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Abstract

Modern lysimeter facilities in connection with meteorological stations allow monitoring and evaluation of mutual basic
components of the environment, such as water, air, soil and vegetation. Water is the most important component of the
ecosystem and the component which connects all the other components. Therefore, we need to know the basic
distribution and water balance in the different components of the environment to be able to interpret some processes in
nature. Rainfall, which is the primary source of vital processes in the soil, is formed in the air. The amount of
precipitation that gets into the soil and into the groundwater is affected by weather conditions. Primary distribution of
rainwater is divided between infiltration, surface runoff, transpiration and evapotranspiration. The amount of water
infiltrated into the soil and then evaporated by solar activity or activities of plants can be identified primarily by
monitoring changes in weight. For this monitoring we use weighable lysimeter. This equipment with the monolith size of
surface area 1 m? and the depth of 1.5 m is able to follow online updates of weight of the 2 ton body with an accuracy of
100 g. When we add to quantification of leakages through the bottom layer, we obtain a comprehensive record of
rainfall at the time in the natural environment of the individual components. The obtained data can be further
interpreted in terms of the needs of hydrology, agriculture, and environmental studies, and according to the purpose
and objectives for which we want to use them.

Keywords: agriculture; complex study of ecosystems; environmental monitoring; hydrology; lysimeter research;
modern field technologies in ecology; water distribution and balance.

1. Introduction about the modern lysimeter technique and its
application possibilities in assessment of the state of

In countries of Western Europe and especially in . X AT
environment via participation in ecosystem research.

Germany, there was a lot of money invested into
development of lysimeter research. It is almost not 2. Analysis of research and puplications
possible to compare current lysimeters and those,
which were manufactured in previous century.

Based on principles of modern technologies,
materials and computer science the new Hi-tech
equipment were developed. Nowadays the lysimeter
research expands as interesting and progressive
method for complex study of ecosystems in their
natural conditions. Aim of this article is to inform

Lysimeters have been used for nearly three centuries
to study water percolation through soil. Today,
lysimeter experiments are most commonly used for
scientific studies of the fate and movement of water,
gases, pesticides, nutrients, tracers, trace elements,
heavy metals, metalloids, radionuclides, viruses or
bacteria [3].
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It belongs to the direct methods to measure water
and solute fluxes in soil. The design (required
surface and length) depends mainly on the scientific
guestion, the nature of vessel filling (disturbed or
undisturbed), the lower boundary, and the location
of installation [5]. Small scale heterogeneity of a site
will be averaged using a larger base area of the
lysimeter. Furthermore, lysimeters with vegetation
should represent the natural crop inventory and the
maximal root penetration depth should be taken into
account [10]. Except for the generation of well
defined recurrences of the same soil conditions, it is
recommended to fill the lysimeter vessel
monolithically. A large weighable lysimeter is the
best method to obtain reliable data about quantity
and quality of the seepage water, but this requires
significant investment and additional expenses for
facility maintenance [11].

Thus, lysimeters not only function as in situ
water and solute quality assessing tools, but are of
significant importance in a variety of fields such as
agricultural management, including meteorology,
agronomy, agriculture, ecosystems and environment,
applied geochemistry, environmental pollution,
environmental radioactivity, forest ecology and
management, forest meteorology, hydrology, soil
and tillage research, biochemistry  waste
management and water quality management [4].

3. Technology description

First of all, in compare to the previous years, there is
a significant difference in proportions of lysimeter
vessel. Nowadays, the representative lysimeter can
be characterised by diameter of 1.1 m and depth of
1.5 m. Over the years, the research has shown that
for the precise imitation of natural soil conditions it
is necessary to have sufficient volume of soil and
surface area. Thus, it can cover all of the non-
standard soil structures and in homogeneities, as
they commonly occur in the nature. The largest soil
monolith is the ideal way. But this idea has its
technical and economical limitations. So that the
mentioned proportions represent the compromise
between the requirements of research and
economical capacity [1].

Lysimeter experiments are mostly used for
scientific studies of the fate and movement of water,
pesticides, salts/nutrients, tracers, trace elements and
heavy metals.

