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Introduction

The protection of the environment is a cardinal problem in cur epoch
and will also be one of the main tasks of mankind in the forthcoming cen-
turies.

There are numerous adverse environmental phencmena which urgently de-
mand scientists and policy-makers to characterize and analyse the environ-
mental hazard and to elaborate the necessary predictions and plans of action
for the combat against adverse processes threatening natural resources and
the human race.

In Europe - a continent with high-level technology and science, as well
as a dense population - a lot of experience has accumulated in respect of
envirommental issues. This makes possible the preparation of predictions for
the future not only on this continent, but in other areas as well.

Among environmental hazards, salinity is remarkable and occurs in all
continents. In comparison with Asia, Africa or Australia, the salinizaticn
of soils and waters is less extended in Burope. Nevertheless, it represents
a growing hazard, making it necessary to continue the study of this problem
in numercus Eurcpean countries [SZABOICS, 1987/.

The total territory of salt affected soils exceeds 10% of the total
surface of the continents /this percentage is somewhat lower in Europe |s
Soil salinity is closely related to the salinity of waters which also im-
pairs the possibility of utilizing water for irrigation and drinking purposes.
The salinity of soils and waters exceeding the given threshold values can be
considered as toxic for plants, animals and humans [KOVDA, 1947; ALEKSEEVSKY,
1981/. The territory covered by salt affected soils is growing rapidly due to
natural, but mainly to man-made factors, like irrigation, deforestaticn, over-—
grazing, desertification, etc. [SZABOICS, 1979/.

Based on recent estimates of research organizations as well as affili-
ated UN crganizations the extent of potential salt affected soils exceeds
at least 2 to 3 times the acreage of existing saline soils. The rate of man-
made salinization is accelerating due to intensive agriculture, damestic
water use and other reasons /DREGNE, 1976/. Among the human—-induced effects
resulting salinization, apart from irrigation, the climatic changes of late
years caused by the increasing COp concentration of the alr and atmosphere
play an increasing role.
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The major cause of soil salinization is the accumilation of electro—
lytes in the soil horizons. This accumilation can be the result of different
processes under different environmental conditions, which can be divided in-
to two main groups:

1. Accumilation of salts by weathering of rocks, transport of them by
water, wind, etc. to the spot. .

2. Circumstances hindering the removal of salts /bottomland position,
improper drainage, etc. /.

Whenever any of such processes occurs, sooner or later soil salinity
will develop. Depending on the local envirommental conditions different types
and sub-types of salt affected soils may form with different pedological,
physical, chemical and biclogical properties /KOVDA, 1980/.

The different types of salinity have ditferent effects on the productiv-
ity of land. Salt affected soils occur with a very wide range of salt concen-
tration, pH, morphology, etc. [SZABOICS, 1989a,b/. However, there are only a
few chemical elements and campounds which play a decisive role in the salin-
ization and alkalization of grounds, soils and waters. They are as follows
/8ZABOICS, 1979/:

. +
Cations: Ca2 ' Mg2+, Na+, K+;

Enins:  C1, s0}, oo, s1057.

The ins and compounds, the migration and accumilation of which lead to
the formation of saline and/or alkali soils, behave diversely in the weather-
ing processes taking place in the earth’s crust.

It is evident that in arid and semiarid areas the weathering processes
result, as a final product, in water soluble canpounds which, due to the lack
of precipitation, are not removed from the place of their formation. These
final products are mainly responsible for the salt accuulation in rocks,
s0ils and waters.

Table 1
Sequences of ion extraction during weathering

DeSHETE OF, Ins feray
extraction coefficient
I cl, Br 0.23
(NOy) ™ 0.18
(504)%” 0.66
(co, 2 0.77
II Nat 0.45
kt 0.36
ca®t 1.75
Mgt 2.10
111 (8i0,)%" 2.75
v Fe3+ 5.15
P 4.25



In Table 1, according to FERSMAN /1934/, the places of the dominant
elements in the sequence of extraction are demonstrated. The sequences with
growing numbers indicate the decreasing mobility of elements during the
weathering processes.

According to FERSMAN, the energy coefficient can be calculated on the
basis of known lattice energies in inorganic salts. These values are called
"experimental energy coefficients" and are considered the most reliable ones.
The energy coefficients of FERSMAN are closely related to the sequence of
the extraction of ions fram minerals, to the rate of migration of ions, and
to their ability to accumilate in sediments and soils.

The weathering of rocks has been the primary source of soluble salts
getting into natural waters, sediments and soils /POLYNCV, 1956/.

