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Abstract 
Soil water retention curve (SWRC) becomes important because it guides when and how much to irrigate, 
optimizing the use of water; can be obtained in the field or laboratory, being commonly determined in the 
laboratory with porous plate apparatus, and the determination is compromised by issues such as time and labor. 
In this context, inverse modeling emerges, which allows to obtain a variable going from the effect to the cause, 
using Hydrus-1D. Hence, this study aims to obtain van Genuchten equation parameters through inverse 
modeling with Hydrus-1D and make the respective comparisons and inferences. Matric potential data were 
obtained over time in an instantaneous profile-type experiment. Six sets of three tensiometers each were installed 
surrounding the center of the experimental plot, at depths of 0.20, 0.35 and 0.50 m. Target depth was 0.35 m, 
where the roots of most crops are concentrated, and the other tensiometers were used to obtain the potential 
gradient. Matric potential data were used to feed Hydrus-1D and obtain the van Genuchten equation parameters. 
Laboratory curves were obtained using porous plate apparatus, with four replicates. It was concluded that, in 
general, the Hydrus-1D model estimates van Genuchten equation parameters and, consequently, the SWCC of an 
Argissolo more consistently with field conditions than those obtained in the laboratory; and, provided it is fed 
with field data, the Hydrus-1D simulates well the behavior of matric potential and moisture over time, reducing 
the time and labor in the procedures to obtain van Genuchten equation parameters in the laboratory. 

Keywords: instantaneous profile, methodology in soil, soil-water characteristic curve 

1. Introduction 
Knowledge on soil physical attributes, like hydraulic properties, is important for the agricultural sustainability, 
guiding strategies that lead to maximum crop yield (Imhoff et al., 2016). In this context, the soil water retention 
curve (SWRC), given by the relationship between water content and the matric potential with which water is 
retained in the soil—allows to monitor soil moisture and, therefore, define when and how much to irrigate 
(Lucas et al., 2011). 

SWRC can be obtained through various methods, in the field and laboratory. However, it is usually determined 
under laboratory conditions using the porous plate apparatus, proposed by Richards and Fireman (1943), in 
which the water content retained in the sample under the applied pressure originates the curve (Menezes et al., 
2018). SWRC shape is commonly described by an empirical equation and the model of van Genuchten (1980), 
with five parameters, is the most used for this purpose, because it fits to a wide variety of soils (Xiang-Wei et al., 
2010). 

Obtaining soil hydraulic parameters, such as SWRC, either in the field or laboratory, is often demanding, in both 
time and labor, which makes such determination unviable in some cases (Singh et al., 2010). In this context, 
inverse modeling emerges, which is nothing more than obtaining certain variable through the solution of an 
inverse mathematical problem. In other words, it is possible to mathematically obtaining unmeasurable 
parameters of a system from mensurable ones since they have a physical relationship (Hasanoğlu & Romanov, 
2017).  



jas.ccsenet.

The Hydru
hydraulic 
inverse pro
which are 

Given the 
processes, 
consistentl
of the proc
inverse pro

2. Materia
2.1 Field a
Field wor
experimen
profile exp
during the
described h

 

 

The instan
carried out
a plastic ca
center of th
the effectiv
data relativ

The tensio
internal di
sensitivity

 

org 

us-1D model, 
parameters, s
oblems. The u
the basis for th

above, this st
simulates van

ly with the fie
cedure. Hence
oblem using H

al and Method
and Laboratory
rk was carried
nt was installed
periment was 
e drainage pro
hereinafter. 

Figure 1.

ntaneous profil
t in a circular p
anvas to allow
he experiment
ve depth of the
ve to the poten

ometers (Figur
ameter), used 

y to the variatio

whose 4.17 v
such as hydrau
user must enter
he simulation. 

tudy considere
n Genuchten e
eld conditions 
, this study aim

Hydrus-1D and

ds 
ry Work 
d out in a A
d, specifically 
selected becau
ocess, a param

 Instantaneous

le-type experim
plot with diam

w vertical water
tal plot, at dept
e root system o
ntial gradient to

e 2) were mad
to build the m

ons in soil wate

Journal of A

version is sign
ulic conductiv
r the evolution

ed the hypothe
equation param
than those obt
med to obtain 

d in the laborato

Argissolo Ama
 at UTM coor
use this test al
meter that ser

s profile Hydra

ment followed
meter of 3.0 m a

r flow. Six sets
ths of 0.20, 0.3
of most cultiva
o solve the equ

de of rigid PVC
mercury manom

er content.  

