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EFFECT OF SAMPLE RE-SATURATION ON SOIL-WATER CHARACTERISTIC
CURVE!

[CARO VASCONCELOS DO NASCIMENTO?, THIAGO LEITE DE ALENCAR%*, CARLOS LEVI ANASTACIO DOS
SANTOS?, RAIMUNDO NONATO DE ASSIS JUNIOR?, JAEDSON CLAUDIO ANUNCIATO MOTA?

ABSTRACT - Soil-water characteristic curve (SWCC) is an important tool for water management in irrigated
agriculture. However, factors such as texture and structure of soils influence SWCC behavior. According to the
literature, wetting and drying cycles alter SWCC. A similar process of re-saturation and drying occurs during
SWCC obtainment under laboratory conditions. Based on the hypothesis that re-saturation process alters
SWCC due to clay loss in the sample, this study aimed to obtain the SWCC, S index, and pore size distribution
from samples submitted to re-saturation cycles, as well as from not re-saturated samples but under higher
matric potentials (-2, —4, —6, —8, and —10 kPa). For this, disturbed and undisturbed soil samples, collected
from the A (sandy texture) and Btg (sandy clay loam texture) horizons of a Argissolo Acizentado, were used.
After obtaining SWCC, each air-dried soil sample was submitted to particle size and clay dispersed in water
analyses to verify whether the soil lost clay. The experimental design was a completely randomized design with
two methods of SWCC constructing (with and without re-saturation) and eight replications. The re-saturation
process generates a loss of clay in the sample, not causing significant changes in SWCC considering the
assessed textural soil classes. In addition, sandy soil samples are more sensitive to changes in pore size
distribution when submitted to re-saturation.

Keywords: Irrigation management. Soil porosity. Water in soil.

EFEITO DA RESSATURACAO DA AMOSTRA SOBRE A CURVA CARACTERISTICA DE AGUA
NO SOLO

RESUMO - A curva caracteristica de agua no solo (CCAS) constitui importante ferramenta no manejo da agua
na agricultura irrigada. Entretanto, vale ressaltar que fatores como textura e estrutura do solo influenciam seu
comportamento. Ha informacdes na literatura que ciclos de umedecimento e secagem alteram a CCAS.
Saliente-se que processo similar, de ressaturacdo e secagem, ocorre durante a obtengdo da CCAS em
laboratorio. Tendo como hipdtese que o processo de ressaturagdo, por provocar perda de argila na amostra,
altera a CCAS, objetivou-se obter a CCAS, o indice S e a distribuicdo dos poros por tamanho a partir de
amostras submetidas a ciclos de ressaturagdo em oposi¢do aquelas ndo sujeitas a este processo em maiores
potenciais matricos (-2, —4, —6, —8 e —10 kPa). Para tanto, utilizaram-se amostras com estrutura deformada e
indeformada, coletadas do horizonte A (textura arenosa) e Btg (textura franco argilo-arenosa) de um Argissolo
Acinzentado. Apods a obtengdo da CCAS, cada amostra foi levada a condicao de terra fina seca ao ar e
submetida a analise granulométrica e de argila dispersa em agua para verificar se houve perda de argila. O
delineamento estatistico foi o inteiramente casualizado, com dois métodos de construgdo da CCAS — com e sem
ressaturacdo — e oito repeti¢des. Concluiu-se que o processo de ressaturacdo gera perda de argila na amostra,
mas nao provoca alteragdes significativas na CCAS nas classes texturais avaliadas; e que as amostras de solo de
textura arenosa sdo mais sensiveis a alteragdes na distribui¢do de poros por tamanho quando submetidas a
ressaturacao.

Palavras-chave: Manejo de irrigagio. Porosidade do solo. Agua no solo.
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INTRODUCTION

The efficient use of water resources is
reinforced by the possibility of scarcity in the future
(JERONIMO; HENRIQUES; CARVALHO, 2015).
Adequate water management practices are essential
for the sustainability of irrigated agriculture. Thus,
the knowledge on when and how much to irrigate is
necessary in order not to cause water percolation,
nutrient leaching, and submit plants to excess or
water deficit. For this, the water content in soil
should be monitored.