From Table 1 it follows that the elements and compounds with a dominant
role in salinization and alkalization are mainly in sequences I and IT; in
cther words, they are capable of intensive migration. In spite of this, very
diverse values can be measured as to the mobility of the mentioned campounds,
and their occurrences in rocks and waters are similarly diverse.

While we have quite reliable records cn the extension of the saline
soils which have been formed by natural processes in the different regions
and countries, the soils which became salinized due to human action have not
been registered with accuracy.

Major aspects of recent and potential soil salinity in Europe

In Eurcpe, like on all or the continents, salt affected soils occur in
different places. The total extension of salt affected soils in Europe sur-—
passes 50 millicn hectares which is quite remarkable considering the total
territory of this continent. Salt affected soils occur to a considerable ex-—
tent in Austria, Bulgaria, Czechoslovakia, France, Greece, Hungary, Italy,
Portugal, Rumania, Spain, the USSR and Yugoslavia. Hungary, Spain and the
USSR are the three Eurcpean countries where more than three quarters of all
salt affected soils of this continent occur. Apart from the twelve countries
listed above, in at least ten other Furopean states different types of salt
affected soils can be found to a limited extent. 2Among these countries
those should be mentioned which have a seashore strip with a steady accuru-—
lation of sodium chloride from the sea water. Other sources of soil saliniza-
tion also occur. The greatest part of European salt affected soils can be
found in the semiarid steppe and forest steppe regions of the USSR, on the
second and third lowlands of the Danube in the territories of Czechoslovakia,
Rumania, Hungary, Yugoslavia, and in Spain. Nevertheless, as far as annual
temperatures, precipitation and local altitudes are concemmed, the conditions
of occurrence of salt affected soils may be quite different. In Table 2 the
regional occurrence of salt affected scils in the twelve European countries
most affected are given with the indication of some climatic characteristics
and of altitudes [SZABOICS, 1974/.

In Table 3 data on soil salinization in Europe are shown. Tables 2 and
3 clearly demconstrate that in Europe salt affected soils occar both in semi-
arid and in semihumid climatic conditions and they can be found on altitudes
as low as less than 100 m above the sea level and as high as over 500 m above
the sea level as well.

As it has been mentioned, no reliable records are available on the po-
tential extension of salt affected soils. In Eurcpe, like on other conti-
nents, local estimates and studies are only available in a few countries in
this respect [SZABOLCS, 1974/.
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Table 2

Regional occurrence, climatic characteristics and altitude of European salt
affected soils

Country, Mean annual Mean annual Altitude
region temperature  precipitation
e m m
AUSTRIA
Pulkantal /Illmitz/ 9,2 566 187
Seewinkel /[Apetlon/ 9.8 623 140
BULGARIA
Danube Valley 11.6 585 50-100
Maritza, Tundja, Strema Valley 12.3 500 100-200
CZECHOSLOVAKIA
South Moravia 9.0 500-550 200
Danubian Iowland 9.0-10.0 500-600 100-150
East Slovakian Lowland 9.0 600-650 100
FRANCE
Atlantic sea coast 1e.5=11.5 700-800 0-100
Mediterranean sea coast 14.0-15.0 550-650 0100
GREECE
Ionian sea coast 17.5-18.5 650-750 O-100
Thessaloniki Plain 14.0-15.0 500-600 O 50
HUNGARY
Hungarian Plain 1000=10.5 524-585 80~-120
ITALY
Northern Italy 13.7 744 0100
Southern and island region 17.6 478 0-100
PORTUGAL
Atlantic sea coast 14.0-18.0 660-1400 0-100
RUMANTA
Black Sea shore - Danube Delta 11.0-11.3 359-439 0~ 50
NE Rumanian Lower Danube Plain 9.6-11.1 400-515 0-100
Western Rumanian Lower Danube
Plain 10.6-11.5 480~-570 100-200
Tisza Plain 10.7-10.8 558-620 80-100
Moldavian Table-Land 9.0-10.5 399-588 200
SPATN
Southern region 17.6-18.3 535-651 30-100
South-Western region 1740-07.6 295-419 C- 60
Basin depression of the Ebro 14.6-15.1 324-378 118-380
Central plateaus 11.6-14.2 389-403 700
USSR
Ukraine 7.0 500-550 100
Oka-Don Plain 7.0- 8.0 500-550 100-200
Preazovian Plain 9.0-10.0 300-550 100
Prevolgian Plateau 6.5- 7.5 500-600 200-300
Precaspian Lowland 6.0 150~250 0-100
Transcaucasian Plains 14.0 200-250 100-200
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Table 2 /continued/

