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SOIL WATER REGIME BALANCING AT THE SELECTED LOCATION
OF EAST SLOVAKIAN LOWLAND DURING THE VERIFICATION PERIOD

Branislav Kandra, Danka Pavelkova

The individual members of the balance equation were calculated and evaluated, using the mathematical model
GLOBAL, in the selected growing seasons 2004, 2005 and 2015. The analysis was based on the calculated daily values
of infiltration, interception, water flow through the lower boundary of soil profile, evaporation, transpiration and
precipitation. The aim was to quantify the above elements of the water regime in the selected soil profile of Milhostov
and also evaluate the suitability of this model. Verification showed a high level of dependence between calculated and
measured values, which means that the model GLOBAL is an appropriate tool for simulation and balancing of soil water
regime in conditions of the selected locality.
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BILANCOVANIE VODNEHO REZIMU POD NA VYBRANEJ LOKALITE VYCHODOSLOVENSKEJ
NIZINY POCAS VERIFIKACNEHO OBDOBIA. Vo vybranych vegetatnych obdobiach 2004, 2006 a 2015 boli
pomocou matematického modelu GLOBAL vypocitané a hodnotené jednotlivé Eleny bilanénej rovnice. Analyza
vychadzala z vypocitanych dennych hodnét infiltracie, intercepcie, toku vody cez dolnu hranicu pddy, evaporacie,
transpiracie a zrazok. Cielom bolo kvantifikovat' vysSie uvedené zlozky vodného rezimu na vybranom profile
Milhostova a zaroven zhodnotit’ vhodnost’ pouzitia uvedeného modelu. Verifikacia preukéazala vysoka mieru zavislosti
medzi vypocitanymi a meranymi hodnotami, ¢o znamend, ze model GLOBAL je vhodnym nastrojom k simulécii

a bilancii zloziek vodného rezimu pody v podmienkach vybranej lokality.

KIUCOVE SLOVA: vodny rezim pdd, numericka simulacia, bilancovavanie vody v pdde, Vychodoslovenska nizina

Introduction

Water regime of soils can be classified from different
aspects (hydrological, ecological, agronomic, etc.).
Regardless of the manner of classification is the
knowledge and assessment of the water regime
important from the crop production and ecological point
of view. In general, the water regime described through
the dynamics of water in time and space under the
influence of various factors. The main factors that
quantify the soil water regime are the soil water content
and soil water potential (Gombos et al., 2014). Soil
moisture is determined by the volume of water in the
soil at a certain time and place and the water potential
means the energy state of water in the soil. The water
potential along with the saturated and unsaturated
hydraulic conductivity expresses motion properties of

water in the soil. Soil water content is during the
hydrological year under the influence of meteorological
elements, plant cover and groundwater level. Important
time period during the year is the growing season. From
the crop production perspective the plants have different
requirements for water consumption depending on the
type of crops and its growth phase. Soil water content
during the growing season directly affects the
possibility of achieving optimal economic results.
Accordingly, the soil water dynamics evaluation has
two aspects. The first aspect is hydrological and second
agro-climato-hydropedological. Hydrological approach
is based on the evaluation of the water balance
members, which are determined by the phenomena that
influence the soil water dynamics. For evaluating and
balancing the soil water regime it is necessary to know
and quantify its processes. These processes can be
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divided into processes of soil unsaturated zone
interaction with the atmosphere and vegetation cover .
These include water evaporation from the soil, water
transpiration by plants and precipitation. Further, the
interaction processes of soil unsaturated zone with
ground water level, which forms the lower limit. These
include the capillary inflow of water from the ground
water level, or vice versa outflow of water from the soil
aeration zone into ground water level, respectively into
the lower soil horizons. In the slope areas it is necessary
to calculate with hypodermic outflow which is from the
water balance on the lowlands excluded. Soil water
content can be quantified by monitoring of soil moisture
along the vertical direction of soil profile or by
calculation of the individual components of the water
balance. For this, two approaches are used. The first
requires direct measurement of these components on
a particular site. The second is a calculation based on
numerical simulation of soil water regime using
mathematical models. The aim of present paper is to
verify the suitability of a mathematical model for
quantification of selected components of the water
regime and the subsequent balance of water in the soil.
Evaluation is based on the analysis of the daily values of
balance equation members during the verification
period.

