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ECOLOGICAL-ECONOMIC SUITABILITY OF THE SOILS FOR GROWING OF SPRING
BARLEY (HORDEUM SATIVUM L.)

Purpose. To differentiate rural land of Slovakia with aspect to the possibility of effective spring barley
growing. Methods. Soil investigation oriented to soil reaction study took place in two agricultural enterprises in
2010 and it was repeated after four years again. Results. At soil categorization, correlation relationships between
the site properties (soil and climatic conditions) and crop biological and agrotechnical requirements were
considered. Spring barley requirements were included into yield databases using the software filters in the way
that the given site property excluded or limited barley growing, what was reflected in predicted production. The
prediction was subsequently interpolated into four suitability categories: soils not suitable for spring barley
growing, less suitable soils, suitable soils and very suitable soils. The database formed and each of the Bonited
Pedo-Ecological Unit (BPEU) was added in it as well as particular category of suitability for barley growing. By
mediation of the Geographic Information System on BPEU distribution in Slovakia, the map of categories of soil
suitability for spring barley growing was also generated. Conclusions. In Slovakia, there is 20 % of farmland
very suitable for spring barley growing, 24 % suitable, 24 % less suitable and 32 % non suitable soils for spring
barley growing according to our calculation. In the paper, these categories are characterized in details and
specified from the view of geographic, soil, climatic, productivity, economic and energetic parameters.
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EKOJIOI'O-EKOHOMIYHA TIIPUJATHICTb TIPYHTY JJisI BUPOIIYBAHHSA SIPOI'O
SSYMEHIO (HORDEUM SATIVUM L.)

Mera. Jludepenmiamisi CiTbChbKOTOCIOAAPCHKUX 3eMenb CIIOBAaYYWHU 3 BCTAHOBIEHHSM MOXKIIUBOCTI
e(eKTHBHOTO BHPOIIYyBaHHA sporo suMeHio. Meroau. J{udepeHmiamist 3acHOBaHa Ha EKOJIOTIYHUX, IEHO0-
KIIMaTHYHAX 1 BHPOOHMYMX EKOHOMIYHHMX ITOKa3HMKaxX. Pe3yabTaTu. [[ng BUAITCHHSA KaTeropii IPyHTIB,
PO3IIISIHYTO KOPEJISAMiHHI 3B'I3KM MK 1X BIACTHBOCTAMH (IPYHTOBO-KIIIMaTHYHI YMOBH), a TAKOXK O10JIOTi4HI Ta
arpoTexHiYHI BHMOTH KyJIbTyp. BuMorm mo spoBoro suMeHr0 BKJIIOYEHI B 0a3y JaHWX BpOKalHOCTI 3
BUKOPHCTaHHSIM HPOrpaMHUX (UIBTPIB TaKUM YHHOM, IO JaHi BJIACTUBOCTI IO3BOJSIOTH ab0 OOMEXYIOTh
BUPOLIYBaHHS SUMEHIO, IO 3HAWIIO CBOE BiIOOpaXXEHHS B IUIaHyBaHHI BUpOOHMITBA. I[lmaHyBaHHS HOTIM
IHTEpIIOJIIOBAJIM Ha YOTHPH KaTeropii NMpUAATHOCTI: IPYyHTH HE NMPHIATHI U BHPOIIYBaHHS SPOTO SYMEHIO,
MEHII MiIXOISII IPYHTH, MPUIATHI IPYHTH 1 ayxe migxoasmi rpyHta. ChopMoBaHo a3y JaHUX Ta JOJAHO B
Hei Bonirerni [lemo-Exonoriuni bioku (BIIEB) i kareropii mpuaaTHOCTI Juii BHpPOIIYBaHHS SYMEHIO. 3a
jnonomoroto reorpadiunux iHdopmauiitnux cucrem i BIIEIT B CroBadumHi 3reHepOBaHO KapTy KaTeropii
NPUIATHOCTI IPYHTIB JAJIsI BUPOILYBaHHS sIporo stumeHio. BucHoBku. Y CroBauunni BusiBieno 20 % opHHX
3eMeJIb, SKi TyXKe MpUIaTHI [UIS BUPOITYBaHHS SPOTO sAMEHI0, 24 % mpunatHux, 24% MeHII NMpUIaTHUX Ta 32
% He MPUAATHUX TPYHTIB I BUPOIILYBAHHS SPOTO SIMEHIO 32 HAIIMMH PO3paxyHKaMH. Y CTaTTi, Ili KaTeropii
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BIZPI3HSIOTBCSL B JETASAX 1 YTOYHIOIOTHCS 3a JIONOMOTOIO reorpadiuHuX, TIPYHTOBHX, KIIMaTHYHHUX,
BUPOOHMYHX, EKOHOMIUHHX 1 EHEPreTUUHHX MapaMeTpiB.

