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Salt accumulation within the root zone significantly effects plant growth and de-
velopment in arid and semi-arid regions. Today, use of low-quality irrigation wa-
ter in agricultural production is increasing rapidly, because of continuous deple-
tion and pollution of water resources. This means more salt transferred to the soil
profile. Itis of great importance to predetermine the effects of irrigation practices
for sustainable crop production. For this purpose, models and tools that can pro-
duce reliable and fast results should be used.

In this study, soil profile salinity was modeled with the HYDRUS-1D software.
In present study, Three different irrigation water salinity levels (S1=0.25 — con-
trol/municipal tap water, S2=1.5, S3=3.0 dS m-1) and 4 different irrigation vol-
umes (leaching ratio) (LR1=10%, LR2=20%, LR3=35%, LR4=50%) were mod-
eled in a randomized plots factorial experimental design with 3 replications. Each
treatment was carried out in individual PVC lysimeters with a length of 115 cm
and a diameter of 40 cm in open-field to determine the efficiency of the model at
different salinity levels and leaching rates. Alfalfa (Medicago sativa L.) was pre-
ferred as a plant due to its economic value, effective root depth and being a per-
ennial plant. During the growing period, a total of 7 irrigations were practiced
and five soil samples were taken from 20, 40, 60, 80 and 100 cm depths at the
last day of each month.

Present findings revealed that values modeled with the HYDRUS-1D software
were sufficient to determine the soil profile salinity. Relative error values (RE)
ranged from 0.048 to 0.307. Increase in salinity and irrigation applications re-
duced the accuracy of the model. However, it can be said that the values produced
by the model were sufficient even under the mentioned conditions. Especially for
academic studies, the HYDRUS-1D software can be used to obtain fast and reli-
able results.

1. Introduction

leaching practices, salinity factors can be removed from
the soil profile. However, determining the salt loads car-

Water is an essential component of agricultural pro-
duction. Today, unconscious use of water resources and
rapid pollution of existing resources resulted in water
deficits and made it difficult to meet the water require-
ments of agricultural crops. To meet this demand, appli-
cations made with low quality irrigation water are in-
creasing day by day.

As it is known, regardless of the water quality, there
is some salt transferred to the soil profile through irriga-
tions. The extent of this salt transfer increases with de-
creasing water quality used in irrigations. As many stud-
ies have shown, increase in salt accumulation in the soil
profile causes yield loss in plant production. As a result
of the continuation of applications with low irrigation
water quality, sustainability of the soil profile for culti-
vation practices may be restricted or even become com-
pletely impossible. With a good drainage system and
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ried by the drainage waters is of vital importance for the
sustainability of the discharged water resources. For a
sustainable agriculture, it is imperative to determine
each parameter of this cycle and to take the necessary
precautions.

Salinity, particularly in arid and semi-arid climates,
is the event that soluble salts that leached and mixed
with groundwater come to the soil surface through
capillary rise together with high ground water table and
salt accumulation over the soil surface and near the
surface through evaporation and separation of water
from the soil (Ergene, 1982; Kwiatowsky, 1998).

Salinity and alkalinity continue to be a problem in
many countries today. A few years after the initiation of
irrigation in different parts of the world, salinity and
alkalinity problems that have never been encountered
before are revealed. In addition, when the necessary
precautions are not taken in areas with salinity and
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alkalinity problems, the spread of these areas increase
and the problem becomes more and more severe (Ozcan
and Cetin, 2000).

As a result of using low-quality water for irrigation,
the balance between plant nutrients in the soil is
disturbed, ions that are toxic to plants accumulate, soils
become saline and/or alkaline (Burton and Hook, 1979;
Kirkham, 1986). As a result, irrigation with low
irrigation water quality increases salinity in irrigated
agricultural areas and causes a decrease in crop
production and also causes deterioration of the soil
profile (Maas and Hoffman, 1977; Ben-Hur et al., 1998).

