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Summary

The history of the research of Debrecen scholars on salt-affected soils of
Hortobédgy and the region is very rich and diverse.

Focusing on mapping, the following stages can be distinguished, indicating
the completeness of the maps and the purpose of the performed work
First, quantitative maps (Arany, 1926) for the utilization of the lands at
1:75,000 (Figure 1).
Second, quantitative map (Kreybig, 1943) for the utilization of the lands at
1:25,000.
Third, category map (Kreybig et al, 1935) testing the suitability of the
classification system at 1:75,000.
Fourth, partial category map (Szabolcs, 1954), showing the reasons of
unsuccessful management at 1:10,000.
Fifth, partial quantitative map (Csillag et al., 1996), showing the utility of
digital sampling at 1:25,000.
Sixth, partial quantitative map (Tamdas and Lénart, 2006), showing the
capacity of multispectral remote imagery at 1:100.
Seventh, partial quantitative map (Douaik et al.,, 2006), showing the
usefulness of geostatistical mapping at 1:10,000.
Eight, national quantitative maps (Pdsztor et al., 2016), showing the
applicability of geostatistics for administrative purposes at 1:10,000.
Ninth, partial quantitative/category map (authors, 2019), finding the optimal
methods at 1:10,000.
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Introduction on soil mapping
The history of soil mapping (see Varallyay, 1989 on earlier developments

in Hungary), with particular emphasis on salt-affected, soils is a history
of competition between two paradigms, one of quantitative appraisal of
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soil properties, mainly salinity and the other, of categorical delineation of
patches of similar pedons. In short, mapping categories, such as soil
types, orders, etc are abstract terms, which are difficult to elucidate in a
few words for the uninitiated. Although quantitative maps deliver
directly understandable message for the users, such maps are suited only
for a limited number of soils, among which salt-affected soils are the
most prominent, since their main features: salinity, sodicity and alkalinity
are all easily quantifiable characteristics (Arany, 1956). During the history
of soil science first categorical maps were compiled, but salt-affected soils
were the first being spatially represented by quantitative maps. Later,
due to technological advances, categorical maps lost ground, but still
thrive parallel to quantitative maps.

History of the study of salt-affected soils in Debrecen

The history of research and management of salt-affected soils was well
documented during the history of high agricultural education in
Debrecen, partly covered by the review of Blaské (2012). Research on
salt-affected soils in Hungary was always active, but after the Versailles
peace treaty, following the First World War it became more concentrated
on the remaining national territories, since large areas of the old country,
among the newly defined borders were salt-affected. Such research lasted
until the nineteen-eighties and then slowed down to the current pace.

During the last 63 years in the Debrecen agricultural academy/
college/university and the closely collaborating institutions (Debrecen
University of Sciences, Hortobdgy National Park, Soil Reclamation
Station, etc.), several professors of the Soil science and other departments
of the agricultural institution graduated as chemists in the Debrecen
University of Sciences (under several names) and technical collaboration
was easy to organize.

Often the professors and docents of the agricultural academy/
college /university carried out precious research. The main activity of
Sdndor Arany, one of the leading scientists of salt-affected soil research
was multifold ranging from mapping to laboratory analysis and
reclamation (e. g. Arany, 1926, 1934; Arany and Babarczy, 1937).

Scientific debate was frequent in those days and two cases deserve
special attention. Professor Ferenc Szelényi installed a field reclamation
experiment in Hortobdgy with multiple deep plowing of sodic soils
under standing water (Szelényi, 1956, 1957), thereby intending the
washing away of salts, but his research received rather critical reviews
(Kéroly Pater and others). Another special event for the domestic
specialists of salt-affected soils of those times (and that time there were
many!) was the paper of the invited Austrian soil scientist (zoologist),
Herbert Franz on the formation of the solonetz soils of Hortobagy (Franz,
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1964), using the concept of Székyné et al. (1959) among others. Two
hotshots of the Hungarian school, Katalin Darab, (1967) and Gyorgy
Vérallyay (1967), analyzed his ideas very critically.

Later Gyorgy Filep (Filep, 1999ab, 2001; Filep and Wafi, 1992, 1993;
Filep and Rédly, 1992), an eminent researcher and professor was working
on the details of chemistry of salt-affected soils.

