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The basic aim of agriculture is the econanical production of crops of
good quality in maximm quantity with minimum input and without any harmful
side—effects, i.e. unfavourable, non-, hardly—, expensively or non-eccndmi-
cally correctable changes in the environment, in the soil-, water- and bio—
logical resources, landscape, etc. in the given area and its surrcundings;
at the present time, or in the near and far future.

Soile are the most significant = conditicnally renewable/!/ - natural
resources and the basic means of agricultural production. Soil as reactor,
transformator and integrator of other natural resources [solar radiation;
atmosphere; surface and subsurface waters; biological resources/ is the
"life media" for microbial activities and the ecological environment of na-
tural vegetation and cultivated crops. Soil is a high capacity buffer media
of the biosphere, which may buffer or can moderate various stresses, caused
by environmental factors and/or human activities. Soils represent a consider-
able part of the natural rescurces in Hungary, consequently, their raticnal
utilization and conservation have particular importance im the national
econcmy and in environment protection, respectively /VARALLYAY, 1987/.

Water as solvent, reactant and transporting agent plays an lmportant
|sametimes decisive/ role in physical and chemical weathering, soil forma-
tion and soil degradation processes [abiotic and biotic transport and trans-
formation phenomena/, and water is an indispensable factor of life on Earth.

Soil water — soil fertility

The most important characteristic of soil is fertility, the specific
feature that water, air and plant nutrients may occur simultanecusly in this
four-dimensional, four-ghase /solid-liquid-gasecus-biological/ polydisperse
system and may cover - to a certain extent - the water and nutrient require-
ments of plants. Soil fertility depends on the integrated influence of var-
ious soil properties, which are the result of the mass and energy regimes,
abiotic and biotic transport and transformation processes. Consequently, any
soil-related activity influences soil fertility through the modification of
these processes.

Soil moisture regime determines the ratios among solid, liquid and gas-
eous phases. Thus, it influences the air regime /aeration, gas exchange/,
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heat regime, biolcgical activity and plant nutrient status /resources, trans-
port and transformation, mobility and availability for plants/. The quantity,
state and movement of soil moisture determine not only the water supply of
plants, but requlate their nutrient uptake and metabolism, as well as the
hazards of "nutrient pollution" of surface and subsurface waters. Cansequent-—
ly, soil moisture regime has particular significance among soil ecolegical
factors strongly influencing [sometimes determining/ the ecological potential
and agricultural productivity of a given area, the bicmass production of var-
ious natural and agricultural ecosystems. Moisture regime influences soil
technological characteristics /consistency, plasticity, stickiness, compacti-
bility, penetrability, workability, trafficability, etc./, determines the
possibilities of mechanized agrotechnical measures lespecially soil tillage
operations/ with minimm energy consumption and proper quality. These rela-
tionships are sumuarized in Fig. 1.
It is well-known, that:
= the major limitations of agricultural product ion on the World /drought;
mineral stresses; shallow depth of the s0il; water excess; permafrost/;
= the main limiting factors of soil fertility in Hungary /extremely coarse
or heavy texture; high acidity: salinity-alkalinity; shallow depth; water-
logging; unfavourable biological activities and plant nutrient regime/
/SZRBOLCS and VARALIYAY, 1978/}
- the most important soil degradation processes due to natural factors and/or
human activities /water and wind erosicn; solifluction; acidification; sal-
inization-alkalization; physical degradations: structure destruction, ag-
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gregate failure, campaction, surface sealing; biological degradation; leach-
ing and ifmmobilization of plant nutrients; polluticn by toxic elements/
JVARARLLYAY, 1989b/
are connected, are reasons or canseguences of soil moisture regime. Conse-
quently, most of the actions for the regulation /maintenance or increase/ of
soil fertility are related to the control of scil moisture regime.
As an example for the above mentioned relationships, the distribution
of Hungarian soils according to their hydrophysical properties and moisture
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Distribution of soils with good, moderate and unfavourable hydrophysical pro-
perties in Hungary. 1-5 = Soils with unfavourable hydrophysical properties:
1: due to very coarse texture; 2: due to very heavy texture; 3: due to strong
salinity-alkalinity; 4: due to peat formation; 5: due to shallow depth;
6-8 = Soils with mcderately unfavourable hydrophysical properties: 6: due
to coarse texture; 7: due to heavy texture; 8: due to moderate salinity/al-