Water, which creates drainage problems in the soil,
also creates the problem of salinity and alkalinity.
Depending on the degree of salinity, plants cannot grow
in these soils or only plants that can live in saline soils
can develop (Oguzer, 1995; Feng et al., 2003).

There is a dynamic equilibrium between the cations
in the soil solution and the cations in the adsorption
complex and the dissolved and precipitated salts. Soil
salt levels exhibit great temporal and spatial variations.
Such a variation manifests itself with differentiations in
salt content in horizontal and vertical positions
(Schofield and Kirkby, 2003; Cullu et al., 2002).

Mathematical simulation models that take into
account various soil, climate and plant factors are seen
as useful tools to determine the most appropriate
management practices for saline conditions (Ramos et
al., 2011; Rasouli et al., 2012). In the last few years,
various analytical and numerical models have been
developed to predict water and solute transfer between
the soil surface and groundwater.

The HYDRUS-1D (Simtinek et al., 2008) software
package is one of the software developed to simulate
water movement and solute transfer and has a
widespread use all over the world.

In this study, mathematical models were used to
determine the soil profile salinity. Determining the
change in soil profile salinity after agricultural
applications means pre-determining the necessary
precautions to be taken in order to maintain soil and
vegetative production. For this purpose, mathematical
models yield fast results. In this study, suitability of the
HYDRUS-1D software was assessed.

2. Materials and Methods
The HYDRUS-1D software was used to model the

soil profile salinity. In present study, 3 different irriga-
tion water salinity levels (S1=0.25 — control/municipal

tap water, S2=1.5, S3=3.0 dS m-1) and 4 different irri-
gation volumes (leaching ratio) (LR1=10%, LR2= 20%,
LR3=35%, LR4=50%) were modeled in a randomized
plots factorial experimental design with 3 replications.
Each treatment was carried out in individual PVVC lysim-
eters with a length of 115 cm and a diameter of 40 cm in
open field. Lysimeters were placed on wooden grids
placed on the soil and plastic containers were placed un-
der them to collect drainage water. In order to increase
the drainage efficiency, the lower parts of the lysimeters
were filled with approximately 5 cm of gravel. After
each irrigation, the drainage waters were taken immedi-
ately, and care was taken to avoid capillary rise. As a
plant to be grown, clover was preferred because it has a
long effective root depth and is a perennial plant.

Experimental soils have sandy-clay-loam (SCL) tex-
ture with a sand content of 58%, silt content of 21% and
clay content of 21%. The soil and irrigation water prop-
erties used as input to the model are given in Table 1.
Meteorological data, which is another input of the
model, were taken from the 9th Regional Directorate
Station of the General Directorate of Meteorology, Min-
istry of Environment, Urbanization and Climate
Change.

During the growing season, irrigations were initiated
on 14" of June. Subsequent irrigations were respectively
practiced on 2™ of July, 20" of July, 9" of August, 26
of August, 8" of September and 27" of September (a to-
tal of 7 irrigations). Soil samples were taken in May as
to represent the initial soil and a total of 5 soil samples
were taken in the last days of the following months. Soil
samples were taken from the depths of 20, 40, 60, 80 and
100 cm. The soil samples taken were air-dried and 1:2.5
saturation extract was obtained. Total salinity (EC) of
the resultant saturation extracts was determined with an
electrical conductivity instrument (Y'SI 3000) at 25°C in
accordance with the principles stated in Anonymous
(1954).

Soil salinity values obtained as a result of the ana-
lyzes were compared with the model values using “mean
absolute error” (MAE), “root mean square error”
(RMSE) and “relative error” (RE) statistics. These equa-
tions are given below;

MAE = ~31,|0; — P €)
> (0 - P)?
RMSE = ==~ ~ 2
o— )
_ RMSE 3
B Obsgyg ®
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Table 1

Soil and irrigation water characteristics used as model input

Soil and irrigation water ion content used in the model (mmolc L)