During the nineteen-seventies “complex amelioration”, that is
drainage of salt-affected fields prone to waterlogging, combined with
reclamation was the most typical costly investment in the affected areas,
recruiting researchers from several university departments, such as
Gusztav Sziki (1961). Grazing studies were always evident in the
grassland (e. g. Milkovich and Banszky, 1962). Jézsef Fekete (1968)
studied the salt and water cycle of related slightly salt-affected soils.
Lajos Abraham (1957) worked on the effect water bodies on the salt-
affected soils among other topics.

The foundation of the Hortobagy National Park provided new
opportunity for the study of the vegetation and soils of salt-affected
grasslands, and in this work the researchers of Debrecen University of
Sciences had greater role, Julia Varga (1984, 1986) carried out botanical
studies, Lajos Varga (1960) and Andras Szab6 (1996) studied microfauna
in the national park.

In recent years Lajos Blasko, Janos Tamdas and co-workers carried out
important research on salt-affected soils (Blaské et al., 2003, 2006ab;
Tamas et al., 2014). These are closely related to the long research activity
of the Karcag Research Institute, which is not covered by this short
review. We must also skip the long recent activity of the Research Station
of Afforestation of Salt-affected lands at Piispokladény (e. g. Lesztdk and
Szabolcs, 1959; Jasso, 1962; T6th, 1972) due to lack of available space in
this journal.

The fellow scientists and alumni in other faculties of the now united
Debrecen University continue research in the Hortobdgy on
geomorphology, vegetation, erosion, tumuli, such as Albert T6th and
Csaba To6th, Tibor Novak (T6th 1988, 1997, 2001; Kovacs and Téth, 1988;
Novaék et al., 2016), but also the G6doll6 based Attila Barczi (Joo et al.,
2003) attract students in large numbers. P4l Stimegi with his interest in
the reconstruction of ancient landscapes also contributed to soil
knowledge in the region (Bede et al., 2015). Albert Té6th directs a summer
camp in the Hortobdgy for students with a soil research section (e.g.
Téth, 1996 among many volumes) every year already for 44 years.

History of the mapping of soils in Hortobdgy

Regarding the mapping of such soils a special condition for that was, that
the City of Debrecen was the historic owner of large parts of the
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Hortobdagy Puszta, a mainly treeless mosaic of salt-affected dry
grasslands, sparse croplands, meadows and marhes. When the first
method of medium-scale mapping (1:75,000) of salt-affected soils was
developed, P4l Magyar, a forester, sharing the concepts of the botanists
Raymund Rapaics (1927) and Rezs6 So6 (1934), worked together with the
chemist Sdndor Arany. On large part of Hortobdgy P. Magyar (1928)
compiled a vegetation map, whereas S. Arany (1926) a soil map. P.
Magyar later established the Research Station of Afforestation of Salt-
affected lands on 1 October 1924. The soil salinity and alkalinity classes
distinguished by them were defined by Table 1, showing the classification
of Alexis De Sigmond (1927). It was based on the properties of soil
samples taken from 0-30 cm and 30-120 cm depths (Table 1). De Sigmond
defined his scheme as a “practical botanical classification”. This is a
typical artificial classification system based on the ranges of total salt
concentration and soda (NaxCOs), being dominant components of the
Hungarian sodic soils, which are so much widespread in Hortobagy. This
quantitative soil classification system was, and is still actively used by
botanists and foresters. Since the appearance of this classification in
Hungary, the lower threshold of a soil, qualified as “true salt-affected
soil” is 0.1% salt content. The threshold value for a saline soil, Solonchak,
in the genetic classification is 0.25% salt content in the topsoil. The system
shows similarities to the practical classification of salt-affected soils of
Hayward and Wadleigh (1949).

Table 1. Classification of salt-affected soils by De Sigmond (1927)

A) Based on one characteristic only

Class Salt % (salt) Soda % (soda)
Class I <0.1 0.-0.05
Class II 0.1-0.25 0.05-0.1
Class IIT 0.25-0.5 0.1-0.2
Class IV >0.5 >0.2

B) Based on the combination of the two Classes of Class_salt and Class_soda
I =Isalt/Isoda
IIa= IIsalt/Isoda or Isalt/IIsoda,
IIb=IIsalt/IIsoda or Illsalt/Isoda
IIMa=IIIsalt/IlIsoda or IIsalt/IlIsoda,
IIIb=IIIsalt/IlIsoda or IVsalt/IIsoda
IVa=IVsalt/IlIsoda or IlIsalt/IVsoda,
IVb=IVsalt/IVsoda