kalinity in the deeper layers; 9% Soils with good hydrophysical properties

characteristics is shown in Fig. 2, indicating their soil limitations. As it
can be szen in the Figure, 43% of the soils have unfavourable hydrophysical
characteristics due to very coarse texture /10.%%/, very heavy texture /11%/,
salinity-alkalinity /10%/, waterlogging /3.0%/ and shallow depth /8.5%/. In
26% of the soils hydrophysical properties are moderately unfavourable due

to coarse texture [11%/, heavy texture /12%/, and salinity-alkalinity in the
deeper herizens [3%/; and only 31% of the soils can be characterized by good
hydrophysical properties. In Fig. 3 the distribution of soils with good and
unfavourable hydrophysical properties are illustrated in the 19 administra—
tive regions of Hungary, indicating the main factors of soil limitations as
well.

On the basis of global assessients, water will be the main limiting fac-
tor of future agricultural develcpment in many parts of the World. The life
and the satisfaction of the ever-growing food- and fibre-demand of the sharp-
ly increasing population depend - tc a great extent - on the rational use of
limited water rescurces. The water requirements of extensive [territorial ex-
tension of agricultural land in arid and semiarid regions/ and intensive |sa-
tisfaction of the increasing ecological requirements of highly productive
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varieties: optimation of their water- and nutrient supply; creation of favour—
able soil physical environment for mechanized agrotechnics/ are continucusly
increasing. At the same time good-quality water resources available for crop
production are decreasing, because of the increasing water demand of other
sectors of the national economy and social development, and the polluticn of
vater resources. The exploitation of new water resources is often faced with
water quality problems and the desalinization of seawater is far from being
practical because of its high energy consumption and costs. Conseguently,

the increase of water use efficiency has particular significance all over

the World.

Sotl water problems in Hungary

The average annual precipitation is 620 mm in Hungary, but is shows a
great territorial and time variability. As it is illustrated in FPig. 4, cven
the long-term annual average varies greatly: 450-500 mm in the driest terri-
tories, 500-550 mm in the central part, 550-600 rm in the other parts of the
Great Hungarian Plain, in the Small Hungarian Plain and in the "M=z8f5ld"
part of Transdanubia, 600-700 mm in the largest part of Transdanubia, in-
creasing westwards up to 8C0-850 mm in the Western Pre-Alpian Region. The
anmial average temperature and, consequently the potential evapotranspira-
tion shows similar, but opposite tendency: 11 ©C -~ 9 °C within the 10.5-
-10.6 9C average for the country; 800 mm -+ 550 mm within the 650 mm country
average.

The annual water balance is negative in the Hungarian Plain: 500-600
mn precipitation vs. 680-720 mm potential evapotranspiration /Naticnal Plan
for Water Management, 1964; STEFANOVITS, 1968/. The negative water balance
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Fig. 4
The distribution of average annual precipitation in Hungary /1901-1950/
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is equilibrated by horizental flow /on the surface as runoff; in the unsa-
turated zone as horizontal flow of moisture, seepage; and in the saturated
zone as groundwater flow/ which leads to the accumilation of soluble consti-
tuents, the weathering products of a large watershed /in this case the Car-
pathian Basin/ in the deeper parts of the area /in this case in the Hungar-
ian Plain/. This "evaporative basin" character of the Hungarian Plain is

the main reason for the predominance of accumilation processes [accumilation

of water soluble salts, carbonates, etc./ in soil vs. leaching, and its con-
sequence, the wide-spread occurrence of salt affected soils under such cli-

matic conditions [SZABOICS et al., 1969/.

