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Suobject III: Agro-ecosygiemg: d-nge planning with speci
reference to infrastructure d regio 1

I11.2. ‘Ecology and cultivation of important crope .

; I11.2. 1,  Speciel problems of fertility and degradation
of tropical soilg

III 2 P S Introduction

The utiliaation of the primary production of matter by the plant
a8 a gource of industriel rew materials and as foods and

feeding atu}ra 1s one of the most decisive forme of intervention
by man in the natural ecosystems., The degree of man's inter~
vention is extraordinarlly variable but may lead to the complete
deformation or destruotion of matural ecosyatems, on the one
hand, and %o the development of new and highly productive
ecosysiems which are in equilibrium snd whose existence and
atabillity is only ensured by virtue of the continuous inter-
vention by man, on the other. Thie especially ‘applies to agro-
ecosystems, Unfortunately, the agricultural production contri-
butes in various forms to the destruction of its basis of
exlstence, namely, the soll and soil fertility. Various
historical cirscumetances, which sometimes were inevitable,

have to be consldered the causes of this. When analysing the
different manifestations of soil desiruction and decrease in
goil fertility, then it becomes obvious that two basic errors

in the conceptionsl approach to land use form the root of '
the disastrous extent of moil degradation, nemely:

1.. the lacking consclousness of the limitation of reglonal

: mdﬂuusulnmuwemgmun.mdmpuﬂwhr
to egricultural use,

2, faulty criterin for the Judgement on agrioultural production
technologiea and the resulte of this production.

In view of the latter aspect, the insufficient attention peid
to the unaltersble interrelation beiween plant cover and soil
within the ecosystem, sapecially between plant oover, blo~

logical amctivity in the soil and terility, playe a partiouler
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part. The phenomena of goil degradation can only be overcome
when the efforts for an increses in production within the
scope of agriculture end forsstry start from the prinoiple
that modern production technologies have to take advantage of
the interrelations within the ecosystem for the conservation
of the soil as a resource and the extended reproduction of

the soil fertility. This 1s only possible, however, when the
extraordinery veriety of the fertility-determining features
‘of the soil and the dynemics of the processes influenoing fer-~
ti11ity 18 recognised and taken into conaideration. The repre-
sentations on soll degradetion in this study material, there-
fore, are preceded by a few Sections on the soll as a resource
in the tropics, on the acil fertility and differentimtion of
features of tropicel solls determining the fertility. Because
of lacking space it is unfortunately not poesible to deal with
individual genetlc soil types within the dcope of this paper.

II1.2.1.2. Ares potentlal and goils of the tropice

When considering the two tarrestrial latitudes known as troples
as the limite of the Tropice, the mainland situated within

thie reglon comprieses approximately 5,000 million hectared,
theee are 37.3 per cent of the ice-free mainland of the earth.
‘The mstronomic limitation does not correspond exactly to the
¢limgtic, ecological and vegetatlon-geographic bhoundaries of
the tropics., Por a judgement of the area and production
potential of the Tropics, one may start from the reglons within
the tropics, ' '

Table 1 gives a survey of the important shares of agricultu-
rel and foreetry sreas. With a share of 10 per cent-in the
total area for the cultivetlon of annual and perenniai culti-
vated plants, the degree of utilisstion of the total area la
in the Tropice of the game magnitude as in the world éltogether.
The proportion of the foreat areas rapidly decresses in all
continents due to the destructive lumbering and extension of
. areesg Tor agrlcultural use.. An exact limitatlon of the Rrapslend
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Table IT

T.2.1. = 13 Land-use in the Tropice in million hectares

Region Total Cultivated area  Meadows and  Forests
area under annual pastures and woods
and perennial
erops
Tropical \
America 1,683 a3 282 . 914
Tropical :
Africa 2,212 166 652 571t
Tropi al Asia - Y
S St s 931 256 21 412
Region without .
Australie
The Tropics : -
total 4,826 503 955 1,897
World 13,392 1,424 - 3,001 4,091
Source: Calculated by Sanchez (1976) on the basis of the

