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Oxisol physical quality with application of landfill leachate

Qualidade fisica de Latossolo com aplicacao de lixiviado
de aterro sanitario

Jean Carlo Santos de Oliveira'; José Francirlei de Oliveira?; Alex Figueiredo!;

Graziela Moraes de Cesare Barbosa®; Jodo Tavares Filho**

Abstract

The organic carbon present in the landfill leachate (LL) can improve the physical quality of the soil
when applied in agricultural areas, minimizing the problem of disposal of this waste. The objective of
this work was to evaluate the effect of the application of different doses of LL on the physical quality
of the LATOSSOLO VERMELHO (Oxisol) after five years of applications. The treatment consisted of
applications of LL in doses of 32, 65, 98 and 130 m? ha! crop™ and the treatment that receives mineral
fertilizer. The physical quality of the soil was evaluated in soil samples collected in the layers 0.00-0.10
and 0.10-0.20 m, through the analysis of stability and diameter of the aggregates, soil density, total
aeration capacity, field capacity and available water content. After five years of application of LL, at
doses of 65, 98 and 130 m* ha'! crop! have promoted a linear increase of the aggregates with diameter
greater than 2.00 mm, of the weighted average and geometric diameters and of the soil density, with a
consequent reduction of the ratio between macro and micropores and the aeration capacity of the layers
0.00-0.10 and 0.10-0.20 m. After five years of these applications, the soils that received the dose of 32
m? ha'! crop™ presented the best physical quality in relation to the other doses, since this dose did not
promote an increase of the aggregates larger than 2 mm in the superficial layer (0.00-0.10 m) and was
the dose with lower effect in the reduction of aeration of the soil, in relation to the others (65, 98 and
130 m?® ha'! crop™) in the layers 0.00-0.10 and 0.10 — 0.20 m.

Key words: Soil management. Soil porosity. Soil structure.

Resumo

O carbono organico presente no lixiviado de aterro sanitario (LAS) pode melhorar a qualidade fisica do
solo quando aplicado em areas agricolas, minimizando o problema de descarte desse dejeto. O objetivo
do trabalho foi avaliar o efeito da aplicagdo de diferentes doses de LAS sobre a qualidade fisica de um
LATOSSOLO VERMELHO Distroférrico ap6s cinco anos de aplicacdes. Os tratamentos consistiram
de aplicagdes de LAS nas doses de 32, 65, 98 ¢ 130 m> ha'! safra’! e um tratamento que recebe
fertilizante mineral. A qualidade fisica do solo foi avaliada em amostras de solo coletadas nas camadas
0,00-0,10 e 0,10-0,20 m, por meio da analise da estabilidade e didmetro dos agregados, densidade do
solo, capacidade de aeragao total, capacidade de campo e teor de dgua disponivel. Apds cinco anos de
aplicagdes de LAS, nas doses de 65, 98 ¢ 130 m® ha'! safra! promoveram aumento linear dos agregados
com diametro maior que 2,00 mm, dos diametros médio ponderado e geométrico e da densidade do
solo, com consequente reducdo da razdo entre macro e microporos e da capacidade de aeragdo das
camadas 0,00-0,10 e 0,10-0,20 m. Apds cinco anos de aplicacdes de LAS, os solos que receberam a dose
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de 32 m? ha'! safra! apresentaram a melhor qualidade fisica em relagdo as demais doses, pois, essa dose
ndo promoveu aumento dos agregados maiores que 2 mm na camada superficial (0,00-0,10 m) e foi a
dose com menor influéncia na redugdo da aeragéo do solo, em relagdo as demais (65, 98 e 130 m® ha!

safra') nas camadas 0,00-0,10 ¢ 0,10-0,20 m.

Palavras-chave: Manejo do solo. Porosidade do solo. Estrutura do solo.

Introduction

The population of Latin America produces
13% of the global total amount of municipal solid
waste (MSW) (more than 100 million tons), with
an average daily production of 1.0 kg of MSW per
inhabitant, while in developed countries, such as
the North America, the average daily production
is 1.9 kg of MSW per inhabitant (HOORNWEG;
BHADA-TATA, 2012). These residues may be
regarded as one of the greatest environmental
problems and public health of cities, mainly due to
inadequate management (SILVA et al., 2012; REIS
etal., 2015).