The present 500-600 mm average amnual precipitation may cover the wa-
ter requirements of the main agricultural crops of Hungary even in the case
of the present and the forecasted higher yield levels. The present yield
level can be characterized by 5 t/ha wheat, 6 t/ha maize, 37 t/ha sugarbeet,
2 t/ha snflower, 18 t/ha potatoes and 5 t/ha alphalpha hay /Statistical
Pocket Book on Hungarian Agriculture, 1987/. However, this average shows
extremely high spatial /even micro-territorial/ and time variabilities
fmonthly, weekly, daily fluctuations; intensive local rains/. Under such
conditions a considerable part of atmospheric precipitation is lost by sur-
face rmnoff, by downward filtration /through the soil profile into the
groundwater -+ filtration losses/ and by physical evaporation. According to
the lmg-term metecrological prognosis precipitation will not be more in
the future /or may even be less as a result of the global warming-up of the
near-surface atmosphere due to the "greenhouse effect"/ and will not be more
evenly distributed in space and time.

The non-uniform rainfall distribution is one reasan of the extrene
moisture regime, the simultanecus hazard of waterlogging or overmoistening
and drought sensitivity in large areas of Hungary, sametimes on the same
places [micro-region, agricultural field, etc./ within a short period.

The other reasons are:

- the relief /in addition to undulating surfaces the heterogenecus micro—
relief of the "flat" Hungarian Plain/;

- the heterogeneous soil cover of Hungary, which is the result of the high
spatial variability of all soil forming factors /climate, geology, gec—
morphology, hydrology, vegetation, time elapsing from the beginning of
soil farmation, influence of man/; [A good, but rather extreme exanple of
this high spatial and time variability is the mosaic-like soil pattern of
the Hortobdgy salt affected area with the occurrence of waterlogged, over-—
moistened and dry spots near to each other, and their rapidly changing
boundaries. ]

— the unfavourable hydrophysical properties of same soils.

These properties, which are the limiting factors of the adequate water supply
of plants, are schematically summarized in Fig. 5:

~ In coarse-textured soils the limited water storage capacity is mainly
due to the limited water retention, the extremely high infiltration rate and
hydraulic conductivity.

= In the case of a surface crust or a compact soil layer near to the
surface, not only the roct penetration is impeded, ut the infiltration is
also limited, which create an extreme moisture regime:

- oversaturation /- aeration problems -~ anaerobic biological processes - re-
duction - decreasing availability of plant nutrients/, temporary water-
logging and surface runoff /- laterial erosion/ after rainfall or irriga-
tion;

= drought sensitivity /e limited water storage capacity + high evaporation
losses/ during dry periods, even under irrigated conditions.

~ Crack formation in swelling clays causes another water problem. Some
of the rain or irrigation water flows very rapidly through the cpen cracks
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of the dry soil, partly directly to the groundwater. These "filtration los—
ses" diminish water storage in the soil, decrease water use efficiency and,

at the same time, may result in a rise of the water table, which may ke ac-
carpanied by such unfavourable processes as waterlogging, oversaturation /in
the caze of a high water table/ or secondary salinization and alkalization /[in
the case of a shallow, stagnant, saline groundwarer/. During dry periods,

the soil may dry out deeply through the deep and wide cracks [+ consider-
able evaporation losses/. In rainy seasons the clogging cracks impede deep
percolation and result infiltration problems, mentioned above.

- Low availability of soil moisture can be the consequence of one or
more of the following factors: i
= hich matric potential [in the case of heavy-textured and/or highly Na -

saturated soils/;
= high camotic potential /in the case of hich salinity/;
- low transport coefficients.
According to our investigations /[VARALLYAY, 1987/ on a large number of repre-
sentative soils fram the Hungarian Plain the conclusion was drawn that in
many cases the low transport coefficients junsaturated conductivity, k; dif-
fusivity, D/ are responsible for the non-adequate water supply of plants.
The flux (V) of moisture fram the wet soil to the plant roots - in spite of
the high suction gradient - is extremely slow through the relatively dry,
thin, "film—like" moisture depletion zene formed around plant roots. When
this flux is lower than the rate of evapotranspiration (V< ET) the water
supply of plants is limited and plants show water deficiency symptams in
spite of the relatively high average moisture content of the soil bulk [Fig.
5/

Water uptake of plants is one reason of the peculiar micro-distribution
pattern of soil moisture. The cother reason is that the combination of various
flow mechanisms can be characterized by very different fluxes [VARALLYAY,
1988a/:

- "by-pass flow" /through the open cracks into the deeper layers or into
the groundwater - without considerable wetting of structural elements/;

- mostly downward flow from the soil surface through the peds;

- mostly lateral flow from the water—-filled cracks intc soil aggregates.