Lysimeters have been used to study water
percolation through and evaporation from soil and

waste, and more recently to evaluate solute transport
models and monitor the fate and mobility of
contaminants.

Second requirement asks the undisturbed soil
monolith even in the bigger sizes. In the past this
was not possible, but current technology allows it.
Patented excavated technology has been developed
in Germany.

Third and the most important requirement of
research it the ability to weigh the soil monolith with
sufficient accuracy. It is the must for the soil water
balance. But for a long time this was not possible
from the point of view of engineering and
technologies. Today the lysimeters are able to weigh
the soil monolith with weight of 2-5 tons and the
accuracy of this process is 100 grams. Sensitivity
like this allows to detect precipitation in amount of
0.01 mm per 1m% Which means even the dew can be
detected and considered into the total water balance.
Fig. 1 depicts a scheme example of modern
lysimeter station with two soil monoliths [2].

Lysimeter station is designed as a sealed
container which is made of PE-HD material with the
layer structure. It is absolutely resistant to water. In
this kind of container there are dry conditions for
work and good access to measuring devices as well.
It also allows simple and effective installation of the
whole station into open field. Container consists of
working shaft for operators and the installation
shafts for one to four soil monoliths [6].

Soil monoliths are installed onto precise
weighing system, which is connected to data-logger
and display for quick visualisation of current
monolith weigh [10].

Monolith is equipped with various probes to
determine the soil temperature, soil moisture content
and soil conductivity as well as tensiometers and
sampling probes to obtain the soil solution from
different layers. The sampled solution can be
connected to analytical devices to get the continual
data about the target nutrient or contaminant content.

Bottom of lysimeter vessel is filled with gravel of
different size to create the drainage layer. Amount of
percolate water throughout this layer is exactly
determined by the tipping counter. It is also possible
to sample it for the quality analysis. Surface run off
can be captured in a collar on the top of lysimeter
and recorded by tipping counter. This set up enable
to obtain complete data set about the water balance
and water distribution in system based on the change
of monolith weigh (AW) [11]. More details and the
formula for this process are visible in Fig. 1.
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Waterbalance:

Precipitation P(t)
AW(t) = P(t) - ET(t) - S(t) - R(t) i

Evapotranspiration ET(t)
........

$ Seepage Water
= 8

Fig. 1. Lysimeter station scheme

Lysimeter can be equipped with the control
system of lower boundary conditions. It helps to
keep the stabile level of saturated layer at the bottom
of lysimeter and in the same time it imitates the
natural moisture and pressure conditions according
to the real parameters of reference soil. This system
can be replaced by the system of artificial regulation
of water level in saturated zone [9].

The same temperature gradient in monolith and
surrounding soil is provided by the heat exchanger
circle. Water is the medium which transfers the heat
and balances the temperature in both parts of system.

It is forced by pump to circulate between the
monolith drainage layer and surrounding soil.

Meteorology station is usually a common part of
lysimeter station. It records weather parameters and
it allows to study the relationships between the
climate and the target system.

Fig. 2. Lysimeter soil retriever

To cover the complete biological research
approach it is eligible to add plant physiology
measurements. Water transpiration, photosynthesis
rate, plant biomass increment, root development,
leaf area and similar measurements contribute to
complex monitoring of the whole system of soil-
plant-atmosphere. Different crops can be involved
into lysimeter studies - grasslands, agricultural
crops, including fruit and vegetable, even the trees.
Another research approach is the study of dissolved
substances in soil water, their space and time
distribution in ecosystem. They can be the important
plant nutrients but the contaminants as well [4].

During the preparatory phase of lysimeter station
establishment, it is important to obtain the
undisturbed soil monolith. It has to be settled into
lysimeter vessel without the preferential ways for the
seepage water percolation into the drainage layer —
especially near the vessel walls.