One of the ways to allocate these residues is the
deposit in landfills, the construction of this deposit
requires a prior study of the environmental impact
in the region and cares such as the deployment of
drainage systems, which will guide the landfill
leachate (LL) for a pond treatment and stored
in tanks commonly waterproofed with clay and
double layer of geomembrane of HDPE, to prevent
percolation of LL to the subsoil (ABNT, 1992;
MARTINS et al., 2010).

The LL is produced by the decomposition of
organic matter contained in the SMW, it has a black
color and bad smell and its final destination after
storage in these tanks is an environmental problem,
whose solution must be studied.

Whereas the production of LL is derived from the
decomposition of organic material, the application
of this residue in the soil has been studied as a way
to improve their chemical attributes and retrieve
the degradation processes. Thus, the controlled
application in agricultural soils can be an alternative
for final disposal, after a period of storage in
tanks, and even promote the cycling of nutrients

and improving soil fertility and soil structure
(MANGIERI; TAVARES FILHO, 2015).

The soil structure resulting from the formation
and stabilization of aggregates, plays an important
role on the processes of infiltration and water
retention, porosity, aeration and resistance to root
penetration, whose proportions of change and
resilience are dependent on the management on
which the soil is subject to. Therefore, indicators
of soil quality such as the total porosity, macro
and microporosity, total aeration, field capacity,
permanent wilting point, diameter, distribution and
stability of aggregates, which are directly related
to its structure and porosity have been shown to be
susceptible to the changes promoted by management
(MORAES et al., 2016; CHERUBIN et al., 2015;
MAZURANA et al., 2011).

When an organic material is applied in the soil,
it is expected that there will be a reduction of soil
density and increased porosity, aeration and water
retention capacity, with a consequent increase
of availability for the plants, however, the results
are still controversial in relation to these benefits.
Oliveira et al. (2015) observed that the applications
of organic material, by means of swine manure,
did not influence the soil structure and Barbosa
et al. (2015) observed in experiment of eight
years duration in a Red Latosol (Oxisol), that the
aviary manure improves the soil structure in the
first 15 days after the application. As for the LL,
the information is commonly directed to the works
that evaluate the phyto-extraction of heavy metals
through the development of plants and processes of
sorption and desorption in clays, in areas of landfill,
already infected, as in Coelho et al. (2016), Salam et
al. (2016) and Rong et al. (2017).
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When the LL is applied to the soil as an organic
fertilizer, there is an increase in the force of plants
(AGOSTINI et al., 2007) and a positive relationship
of the increase of LL doses in the soil (from 30 to
120 m’ha') with maize grain yield and biomass
production of oats, especially by increasing the
efficiency of use of N and K by the plant, when
applied in the form of LL (PANCHONI et al., 2016;
KUWANO et al., 2017).

As an organic fertilizer, it is known that the
amount of nutrients present in them is beneficial
to the chemical fertility of the soil (GALKO,
2015; HAARSTAD et al., 2016), with a stimulus
of microbiological activity and an increase of the
the efficiency of use of nitrogen (PANCHONI et
al., 2016; KUWANO et al., 2017). However, the
assessment of the effects of the application of LL
on indicators of soil physical quality (structure and
porosity) are limited, especially in experiments of
long duration.

The hypothesis of this study is that the application
of LL as an organic fertilizer improves the physical
quality of a Red Latosol (Oxisol). The objective
of this study was to evaluate the effect of different
doses of LL on the physical quality of an Oxisol ,
after five years of applications.

Material and Methods
Area of study and experiment

The the
Experimental Station of the Instituto Agrondémico
do Parana — TAPAR (23° 217 30” S and 51° 10° 177
W). The average altitude of the area is 570 m and the
average annual rainfall is 1,616 mm. The climate is of

experiment was conducted at

type Cfa, humid subtropical with an average annual
temperature of 22.5°C (ALVAREZ et al., 2013).
The soil is a typic LATOSSOLO VERMELHO
(Oxisol) very clayey, originating from basalt, with
840 g kg! of clay, 130 g kg of silt and 30 g kg
of sand, with high levels of iron oxides (>180 g kg
N, well drained, little differentiation between the

horizons, strong microgranular structure and well
developed, developed under mild relief boxes with
approximately 2% of slope.