There are three main consequences of the high gpatial and time variabil-
ities of soil moisture regime:

—- large yield variations within territories [within a region, a watershed,

a farm ar even within an agricultural field: natural heterogeneity of
plant cancpies/;

- high yield fluctuations depending on the dynamism of micro-scale soil mois-
ture pattern, determining the water supply of crops;

- the necessity of a "double face" soil moisture control: ensuring Jor at
least making possible/ the drainage of the excess amount of water and giv-
ing the necessary amount of water, similtanecusly /DARAB and FERENCZ, 1969;
PETRASOVITS, 1982/.

The possibilities of both drainage and irrigation are limited in Hungary,
because of the following facts:

(a) Drainage would be - temporarily - necessary in some hundred thousand
hectares, however, it was inplermented and is properly used in some ten
thousand hectares. The main drainage limitations in Hungary are as fol-
lows:

- poor vertical drainage of the soil profile, due to heavy texture, high
amount of expanding clay minerals /Hia HCO3 type salinity, high al-
kalinity - high ESP, in salt affected soils/ - high rate of swelling
+ very low permeability and hydraulic conductivity;

- lack of frost-free period during winter;
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— lack of drainwater recipient [there is no sea or uncultivated iand
where the saline drainwaters can be placed without environmental deter-
iorations and we canmnot put the drainwaters into rivers and canals be-—
cause of water quality control regulations/.

(b) Irrigation. The potential irrigated area in Hungary is about 600 OOC—
700 000 hectares, 7% of the total 93 032 km? area, and 10% of the 6.5
million hectares of agricultural land in the country. The present irriga-
tion capacity is about 350 000 hectares, and in the last [rather dry/
years auly 150 000 hectares were irrigated. This is mainly due to the
facts that Hungary is situated in the zone of supplementary irrigation
and the obtained yield surplus cover or exceed the high irrigation costs
only in extremely dry years, or years with a dry vegetation season or
critical periods. The irrigation potential is limited by the relief and
the limited amount of good-quality irrigation water [SZALAT, 1989/.

The quantity of irrigation water is limited by the following facts:

/i] Most of the rivers [85-90% of their water cquantity/ flow in from, and
flow out te neigibouring countries: Hungary gets a certain amount of
water with a certain cquality at the entrance points of the rivers, and
we have to guarantee a certain quantity and gquality at the southern
borders - even during the critical low water pericds. Consequently,
this most important source of irrigation water is limited, especially
in the critical dry periods; and will not grow in the future in spite
of the "high-water saving" fluctuation moderating activites, as reser-—
voir canstruction, etc.

/ii/ A considerable part of the subsurface waters [especially in the Great
Hungarian Plain/ cannot be used for irrigation because their poor qual-
ity does not fit the Hungarian irrigation water guality requirements.
Another part of subsurface waters cannot ke used hecause of envircnment
control regulations preventing the lowering of the water table and its
ecological consequences fe.g. in the Danube-Tisza Interfluve sand pla-
teau/. The largest groundwater resource which can be used for irrigation
is located in the Small Hungarian Plain, stored in the huge gravel stra-
ta of the Danube alluvial terrace.

/iii/ The increasing demand and water use of the other sectors of national
economy Janimal husbandry, industry, etc./ and social development [ur-
banization, rural development: drinking water supply and canalization;
recreation; envircnment protection; etc./.

/iv] The use of water for various purposes often results in unfavourable
changes in water quality, which may limit their use for irrigation pur-
poses.

The cnly way to solve this contradiction between the increasing demand
of water in intensive agricultural development /higher yields, mechanized
agrotechnics, ete./ and the limited and further decreasing water resources
available for crop production is the increase of water use efficiency, in
which soil water management has particular importance [PETRASCVITS, 1982;
VARALIYAY, 1985a, 1987, 1988b, 198%a/.

