4 REVISTA BRASILEIRA DE
> AGRICULTURA IRRIGADA

Revista Brasileira de Agricultura Irrigada v.14, n°.2, p. 3976 - 3986, 2020
ISSN 1982-7679 (On-line)

Fortaleza, CE, INOVAGRI — http://www.inovagri.org.br

DOI: 10.7127/rbai.v14n101152

Protocolo 1152.20 — 24/04/2019  Aprovado em 23/06/2020
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ABSTRACT

Pedotransfer functions of the available water content (AWC) as a function of the granulometric
variability may contribute to irrigation management. The aim of this study was to generate pedotransfer
functions to estimate soil water retention curves and AWC fractions in soils in the Northwestern Region
of Parana State (Brazil) to manage water in irrigated systems with different crops. In 2016, soil sampling
was carried out for granulometric determinations (total sand content, five sand fractions, silt, clay), total
organic carbon, and water retention for eight soil water tensions at 0-0.20, 0.20-0.40, and 0.40-0.60 m
deep. These evaluations were made in eleven irrigated areas of six watersheds in the Northwestern of
Parana, having pasture in fixed conventional sprinkler irrigation systems. The soil water retention of this
region is highly dependent on the proportion of fine sand fraction and practicality to be estimated by the
total sand content between 550 to 910 g kg™. The pedotransfer functions of the AWC fractions between
20% and 65% will allow estimating the water content and tensions as a function of the total sand content
in the soil for the water management of crops of these regions.

Keywords: soil water, Caiué sandstone, water retention curve, pedotransfer functions, soil texture.

CONTEUDO DE AGUA DISPON~I'VEL PARA O MANEJO DAS CULTURAS
IRRIGADAS NA REGIAO NOROESTE DO PARANA

RESUMO

As funcgdes de pedotransferéncias do conteudo de agua disponivel (CAD) em funcdo da variabilidade
granulomeétrica podera contribuir com o manejo da irrigacdo. Objetivou-se gerar fungbes de
pedotransferéncias para estimar as curvas de retencdo de dgua no solo e as fracbes do CAD em solos na
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Regido no Noroeste do Estado do Parana (Brasil) para o manejo da agua em sistemas irrigados com
diferentes culturas agricolas. Em 2016 foi realizada a amostragem de solo para as determinacGes
granulomeétricas (teores de areia total, cinco fracGes de areia, silte, argila) e carbono organico total, e as
retencdes de agua para oito tensGes de &gua no solo a 0-0,20, 0,20-0,40 e 0,40-0,60 m de profundidade.
Essas avaliacbes foram realizadas onze areas irrigadas em onze areas irrigadas de seis bacias
hidrogréficas do Noroeste do Parana, que apresentavam pasto em sistemas de irrigagdo por aspersao
convencional fixos. A retencdo da agua nos solos desta regido apresenta maior dependéncia a proporcao
da fracdo de areia fina e praticidade para ser estimada pelo teor de areia total entre 550 a 910 g kg™*. As
funcbes de pedotransferéncias das fracdes de CAD entre 20% a 65% permitirdo estimar os conteudos e
as tensbes de agua em funcdo dos teores de areia total no solo, para 0 manejo hidrico das culturas
agricolas no Noroeste do Parana.

Palavras-chave: 4gua no solo, Arenito Caiua, curva de retencdo de agua, fungdes de pedotrasferéncias,

textura do solo.
INTRODUCTION

Based on soil water retention curves, it is
possible to define the right moment and the
adequate amount of water to be applied to the
soil by irrigation (MICHELON et al., 2010;
BARRETO et al., 2011).

Determinations of physical and water
attributes of the soil are more complex to obtain
and make it available to technical assistance and
irrigators. In this regard, the models for both
attributes have been developed indirectly,
relating edaphic variables that are difficult to
determine, from others more easily obtained,
called pedotransfer functions (BOUMA, 1989).

Pedotransfer  functions describe the
relationships among the soil physical attributes
such as texture (sand, silt, and clay), soil
density, particle density, and organic matter or
total organic carbon with hydraulic properties
and functions, with soil water retention curve
(McBRATNEY et al., 2002; FIDALSKI et al.,
2010; HAGHVERDI et al., 2014).

