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Abstract: Environmental effects of temperature
rise and long periods without precipitation on
soil processes — case study for southern Slo-
vakia. The general purpose of the article is to
evaluate the environmental effects of tempera-
ture rise and long periods without precipitation
on soil processes in southern Slovakia. Observed
climate change (increase in average temperature)
can cause changes in the fertility of the soil, es-
pecially in the direction of faster mineralization
of organic matter. As an example, very accurate
measurements of air temperature, rainfall and
water content in the soil profile to a depth of 1 m
are used. The more specific objective of the study
was to evaluate the formation of soil water reten-
tion resources under high temperature conditions
and over 30 days without rainfall. Based on the
measured values, they were created graphs for
extended period of time without precipitation.
The graph shows the average daily soil moisture
in each layer, which is measured at the hydrolog-
ical network of stations in operation by Centre of
Excellence for Integrated River Basin Manage-
ment at SUA in Nitra. The final evaluation for
the stations Zirany and Dolné Nastice, soil water
content is showing the vulnerability of crops due
to changes in water content, especially in layers
from 0.3 to 0.5 m.

Key words: heat balance, water balance, hydro-
thermal factor, soil drought

INTRODUCTION

Observed climate changes also modify
environmental effects of agriculture-like
degradation of organic matter in soils
accompanying severe and long-lasting
droughts. It results from thermodynam-
ics that in warmer climate there is more
room for water vapor in the atmosphere.
As expected, the intensity of precipita-
tion has been increasing in the warmer
worlds. Longer dry periods are inter-
spersed by intense rain fall may lead to
floods (Kundzewicz and Kozyra 2017).
Drought is a natural phenomenon,
occurring several times in human his-
tory and often is neglecting the impact
and the importance. Numerous droughts
have hit European agriculture over the
ages, but their overall extent has been
known mainly from scattered historical
documents. Worst drought and famine
ever seen in Europe, the Great Famine
of 1315-1317, was actually a series of
crises. The tragedy, that killed an esti-
mated 7.5 million people, was caused
by strange weather and unrelenting rains
(Benedictov 2004). The historical meas-
urements of climate data convince us of
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the severity of the drought on the terri-
tory of Slovakia or the former Czecho-
slovakia.

Drought raises problems especially
for agriculture, where water shortage due
to heat increases evapotranspiration and
soil water consumption, and the situation
is worsens. The forests also suffer great-
ly from during the dry season, like agri-
culture. And that’s a serious problem not
only for the trees or vegetation as well as
for animals in the forests (Lindner 2000,
Keenan 2015, Sohn et al. 2016).

And followed drought brings the
problems for the cities; the water sup-
ply from the lack of water infiltration is
threatened.

Drought is the phenomenon whose sig-
nalling it is necessary the longer period.
During the drought almost never know
that starting drought and also we cannot
accurately predict when ends (Laaha et al.
2015, Naumann et al. 2015, Sttor and Re-
hak 1999). In contrast to the flooding, this
began after major or longer rain event,
unexpectedly and very quickly. The flood
takes a short period, maximum to a few
days; the drought takes a long period.

After the floods, almost immediately
being reported damages caused by floods.
The damages caused by the drought are
hardly documented and their actual value
can be quantified sometimes after several
months, for example after the crop har-
vest. Therefore, these damages are not
published sufficiently. Drought damage
generally affects a much larger area than
flood (Naumann et al. 2015). The drought
is affecting the territory of the states or
part of the continent; floods have been as-
sociated with river basins or small areas.

Despite the damage, caused by
drought, is not given to its observation

more relevant attention. Observations of
drought are not comparable with the ob-
servation of the floods.

The basis of drought observations is
countrywide and continuously monitor-
ing of soil water content. Monitoring of
groundwater level is not sufficient for
assessing drought. Slovakia has the solv-
able deficiencies in drought monitoring.
More detail aim of this paper is to evalu-
ate the state of emergency for the territo-
ry over the drought on basis of monitor-
ing results at two locations in Slovakia.