Soil water management tasks

In the last years a comprehensive system of scientifically-based soil
water management was elaborated and efficiently used in Hungary. The cancep-
tual model of this system is shown in Fig. 6. (n the Figure, the logical
sequence of consecutive steps towards proper soil moisture cantrel are sum-
marized, with special attention to the registration of soil properties, from
the selection of necessary parameters to the realization of various actions
for the control and optimation of soil meoisture regime.
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Caonceptual model of soil water management
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The main objectives of soil water management are:
) adequate water supply of plants /native vegetation and cultivated crops/;
) creation of favourable ecological micro-enviranment [aeration, nutrient
supply & microbial activity/ for plants;
{c] maintenance or increase of soil fertility: favourably influencing soil
processes, such as abiotic and hiotic transport and transformation;
(d) establishment of optimum technological environment for varicus agrotech-
nical operations with low energy consumption in good quality and with
minimum soil deteriorations.

The necessity and conditions of moisture regime requlations are deter-
mined by:

- climatic /weather/ conditions, especially temperature, precipitation and
evaporation;

- other natural water supplies, as surface runoff, seepage and groundwater;

- relief;

- requirements of plants /cultivated crops/;

- physical and hydrophysical properties of soils

- soil profile characteristics [sequence and thickness of soil horizon
and layers/; )

- physical-hydrophysical properties of the various horizans [tesxture;
structure; porosity, pore-geometry and pore architecture; moisture con-
tent, status and chemical camwposition; soil moisture constants, like
total and field capacity, wilting percentage, available moisture range;
infiltration rate; saturated and unsaturated hydraulic conductivity/;

- other /mineralogical, physico-chemical, chemical and biological/ soil
properties influencing the hydrophysical characteristics.

The main characteristics of soil moisture regime are summarized in
Fig. 7.

For the exact characterization of soil moisture regime, quantitative
information are required on these parameters, including their spatial /[verti-
cal and horizontal/ and time variabilities and existing relationships. These
factars determine the field water cycle and the "fate" of water in the soil
/as it is shcwn in Fig. 8/, which can be quantitatively characterized by
factorial field water balances [VARALLYAY, 1985a/.
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Fig. 8
The fate of water in soil
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In Hungary /especially in the Hungarian Plain/ the basic aim of soil
water management cannot be other, than:

(a) to help infiltration into the soil [prevention or moderation of surface
runoff and physical evaporation/;

{h) to increase water storage within the soil /prevention of filtration and
seepage losses/; and

(c) to increase the availability of water for plants [cultivated crops/.

The final aim of all direct /irrigation, groundwater control, drainage/
and indirect /landuse, cropping pattem and crop rotation, agrotechnics,
soil reclamation/ measures towards the optimation of soil moisture regime is
to ensure these requirements, and to stabilize and/or modify landsite charac-
teristics and soil properties accordingly. As an exanple, the impacts of var-—
icus types of soil amelioration on landsite and soil characteristics are
summarized in Fig. 9.

For the establishment of an efficient soil moisture centrol adequate
s0il information [exact, accurate, quantitative, reproducible, easily measur-
able, territorial data on well-defined soil characteristics/ are required on
various levels [naticnal, regional, farm, field/ and in all phases of the
acticn [judgement of necessity of soil moisture regulation; selecticn of its
necessary elements; planning; implementation; control, maintenance and effi-
cient use; forecast of possible impacts; monitoring changes and registration
of consequences/.

Hungarian scil science and soil survey-analysis practice can satisfy
these sharply increasing needs more and more efficiently. Scme of the main
results are summarized below, according to the steps of the conceptual model
shown in Fig. 6.

Seiertific results, wnformation bases and their practical applications
for soil water management in Hungary

(1)

A comprehensive soil survey-soil analysis system was developed for the
determination of physical and hydrophysical characteristics of soils [VARALY-
LYAY, 1987, 1988k, 1989%a/:

{a) The exact parameters of these characteristics, which are required for
the planning of various soil moisture control measures, as well as for
the forecast and registration of their impacts, were selected and pre-
cisely defined. The most important characteristics of soil moisture re-
gime are summarized in Fig. 7.