The area of the experiment was previously
cultivated with annual crops, soybean or corn in
spring-summer and wheat or oats in the period of
autumn-winter, in no-tillage system until the year
2007, it should be emphasized that the area never
received application of some urban or agroindustrial
residue.

From the winter harvest (black oat) of 2008,
the experiment was installed in a randomized
block design with five treatments (LL doses) and
four replications, in plots of 48 m? The treatments
were: control (0), with no applications of LL and
application of 90 kg ha-1 of N season™! (in the form
of urea) and applications of 32, 65, 98 and 130 m?
ha'! season! of LL, equivalent to 30, 60, 90 and 120
kg ha'! season! of N total. In the first year (2008)
there were three applications (28 July, August 12 and
October 28) and further details of these applications
can be found in Santos et al. (2013). For practical
reasons, the N doses were kept the same throughout
the years. From 2009 until July 2013 (the date of
sample collection for this study) the maize crops
were used in the summer and oats in the winter and
both yearly applications were always performed
three to four days before the sowing of these crops.
The applications were performed with the aid of
watering cans, in surface and without incorporation.

The oat was planted with 17 cm between rows
and 20 seeds per linear meter and the corn with
80 cm between rows and five seeds per meter. The
spraying of pesticides and herbicides, and the crops
were conducted in a mechanical fashion.

The macronutrients of treatment 0 were placed
in the seeding and in treatments that received
different doses of LL, cultures did not receive any
type of chemical fertilizer, considering that they
were already present in them.

The LL used, since the implementation of the
experiment was collected on the Sanitary Landfill
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of Household Solid Waste of Londrina — PR (51°06°
S, 23°20° S). Further details of the management
history and applications can be found in Santos et

al. (2013) e Panchoni et al. (2016). The mean values
of the chemical properties of the leachate used in
applications are presented in table 1.

Table 1. Average values of the chemical properties of the landfill leachate used for applications during the experiment

2970

between 2008 and 2013.

Properties

Average values

Ctotal (g L") 0.130
N total (g L) 0.875
Electrical conductivity (dS m-1) 10.16
pH 8.26
Alkalinity (mg CaCO3 L-1) 4736
Total solids 6145
P total (mg L) 4.90
Ca?* (mg L") 68
Mg (mg L) 114
SO,? (mg L") 39
Cl (mg L) 1981
Na* (mg L") 866
K'(mg L") 932

Procedures for sampling and analysis

Samples were taken from soil samples in layers of
0.00-0.10 and 0.10-0.20 m with deformed structure
and undisturbed soil. The samples were collected
after harvesting the crop of oats in the season 2013,
in rows, after 12 applications of different doses of
LL in six years of experiment. In each layer, the
samplings were carried out in triplicate, in between
the culture of oats, the deformed samples were
grouped together and formed a composite sample
per plot of the experiment.

For the analysis of stability and distribution of
classes of aggregates, the samples were collected
with the aid of a cutting shovel and, still in the field,
were sieved in a mesh sieve of 19 mm, with the goal
of establishing a maximum diameter for clusters
(CASTRO FILHO et al., 1998). The determinations
of diameter classes were conducted by means of
wet sieving (for 15 minutes), as proposed by Yoder
(1936) and adapted by Castro Filho et al. (1998),
using sieves with mesh size of 8, 4, 2, 1, 0.5 and
0.25 mm. The soil retained in each sieve was dried

in an oven at 105°C for 24 h, and then weighed.
The class of aggregate smaller than 0.25 mm was
calculated by subtracting the sum of the total weight
of the dried sample of other classes. The mean
values obtained for each class were used for the
calculation of the mean weight diameter (MWD),
geometric mean diameter (GMD) and aggregate
stability index (ASI). The diameters were obtained
by means of the following equations:

Mean weight diameter:
n
MWD = Z (xi.wi)
i=1

Where:
Wi = proportion of each class in the total;

Xi = average diameter of classes (mm);

Geometric mean diameter (GMD):

N wp.logxi

GMD = EXP
>N wi
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Where:
Wp = weight of households in each class (g);

Wi = proportion of each class in relation to the total.