OPTIMIZATION CRITERIA OF
HUMIDITY CONDITIONS IN THE
RECLAIMED AREAS — BASIC
CRITERIA

One of the most important and most com-
fortable to use in practice and theory of
forecasting the effects of land reclama-
tion called in the literature “maturation
drainage soils” is a hydrothermal factor
is “radiative index of dryness”. Using
this indicator can be on a scale larger
areas to predict the effects of changes
caused by actions such as changing land
use (such as plowing of permanent pas-
ture) or intensification of agriculture is
produced by the introduction of large ar-
eas of irrigation and drainage (Nikolski
1977, Aidarov et al. 1990, Aidarov and
Pestov, Mosiej 1998, Shabanov 2002):

rR=_R

—— 1
I.p (1)
where:
R —radiative balance of the soil surface
(kJ/cmz-year);

P — precipitation (mm);



L —latent heat of wvaporization (kJ/
/em?-year) per 1 mm of water layer.

_ More specifically, it should be present
R in the amount of water permeating the
soil or as effective precipitation (P,).
Then expression takes the form:
R=R

I ©)

Another important element of the as-
sessment of the conditions of formation
of the soil under the influence of con-
stant changes in humidity (drainage or
irrigation) are the energy loss of soil for-
mation processes — O (Volobujev 1974,
Kowalkowski 1988):

O=R-c R 3)

where:
o — fixed amount for the climate and soil
zone (humid zone with R = 0.5, o =2.2;
for the temperate zone at R=1,0=1.0;
for semi drought zone R >15,a= 1.5).
There is a close relationship between
values R and Q and the properties of
soils in different areas of waterlogging.
For multi-zone areas of Europe and Asia
determined rather accurately the rela-
tionship between the values presented
in Figure 1. From the point of view of
optimizing the conditions for the soil
forming processes most advantageous

situation occurs when the (L =1) in
L-P

the temperate zone soil moisture. In this
process the exchange of mass and en-
ergy are balanced, and the created soil
are classified as different types of cher-
nozem at the same time a relatively large
stock of free energy is accumulated in
decay, with a relatively high content of
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FIGURE 1. The relationship between factors of
soil formation (A) and physico-moisture proper-
ties (B) and physicochemical (C) of soil: I — hu-
mid zone, II — steppe zone, III — dry steppe zone,

IV — desert zone; 1 — relations R = TRP’ 2 —the

ratio of the annual quantities of organic matter ac-

cumulation on the surface and the topsoil to the
size of the biomass produced, 3 — the energy of
soil formation, 4 — particle content < 0.001 mm,
5 — soil moisture, 6 — soil sorption, 7 — water-re-
sistant aggregates content, 8 — availability of nu-
trients for plants, 9 — the ratio: content of humic
acids to content fulvic acids, 10 — complex sorp-
tion capacity of soils, 11 — organic matter content,
12 — pH value
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clay fraction and as a result have a high
sorption capacity cation exchange, and
the aggregates are relatively highly water
resistant. In the desert area and in condi-

tions of high temperatures and shortage

of moisture > 2 biological soil

R
L-P
productivity is relatively low, the organic
substance is a very rapid mineralization,
so that the humus content is low and the
soil are characterized by relatively low
sorption capacity cations.

Much worse soil properties humid
zone and sub humid areas of the trop-
ics, regardless of their sufficiently high
biological productivity, are determined
largely washed out not only minerals but

. R
1 ds (——= < 0.8).
also organic compounds (L-P )

However, when > 1 processes oc-

L-P
cur accumulation of chemicals in soils,

soils and groundwater.