(b) Methods and techniques were elaborated or adapted for the measurement,
calculation or estimation of these characteristics . E.g.:

- for the in situ determination of soil meisture content and its verti-
cal and horizontal distribution /in the Research Institute for Soil
Science and Agricultural Chemistry of the Hungarian Academy of Sci-
ences - RISSAC -, Budapest; and in the Research Center for Water Re-
sources - VITUKI - Budapest/;

- for the determination [VARALIYAY, 1973a/, calculation /on the basis
of direct measurement of simple soil parameters as particle size dis-
tribution, bulk density and organic matter content/ [RAJKAT, 1987-
-1988/ and mathematical description (VARALLYAY et al., 1979/ of mois-
ture retention [pF/ curves and soil meisture constants, as total water
storage capacity /[~porosity/ — WC; field capacity - FC; wilting per-
centage - WP; and available moisture range - AMR;

- for the determination of saturated hydraulic conductivity — Kggp — O
undisturbed soil cores and soil colums /VARALIYAY, 1973b/;
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- for the determination /VARALIYAY, 1974a, 1974b/ and calculation /o
the basis of directly measured saturated hydraulic conductivity
and measured or calculated water retention curves: RAJKAT, 1984;
VARALIYAY, 1987/ of wnsaturated hydraulic conductivity, ]ﬁmsat: k-,
k-6 relationships.

(¢) Special attention was paid to the exact description of solute transport
processes [convection, hydrodynamic dispersion, diffusion; capillary
transport from the groundwater to the overlying soil horizons; etc./ and
flow ancmalies in salt affected soils /"salt sieving" phencmena; non-~
Darcian flow behaviour; increase of Kggt with an increase of acting hy-
draulic gradient -~ increasing rate of the "mobile" fraction of soil solu-
tion; ete./ [KOVDA and SZRABOLCS, 1979; VARALIYAY, 1988a; VARALLYAY and
MIRONENKO, 1979/.

(d) A five-step computerized model was established for the exact description
and quantitative characterization of water and solute transport processes
in the unsaturated zones of stratified /layered/ soil profiles above fluc—
tuating groundwater table; for the estimation of the quantity of water
and soluble constituents that may enter the soil profile from the ground-
water by upward capillary transport; and - on this basis - for the cal-
culation of the "optimum depth" /ensuring additional moisture supply for
plants from good-quality groundwater/ and “critical depth" [preventing
salt accumulation from saline, poor-quality groundwater/ of the ground-
water table [VARALIYAY, 1974b, 1987; VARAILLYAY and MIRCNENKO, 1979/.

(2)

The soil survey sampling, soil and water analysis capacity for the deter-
mination of the necessary soil /and water/ parameters had been set up during
the last years, with the establishment of five well-equipped regional soil
physical-hydrophysical laboratories within the system of the Hungarian Nation-
al Crop and Soil Conservation Service of the Ministry of Agriculture and Food
JVARALIYAY, 1987/.

(3)

For the national and regional plamning of soil water management a cate-
gory system was elaborated for the classification of soils according to their
hydrophysical properties [texture, water storage capacity, field capacity,
wilting percentage, available moisture range, infiltration rate, saturated
-and unsaturated hydraulic conductivities; layer—sequence of the soil profile/,
and the map of these categories was prepared in the scale of 1:100 00O
/VARALIYAY, 1989c, VARALLYAY et al., 1980, 1985/.

Another system was elaborated for the large-scale [1:10 0CO~1:25 COO/
mapping of hydrophysical properties of soils and characteristics of the soil
moisture regime. These maps represent a comprehensive computer-stored territor-
ial soil data base for farm and f£ield- /plot/ level operations of soil water
management [VARALLYAY, 1987, 1989c¢/.

All of these information [including contours!/ were computer-stored in
the Hungarian Soil Information System [HunSIS = TIR/ /CSILIAG et al., 1988/.