Aggregate Stability Index (ASI):

dry sample weight — wp25 — sand
ASI = ( - ).100
dry sample weight — sand

Where:

Wp25 = dry weight of aggregates of class < 0.25
mm.

The samples with undisturbed soil structure were
collected in cylinders of 5 cm in diameter and 5.06
cm in height. For the determination of the indicators
of soil porosity, the samples were subjected to the
tension of —0.006 and —0.01MPa in a bureau of
tension and the stresses of —0,0333; -0.1; -0.3; -0.5
and —1.5 MPa in extractors of Richards with porous
baffle (KLUTE, 1986; DANE; HOPMANS, 2002),
obtaining the weight of water retained in each
applied voltage. From these results we calculated the
macroporosity (0 — 10 kPa, m*m), microporosity (-
10 kPa, m*m™), total aeration (0 — 100 KPa, m*m™),
the field capacity (-100 kPa, m*m~) and the water
content available (-100 0 kPa, m*m).

The samples with undisturbed soil structure
were also used for the determination of soil density
(Ds), whereas the ratio between the mass of dry soil
at 105°C and the volume of the ring (100 cm?).

In the samples with deformed structure
the content of organic carbon was determined

(DONAGEMA et al., 2011).

Statistical analyzes

The data were submitted to the test of normality
(Shapiro-Wilk), homogeneity of variance (Levene’s
test) and then to the ANOVA. As the differences
between the treatments were noted, they were
presented using the standard error, which indicates
the standard error of the difference between the
averages and, when the lines do not meet, the
difference is significant at a 5% probability. The
analyses of linear or square regression were used to
observe the relations of different doses of LL with
the physical properties and organic carbon content
of the soil.

Results
The superficial layer (0.00-0.10 m) of the soil

In the surface soil layer (0.00-0.10 m), the
applications of 65, 98 and 130 m® ha! season™ of
LL increased the stability index and the clusters
with a diameter greater than 2.00 mm, in relation to
the treatment 0 and 32 m3 ha'! season (Figures la
and b). In the same way, the applications of 65, 98
and 130 m® ha! season™ of LL increased the GMD
and MWD of aggregates in the soil, in relation
to the lowest dose of LAS (32 m® ha' season')
or absence of application (treatment 0), with an
increase of 0.2 mm diameters for each cubic meter
of LL applied (Figures 2a, c). As a consequence of
the increase in the mean diameter of the aggregates,
the applications also led to an increase of the soil
density in the following order 0<32<65=98=130,
with an increase of 0.019 Mg m-3 to each cubic
meter of LL applied. (Figure 3a).
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Figure 1. Percentage of the sum of the aggregates larger than 2.00 mm (X aggregates > 2.00 mm) and the index of
stability of aggregates (ASI) of layers 0.00-0.10 (a, b) and 0.10-0.20 m (c, d) of the soil after six years of applications
of landfill leachate (LL) at doses 0, 32, 65, 98 and 130 m® ha! season™ The lines indicate the standard error of the
difference between the averages and when they do not match they indicate that the difference is significant at a 5%

Layer 0.00 - 0.10 m

probability rate.

(a) CV (%)
~ 130 9,68
g 98 8,81
E 65 4,61
g

S 32 9,55
2 10 T 6,28

45,00 55,00 65,00 75,00

X aggregates >2,00 mm (%)

Layer 0.10 - 0.20 m

(c) CV (%)
~ 130 6,02
=
1‘5, 98 13,28
& 65 34,14
&
3 32 8,45
—
0 22,40
45,00 55,00 65,00 75,00

Y aggregates > 2,00 mm (%)

In relation to the indicators of soil porosity, the
increase in diameter of the aggregates and the Ds
has reduced the capacity of the total aeration of this
layer in doses from 32 m? ha' season™ LL, with a
reduction of 0.0069 m* m to each cubic meter of
LL applied (Figure 3c), as a consequence, there
was an increase in the water retention capacity
in balance with the tension — 6 kPa, equivalent to