Agricultural Sci

103 

ned by Šimůne
vity and varia
n of soil moistu

esis that the H
meters and, co
tained in the l
van Genuchte
ory, and make 

arelo (EMBRA
rdinates 95860
llows to moni
rved as basis 

aulics Sector—

d the methodo
and depth of 0
s with three te
35 and 0.50 m
ated species. T
uation of Richa

C pipe, with p
meter. Mercury

ience

ek et al. (2013
ables of the v
ure or matric p

Hydrus-1D mo
onsequently, th
aboratory, bes

en equation par
the respective

APA, 2013), 
090 N and 546
tor the variati
for the inver

—UFC (Fortale

ology proposed
0.60 m. The ex
nsiometers eac

m. Target depth
The other tensio
ards (1931). 

orous ceramic
y manometers w

3), is widely u
van Genuchten
potential over 

del, for being 
he SWRC of 
sides reducing 
rameters of an
e comparisons 

where an ins
6494 L (Figure
on of soil wat
rse modeling 

eza, Ceará, Bra

d by Hillel et 
xperimental plo
ch were install

h in the present
ometers were n

c cups and nylo
were used beca

Vol. 10, No. 3;

used to obtain
n model, base
time as input 

 based on phy
an Argissolo 
the time and 

n Argissolo thr
and inferences

stantaneous pr
e 1). Instantan
ter matric pote
using Hydrus

 

azil) 

al. (1972) and
ot was delimite
led surroundin
t study was 0.3
necessary to o

on tubing (0.00
ause of their h

2018 

n soil 
d on 
data, 

ysical 
more 
labor 

rough 
s. 

rofile 
neous 
ential 
s-1D, 

d was 
ed by 

ng the 
35 m, 
btain 

02-m 
igher 



jas.ccsenet.

Figure 

 

After insta
canvas to 
redistribut
After read
this point o

Tensiomet
using Equa

where, hHg
installation

Disturbed 
(Table 1),
density (B
retention c

 

Table 1. S

Layers

0.0-0.2

0.28-0.

0.43-0.

Source: Ad

 

SWRCs w
as equal to

where, α is

org 

2. Representat

alling the tensi
avoid any wat
tion in the pro
ding the tensiom
on, the reading

ter readings w
ation (1) 

g is Hg column
n depth of the 

soil samples 
 with clay co

Blake & Hartge
curve (SWRC)

and, silt and cl

s (m) 

28 

.43 

.60 

dapted from Fr

were determine
o soil porosity, 

s soil porosity 

tion of the sch

iometers, the p
ter flow throug
ofile was cons
meters at t = 0
gs were taken e

were converted

n height (m), h
tensiometer’s 

were also co
ontent determin
e, 1986a). Add
) (Klute, 1986)

lay fractions, t

Sand 

----------------

873 

843 

585 

reire (2016). 

ed in a total of
obtained by E

(m3 m-3) and ρ

Journal of A

eme of installa

plot was wetted
gh the surface,
idered as the 

0, during the fi
every 24 hours

d to matric potϕm = 

hc is Hg level h
porous cup cen

ollected to cha
ned through t
ditionally, und
) and soil bulk 

textural class a

Silt 

----- g kg-1 ------

40 

75 

75 

f four replicate
Equation (2), 

α

ρs and ρp are so

Agricultural Sci

104 

ation and use o

d to guarantee
, either evapor
instant at whi

irst 24 hours, t
s, until drainag

tential (ϕm, m

-12.6hHg + hc

height in the c
nter (m). 

