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) SIMULACIA TRANSPORTU CHLORIDOV
Z0 ZAVLAHOVEJ VODY INFILTRACIOU DO PODNEHO PROFILU

Anezka Celkova

Pritomnost’ alebo akumulacia nadmerného mnozstva rozpustenych soli v podnej korenovej zone a ich negativny vplyv
na rast a produktivitu plodin je vSeobecny problém, zvlast v suchych a polosuchych regionoch. Latky rozpustené
v zavlahovej vode rozlicnym spdsobom ovplyviiuju rast a vyvoj rastlin, vlastnosti pody (fyzikalne, chemické,
mikrobiologické) a stupeti ich vplyvu zavisi od koncentracie, spdsobu zavlazovania, mnozstva zdvlahovej vody a od
zavlazovanej pody. Niektoré idny v zavlahovych vodach alebo v hnojivach mézu byt pre rastliny v nadmernom
mnozstve obzvlast toxické. Tyka sa to najmé sodika, chloridov a boru. Cielom prace bolo pomocou numerického
modelu HYDRUS 1D analyzovat' pripad jednorozmerného transportu a akumulédcie chloridovych iénov v dvoch
pddnych profiloch aluvialnych kvartérnych sedimentov na Podunajskej rovine — oblast Cenkovskej nivy, vplyvom
infiltracie mineralizovanej zavlahovej vody do podpovrchového pérovitého prostredia. Za modelovi pol'nohospodarsku
plodinu bola vytypovana kukurica na silaz. Modelované bolo vegetacné obdobie roku 1993. Simulaciou boli ziskané
koncentraéné profily chloridovych iénov v pddnych profiloch a priebeh koncentracie chloridov v koretiovej zéne
pddneho profilu po aplikacii troch davok vysoko mineralizovanej zavlahovej vody. Maximalna koncentracia CIl°
v koreniovej zone v obidvoch pddnych profiloch dosiahla pocas vegetacného obdobia pomerne vysoku troven (0,438 mg
em’, resp. 0,615 mg cm” CI), Go st nevhodné podmienky na pestovanie plodin citlivejsich na obsah chloridov.

KLCUCOVE SLOVA: pddny profil, transport chloridov, zavlahova voda, numericka simulacia, HYDRUS 1D

SIMULATION OF CHLORIDE TRANSPORT FROM IRRIGATION WATER BY INFILTRATION INTO
SOIL PROFILE. The presence or accumulation of excessive amounts of dissolved salts in the soil root zone and their
negative impact on crops productivity is a general problem especially in arid and semi-arid regions. Dissolved
substances in irrigation water in different ways affect the soil properties (physical, chemical, microbiological), the
growth and development of plants. The degree of their influence depends on their concentration, on the method of
irrigation, amount of irrigation water and on the irrigated land. Some of ions in irrigation water or in fertilizers in
excessive quantities may be very toxic for plants. This applies especially to sodium, chloride and boron. The aim of this
article was by means of numerical model HYDRUS 1D to analyse the one-dimensional transport and accumulation of
chloride ions into characteristic alluvium quaternary sediment profiles of Danube Lowlands, by infiltration of highly
mineralized irrigation water. A dry year from the meteorology and hydrology point of view was chosen for simulation.
The concentration profiles of chloride ions in two soil profiles, and the courses of chloride concentration in root zone in
the soil profiles after application of three doses of highly mineralized irrigation water were obtained. The maximum
values of CI” concentration in the root zone in both soil profiles reached relatively high values during the vegetation
period (0.438 mg cm™ or 0.615 mg cm™ of CI ions), which are inappropriate conditions for growing crops more
sensitive to chloride content.