(b) CV (%)
~ 130 1,49
<
= 98 1,38
&
g 65 1.84
3 3 133
—
—
0 0,65
88,00 90,00 92,00 94,00 96,00
ASI (%)
(d) CV (%)
~ 130 1.41
<
= 123
T 9
S 65 4,34
g
Y 0,76
—
0 3,06

88,00 90,00 92,00 94,00 96,00
ASI (%)

the field capacity (FC), in relation to the treatment
without application of LL (Figure 3e), with quadratic
behavior and a point up of 0.37 m’m- at a dose of 66
m? ha! season! . In addition, it was also observed a
quadratic behavior of the ratio between macro and
micro-pores in the superficial layer (0.00-0.10 m),
with a minimum of 0.28 m* m? at a dose of 98 m?
ha'! season! (Figure 4a).
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Figure 2. Geometric mean diameter (GMD) and mean weight diameter (MWD) of layers 0.00-0.10 (a, ¢) and 0.10-
0.20 m (b, d) the ground after six years of applications of landfill leachate (LL) at doses 0, 32, 65, 98 and 130 m* ha’!
season’'. The lines indicate the standard error of the difference between the averages and when they do not match they
indicate that the difference is significant at 5% probability rate.

0,00-0,10 m
(a) 5,50 1
E 4,50 -
£ 3
Z 3,50
y = 0,2288x + 3,0687
550 R? =0,63*
0 32 65 98 130
LL doses (m3 ha'!)
(c) 9,00 1
g 8,00 - 3
@)
E 7,00
y = 0,2029x + 6,8268
6.00 R?=0,67*

0 32 65 98 130
LL doses (m3 ha'!)

At doses of 65 and 98 m*ha! season™ of LL, the
water content available was similar to the treatment
without application (0), however the applications
of 32 and 130 m®ha' season” of LL reduced the
availability of water for the plants at layer 0.00-0.10
m (Figure 5a). There was no correlation between
the increasing doses of LL and the water content
available (R2=0.06, p=0.58).

Subsurface layer (0.10 — 0.20 m) of the soil

In the subsurface layer (0.10 — 0.20 m) even
though only the applications of 32 and 130 m’

Depths
0,10-0,20 m
(b) 4,00 -
£ $
2 ——
o 4
R2=0,11m
2,00 . . . : .
0 32 65 98 130
LL doses (m*ha'!)
(d) 8,00 -
g 7,00 - 8
é I
Z 6,00 - i " i
R2=0,03"
5,00 T T T T 1

0 32 65 98 130
LL doses (m3ha!)

ha'! season result in increasing the proportion of
households are larger than 2.00 mm (Figure 1c), the
applications of 32, 65, 98 and 130 m* ha™' season’!
resulted in an increase in the ASI of this layer in
relation to the treatment without application of LL
(Figure 1d). The MWD and GMD were higher in
treatments with LL, in relation to the treatment
0, specially in applications of 32 and 130 m® ha’!
season’! (Figures 2b and d). However, different from
the surface layer (0.00-0.10 m), there was no direct
relationship between the doses and the diameter of
the aggregates.

Semina: Ciéncias Agrdrias, Londrina, v. 38, n. 5, p. 2967-2980, set./out. 2017

2973



2974

Oliveira, J. C. S. et al.

Figure 3. Soil bulk density (Ds), total acration capacity (CAT) and field capacity (FC) of the layers 0.00-0.10 (a, c, e)
and 0.10-0.20 m (b, d, f) after six years of applications of landfill leachate (LL) at doses 0, 32, 65, 98 and 130 m® ha'!
season’'. The lines indicate the standard error of the difference between the averages and when they do not match they
indicate that the difference is significant at 5% probability rate. * Model significantly to 5%.