The patches delineated by the two researches showed great
coincidence and represented one of the first quantitative soil maps,
directly showing the salt or soda concentration of the soil (see Table 7 in
Téth and Varallyay, 2002). On the other hand the vegetation map
remained category map.
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Figure 1. Map of the area of Hortobdgy which was owned by the city of Debrecen
showing the combined salinity/soda content (see Table 1B) according to the categories
defined by De Sigmond (1927) as published by Arany (1926)

The second large mapping in the area, the national soil mapping
project initiated and led by Lajos Kreybig was unique for being a national
survey based on field and laboratory soil analyses and at the same time
serving practical purposes (Kreybig, 1937). It was carried out between
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1935 and 1951 in several stages. These maps still represent a valuable
treasure of soil information. The soil and land use conditions were
presented together on the map sheets. Chemical (soil calcareousness/
alkalinity /acidity on a continuous grade) and physical soil properties
(texture classes) of the soil root zone were identified inside croplands and
grasslands/meadows, but not in forests. This map series did not
introduce mapping categories and used quantitative classes of soil
chemical and physical characteristics, being a typical quantitative map
serving clearly practical purposes.

By that time Alexis De Sigmond, the greatest person of the Hungarian
salt-affected researches, compiled a new theoretically based universal soil
classification system, covering also the salt-affected soils and this system
was put on map in the Hortobagy, creating the only map of his unique
soil classification (Kreybig et al., 1935). The types of his soil map, together
with the current equivalent categories are shown in Table 2.

Table 2. Salt-affected soil types in the “Soil order 12. Sodium soils” of

De Sigmond (1938)
Main types Interpretive name based on the Russian names
1: Saline soils Solonchak
2: Saline alkali soils Solonchak-Solonetz
3: Leached alkali soils Solonetz
4: Degraded alkali soils Solod
5: Regraded alkali soils Soil salinized again

After the Second World War the new paradigm was the “genetical soil
mapping” based on the Russian school, following the Dokuchaev
principles. A system was elaborated by Hungarian soil scientists, soil
surveyors and soil-mapping specialists for large-scale soil survey, to
satisfy the practical needs of soil information for large farming units
(state and co-operative farms), which characterized the Hungarian
agriculture between 1950 and 1990. Such maps were prepared for about
one-thirds of the area of Hungary (about 35,000 km?). The system consists
of four main parts: (i) genetic soil map, indicating categorical genetic soil
taxonomy (type, subtype) units and parent material; (ii) thematic soil
maps of the most important physical and chemical soil properties; (iii)
thematic maps, indicating recommendations for rational land use,
cropping pattern, soil improvement, tillage practice and fertilization; (iv)
explanatory booklets, including a short review on the physiographical
conditions; description of soils, recommendations for their rational
utilization, field description of soil profiles and results of field
observations or measurements and data of laboratory analyses (Sarkadi
et al., 1964; Szabolcs, 1966). One of the first such published maps showed
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a part of Hortobdgy by Istvan Szabolcs (1954), an alumnus of the
Debrecen University, who later became world class scientist of salt-
affected soils. The mapping followed a failed irrigation project of the
grasslands and showed the high sodicity of the areas. The mapping
categories of Hortobdgy were discussed by Szabolcs and Maté (1955).

During the last decade of the last century the novel methods of
satellite remote sensing, geographical information system, geostatistics,
spatial sampling and digital image processing provided new
opportunities as foreseen already by Varallyay (1989) in his review. A
team of researchers from the Budapest Soil Institute of the Hungarian
Academy of Sciences (under several names) performed several sampling
and mapping experiments in Hortobagy with the participation of several
authors of this report. First the correlation between relief, soil and
vegetation was analysed under the leadership of Kdlmén Rajkai (Rajkai et
al., 1986; Oertli and Rajkai, 1988ab; Téth and Rajkai, 1994; Té6th and
Kertész, 2002), then a medium-scaled map of vegetation and soil
properties was compiled based on a sophisticated sampling design,
derived from a satellite image (Csillag et al., 1996; T6th and Kertész,
1996).

The modern techniques of multispectral mapping were applied by the
Debrecen Agricultural University staff. Janos Tamds and Csaba Lénart,
(2006) and Pechmann et al. (2003) tested multispectral mapping northeast
from the contiguous Hortobagy area.