Material and methods

For the purpose of soil water regime balancing
aresearch locality, situated near a village of Milhostov
in the TrebiSov town area, was selected. The research
site is managed by the National agricultural and food
center Nitra. The area is divided into individual fields,
where the research center conducts its experiments.
Within the test fields, the research base of UH SAV
Michalovce uses the field no. 9 for the regular data
collection of soil moisture and ground water level.
Furthermore, a hydro-physical characteristics of
collected soil samples were measured in laboratory (Tall
and Gombos, 2013). In terms of soil classification, the
site is characterized by the occurrence of moderate, clay
loam fluvisol. Daily meteorological data are available
from the SHMU station located near the field. Weekly
data monitoring on the locality is performed from the
year of 2000, during growing seasons (April -
September). The time period of growing seasons (2000 -
2015) was selected for numerical simulation of water
regime elements by the mathematical model GLOBAL
(Majercak and Novak, 1994). Verification of the chosen
model consisted of a comparison of the calculated and
measured soil water storage to a depth of 0.8 meters.
Due to the fact, that the model is not primarily intended
for water regime modelling of heavy soils, for which is
typical two domain structure (the soil matrix and the
network of cracks), the model has tended to
underestimate the results compared to measurements.
Therefore, the modelled water storages were calibrated
through the found correlation between the calculated

and measured values. Within the verification process
aregression analysis of results was also performed.
After the model reliability verification followed
a selection of the three growing seasons. The selection
criterion was the average precipitation and average
temperature of the evaluated period. The total rainfall of
the growing season 2006 was near the average value, in
2004 proved to be highly above average and vice versa
in period 2015 as far below average. In terms of
temperature, the selection was located in the reverse
order. The water regime balance in the investigated
period was based on the simple balance equation (1),
(Sttor and Majeréak, 2000).

Wy =Vi+H—-E,—E; (D

where

W,,— water storage change [mm],

V; —water infiltration into the soil [mm],

H —H(+) water capillar inflow, H(-) water drainage
outflow [mm],

E, —evaporation [mm],

E, —transpiration [mm].

The water capillary inflow, respectively water drainage
outflow within the balanced soil profile was in the
model realised through the lower boundary of the
balancing layer. The soil water infiltration includes
rainfall reduced by interception of real crop. Calculation
of the evapotranspiration is based on the Penman
method (1948) developed by Monteith (1965) and
modified by Novak and Hurtalova (1987). In the paper
were analysed daily courses of the individual members
of balance equation during the selected growing
seasons. It is also evaluated daily balance of water
storages in the studied soil profile with respect to crop

types.

Results and discussion
Model verification

For balancing the water in the selected soil profile it was
first necessary to verify the reliability of model
calculations. The GLOBAL verification was based on
an analysis of calculated and measured values of soil
water storages to a depth of 0.8 meter. The figure 1
shows the weekly courses of monitored (M), calculated
(Gp) and calibrated (G) water storages for the entire
verification period. From the value courses it is clear
that the model (Gy) significantly underestimates the real
state of soil water storage. The average deviation of the
model relative to the measurements is 23.46%. The
solution of this problem was the subsequent calibration
of the model output. It was searched a suitable
relationship between the calculated and measured
values. The figure 2 presents the dependence for
calculating of the model calibration indexes. The
subsequent correction of the calculated water storages
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(G) has improved the accuracy up to 5.66% of average
deviation compared to measurements with the same
trend. The using model suitability also shows the
regression analysis (Tab. 1). In most cases, the values of
correlation coefficients between measured and
calculated water storages are highly significant.