Layers
0,00-0,10 m 0,10-0,20 m
(@ 1,36 - (b) 1,38 -
1,32 - 1,36 -
o134 1
1,28 - g L4 ¢
—~ o0
g 21,32 -
5124 - <
= & 1,30 1
> 1,20 A y=0,0191x + 1,2359 0y y=0,0071x + 1,3112
a 2=(,84% ’ R>=0,47*
1,16 ' ' ' ' , 1,26 ' ' ' ' ,
0 32 65 98 130 0 32 65 98 130
LL doses (m?ha'!) LL doses (m? ha'!)
(c) 0,24 - (d) 0,17 -
0,22 - 0,16 -
T 020 - 4 20,15 -
g 0,18 - §\§‘\§ g 014 3
£ 0,16 - = 0,13 -
014 0,0069x + 0,2033 S0z
y =-0,0069x + 0, y =-0,0064x + 0,1655
0,12 - R2 0,53% 0,11 - Ro- 0.80%
0,10 . . . . . 0,10 . . . . .
0 32 65 98 130 0 32 65 98 130
LL doses (m*ha'!) LL doses (m? ha')
(e) 0,380 - ® 0410 - §
~ 03701 ¢ 3 0,390 -
E 0360 £ ¢
g = 0,370 -
0,350 - e
= 8 0,350
0,340 y = -3E-06x2 + 0,0004x + 0,3535 ’ y = -4E-06x* + 0,0005x + 0,3715
R>=0,68* R>=0,57*
0,330 T T T T 1 0,330 T T T T 1

0 32 65 98
LL doses (m3ha'!)

130

In a similar way to the aggregates, the soils that
received doses of 32 and 130 m* ha'! season™! showed
higher Ds, however, the trend of increase of Ds with
increasing doses of LL was less evident than in the
superficial layer, with an increase of 0.0071 mg m-
for each cubic meter of LL applied (Figure 3b).

In relation to the indicators of porosity at the
layer 0.10 to 0.20 m there was also a linear trend of

0o 32 65 98
LL doses (m> ha'!)

reduction in the capacity of aeration of the soil (CAT)
with the increase of the doses of LL, in the same
proportion as in the surface layer, with reduction of
0.0064 m3 m-3 for each cubic meter of LL applied
(Figure 3d), being significant starting from doses
above 98 m® ha'! season’!, with a reduction of up to
15% of the total aeration capacity of the soil with
applications of 130 m* ha'season™.
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Figure 4. Ratio between macro (Ma) and microporosity (Mi) of layers 0.00-0.10 (a) and 0.10-0.20 m (b) of the soil
after six years of applications of landfill leachate (LL) at doses 0, 32, 65, 98 and 130 m? ha'! season™'. * Significant
Model to 5%.

(a) (b)
0,40 0,29 -
0,27 -
0,35 - 025
S i S 0,23 - *
50,30 A =
S S 021 -
0,25 - 0,19 -
’ y = 9E-06x2 - 0,0016x + 0,3563 017 y = 5E-06x2 - 0,001x + 0,2665
020 R2 = 0,60* 0’15 R2=0,75*
’ 0 32 65 98 130 0 32 65 98 130

LL doses (m?ha!) LL doses (m?ha')

Figure 5. Water content available (AD) of the layers 0.00-0.10 (a) and 0.10-0.20 m (b) of the soil after six years of
application of landfill leachate (LL) at doses 0, 32, 65, 98 and 130 m® ha! season’!. The lines indicate the standard
error of the difference between the averages and when they do not match they indicate that the difference is significant

at 5% probability rate.

(a)
~ 130
<
=98
£
§ 65
)
<32
—
—
T
0,032 0,037 0,042
AD (m’m?)

The applications of LL at doses of 32, 65, 98
and 130 m? ha'! season™! promoted an increase in FC
of layer 0.10 to 0.20 m, in relation to the treatment
0 (Figure 3f), with a tendency in the quadratic
relationship between FC and the doses of LL, with
the maximum point at 0.38 m® m* when applied
62 m’ ha' season’. In addition, the relationship
between the macro and microporosity decreased
quadratically with increasing doses of LL (Figure
4b), with the minimum in 0.21 at a dose of 100 m3
ha- season-1.

In the subsurface layer (0.10 — 0.20 m), the
applications from 32 m?® ha' season' LL have

130

AN O
w0

~

LL doses (m3ha'!) =
W
[\

T

0,037 0,042

AD (m’m?)