Another approach was carried out in the eastern part of Hortobégy,
where several papers focussed on soil variability (Téth and Kuti, 1999ab;
Téth et al., 2001; Téth and Jozefaciuk, 2002). Douaik et al. (2007) analysed
the spatio-temporal variability of surface soil salinity at 400 points,
measured 19 times with instrumental technique for the assessment of
topsoil salinity.

In recent years Szab6 et al. (1999) and Pasztor et al. (2016) created
country-wide maps of several characteristics, most importantly of soil
salinity and sodicity. The reason for this map series is that inside the
European Union a new delineation of Areas with Natural Constraints
was performed based on a set of unified biophysical criteria. Farmers will
receive financial compensation when their land is affected by such
constraint, salinity and sodicity. The method for delineating such areas is
strict (Terres et al., 2016) and has such threshold values for each criterion
which were never used before. Therefore new maps of salinity and
sodicity, with one hectare accuracy, were compiled with digital
techniques for this purpose, evidently covering our area of interest.

Authors of this report are currently working on a project that intends
to find the best mapping technique of salt-affected soils, thereby
combining the best experience of the above predecessor researchers. The
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project will be carried out inside the Hortobdgy grasslands/meadows as
the most typical salt-affected area of the country. The concepts and
approaches used by the above researchers will be tested. Again the
category and quantitative maps will be compared. During the research
five alternative survey strategies (A-E) are tested.

Survey Strategy A, traditional profile-based survey as performed by
Szabolcs (1954), complemented with proxy survey. In this survey profile
locations will be allocated based on digital terrain model (DTM) (a) and
vegetation map () weighted by spatial extension, then 24 (already collected)
profile data will be extended by Electromagnetic induction transects covering
each rastercell, 3" spatial interpolation will be used to predict each
variable in the all rastercells.

Survey Strategy B is survey based on biomass. In this survey 1st with
the combination of biomass map (estimated by an indicator such as
Normalized Difference Vegetation Index [e]) by DIM (a) 4-6 large
sampling strata will be distinguished for selecting the profile locations,
and 2nd based on (already collected) profile data spatial interpolation
(with the proxies of biomass and DTM) will be used to predict each
variable in all rastercells.

Survey Strategy C is based on theoretical salinization model. 15t using
national watertable level and salinity maps (y) combined by DTM ((a)
salinization maps will be prepared, 2nd from which 4-6 large sampling
strata will be distinguished for selecting the profile locations and 3t
spatial interpolation (with the two proxies) will be used to predict each
variable in the all rastercells.

Two Land use-specific survey strategies (D and E) will be realized
depending on the typical land uses.

Survey Strategy D will be followed in arable lands via calculation of
salinity index. 1st 0-10 cm soil sampling, 2 multicopter hyperspectral survey
(8) of bare surface, 3+ spectral and chemical (Electrical Conductivity as proxy of
salinity, Sodium Adsorption Ratio, pH) analysis of surface samples, 4th
calculation of salinity index, 5t matching of field and laboratory spectra, 6t
calculation of salinity index for the field hyperspectral values, 7t selection of
profile locations based on extremes and spatial distribution of salinity
index values, 8th direct surface salinity prediction based on salinity index,
9th interpolation of profile data to predict each variable in all rastercells.

Survey Strategy E is developed for salt meadows and steppes and is
based on the distribution of wvegetation categories. 1%t based on the
combination of 34 strata of DTM (a) and 34 strata of vegetation
category map (P) 4-6 survey strata will be selected to assign the profile
locations, 2nd spatial interpolation using DTM and vegetation classes will
be used to predict each variable in all rastercells.
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The preliminary results show promising results. Figure 2 shows the
result of applying the salinity index (mentioned in Survey Strategy D) in
a sodic pan (Szappanszék). The UAV-based image capturing system
consists of a Cubert UHD-185 hyperspectral snapshot camera
(http:/ /cubert-gmbh.com /uhd-185-firefly /), a Compulab Fitlet mini PC
(http:/ /www fit-pc.com) and a CarbonCore octocopter UAV. The Cubert
camera simultaneously records 125 bands in a spectral range of 450-950
nm with a sampling interval of 4 nm. Figure 3 shows the clear border of
very saline patch indicated by red colour.

As a proxy of clay content a novel method of using gamma dosimetry
was applied in an experimental transect covering 70 m transition from an
interdune valley to the sand dune using InSpector™ 1000 dosimeter. Fig
3 proves the possibility of using a simple device to infer on the clayiness
of surface soil. The method can be useful to interpolate clayiness in
Survey Strategy A.