Soil water retention prediction is
increasing based on soil water stresses from
pedotransfer functions by mineral and organic
fractions of the soil (BARROS et al., 2013;
MEDEIROS et al., 2014). It can be generated
for soil water retention curve models
(MEDEIROS et al., 2014), or specifically, for
certain soil water tensions such as soil water
content corresponding to field capacity and

permanent wilt point (BORTOLINI;
ALBUQUERQUE, 2018; FIDALSKI et al.,
2013; MEDEIROS et al., 2014).

Special attention should be given to
peculiarities of the soil that allowed to generate
the pedotransfer functions, as they present a
high prediction error to their use in other regions
(OLIVEIRA et al., 2002), besides the variables
that will be included or excluded
(ZACHARIAS; WESSOLEK, 2007). However,
water retention in sandy soils has been
described from pedotransfer functions by sand
fractions (FIDALSKI et al., 2013; AULER et
al., 2017; PARAHYBA et al., 2019) and total
organic carbon content (MACHADO et al.,
2008; FIDALSKI et al., 2010).

Irrigation has been used in the
Northwestern Region of Parana State (Brazil)
with approximately 30,000 km?, equivalent to
15% of the area of the State of Parana
(HELBEL JUNIOR; FIDALSKI, 2019), in soils
with a predominance of Caiua sandstone from
Bauru Group (Latosol, Argisol, and Neosol
respectively, 48%, 41%, and 1%), and low
frequency of basalt soil from the Serra Geral
Formation of the Sdo Bento Group, as Nitisol
(OLIVEIRA et al., 2020).

The objective of this study was to generate
pedotransfer functions to estimate soil water
retention curves and AWC fractions in soils in
the Northwest Region of Parana State to manage
water in irrigated systems with different crops.
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MATERIAL AND METHODS

In 2016, the characterization of
physical and water attributes of soils was

carried  out in eleven fixed
irrigated  pasture  areas, in five
watersheds, in the Northwestern Region of

Parana State, Brazil (Figure 1).
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Figure 1. Location of the eleven sampling sites irrigated areas in six watersheds in the Northwestern Region of Parana
State, Brazil (INSTITUTO DE AGUAS DO PARANA, 2020).

The physical characterization in the eleven
irrigated pastures consisted of deformed soil
samples composed of six replications, at layers
of 0-0.20, 0.20-0.40, and 0.40-0.60 m deep, to
represent a homogeneous irrigated area,
followed by soil granulometric determinations
using pipette method and total organic carbon
(TEIXEIRA et al., 2017).

Total sand contents were divided into five
fractions: very coarse sand (1 — 2 mm), coarse
sand (0.5 — 1 mm), medium sand (0.25 — 0.50
mm), fine sand (0.125 — 0.250 mm), and very
fine sand (0.053 — 0.125-mm), similar to the
standardization of methods for granulometric
analysis in Brazil (ALMEIDAS et al., 2012).

The water characterization was carried out
using the soil samples collected from each of the
ten irrigated areas, in layers of 0-0.20, 0.20-
0.40, and 0.40-0.60 m deep, with six
replications for non-deformed samples adopted
for the soil water content determination using
tension tables (3, 6 and, 10 kPa), and by
Richards pressure chamber (33, 100, 300, 500,
and 1500 kPa), as described by Teixeira et al.
(2017). Subsequently, the non-deformed soil
samples were dried in greenhouses (105° C),
until reaching a constant weight. Then, it was
weighed to determine the dry soil mass, soil
density, and volumetric water content
(TEIXEIRA et al., 2017).
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Average data at 0-0.60 m deep (n = 33) of
the soil water content for soils subjected to eight
soil water tensions were adjusted to total sand
contents, five sand fractions, clay, and organic
carbon total through simple and multiple linear
regressions, such as the angular coefficients
submitted to the t-test (BEIGUELMAN, 1994),
to get the pedotransfer functions.

Estimated data of the soil water content as
a function of the soil water stress in pedotransfer
functions from given granulometry were used to
obtain the soil water retention curves by the
non-linear model with the restriction m = [1 —
(1/n)] (GENUCHTEN, 1980), according to
procedures described by Maia et al. (2009).

The values of water content and tensions
in the soil corresponding to the fractions of 20,
25, 30, 35, 40, 45, 50, 55, 60, and 65% of the
AWC (n = 10), recommended for the
management of irrigation of different cultures

(ALLEN et al., 1998), were obtained from the
soil water retention curves for the contents of
500, 550, 600, 650, 700, 750, 800, 850, and 910
g kg* of total sand.