THE COMPLEXITY OF THE
ISSUES OF LAND IMPROVEMENT
AND DRAINAGE

Comprehensive approach the tasks re-
lated to the activities land improvement
infrastructure (drainage and irrigation),
taking into account environmental re-
quirements is associated with the crea-
tion of system models describing the
interaction of individual components of
the circuit (biological and geological).
This approach is not new, but previous
actions both science land improvement
(drainage and irrigation) and practices
were focused mostly on one-sided meet-
ing the needs of crops. They were omit-
ted in these analyses both the conditions

of soil formation and protection of the
soil environment. Necessary becomes
more comprehensive quantification of
circulating water, minerals and organic
and quantitative evaluation of the in-
teraction processes occurring in the at-
mosphere, soils, biomass, groundwater
and deeper aquifer. Currently, the lack
of basic data prevents a full list of sys-
tem models describing these phenom-
ena. In practical terms, the justification
drainage treatments is limited primarily
to analyse the movement of moisture
processes and substances, unrated their
impact on the circulation of biological
and geological and soil-forming proc-
esses (Golovanov 1975).

This system can be described by
equations balance sheet, expressing the
law of conservation of mass and energy
(Shabanov 1973, 1980).

More specifically, the models men-
tioned system should consist of three
main blocks characterized by:

— layer of the atmosphere at the ground
surface;

— soil and plant;

— groundwater.

These blocks are characterized by:
— heat balance;
— water balance;
— balance of chemical components;
— balance of soil organic matter

The heat balance of the soil layer (at
a certain time — year, vegetation period,
month, decade):

R=L xE+ B+ S8 (kl/cm?) 4)
where:
R — radiative balance of the soil sur-

face (kJ/cm?-year);
LxE —evaporative heat loss;



B —heat exchange between the soil
surface and the atmosphere (pos-
itive facing up);

S — heat exchange between the soil
surface and bedrock located down-
stream (positive points down).

Water balance of the soil layer (within
a specified period of time) in terms of ap-
propriate conditions — natural conditions
and with land improvement conditions:
— for the soil surface:

Wy =P+D-E,— W+ (D - 0) (mm)

)

— for root layer of soil (or for the un-
saturated zone):

8 Wy = Wy — E + g (mm)
— for groundwater:
W3 =F-q+(D+0)-Q+p(mm) (7)

where:

P —precipitation;

E,, —evaporation from soil surface;

E — evapotranspiration (evaporation +
+ transpiration + interception);

W, — infiltration (the amount of perco-
late water);

D —periodical/seasonal irrigation rate;

— surface inflow;

— surface runoff;

O — natural inflow and outflow of

gfoundwater;

W, ,6W, , 8W5 — change of surface wa-
ter resources, in the root layer of the
and ground water;

F —losses on filtration from the irriga-
tion network;

D, O — natural inflow and outflow of
surface waters;

O - drainage outflow;

(6)

D
0
D
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g — volume of water exchange between
soil moisture and groundwater
(positive direction — up);

p —exchange of moisture between
groundwater and deeper groundwater
overhang (positive direction — up).

Balance of chemical components
(both harmful salts and plant nutrients)
to the soil surface):

SG:iGO‘i‘GWS'i‘GN'i‘GMiGg*
-G, G, (t/ha) (8)

where:

0G —changes in the amount of chemi-
cals in the soil in the period (mul-
tiplicity, decade, year, growing
season, the irrigation period);

Go — chemical exchange between the soil
solution and solid phase of soil;

G~ inflow to the soil from infiltrated
surface water;

G v inflow chemicals with mineral
fertilizers;

G,, — formation of the substance as a re-
sult of microbial fixation and soil
microbial activity;

G —inflow of substances from ground-
water or outflow into groundwater;

Gp — quantity of the substance taken up
by the crop plants;

G, - loss of minerals from the soil due
to wind and water erosion.

Balance of soil organic matter (for a
specific period of time):
0H = H,, + Hy + Hy + Hy + H, (tha) (9)

where:
OH — change the resources of organic
matter for the balance period;
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H —inflow of organic matter (from
seeds, crop residues of plants);

HN — bringing of organic matter in the
form of organic fertilizers;

H iV mineralization of soil organic mat-
ter;

Hg — leaching into groundwater;

He —loss from the soil due to wind and
water erosion.