The initial testing exercises show promising results and the project
participants look forward to a new wave of modern mapping activity to
satisfy the data need of farmers, domestic and EU administrators,
scientist as well. This is the motivation for our team.

Figure 2. Map of Salinity Index of a ca 2.5 ha sodic pan as defined by the combination of
reflectance values as (436 nm+6307m) of hyperspectral camera carried by UMV,
according to the equation of Kumar et al. (2015)
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Figure 3. Scatterplot of in situ surface gamma dose during 3 minutes measurement time
(Y axis) versus laboratory determined clay percent of the surface soil layer (X axis) in a
sand dune — interdune valley transect.

0,0022-
o
0,0020-
o o
50,0018 o o
7
E
- o o o o
o
L
o
0O 50016 o o o
00014
o 0
0,0012-
T T T T T
5,0000 7.5000 10,0000 12,5000 15,0000

Clay %_0-20 cm

Acknowledgment

This short review cannot be full and authors apologize for any
shortcomings and mistakes. Authors appreciate the support of the OTKA
grant K-124290 for the described research project.

References

Abrahdm L. (1957): A hortobagyi halastavak és viztarol6k hatdsa a szikes talajra.
Agrokémia és Talajtan. 6: 29-41.

Arany S. (1926): A hortobagyi 6si szikes legel6kon végzett talajfelvételek.
Kisérletiigyi Kozlemények Pallas részvénytarsasag sajtGja. Budapest. 29: 48—
71.

Arany S. (1934): A hortobagyi szikes talajok. [In: Saj6 E.-Trummer A. (szerk.) A
magyar szikesek.] Pétria. Budapest.

Arany S. (1956): A szikes talaj és javitasa. Mez6gazda Kiad6. Budapest.

480



Review of research ... T. Téth et al.

Arany S.—Babarczy J. (1937): Alfoldi sokiviragzasok és talajvizek. Mez6gazdasagi
Kutatasok. 10: 89-96.

Bede A.~Csathé A. 1-Czukor P.-Siimegi P. (2012): A hortobdgyi Ecse-halom
tajtorténete. Tajokoldgiai lapok. 13. 1: 169-184.

Blaskd, L.—Czimbalmos, R.—Tamds, ]. (2003): Evaluation of a long-term experiment
on a salt affected soil with structural B-horizon(solonetz) by means of GIS
methods. VIIIth.Timisoara’s Academic days. Scientifical Papers Faculty of
Agriculture. Timisoara. Romania. 369-375.

Blaské L.—Czimbalmos R.-Tamds ]. (2006a): Soforgalmi folyamatok elemzése
térinformatikai moédszerekkel réti szolonyec talajon. [In: Szabd ]. (szerk.)
Foldrajzi tanulmédnyok Loki Jézsef 60. sziiletésnapja alkalmabél.] Kossuth
Egyetemi Kiad6. Debrecen. 17-25.

Blaské, L.—Tamds, ]—Czimbalmos, R. (2006b): Substance Regime Processes
Depending on Microrelief in a Salt Affected Natural Grassland. Cereal Res.
Commun. 34. 1: 143-147.

Blaské L. (2012): Talajdegradécio, talajvédelem, talajjavitds. Agrokémia és Talajtan.
Online Supplementum. 61: 211-236.

Csillag, F—Kertész M.~Kummert A. (1996): Sampling and mapping of
heterogeneous surfaces: multi-resolution tiling adjusted to spatial
variability. International Journal of Geographical Information Systems. 10. 7:
851-875.

Darab K. (1967): Megjegyzések Dr. H. Franz ,,Adatok a negyedkori rétegz6déshez
és a szikes talajok geneziséhez a Hortobagyon és annak peremvidékén” cimi
tanulményédhoz. Agrokémia és Talajtan. 16: 459—468.

De Sigmond, A. (1927): Hungarian alkali soils and methods of their reclamation.
Special publication issued by the California Agricultural Experiment Station.
University of California. Berkeley.

De Sigmond, A. (1938): The principles of soil science. London.

Douaik, A.—Van Meirvenne, M.—Téth T. (2007): Statistical methods for evaluating
soil salinity spatial and temporal variability. Soil Science Society of America
Journal. 71: 1629-1635.