The linear  regression  equations
(pedotransfer functions) of the water content
and water stresses in the soil from each of the
ten fractions of the AWC were obtained as a
function of the total sand content.

RESULTS AND DISCUSSION

The set of granulometric data at
0.60 m deep allows the characterization
of the predominance of total
sand and sand fractions of
0.250-0.125 mm, 0.50-0.25mm, and 0.125 -
0.053mm, compared to the levels clay and
silt (Table 1).

Table 1. Descriptive statistics for the particle size and total organic carbon variables in the layer of 0-

0.60 m deep.
Variable Minimum Mean Maximum
(g kg™)

Total sand 550 778 910

Silt 10 34 80
Clay 70 188 390

Very coarse sand (1 — 2 mm)? 0 1 5
Coarse sand (0.5 — 1 mm)* 0 15 60
Medium sand (0.25 — 0.50 mm)* 4 200 400
Fine sand (0.125 — 0.250 mm)* 172 380 584
Very fine sand (0.053 — 0.125-mm)! 71 148 256
Total organic carbon 2 7 18

! Almeida et al. (2012).

The textural variability of the 33 layers
with 0.20 m thickness was characterized by the
sandy (<150 g kg* clay), medium (150-350 g
kgl clay), and clay (350-390 g kg! clay)
textural groups, respectively, 48.48%, 42.42%,
and 9.09% (SANTOS et al., 2018).

In irrigated areas located on the
Northwestern Region of Parana State, soils were

Rev. Bras. Agric. Irr.v.14, n.2, Fortaleza, p. 3976 - 3986,

found with a predominance of fine sand
fraction, associated with low total organic
carbon contents (Table 1), typical of these sites
(THOMAZ; FIDALSKI, 2020).

Coefficients of determinations (r?) of the
simple pedotransfer functions grew in the
increasing sequence of the total carbon, total
sand, and clay contents for the estimates of the
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soil water content and soil water tensions (Table
2), without the influence of the low silt contents

regressions

considered

not

(Table 1), with angular coefficients of the linear

significant.

Table 2. Pedotransfer functions for soil water content (8; m® m) as a function of total sand content (S;
g kg™); clay content (C; g kgl); and total organic carbon content (O; g kg™) in the layer of 0-0.60 m
deep for different soil water tensions (Tension; kPa).

Tension Pedotransfer functions r?
Sand
3 0 =0.5680 — 3.5454x104™"S 0.67
6 0 =0.6295 — 4.8743 x10*™™S 0.77
10 0 =0.6246 — 5.0807x104"'S 0.78
33 0 =0.6302 — 5.8345x104™"S 0.83
100 0 =0.5936 — 5.6186x104""S 0.83
300 0 =0.5483 — 5.2612x104"'S 0.84
500 0 =0.5294 — 5.0817x104™S 0.83
1500 0 =0.5202 — 5.0616x104™S 0.84
Clay
3 0 =0.2260 + 3.5185x10*""C 0.58
6 0=0.1578 + 4.9157x10*""C 0.68
10 0 =0.1331 + 5.1166x10*""C 0.69
33 0 =0.0659 + 5.8671x10*""C 0.73
100 0 =0.0506 + 5.6304x10*+""C 0.73
300 0 =0.0395 + 5.2856x10*""C 0.74
500 0 =0.0380 + 5.1061x10*"C 0.73
1500 0 =0.0307 + 5.0890x10+"""C 0.74
Total organic carbon
3 0 =0.2751 + 0.0024™0 0.05
6 0 =0.2139 + 0.0050"0 0.13
10 0 =0.1895 + 0.0055°0 0.15
33 0 =0.1365 + 0.0055"0 0.12
100 0=0.1188 + 0.0052"0 0.12
300 0 =0.1069 + 0.0044°0 0.10
500 0=0.1027 + 0.0043°0 0.10
1500 0 =0.0965 + 0.0041°0 0.09
ms o * ™ and ™ nosignificant, significant by test-t, at p < 0.10, p < 0.05, p < 0.01 and p < 0.0001 % probability,

respectively.