Knrouosi cnoea: nudepeHtianis, CUIbCFKOTOCTIONAPCHKI 3eMJIi, TPUAATHICTh IPYHTY, BUPOLTYBAaHHS, SApUL
SAIMiHB
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IKOJIOI'O-DKOHOMUYCKASA TMPUT'OJHOCTDHh TMOYBBI JIsA BBIPAIIIUBAHUSA
SAPOBOT'O SYMEHS (HORDEUM SATIVUM L.)

Hean. JnuddepeHnuanus ceabCKOX03IHCTBCHHBIX 3eMeNb CIIOBAaKMU C YCTAHOBJICHHEM BO3MOXKHOCTH
3((eKTUBHOTO BBIpAIIMBAaHUS APOBOTO staMeHs. Metoabl. JnddepeHnmanus oCHOBaHa Ha HKOJIOTHUECKHUX,
NeA0-KIMMAaTHYECKUX M MPOU3BOJCTBEHHBIX SKOHOMUYECKUX MOKa3zarensx. Pedyabrarbl. [[ns BblaeneHus
KaTeropuil IOYB paccMaTPEHO KOPPEISIIHMOHHBIC CBS3M MEXIY HMX CBOWCTBAMH (IIOYBCHHO-KIIMMATHYCCKHE
YCIIOBHSA), a TAaKXKEe OMOJIOTHYECKHE H arpoTeXHIMUSCKUE TPeOOBaHMS KyIbTyp. TpeboBaHHS K SPOBOMY STUMCHIO
BKITIOYEHBI B 0a3y HaHHBIX YPOKaHOCTH C WCIIONE30BAaHHEM IMPOTPAMMHBIX (PHIBTPOB TaKUM 00pa3oM, UTO
JIaHHBIE CBOICTBa IMO3BOJISIIOT WJIM OrPAaHUYMBAIOT BBIpAIMBAHHE SUYMEHS, YTO OTPAXKEHO B IUIAHHPOBAHUU
nmpou3BoAcTBa. [ImaHupoBaHue BIOCIEACTBUU UHTEPIOIMPOBAIM HAa YETHIPE KaTETOPUH MPHUTOJHOCTH: MOYBHI
HE MPUTOAHBIE JJIsl BHIPALIUBAHUS SPOBOTO SUMEHs, MEHee MOJIXOJSIINE MOYBbI, IPUTOJHbIE MOYBHI U OYEHb
nogxonsmue moys. ChopmupoBaHo 6a3y JaHHBIX U qo0aBiicHO B Heé bonuterHbie [leqo-Oxonornueckue biaoku
(BII2B) u kareropuu OPUTOJHOCTH st pocTta suMeHs. C MOMOIIBbI0 reorpadUuecKuXx HH(POPMAIMOHHBIX
cucreM ans BIIDII B CnoBakuu creHepHUpOBAHO KapTy KaTeropui MPUTOAHOCTH MOYB IS BBIPALIMBAHUSA
spoBoro suMeHs. BeiBogbl. B CrnoBakum BeiiBaeHO 20 % NaxOTHBIX 3€MENb OYCHP IMOIXOISIINX [T
BEIpAIIBAHUS SPOBOTO sTAMeHs, 24 % moaxonsamux, 24 % MeHee momxoaanux u 32 % 0e3 moAXoqImuX HOYB
JUISL BBIPAIMBAHMS SIPOBOTO SIMMEHA 10 HAIIUM pacueTaM. B craThke, 3TH KaTeropuu OTIMYAIOTCA B IETASIX U
YTOYHSIIOTCSI C TIOMOIIBIO TeorpadUueCcKuX, MOYBEHHBIX, KIIMMATHYECKIX, TPONU3BOICTBEHHBIX, SKOHOMUIECKUX
Y DHEPreTUYECKUX NTapaMeTPOB.