Country, Mean annual Mean annual Altitude
region temperature  precipitation
OC il m
Armenia 11.3-14.0 200-220 500-700
Transvolga Region 4.0- 5.0 300-400 100-200
YUGOSLAVIA
Vojvodina 10.0-10.5 550-600 100
Macedonia 11.2 652 100-200
Adriatic sea coast 14.5-15.5 500-%00 ¢~ 50
Table 3
Distribution and extent of soil salinization in most affected Eurcpean
countries
Mapping units
(area in 1000 ha/area in percentage of the
: total salt affected area)
Lowniles Saline  Alkali soil Alkali soil with Total area
soil without structural B horizon in
structural non—cal-  cal g L0 ha
B horizon
careous
. 0:5 = - =
AMustria PERG _ _ _ 0.15
) 5.0 - 20.0 - -
Bulgaria 0.0 _ 80.0 _ 25.0
. 6.2 Teb 2.7 4.3
Czechoslovakia ':,_-’.—8 71 ﬁ 7.1 207
175.0 - 75:0 -
France =5.0 _ 6.0 _ 250.0
Greece e = — - 3.5
1.6 58.6 294.0 31.9
Hangary 0.1 1.7 23.1 2.5 2881
50.0 - = =
Italy 56.0 _ _ _ 50.1
Portugal = = - = 25.0
; 40.0 100.0 110.0
Rumania 1.0 0.0 14.0 250.0
Spain = - - - 340.0
7546.0 1616.0 20382.0 _
USSR 16.0 3.4 ER 29544.0
, 20.0 50.0 110.0 75.0
Higoalavia 7.8 19.6 43.1 79.5 255.0
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In Table 4 an estimate is given for a few BEuropean countries of poten-
tial salt affected soils assumed to be threatened by developing irrigation.
These estimations were made by local contributors and were based on physico-
geographical factors of the given territories, taking into account the pos-
sible extension of irrigated agriculture for the future.

Table 4
Acreace of existing and estimated territories of potential salt
affected soils /as a result of irrigation/ in a few Eurcpean
countries

Salt affected soils /ha/

Country Existing Potential
/non irrigated/ if irrigation increases
considerably [~ 100%/
Austria 500 2,500
Czechoslovakia 25,000 80,000
Hungary 740,000 885,000
Italy 500 400,000
The USSR 28,000,000° 18,000,000

Even though we accept the fact that irrigation is the main agent of soil
salinization in Furope, other possible man-made changes leading directly or
indirectly to the same state must not be excluded.

Fram the major processes involved in man—made salinity the following
will be discussed in this paper:

1. Existing and potential soil salinity caused by irrigation;

2. BExisting and potential soil salinity caused by climatic changes in
the mediterranean region;

3. Existing and potential soil salinity caused by possible sea level
elevaticn in North-Western BEurcpe.

Accordingly, three scenarios corresponding to the above three processes
were set and studied in this paper.

In order to characterize potential soil salinity for the next 50 to 70
years it is necessary to register and to study the present situation of soil
salinization in Burope and to examine the possibility, probability and rate
of adverse processes same aspects for their prediction and prevention as well
as the possible means of intervention available for scientists, decision-—
makers and politicians to arrest, limit or control future soil salinization
in the short, middle and long run,

Figure 1 shows the present extension of salt affected so0ils in Europe.

Scenarios for the characterization of potential soil salinization in Europe

For the studies of potential soil salinity in Europe we have taken into
consideration that due to the different factors, both natural and man-made,
several major processes can produce salinization in different parts of Europe
in the next half century.

We selected the following three scenarios which represent the most im-
portant processes of potential salinization in different parts of our con-
tinent:
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1. Potential increase in soil salinity caused by the extension of irri-
gation {Scenario 1)

2. Potential increase in soil salinity caused by climatic changes
(Scenario 2)

3. Potential increase in soil salinity caused by sea-level rise
(Scenario 3)

Evidently, those regions of Eurcope have been selected for the above
listed three soenarios, respectively, where the potential salinization pro-
cesses in the given area may most probably result from the important causes
described in the corresponding scenarios.

Por Scenario 1 regions with continental and semiarid climate of the
continent were chosen where the main hazards of secondary salinization are
present and irrigation is extending. For Scenario 2 the mediterranean re-
gion of Europe was selected where possible changes in the climate, like in-
creasing temperature and decreasing precipitation /due to the changes in the
CO, balance of the atmosphere/ may result in secondary salinization. For
Scenario 3 certain coastal areas of North-Western Eurcpe were chosen where
possible sea-level elevation [in consequence of the same phenomenon mention—
ed in comection with Scenario 2/ may cause remarkable soil salinity.

The location of the territories for the three scenarios are shown in
Fig. 2.