In the above equations, the theory
genesis and drainage of soils as closely
related to each natural phenomenon
linked into one system. The system of
equations that altering one of balance
sheets and the more one component of
any balance is not real, since the forma-
tion of the soil and drainage is the result
of a complex of all the factors.

Water conditions (humidity) are the
most controllable indicator of soil fer-
tility and largely determine the produc-
tivity of agricultural land. Their impact
on air conditions, thermal, chemical and
biological soil. The nature of this impact
is presented in the balance equations and
schematically shown in Figure 2.

The basic indicators of soil water re-
lations are the soil moisture content W
and the depth of the groundwater A (A
size is very important especially with
hydrogenic water regime), which deter-
mine the direction and intensity of mois-
ture exchange.

If we use complex drainage solutions,
such as:

— suitable agrotechnics on agricultural
use;

— technical land improvement treat-
ments (irrigation and drainage);

— agromelioration treatments (retention
of snow, deep plowing of heavy soils,
etc.);

— fitomelioration (including planting
of trees and shrubs in the landscape);
profiling the surface to increase or re-
duce the runoff.

Surface water balance, the amount of
water percolates and energy of soil for-
mation are changing as a result of the
changed relationship evaporation and
radiation balance. Carry out simulations
presented in Figure 3.

The results of the calculations illus-
trated in the figures indicate that under
moderate climate to be accelerated run-
off in the range 0.2-0.3 relative to the
amount of rainfall. Steppe zone, on the
contrary, it is necessary to exclude run-
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FIGURE 2. Diagram of the effect of regulating
water relations on the thermal conditions (T),
chemical (N), microbiological (M), air condition
(C) of soil: M — microbial activity, K — activity
of the root system of plants, /' — soil moisture, A
— depth groundwater, ¢ — the amount of moisture
exchange; solid lines showing the close relation-
ship, with dashed lines — weak relationship and
the arrow indicated the direction of the impact
(Aidarov et al. 1990)
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FIGURE 3. The impact of the relative runoff
0= O on the relative energy loss of soil forma-

M
tion processes. Q:Q7N for humid conditions

(1) and for equilibrium water balance conditions
(stepp zone) (2); symbol “M” means the area with
melioration treatment (like drained), “N” — with-
out any melioration treatment (conditions similar
to the natural)

off through the use of appropriate agri-
cultural treatments.

For practical control of natural proc-
esses necessary to their modelling. Mod-
els of soil processes should be based on
the study of phenomena to move water,
salt and heat, as well as nutritional com-
pounds, creation and distribution of or-
ganic matter in soils, it is the study of the
biological cycle of water, organic com-
pounds and minerals.

Currently, most fully developed
models the movement of moisture and
chemical substances (salts). Much less
developed models circulation of heat
and practically insufficiently developed
models the movement of nutrients and
the creation and distribution of organic
matter. This situation stems from practi-
cal reasons soils regulation of water: ir-
rigation in arid and drainage in a zone
of excessive moisture. So the task of
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land reclamation comes down to develop
projects to compensate for the shortage
of moisture and elimination of the exces-
sive salinity and soil moisture.

Taking into account the issue would be
concluded accepted evidence yet practical
solutions to regulatory action. The moder-
ate climate conditions, it is primarily the
prevention of degradation of agriculture
land, improving soil aeration for the ac-
tive activities of root system of plants,
the development of oxidative processes
in soils and the weakening of the regime
wash. The organic soils at certain times of
the year should inhibit the development
of oxidative processes to counteract too
intense mineralization and smothering
mass of peat. One of the tasks of regulat-
ing water relations in these areas should
be by anti-pollution chemicals receivers
leaving from drainage waters. For this
purpose, it is essential to minimize dehy-
dration regime wash areas and operate a
system of closed water circulation. The
problem that has not yet been adequately
addressed in the assessment of the condi-
tions for regulation of water is the fertility
of the soil, as the value of habitats in the
agricultural landscape.

