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SUMMARY

Irrigation involves the risk of secondary salinipet on certain areas. The increase of the levedaify groundwater or the application
of poor quality (salty) irrigation water can causecondary salinization. Irrigation from drilled viglis very characteristic in the small
hobby gardens located around Karcag during the desgly droughty summers. Mainly vegetables andsfwith high water demand are
grown in these gardens, hence quite a large amofiatibsurface waters are used for irrigation. Wagamples were taken from 46 drilled
wells located in the hobby gardens around the toivKarcag and analysed in order to survey the n$lsecondary salinization. On the
base of the results of the analyses and some ind=teulated from the chemical parameters of thigation waters, it can be established
that none of the investigated wells supply watat th suitable for irrigation without improvement.

INTRODUCTION

Just like for the most areas of Hungary, negativmatic water balance is characteristic for the &re
Hungarian Plain, as the annual potential evapopieaition exceeds the amount of the annual pretipita
Droughty periods are very characteristic for thgior of Karcag as it is one of the driest areaklofigary: the
mean annual precipitation is around 500 mm, wiiktalue of potential evapotranspiration (PET)asneen
700 and 800 mm. The difference between the amadiutiteoprecipitation and the PET (climatic watericiéf
shows well the necessity of irrigation.

Taking into account this fact, water is the mogdedaining ecological factor from the point of viex the
development of agricultural production. On the aminof Varallyay (1985) 550 mm of annual precipdatis
theoretically enough to cover the water demand e$trof the recently grown crops in Hungary, but tu¢he
uneven spatial and time distribution of the prdefjon it can happen that only a small fractiortted rainfall
infiltrates into the soil and reaches the root zafehe crops when they have the highest water ddma
Comparing to the basic climate conditions of Huggére frequency of extreme hydrological conditiglask or
surplus of water) is unreasonably high. Therefatigdtion is a good tool to complete the water dedhaf our
crops and to lower the risk of crop production (Farzyi, 1996).

Nevertheless irrigation involves the risk of secanydsalinization on certain areas. The increasbefevel
of salty groundwater or the application of poor lgudsalty) irrigation water can cause secondalynszation.
Salt affected soils are low fertility soils with fawourable water regime. Alkaline salts, mainly isod, are
accumulated in these soils either naturally or firiecess can be human induced. The latter casalledc
secondary salinization and mainly related to improjprigation. Intensively irrigated areas are ergied by
secondary salinization worldwide (Letey, 1984; Mamt al., 1985; Rhoades and Loveday, 1990). InGreat
Hungarian Plain approximately 400,000 ha is the aveere secondary salinization has occurred, mainéyto
the rise of the level of salty groundwater. Thisswaudied and proved by several scientists (Ardp6;
Szabolcs, 1961, 1965; Varallyay, 1967a,b, 1968sBamnd Fekete, 1969; Fekete, 1969a,b; Ronai, 108bpt
al., 1999). Blaskd (2005) monitored the salt- aradewbalance of irrigated areas and found the aseref salt
content f the soil in several cases. During theOl@8and 1990ies on 30% of the studied area (Jaggkun-
Szolnok County) increasing soil salt content cdadddetected, especially on the susceptible areasevthe soil
can be only potentially irrigated due to the high sontent in their deeper layers.

Subsurface waters (streams coming to the surfaddcam depth wells) have been used for irrigation by
people for thousands of years. The utilizationhaf teeper aquifers was started in th® d¢@ntury and still the
main water source in Hungary with its 2.7 milliof per day quantity. The quality of these subsurfaaters
depends mainly on the parent material or bedrockrevthe water is located or moving. If the watemntaming
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soil layer has a high salt content, it is obvidust the water itself gets salty too. When thisysatuter is used for
irrigation, the risk of secondary salinization igth

Irrigation from drilled wells is very characteristin the small hobby gardens located around Kadeaing
the frequently droughty summers. Mainly vegetatded fruits with high water demand are grown in ¢hes
gardens, hence quite a large amount of subsurfatersvare used for irrigation. The quality of thesgers is
not checked by the owners of the gardens, the aarobmposition, hence the suitability of the wafier
irrigation is not known. Furthermore most of thesells are illegal, not registered, therefore thentcs
monitoring or control of irrigation cannot be salven the gardens. Our hypothesis was that thesersvaire
salty and irrigation with them involves the risk sécondary salinization. In order to quantify thik, the
following approaches were used:

« determination of the stratification of the soil e base of soil samples taken during a well-dglli
« collecting water samples from the wells in the hpobardens where irrigation is applied,

« determination of the chemical composition of thyation waters,

« assessment of the salinization effect of the itiigawaters on the base of suitable indexes.