The three scenarios cover a major part of Eurcpe as well as most of the
areas with potential salinity, caused by different direct or indirect man-
made salt accumulation processes.

SHomcow

Locaticn and territory of Scenarios 1, 2 and 3 in Europe
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Seenardio 1: Existing cnd potential sotl salinity caused by irrigation

For Scenaric 1 we selected a part of Europe /See Fig. 2/ where, in con-
sequence of both climatic and econcmic conditions, irrigation has been prac-
tised for a long time. More than half of all irrigated areas in Furope are
situated in the territory of Scenario 1. As can be seen from Figure 1, salt
affected soils are rather extended in countries indicated in Scenario 1. A
great part of existing salt affected soils is situated in the vicinity of
irrigation systems or even within their territories.

In nearly all countries included into Scenario 1 the further extension
of irrigation has been envisaged. In countries where the precipitation is
low, a greater increase hag been planned /e.g. the USSR, Bulgaria, Rumania/
than in countries which do not suffer fram aridity /Austria, Poland/.

At the present time, in the countries of Scenario 1 the ratio of irri-
gated soils is lower than 20%, In most cases below 10%, of the total agri-
cultural land. The envisaged increase of irrigated areas is different in the
various countries, ut in no case will it be more than 100% for the next f£ifty
sixty years. One of the main limiting factors of the extension of irrigation
in the future is the shortage of good quality irrigation water in most coun-
tries concerned.

In Scenario 1, taking into consideration the above described circum—
stances, we assumed that up to the middle of the 21st century the irrigated
territories will double as a maximum and calculations were made according to
such aspect.
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Fig. 3
Territory of salt affected soils and potential soil salinity as a consequence
of extended irrigation [Scenario 1 /. aj existing salinity; b/ potential sal-
inity
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There are two main processes of salinization caused by irrigation:

1. salt accumlation in soil layers fram the salt content of irrigation
water:;

2. Salt accumulation in soil layers from the salt content of rising salty
groumndwater.

As related to soil salinization from irrigation water in the countries
demonstrated in Scenario 1 there are acoeptable regulations for quality con-
trol of irrigation water. Consequently, only a small part of present secon-—
dary salinization processes develop as a result of poor quality irrigation
water. In the case of soil salinization from gromdwater, the table of the
salty groundwater [which sharply rises in most irrigated areas/, unfortun-
ately, results a great part of soil salinity at the time being and this pro-
cess can be predicted as the most hazardous one also for the future.

Considering climatic, physico-geographic, hydrological, agricultural
and pedological aspects, we have elaborated a map demonstrating the hazard
of soil salinity for the territory of Scenario 1 with the following assump—
tions:

1. Until 2050 the present irrigated areas will increase, but be doubled
as a maximum.

2. There won't be substantial changes in climate and no elementary dis-
aster will occur.

3. The present quality requirements for applied irrigation water will
remain.

4. The present riverbeds and major hydrological constructions will re-
main.

TFigure 3 demonstrates the extension of existing and potential soil sal-
inity in the area of Scenario 1, according to the above described conditions.

The territory indicated on Fig. 3 represents different areas intensively
affected by both present and potential salinization, including large areas of
the European part of the USSR, Rumania /[total/, Hungary [total/, Austria,
Yugoslavia, Czechoslovakia and Poland. Although Scenario 1 includes anly
about 20% of the total land area of Furcope, about 50% of all salt affected
s0ils of the continent may be found here.

As it can be seen from Fig. 3, the territory of potential soil salinity
in the given scenario exceeds that of existing salinization and is nearly
two—times more.

The figqures are as follows:

- Total territory of Scenario 1 Jexcluding the sur-

faces of the Black Sea and the Azovian Sea/ 2,079,840 km2
— Territory of existing salinization 2

/10.5% of the total territory/ 218,383 km
= Territory of potential salinization 2

/20.1% of the total territory/ 418,047 km".

It is also clear from the Figure that potential salinity may develcop
surrounding the present salt affected socils and may threaten fertile areas
which are covered by non-salt affected soils at the time being. It can also
be seen that in practically all areas where salt affected soils occur at
this moment the hazard of further salinization exists. The riverbeds of the
Danube, Prut, Dnieper, Don and Volga, as well as most lowlands of the
region are especially endangered. In such territories where salt affected
soils may ke found at present in smaller or larger spots of various size,
as a consequence of secondary salinization caused by further irrigation,
large continuous territories will he covered by saline sopils. Evidently, =
tential salinity also exists cn such large areas where salt affected soils
cannot be found at the present time.
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The potential salinity of soils not only diminishes the ecological po-
tential of the given area but often entirely prevents agricultural produc-
tion. Besides, drinking water for animals and humans may also be salinized
and the toxicity of herbs and other native plants may develop.