MATERIAL AND METHODS

Soil water balance, is determined as part
of the natural hydrologic cycle. As soil
water declines, crops and other vegeta-
tion can become stressed. Changes in the
amount of soil water in the root zone (1 m)
for a selected time period (7) is given as:

aS/ot=P—ET— R, — D, (m*/m’)

where:
0S/0t — change in soil water;

(10)
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P —precipitation;

ET — evapotranspiration;

R, —runoff;

D, —drainage in evaluated time period
(?) in Equation (10).

The soil water content (S) is the
equivalent depth of water:

S=130Ad (m?)

where:

6 —average volumetric water content
of the soil over a layer of soil;

Ad — thickness of the soil layer in Equa-
tion (11).

(11)

Soil water measurements reflect how
effective a rainfall event was at replen-
ishing a soil profile.

Available soil water fraction we can
obtain using simple Equation (12):

FSyw= (0~ 0pp)/ (Opc—Opp) (-)  (12)

where:

6 —measured volumetric soil water
content;

Orc — volumetric soil water content at
field capacity;

Owp — volumetric soil water content at
the wilting point;

A centre of Excellence for Integrated
Watershed Management in the Chang-
ing Environmental Conditions supported
by EU funds is managed by a Faculty of
Horticulture and Landscape Engineer-
ing. Specific goals of the centre are ori-
ented on the creation of conditions for
a research of a runoff creation and soil
water dynamic in the main river basins
of Slovakia.

A part of the centre is a network of
meteorological and hydrological stations
with online transfer of measurements
(Kaletova 2015). The analysis of soil wa-
ter storage during the drought season in
2015 was done according to information
from those stations. There were chosen
two stations — Dolné Nastice and Zirany
(Fig. 4) for detailed description of soil
water storage change in this paper.

We analysed an hour average data of
soil moisture in depths: 10, 20, 30, 40, 50,
75, 100 cm. Those data sets were the use
for a calculation of soil water storage in
the particular layer. Data for the missing
layers were calculated as an average of

FIGURE 4. Places of soil water content measurement
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TABLE 1. Field capacity (0r¢) and wilting point (0)yp) of particular depth of soil

Dolné Nastice Zirany
Dgflt)h Orc | Owp Orc | Owp
m/m?
0.10 0.335 0.209 0.372 0.230
0.20 0.332 0.212 0.356 0.224
0.30 0.278 0.170 0.342 0.221
0.40 0.324 0.201 0.333 0.208
0.50 0.300 0.187 0.333 0.200
0.75 0.275 0.165 0.365 0.226
1.00 0.358 0.220 0.313 0.307

TABLE 2. Selected soil parameters of top layer (15-20 cm) and sub layer (30—40 cm) of soil profile

Parameter Top layer | Sub layer
Dolné Nastice (Ostratice)

Soil texture classes heavy soil heavy soil

Porosity (m/m®) 0.44 0.4

Bulk density (kg/m®) 1479 1500

K (m/min) 0.02883 (1.73 mm/h) 0.01475 (1.27 mm/h)

Zirany (Kolifiany)

Soil texture class heavy soil heavy soil

Porosity (m’/m?) 0.44 0.405

Bulk density (kg/m®) 1463 1492

K (mm/min) 0.02688 (1.61 mm/h) 0.03575 (2.14 mm/h)

data from upper and lower layer as is layer
with the missing data. The soil water stor-
age in the whole soil profile up to 1 m was
calculated as a sum of soil water storage
of the particular soil layers (Tables 1, 2).
Selected soil parameters are available
at the Hydrophysics Webserver. The in-
formation was used for the nearest sta-
tion to the place of measurement (Kj)
was estimated over field measurements.