The relationship between soil potential (¢m)
and volumetric soil water content () is important in
describing water behavior (LUCAS et al., 2011),
being essential for studies of soil-water relations
(SILVA et al., 2006). This relationship can be
expressed mathematically by 6 = f (¢m) or ¢gm = £ (0)
(ALMEIDA et al., 2015). The graphic representation
of these functions is called soil-water characteristic
curve (SWCC) (REICHARDT; TIMM, 2012) and
assists in determining the available and current water
content in the soil, as well as other basic variables to

the proper irrigation management (COSTA;
OLIVEIRA; KATO, 2008), indicating more
appropriate  agricultural  production  practices

(MACHADO et al., 2008).

Changes in soil structure result in changes in
SWCC. Pires, Bacchi and Reichardt (2007)
concluded that wetting and drying cycles caused
changes in the structure, density, and water content
of a soil at —6 kPa whereas for Costa et al. (2014),
this process is one of the main factors affecting soil
physical condition, in addition to being common in
agricultural soils due to natural or artificial
precipitation. Furthermore, changes in SWCC from
procedures to its obtainment result in overestimation
or underestimation of irrigation water depth to be
applied.

During the procedure to obtain SWCC,
samples are usually submitted to saturation and

Table 1. Particle size analysis of the studied soils.

drying cycles, which may cause changes in sample
structure and pore size distribution (PIRES et al.,
2011). Collis-George (2012) questions this
procedure since it underestimates or overestimates
pore size, causing an uncertainty in interpreting its
physical indicators.

Pires et al. (2008) studied soil-water
characteristic curves obtained from wetting and
drying cycles and observed an increase in the
number of larger pores (10—500 pm), in addition to
an improvement in the structure with the increase in
the number of these cycles, considering the S index
assessment. Li and Zhang (2009) observed that
wetting and drying processes of soil samples caused
changes in intra-aggregate pores, and a bimodal
porosity structure could occur.

Thus, the hypothesis of this study was that
re-saturation process due to clay loss in the sample
results in changes in SWCC, particularly in the moist
part, inflection point, and pore size distribution in
sandy or sandy clay loam textures. This study aimed
to obtain, for the two textural classes, the SWCC,
S index (DEXTER, 2004), and pore size
distribution from samples submitted to re-saturation
cycles, as well as from not re-saturated samples but
under higher matric potentials (-2, —4, —6, —8, and
—10 kPa) of SWCC.

MATERIAL AND METHODS

For this study, samples from sandy- and
sandy clay loam-textured soils (Table 1) with
disturbed and undisturbed structure were collected
using an Uhland-type sampler in steel volumetric
rings with 0.05 m in height and internal diameter.
The collection was performed in the A (sandy
texture) and Btg (sandy clay loam texture) horizons
of a Argissolo Acizentado (EMBRAPA, 2013) under
spontaneous vegetation located in Pacajus, CE,
Brazil.

Textural class VC C M F VF Total Silt Clay
gke!
Sandy 39 102 421 294 64 920 45 35
Sandy clay loam 21 73 342 197 41 674 73 253

*VC = very coarse (<2.00 to >1.00 mm); C = coarse (<1.00 to >0.50 mm); M = medium (<0.50 to >0.25 mm);
F = fine (<0.25 to >0.10 mm); VF = very fine (<0.10 to >0.053 mm).

After collected, samples were sent to the
Laboratory of Soil Physics of the Federal University
of Ceara (UFC). Disturbed samples were used to
perform analyses of particle size, clay dispersed in
water, and particle density. Undisturbed samples
were used to obtain the density and construct the soil

-water characteristic curve.

Clay was determined by the pipette method,
sand by sieving, and silt by the difference between
clay and sand fractions (GEE; BAUDER, 1986). The
determination of clay dispersed in water followed the
same procedure adopted in the particle size analysis,
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except for not using the chemical dispersant. Sand
was sieved to obtain five sub-fractions: very coarse
sand (<2.00 to >1.00 mm), coarse sand (<1.00 to
>0.50 mm), medium sand (<0.50 to >0.25 mm), fine
sand (<0.25 to >0.10 mm), and very fine sand
(<0.10 to >0.053 mm).