A more detailed map /original scale 1:500 000/, prepared for Hungary,
is demonstrated in Fig. 4.

On Fig. 4, besides the existing salt affected soils, those areas are
indicated as potential salt affected scils, where under the influence of in-
creasing irrigation, secondary salinization and alkalization may occur.

Seenario 2: Potential soil salinity caused by climatic changes

For Scenario 2 we selected the major mediterranean areas of Europe [see
Fig. 2/, where at present salt affected soils are extended mainly in the
Therian Peninsula and only to a smaller extent in Southern France, Italy,
Sicilia, Sardinia and Corsica, as well as the Dalmatian coast of the Balkan
Peninsula. The total area of this scenario is 1,979,959 kmz, with 885,826 Tan?
land surface. In comparison with the salinity conditions of Scenario 1, the
extension of salt affected soils in Scenario 2 is much lower, it is nearly
half of the percentage.

We assumed that due to the possible climatic changes, as a consequence
of 00y accurmilation and other causes, the average annual temperature of the
territory will increase by akout 1 ©C in the next 50~70 years. Consequently,
the aridity index will also increase, which creates progressive salinity on
those marginal territories where at the time being salinity does not exist
or can be found only in latent form in grommds or in waters. The following
assumptions were taken into consideration:

1. The currently irrigated areas will not be changed substantially.

2. No natural disaster or tectonical changes will happen.

3. The present riverbeds and major hydrological constructions will re-
main.

In Fig. 5 the territory of salt affected soils and potential salinity
as a cansequence of climatic changes are demonstrated for Scenario 2.

As it can be seen from Fig. 5, the territory of potential salinity /like
it was shown on Figs. 3 and 4/ substantially surpasses that of existing sal-
inity in all affected areas. While at the_time being the total area of salt
affected soils in Scenario 2 is 56,168 km“ /6.34% of the total land surface/,
which is twice as much as existing salinity. The dry areas of the Iberian
Peninsula /like Castilia, the Ebro Valley, South-Westem France/ and also
several areas in the Italian and Balkan Peninsulas are particularly exposed
to potential salinity due to the increasing aridity.

For the areas demonstrated in Scenario 2, we made a calculaticn of
"aridity factor" values based on the precipitation factor according to IANG.
The LANG-factor gives fairly good information of aridity-humidity conditions
by the application of a simple quotient of average annual precipitation and
average annual temperature [Table 5/.

Our calculations for selected places of Scenario 2 clearly show that
in case of one Celcius centigrade increase in the annual mean temperature
the R/F index changes substantially by about 10%, which means a consider—
able increase of aridity and, consequently, the hazard of soil salinity.

It is interesting to note that in all of the eight locations approx.
the same degree of decrease in the R/F value [which means increasing aridity/
can be observed.

Such phenomenon is a consequence of the similarity of ecological and
particularly soil conditions in the whole mediterranean region sclected for
the study in Scenario 2.
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If the calculations were made by other aridity factor methods the con-
sequences would be similar because the increasing soil aridity and, conse-
quently: increasing salinity hazard are the evident results of the higher
mean annual tenperature.

Tuble 5
"precipitation factor" according to LANG in Scenario 2 [Mediterranean
region of Burope/

; Present RfF
Lessaion R/F if annual mean tem—
perature will increase
by 1 e

1. Middle part of the Iberian

Peninsula /Madrid/ 31.27 29.18
2. Southern part of the Iberian

Peninsula [Iaen/ 35.22 33.27
3. Southern France [Nimes/ 50.76 47.46
4. Corsica [Ajacciof 46.10 43.14
5. Sardinia /Sassari/ 3727 35.17
6. Italy [Terni/ 61.27 57.42
7. Southern Italy /Catanzaro/ €0.22 56.63
8. Yugoslavia /[Dubrovnik/ 79.00 74.38

RJF = R /[average annual precipitation, mm /

F Janmual mean temperature, ©C/

Tt mast be noted that if the increase in the average annual temperature
will surpass 1 ©C, the increase in salinity will not be linear, but rather
exponential compared to the data of Fig. 5. The salinity in the mentioned
territories threatens very fertile agricultural lands and mast be predicted
in order to elaborate the necessary preventive measures in good time before
the climatic changes occur. It is to be remarked that the potential salinity
in Scenario 2 equally endangers river valleys and estuaries [Ebro, Neretva,
Rhone, Guadalquivir, Tajo, etc./ as well as plains and plateaus [Catilla,
Aragonia, Umbria/.