aracterize the 
the pipette me
disturbed samp
density (Blake

and soil bulk d

Clay 

----------------

87 

82 

340 

es. In the proce

α	=	1 – 
ρs
ρp

   

oil bulk and pa

ience

of the tensiome

e soil saturation
ration or infiltr
ich the water 
the readings w
ge virtually cea

m), in order to 

c + z       

container in rel

soil regarding
ethod (Gee & 
ples were colle
e & Hartge, 19

density in the p

Textural class 

Sand 

Loamy sand 

Sandy clay loam

edure, saturati

          

article densitie

 

eter. Legend: s

n and then cov
ration. Time ze
depth drained

were taken ever
ased. 

monitor its v

            

lation to soil s

g its granulom
 Bauder, 1986
ected to determ
986b).  

profile layers 

 Soil b

-------

1730 

1703 

m 1581 

on water conte

            

s (kg m-3), resp

Vol. 10, No. 3;

see Equation (

vered with a pl
ero (t = 0) of w

d from soil sur
ry two hours. F

variation over 

           

surface (m), z i

metric compos
6), and its pa
mine the soil w

bulk density 

--- kg m³ --------

ent was consid

            

pectively. 

2018 

1) 

lastic 
water 
rface. 
From 

time, 

 (1) 

is the 

sition 
rticle 
water 

dered 

 (2) 



jas.ccsenet.

At low-ten
equilibrium
equilibrium
proposed b

where,  c
contents (m
parameters
2D, trial v
method, w

Soil moist
and on soi

2.2 Inverse
In the vers
m; 0.28-0.
installation
matric pot

 

Figure 

 

In addition
each, whi
considered
for each de

At 0.35 m 
were optim

2.3 Data A
The param
obtained in
matric pot
by Studen
with the av

In addition
compare f
efficiency 
(5),  

org 

nsion points o
m between app
m was obtaine
by van Genuch

corresponds to
m3 m-3), ϕm i
s of the model
version 5.01 (S

with dependenc

ture curve in th
l-water charac

e Modeling wi
sion 4.17 of H
43 m and 0.43
n depths (0.20
ential variation

3. Soil profile

n, the softwar
ch are the re
d as zero flow 
epth and replic

depth, target o
mized and, sub

Analysis 
meters of the va
n the laborator
tential data ov
nt’s t-test for tw
verage curves 

n, fitted curves
field curves wi

coefficient € 

of the SWRC 
plied tension 
ed in Richard
hten (1980), Eq

o soil water co
s soil water m
l related to the
SYSTAT, 2014
ce between m a

he field was ob
cteristic curve d

ith Hydrus-1D 
ydrus 1-D (Šim

3-0.60 m) with
0 m; 0.35 m an
n over time, fr

e division into 

re requires the
eferences on w
on soil surface

cate, was set w

of the present 
bsequently, the 

an Genuchten 
ry, in four rep
er time. Data 
wo independen
of laboratory a

s of matric pot
ith those simu
(Nash & Sutc

Journal of A

(0.2; 0.4; 0.6
and soil water

ds’ porous pla
quation (3), 

 = 

ontent (m3 m-3

matric potentia
e shape of the
4). Empirical 
and n.  

btained based 
determined in 

můnek et al., 2
h 25 nodes and
nd 0.50 m) (F

rom 0 to 330 h

layers and nod
inverse m

e initial, maxim
which the ent
e and free drai

with values as c

study, the para
parameter m w

(1980) model 
licates, agains
normality was
nt samples, bo
and the one sim

tential versus t
ulated by Hydr
cliffe, 1970), E

Agricultural Sci

105 

6; 0.8 and 1 m
r content; for 

ate apparatus. 

r + 
s – r

[1 + (|ϕm|n)

3), r and s a
al (m),  is a 
 curve. The da
parameters w

on matric pot
the laboratory

2013), the soil
d three points o
Figure 3). Itera
. 