A tripod frame is used for this operation (Fig. 2).
It brings the lysimeter vessel into a vertical position
and stabilises it during the cutting process to prevent
the axis deflection. At the bottom of vessel a rotary
cutting tool is attached. Its function is to carve out
the soil and prepare the space for the wvessel. It
rotates around the rim of vessel to leave excess of 2-
4 cm. Own weight of vessel pushes it down to
penetrate into carved soil with no extra pressure on
soil core edges and no risk that there is a space
between the monolith and vessel wall. Once the
depth of soil monolith is reached, it is cut by the
cutting plate and hydraulic pushing device. Then
lysimeter vessel including the soil monolith is lifted
out of the excavation pit for the next processing and
instrumentation (Fig. 3).
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4. Data acquisition and processing

Lysimeter station generates a large dataset
continuously ~ which requires well developed
information technology infrastructure to process it.
Data collection can be set up at various time
interval. It depends on the research aim. In
hydrology research the time interval can be very
short (1-5 minutes) but in field of agriculture it can
be longer. Raw data are collected into data-loggers
and some of them are processed there. The main
data-logger is responsible for the dataset
transmission into central server. Next data flow can
be managed according to the special requirements of
researchers. Lysimeter stations are installed very
often in open field or terrain conditions with no
electricity and internet connection. So that the
energy supply can be realized either by solar panels
or by electrical network [5]. Data transmission can
be also managed in two different ways. Stabile
internet connection can be replaced by radio or GSM
signal. Fig. 4 interprets the scheme of data flow in
lysimeter station in Borovce in Slovakia. Data is
stored in the main database on central server. Using
the Internet network, data is sent to a user’s
computer and they are available anytime in the form
of database files, but also visualized in the form of
graphs. At the same time the data is controlled by
the staff of developer. Via remote access the staff is
able to adjust the system configuration or to carry
out the necessary corrections of device set up, to
eliminate a technical failure or software conflicts

[8].
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Fig. 4. Data flow in lysimeter station (Borovce, Slovakia)

Depending on the size of complete primary
dataset, data are processed by Lysidata or Svadss
software. These two software are developed to data
visualisation. They allow to create graphs for quick
and better overview of investigated situations or
target sensors. Visualisation is a tool for detailed
image of various parameters of ecosystem to better

interpretation of relationships amongst them. Time
period and selection of sensors is the basic function.
User can adjust the range of parameters, colour or
type of graphs. Then, it is possible to export chosen
data into another software for the next processing
(e.g. MS Office - Excel). Access to data is treated by
administrator based on the user access rights.
Standard part of software is the facility control
system and error notification in case of some
technical problems [11].

Fig. 5 shows an example of data visualisation.
Precipitation, solar radiation and monolith weight
can be mentioned as some of the basic parameters,
which can contribute to evapotranspiration
explanation and water balance respectively. Their
progress in chosen time period is depicted in Fig. 5.
Significant response of monolith weight (green line)
regarding the solar radiation (red line) and
precipitation (blue line) is visible on graph [3ret].

In recent years the new applications have been
developed and introduced to the practice. They
allow data monitoring and data visualisation via
remote access by smartphones and similar devices.

Lysimeter Station Borovce
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Lysimeter Station Borovce
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Fig. 5. An example of data visualisation
by Lysidata software

5. Lysimeter applications.

If there is a lysimeter well equipped by mentioned
technologies, one can think about the research aims.
Based on them, the suitable measuring devices are
chosen and installed on the basic lysimeter vessel to
get the required data. Nowadays, following research
areas use the lysimeters:

e Agriculture. Impact of soil management and
crops cultivation on soil quality and water
balance can be investigated. Irrigation
management as well as the fertilisation and
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doses of chemicals can be well optimised by
lysimeter data.

e Environment. Nowadays, the big attention is
paid to issues of air and soil contamination and
their influence on the quality of environment.
Especially the interaction of these two
contamination  vectors with  water and
consequent contaminant percolation into the
ground water as well as uptake by plants can be
monitored by lysimeters in natural conditions.
Concurrently it is possible to study these
processes with regard to the weather conditions.
It was found out that the modelling of soil
contaminants transport in laboratory conditions
has shown significant differences in comparison
to the fate of contaminants in real natural
conditions. From this point of view the lysimeter
has important status in science [7].

e Hydrology. Determination of evapotrans-
piration, evaporation and water distribution by
lysimeters in different soil types or ecosystems
is performed exactly. Influence of weather on
these processes is automatically included.
Modelling of influence of groundwater table on
capillary rise is also possible. Monitoring of soil
water movement in saturated and unsaturated
zone can be studied. It is often said, that these
research tasks can be mathematically modeled
and calculated. But it is often forgotten, that
every mathematical model is as exact as its input
data are. The results are reliable only if they are
validated by experimental measurements in
natural conditions. Lysimeter can be directly
used for the results validation.