Scenario 3: Potential soill salinity caused by sea-level elevation

For Scenario 3 we selected a part of North-Western Europe [See Fig. 2/
where the following two conditions are favourable for the study:
a/ Measureable extension of salt affected soils at the present time;
b/ Gocd probability of sea-level elevation due to global climatic changes
in the next 50 years.

The total territory of Scenario 3 is 344,942 kn?, with 226,393 kn? land
surface, including the South-Fastern part of England, the Western part of the
Netherlands, Belgium and the North-Eastern part of France bordered by the
North Sea, the Atlantic Ocean and the English Channel. In this scenario main-
ly coastal saline soils with high sodium chloride content cccur in several
seashores and attached territories.

The territory of existing and potential salinity in Scenario 3 is demon-
strated in Fig. 6.
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Tt was assumed that - due to global climatic changes - the expected
sea-level elevation will be 1 cm per year in average and cconsequently, the
effect of seawater on land will provoke further salinization. However, the
following were also taken into consideration:

1. Irrigation will not be extended on the territory.
2. No natural disaster or tectonical changes will happen.
3. The present riverbeds and major hydrological constructions will re-
main.
Changes in aridity, humidity conditions apart fram sea-level elevation were
not considered.

Norih Sea

O

200 400 km

B o
=10

Fig., 6
Territory of salt affected soils and potential salinity as a consequence of
sea-level elevation [Scenario 3/. /The map was prepared with the cantribu-
tion of E. MOINAR/. a/ Existing, b/ potential salinity

As it can be seen from Fig. 6, the territory of potential salinity
caused by sea-level elevation substantially surpasses that of existing sal-
inity. This is alsc valid for the two other scenarios, proving that all over
Europe potential salinity constitutes a much greater hazard than existing
salinity.

In Scenaric 3 salinity caused by seawater is essential /(10,520 kmz b S
constitutes 4.65% of the total land surface. At the same time, the area of
potential salinity is 24,977 km“, which is 11,03% of the total land surface.

In Scenario 3 the ssme rule can be observed as in the other two scen-—
arios, namely, that potential salinity may be expected in territories sur-
rounding the existing salt affected soils.

It should also be noted that if sea—level elevation surpasses the val-
ues taken for granted in this study, the extension of potential salinity
will not be linear, lut will increase in an even higher degree.

The three scenarics, which have been elaborated and demonstrated above,
represent the main processes leading to the hazard of secondary salinization
in Burope. However, they do nct exhaust all the possibilities of this phe-
ncmenon, which may develop due to other factors like: changes in the crop-
pine pattem, intensive use of chemicals, changing farming management, etc.
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In order to predict the adverse salinization processes more detailed
and more exact, appropriate methods of special survey should be elaborated.
We are in the possession of a number of such methods, as well as methods for
the prevention of salinization mainly in irrigated agriculture. In the fol-
lowing part of this study such experiences and recommendations will be de-
scribed and discussed.

Prognostics and prophylaxis of secondary salinization

Tt is very difficult and expensive 10 reclaim the secondary saline
soils, therefore the prevention of such processes is highly desirable.

In the three scenarios described above the main possible potential soil
salinization processes for Burope were described.

Tn the following mainly the prognostics and prophylaxis of secondary
s0il salinization caused by irrigation will be described which process is
related to Scenario 1. We are in possession of knowledge and experience
mostly related to this kind of salinization, while less experience is avail-
able related to the subjects of Scenario 2 and 3.

In case of future development of irrigation not only the pedological
but also the general environmental influence of irrigation will assume new
dimensions both, in favourable and adverse effects.

If the territory of irrigated land doubles or trebles, the irrigated
plants will be able to produce higher amounts of biamass and harvest, through
photosynthesis and to consume as much as 30-40 billion tons of LU annually,
instead of the recent 15-20 billion teons [KOVDA, 1980/.

The different processes of potential soil salinization in Europe are
interrelated, namely the salinization caused by irrigation and that caused
by COy accumulation in the atmosphere and consequent climatic changes. How-
ever, in this paper the separate actions are interpreted and the study of
joint actions remains for future investigations.

The technical literature presents many examples that clearly show that
the success of irrigation is also interrelated with numerous vital problems.
As it is clear from the mentioned example, the aim of irrigation development
is to improve the food situation as well as the environment. It is also evi-
dent that the hazard of secondary salinization and alkalization will be e
of the major obstacles in the way of this develcpment if we do not intensify
the study of this risk and apply the methods for its prediction and preven-
tion.