KEY WORDS: soil profile, transport of chloride, irrigation water, numerical simulations, HYDRUS 1D

Uvod

Specifickych podmienok. Tieto zahffiajii toleranciu
plodin na soli, ro6zne fyzikalne a chemické vlastnosti

Vhodnost’ vody na zavlahy ale aj na umelu infiltriciu =~ p6dy, manazment zavlahovych a infiltranych sposobov
v obdobi sucha zavisi od toho, ako sa d4 voda vyuzit za  a klimatické podmienky uzemia. Aplikdciou vhodnych
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schém vodného manazmentu méze byt uc¢inne kontrolo-
vana podna salinita, avSak vzhl'adom k nedostatku kva-
litnej zavlahovej vody je t'azké zabranit’ jej zvySovaniu.
Vysoka turoven salinity v pddnej korenovej zéne ma
vSeobecne §kodlivé ucinky na rast a produktivitu rastlin,
¢o sa prejavuje redukciou rychlosti transpiracie a rastu.
Tento vplyv sa vztahuje k celkovej koncentracii elektro-
lytu v korefiovej zéne a je vacsinou nezavisly od zloze-
nia pddneho roztoku. AvSak niektoré iony v zdvlaho-
vych vodach alebo v hnojivich mézu byt pre rastliny
v nadmernom mnozstve obzvlast' toxické. Tyka sa to
najmé boru, sodika a chloridov (Ayers, Westcot, 1985;
Maas, Hoffman, 1977, Xu, et al.,, 1999; Shannon,
Grieve, 1999; Komosa, Gorniak, 2015; Geilfus, 2018).
Pri objasniovani procesov salinizacie pdd a pre vytyce-
nie stratégie pre jej kontrolu, ma ddleziti ulohu nume-
rické modelovanie. Numerické modely su po kalibrécii
prostrednictvom nameranych udajov aplikovatelné na
velkych tizemiach a s vyuzitelné pri tvorbe scenarov
kontroly salinity pody pre dané klimatické pomery
a sposoby obhospodarovania pddy. Za tymto ucelom
bolo vyvinutych viacero modelov, pomocou ktorych je
mozné simulovat’ jedno-, dvoj- alebo troj-rozmerné
transportné procesy v nenasytenej a nasytenej zone
pody, napriklad HYDRUS-1D a HYDRUS 2D/3D
(Simimek, et al., 2008; Vogel, et al., 1996).

Cielom prace bolo pomocou numerického modelu
HYDRUS-1D analyzovat’ pripad jednorozmerného tran-
sportu a akumulacie chloridovych iénov v korenove;j
zone v dvoch pddnych profiloch aluvidlnych kvartér-
nych sedimentov na Podunajskej rovine - oblast’ Cen-
kovskej nivy, vplyvom infiltracie vysoko mineralizo-
vanej zavlahovej vody do podpovrchového poérovitého
prostredia.

Material a metody

Na numerickt simulaciu transportu a akumulacie chlori-
dov v dvoch pddnych profiloch bol pouzity numericky
model HYDRUS 1D. Je to model kone¢nych prvkov na
simulaciu jednorozmerného pohybu vody, tepla aroz-
pustenych latok v nenasytenom — nasytenom prostredi.
Program numericky rie$i Richardsovu rovnicu pre nasy-
tené — nenasytené prudenie vody a Fickove advektivno
— disperzné rovnice pre transport latok (Simtinek, et al.,
2008). Rovnica prudenia obsahuje termin prepadu na
objasnenie adsorpcie vody korenmi rastlin. Hydraulické
vlastnosti nenasytenej pddy su opisané van Genuchteno-
vym (1980), Brooks a Coreym (1966) a modifikovanym
van Genuchtenovym (1987) typom analytickych fun-
kcii. Rast koreniov je simulovany pomocou logistickej
rastovej funkcie. ZjednoduSend verzia advektivno-
disperznej rovnice opisuje transport latok v porovitom
prostredi s uvdzenim ich adsorpcie na pddnych casti-
ciach (Nikodem, et al., 2010):

20c | Spus _ 2 (gp2¢) _ e
at + at oz 6D az az (1

kde

¢ —koncentracia rozpustenej latky v kvapalnej
ML,

s —koncentracia rozpustenej latky v tuhej faze
M M']

6 —objemova vihkost pody [L* L],

g —objemova hustota toku [L T],

Pa —objemova hmotnost’ pody [M L],
D —disperzny koeficient [L* T™].