MATERIAL AND METHODS

Horticultural activities have been characteristictihe hobby gardens located in the northern andenes
areas around the town of Karcag for more than 3@@rsy Traditionally some citizens living in the tow
regularly go to their gardens where they grow myauglgetables and fruits for their own consumptiomen to
sell these products in the local market. This whlfe is still characteristic at the beginningthie 21st century.
The location of the hobby gardens around is shawhigure 1 The narrow and relatively long plots of the
gardens look totally different from the large platsthe large-scale farming that also characterifdr the
region. Most of the hobby gardens lay on meadowng®mem soil, while a smaller rate on meadow solonet
turning into steppe formation (with the deepest dkitpn among salt affected soils). Both soil types
characteristic only the areas with higher elevataomd can be considered the best soils of the region
Nevertheless both soil types are endangered bywdacp salinization due to their susceptibility.

Fig. : The map of the hobby gardens located around Karcag
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Legend:1: Agyagos kert2: Nagyvénkert3: Kisvénkert,4: Zug kert (1, 11),5: Téglas kert (I, I1)6:Komisz kert,7: Rokkant kert8: Partos
kert (1, 1), 9: Volgyes kert (1, I1),10: Kolduskert
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In our study started in 2009 water samples werertdkom almost 46 drilled wells located in the hgpbb
gardens around the town of Karcag. During the datfection we tried to get information on the depththe
investigated wells from the owners. Most of the evenknew the depth, so we could determine moressr the
typical aquifers that are used for gaining irrigatwater. Nevertheless we took part in the drillprgcess of a
well carried out by a professional driller who ttaglled approximately 2,000 wells in the regionthe last 20
years. During the drilling process soil samplesenaken from each layer reached, so we could deterthe
stratification of the ground. The different layemuld be distinguished on the base of the materahed up to
the surface by the auger. The samples were analygbé laboratory of the Karcag Research InstiaftRISF
CAES, University of Debrecen to determine the platsize distribution of the soil.

In order to get information on the quality of tmegation water the samples were analysed in therktory
of the Karcag Research Institute of RISF CAES, @rsity of Debrecen and the following parametersewer
determined: pH, electric conductivity, dry mattemtent, cation (Ca, Mg, Na, K) contents, anion (HCC,
SO, NG;,) contents.

For the assessment of the salinization effect efitigation waters, the following indexes wereccedted
from the parameters determined in the laboratory:

1. Total salt content (c)

The total soluble salt content (c) was calculatedh® base of the electric conductivity (EC) of thater
according to the following equation:

¢ (mg/l)= 640 EC

2. Relative Na percentage (Na%)

The relative Na percentage was calculated accotditige following equation:

Na%=_ & nqg
Ca” +Mg”~ +Na +K

3. Calculated sodium-carbonate equivalent)S

Waters showing no phenolphthalein alkalinity carsoalcontain sodium-carbonate and sodium-
hydrocarbonate causing salinization. Its value easulated according to the following equation:

Sq=(HCO3+CO5*)-(Ca*+Mg?*) (mEq/l)

4. Sodium Adsorption Ratio (SAR)

The Sodium Adsorption Ratio was calculated accartinthe following equation:

Na*

Ca2+ + M92+
\ 2

SAR=
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RESULTS AND DISCUSSION
Soil stratification

The depth of the investigated wells varied betwg&rand 56 m. The most characteristic depth was236-4
m. The deeper wells are rare, obviously due tohilgber drilling costs. In order to have information the
stratification of the soil profile and the locatiaf the water containing layers (aquifers), thetipkr size
distribution of 8 layers were determined. Rgure 2 shows, the ratios of the 3 fractions (by Attedder
classification) give a good chance to distinguisé kayers of unconsolidated materials that havé hige of
sandy particles, hence these are the layers wigu#ess can be found between two aquitards with low
permeability along the aquifers.