EC (dS

pH ) Alk. Nat* K* Ca®* Mg¥*  HCOs SO.% cr Tracer
Soil 7,02 0,81 4,60 1,48 0,28 49 2,27 4,6 3,05 1,28 0
Irr. Water (S1) 7,08 0,25 1,60 0,45 0,07 0,73 1,22 1,55 0,31 0,62 0
Irr. Water (S2) 6,97 1,56 1,90 2,47 051 104 2,8 5,66 1,16 9,57 0
Irr. Water (S3) 6,86 3,06 1,90 369 076 21,17 542 10,47 3,05 17,19 0
Physical and chemical soil characteristics (initial conditions)
Sand (%) Clay (%) Silt (%) Texture Bulk density (gcm®)  SAR (mmol LH)05
58 21 21 SCL 1,31 0,78
Soil hydraulic parameters Exc. cations, mmol() Kg*
Ks (cm day™) a N O  6s Ca?*  Mg* Na* K* CEC  (mmolgKg?)
31,44 0.059 1,48 0,00 0,39 12585 41,35 4,85 4,00 177,15

where, Oi is the observed data; Pi is the data obtained
as a result of the model; N is the number of observations;
Obsavyg is the average of the observed values.

It is generally expected to find as RMSE > MAE.
The small difference between the RMSE and MAE in-
dicates the compatibility of the observation results with
the predicted results (Legates and McCabe, 1999;
Table 2
Statistical analysis results

Kobayashi and Salam, 2000). RE can be used to deter-
mine the accuracy of RMSE values. If the RE value is
less than 10%, the model produced excellent results; be-
tween 10 - 20%, the model produced good results, and
between 20 - 30%, the model produced poor results. If
the RE value is more than 30%, the model produced
poor results (Loague and Green, 1991).

May June July August September

MAE RMSE RE MAE RMSE RE MAE RMSE RE MAE RMSE RE MAE RMSE RE
Monthly 0,04 005 013 0,24 0,33 0,20 0,26 0,34 017 0,22 030 016 0,19 0,27 013
S1LR1 0,02 0,03 011 0,03 0,04 0,14 0,03 0,04 0,12 0,03 0,04 014 0,02 0,03 0,08
S1LR2 0,02 0,04 013 0,03 0,05 0,16 0,03 0,04 0,16 0,02 0,02 008 0,03 0,04 0,10
SI1LR3 0,01 0,02 006 0,04 0,04 0,15 0,02 0,02 0,07 0,03 0,04 015 0,02 0,02 0,07
S1LR4 0,05 0,08 025 0,02 0,03 0,09 0,01 0,02 0,07 0,01 0,01 005 0,03 0,04 012
S2LR1 0,04 005 014 0,38 0,47 0,30 0,34 0,44 0,17 0,22 028 012 0,37 0,46 0,19
S2LR2 0,02 0,02 006 031 0,38 021 0,37 0,43 017 0,34 042 021 0,22 0,35 017
S2LR3 0,04 0,06 0116 0,30 0,36 020 041 0,49 0,28 0,43 050 027 0,25 0,34 019
S2LR4 0,04 005 015 0,27 0,34 019 042 0,48 0,26 0,37 043 031 0,29 0,33 0,22
S3LR1 0,07 008 019 0,36 0,49 019 045 0,53 0,14 041 048 013 0,28 042 0,0
S3LR2 0,02 0,02 005 0,33 0,46 0,17 0,33 0,47 0,13 0,38 045 013 0,23 0,28 0,07
S3LR3 0,04 0,05 013 0,50 0,60 0,20 043 0,51 0,16 0,28 033 010 0,24 0,36 0,09
S3LR4 0,05 0,07 0,15 0,31 0,38 0,12 0,24 0,36 0,10 0,18 0,22 0,07 0,24 0,33 0,11

3. Results and Discussion

The simulation of the solute movement within the
soil profile was made for the dates between 1 May and
30 September with the HYDRUS-1D mathematical
model. Soil salinities between these dates were simu-
lated by the model and these values were compared with
the salinity values calculated for the soil samples taken
in monthly periods. Model and monthly measurement

values were compared based on salinity and leaching
treatments and the relations between them were exam-
ined by using the statistics given in Equations 1, 2 and 3
(Yurtseven et al., 2013). Statistical results are given in
Table 2. The graphs of the models and measurement val-
ues based on salinity and leaching treatments are given
in Figure 1-5. The graph created with the average of the
salinity treatments of the model and measurement values
to observe the change of soil profile salinity during the
growing period is given in Figure 6.
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Figure 1