FAO Production Yearbook 1970

areas is difficult because there is a continuous transition
to the aemirdéaort and desert reglons. It 1s estimated
{Sanchez, 1976) that in the Tropics 1.Toco million hectares
can be subjected to erable farming and 1.600 million hecteres
to pasturing, this would be 66 per cent of the total arsa.
These figures show that the Tropical regionse - represent a .
considersble resource for an extensive expansion of the
agricultural production. For economic, mociaml and ecologic
reasone, the development of this reserve is difficult and

can only be effected gredually, The main way of increasing
the production in agrioculture and foreatry ie the intensifica-
tion slso in the Tropice, The PAO (1979), in ite prognostic
document "Agrioculture toward 2000", shows a ratio off72 t 28

_between production increase due to intensification and that

due to exteneion of areas, In the Tropics, the extension of



areas wlll certainly play a moTe imﬁortant role than in
other regions, .

Extenslve and intenpive inorease in produotioh are in s aloee
relation with the differentiation of the climatic conditions
in the Tropice. The climatic conditions largely determine
the growth conditions for the naeful plante, and they are
also in close relation with the arrangement of the natural
forms of vegetation and the development and structurs of the
goil cover. The declsive differentiating olimatic factor 1s
the preoipitation regime (mean annual amount of rainfall,
precipitation distribution). Teble 2 ghows s survey of the
areas of the major olimstic regions. 23 per cent of the total
area of the Troples are highland regions &t an altitude of
more than 900 m, 3 per cent are situated at an altitude of
more than 1,800 m (Sanchez, 1976). Table 3 'shows the for-
mation of dry subetence,in variona vegetation forms,

The deorease within the Propics from the rain forest to the
deserts ie in esasnce conditioned by the fastor or water.

No limitation by a shortage of water 1s given on 28 per cent
. of the area of the Troplos only while on 42 per cent of the
area the growth is restricted to 4 to 6 months and on 30 per
‘aent of the area to more then 6 months by drought. The factor
of water, howsver, does exert an influence on the growth of
plants not only directly. The thoroughly wetting of the moil
is of great importance to the processes of the soil develop-
ment, especislly tq ochemlical weathering, displacement of
. moluble gubstances and procesaes'of the new format;on of
minerals and humic substances. The moisture regime in the

' 801l 18 naturally closely related to the climate although

the nuffgcd‘drainase and the inner dralning conditions may
conglderably vary and differentiate the conditione in particular.
On the baels of the map by Aubert and Tavernier (1972),
Sanchez (1976) caloulated the following proportions of area
of the various soil moismture regions, o '
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Table III.2.1. - 3: Annual formation of dry substence of

various forms of vegetation in
tona. per heotars

Mean velue Zone of dispersion

troplcal raln forest ' ) 20 10 to 35
troploal deciduous foreats 15 6 to 35
troploal savannas T 2 to 20
oroplands 6.5 1 ty 40
temperate deoiduous forests 10 4 to 25
temperate prairiee ) 5 1 to 18

Source: Golley and Leith 1972 Qiuoted from Sanchez 1976

(continued

from page B)

Udic 29 %
Ustie 34 %
Aridie 29 %

Aquic

8 %

These terms are quoted from the U.S.A. Soll Texonomy and have
the following meaning:

Udle =
Usgtle =
Aridic =
Aguic =

The control range of the poil profile is dry less
than 30 days per year

The control range of the soil profile 1le dry

moye than 90 cumulative days per year but less

than 90 consecutive days and leass than 180 cumunlatlive
days per year ‘

The control ranze of the soil profile 1¢ dry more
than 180 days per year,and Iess than 90 consecutive
days days per year it la moist ‘

The soil ie soaked by moisture to such an extent
that reducing conditions may occur
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In this connection, "dry"™ 1s defined mas the decrease of the
moisture below the permanent wilting point. The control renge
of the soil profile is approximastely 10 to 30 cm in clay
soile, 20 to 60 em in loam soile, and 30 {0 90 om in sand
golls but 1s defined differently in particulsr.