des, and alloca
modeling proce

mum and min
tire inverse m
inage at 0.60 m
close as possib

ameters θr, θs,
was obtained b

for the 0.35 m
st the six curve
s verified by th
oth at 0.05 sig
mulated by Hy

time and soil m
rus-1D. Hydru
Equation (4) a

ience

m), Haines’ fu
the other poin
Data were fi

]
m          

are, respective
scaling factor

ata were fitted
ere fitted usin

tentials measur
y (m field-labo

l profile was d
of observation 
ations were pe

ation of observ
dure 

nimum values 
modeling is ba
m depth. Initial
ble to zero repr

α and n of the
based on n (m =

m depth were co
es obtained thr
he Jarque-Bera
gnificance leve
ydrus-1D. 

moisture versu
us-1D performa
and root-mean

funnel was use
nts (3.3; 10; 7
tted to the m

            

ely, residual an
r of ϕm (-1/ϕm
d using the sof
ng the Newton

red with tensio
oratory curve).

divided into thr
corresponding

erformed by e

 

vation points co

of soil hydrau
ased. Boundar
l matric potent
resenting satur

e model of van
= 1 – 1/n). 

ompared consi
rough inverse 
a test and mea
el. Graphs wer

us times were 
ance was eval

n-square error 

Vol. 10, No. 3;

ed to establish
70 and 150 m)

mathematical m

            

nd saturation w
m), m and n a
ftware Table C
n-Raphson iter

ometers in the 
 

ree layers (0.0
g to the tensiom
entering the da

onsidered in th

ulic parameter
ry conditions 
tial of the estim

rated soil. 

n Genuchten (1

idering the SW
modeling base
ans were comp
re also constru

also construct
luated based o
(RMSE), Equ

2018 

h the 
), the 

model 

 (3) 

water 
re fit 

Curve 
rative 

field 

-0.28 
meter 
ata of 

he 

rs for 
were 
mate, 

1980) 

WRCs 
ed on 
pared 
ucted 

ed to 
n the 

uation 



jas.ccsenet.

where, Oi 
Pi to matri
values obt
m field-la

For Macha
the fit of 
greater sim
the numeri

3. Results
Matric pot
Figure 4. I
time, give
simulated 

 

F

 

Root-mean
data obser
over time 
redistribut
indicating 
Regarding
prediction 
similarity b

Figure 5 
simulation
performan
was very l

 

org 

corresponds to
ic potential da
tained in the fi
aboratory curve

ado et al. (200
hydrological m

milarity betwee
ical results, ex

 and Discussi
tential variatio
Inverse modeli
en the low RM
data.  

Figure 4. Matri

n-square error 
rved in the fie

and was pro
tion occurred 

the robustne
g the Nash-Sut

power of hyd
between field-

shows soil m
n of matric p
nce, since the N
ow, 0.01 m3 m

o matric poten
ata obtained th
eld. The same 
e and through 

03), the Nash-
models. This i
en data sets (A

xhibiting the va

on 
on over time ob
ing showed sa
MSE and E v

ic potential ove

(RMSE) clos
eld (Peters et 
ogressively be

in the soil up
ss of inverse 
tcliffe efficien
drological mod
-measured data

moisture over t
potential evolu
Nash-Sutcliffe

m-3, indicating t

Journal of A

E = 1 

RMSE =

ntial data obtain
hrough modelin

procedure wa
inverse model

Sutcliffe effici
index may va

ASCE, 1993). R
alue of error in

btained in the 
atisfactory perf
value close to

er time in the f

e to zero indic
al., 2014). In 
tter towards s
p to field cap
modeling in 

ncy coefficient 
dels (Machado
a and data fitte

time, obtained
ution over tim
e efficiency co
that Hydrus-1D

Agricultural Sci

106 

– 
∑ (Oi – Pi)

2n
i=1∑ (Oi – O)

2n
i=1

= 
∑ (Oi – Pi)

2n
i=1

n – 1

ned in the field
ng; n is the nu

as adopted to c
ling.  

iency coefficie
ary from negat
RMSE, on the

n the same unit

field and simu
formance in th
o one, evidenc

field and throu

cates small err
this experime

soil saturation
pacity, the me
the prediction
(E), one of th

o et al., 2003)
ed by inverse m

d in the field 
me, the soluti
oefficient (E) w
D was efficien

ience

          

