg N ha-1,
respectively. Of these, 0.01 and 0.02 kg N ha-1 came
from the fertilizer.
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Most of these values were obtained in the pe-
riod from 40-80 DAE, as a consequence of precipita-
tions occurring only at the end of the black oat cycle.

In the 2nd corn cultivation, during the 2004/
2005 cropping season (Table 6), water drainage val-
ues at 0.80 depth showed the same behavior when
compared with the 1st corn cycle (Table 4), for all pe-
riods studied, i.e., treatment 60-60 resulted in higher
drainage values.

The lowest drainage values were obtained in the
period from 60-90 DAE (flowering season), due to re-
duced precipitation, while in the 1st corn cultivation the
rainfall shortage period occurred between 90-120 DAE
(end of cycle). In the final accounting for the crop cycle
(2004/2005 cropping season), water drainage values at
0.80 m (379.64 and 530.90 mm) for treatments 30-90
and 60-60 kg N ha-1, respectively, were not higher than
those verified in the 1st corn cultivation, despite the fact
that higher precipitation occurred.

With regard to nitrate leaching, in all periods
for this crop, except at 60-90 DAE, results proved
higher in the 60-60 treatment, being significantly dif-
ferent from the 30-90 kg N ha-1 treatment only in the
period from 90-120 DAE.

Total leached nitrate values (23.02 and 28.37 kg
ha-1) were not different between treatments; however,
results were lower when compared with those in the
1st cultivation. This may have occurred due to the ac-
cumulation of plant residues on the soil surface as soon
as the end of the 1st year of implementation of the no-
till system. Halvorson et al. (2001) using wheat, and
Sainju & Singh (2001) with corn, concluded that be-
low a depth of 1.50 m, the conventional system accu-
mulated more nitrate than the no-till system. Weed &
Kanwar (1996) reported that nitrate loss in a system us-
ing no-till was 74 kg ha-1 smaller than under conven-
tional planting, disagreeing from Gava (2003), who found
greater nitrogen losses by leaching in no-till corn (mean
of approximately 1,177 g ha-1) when this system was
compared with conventional planting (226 g ha-1).

With regard to the residual effect of the fertil-
izer (Table 6) at a depth of 0.80 m, the results of ni-
trate derived from the fertilizer were identical for the
30-90 and 60-60 kg N ha-1treatments (0.13 kg ha-1 ni-
trate). The amount of leached nitrate derived from the
fertilizer (residual effect of 120 kg N ha-1), applied in
the 1st corn cultivation was very low after the succes-
sion of crops studied (corn-black oat-corn).

Table 5 - Water drainage and leaching of total nitrate and of fertilizer-derived nitrate (DF) at 0.80 m depth in the off-seasons
and in the black oat crop (2004 cropping season). DAE = Days after emergency

Note: Treatments 30-90 and/or 60-60 refer to the application of N at seeding and at the 6-8-leaf stage. DAE stands for days after
emergence. Means followed by common letters, in the column, are not different at the 5% significance level by Tukey test.
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CONCLUSIONS

Split N applications influenced water drainage
and total nitrate leaching at the soil depth of 0.8 m;
these were always higher in the treatment that received
the highest rate at seeding;

Nitrate leaching derived from the fertilizer was
very low: 3.0 kg ha-1 in the treatment with the small-
est rate and 1.4 kg ha-1 in the treatment with the high-
est rate at seeding.
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