The extraordinarily great differentiation of the precipitation -
regime, of the feed and trensformation of organic gubstances, ‘
of the wetting of the soil and the formation of infiltration
water cause, in connectlon with geologic conditlons, = pro-
nounced differentiation of the soil cover in the Tropics of
practically the same distinctness. The clesses or systems

of the highest c¢classification levels included in the inter-
nationally accepted classification systeme are found almost
without any exception in the Propies., Lithoteles, c¢calecimorphous
golls, feraslallitic and ferralitic soile are wldely distributed,

Table 4 gives a survey of the areas and the proportions of
various solls in the Tropice on the basis of the unite of
the world soll map of the FAO/UNESCO of 1975,

Table IIX. 2 1. = 4: Absoclute areas and percentagee of the

maln soll unite found in the Trorics
(World Soil Map of the FAC/UNESCO)

Soil unit ~ Absolute aree . Percentage of the
in million hectares total area of Yhe Tropice

Perralsole 1050 21

Lithosole 900 18

Acrisole 800 16

Xerosole 400 8

Nitosole 250 5

Yermosole . 200 4
Yertisole 200 4

Luvisole : 200 4

Gleysole . 200 4

Fluvisole o 200 4

Andosole : 100 2

Cambisole 100 2

Histosole - 100 2

Regosole : 100 2
Solontecheke 40 1

Planocsocle T0 1

Other solls 100 2

Source: Buringh, 1979
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IIT.2.1.3. o] fertility - ts d definitior

Soil fertility is defined as

‘1, the capabllity of the soil to satisfy the needs of the
plante within the gcope of the possibilities given by
the other site factors, and that directly or by a
reaction to amgrotechnical or agrochemicel measures
promoting plant growth, and: )

2. the suitability of the soll for the employment of the

’ instruments of production end technologies of production
sorresponding to the sociml developmental level of the
produoctive forces.

In addition to the supplier function of the soil for the

plant (water, nutriente, oxygen for the roota), the capability
of the s0il for neutralising toxic substances 6r pathogenio
organiemen by sorption proceases and biologinal'decémposition
may alsc be included in the soil fertility. Further, it may

be justified to congider the capabllity of the soll to offer
regigtance to phenomena of degradation as en element of
fertility. Thie shows that the term of soil fertility wmay be
framed more or less widely and, hence, different definitions
are proposed.No doubt, the fertility is an objective property
of any soil (Marx, Kapitel, Vol. III) which oharacterimea the
use-value of the soil es a means of production in mgrioculture
and forestry. Although any soll has e "patural® fertility,
1.e. a feriility which is 1dependent of man and the soclal uee
of the soil (function of supplying and decontamination),

soi) fertility is not a purely ratural-historical but also

a ‘sooial gategory. The soil fertility in the sense of the
above definition determines to a high degree the applioability
of certain methods of production and the ettainable labour
productivity.The more fertile a soil, the higher the labour
productivity is. The soll fertility is an essential determinant
of the economic result of land-use in agriculture and forestry.
0f particular importanoce is the fmot that more fertile soils
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not only yield higher crops but also show little yield
variations and thua ensure a higher socipl security of the
1and user while the expenditures of 1iving and materislised
labour remain congtant,

Fartility is the property of the soll which is most important
t0 the existence of humsn society. Due to this fertility, the
soll cover of the mainland of the earth becomes the basla of
the exietence of mankind in the sense of an indispensable pre-
conditlon for aecuflng nourishment, Until the present, im po
historicel period mankind succeeded in utilising the soll in
such & way that sll inhabltants of the earth had encugh to eat.
Today, the required knowledge of the goile end their ferti-
1ity ~ irrespective of all still unsolved problems ~ and the
technological preconditions for ensuring the sufficient reedins
of a11 people are given. A oondiilon wounld bo. howsver, the '
ending of the senselesa waste of mehtal and phyeical powers

end of material resources in armament and war as well as the
creation of soclal structures which guarantee emﬁloyment-and
sufficient income to everybody.