2

          

d through the i
umber of obse

compare soil m

ent (E) is one 
tive infinite to
e other hand, is
t as the analyz

ulated through 
he prediction o
cing good agr

ugh inverse mo

ror between da
ent, Hydrus-1D
n. Despite the
ean error in t
n of soil wat
he important s
), the obtained
modeling. 

and simulate
ion through i
was equal to 

nt in the estima

           

            

instantaneous 
ervations and 

moisture curves

of the most e
o 1, and the u
s used to expr
ed variable. 

inverse mode
of soil water m
reement betw

odeling with H

ata simulated 
D overestimate
e increase in t
this observatio
ter energy in 
statistical crite

d value, 0.73, 

ed by inverse 
inverse model
0.77. On the o

ation of soil mo

Vol. 10, No. 3;

            

            

profile method
O the mean o
s over time thr

fficient to eva
unit value indi
ess the accura

ling is present
matric potential 
ween measured

 

Hydrus-1D 

by Hydrus-1D
ed matric pote
the error as w
on range was 
the wettest ra

eria to evaluat
demonstrates 

modeling. A
ling showed 
other hand, R
oisture over tim

2018 

 (4) 

 (5) 

d and 
of the 
ough 

aluate 
cates 
cy of 

ed in 
over 

d and 

D and 
ential 
water 

low, 
ange. 
e the 
good 

s the 
good 
MSE 
me. 



jas.ccsenet.

Figure 

 

Although t
redistribut
modeling 
saturation 
greater dif
combined 

Although 
obtained u
to the diff
became ve
eliminates
demands m

Table 2 sh
significanc
modeling 
determinat

 

Table 2. M
with Hydru

θs (m
3 m

Lab 

0.357 

14.008*

Note. Lab:
tabulated t

 

It is impor
mathemati
equal whe
claimed th
Hydrus-1D
tools in irr

Regarding
higher tha

org 

5. Soil moistu

the differences
tion in the soi
protocol was 
is usually ach

fference betwe
with the soil-w

the soil-water
using Hydrus-1
ference of ma
ery similar in b
 the procedur

much more tim

hows the mean
ce level, consi
in the field w
tion methods. 

Means of van G
us-1D in the fi

m-3) 

Hydrus 

0.305 

* 

: Laboratory; H
t at 0.05 signif

rtant to point o
ical aspect, Jo
en their parame
hat the curves
D. Such claim 
rigation manag

g the parameter
an that obtain

ure over time th

s were small, s
il and higher v

used. As wil
hieved in the l
een both proto
water character

r characteristic
1D based on fi
atric potentials
both methods. 
e of soil samp

me in comparis

ns of van Gen
idering soil-w

with Hydrus-1D
 

Genuchten equ
field, compared

 θr (m
3 m-3) 

Lab Hy

0.079 0.1

 9.913* 

Hydrus: Hydru
ficance level = 

out that two cur
orge et al. (201
eters are not d
 obtained in t
is important f

gement, guide t

r θs, which in 
ned through in

Journal of A

hrough m fiel

soil moisture w
value from thi
ll be discusse
laboratory—w

ocols in the est
ristic curve ob

c curve determ
ield data, as wi
s by both pro
However, inv

plings and SW
on to the insta

nuchten (1980
water character
D. The five m

uation paramet
d by Student’s 

α (m

ydrus Lab

150 11.3

7.16

us-1D; * signif
2.306.  

rves may be st
10) report that
different, whic
the laboratory 
from the pract
the decision-m

the laboratory
nverse solutio

Agricultural Sci

107 

d-laboratory c

was estimated 
is point on to
ed hereinafter,

which will hard
timation of to

btained in the la

mined in the la
ill be demonst
cedures (Figu

verse modeling
WRC determin
antaneous profi

0) equation par
ristic curves ob

model paramete

ters, obtained i
t-test at 0.05 s

m-1) 

Hydrus

98 5.062 

64* 

ficant differenc

tatistically equ
t two soil-wat

ch was not obs
differ from t

tical point of v
making differen

y corresponded
on. This occur

ience

urve and inver

with lower va
 the end of th
, given the bo
dly be observe
tal soil porosi
aboratory. 