It is a must to intensify both the theoretical and technical activities
relating to the hazard of secondary salinization and alkalization. Up to now
the influence of the geochemical and hydrogeochemical processes have been
underestimated in many places which, sconer or later, result in salt accumu-
lation by irrigation in the given territory. While an abundance of studies
and quality requirements for irrigation water is available [SZABOLCS and
DARAB, 1982/, the effect of groundwater on soil salinity is often left out
of consideration.

After the 2nd World War irrigation in Hungary sharply increased to more
than tenfold of the prewar extension. Consequently, secondary salinization
has developed in many irrigated areas.

Before planning new and extending existing irrigation systems a compre-
hensive preliminary study is necessary not only of soils and surface waters,
but alsc of underground waters and layers /DARAR and FERENCZ, 1969/.

In Fig. 7 the quality requirements for irrigation water in Hungary are
demonstrated. The original of this map was prepared in scale 1:500,000,
which is relevant for general planning of the distribution and application
of irrigation water.
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In relation to the influence of groundwater on salt accumulation first
of all the so-called critical depth of the groundwater table should be deter—
mined. This level means the depth below which, owing to natural or irrigated
conditions leaching prevails, while akove this level salt accumilation takes
place in the soil profile. In other words the salt regime of the given tevrri-
tory is in equilibrium at the critical depth.

Based on the determination of the critical depth it is possible to el-
aborate a specific tuming point scenaric which enables us to trace and to
;zcord the early warning signals on the accumlation of salts caming from

lowr.

The following data are needed for the establishment of the salt balance,
regardless of the extent of the area concerned:

1. The total amount of soluble salts at the begimning and at the end
of the observation.

2. The increase of soluble salt contents during the observation.

3. The decrease of soluble salt contents during the okservation.

Three types of salt balances may be distinguished:
1. Stable salt halance.
2. Balance of salt accumulation.
3. Balance of leaching.
The salt balance of a soil depends on the joint effect of numercus fac—
tors. Among these factors the following nust be specifically menticned:
~ The depth and chemical composition of the groundwater;
= The influence of relief; =
- Irrigation technics;
- Calculation of the salt balance.
With the knowledge of the factors influencing the increase and de-
crease of the salt contents of soils, the salt balance may be established
on the basis of the following equation:

cv ~5

b=a+d+ . 10
l\'ltfs

Where:

b = soluble salt content of the soils at the end of the observation,
in mg/100 g soil;

a = soluble salt content of the soil at the beginning of the ohser—
vation, in mg/lO0 g of soil;

c = the salt concentration of the irrigation water, in g/l;

v = the quantity of the irrigation water applied during the chserva-
tion period, in m3,"ha;

M = the thickness of the soil layer for which the salt balance was
established, in m;

tfs = the bulk density of the soil;
d = the salt regime coefficient of the scil, in g/100 g of soil.

The change that has occurred in the salt contents of a soil during the
Observation period is expressed in the salt regime coefficient.

.

Salinity hazard

For the control of the possible hazard of salinizaticn and/or alkaliza—
tion in irrigated areas, or areas to be irrigated, the following factors
should be studied and determined:

1. Climatic fac1l:0rs, such as: temperature, rainfall, humidity, vapour
pressure, evaporation and their fluctuations and dynamics.
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2. Ceological, gecmorphological, geochemical, hydrological, hydrogeologi-
cal and hydrochemical factors, such as: natural drainage, the depth and fluc-
tuation of the water table, the direction and velocity of horizontal ground-
water flow, the salt contents and camposition of the groundwater, etc.

3. Soil factors, such as: soil profile, texture, structure, saturated and
unsaturated water conductivity, soluble salt contents, salt composition and
salt profiles, exchangeable cations, pH, etc.

4. Agrotechnical factors, such as: land use, crops, cultivation methads,
etc.

5. Irrigation practices, such as: the amount of irrigation water, the me-
thod, frequency and intensity of irrigation, salt contents and composition
of irrigation water, natural and artificial drainage, etc.

Preliminary survey and econtrol of irrigated soils

The above mentioned factors determine the aims and methods of the pre-
liminary survey of soils made in order to define the degree or the existence
of potential salinity and/or alkalinity.

The soil preoperties, groundwater depth and chemical camposition as well
as the salt balance and hazard can be demonstrated on maps with recommenda-
tions for the technics of irrigation and water use.

Evidently, the environmental conditions cn the one hand, and the methods
of the utilization of the territory in cuestion, on the other hand, should ke
taken into consideration when an area is evaluated in this respect. Due to
this fact, different limit values and different methods - based on uniform
principles - should be selected in the course of this procedure.

In Table 6 a scheme of methods recommended for the control of salinity
and alkalinity in irrigated areas is given.