Three aquifers could be distinguished where the\sgarticles are dominant with at least 90% (12+1,9

27-31 m; 34-46 m). The upper layer of 0-4 m hasipalay texture with quite even particle size digttion. In
the layer of 4-8 m yellowish, in 8-12 m greyishaal characterises the impermeable clay and heayayers.

Figure. 2.:Particle size distribution in the soil samples tag&n during the well drilling
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Assessment of the salinization effect of theirrigation waters

The salinization effect of the investigated welltera was assessed according to the four indexesiloes
in the Material and Methods chapter. In the cassoid$ sensitive for salinization, the upper thddlof the total
salt contentRig. 3.) of the water is 500 mg'] above this value the water is not suitable fagation. The total
salt content of the investigated well waters vaireduite a wide range, but most of them were midinge of
550-600 mEq'1, the mean value was 689.1 mEq Only 1 of the 47 samples had a value below thesttold,
while 7 of them exceeded even the value of 1,00@ fHEThe highest value was 1356.8 mEq We tried to
find correlation between the total salt contentueabf the water and the depth of the wells, bubiant
correlation could not be figured out. Nevertheldss waters with the highest values originated frsimllow
wells, mainly from the first aquifers (18 m).
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Figure 3.:The total salt content values of the investigatedell waters
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Legend: 1-9: Garden “Kisvén”,10-19: Garden” Zug”, 20-24: Garden” Rokkant”,25-26 Garden “Partos”, 27-34: Garden “Volgyes’, 35-
37: Garden “Koldus”, 38-41: Garden “Nagyvén”42: Garden “Agyagos; 43-46:wells in the town47: tap water from the network

Taking the ratio of sodium among the cations inbesideration, it can be concluded that sodium ¢ th
dominant cationKig. 4.). The higher is the ratio of sodium, the highethe risk of secondary salinization. A
water is considered to be suitable for irrigatibthé ratio of sodium among the cations is lowemnt40%. The
average Na% of the investigated well waters wa8%5even the lowest value (53.7%) exceeded thstibid.

It can be concluded that irrigation with any of tlvaters we investigated involves the high risk eéandary

salinization due to the dominancy of Na ions.

Figure 4.: The Na% of the investigated well waters
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Legend: 1-9: Garden “Kisvén”,10-19: Garden” Zug” , 20-24: Garden” Rokkant”,25-26:Garden “Partos”, 27-34: Garden “Volgyes, 35-
37: Garden “Koldus”, 38-41: Garden “Nagyvén”42: Garden “Agyagos; 43-46:wells in the towr47: tap water from the network
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The calculated sodium-carbonate equiva(€ig 5.) is a good index to express the salinization effacised
by carbonates and hydro-carbonates. The threstmid the point f view of irrigation is 1.25 mEd, Ibelow this
value the water is suitable for irrigation. Mostthe waters we analysed contain 5-9 mEdydrocarbonate
anions, which is several times higher than thesthotzl.

Figure 5.: The calculated sodium-carbonate equivalent of thewvestigated well waters
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Legend: 1-9: Garden “Kisvén”,10-19: Garden” Zug" , 20-24: Garden” Rokkant”,25-26: Garden “Partos”, 27-34: Garden “Volgyes’, 35-
37: Garden “Koldus”,38-41: Garden “Nagyvén”42: Garden “Agyagos; 43-46:wells in the town4,7: tap water from the network

The sodium adsorption ratio (SAR) is also an inttet indicates well the salinization effect of amngation
water. If its value is lower than 4, the risk ofterdary salinization is not high, the water is aiig¢ for
irrigation. The SAR value of the waters we investegl Fig. 6) was mainly in the range of 4-10 with the
average of 8.69. Only 2 samples had SAR value b#ievthreshold.

Figure 6.: The SAR value of the investigated well waters
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CONCLUSIONS

On the base of the results we gained it can belgded that the waters used for irrigation in théltho
gardens around Karcag are involves high risk ofosdary salinization. All the indexes indicating the
salinization effect of irrigation waters were abdalie thresholds in most of the cases, so it cagstablished that
none of the investigated wells supply water thauisable for irrigation without improvement.
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