Knroueevie cnosa: muddepeHnmanus, CeIbCKOXO3IUCTBCHHBIC —3EMIIH, MIPUTOAHOCTh  TIOYBBHI,
BBIpallIUBaHUE, SPOBOU TUMEHB

Introduction

Recently, spring barley (Hordeum types was established. In 1958, agricultural
sativum L.) is in Slovakia grown practically in production zoning was finished, within which
all types of natural sites ranging from lowlands zones with different grow suitability were
to mountainous regions. Successful growing of identified for majority of crops. In the same
barley, as well as of other crops, is fully year, production regions and sub-regions were
dependent  especially on environmental identified for taxation purposes. They are still
climatic and soil conditions. These chief used, especially for statistical purposes. The
factors influence production and economy of system of soil suitability categories for selected
the crop assumptions to a great extent. crops, elaborated after 1971, is based on more
Although not negligible role is played by exact pedological background obtained after
genetic and breeding measures, with aspect to completion of Complex Soil Survey and
heterogeneity of soil-climatic conditions and subsequently Soil Appraisal. Important works,
considerable geomorphologic heterogeneity, done in this area, were published by Korbini
various regions show different rates of barley and Facuna [4], Dzatko [2], Kova¢ et al. [5].
growing suitability. Recently, development of information

Soil categorization focused on the crop technologies, especially Geographic
distribution was in the centre of attention of Information Systems, enables processing of
several works. As early as 1921, economical existing and innovated soil databases and more
farmland classification was applied and on this precise quantification and area division of soil
basis, the territory of Slovakia was divided in suitability categories for crop growing. The
to four production regions. After 1948 the aim of this paper is to show such methods for
system of so called geonomical production spring barley as an example.
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Material and methods

For outlining the regions of soil
suitability for barley growing, the bases for us
were the crop exact and potential data. Because
growing suitability is predominantly judged on
the basis of really reached production, this
factor played decisive role at the categories
formation. Particular data of yields and barley
growing economics in Slovakia were obtained
for period 1990 to 2000 directly from the
farms. Data of 281 agricultural subjects were
assessed. They have been farming in various
natural conditions on total area exceeding 556
thousand hectares of farmland, which is
approximately 23 % of total acreage of
farmland in Slovakia.

Both  production and economical
parameters of successful barley growing are
directly  connected with  pedo-climatic
conditions. Data of Slovak climatic regions
were analyzed and applied, as well as data of
sloping, stoniness, soil depth, soil types and
subtypes, soil point values and typological-
production soil categories. These data were
obtained from the Appraisal Information
Database of the Soil science and Conservation
Research Institute Bratislava, by mediation of
the Bonited Pedo-Ecological Unit (BPEU)
planar presentation.

The dependence of studied indicators on
soil production potential in analyzed farms
(expressed by average point value in 100-point
scale) was tested by non-linear polynomial
regression analysis. Subsequently, potentially
possible yield of spring barley, its share in
cropping system as well as potential
economical parameters (yields, costs, profit, or
loss) were calculated using the regression
equations for each of the BPEU and added to
database. Soil rate of suitability for spring
barley growing was differentiated and
qualified using the Geographic Information
System ARC INFO, based on vector bonity
maps (scale 1:5000) and area distribution of
studied factors. All economical indices used in

the work were calculated without government
subsidy.

Used background:

- Soil Science and Conservation
Research Institute database of Bonited Pedo-
Ecological Unit (BPEU) data and their point
evaluation in 100 point scale [3];

- soil categorization by their allegiance
to climatic region, sloping category, texture
and stoniness [7, 12];

- typological-production  farmland
categorization [3] and database of production
and economical parameters by the BPEU [10];

- real spring barley vyields, their
economical parameters (receipts, yields and
costs) and real cropping system structure of
arable land;

- energetic equivalents for byrley
growing energy production, calculated by the
methodology of authors Preininger [8] and
Strasil [9].