RESULTS

According to information from Slovak
Hydrological Institute in Bratislava, the
total precipitation in western Slovakia

were only 28% of normal in June and
38% in July, respectively. June and July
of 2015 were extremely dry. Such situ-
ation were observed in other European
countries (Laaha et al. 2016). A total
monthly precipitation was up to 30 mm
in June and 15 mm in July, respectively
in the areas of interest (Fig. 5).

We observed 7 dry periods in 2013
and 2 periods in 2014 in Dolné Nastice.
All of them were longer than 14 days;
the longest one was 59 days in the sum-
mer 2013. There were 6 dry periods in
2013, and 4 periods in 2014 in Zirany. In
this case, the longest one was 39 days.

Longer periods without precipitation
were aborted with short, not heavy rains
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y tihrn ych zrézok na za mesiac Jun 2015
Monthly precipitation total in Slovakia in June 2015
7; ﬁ

R [mm]
T W 4 @ T % 05w W B0 5 W W z0 oz w0 2 a0 W

sluzba, 2015
. 2015
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also in 2015. The period of 30 days with
the descent of soil moisture in the top
layer of soil (10 cm) were chosen for the
analysis. There is visible a different trend
of soil moisture in the particular layers in
both stations.

The most critical soil water storage is
in the depth 30-50 cm, what is the main
depth of water uptake by plant roots.
The soil moisture in the depth 10 cm de-

y thrn ych zrézok na 2a mesiac Jul 2015
Monthly precipitation total in Slovakia in July 2015
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creased rapidly during the first 5 days,
later, the trend was more balanced in the
station Zirany. The soil moisture had the
descent trend in all depths, except the
depth 20 cm (Fig. 6). The lowest val-
ues of soil moisture were in the depth of
30 cm till the middle of analysed period,
than it was in the depth of 75 cm. The
trend was similar in that time of period.
The smallest values were in the depth of
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FIGURE 6. Soil moisture trend during the 30 days — station Zirany (FC — field water capacity, WP

— wilting point)
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FIGURE 7. Soil moisture trend during the 35 days — station Dolné Nastice (F'C — field water capacity,
WP — wilting point)
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20 and 100 cm. At the end of the analysed
period, the soil moisture in the depth of
100 cm was descent.

The trend of soil moisture in the sta-
tion Dolné Nestice was similar as in sta-
tion Zirany. It had also descent, but no
so rapidly (Fig. 7). The highest descent
was at the top layer, 10 cm (6% of vol-
ume). The lowest values of soil moisture
were in the depth of 50 cm during the
whole analysed period, and the highest
one in the depth of 100 cm. Kaletova and
Tarnik (2015) obtained the similar result,
the highest descent of soil moisture were
in top layers up to 20 cm.

There is no significant trend in the
daily descent of soil water storage up
to 100 cm (Fig. 8). The amount of soil
water storage differ according to differ-
ent conditions — meteorological, grown
crops, soil type and soil structure, etc.
The differences in station Dolné Nastice
were smaller as in station Zirany. The
curve of differences has a shape of si-
nus curve in Dolné Nastice. The trend in
Zirany is totally different, and it is not
possible to compare with some typical
shape of curve. The daily variability of
the differences is too high.

SUMMARY

1. Taking into account the issue would
be concluded accepted evidence yet
practical solutions to regulatory ac-
tion. The moderate climate condi-
tions, it is primarily the prevention
of degradation of agriculture land,
improving soil aeration for the active
activities of root system of plants,
the development of oxidative proc-
esses in soils and the weakening of

the regime wash. The organic soils
at certain times of the year should
inhibit the development of oxida-
tive processes to counteract too in-
tense mineralization and smothering
mass of peat. One of the tasks of
regulating water relations in these
areas should be by anti-pollution
chemicals receivers leaving from
drainage waters. For this purpose,
it is essential to minimize dehydra-
tion regime wash areas and operate
a system of closed water circulation.
The problem that has not yet been
adequately addressed in the assess-
ment of the conditions for regulation
of water is the fertility of the soil, as
the value of habitats in the agricul-
tural landscape.