Rovnica transportu rozpustenych latok uvazuje s advek-
tivno-disperznym transportom v tekutej faze a difuziu
v plynnej faze. Disperzny koeficient obsahuje vyraz,
ktory vyjadruje vplyv molekularnej difuzie a tortuozity.
Rovnice prudenia atransportu su numericky rieSené
pouzitim Galerkinovho typu linedrnych schém konec-
nych prvkov. Model realizuje odhadovy postup
Marquardt-Lavenbergovho typu parametra pre inverzny
odhad vybranych pddnych hydraulickych parametrov
a parametrov transportu rozpustenych latok pre merané
udaje ustaleného a neustaleného prudenia a transportné
udaje. Model HYDRUS 1D vo variante HYDRUS-ET
bol uspesne kalibrovany na viacerych lokalitach Podu-
najskej roviny (Novak, et al., 1998).

Na simulaciu transportu a akumulacie Cl' idénov boli
pouzité dva pddne profily z juhovychodnej Casti Podu-
najskej roviny — oblast’ Cenkovskej nivy (medzi Komar-
nom a Starovom). Za modelovi polnohospodarsku
plodinu bola vytypovana kukurica na silaz. Modelované
bolo suché vegetacné obdobie roku 1993. Pre zabezpe-
Cenie vlahovej potreby plodiny a sicasné zvySenie za-
sob podzemnej vody, boli simulované tri zavlahové
davky rozlozené pocas vegetatného obdobia. Kazda
davka bola simulovana v trvani siedmych dni s inten-
zitou lem den™:

1. zavlahova davka v dnoch T=177. deii — 183. den,

2. zavlahova davka v diioch T=196. den — 202. den,

3. zavlahova davka v diloch T=210. deni — 216. den.

Na zavlahy bola pouzitd vysoko mineralizovana pod-
zemna voda, ktorej vstupna koncentracia Cl” bola 0,295
mg cm”. Na zéklade monitoringu kvality podzemnych
a kanalovych vod v zaujmovej oblasti Cenkovskej nivy
i8lo o podzemnu vodu s maximalnou koncentraciou
chloridov vyskytujlicou sa na zaujmovom tizemi Cen-
kovskej nivy (Celkova, 2002; Burger, Celkova, 2004a).
Podla STN 75 7143 (1999) anariadenia vlady SR
(2005) maximalna koncentracia Cl° vo vode vhodna na
zavlahy je 0,300 mg cm™.

Popis podnych profilov

Podne profily S1 a S2 sa nachiddzaju na uzemi Cenkov-
skej nivy, ktord sa rozprestiera vo vychodnej casti
Podunajskej roviny na zapad od Stirova. Je to nizko
polozené udolna niva Dunaja, ktord je na juhu ohrani-
¢end 23 kilometrovym usekom rieky medzi km 1722
a 1745 ana severe oblukovite sa tiahnucim terasovym
stupfiom, na okraji ktorého su obce Moca, Buc, Jursky
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Chlm, Muzla a Obid. Vlastna tdolna niva je Siroka od
2,5 a7z do 6 km a ma celkovii rozlohu cca 66 km?. Jej
povrch je rovinaty. Na uzemi prevladaju vysky terénu
od 106,0 az do 108,0 m n.m. Najnizsie poloZené izemie
pod terasou ma koty okolo 105,0 m n.m. a najvysSie
v Cenkovskom lese v strede oblasti 108,0-110,0 m n.m
(Burger, F., 2001 (a)).