III. 2.t.4, Pertility-determining features:-of the golls

The importance of the moll fertility ms a measure of the
uee~value of the goils im egriouliure and forestry gives
rise t0 an interest in- the quantifying determination of this
property of the soil, As to the determination of the moll
fertility, two basic statements ‘are of importance:

1.  The moet reliable method for measuring the soil fertility
is the field test copducted over g period of several years,
Only the plant mirrors the soil fertility with the required '
complexity in growth and development.

2, Any meesurement. of the eoll fertility in a fleld test is
related to the complex of the other natural growth-imflweneing
. site factors {(climate, weasther, length of the day, altitude,
rellef, etc,) and to a certain oultivatlon technology.
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Fleld tests are expensive and time-consuming. Therefore, iime
and agein, justified ettempts were made to derive an opinion
on the fertility of the soil frow Individual properties and
features of the latter. The problem associsted with this attempt
was the fact that, -in the last enalysis, the soil fertility

is the resmult of the interaction of all biological, mineralogical,
chemical, physico~chemical and phywslcal properties of the goil
and thelr dynamio interrelations. The fertility ls & summary .
fucntion of the exiraordinarily oomplex heterogeneons system

of soll. The measurement of the fertility on the basis of a
gingle or several features will never give the game informa-
tion as the plant test, Neverthelews, the determination of
individual fertility-determining features is justified, ar

that for the following resaons:

1« The msscertainkent or determination of individual soil
features or properties quiocker ana at lese expenditure
than the vegetation test.

2. The importance of individual soil propertles to the soil
* fertility can be examined in the plant test and evaluation
categories c¢an be derived from these plant testia,

) 3. Not all of the soil properties have the same 1mportanée to
the fertility. A certain hierarchy of the soill properties.
can be stated which enable the derivation of imﬁortant
information ebout the fertility from e relatively small
number of qualitatively or quantitatively recorded fsatures.

The judgement of the eoil fertility by meens of certain
morphological or snalytical features is mlways based on the
results of a comparison between these featuree and the infor-
mation given by the plant test, eapecially the field test.
Since the expenditure involved in a plant test does not permit
the conduction of such tests in all sites, the judgement on
-the basis of fertility-determining soll features is, above all,
a means of extrapolation of findings in fleld teeis to larger
aread. Thug, it remains to be a question of decisive importance



-15 -

to see'to 1t that any country disposes of a network of field
tests conducted over a period of many years each and sarried
out In properly selected and repreasntative sites and designed
on the basis of a pattern which, on the one hand, enasblea the
requlred comparisona throughout the country in question and,
on the other, properly records the specific forme of utili-
sation end conditions of use of the individual sites.

The soil fertllity results from a number of complex properties
of the soil. In this comnection, it should be polnted out

that the resoluntion of the unity representing the soil into.
individual elements always ls an arbitrary act which shows
subjective traite. Cne may hold the view that the following
complex features, however, condition the fertility of the soil:

1. The structure of the s0lid phase of the soil with respect
to subsgtance and epace. -

2. The cavity system in the soil, ite size and struotnre,
determined by the spatial structure of the solid phase.

3. The distribution of the cavitles to water and soil-air

" due to the condition of the cavity system and the subatantial
nature of the ®0l1d phase of the soll, and the motlon and
bonding of water, '

4, The composltion and activity of the totality of all living
organisms in the goil,

5. The content of plant nutrients in +he s0il as well am 1ts
capabllity of storing nutrients or to transform them into
forms that can be taken in by plants,

6. The soil reaction and the bufferimg of the latter.

7. The consistence of the soil and its changes in dependenoe on
" the water content.

8. The redox conditions,

9. The structure of the profile and the vertical differentiation
of the features given in items 1 to 8,
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~ The aim of the judgement of the fertility properilies of a
goil consists in the acquisition of these complex elemente
of the fertility bshaviour, For this purpoas, there are no
direct methods. The methods of the morphologlical judgement
and of the enalytical studies of soils in sssence furnish
only partial information about thesg complexes and it callw
for the knowledge and experiences of the expert to inter-
prete these partial information and to integrate them into
sn overaell piature.