. Given that this issue would be includ-

ed in the accepted evidence, there are
still practical solutions to regulatory
action. Moderate climatic conditions
are primarily prevention of degrada-
tion of agricultural land, improvement
of soil aeration for active functions of
the root system of plants, development
of oxidative processes in the soil and
weakening of the washing regime. Or-
ganic soils in certain seasons should
inhibit the development of oxidation
processes to counteract too intensive
mineralization and peat mass reduc-
tion. One of the tasks of regulating
water relations in these areas should
be receivers of measures to counteract
pollution originating from drainage
waters. For this purpose, it is neces-
sary to minimize the washing areas of
the dehydration system and to start the
closed water cycle. The problem that
has not been adequately taken into
account when assessing the condi-



tions of water regulation is soil fertil-
ity as the value of habitats in the ag-
ricultural landscape. One of the tasks
of regulating water relations in these
areas should be activities limiting the
processes of mineralization of organic
matter in order to limit the outflow of
nutrients through drainage systems.

3. The paper presents the analysis of
drought problem in the environment.
A parameterization of soil water stor-
age in the zone of aeration is based
on the soil water trend in the speci-
fied soil layer with the specified high
and hydrolimits wilting point, perma-
nent wilting point and field capacity.
Nowadays, there is totally different
situation with the soil water content
monitoring. It is possible to measure
soil water content continuously in the
high precision with the online trans-
fer. The output from the system is not
useful for the practice. The output
from the database managed by SHMI
is 1 week later as measured, what may
cause the catastrophic impact on the
field crops. Therefore, it is necessary
to solve the methodology of drought
evaluation in the landscape.
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Streszczenie: Srodowiskowe skutkiwzrostu tempe-
ratury i diugich okresow bez opadow atmosferycz-
nych na procesy glebowe — studium przypadku dla
potudniowej Stowacji. W zwiazku z pojawiajacy-
mi si¢ coraz czgsciej anomaliami klimatycznymi
zwigzanymi m.in. z dlugimi okresami bezopado-
wymi 1 wysokimi temperaturami lub z nadmier-
nymi i intensywnymi opadami atmosferycznymi
nalezatoby przeanalizowa¢ konsekwencje $rodo-
wiskowe, a przede wszystkim wptyw tych ano-
malii na przebieg procesow srodowiskowych oraz
procesy zwiazane z ksztattowaniem srodowiska
glebowego. Praca dotyczy dosy¢ istotnego zagad-
nienia, jakim jest ocena wplywu zmieniajacych
si¢ wskaznikéw klimatycznych, gtownie wskaz-
nikéw hydrotermicznych (temperatura powietrza
i wskaznik opadow) na kierunek przebiegu proce-
sow glebowych. Oczywiscie praca nie obejmuje
cato$ci problemu jedynie jest pewnym przyczyn-
kiem do kierunku rozwoju nauk melioracyjnych.
Praca sktada si¢ z dwoch czgéci. Pierwsza dotyczy
teoretycznych podstaw ksztaltowania srodowiska
przyrodniczego, a przede wszystkim przebiegu
procesow zachodzacych w pedosferze pod wply-
wem zmian czynnikéw klimatycznych, takich jak
temperatura powietrza i wielko$¢ opadéw atmos-
ferycznych. Druga cz¢$¢ jest klasycznym studium
przypadku dla dwoch obiektow zlokalizowanych
w potudniowej Stowacji, w ktorej przedstawiono
wyniki obserwacji zasobow wody glebowej w do-
sy¢ dhugim okresie bezopadowym.

Stowa kluczowe: bilans cieplny, bilans wodny,
czynniki hydrotermiczne, susza glebowa
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