The following codes for the evaluating
parameters were chosen:

Soil-climatic regions: 00 - very warm,
very dry, plainly, 01 - warm, very dry, plainly,
02 - sufficiently warm, dry, hilly, 03 - warm,
very dry, plainly, continental, 04 - warm, very
dry, basin-like, continental, 05 - relatively
warm, dry, basin-like, continental, 06 -
relatively warm, moderately dry, highland-like,
continental, 07 - moderately warm, moderately
moist, 08 - moderately cold, moderately moist,
09 - cold, moist, 10 - very cold, moist.

Typological-productivity categories of
soils: O1 — the most productive arable soils,
02 - highly productive arable soils, O3 - very
productive arable soils, O4 - productive arable
soils, O5 - medium productive arable soils, O6
- less productive arable soils, O7 - low
productive arable soils, OT1 - medium
productive arable soils and very productive
grassland, OT2 - medium productive arable
soils and medium productive grassland, OT3 -
low productive arable soils and less productive
grassland.

Results and discussion

Generally, rate of successful spring
barley growing is judged by real yields of area
unit (t.ha™). This, however, with aspect of
unequal real energetic and material inputs into
plant production process, can be sometimes

confusing. Nowadays, production potential of
our soils is used only at 68 % by barley
growing, as resulted from our previous work
[11]. Considerable reserves are particularly in
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the crop proper distribution within the
conditions that are most suitable for it.

Obijective results of the rural country
categorization for cropping systems can be
reached only by analysis of satisfactory
quantity of data and parameters. In spite of
statistically sufficient number of respondents,
in the case of some parameters there are some
exceptions in proposed categories that are not
exactly in harmony with the scale chosen.

Starting point for formation of soil
suitability categories for barley growing was
poly-functional analysis of selected pedo-
ecological and economical parameters that
remarkably affect the crop successful growing.
This analysis showed significant dependence
of production and economical characteristics
on pedo-climatic conditions.

It is obvious that successful growing is
influenced also by other factors that are not
included in our analysis. For example, actual
soil reaction (pH) was not respected in division
of suitability zones. Optimum soil reaction for
barley is 6.2 — 7.5 [1]. Therefore genetically
acid soils were classified as less suitable for
growing. Similar principle was used in
classifying compacted soils and soils with
clayey gleyic horizon. Although barley is
considered as a crop with less requirements for
soil properties, economical profitability of its
growing assumes acceptation of all pedo-
climatic factors.

Based on available data and using an
inductive method, four regions were identified
with respect to suitability for barley growing.

Rural country characteristics with
regards to spring barley growing suitability

Soil category — very suitable — covers
20 % of total acreage of farmland. Primarily,
soils of Danubian Lowland, Danubian Hilly
Land, Chvojnickd Hilly Land and East
Slovakia Lowland. Main soil types are
Chernozems (48 % of the category area),
Fluvisols (35 %, the largest area covered by
subtype Mollic Fluvisols - 19 %) and Orthic
Luvisols (14 %). Soils are texturally medium
heavy (79 %), deep (99 %), without soil
skeleton (98 %), mostly on the plane (90 %).
The category is located within climatic region
00 and 01 (91%). Soil fertility, expressed in
100-point scale, is between 78 and 100 points.

Mean yields were in the level 4.92 t.ha™.
Soils with productivity potential is above 4.63
tha® were included into this category.
Assumption of rational spring barley sowing
on ploughed land in this category is up to 25
%. According to typological production

categorization of farmland, first five soil
production categories (O1 to O5) belong to this
category. By spring barley growing, profit
above 105 EUR.ha' and profitability rate
above 25 % can be attained. Bioenergy
produced by barley ranges from 73 to 83
GJ.ha™.

Fig. 1 — Very suitable soils for spring barley growing
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Soil category — suitable soils — includes
approximately 24 % of Slovak farmland.
Geographically, majority of these areas belong
to Nitra Hilly Land, South-Slovak Basin,
Kosice Basin, East-Slovak Lowland and
marginal parts of Danubian Lowland.
Dominant soil types are Fluvisols (45 %,
Mollic Fluvisols cover 14 %), Luvisols (25 %)
and Regosols (15 %). As for texture, soils are
from medium heavy (61 %), without soil
skeleton (89 %), deep (93 %), on medium
slopes up to 7° (91 %). The region is identical
with climatic regions 00 to 05 (94 %, the

highest proportion belongs to the region 01 —
24 %). Soil point value range is 49 — 77 points.