0,032

increased the availability of water for the plants,
with the exception of the dose 0of 98 m? ha'! season’!,
whose water content available was similar to the
treatment without application of LL (Figure 5b).

Structure and porosity of the soil in relation to the
carbon content

On the layer 0.00-0 0.10 m, the contents of
carbon in soil increased with the applications of
doses from 32 m? ha' season’, with quadratic
behavior and increased levels up to the maximum
point of 15.68 g kg! at a dose of 84 m?* ha! season’!
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(Figure 6a). This increase of carbon with the
applications of LL promoted a linear increase of Ds
and the MWD and GMD of soil aggregates, with an
increase of 0.3 and 0.4 mm of the MWD and GMD,
for each gram of carbon added by them (Figure 6b).

In relation to the attributes of the porosity, it was
observed that the carbon is related with the increase
of FC and reducing the capacity of the total aeration
and the ratio between macro and microporosity, with
areduction of 0.01 m*m= of aeration porosity price of
soil for each gram of carbon added by LL (Figure 6¢).

Figure 6. The carbon content (a) and the relationship of this attribute with the attributes of aggregation (soil density,
Ds and mean weight diameter MWD, and geometric mean diameter GMD of the aggregates) (b) and porosity (the
ability to total aeration, CAT, field capacity, CC, and the ratio between macro and microporosity, Ma/Mi) of the layer
0.00-0.10 m (¢) after six years of applications of 0, 32, 65, 98 and 130 m* ha'' season of landfill leachate (LL). The
lines of the figure “a” and “b”indicate the standard error of the difference between the averages and when they do not
match they indicate that the difference is significant at 5% probability rate.
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Discussion

Aggregation and porosity of the surface layer (0.00-
0.10 m) of the soil

The applications of LL in the soil, especially in
doses from 65 m® ha'! season™ promoted the increase
of stability and of aggregates with a diameter
greater than 2.00 mm (Figure la), the GMD and
MWD of aggregates of this layer (Figure 2 A,c,e),
and soil bulk density (Figure 3a), with consequent
reduction of the Ma/MS reason (Figure 4a) and the
CAT (Figure 3c).

These results indicate that initially the structural
changes observed were caused by soil management,
since, the cultures were exclusively made of
successions of grasses (winter and summer).

The roots of these cultures work in the structuring
of the soil by means of biophysical pressures (axial
and radial), which promotes the approximation
of mineral particles, favoring the soil aggregation
(ZONTA et al., 2006).

Accordingto Tisdalland Oades (1979)the grasses,
associated with the release of polysaccharides by
hyphae and mycorrhiza, are effective in increasing
the stability of soil aggregates.

The use of increasing doses of LL resulted in
the increase of soil organic carbon (Figure 6a),
promoting the increase of the MWD and GMD, due
to the increase 0of 0.35 and 0.41 g kg of CO per mm
of aggregate, Figure 6¢.

However, there has been an increase of Ds with
the addition of 0.02 m* ha! of LL by Mg m~ (Figure
3a) reducing the CAT, the CC (figure 3c, 3e) and the
ratio between macro and microporosity (Figure 4a).
These reductions can be explained by the effect of
the roots of the grasses and organic carbon from the
soil aggregation, as previously discussed. Another
process explaining the increase of aggregation is the
application of LL, near the seeding (3 days prior),
during the five years of experiment. The application
of this liquid residue resulted in an increase of
soil moisture, in relation to the treatment without

application, making the soil more susceptible
to compression by machinery and agricultural
implements used for seeding, which promoted the
formation of aggregates and larger diameter.

The formation of this type of aggregate in the
superficial layer is dependent on the intensity of
compression that the soil is submitted (RICHART
et al., 2005) and reduce the permeability of air and
water (NUNES et al., 2014). Streck et al. (2004)
show that no-tillage system with different passed
to 10 Mg subjected to moisture above the friable
condition, resulted in an increase of Ds, reducing
the total porosity and macroporosity, without an
increase of the microporosity.