aboratory was 
trated hereinaft
ure 4), so that 
g becomes muc
nation based o
file-type experi

rameters comp
btained in the
ers significantl

in the laborato
significance le

n 
Lab H

1.338 1

2.627* 

ce by Student’

ual even if their
ter characterist
served in the s
those obtained
view, because 
ntly with respe

d to total soil p
rs because un

rse modeling w

alue in the first
he experiment
oundary condi
ed in the field
ity when field 

significantly 
fter, a compens

soil moisture
ch more advan

on them in the
iment in the fie

pared by Stud
e laboratory an
ly differed bet

ory and through
vel 

 m 
Hydrus La

1.827 0.2

 3.2

s t-test at 0.05

r parameters a
tic curves may

studied case. T
d through inve
both curves, f

ect to soil wate

porosity, the m
ndisturbed sam

Vol. 10, No. 3;

 

with Hydrus-1D

t 70 hours of w
, when the inv
itions, soil sa

d. This explain
matric potent

different from
sation occurred
e curves over 
ntageous becau
e laboratory, w
eld. 

dent’s t-test at 
nd through inv
tween both SW

h inverse mod

ab Hydrus

252 0.435 

240* 

5 significance l

re different. O
y be considere

Therefore, it ca
erse modeling 
for being impo
er management

mean value fou
mples, used in

2018 

D 

water 
verse 
mple 

ns the 
ial is 

m that 
d due 
time 

use it 
which 

0.05 
verse 
WRC 

eling 

level; 

n the 
ed as 
an be 
with 

ortant 
t. 

und is 
n the 



jas.ccsenet.

analytical 
explains th

Such asser
from 70 t
expected t
field. Henc
correspond

Still regar
hydraulic 
essentially
laboratory
the soil sa
selecting t
laboratory
situation in

The mean
obtained in
h drainage
Hence, it 
hydraulic b
studies, in
how the H

The empir
cavitates, 
Hence, it c
than that s
associated
soil-water 

Figure 6 s
Hydrus-1D
obtained t
conditions
field capa
laboratory

 

Figure 6. S

 

org 

procedure in t
he lower value

rtion is corrob
to 90% of the
to show lower 
ce, according 
ds to moisture 

rding the diffe
attributes are 

y differ from 
y are more dire
ample, which 
the appropriat

y methods, the
n the field.  

n value of the 
n the laborator
e period, until 
is supposed t
behavior of th
cluding with o

Hydrus-1D mod

rical paramete
showed lower
can be inferred
showed by the

d with pore-siz
characteristic 

shows soil-wat
D. As previou
through invers
s. Therefore, it
acity, is the on
y with boundary

Soil water rete

the laboratory
e obtained throu

borated by Ghi
e total porosit
value—but the
to the inverse 
content of 0.3

erence in the v
obtained in s
the boundary

ect and usually
has to adequ

te sample size
e practicality 

parameter θr 
ry. It should be
the soil achie

that, since dat
e dry soil, whi

other instrumen
del behaves wi

r α, which rep
r mean value w
d the model pr
e laboratory α
ze distribution
curves obtaine

ter characteris
sly explained,
se modeling, 
t is reasonable
ne that actual
y condition co

ention curves o

Journal of A

, in general, ar
ugh inverse m

iberto (1999), 
ty calculated. 
e most faithful
modeling wit

305 m³ m-³. 

values of satur
soil samples b
y conditions 
y easier than th
uately represen
e must assum
without losin

obtained with
e highlighted t
eved the field 
ta from wet s
ich is evidence
nts, should use
ith respect to th

presents the in
when obtained
redicts that, in
α. The parame
n—also differ 
ed in the labor

stic curves obt
, lower moistu
reinforcing th

e that the curv
ly represents 

ompletely diffe

obtained in the 

Agricultural Sci

108 

re saturated—
modeling. 