Fekete ]. (1968): Mélyben s6s réti csernozjomok viz- és soforgalma. A
Hajdtszoboszl6i Allami Gazdasdgban. Agrokémia és Talajtan. 17: 25-46.

Filep Gy. (1999a): A szikes talajok kémiai jellemz6i kozotti Osszefiiggések.
Agrokémia és Talajtan. 48: 419—-430.

Filep Gy. (1999b): Az 6ntoz6vizek minésége és mindsitése. Agrokémia és Talajtan.
48: 49-66.

Filep Gy. (2001): A szikes talajok javitbanyag-sziikségletének becslésére alkalmas
moédszerek 0sszehasonlitdsa. Agrokémia és Talajtan. 50: 450—456.

Filep Gy.—Rédly L. (1992): A pH és az elektrolitkoncentracié hatdsa a talaj
aluminium- és sziliciumvegytileteinek oldédédsara. Agrokémia és Talajtan. 41:
177-188.

Filep Gy.—Wafi M. (1992): Kett6shasznositdsti (6nt6z6/lecsapold) drénhaldzat
hatdsa a talaj s6- és Nat+-forgalmara, szikes altalaju teriileten. Agrokémia és
Talajtan. 41: 323-335.

Filep Gy—-Wafi M. (1993): A talajoldat sdkoncentraciéjanak és a talaj
natriumtelitettségének (ESP) szdmitdsa a telitési kivonat jellemz6ibdl.
Agrokémia és Talajtan. 42: 245-256.

481



Review of research ... T. Téth et al.

Franz H. (1964): Adatok a negyedkori rétegz6déshez és szikes talajok geneziséhez
a Hortobdgyon és annak peremvidékén. A Debreceni Mez6gazdasagi
Akadémia Tudoményos Evkonyve. Mezégazdaségi Akadémia. Debrecen.
119-132.

Hayward, H. E—~Wadleigh, C. H. (1949): Plant growth on saline and alkali soils.
Advances in Agronomy. 1: 1-38.

Jassé F. (1962) A plispokladanyi Szikfasit6 Kisérleti Allomés talajviszonyai
Agrokémia és Talajtan. 11: 13-27.

Joé K.—Barczi A.~Szdnté Zs.—Molndr M. (2003): A hortobagyi Csip6-halom talajtani
vizsgélata. Agrokémia és Talajtan. 52: 5-20.

Kovdcs J.-Toth A. (1988): Mikroklima mérések a hortobdgyi gyeptarsuldsokban.
Tudomanyos kutatdsok a Hortobdgyi Nemzeti Parkban. Budapest. 287-294.
Kreybig L.—Buday Gy.—Ebenspanger Gy. (1935): 'Sigmond-féle dinamikai talajtipus-

térkép. Magyar Kirdlyi Foldtani Intézet. Budapest.

Kreybig, L. (1937): The survey, analytical and mapping method of the Hungarian
Royal Institute of. Geology. Magyar Kiralyi Foldtani Intézet Evkonyve. 31:
147-244.

Kumar, S.—Gautam, G.—Saha, S. K. (2015): Hyperspectral remote sensing data
derived spectral indices in characterizing salt-affected soils: a case study of
Indo-Gangetic plains of India. Environmental Earth Sciences. 73. 7: 3299-3308.

Lesztdk ]—Szaboles 1. (1959): Néhany oOsszefiiggés a hortobdgyi szikes talajok
padkdsodasa és fizikai tulajdonsdgai kozott. MTA Agrartudomanyi Osztaly
Kozleményei. 209-224.

Magyar P. (1928): Adatok a Hortobagy noévényszociolégiai és geobotanikai
viszonyaihoz. Erdészeti kisérletek,A.M. KIR. Banyamérnoki és Erdémérnoki
Féiskola Erdémérnoki Osztilyanak és a Magyar Kirdlyi Erdészeti Kisérleti
Allomésanak folyo6irata. 30: 26-63.

Milkovich G.—~Bdnszki T. (1962): Ontozott szikes gyepek trdgydzdsa. A Debreceni
Mez6gazdasagi  Akadémia Tudoményos Evkényve. Mez6gazdaséagi
Akadémia. Debrecen. 63-73.

Novdk, T. |.-Téth, Cs. A. (2016): Development of erosional microforms and soils on
semi-natural and anthropogenic influenced solonetzic grasslands,
Geomorphology. 254: 121-129.