Particle density was determined by the
volumetric flask method (BLAKE; HARTGE,
1986a). Soil density was obtained by the volumetric
ring method, in which soil samples with undisturbed
structure were dried at 105 °C until a constant mass
(BLAKE; HARTGE, 1986b). Knowing the density
of soil and particles, porosity was calculated by
Equation (1):

&)
where a is the porosity (m* m™), 1, is the particle
density (kg m™), and r, is the soil density (kg m™).
Microporosity was determined in a Haines
funnel at a matric potential of —6 kPa until
the water that occupied the macropores was
drained (DANIELSON; SUTHERLAND, 1986).
Macroporosity was determined by the difference
between the total porosity and microporosity.

The SWCC was constructed in two stages.
Stage 1 consisted of points for higher matric
potentials (=2, —4, —6, —8, and —10 kPa) and the use
of Haines funnel. Stage II consisted of points for the
lowest matric potentials (=33, —100, —700, and
—1500 kPa), obtained from a Richards porous plate
extractor (KLUTE, 1986). Saturation moisture, i.e.
the point corresponding to 0 kPa, was considered as
the total porosity (Equation 1). Curve fitting was
performed according to the mathematical model by
van Genuchten (1980):

0=@+——%—ﬂ75
n

[1+ (algn) o
where ¢, and ¢, are, respectively, the contents of
residual and saturation water (m® m™), ¢m is the
matric potential of soil water (—kPa), a is the ¢m
stagger, and m and n are indices related to curve
shape.

The experimental data were adjusted by using
the software Table Curve 2D, trial version 5.01
(SYSTAT SOFTWARE INC, 2014), considering the
variable ¢, as the value corresponding to soil water
content in a matric potential of —1500 kPa, measured
in the laboratory. The adjustment of the parameters
qs, a, m and n followed the Newton-Raphson
iterative method without dependence of m with n
(DOURADO NETO et al., 2001).

Each of the eight samples was used to
construct two soil-water characteristic curves by
means of two methods. The first method consisted of
a single sample saturation, providing the water
contents in the tensions of stage I. In this procedure,

the volumetric ring sample was saturated and placed
in contact with the porous plate of Haines funnel by
applying a slight pressure on the ring to ensure a
perfect contact between the sample and the porous
plate. Matric potential was established according to
the theory described in Céssaro et al. (2008).

In the second method, the sample was always
re-saturated to obtain the water contents in the matric
potentials corresponding to stages I and II. After
each re-saturation, the sample was placed on the
porous plate by applying a slight pressure on the ring
to ensure a perfect hydraulic contact between the
sample and the porous plate. The objective of both
methods was to obtain the two soil-water
characteristic curve (with and without re-saturation
for stage I) and, from them, to quantify the changes
caused by successive cycles of wetting and drying.

After obtaining SWCC and soil density, each
air-dried soil sample was submitted to particle size
analysis and clay dispersed in water in order to
verify whether in the procedure of obtaining the
soil-water characteristic curve there was a loss of
clay.

In order to assess changes at the inflection
point of SWCC, the S index, which is an indicator
that assesses changes in the slope of the tangent line
to this point, was calculated. According to Dexter
and Czyz (2007), from the van Genuchten equation
(1980), the gravimetric water content (w) can be
written as a function of the matric potential, as
Equation (3).

m
w=(ny e i+ @gm) [ o
By means of mathematical modifications of
Equation (3), S index calculation can be simplified.
First, this equation must be derived twice in relation
to the logarithm of the matric potential (In fin) and
when it is equated to zero, the modulus of water
potential (fin;) at the inflection point is obtained as in
Equation (4).

1
o, = 1 {1}
L =—|—
a|lm
“
Thus, the slope of the tangent line to the
inflection point (S index) was calculated in terms of

parameters from the van Genuchten (1980) equation
by Equation (5).

1 —(1+m)
S=-n (Wsat ~ Wees {1 + _:|
(5)

m

After knowing the matric potential of soil
water at the inflection point (fin;, Equation 4),
corresponding to a given value of S, the equivalent
diameter of the drained pore at this matric potential
(fm) can be determined by means of a capillary
equation, simplified by Equation (6). However, a
water temperature of 25 °C and contact angle equal
to zero need to be considered for this calculation.
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0 03

o (©)
where @ is the equivalent pore diameter (cm of water
column) drained to the matric potential fm, in
modulus (cm of water column).