These results corroborate the superior
water retention in soils of the Paranavai
Formation, due to the fraction of fine sand,
between 0.02-0.2 mm (SANTOS et al., 2005;
FIDALSKI et al., 2013), as shown in Table 1.

The high r? values of the linear regression
equations indicate that the pedotransfer

functions obtained presented good precision for
the estimation of the contents and tensions of
the water in the soil (Tables 2 and 3). Similar
results were found by Oliveira et al. (2002),
considering the fractions sand, silt, clay, and soil
density to estimate the water content in the soil
(MICHELON et al., 2010).
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Table 3. Pedotransfer functions for soil water content (8; m® m?) as a function of sand fractions,
medium (M; g kg™, fine (F; g kg™), very fine (V; g kg?), clay (C; g kg?) and total organic carbon (O; g
kg™) in the layer of 0-0.60 m deep for different soil water tensions (Tension; kPa).

Tension Pedotransfer functions r?
Sand fractions

3 0 =0.4751 — 3.5811x10*"*M — 2.9356x10*+""F 0.72

6 0 =0.5654 — 5.0926x10*™"M — 4.6849x104"F — 2.4080x10+"V 0.85

10 0 =10.5731 - 5.1665x10*""M — 5.0865x10*""F — 3.2131x104""V 0.85

33 0 =0.5838 — 5.8117x10*"™M — 5.9582x10#"F — 4.4076x10*""V 0.90
100 0 =0.5536 — 5.5366x10*""M —5.7636 X104 F — 4.5790x104""V 0.90
300 0 =0.5078 — 5.1947x10*™"M — 5.3956 X104 F — 4.0737x104""V 0.90
500 0 =0.4891 — 5.0217x10*"M — 5.1926 x10*"F — 3.8965x104""V 0.90
1500 0 =0.4789 — 5.0015x10*"*M — 5.1679 x10*"F — 3.8117x104"™V 0.90

Sand fractions, clay and total organic carbon

3 0 =0.4751 — 3.5811x10*""M — 2.9356x10*""F 0.72

6 0 =0.3497 — 2.9633x10*™M — 2.6627x10*™F + 2.1155x10*"C + 0.0029""0 0.87

10 0 =0.5415 — 4.9915x10*""M — 4.7889x10*"™F — 3.2859x10*"V + 0.0025"0 0.88

33 0 = 0.5586 — 5.6723x10*"*M — 5.7212x10*""F — 4.4655x104"""V + 0.0020™O 0.92
100 0 =0.5302 — 5.4071x10*"" M- 5.5434x10*™F — 4.6329x10*""V + 0.0018™0O 0.91
300 0 =0.5078 — 5.1947x10*™"M — 5.3956 X104 F — 4.0737x104""V 0.90
500 0 =0.4891 — 5.0217x10*"™M — 5.1926 x10*""F — 3.8965x104""V 0.90
1500 0 =0.4789 — 5.0015x10*™"M — 5.1679 x10*"™F — 3.8117x104""V 0.90

7 and 7 significant by test-t, at p < 0.10, p < 0.05, p < 0.01 and p < 0.0001 % probability, respectively.

Furthermore, considering the contribution
of each independent variable, it was possible to
verify that only the total sand content may be
used to develop predictive equations of the soil
water content. This option is consistent with the
predominance of sand in soils located in the
Northwestern Region of Parana State (Table 1).

The levels of total sand exhibited r?
broader than the descriptions of water retention
in the soil at the tension of 1500 kPa as a
function of total organic carbon content and clay
for similar soils (MACHADO et al.,, 2008;
FIDALSKI et al., 2010). The retention of water
content in the soil was expressed by the
functions of pedotransferences dependent on the
sand fractions of 0.50-0.25 mm, 0.250-0.125
mm, and 0.125-0.053 mm (Table 3), presenting
a higher dependence on very fine fractions
(FIDALSKI et al., 2013).

Pedotransfer functions increased the r? of
the sand fractions when the contents of clay and
total organic carbon were added (Table 3). In

the soil water tensions of 6 kPa, there was an
influence of the content of clay and total organic
carbon, and between 10 to 100 kPa there was
more water retention in the soil with the
addition of the total organic carbon contents for
the sand fractions of 0.125-0.053 to 0.50-0.25
mm.

The total organic carbon content increased
the soil water retention, from 6 to 100 kPa
segment, coincided with the decrease in the soil
water content, with the increase in the
proportion of total sand with values between
500 to 910 g kg* (MACHADO et al., 2008;
FIDALSKI et al., 2010, 2013).