Profil S1 reprezentuje ahki pddu (pri sonde SHMU
520 — Kravany nad Dunajom). Povrch nepriepustného
podlozia (neogén) je 1075 cm pod povrchom terénu.
Hladina podzemnej vody v pozorovacej sonde fluk-
tuovala vrozmedzi 301 cm — 310 cm pod povrchom
terénu. Pociatocné koncentracie Cl° v pddnej vode
v profile S1 st uvedené v tabul’ke 1.

Profil S2 reprezentuje tazku podu (pri sonde SHMU
7432 — Muzla). Hladina podzemnej vody fluktuovala
medzi 247 cm — 257 cm pod povrchom terénu. Povrch
nepriepustného podlozia je 796 cm pod povrchom teré-
nu. Pocéiatoéné koncentracie Cl” v pddnej vode v profile
S2 st uvedené v tabulke 1.

Popis pddnych profilov S1 a S2 je uvedeny v tabulke 2.

Vstupné parametre

Viacsina vstupnych tdajov pre matematické modelova-
nie pradenia vody a transportu chloridov v pdédnych
profiloch bola ziskana experimentélne. Cast’ potrebnych
udajov (klimatické a atmosférické tidaje) pre stanicu
Hurbanovo boli poskytnuté Slovenskym hydrometeoro-
logickym ustavom (SHMU). Hydraulické parametre
nenasytenej zoény a objemové hmotnosti boli uréené
z neporusenych, resp. porusenych vzoriek pody v labo-
ratoriu a filtratné parametre zvodnenych vrstiev hydro-
geologického systému zaujmového tizemia boli ziskané
z vysledkov monitoringu a st uvedené v pracach Burge-
ra (1996; 2001a; 2001b). Hornl1 okrajovi podmienku na

Tabulka 1.
profiloch S1 a S2

povrchu pody predstavovali hlavné meteorologické
charakteristiky namerané na meteorologickej stanici
Hurbanovo: denné zrazkové uhrny a denné priemerné
teploty vzduchu, tlak vodnej pary, rychlost’ vetra a trva-
nie slne¢ného svitu. Dolni okrajovi podmienku pred-
stavovala variabilna tlakova vyska. Vysledky ziskané
zmodelu prudenia vody su opisané v praci Burgera
a Celkovej (2007).

Vstupné parametre do transportnej Casti modelu boli
ziskané nasledovne: pociatocné koncentracie Cl v pod-
nej vode v profiloch S1 a S2 boli namerané v laborato-
riu, distribu¢né koeficienty Ky pre chloridy pre vSetky
pédne druhy boli stanovené spracovanim experimental-
nych udajov o migracii indikaénych roztokov (stopo-
vacov) z laboratdrnych experimentov, vysledky ktorych
boli publikované v pracach: (Burger, Celkova, 2009;
Slaboti, Celkova (1991), Celkova (2001), Kovacova
(1998). Hodnoty pozdiznych disperzivit Dy pre chloridy
boli ziskané¢ z literatiry (Vanderborght, Vereecken
2007), pri¢om bolo prihliadané na réznu pddnu textiru
a transportni  vzdialenost’. Molekularna difuzia bola
zanedbana vzhladom ktomu, ze v naSom pripade je
mechanicka disperzia dominantnd. Vybrané vstupné
parametre do modelu pradenia vody a transportu
chloridov pre obidva pédne profily S1 a S2 s uvedené
v tabulke 3 a 4.