Soil water balance

In Fig. 3 are shown daily courses of the individual
members of balance equation for the growing seasons
2004, 2006 and 2015. The rainfall of the growing
season 2004 in the verification period was above
average (458mm) and the air temperature below average
(16°C). During this growing season was recorded
a continuous transpiration, which corresponds with the
clover grass crop occurring the entire season. Here was
the crop impact on the water balance throughout the
period. In the figures 3 are also shown the daily value of
calculated and monitored soil water storages. A daily
water balance in the soil corresponds to a downward
trend in soil water storage. The daily water balance
values are mostly negative. The exception are few days
in August and September. In those days there were high
rainfall with the maximum up to 46 mm. This was
reflected on the infiltration and soil water storage
increase. In those days was water balance positive. The
rainfall (402 mm) and air temperature (17°C) in the
growing season 2006 were on an average due to the
investigated period. Actual crop was the pea with
a length of vegetation cover 71 days (15.5.06 — 24.7.06).
During this period was observed transpiration totals
culminating sometimes in the middle of the period.
Similarly, as in the season 2004, the water storage trend
has decreased and the daily water balance was negative,
which indicated the dominant water outflow from the
balanced soil profile. Significant decrease of the water
storage was in July, when the long periods without
precipitation occurred. On the other way, the soil water
storage increase is visible only in days with high
precipitation sum or greater number of precipitation
days. In extremely dry period 2015 was the precipitation
total 227 mm and average daily air temperature 18 °C.
Real plant was the soybean with plant cover duration
same as for pea 70 days. In analogy with previous
periods prevailed the water outflow from the soil
profile. Water balance was again in positive values and
water storage in the profile had increased. The
maximum rainfall was on 15. June (45 mm). Most
sensitive impact on the rainfall amount was
demonstrated in the processes of evaporation and
transpiration. In Fig.4 are together shown the daily
totals of the precipitation and crop interception. Amount
of retained water through the crop interception
culminates at the time, when the crop is fully developed,
which corresponds with the maximum of leaf area index
(LAI).

Conclusion

Currently, the computational tools in the form of
different models are increasingly used in the assessment
of soil water regime. The mathematical model
GLOBAL is one of those that allow to quantify
individual elements entering the water cycle within the
system of atmosfphere — vegetation cover — soil
unsaturated zone — ground water level. It is also possible
through the model to realize the water balance in the
soil profile with a daily step. The goal of this study was
the verification of the model GLOBAL suitability for its
using during the water balancing of the examined soil
profile in the Milhostov locality. Verification of the
model showed a high correlation between measured and
calculated values of soil water storage. However, in case
of heavier soils such as soil in Milhostov, the model had
tended to underestimate the calculation. This problem
was subsequently eliminated via the correction of the
calculated water storages wusing an appropriate
dependency between modelled and measured values.
Subsequently, the three growing seasons 2004, 2006
and 2015 were selected from the verification period
2000 - 2015. In these periods the daily water balance
and analysis of the balance equation members was done
in the evaluated soil profile. The results indicated that
used model is a suitable simulation tool for soil water
balancing and water regime elements estimation. The
advantage of the model is the possibility to count with a
real vegetation what make the simulation closer to real
conditions.
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BILANCOVANIE VODNEHO REZIMU yép
NA VYBRANEJ LOKALITE VSN POCAS VERIFIKACNEHO OBDOBIA

V stiCasnosti sa pri hodnoteni vodného rezimu pdd coraz
viac vyuzivaju vypoctové nastroje v podobe rdznych
modelov. Matematicky model GLOBAL je jednym
z tych, ktoré umoznuju kvantifikovat’ jednotlivé zlozky
vstupujuce do kolobehu vody v ramci systému A-RK-
NZ-HPV. Zérovent je mozné prostrednictvom modelu
realizovat’ bilanciu vody v pddnom profile s dennym
krokom. Predmetom tejto prace bolo overenie vhodnosti
pouzitia modelu GLOBAL pri bilancovani vody
v skimanom pd&dnom profile Milhostova. Verifikacia
modelu preukazala vysoku zavislost medzi meranymi
a vypocitanymi zasobami vody v pdde. Avsak, v pri-
pade tazsich pdd, akou je aj pdda v Milhostove, méa mo-
del tendenciu vypocet podhodnocovat. Tento problém
bol odstraneny naslednou korekciou vypocitanych zasob
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vody pomocou vhodnej zavislosti medzi modelovanymi
a meranymi hodnotami. Nasledne boli z verifika¢ného
obdobia 2000 — 2015 vybrané 3 vegetacné¢ obdobia
2004, 2006 a 2015. V tychto obdobiach boli pomocou
matematického modelu GLOBAL vypocitané a hod-
notené jednotlivé cleny bilancnej rovnice. Analyza
vychadzala z vypocitanych dennych hodnét infiltracie,
intercepcie porastu, toku vody cez dolnti hranicu pody,
odtoku vody do nizSich vrstiev pddneho profilu,
evaporacie, transpiracie a zrazok. Z vysledkov vyplynu-
lo, Ze pouzity model je vhodnym simula¢nym néstrojom
pre bilancovanie vody v pdéde a odhad jednotlivych
zloziek vodného rezimu. Vyhodou modelu je aj moz-
nost’ poéitat’ s konkrétnym porastom, ¢im sa simulacie
viac priblizuji realnym podmienkam.
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