~

111,2.1.5. The degree of c and ther of the soils
ggd soll fertility

In the Tropice soils of an extraordinarily different degree

of leaching and weathering are found, The desert moile of

the extremely arid climate represent the initial stage of
.wegthering end leaching, while the ferrallitic soils of the '
humid regions reach the highest degree of lesaching and weather-
ing. All intermediate phases are also found in the Trpoois.
There hre clome interrelatione beiween degree of leaching and
weathering of the soils end soil fertility which can be '
traced back to the systematic change of certaln fertility-
determining features with increasing degree of leaching and
weathering, The essential oorrelatioha are represented below.

The weathering of the geological initisl substrate of the
soils begins with the comminution of the magmatie rocks,

When leaving out of acootnt the Gocurrence of volcanic ashes,
then the processes of the go-oalled physical weathering are
at the bottom of this fragmentation of the golid rock. With
progresging reduction in eize of the grain, the mpecific
surface of the gecloglic materiels grows and thus the possibi-
lities of chenmlcal reactions with the conetituents of the
water and alr: the intensity of the ¢ hemiqal weathering
increases. With suffloient comminution of the material, the
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chemical transformationg become predominant, Chemical trans-
formations are changes of subetance. Checmical weathering
causes a change of the ochemical and mineral composition of
the jnorganic soil msterial. ! o

Leaching is the removal of soluble substances from the soil
profile by infiltration water peneirating the subsoll.

The formation of infilfration water ls due to an ample amount
of rainfall, The deeper the 5011 profile and the greater the
water storage capaclty of the scill becomes due to clay forma-
tion and humue sccumulation, the larger the amounte of rainfall
required in order to cause the leaching of smoluble substances.
‘The removal of soluble substances from .the solum ¢auses a
change in the composition of the soil material.

There are irrevocable correlations betweén leaching end
chemical weathering. The removal of the soluble wegthering ,
products by leaching leadas to a disturbance of the chemical
equilibria and 1s a continuous impetus to the chemical weather-
ing. Chemical westhering and leaching must be considered an
undivided process from the angle of the goil development.

The degree of leaching and weathering of a soll 1z the extent
of the relative change of the chemical, mineralogical and ¢
material composition of the soll as compared with the geologic
initiel materiel. It should be noted that soils not elwaye
develop from magmatic rocka or metamorphle rocks but more
frequently from materials which were already transformed and
displaced on the surface of the earth, frequently séveral

times in different eroeion oycles,

J
Both consolidated and loose sedimentites already have a
certain degree of leaching and weathering before the soil
‘development is started on them,
Leaching and weathering increase with increasing temperature,
increasing wetting of the soil and incressing formation of
infiltration water. Increasing supply of organic substanoce
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end, oconsequently, an enhanced blologlcal sotivity act in
this direction, In particulsr, the causes are aa-follows:

- the accaleration of chemical reactions with 1ncreasing

" temperature; '

- the sustained motion of chemjcal transformations in cage of
a long duration of soil wetting;

~ the increasing dissdciation of the water with 1ncreaain3
temparature and thus the incressed hydrolyeis of %he minerala;

- with inereszsed formetion of infiltration water, the acentuated
disturbance of the chemical equilibrium, removal of even
herdly soluble substances {(silica) and the accelerated
acidification and protolysis;

- when the so0il is well wetted through and a high temperature
given, =2 more intensive blodegradetion tekss place (forma-
tion of carbonic ecid, formetion of organic substances
which are capable of bonding metale ss cheletes, -develop-
ment of low-molecular organic acids),

These correlations entall that, under the eonditiona of the
humid tropical climate, leaching and weathering take a parti-
cularly intenaive coursé¢ and =20lils with an extremely high degree
_ of leaching and weathering dccur. The wide distribution of
soiles with a high degree of leaching and weathering is the
peculiarity proper of the Tropics. For a long tiwe, thls
" fact has been conaidered from one angle only, that is to eay,
it has been neglected that two thirds of the ares of the
" Tropios are covered with soils baving a low to medium degree
of leaching and westhering.