The field capacity has increased due to the
reduction of reason Ma/MS, with the increase in the
doses of LL (Figure 3e), the proportional increase
of micropores resulted in a greater retention of
water by the adsorption processes and capillarity.
It is difficult to explain why the doses of 32 and
130 m® ha! season™ of LL specifically reduced the
availability of water for the plants at layer 0.00-0.10
m (Figure 5a) and more specific studies should be
conducted to understand the relationship between
the applications wand the availability of water, but
for the dose of m® ha'! season™! it may be related to a
reduced amount of carbon contributed to the ground
and to the dose of 130 m? ha' season™ at a greater
intensity of alteration of the structures promoted by
this dose of LL. It is important to emphasize that,
as the application of the dose of 32 m3 ha! season’
did not increase the Ds and reduced the capacity of
aeration of the soil, since it addresses the superficial
layer, the processes of humidification and desiccation
of the aggregates can change the distribution of
pores and consequently the availability of water for
the plants.

With this, it is observed that the doses of up to
32 m’ ha'! season™' can be applied in the soil without
negative influence on soil physical quality and can
even stimulate the biological activity and improve
the chemical fertility by the input of organic matter
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contained in the LL (BANDYOPADHYAY et al.,
2010; BOLAN et al., 2013; SONG et al., 2013).

The physical quality of subperficial layer (0.10 —
0.20 m)

The effect of the applications of LL on the
layer 0.10-0.20 m could be observed due to the
liquid form, which allowed the infiltration of LL
to this layer. In this layer, the lack of correlation
with the organic carbon demonstrates the effect of
soil management on the aggregates, especially by
compression resulting from agricultural machinery
traffic. The compression of the structure caused
by the management was enhanced by applications
of them, possibly for the same reasons as in the
surface layer, i.e., by the stress distribution in the
soil profile, showing an increasing trend of MWD
and GMD and stability in water, in relation to the
use of chemical fertilizer (Figures 1b and 2b, d.f)
and increase in Ds and a reduction in the capacity
of aeration of the layer 0.10-0.20 m with increasing
doses of LL (Figures 3b and d).

In the subsurface layer (0.10 — 0.20 m), the
applications of doses from 32 m® ha' season' of
LL have increased the availability of water for the
plants, with the exception of the dose of 98 m’ ha!
season’!, whose water content available was similar
to the treatment with mineral fertilizer (0) (Figure
5b).

In the subsurface layer (0.10 — 0.20 m), the
increase of water available can be explained, in part,
by the increase of Ds and the field capacity (FC)
and by the correlation of the AD with the content of
soil organic carbon (CO) (Table 3). The association
of increased FC and the relationship with organic
carbon content suggests that the applications of LL
increase the water retention capacity of the soil by
the processes of capillarity (for the field capacity)
and adsorption (by comparison with the organic
carbon), and that this increase in water content is
available to the plants.

It is noteworthy that the compression and
reduced ability to aeration of 0.00-0 layer 0.10 m
with the applications of LL may have less effect on
the erosion whereas this layer the porosity can be
altered by the stalk of the planter and the cycles of
wetting and drying of the soil, as mentioned earlier.
However in the subsurface layer (0.10 — 0.20 m) the
increase of households and the Ds and the reduction
of porosity and ability of aeration may be more
problematic, whereas this layer is less prone to
cycles of wetting and drying of the aggregates and
the lighting trencher from drill.

Conclusions

Considering the physical quality of the soil,
the controlled application of landfill leachate
in agricultural soils in doses of 32 m3 ha-1 is an
alternative to the final disposal of this waste, because
it did not promote an increase of the aggregates
larger than 2 mm in the superficial layer (0.00-0.10
m) and was the dose with less influence on reducing
the aeration of the soil, in relation to the applications
of 65, 98 and 130 m’ ha™' in the layers 0.00-0 0.10
and 0.10 — 0.20 m.

The doses from 65 up to 130 m® ha' crop’
promoted an increase in households with a diameter
greater than 2.00 mm and the density of the soil,
with a consequent reduction in the ratio between
macro and micro-pores and the capacity of aeration
of the soil in layers 0.00-0 0.10 and 0.10 — 0.20 m.
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