4)

On the basis of a semi—quantitative analysis of the field water balance
/Fig. 8/ and soil moisture regime, their determining and influencing factors,
as well as their consequences on the mass and energy regimes of soil formation
and soil degradation processes, Hungarian solls were classified into eleven
main moisture regime and thirteen main substance regime types. The maps of
these categories were prepared in the scale of 1:500 000 /VARALIYAY, 1985a,
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1987, 1989c/. The main problems and possibilities of soil moisture control
were sunmarized for each type and general recomendations were given for its
practical realization.

n the basis of these maps and maps on relief and groundwater condi-
tions two additional maps were prepared in 1:100 OCO scale:

— on the possibilities and soil conditicns of irrigation without any harm-
ful environmental side-effects /salinizaticn-alkalization, waterlogging,
peat formation /SZABOICS et al., 1969/;

— a1 the probability of waterlogging hazard due to soil conditions and po-
tential possibilities of its prevention or moderation /VARALIVAY, 1989c/.

(5)

The establishment of a raticnal and efficient soil moisture control
necessitates adequate information on the potential impacts of the plammed
control measures before their realization. For such prognoses verified mo-
dels on the existing processes and their mechanisms /including the expres—
sion of the partial and integral effects of influencing factors and their
relaticnships/ can be efficiently used. In the last years successful re-
searches were carried out in our Institute /RISSAC/ on the modelling of
field water cycle and soil moisture regime.

O the bhasis of high probability prognoses ["impact forecasts"/ the
most promising variants can be selected from the potential possibilities
/alternatives/ according to the given conditions fnatural and socio-eccnomi-
cal conditions; plans for production; envircnmental consequences, etc./, and
proper methods and technologies can be elaborated and implemented for these
optimum variants.

During the last years two prognosis systems have been properly used in
Hungarian water management practice:

— prognosis on the integral impacts of the KiskBre Irrigation System [on the
Tisza river in the Hungarian Plain/ on the salinity-alkalinity status of
soils, the hazard of salinization-alkalization processes /SZABOLCS et al.,
1969/;

= prognosis on the potential impacts of the Gahcikovo-Nagymaros hydro—power
station fon the Danube river between Czechoslovakia and Hungary/ on the
moisture regime and soil processes in the area concerned.

On the basis of these studies conclusions were drawn on the possibili-
ties of prevention of unfavourable environmental side—effects and for their
practical realization.

The establishment of a monitoring-system for the continuous registra-
tion of natural and human-induced changes in soil properties and soil mois-
ture regime is an important part of the control system. The data base of
spatial monitoring gives possibilities for the verification of prognosis mo-
dels, improvement of their accuracy and probability, as well as for the es—
tablishment of new models. With their application the probability of fore-
casted impacts can be efficiently improved, and - on these bases - the ef-
fectivity and efficiency of soil water management can be significantly in-
creased. (6)

Almost all of the potential elements of soil water management are -
simultaneously - effective measures for envircnment protecticn JVARALIYAY,
1986/, as it can be seen in Table 1.

The presented results and information were widely and efficiently used
in Hungarian soil water management practice, e.g. for the elaboration of
adequate tillage practices; in drainage design /necessity, type, spacing,
slope, capacity, filtering, ete./; in irrigation planning /necessity, sched-
uling, quantity and quality requirements, frecuency, intensity, method, po-
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tential side-effects and their prevention/ /SZAIAI, 198v/; in groundwater
control /regulation of seasonal fluctuation, quality control, prevention of
pollution, ete./; in erosion control /prevention or moderation of surface
runcff, etc./. Because of the close relationship between the moisture and
nutrient regime of soils [VARALLYAY, 1985b/ soil water management and its
information base represent a considerable help in the establishment of a ra-
tional fertilization system, guaranteeing the nutrient-supply of plants with-
out any harmful side-effect on soil Jacidificaticn, structure deteriorations '
biclogical degradation/ or on water resources /P "contamination" of surface
waters -~ eutrgphication + silting up; nitrate contamination of subsurface wa-
ters; ete./ /SARKADI and VARALLYAY, 1989/.

In the future the importance of proper soil water management will be
sharply increasing both fram the viewpoints of agricultural producticn and
environment control. Consequently, all efforts have to be taken to increase
water use efficiency and to optimize soil moisture regime in harmony with
soil fertility control, soil conservation and environment protection.
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