Vysledky a diskusia

V prispevku st vytvorené numerické modely transportu
chloridov infiltraciou zévlahovej vody do dvoch pdd-
nych profilov aluvidlnych kvartérnych sedimentov na
Podunajskej rovine. Pomocou transportnej ¢asti modelu
HYDRUS 1D bol ziskany priebeh koncentracie chlori-
dovych iénov v dvoch pddnych profiloch na Cen-
kovskej nive, ktoré reprezentuju l'ahku pddu (podny

Koncentracia chloridov v podnej vode v pdédnych

Table 1. The concentration of chloride ions in soil water in soil
profiles S1 and S2
S1 S2
hibka [cm] cc [mg cm'3] hibka [cm] cc [mg cm'3]
0-30 0,095 0-15 0,120
30-60 0,130 15-40 0,100
60 — 100 0,140 40 — 100 0,090

Tabul’ka 2. Popis pddnych profilov

Table 2. Description of soil profiles
Podny Hibka [cm] Podny druh Objemova hmotnost’ [g cm™
profil
S1 0-365 pieso¢nata poda 1,50
365 - 634 piesok 1,60
634 - 1075 Strkopiesok 1,72
S2 0-15 ilovitohlinita poda 1,20
15-43 ilovitohlinita az hlinita poda 1,30
43 -158 hlinitopieso¢nata pdda 1,35
158 —411 pieso¢nata poda 1,60
411-796 Strkopiesok 1,72
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Tabulka 3. Vstupné parametre pre podny profil S1

Table 3. Input parameters for soil profile S1

Vstupné parametre Hibka [cm]
0-365 365 - 634 634 - 1075

K, [cm day ] 1139,2 21772 1321,9
0, [cm’ cm™ ] 0,43 0,43 0,43
p [gem?) 1,5 1,6 1,72
Dy [cm] 5,0 5,0 5,0
Ky[em® g 0 0 0

0; — objemova vlhkost' pody pri plnom nasyteni, Ks — nasytend hydraulickd vodivost, p — objemova hmotnost, Dy —

pozdizna disperzivita, Ky— distribuény koeficient

Tabulka 4. Vstupné parametre pre podny profil S2

Table 4. Input parameters for soil profile S2
Vstupné parametre Hibka [cm]
0-—15 15-43 43 - 158 158 —411 411 -796

K, [cm day] 6,24 24,96 350,2 712,8 1321

0, [cm’ cm™ ] 0,41 0,43 0,41 0,43 0,43

p [gem?] 1,2 1,3 1,35 1,6 1,72
D, [cm] 1,0 1,2 2,0 5,0 5,0
Ky[em® g 0,07 0,05 0,005 0 0

0; — objemova vlhkost pddy pri plnom nasyteni, K, — nasytena hydraulickda vodivost, p — objemova hmotnost’, Dy —

pozdizna disperzivita, Ky— distribuény koeficient

profil S1) a tazkt pddu (pddny profil S2) v suchom
vegeta¢nom obdobi roku 1993, po aplikacii troch davok
vysoko mineralizovanej zavlahovej vody v diioch: T1 =
183. den, T2 = 202. defi, T3 =216. den a v posledny deit
simulacie T4 = 248. deni a priebeh koncentracie chlori-
dovych i6nov v koretiovej zéne v pddnych profiloch
pocas vegetaéného obdobia. Koncentraéné profily ionov
CI' v pddnych profiloch S1 a S2 s uvedené na obr. 1
a obr. 2. Priebeh koncentracie chloridovych iénov pocas
vegetacného obdobia v koreniovej zone profilov S1 a S2
je uvedeny na obr. 3 a obr. 4.

Chloridy patria medzi neadsorbujuce i6ny (resp. vel'mi
malo adsorbované), avsak pri ich transporte dochadza
v dosledku disperzie k postupnému znizovaniu ich kon-
centracie. V profile S1 prenikaju do niz§ich vrstiev pod-
neho profilu ako v profile S2. Na konci simulacie do-
siahli chloridové i6ny najvyssiu koncentraciu c¢ =
0,503 mg cm™ v hibke 150,5 cm (obr. 1). V korefiovej
zéne pddneho profilu S1 sa koncentracia CI” po kazdej
zavlahovej davke postupne zvySovala do T = 212. den,
kedy dosiahla maximalnu hodnotu ¢ = 0,615 mg cm™,
potom sa znizovala (obr. 2).