The experimental data were analyzed in a
completely randomized design considering two
methods of SWCC construction (with and without
re-saturation for stage 1) and eight replications. The
Jarque-Bera test was applied to verify data
normality, the F-test for analysis of variance, and the
Tukey’s test for mean comparison, all of them at 5%
significance. Regression and correlation analyses

Table 2. F-test values for the studied variables.

were also performed between the neperian logarithm
of the matric potential from saturation to —10 kPa
(independent variable) and soil water content
(dependent variable).

RESULTS AND DISCUSSION

The analysis of variance and the F-test up to
5% probability level (Table 2) showed that only the
total clay and clay dispersed in water presented
variation between the beginning and the end of the
experiment due to re-saturation cycles due to SWCC
construction.

Variable

Soil textural class

Sandy Sandy clay loam

Total clay (beginning x end of experiment) 32.5503" 11.9211°

Clay dispersed in water (beginning x end of experiment) 9.8076" 157.8467"
6, (saturating x re-saturating the sample) 0.0124™ 0.0000™
o (saturating x re-saturating the sample) 2.4004™ 0.0583™
m (saturating x re-saturating the sample) 0.8589™ 2.1021™
n (saturating x re-saturating the sample) 0.0091™ 0.6014™
S index (saturating x re-saturating) 0.2991™ 0.1443™
¢m; inflexion point (saturating x re-saturating) 0.2514™ 0.0097™
@, inflexion point (saturating x re-saturating) 1.6532™ 0.0088™
w, inflexion point (saturating x re-saturating) 0.6756™ 0.0023™
Coefficient a (linear regression between ¢, and U) 0.7293™ 0.1309™
Coefficient b (linear regression between ¢, and U) 0.0068™ 0.0391™

**Significant at 1% probability; *significant at 5% probability; ™not significant at 5% probability.
qs — volumetric moisture at saturation; o, m, and n — parameters of the van Genuchten equation; fin; — matric
potential at the inflection point; & — pore diameter; w — gravimetric moisture.

As shown in Table 3, a difference was
observed between the initial and final amount of total
clay and dispersed clay in water, which confirms the
hypothesis that there is a clay loss in the sample
re-saturation process.

A loss of 57% in total clay was observed in
samples from the sandy soil during the process of
obtaining the soil-water characteristic curve. In

addition, an increase in clay dispersed in water from
14% at the beginning (5 g kg~' of natural clay to
35 g kg'! of total clay) to 20% at the end of the
process (3 g kg™' of natural clay to 15 g kg™ of total
clay) was observed. This evidences that, in addition
to the clay loss, a dispersion of aggregate material
also occurs, causing the once-flocculated clay to be
free in solution.

Table 3. Contents of total clay and clay dispersed in water with the standard deviations, considering the beginning and the

end of the experiment.

Clay dispersed in water

Textural class Situation Total clay (g kg’ .
Initial 35(1.0)a 515)a
Sandy Final 15 1.8)b 3(£0.6)b
Initial 253 (+18.2)a 48 (£9.5)a
Sandy clay loam .
Final 218 (£264)b 4(x1.8)b

Means followed by the same letter in the column for each soil texture do not differ from each other by the

Tukey’s test at 5% significance.
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For the sandy clay loam-textured soil, 14% of
the total clay was removed from soil sample during
the construction of SWCC. A reduction in clay
dispersed in water from 19% at the beginning
(48 g kg ' of natural clay to 253 g kg ™' of total clay)
to 2% at the end of the process (4 g kg™ of natural
clay to 218 g kg™' of total clay) was observed. This
evidences the removal of practically all clay that was
dispersed in water.

Considering the observations on the contents
of total clay and clay dispersed in water, changes in
soil samples during the procedure of constructing
soil-water characteristic curve are much more
expressive in sandy soils. This is due, in part, to soil
constitution since quartz is the predominant element
in the primary particles. Because quartz does not
present electrical surface charges, the possibility of
clays to flocculate forming stable aggregates is
smaller when compared to a soil that presents
predominance of fraction clay.

In addition, the intrinsic scarcity of
aggregating materials such as clays and oxides,

coupled with high sand values, imply in a weak
structural  stability ~ (TERASSI; SILVEIRA;
BONIFACIL, 2014). Another important aspect is
that a high sand content disfavor the physical
protection of organic matter, impairing aggregate
genesis (SANTOS et al., 2011) whereas clay fraction
favors aggregate formation (SILVA et al., 2014).