This table shows that the prediction of secondary salinization and al-
kalization of the soils to be irrigated should be based on a preliminary sur-—
vey of the landscape and soils before the construction of the irrigation sys-—
tem. In this way, it is possible to take the necessary steps for the preven-—
tion of adverse processes.

During irrigation, a well-organized monitoring of the soils and water
properties is to be conducted in order to record changes, if any, and to un-
derlie taking precautions, if necessary. Monitoring methods as well as timing
and location of sampling depend upon local conditions.

In the course of making the survey and monitoring, in order to develop
a reliable method for the prediction of salinization and alkalization, the
following problems must be solved:

1. The main sources of water soluble salts /irrigation water, groundwater,
surface waters, salty deep layers, etc./ must be identified.

2. The main features of the salt regime must be characterized [salt bal-
ance/; and the whole range of natural factors influencing the salt regime
must be analyzed.

Consequently, an exact salinity and/or alkalinity prognosis must be
based on the evaluation of many natural and human factors and a thorough
knowledge of the existing soil processes.

The mapping of the results of preliminary and subsequent surveys consti-
tutes not only a good display of soil and envirommental conditions of the ir-
rigated areas, or areas to be irrigated, but also gives guidelines for proper
irrigation and land protection. Such systems elakorated by various authors,
for different places and conditions are also available in technical litera-—
ture /SZABOLCS, DARAR and VARALLYAY, 1969a,b/.

In the following, Hungarian experience on the above descriied stu-
will be reviewed.
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Table 5
Scheme of methods recommended for the control of salinity and alkalinity
in irrigated areas

A. Before the construction of Preliminary survey
the durigaiton sysken Landscal Planned irrigation
clirate available irrigation water
quality and quantity
hydrology groundwater depth and
quality

hydrcgeology — technology of irrigation
geomorphology cropping pattern tolerance

B. During irrigation Monitoring

salinity and alkalinity of soil and depth
of the groundwater table

chemical composition of groundwater

chemical composition of irrigation water,
filtration

physical soil properties

toxic elements, if any, in soil and water

After the 2nd World War, and especially after the establishment of the
Tisza-I [Tiszaldk/ Irrigation Project /1953/, irrigation was started on large
territories of the Transtisza [Eastern/ part of the Hungarian Plain. Althouch
at the time the harmful soil processes that could occur due to irrigation were
known fat least generally/ from Hungarian and foreign data and experiences,
proper attention was not paid to them during the territorial installation
and technical plaming of the project and in irrigation practices. Conse—
quently, on the territory of the Tisza-I Irrigation Project about 120,000
hectares were affected by undesirable soil processes, such as peat formation
Jabout 6 000 hectares/, salinization and alkalization /about 100 000 hec-
tares/ and a combination of these processes jabout 20 000 hectares/.

Based on extended geological, hydrological, climatic, pedologic and
agrotechnical studies, an integrated map was prepared in the scale of
1:500 000, indicating the practical possibilities of irrigation in Hungary.

Fig. 8 demonstrates those possibilities in respect of salinization in
Hungary which determine whether the further extension of irrigation can be
recormended or not in a given region.

This map can be used for planning irrigation systems in different areas
of the country and it is useful mainly for decision-makers and experts in
irrigation, agriculture, etc.

In order to reccmmend methods for irrigation in respect of preventing
secondary salinization a more detailed survey is necessary. In a great part
of irrigated areas in Hungary such survey was carried out and maps have been
prepared. This approach can also be extended to other areas and adapted by

both decision-makers and farmers as well as civil engineers and economists
in order to arrest and/or mitigate the secondary salinization in the praxis
of irrigated agriculture.
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Presently, both national and intemmational organizations elaborate a
great number of prognoses and predictions for the future, particularly, for
the decades following the millenium. Numerous social, econcmical and environ-
mental processes are inserted in such prognostics with a different level of
accuracy and reliability. The salinity of soils and waters belong to those
processes which can ke comparatively reliably predicted and measured. Salin-
ization processes on the other hand are closely related to other effects and
huwan actions, i.e. irrigaticn and drainage, agricultural patterns, river-
bed regulation, etc. Based on the above mentioned and other considerations
the activity on the prediction of salinization should be extended mainly to
the following items:

a/ Flaboraticn of methods for the prediction of salinization in the most
affected areas of the world.

b/ Elaboration of methods ot detailed survey and prognoses.

¢/ Elaboration of methods of monitoring and tracing the early warning
signals on salinization and alkalization.

d/ Encouragement and extension of international cellaboration on soil sal-
inization and alkalization, including education, publicaticon and ex-—
change of experience.
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