V pddnom profile S2 dosiahli chloridové i6ny na konci
simulacie najvyssiu koncentraciu cc = 0,555 mg cm™
v hibke 51,5 cm (obr. 3). V korefiovej zéne pddneho
profilu S2 sa koncentracia ClI" po kazdej zavlahovej
davke postupne zvySovala do konca simulacie t.j. do T
= 248. den, kedy dosiahla maximalnu hodnotu ccf =
0,438 mg cm™ (obr. 4).

Z vysledkov simulacii vyplyva, ze vplyvom troch davok
zavlahovej vody dochadza k negativnemu ovplyviiova-
niu kvality pédy v obidvoch sledovanych pddnych pro-
filoch, priCom na zavlahy bola pouzita podzemna voda
s vysokym obsahom chloridovych iénov (cc = 0,295

mg cm”). V Pahkych podach (profil S1) bola najvyssia
koncentracia Cl” v korefiovej zone na konci jula (T =
212. den) a postupne klesala. V tazkych pddach (profil
S2) sa chloridy v korenovej zone akumulovali do konca
sledovaného vegetacného obdobia.

Mozeme konstatovat’, ze pouzita zadvlahova voda s vy-
sokym obsahom chloridovych idnov moéze nepriaznivo
ovplyvilovat' rast a vynosy niektorych druhov plodin
citlivych na obsah chloridov v l'ahkych aj tazkych
pddach Podunajskej roviny, ktorti reprezentuji podne
profily S1 a S2. Maximalne koncentracie Cl” v koreno-
vej zone v obidvoch pdodnych profiloch dosiahli pocas
vegetacného obdobia pomerne vysoku troven (0,438 —
0,615 mg cm™ CI), &im su podla FAO (Ayers, Westcot,
1985) vytvorené nevhodné podmienky na pestovanie
plodin citlivej§ich na obsah chloridov. Su to napr.:
cibul’a, Salat, uhorky, hrasok, jahody a iné. Maximalna
koncentracia CI' v pédnom roztoku v korenovej zone,
kedy nedochédza k zniZeniu vynosov tychto plodin, je
podla FAO 0,355 mg cm™ CI'. Datelina, zemiaky a ku-
kurica su tolerantnejSie k obsahu chloridov. U tychto
plodin je hrani¢na koncentracia Cl' 0,533 mg cm™.
Odolnej$imi druhmi plodin vzhl'adom na ich toleranciu
na chloridy st napr. ja¢men, pSenica a iné, pre ktoré je
relativna tolerancia 2,485 mg cm™ — 2,840 mg cm™ CI
(Ayers, Westcot, 1985; Maas, 1977).

Zaver

Na zaklade ziskanych vysledkov mozno konstatovat’, ze
infiltracia s pouzitim zavlahovej vody, akou je podzem-
na voda obsahujuca nadmerné mnozstva soli, by mala
byt zna¢ne redukovana, pretoze zvysuje salinitu pody
a to hlavne v korefiovej zone.
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Obr. 1. Koncentracné profily chloridovych ionov

v podnom profile S1 v dnoch: TI=183, T2=202,
T3=216 a T4=248.
Fig. 1. The concentration profiles of chloride
ions in S1 soil profile in days: TI=183, T2=202,
T3=216 a T4=248.

S2: Profile Information: Concentration
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Obr. 3. Koncentracné profily chloridovych ionov
v podnom profile S2 v dnoch: TI=183, T2=202,
T3=216 a T4=248.
Fig. 3. The oncentration profiles of chloride ions
in 82 soil profile in days: TI=183, T2=202,
T3=216 a T4=248.