Potential spring barley vyields in the
region were in the level 3.83 — 4.60 t.ha?, with
mean yield 4.19 tha™. In cropping system
structure, spring barley can reach up to 20 %.
According to typological-production Slovak
soils division, the categories located here were
identified as high productive arable land to low
productive fields (02 to OT3). The profit
obtained by this crop can be assumed in the
level 43-104 EUR.ha™ and profitability rate is
presupposed within 15-25 %. Spring barley
generates 60-73 Gl.hat energy

Fig. 2 — Suitable soils for spring barley growing

Soil category - low suitable — covers
approximately 24 % of Slovak farmland. It
consists of Slovensko-Moravské Karpaty,
Borska Lowland, Middle Beskyde, Basin of
Turiec, parts of the Southslovakian Basin, parts
of Subtatran Basin, Ondavska and Laborecka
Highland, Zvolen and Hornadd Basin and
marginal parts of East-Slovak Lowland.
Dominating soil representatives are Cambisols
(55 %) and Dystric Planosols (27 %).
Texturally soils are ranging from medium
heavy (74 %) to heavy (18 %), from deep soils
(63 %) to medium deep (35 %), with various
stoniness, located on plane (21 %), slopes 3 —
7° (39 %), and slopes 7 — 12° (40 %). In this
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category, climatic regions from 05 to 08 (58 %
soils) dominate. The soils point value range is
19 — 48 points.

Spring barley ha-yields were ranging
3.01 — 3.80 tha™. Mean yield is 3.44 t.ha™.
Categories of productive arable land to low
productive fields (O4 to OT3) can be found
here according to typological production
division of Slovak soils. Spring barley growing
economical parameters in this category are
following: presupposed profit is under 43
EUR.ha™, and profitability rate up to 15 %. 1
ha of spring barley produces 47 to 60 GJ of
energy.
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Fig. 3 — Low suitable soils for spring barley growing

Soil category — non suitable — is spread
approximately on 32 % of Slovak farmland
area. From geographic point of view, it includes
particularly ~ Fatra-Tatry  region, Eastern
Beskyde, PodhoI'no-Magursky region,
Slovenské Rudohorie and extremely heavy soils
of East-Slovak Lowland. From pedological
view, soil on slopes above 12° soils well as
heavy, extremely acid, water-logged soils with
non beneficial physical and chemical properties
can be found here. Dominant soil types are
Cambisols (65 %), Rendzinas (11 %) and
Haplic Gleysols (7 %). Texturally soils are
medium heavy (76 %), with high content of soil
skeleton (74 %), shallow (74 %), on slopes 12 —

17° (35 %), on steep slopes above 17° (24 %).
Absolutely dominating are climatic regions 07
to 10 (73 %). The soil point value is lower then
19 points.

Hectare-yield level of soils in this
category is lower then 2.95 t.ha™. Spring barley
should not occur in cropping system structure
on arable land of this category. According to
typological production categorization of Slovak
soils, dominating are soils suitable more or less
only for use as permanent grasslands and
partially also alternating fields (categories OT
and T). In mentioned regions spring barley
growing is associated with losses, and thus it is
not profitable.

Fig. 4 — Non suitable soils for spring barley growing
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Conclusion

In comparison with other previously
formulated territorial division systems of
production regions and zones in Slovakia, this
alternative brings more detailed analysis of
pedo-climatic conditions of territory (based on
BPEJ basic mapping unit) and it associates
economical and energetic aspects of the crop
growing. Substantial is that the system enables
possible detailed area identification of given
category for any region of Slovakia by GIS
help. It is obvious that in territory identified by
this method, further analysis is possible by
using other supplementary parameters. Thus,

the method is an open system that does not
identify sharp borders of each category, but it
creates them more or less mosaic-like based on
particular conditions of the crop and site,
respectively.
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