e Climate change. Scientists and public are
involved into discussions focused on climate
change and its impact on future life quality via
agricultural productivity and water balance in
ecosystems. Lysimeter in relation to the
meteorological data provides the complex image
of current state of ecosystem and it is suitable
for long-term observations and data evaluation.
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CyuacHi Ji3UMETPUYHI 00'€KTH Yy 3B'SI3Ky 3 METCOPOJOTIYHUMH CTaHI[ISIMH O3BOJISIIOTH 3[IMCHIOBATH KOHTPOJb Ta
OLIIHKY €KOCHCTEMHO TIOB'SI3aHUX OCHOBHHMX KOMIIOHEHTIB JIOBKIJUIS, TAKMX SK BOJAA, MOBITPS, IPYHT 1 POCIHHHICTB.
Bona € Hali0inbII Ba)KIIMBUM KOMITOHEHTOM E€KOCHCTEMH Ta €JIEMEHTOM, KW IMOE€JHYE BCl iHII KOMIOHEHTH. Tomy
HEOOXigHEe 3HAHHSA MIOJ0 OCHOBHOTO PO3IOAUTY 1 BOJHOTO OanxaHCy y PpI3HMX KOMIIOHEHTaX MOBKULIA, MO0
IHTEpIpeTyBaTH Ipouecu B npuponi. KinbkicTs omazis, M0 € OCHOBHUM JDKEPENIOM XXUTTEBO BaKIMBUX IPOLECIB Y
IpyHTi, PpopMyeTscs B mOBiITpi. KibKICTh OMamiB, IO MOTpAIUIIE€ B IPYHT i TPYHTOBI BOJM, 3aJICKUTH Bill TIOTOIHHUX
yMoB. [lepBUHHUI PO3MTOILT AOMIOBOI BOJAYM AUTHTHECS MK iH(IIBTPAIi€l0, MOBEPXHEBUM CTOKOM, TPAHCIIPAII€l0 Ta
eBaroTpaHcmiparieto. KinpKicTs BoaM, 0 MPOHHUKAE B IPYHT, a IIOTIM BHIIAPOBYETHCS 332 PAXyHOK COHSYHOI aKTHBHOCTI
a00 JisJIBHOCTI POCIWH, MOXKHa BHM3HAUWTH, Yy MEpUIy Yepry, IUIIXOM MOHITOpDUHrY 3MiH y Basi. [lyis nporo
MOHITOPUHTY MM BUKOPHCTOBYEMO BaroMuii jizumetp. Lle o06naqHaHHs po3MipoM 3 MOHOJIT, IUIONIA HOBEPXHI SKOTO 1
M2 i mOuHa 1,5 M, 31aTHE CTEKHUTH B OHJIAHH PEKKUMI 32 OHOBJICHHSIM Bard Macu B 2 TOHH 3 TouHIicTIO 10 100 r. Komu
MU JI0I2€EMO JI0 KUIBKICHOT OLIHKH (INBTPaT HIKHBOTO IIapy, MM OTPUMYEMO TOBHOILIHHUIA OOJIIK OnajaiB B JOBKLLTI
II0/I0 OKPeMHUX KOMIOHEHTiB. OTpHMaHi JlaHi MOXKHa IHTEPIIPETYBaTH 3 TOYKH 30pY MOTped TiApoJaorii, CLILCHKOTrO
TOCIIO/IapCTBa, TOBKIJUISA Ta BJIIOBIAHO 10 LiseH i 3aBAaHb, AT IKUX MU XOYEMO iX BUKOPHCTOBYBATH.
KuarouoBi cioBa: Timpolnoris, JTi3UMETpHUYHE MOCHIIKEHHS, KOMIUICKCHE BHBUCHHS CKOCHCTEM, PO3MOILT i OamaHC