Oertli, ]. ].—Rajkai, K. (1988a): Spatial variability of soil properties and the plant
coverage on alkali soils of the Hungarian Pussta. Proceedings of the
international symposium on solonetz soils, problems, properties and
utilization. Osijek. 1988. June 15-21. 156-161.

Oertli, ]. ].—Rajkai, K. (1988b): Study of the spatial variability of soil properties on
alkali soils. Proceedings of the international symposium on solonetz soils,
problems, properties and utilization. Osijek. 1988. June 15-21.

Pdsztor, L.—Bakacsi, Z.—Laborczi, A.—Takdcs, K.—Szatmdri, G.—T6th, T.—Szabd, |. (2016):
Digital soil mapping for the support of delineation of Areas Facing Natural
Constraints defined by common European biophysical criteria. In EGU
General Assembly Conference. Abstracts. 18: 11819.

482



Review of research ... T. Téth et al.

Pechmann [-Téth T.—Tamds ].—Kardevin P.—Réth L.—Burai P.—Katona Zs. (2003):
Eltér6 talajsotartalmtic novényzeti foltok elkiilonitése hiperspektrélis
technolégidval. [In: Gaal Z. et al. (szerk.) Foldminésités és foldhasznalati
informaci6 a mezégazdasdg versenyképességének javitasaért.] Veszprémi
Egyetem. Keszthely. 2003. december 11-12. orszdgos konferencia kiadvanya.
309.

Rajkai, K.—Qertli, |. |-Hartmann, ]. (1986): The variability of soil properties of a
cross section and its coherence with plant cover. Transactions of the XIIIL
Congress of the International Society of Soil Science. Extended informative
summaries. 4: 1247-1248.

Rapaics, R. (1927): The indicating native vegetation of the “szik”-soils in Hungary.
[In: Treitz, P. (ed.) Preliminary report on the alkali-land investigations in the
Hungarian Great-Plain in the year 1926.] Budapest. 16-28.

Sarkadi, ].—Sziics, L—Virallyay, Gy. (1964): Large-scale genetic farm soil maps,
OMMI Genetikus Talajtérképek. Ser. 1. No. 8. Budapest.

So6 R. (1934): A  Hortobdgy novénytakaréja (A  szikespuszta
novényszovetkezeteinek oOkoldgiai és szocioldgiai jellemzése). Debreceni
Szemle. 8: 56-77.

Szabé, A. (1996): Comparative protozoological (Ciliata) investigation on alkaline
biotopes. Journal of Eukariotic Microbiology. Suppl. 43: 18 A. 103.

Szabé |—Virallyay Gy.—Pdsztor L—Suba Zs. (1999): Talajdegradéciés folyamatok
térképezése orszdgos és regiondlis szinten térinformatikai és tavérzékelési
mobdszerek alkalmazasaval. Agrokémia és Talajtan. 48: 3-14.

Szabolcs 1. (1954): Hortobégy talajai. Mez6gazdasagi Kiadé. Budapest.

Szabolcs, 1. (1966): Methodology of the genetic farm scale soil mapping, OMMI
Genetikus Talajtérképek. Ser. 1. No. 9. Budapest.

Szabolcs 1.—Mdté F. (1955): A hortobagyi szikes talajok genetikdjanak kérdéséhez.

Agrokémia és Talajtan. 31-34.

Székyné Fux V.—Szepesi K. (1959): Az alfcldi 16sz szerepe a szikes
talajképzddésben. Foldtani Kozlony. 89: 53-64.

Szelényi F. (1956): A hortobdgyi vizesugar kisérletek eredményei. A Debreceni
Mez6gazdasagi Akadémia Tudoményos Evk(jnyve. Mez6gazdasagi
Akadémia. Debrecen. 91-103.

Szelényi F. (1957): Szikes talajok megjavitdsa vizesugaroldssal. MTA
Agrartudomanyok Osztilydnak Kozleménye. Budapest.

Sziki G. (1961): Kioregedett szikes talaja rizstelepek hasznositiésanak néhany
kérdése. 65-69.

Tamds, ]—Nistor, S.—Fehér, ].—Floridn, T.-Nagy, A.—Bozsik, E—Ga’lya, B.—Riczu, P.
(2014): Surface runoff evaluation on a flat salt NATURA 2000 habitat site.
European Geosciences Union. General Assembly. Vienna. Austria. 2014. 04.
27-05. 02. Paper EGU2014-12429-1. 1.

