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Introduction

The main limiting factors of soil fertility in Hungary are related to soil water management.
For this purpose the water management category systems was elaborated in the scale of 1:100
000 and 1:10 000 (Varallyay et al., 1980, Varallyay, 1989). Soil water-retention
characteristics (SWRC) are important factors of that category system, but they can only be
measured at limited number of sites in a routine soil survey. From this reason most of the soil
survey organizations have established soil information systems for further investigations.
Data collected in fields and laboratories, for example soil horizons, texture, structure, organic
matter, and carbonate content, etc. are prepared for mapping and for further evaluation, and
utilization. Even systematic sampling to obtain spatially distributed hydrophysical input data
for simulation models is also practically impossible because direct measurement of soils’
hydraulic properties is expensive, time consuming, and labor intensive. Alternatively these
properties are predictable from available soil data as bulk density (BD), organic matter (OM)
content and particle-size distribution (e.g. Gupta and Larson, 1979; Rawls et al., 1982; Ahuja
et al., 1985; Fodor and Rajkai, 2004; Rajkai et al., 2004). Estimating functions of the required
parameters from easily obtainable input data are called pedotransfer functions (PTFs)
according to Bouma and Van Lanen (1987).

Soil maps are visualizing the data collected by the standard soil survey methods. Soil surveys
are usually built on soil taxonomic classification and additional data, depending on the special
requirement of the survey. Soil maps display not only the soil type, but also other soil
attributes with certain categorization. Land evaluation is one of the most widespread
applications of soil data for land use planning purposes. For land evaluation purposes maps of
a scale of 1:10.000 are required. About 60 % of the agricultural area of Hungary is mapped in
this scale (Téth et al., 2004). Many of the maps are digitized, georeferenced and integrated to
GIS systems. The 1:10.000 maps in Hungary contain information on soil types (subtypes),
parent material and texture. Five additional cartograms complement the basic soil map: (1)
humus cartogram (with information on depth of humic layer and humus content of the plough
layer); (2) pH and calcium carbonate content cartogram; (3) ground water cartogram (depth of
soil water level); (4) cartogram of soil salinity (with information on salt content and
distribution in the soil profile) (5) cartogram of soil characteristics those are important in soil
fertility and management (rooting depth, erosion, stone content, etc.). The 1:10.000 scale map
database is the most extensive and it represents the most soil types in Hungary. Therefore it
would be very advantageous to find estimation methods for converting the raw data of soil
maps and cartograms as readily available information for determining the soil water
management categories.

This paper aims to formulate the SWRC dependency of the Hungarian soil taxonomic
classification in the case of brown forest soils.
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Methods

To achieve the aims mentioned above, the database of the Hungarian Soil Information
Monitoring System (TIM) was used. The TIM database contains field and laboratory data for
1023 soil profiles in Hungary. Measured water retention values are available for 3115 soil
horizons. The soil chemical, physical and hydrophysical data and parameters were determined
according to the Hungarian standards (Buzas, 1993). Soil water retention data are determined
on undisturbed 100 cm® soil cores .

Data of the upper horizons of the brown forest soils were. The data set was supplied with soil
parameter category codes according to the recent soil mapping and land evaluation standard.
For selecting the best correlated soil parameters with the water retention values a statistical
analysis (analysis of variance: ANOVA) was performed. Dependent variables were the
measured soil water retention values (pF 0; pF2,5; pF4,2 and pF6,2), category variables
(factors) were the soil parameter category codes in the statistical analysis. After determining
the best correlating soil factors to soil water contents at different water potentials the data set
was subdivided using a quasi-random procedure into ‘‘evaluation’” (EVAL) and ‘‘test”
(TEST) parts, containing 99 and 52 soil samples, respectively. The data of EVAL subset was
then grouped according to the most significant soil factors and the mean water retention
values of these groups were calculated at different category levels. Using these group means
at the category groups of the TEST subset three estimation procedures were performed with
different accuracy and details.

Following Rajkai et al. (2004), the goodness of the predicted water retention curves were
evaluated. The prediction was considered ‘good’ if the mean estimation error was less than
2.5%. The estimation efficiency (EE) of the different estimation procedures was defined as
the percentage of ‘good’ predicted soils. .
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Results and discussion

Results of the present analyses show, that soil map data serve significant information for
predicting of soil water retention characteristics. From the soil map’s information the soil
texture (7 categories), subtype (10 categories) and humus content (2 categories) are
determining soil variables for the brown forest soil’s group.

Relying on the strength of these findings three estimation procedures were performed:
retention data of the water retention curves of the TEST subset were calculated according to
the grouped means of soil texture categories (“A”); soil texture and subtype categories (“B”)
or soil texture, subtype and humus categories (“C”). Prediction “A” can be considered as the
roughest, prediction, and “C” as the most detailed prediction.
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Fig. 1. Estimation efficiency (EE) of the different predictive methods for the TEST
data set.

Fig. 1 shows that the estimation efficiency, EE, is unsuitable (43%) for the TEST soils for the
“A” type prediction (with the use of only the soil texture codes).
The “B” prediction (using the soil texture and soil subtype codes) was much better (62%).
Results indicate that the “C” prediction (using the soil humus content codes too) have a 7%
higher EE than the “B” prediction. This estimation efficiency (~ 69%) can be considered
acceptable in determining the soil water retention characteristics.

Conclusions

Using the database of the Hungarian Soil Information Monitoring System (TIM) the
dependency of water retention characteristics on the Hungarian soil taxonomic classification
and mapping information of the brown forest soils was investigated. Results of the present
study show, that in case of availability of soil subtype, texture and humus data codes at the
soil maps the soil water retention characteristics can be estimated using the relating grouped
mean data. Using the humus content codes of soil maps improved the estimation accuracy and
efficiency significantly.
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