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Examination of Secondary Salinization in Simple Drainage Lysimeters
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Summary

Irrigation from drilled wells is very characteristic in the
small hobby gardens located around Karcag, Hungary
during the frequently droughty summers. Mainly vegeta-
bles and fruits with high water demand are grown in these
gardens, hence quite a large amount of subsurface waters
are used for irrigation. The quality of these waters is not
checked, the chemical composition hence the suitability
of the water for irrigation is not known. Our hypothesis
was that these waters are salty and irrigation with them
involves the risk of secondary salinization. Water samples
were taken from 46 drilled wells located in the hobby
gardens around the town of Karcag and the samples were
analysed. On the base of the results it can be concluded
that the waters used for irrigation in the hobby gardens
are involves high risk of secondary salinization. All the
parameters indicating the salinization effect of irrigation
waters were above the thresholds in most of the cases, so
it can be established that none of the investigated wells
supply water that is suitable for irrigation. In order to
quantify the secondary salinization effect an experiment
was set in 12 simple drainage lysimeters at the lysimeter
station of the Karcag Research Institute. Green pepper
was irrigated with 3 different waters with high salt con-
tent simulating secondary salinization in comparison with
lysimeters irrigated with deionised water. High risk of
secondary salinization could be established though the
high amount of rainfall moderated the process.
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Introduction

Horticultural activities have been characteristic in the hobby
gardens located in the northern and western areas around
the town of Karcag for more than 300 years. The narrow
and relatively long plots of the gardens look totally different
from the large plots of the large-scale farming that also cha-
racteristic for the region. Most of the hobby gardens lay on
meadow chernozem soil, while a smaller rate on meadow
solonetz turning into steppe formation. Both soil types are
characteristic only the areas with higher elevation and can
be considered the best soils of the region. Nevertheless both
soil types are endangered by secondary salinization due to
their susceptibility.

The increase of the level of salty groundwater or the ap-
plication of poor quality (salty) irrigation water can cause

secondary salinization. Alkaline salts, mainly sodium, are
accumulated in these soils either naturally or this process
can be human induced. The latter case is called secondary
salinization and mainly related to improper irrigation. In-
tensively irrigated areas are endangered by secondary sali-
nization worldwide (LETEY 1984, MANTEL et al. 1985,
RHOADES and LOVEDAY 1990). In the Great Hungarian
Plain approximately 400,000 ha is the area where seconda-
ry salinization has occurred, mainly due to the rise of the
level of salty groundwater. This was studied and proved
by several scientists (ARANY 1956, SZABOLCS 1965,
VARALLYAY 1968, BACSO and FEKETE 1969, FEKETE
1969, RONAI 1985, KUTI et al. 1999). BLASKO (2005)
monitored the salt- and water balance of irrigated areas and
found the increase of salt content of the soil in several cases.
During the 1980ies and 1990ies on 30% of the studied area
increasing soil salt content could be detected, especially on
the susceptible areas where the soil can be only potentially
irrigated due to the high salt content in their deeper layers.

Irrigation from drilled wells is very characteristic in the
small hobby gardens located around Karcag during the
frequently droughty summers. Mainly vegetables and
fruits with high water demand are grown in these gardens,
hence quite a large amount of subsurface waters are used
for irrigation. The quality of these waters is not checked
by the owners of the gardens, the chemical composition,
hence the suitability of the water for irrigation is not known.
Furthermore most of these wells are illegal, not registered,
therefore the central monitoring or control of irrigation
cannot be solved in the gardens. Our hypothesis was that
these waters are salty and irrigation with them involves the
risk of secondary salinization.

Material and methods

In our study started in 2009 water samples were taken from
46 drilled wells located in the hobby gardens around the
town of Karcag (Table 1). In order to get information on the
quality of the irrigation water the samples were analysed
according to the relevant Hungarian standards and - among
others - the total salt content of them was determined for the
assessment of the salinization effect of the irrigation waters.