who found sa
Therefore, th

l to the actual 
th Hydrus-1D,

ration, Basile 
by imposing a
of field expe
hose in the fie
nt the heterog

me, in the per
ng focus on s

h Hydrus-1D 
that the model
capacity cond

soil was provi
ed by the high 
e data collecte
he parameter θ
nverse of the m
d with Hydrus
n the soil, such
eters n and m,
between both 

ratory and thro

tained in the l
ure content at 
he claim that 
ve simulated b
the soil in th

erent from the 

laboratory and
the field 

ience

—a situation har

aturation moist
his parameter 
situation of m
 only 85% of 

et al. (2003) r
a stationary st
eriments. Alth
eld, their valid
geneity of the
rspective of a
ample represe

was overestim
l was provided
dition (insignif
ided, the mod
content of res

ed in a wider r
θr. 

matric potenti
s-1D compared
h phenomenon
, related to the

methods, evi
ough inverse m

laboratory and
saturation wa
pore saturati

by Hydrus-1D
he field, and n
field situation.

d through inve

rdly achieved 

ture contents i
optimized usi

maximum moist
soil pores wer

report that in 
tate or transito
hough the me
dity must be re
e studied med
a comparison 
entativeness w

mated in comp
d with data obt
ficant ∂θ/∂t, ≤ 
del had difficu
sidual moisture
range of time, 

ial at which th
d with the lab

n occurs at low
e shape of the
dencing the d

modeling with H

d through inve
as observed in 
ion is not ach

D, particularly 
not the curve 
. 

erse modeling 

Vol. 10, No. 3;

in the field, w

in the field ran
ing field data
ture obtained i
re saturated, w

the laboratory
ory conditions
easurements in
elated to the si
dium. In this 
between field

with respect to

parison to the
tained during a
0,001 m3 m-3

ulty estimating
e. Therefore, f
in order to obs

he largest soil 
boratory proce
wer matric pote
e curve—for b

divergence betw
Hydrus-1D. 

erse modeling 
the average c

hieved under 
from saturatio
determined in

 

with Hydrus-1

2018 

which 

nging 
was 

in the 
which 

y soil 
s that 
n the 
ze of 
case, 

d and 
o the 

e one 
a 330 
 d-1). 
g the 
future 
serve 

pore 
dure. 
ential 
being 
ween 

with 
curve 
field 

on to 
n the 

1D in 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 3; 2018 

109 

In experiment to verify differences in hydraulic attributes in SWCC and in laboratory, Basile et al. (2003) found 
that, for all studied cases, there was discrepancy between water contents at ϕm = 0 obtained in the field and 
laboratory, and water retention values were always higher for laboratory curves in the interval between ϕm = 0 
and ϕm = 1 m. For these authors, higher water contents at ϕm = 0 for soil samples in cylinders must be attributed 
to the easy air displacement through the sample under laboratory condition.  

According to Figure 6, the differences between the curves are not limited to the wettest portion; the driest portion 
is also visibly different, especially due to the trend of the inverse model, as previously stated, to overestimate 
moisture contents in comparison to the laboratory procedure. In this case, for the textural class loamy sand, in 
which residual moisture content must be low, Hydrus-1D was clearly not efficient to simulate soil moisture at 
lower matric potentials, probably because the input data were limited to the wet part of the soil. 

Considering the results observed in the present study, it is worth pointing out the perception of researchers on 
field and laboratory methods to estimate soil hydraulic attributes. It is true that many papers in the past were 
dedicated to the discussion on the validity of soil hydraulic properties obtained in the laboratory for the inference 
on the hydrological behavior in the field and, as a result, less expensive and less time-consuming techniques 
have been researched (Basile et al., 2003). However, it is important to highlight that these protocols are not 
always guaranteed to reliably reproduce what occurs in the field, which explains the stimulus to other 
approaches—for instance, inverse modeling—in the attempt at better perception on the actual soil hydraulic 
attributes.  

4. Conclusions 
In general, the Hydrus-1D model estimates van Genuchten equation parameters and, consequently, the soil-water 
characteristic curve of an Argissolo more consistently with the field conditions than those obtained in the 
laboratory. 

Hydrus-1D simulates well the behavior of matric potential and soil moisture over time, reducing the time and 
labor of the procedure to obtain van Genuchten equation parameters in the laboratory. 
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