Do buducnosti je potrebné vykonat’ d’alSie simulécie za
ucelom najdenia takého optimalneho zavlahového
mnozstva, ktoré by zabezpeCilo vlahovi potrebu
pestovanych plodin a to pri sucasnom neohrozovani
pol'nohospodarskych pdd mineralizovanou zavlahovou
vodou. Do tivahy bude potrebné vziat’ aj vplyv takejto
zavlahy na toleranciu plodin na soli a tym aj na ich
vynosy. Jednou z moznych alternativ rieSenia tejto
problematiky na Cenkovskej nive, ktora je aktualna do
buducnosti hlavne vzhl'adom na prognézovany néstup
suchych vegetaénych obdobi, je vyuzivanie kvalitnejSej
vody na zavlahy prevazne z velkych rick Dunaj a Vah.
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S1: Root Zone Concentration
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Obr. 2. Priebeh koncentracie chloridovych ionov
v korerovej zone pédneho profilu S1.
Fig. 2. The course of chloride ions concentration
in the root zone of the soil profile S1.

S2: Root Zone Concentration
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Obr. 4. Priebeh koncentrdcie chloridovych ionov
v koreriovej zone podneho profilu S2.
Fig. 4. The course of chloride ions concentration
in the root zone of the soil profile S2.
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SIMULATION OF CHLORIDE TRANSPORT FROM IRRIGATION WATER
BY INFILTRATION INTO SOIL PROFILE

The presence or accumulation of excessive amounts of
dissolved salts in the soil root zone and their negative
impact on crops yields is a general problem, especially
in arid and semi-arid regions. The substances dissolved
in irrigation water in different ways affect the soil
properties (physical, chemical, microbiological), the
growth and development of plants. The degree of their
influence depends on concentration, method of
irrigation, amount of irrigation water and on irrigated
land. The high level of salinity in soil root zone has
generally harmful effects on plant growth and yields. It
leads to reduction in the rate of transpiration and growth
of plants. This is related to the total concentration of the
electrolyte in the root zone and it is mostly independent
of the specific composition of soil solution. However,
some ions in irrigation water or in fertilizers in

excessive amounts may be very toxic for plants. This
applies especially to sodium, chloride and boron (Ayers,
Westcot, 1985; Maas, Hoffman, 1977; Xu, et al., 1999;
Shannon, Grieve, 1999; Komosa, Gorniak, 2015;
Geilfus, 2018).

The aim of this article was by means of numerical
model HYDRUS 1D to analyze the one-dimensional
transport and accumulation of chloride ions into
characteristic alluvium quaternary sediment profiles of
Danube Lowlands, by infiltration of three doses of
highly mineralized irrigation water.

Two soil profiles from the south—eastern part of the
Danube Plain — Cenkovska Niva were used to simulate
the transport and accumulation of CI'. Soil profile S1
represents light soil and S2 represents heavy soil. The
description of S1 and S2 soil profiles is given in Table
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1. A dry vegetation period of 1993 year from the
meteorology and hydrology point of view was chosen
for simulation. Applications of three irrigation doses
were simulated during the vegetation period to provide
the crop's moisture requirement. The maize for silage
was set as a model crop. Each dose was simulated over
a period of seven days with an intensity of 1 cm day™.
The groundwater with input value of Cl” concentration
of 0.295 mg cm™ was used for irrigation. The initial
values of chloride ions concentrations in soil water in
soil profiles S1 and S2 are shown in Table 2.

Most of input data for mathematical modeling of water
flow and chloride transport in soil profiles were
obtained experimentally and they are presented in
works: Burger, 1996; 2001a; 2001b; Celkova, 2001;
Slabon, Celkova, 1991; Kovacova, 1998; Burger,
Celkova, 2009. Part of the necessary data (climatic and
atmospheric data) for the Hurbanovo station were
provided by SHMI. Longitudinal dispersion values Dp
for chlorides were obtained from the literature
(Vanderborght, Vereecken, 2007). Selected input
parameters for the water flow and chloride transport
model for both soil profiles S1 and S2 are shown in
Table 3 and Table 4.