Tamds, |—Léndrt, C. (2006): Analysis of a small agricultural watershed using
remote sensing techniques. International Journal of Remote Sensing. 27. 17:
3727-3738.

Terres,]. M.—Toth, T.~Wania, A.—Hagyo, A.—Koeble, R.—Nisini. L. (2016): Updated
Guidelines for Applying Common Criteria to Identify Agricultural Areas with
Natural Constraints. European Commission. Joint Research Center. 47.

483



Review of research ... T. Téth et al.

Téth A. (1988): Degradalédé hortobagyi 16szgyepek reliktum foltjainak
synokolégiai viszonyai. Tudoményos kutatdsok a Hortobdgyi Nemzeti
Parkban. Debrecen. 11-83.

Téth, A. (ed.) (1996): Ohattél Meggyesig. Természet- és Kornyezetvédé Tandrok
Egyestilete. Budapest.

Téth A. (1997): Degradalédé hortobagyi 16szgyepek reliktum foltjainak
synokoldgiai viszonyai. Kandidatusi értekezés tézisei. Kistjszallas.

T6th B. (1972): Szikesek fésitdsa. Akadémiai Kiadé. Budapest.

Té6th Cs. (2001): Sikvidéki mikroer6zié szikes talajon Agota—pusztén (Hortobagyi
Nemzeti Park). Agrokémia és Talajtan. 50: 397-408.

Téth, T.—Jozefaciuk, G. (2002): Physicochemical properties of a solonetzic
toposequence. Geoderma. 106: 137-159.

Té6th, T.—Kertész, M. (1996): Application of soil-vegetation correlation to optimal
resolution mapping of solonetzic rangeland. Arid Soil Research and
Rehabilitation. 10. 1: 1-12.

Téth T.—Kertész M. (2002): Nyir6laposi valtozatos szikes puszta novényzetének
térképezése légifényképpel. [In: Téth A. (szerk.) A hortobagyi Természetvédo
tabor 25 éve.] Budapest.

Toth T.—Kuti L. (1999a): Osszeﬁiggés a talaj sotartalma és egyes foldtani tényezék
kozott a hortobagyi ,NyirSlapos” mintateriileten. 1. Altaldnos foldtani
jellemzés a felszin alatti rétegek kalcittartalma és pH értéke. Agrokémia és
Talajtan. 48: 431444.

Téth T.~Kuti L. (1999b): Osszefiiggés a talaj sotartalma és egyes foldtani tényezsk
kozott a hortobagyi ,Nyir6lapos” mintateriileten. 2. Tobbszoros
Osszefliggések és a felszini sotartalom becslése. Agrokémia és Talajtan. 48:
445-457.

Téth T.—Kuti L.—Férizs I—Kabos S. (2001): A soéfelhalmozédés tényezdinek
valtozdsa a hortobagyi “Nyir6lapos” mintateriilet talajaindl. Agrokémia és
Talajtan. 50: 409-426.

Téth T.—Rajkai K. (1994): Soil and plant correlations in a solonetzic grassland. Soil
Science. 157. 4: 253-262.

Téth, T.—-Vidrallyay, Gy. (2002): Past, present and future of the Hungarian
classification of salt-affected soils. Soil Classification 2001. European Soil
Bureau. Research Report No.7. European Communities. 125-135.

Virallyay Gy. (1967): Vitathaté megallapitdsok dr H. Franz ,, Adatok a negyedkori
rétegz6déshez és a szikes talajok geneziséhez a Hortobdgyon és annak
peremvidékén” c. dolgozatdban. Agrokémia és Talajtan. 16: 448—458.

Virallyay, Gy. (1989): Soil mapping in Hungary. Agrokémia és Talajtan. 38: 696
714.

Varga L. (1960): Egy hortobdgyi degradalt (szologyosodott) szolonyec talaj
mikrofaundja. Agrokémia és Talajtan. 9: 235-244.

Varga Z.-né (1984): A Hortobagyi Nemzeti Park sziki gyepeinek fitoconolégiai

viszonyai és szukcesszids kapcsolatai. Bot. Kozl. 71: 63-78.

Varga Z.-né-Varga Z.—Nyilas I. (1982): Nyir6lapos-Nyari jaras: Talaj, novényzet,

allatvilag. Hortobagyi Nemzeti Park. Debrecen.

484