In order to quantify the secondary salinization effect an ex-
periment (Figure 1) was set in 12 simple drainage lysimeters
at the lysimeter station of the Karcag Research Institute of
RISF CAAES University of Debrecen.

Green pepper was irrigated with groundwater (from a
shallow well) and the water of a drilled well of high salt

! Karcag Research Institute of RISF CAAES University of Debrecen, Kistjszallasi at 166, H-5300 KARCAG

% Faculty of Agriculture CAAES University of Debrecen
* Ansprechpartner: Dr. Jozsef Zsembeli, zsembeli@agr.unideb.hu



schoenthaler
Stempel


154

Examination of Secondary Salinization in Simple Drainage Lysimeters

Table 1: Designations of drilled wells of the tested area and tap water

Garden Drilled wells Garden Drilled wells Karcag town Drilled wells
Kisvén 1-9 Volgyes 27-34 wells in the town 43-46
Zug 10-19 Koldus 35-37 tap water 47
Rokkant 20-24 Nagyvén 42

Partos 25-26 Agyagos 43-46

Results and discussion

The salinization effect of the investigated well waters was
assessed according to the four indexes described in the
Material and Methods chapter. In the case of soils sensitive
for salinization, the upper threshold of the total salt content
(Figure 2) of the water is 500 mg 1!, above this value the
water is not suitable for irrigation. The total salt content of
the investigated well waters varied in quite a wide range,
but most of them were in the range of 550-600 mEq 1!, the
mean value was 689.1 mEq I'". Only 1 of the 47 samples had
a value below the threshold, while 7 of them exceeded even
the value of 1,000 mEq I"'. The highest value was 1356.8
mEq I'l. We tried to find correlation between the total salt
content value of the water and the depth of the wells, but
significant correlation could not be figured out. Nevertheless
the waters with the highest values originated from shallow

Figure 1: Irrigation experiment on simple drainage lysimeters ~ Wells affected by the salty groundwater.

at Karcag

In Figure 3 the total salt content values of the irrigation
waters of 4 different sources and of the drain waters flow-

content simulating secondary salinization in comparison  ing out from the lysimeters irrigated with these waters are
with lysimeters irrigated with deionised and tap water in  indicated. It could be established that there is considerable
4 replications. difference between the salt content of the input and output
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Figure 2: The total salt content values of the drilled well waters (Table 1)
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Figure 3: The total salt content of the waters got into and out
from the lysimeters irrigated with various waters

waters. In 3 cases, when the lysimeters were irrigated with
tap water, drilled well water or deionised water, leaching
was characteristic as the total salt content of the input (irri-
gation) waters was lower than of the output (drain) waters.
Though the investigated soil was originally salt affected
with relatively high salt content (>0.1%), leaching was
due to the high amount of rainfall taking place during the
investigated period (572.2 mm from June to December). A
pot-experiment carried out later proved the risk of secondary
salinization as salt accumulation was detected if these waters
were used for irrigation. Nevertheless, contrary to the high
amount of rainfall, its extremely high salt content resulted
in salt accumulation in the soil of the lysimeters irrigated
with groundwater. No significant difference was detected
among the total salt content of the drain waters.

Conclusions

On the base of the results we gained it can be concluded that
the waters used for irrigation in the hobby gardens around
Karcag are involves high risk of secondary salinization. All
the indexes indicating the salinization effect of irrigation
waters were above the thresholds in most of the cases, so it
can be established that none of the investigated wells supply
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water that is suitable for irrigation without improvement.
The data gained by means of the simple drainage lysimeters
proved that irrigation with waters with extremely high salt
content results in salt accumulation in the soil even under
extremely wet years letting us to conclude that in drier
years considerable amount of salts load the soil by irriga-
tion saline subsurface waters characteristic for the region.
Simple drainage lysimeters are good tools to quantify this
phenomenon of great practical importance.
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