Change in salinity of soil profile in May based on salinity and leaching treatments



286
Avci and Yurtsever / Selcuk J Agr Food Sci, (2022) 36 (2): 282-291

EC (dSm™1)

0 0,1 0,2 0,3 0,4 0,5
—@— S1LF1 Obs.

0
—@— S1LF2 Obs.
20 —@— S1LF3 Obs.
E 40 S1LF4 Obs.
(9]
< <o i+ SILF1 Sim.
o 60
a - -m-- S1LF2 Sim.
S 80 coofiee+ SILF3 Sim.
100 ---4-++ S1LF4 Sim.
120
EC (dSm?)
0 0,5 1 1,5 2 2,5 3
0 —@— S2LF1 Obs.
—@— S2LF2 Obs.
2
0 —@— S2LF3 Obs.
€ 40 S2LF4 Obs.
(8]
< <o d+++ S2LF1 Sim.
o 60
a - -~ S2LF2 Sim.
5 80 << 4+++ S2LF3 Sim.
100 << 4-++ S2LF4 Sim.
120
0 1 6
0 —@— S3LF1 Obs.
—@— S3LF2 Obs.
20 —@— S3LF3 Obs.
S 40 S3LF4 Obs.
o
< -4+ S3LF1 Sim.
o 60
a - -m-- S3LF2 Sim.
S 80 +oo4+++ S3LF3 Sim.
100 -4+ S3LF4 Sim.
120
Figure 2

Change in salinity of soil profile in June based on salinity and leaching treatments
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Change in salinity of soil profile in July based on salinity and leaching treatments
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Change in salinity of soil profile in August based on salinity and leaching treatments
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Change in salinity of soil profile in September based on salinity and leaching treatments
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Variation of salinity treatments with the growing period
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MAE values varied between 0.074 - 0.497, RMSE
values between 0.085 - 0.600 and RE values between
0.221 - 0.307. When the statistical analysis results for
the values produced and measured by the model inde-
pendent of salinity and leaching treatments were ana-
lyzed on a monthly basis, it was seen that the lowest val-
ues were obtained in May. It was observed that the high-
est MAE, RMSE and RE values were obtained espe-
cially in the months when the irrigation applications in-
creased. Increased RE values indicate that the accuracy
of the model decreased. Increasing irrigation applica-
tions decreased the accuracy of the values produced by
the model. However, statistical analysis results showed
that the present model yielded good outcomes even in
the months with intensive irrigation practices.

When the graphs obtained according to salinity treat-
ments were examined, it was seen that the values pro-
duced by the model were higher for almost every salinity
treatment. On the other hand, it was seen that the trend
of change in soil salinity during the growing period was
predicted in a similar way by the model. When the sta-
tistical analysis results were examined, it was seen that
MAE, RMSE and RE values were the lowest in T1 treat-
ments, which has the lowest salinity. This is an indica-
tion that the values produced by the model yielded better
results in irrigation applications where salinity values
were low.

4, Conclusion

Present findings revealed that the HYDRUS -1D soft-
ware was suitable for modeling soil profile salinity.
However, it was observed that the accuracy of the model
decreased with increasing irrigation applications and sa-
linity levels of the irrigation water. However, even in
these cases, the model results obtained were found to be
statistically appropriate. It can be said that the HYDRUS
model will be very useful to use in laboratory and field
experiments to determine soil profile salinity. However,
it would be appropriate to use it to predict the soil profile
salinity after agricultural production and to take the nec-
essary precautions. The software is offered to research-
ers free of charge and that makes the software as the
most widely used one among the modeling programs in
which soil water movement and mineral substance
transport is carried out.
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