By using of transport model HYDRUS 1D, the courses
of CI ions concentrations in the two soil profiles of
alluvial quaternary sediments on the Danube Plain (S1
and S2) were obtained during a dry vegetation period of
year 1993 after application of three doses of highly
mineralized irrigation water on days: T1=183, T2=202,
T3=216 and on the last day of simulation T4=248, and
the courses of chloride ions concentration in the root
zone in soil profiles S1 and S2 during the vegetation
period were obtained. The concentration profiles of CI
ions in soil profiles S1 and S2 are shown in Figure 1 and
Figure 3. The chloride ions concentrations during the
vegetation period in the root zone of the S1 and S2 soil
profiles are shown in Figure 2 and Figure 4.

The chlorides are among the non-adsorbent ions (or
very slightly adsorbed), however due to their dispersion,
they are gradually reduced in concentration during their
transport in the soil profile. In S1 profile they penetrate
lower than in S2 profile. At the end of the simulation,
the CI' concentration in S1 soil profile reached the
highest value c¢=0.503 mg cm™ at a depth of 150.5 cm
(Figure 1). In the root zone of the soil profile S1, the
concentration of CI° gradually increased after each
irrigation dose. In T= 212 days the concentration of CI’
reached maximum value cc=0.615 mg cm>, then
decreased (Figure 2). In the S2 soil profile the
concentration of CI° ions reached the highest

Ing. Anezka Celkova

Ustav hydrologie SAV
Dubravska cesta 9

84104 Bratislava

Slovenska republika

Tel.:  +42132293516
E-mail: celkova@uh.savba.sk

concentration c¢c;=0.555 mg cm™ at the end of

simulation at a depth of 51.5 cm (Figure 3). In the root
zone of the soil profile S2, the concentration of CI
gradually increased after each irrigation dose to the end
of the simulation, i.e., T=248 days when reached the
maximum value cc;=0.438 mg cm™ (Figure 4).

The results of the simulations show that three water
doses of irrigation water, when the groundwater with a
high content of chloride ions (c¢=0.295 mg cm™) was
used as irrigation water, adversely affect the quality of
two studied soil profiles in the root zone. In the light
soils (soil profile S1), the highest concentrations of CI’
in the root zone were in the middle of the vegetation
period, in heavy soils (soil profile S2), the chlorides in
the root zone were accumulated until the end of the
vegetation period.

We can state that using of irrigation water with a high
content of chloride ions can adversely affect the growth
and yields of some kinds of crops sensitive to chloride
content in light and heavy soils in Danube Plain, which
represent soil profiles S1 and S2. The concentrations of
Cl' in the root zone in both soil profiles reached
relatively high values (0.438-0.615 mg cm™ CI') during
the vegetation period, what are unsuitable conditions for
growing of crops more sensitive to chloride content.
They are for example: onion, lettuce, cucumbers, peas,
strawberries and others. According to the FAO (Ayers,
Westcot, 1985), the maximum value of Cl'concentration
in the root zone, when the yields of these crops are not
reduced is 0.355 mg cm™ CI, for clover, potatoes and
maize the maximum value of Cl'concentration is 0.533
mg cm” CI. More resistant crop species due to their
chloride tolerance are e.g. barley, wheat and others, for
which the relative tolerance is 2.485 mg cm™ — 2.840
mg cm” CI (Ayers, Westcot, 1985; Maas, 1977).

Based on the results it can be concluded that the
irrigation using of mineralized irrigation water
containing excessive amounts of salts should be greatly
reduced because it significantly increases the salinity of
the soil profile. For the future, further simulations need
to be made to find such an optimal irrigation water
amount that would ensure a water demand of crops and,
while not to endanger agricultural soils with mineralized
irrigation water. It will need to take into account also
the impact of such irrigation on crop tolerance to salt
and thus on their yields.

One of the possible alternatives to solving this issue in
Cenkovska Niva, mainly due to the predicted onset of
dry vegetation periods, is using of irrigation water with
better quality, mainly from the large rivers such as
Danube and Vah River.
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