BOJIY, CYJacHi IOJIbOBI TEXHOJIOTII B €KOJIOTIi, CIIbChKE TOCIOaPCTBO, MOHITOPHUHT HABKOJIMITHHOTO CEPEIOBHUIIA.
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CoBpeMeHHbIE JTM3UMETPUUYECKUE OOBEKThI B KOMIUIEKCE C METEOPOJOTHUYECKUMU CTaHIUSAMH  TO3BOJISIOT
OCYIIECTBJISITH KOHTPOJIb U OLIEHKY OCHOBHBIX KOMIIOHEHTOB OKpY>KaroIlel cpejbl, TAKMX KaK BOJia, BO3/yX, MIOYBA U
pactutenbHOCTh. Bona siBisieTcst HanboJiee BayKHBIM 3JIEMEHTOM HKOCHCTEMBI M 3JIEMEHTOM, KOTOPBIM COEJMHSIET BCE
JIpyrue KOMMIOHEHTHL. [lodToMy, MBI JODKHBI 3HaTh OCHOBHOE paclpejefieHHe W BOJHBIA OajaHc B pa3IUYHBIX
KOMITOHEHTaX OKpYXKalolel cpeapl, 4ToObl YyMETh WHTEPIPETHPOBATH 000 mporecc B mpupoze. KommuecTBo
0CaJIKOB, KOTOPOE SIBIISIETCS OCHOBHBIM UCTOYHHKOM >KH3HEHHO Ba)KHBIX MPOIIECCOB B TIOYBE, (HOPMUPYETCSI B BO3IIyXE.
KonnuecTBo ocaakoB, KOTOpoe MOMaAaeT B MOYBY M FPYHTOBBIE BOJbI, 3aBUCUT OT MOTOJAHBIX ycioBuid. IlepBuuHOE
pacrpeneneHue TOKACBOH BOJBI ACTHTCA MEXKIY HWH(HMIbTpalued, MOBEPXHOCTHBIM CTOKOM, TPaHCIUpAIUeH W
sBarnoTpaHcnupauueid. KonnyecTBO BOJbI, NMPOHUKAIOIIEE B IMOYBY, a IMOTOM HCHApsIOUlee 3a CYET COJHEYHOU
AKTUBHOCTH WJIM AESTEIbHOCTH PACTEHUI MOXKHO ONPENENINTh, B MIEPBYIO OUYepEb, IyTEM MOHUTOPUHIA U3MEHEHUN B
Bece. s 3TOrO MOHUTOPHHTAa MBI HCIOJB3yeM BECOMBIA JIM3HUMETpP. DTO OOOpPYIOBAaHHE pPa3MEpPOM C MOHOJHT,
IUTOIIAAb MIOBEPXHOCTH KOTOporo | M2 u riryOuHa 1,5 M, CIIOCOOHO CIIEINTh B OHJIAWH peXHMe 32 0OHOBICHHEM MacChl
BecoM B 2 TOHHBI ¢ TouyHOCTHIO 10 100 r. Korma mMer 106aBiisieM K KOJTUYECTBEHHOH OIEHKE (DUIBTPAT HIKHETO CIIOS,
MbI TOJy4YaeM MOJHOIIEHHBIM ydeT OCaJKOB B TO K€ BpPEMS B Cpe/€ C OTAENbHbIMU KOMIOHEHTamu. [lonmyueHHbIe
JIAHHBIE MOYKHO WHTEPIIPETHPOBATH B TEPMHUHAX C TOUYKH 3pEHUS TOTPEOHOCTEH THIPOJIOTHH, CEIBCKOTO XO3SHCTBA,
OKpY>Karollei cpesibl U B COOTBETCTBUU C LEJSIMU U 3aJla4yaMU, AJIsI KOTOPBIX Mbl XOTUM HX MCIOJIb30BaTh.
KurwueBble cj0Ba: TUIPOJIOTHS, JIM3UMETPUYECKHUE HCCIEOBAHUSA, KOMIUIEKCHOE M3YyUYEHHE OJKOCHCTEM,
pacnpeneneHre u OalaHC BOJbI, COBPEMEHHBIEC TOJIEBbIE TEXHOJOTHH B OKOJIOTHH, CEIHCKOE XO3HCTBO, MOHUTOPUHT
OKpYXKatouiei cpeabl.
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