Furthermore, soil samples with low stability
aggregate, such as those from the sandy soil, present
a higher amount of natural clay for being more
susceptible to  wetting and drying cycles
(OLIVEIRA; COSTA; SCHAEFER, 2005). That is
the reason why clays are easily mobilized and
removed during soil-water characteristic curve
obtainment for soils that have this texture.

No significant difference was observed
between the parameters of the van Genuchten (1980)
equation (Table 4) obtained from the experimental
data adjustment regarding the construction of SWCC
for both textures and methods (saturation and
re-saturation up to a matric potential of —10 kPa).

Table 4. Parameters of the van Genuchten (1980) equation from saturation to a matric potential of —1500 kPa, considering

the saturation and re-saturation methods of soil samples.

Parameters of the van Genuchten (1980) equation

Soil texture Method
a m n
m'm " kPa '

Sandy Saturatin'g 0.3792 a 0.5606 a 0.3365a 2.3686 a
Re-saturating 0.3784 a 0.4542 a 0.4426 a 24162 a

CV (%) 3.70 27.08 58.77 41.75
Saturating 0.3390 a 0.1654 a 2.4654 a 0.6553 a
Sandy clay loam Re-saturating 0.3390 a 0.1959 a 1.2944 a 0.7581 a

CV (%) 5.79 140.05 85.92 37.52

Means followed by the same letter in the column for each soil texture do not differ from each other by the Tukey’s

test at 5% significance.

The van Genuchten model is the most used to
describe SWCC (DEXTER et al.,, 2008) and its
parameters describe the curve shape (CARDUCCI et
al., 2011). Thus, an SWCC can be considered equal
to another if there is no statistical difference between
the parameters of the van Genuchten equation
(JORGE; CORA; BARBOSA, 2010). Therefore,
soil-water characteristic curves did not lose their
representativeness, regardless of the procedure to
obtain them.

Regarding the linear regression parameters
between the matric potentials of soil water from
saturation to —10 kPa and volumetric water content
(Table 5), a significant effect was observed at 1%
probability level (t-test) for the angular coefficient b
at all assessed situations, evidencing the effect of

matric potentials in soil water content. Similarly, the
high correlation between both variables was also
verified by the t-test at 1% probability level.

On the other hand, no difference was
observed for both linear regression coefficients
(intercept a and angular coefficient b) obtained by
the two procedures at each situation of soil texture,
which allows affirming that the obtainment
procedure does not cause changes in the curve for
the considered range of matric potentials.

The wvariables S index, matric potential,
equivalent pore diameter, and moisture at the
inflection point of SWCC (Table 6), from
saturation to a matric potential of —1500 kPa, did not
differ from each other considering saturation and
re-saturation methods of samples.
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Table 5. Linear regression parameters between soil water tension from saturation to a matric potential of —10 kPa (in
neperian logarithm) and volumetric water content considering the saturation and re-saturation methods of soil samples.

Soil texture Method Linear regression parameter Corre!ation
a b coefficient (r)

Saturating 0.3807 a —0.1286"" a 0.9887"

Sandy Re-saturating 0.3870 a -0.1292" a 0.9978™
CV (%) 10.79 3.85

Saturating 0.3288 a —0.0460"" a 0.96317

Sandy clay loam Re-saturating 0.3322a —0.0476™" a 0.9703™
CV (%) 35.12 5.24

**Significant at 1% probability. Means followed by the same letter in the column for each soil texture do not differ

from each other by the Tukey’s test at 5% probability.

Table 6. S index, matric potential, equivalent pore diameter, and moisture at the inflection point of SWCC from saturation
to a matric potential of —1500 kPa considering saturation and re-saturation methods of soil samples.

Parameters at the inflection point

Soil texture Method S index 7. (kPa) 0 (um) w (ke kg )
Saturating 0.117 a 4.80a 69.31a 0.1095 a
Sandy Re-saturating 0.109 a 5.13a 59.25a 0.1043 a
CV (%) 24.65 27.10 24.34 11.76
Saturating 0.055a 2293 a 15.16 a 0.1170 a
Sandy clay loam Re-saturating 0.058 a 2339a 14.86 a 0.1171 a
CV (%) 21.27 39.98 43.19 4.10

Means followed by the same letter in the column for each soil texture do not differ from each other by the Tukey’s

test at 5% significance.