The increase in water retention is
attributed to the finer sand (0.25-0.125 mm)
fraction, with a lower coefficient of variation,
than by the levels of clay or total organic carbon
(Tables 1, 2, and 3). That is the reason why the
total sand content (Table 2) could be used to
estimate the content of water and tensions in the
soil (FIDALSKI et al., 2013).
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The option for total sand contents is due to
the lower or higher differences of r? (0.05-0.10)
with the other pedotransfer functions (Tables 2
and 3), by practicality and lower costs to
farmers to determinations of the sand fractions
and total organic carbon, sometimes already
available for certain stands of agricultural
properties.

Moreover, it is more coherent a technical
discussion of water retention in sandy soils,
between technical assistance and farmers in

Northwestern Region of Parana State, based on
total sand content (Table 1), than based on clay
and total organic carbon contents, due to the
predominance of this granulometry (THOMAZ;
FIDALSKI, 2020).

The inflections of water retention curves
of saturated soils started draining at 6 kPa for
550 g kg of total sand and decrease at 2 kPa to
910 g kg' of total sand (Figure 2). This
characterizes the greater drainage of these soils
due to the increase in the total sand contents.
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Figure 2. Soil Water content (8) as a function of soil water tension (¥) for the contents of 500 to 910 g kg™ of total
sand with the equations of the retention curves (GENUCHTEN, 1980). o It corresponds to the proportions of 20, 25,

30, 35, 40, 45, 50, 55, 60, and 65% of AWC.

The values of the parameters n of the
water retention curves in the soil changed the
water content in the soil corresponding to the
field capacity and permanent wilting point at
AWC from 0.34 to 0.10 m® m™, respectively, to
the total sand content of 550 at 910 g kg*
(Figure 2), compatible for sandy soils
(VERMEIREN; JOBLING, 1997). Bases on
pedotransfer functions from the soil water

retention curves, for the estimation of contents
and tensions of water in the soil in the total sand
contents of 500 to 910 g kg™, it was possible to
get these parameters to AWC fractions between
20% to 65% (Figure 2). Pedotransfer functions
of the contents (0.10 to 0.34 m3; Figure 3A) and
water stress (14 to 120 kPa; Figure 3B) in the
soil based on the total sand contents for the 20%
AWC fractions at 65%, will be useful for the
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management of water slide replacement, thus,
supplying the water needs of irrigated crops in

(A) 0335
030 r
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020
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Soil water content(m? m?)

0.00 1 1 1 1 1 1 1

sandy soils in Northwestern Region of Parana
State (Figure 2).
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Figure 3. Soil water content (A) and soil water tension (B) as a function of the total sand content for ten AWC
fractions. **** Significant by test-t at p < 0.0001 probability.

The potential for using these AWC
fractions is wide, for instance, in a study
conducted by Helbel Junior and Fidalski (2019),
they monitored a pasture with 50% of the AWC
in a sprinkler irrigation system using
tensiometers below its operating capacity of 85
kPa (LIBARDI, 2012).

Alternatively, the application of these
pedotransfer functions (Figure 3) can be
simplified for regional technical assistance,
making the values of content and water tensions
in the soil available in tables for each of the
fractions, as the table for pasture with 50% of
AWC (FIDALSKI et al., 2020).
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AWC fractions as a function of total sand
content should be used to define irrigation
management, estimating the water content
(Figure 3A), and stresses (Figure 3B) for each
of the homogeneous soil layers that occur in the
Northwestern ~ Region of Parana  State
(THOMAZ, FIDALSKI, 2020), enabling the
monitoring of the profiles of these soils.

Pedotransfer functions of the AWC
fractions are wvery useful for monitoring
irrigation by estimating water content and
tensions as a function of total sand content in
the soil, either through equipment such as water
meters, tensiometers, or to supply technical
information in irrigation software.

CONCLUSION

Soil water retention in Northwestern
Region of Parana State is highly dependent on
the proportion of fine sand fraction and
practicality to be estimated by the total sand
content between 550 to 910 g kg™

Pedotransfer functions of AWC fractions
between 20% and 65% will allow estimating the
water and tensions contents according to the
total sand content in the soil, for the water
management of crops in this region.
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