No difference was observed for S index and
parameters obtained at the inflection point when soil
samples were re-saturated, regardless of its texture,
differently from that reported by Pires et al. (2008).
According to these authors, a soil sample submitted
to wetting and drying cycles generates a curve that
presents an erratic S index distribution for different
soil textural classes. These results are justified by the
greater internal stress of soil sample caused by
wetting and drying cycles since, in that research,
drying occurred until a matric potential of —400 kPa,
which is much higher than the adopted in this study.

According to Dexter and Bird (2001), the
inflection point defines the moisture point
corresponding to the field capacity. In this sense,
matric potential values related to the inflection point
were below the value that is routinely considered for
sandy- (—10 kPa) and clayey-textured soils (—33
kPa). This result points out to the need of
reinterpreting the concept of field capacity: on one
hand, in relation to the values usually referred in the
literature for different soil textures and, on the other
hand, regarding the veracity that occurs around the
inflection point of SWCC given the observed
discrepancy in the cases under analysis.

Figures 1 and 2 show the soil-water
characteristic curves (SWCC) and pore size

distribution curves (PSDC) by tension range
considering the obtaining methods for sandy- and
sandy clay loam-textured soils, respectively.
Visually, soil-water characteristic curves were
similar, justifying the data and discussion presented
previously.

Only the pore size distribution curves
presented variations as a function of the applied
procedures, which explains the advantage of using
this type of curve, in addition to that relating matric
potential and moisture. In the case under analysis,
even SWCC not presenting large differences, the
pore size distribution curve proved to be an auxiliary
tool to detect differences in soil structure.

The fact that soil-water characteristic curves
have not been deferred by both procedures have a
significant practical importance both for their
construction in the laboratory and use to define soil
water management, for instance, in systems that
demand the irrigation technique. Concerning the
laboratory part, the construction time of curves can
be reduced if samples are submitted to only one
saturation until a matric potential of —10 kPa for both
assessed textures. Regarding the application of
curves in soil water management, there is the
certainty to the user that the curve is not different,
regardless of the procedure adopted to obtain it.
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Figure 1. Soil-water characteristic curve (SWCC) and pore size distribution curve (PSDC) for saturation and re-saturation

conditions in sandy-textured soil samples.
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Figure 2. Soil-water characteristic curve (SWCC) and pore size distribution curve (PSDC) for saturation and re-saturation

conditions in sandy clay loam-textured soil samples.

The peak of the pore size distribution curve
by tension range indicates the tension at which the
most frequent pore occurs. In this sense, for sandy
soil (Figure 1) and both construction procedures of
the soil-water characteristic curve, the most frequent
pore occurs around the matric potential of -1.75 kPa,
with an equivalent diameter of 171 um, considering
the capillary equation (LIBARDI, 2012).
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Although the most frequent pore is the same
because it occurs at the same tension for both
situations, pore size distribution is different,
particularly from the matric potential range close to
saturation to approximately -3 kPa. Moreover, when
the procedure occurs by sample re-saturation, an
enlargement of the pore frequency curve in the
matric potential range described above can be
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observed, underestimating the larger pores due to
material consolidation, making evident the change in
porosity when compared to the other procedure.

In relation to pore size distribution by tension
range for sandy clay loam-textured soil (Figure 2),
the curves representing both procedures for
obtaining soil-water characteristic curve show that
the most frequent pore occurs at a matric potential
very close to soil saturation. In this case, because the
value of the parameter » was lower than the unity, a
peak similar to that of Figure 1 was not found for the
sandy-textured soil, making it difficult to define the
most frequent pore. In addition, curves differ little,
only in a narrow range of tensions, which implies a
better structure stability of this soil in water when
compared to the sandy-textured soil.

CONCLUSIONS

The re-saturation process generates clay loss
in the sample but does not cause significant changes
in SWCC, including the wetter part, nor at the
inflection point at both assessed textures.

Soil samples of sandy texture are more
sensitive to changes in pore size distribution when
submitted to re-saturation for constructing soil-water
characteristic curve.
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