The correlation between leaoching and weathering degree and
tertility of the soll results from the following factas

1. With the chemical weathering of the primary Bilicates
’ and’ other minerale, their constituents are released.
These include. important plant nutrients (K, ¥g, Ca, P,
g, miero-nutrientg). At first, an intensive chemcial weather-
ing mesns and increaged loss of nutrients. As soon ms %the ‘
“reaerves of the geologital starting materral in the'rorm-
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of primary minerals oapable of being weathered are exhausted,
the substrate becomes poor in nutrients. Thie state will
occor the gquicker, tha more rich in gquarts the rock is

and the more intensive the leaching of soluble producte

of weathering is. ' s '

Secondary minersls develop from the ﬁroéucta of weathering
of the primary minerals and ‘due to the direct transforma-
tion of layer sil;éates. These secondary minersla usually
are highly dispersed and are contained in the clay fraction
of the soil (particles <2 fm). Increasing leaching and
weathering degree, therefore, means an increasing clay
content of the goil as a tendenoy provided comparable geo-
logical atarting materisls were given. The increasing
content of clay enhances the surface activity of the solls,
a property which ie of importance to the sorptlon of
dissolved substances, the humidification, formation of

.atructure, the buffering ef the soil reaction, and the

concentration of nutrients in the soil solution, the
effect of mineral fertillsers, etec. '

In dependence on the proportlons of the weatherinz products
silica, sluminium hydroxide and alkali as well as
alkaline earth ions in the soil, different secondary

" minerals are developed. The proportion of theas subetan-

ces is determined by granulerity snd composition of the
geological parent materiml, on the intensity of weathering,
on the inteneity of leaching, on the supply of dissolved
gubstances with later water motion. With a declining
basicity and decreasing ratio of silica {o aluminium
hydroxide, a sequence of different secondary minerals

in clay is brought about ‘

- three-layer winerals °

- two=-layer minderals

~ free oxides of aluminium and iron in different states
of crystallisation.



With comperable geological parent m-terial, this segtience
corresponda to the seguence which develops witk lncrsasing
degree of leaching and weathering. Solls with a different
degree of 1eaching and weathering show regular differences

in the qualitative comﬁoaition of the clay fraction and,‘
depending on this, differences in the nutrient transformation,
formation of structure, accumulation of humus and other
propertise, ‘

fhe qualitative compoaition of the glay frsction 1s of parti-
cular importance to the "differences in the fertility proper-
ties of tropical soils. The most important differentiating
features of the “clay constituents are charge properties,
gpecific surface, basiaity and ewelling ability,

Clay constituents have an electric charge. From this charge,
Coulomb forces are emiited, i.e. lorns found in the soil so-
lution surrounding the solld particles are attrgeted or
repelled. The clay constituents have different charges both
ag to magnitude and sign. The following list shows the moet
important facts:

Clay constituents TZpG of Magnitude of Sign of the

charge the oharge charge
Three-layer mainly ' - high to negative
minerals permanent - very high
Two=-layer mainl{ low negative or
minerals variable positive
free oxides excluaively high to negative ox
- amorphous variable very high . positive
‘—lcrystalline éxclusive- low : negative or

ly varigble e positive
Humic exolusive~ . high to negative

~ substances 1y varisble very high
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The negative charge effects ‘the aation sorption and, thus,

the adeorption of eationic nutrients (x*, Nﬂ4, Cal*, Mg?t ete.)
which is importent to the nutrient content but aleo to the
buffering of the soll reaction ageinst acidifying influences.
Positively charged clasy constituents are the oarriers of

the anion sorpfion. Remarkable positive charges poesess in: the
goll especially the free oxides and the kaolinitic minerals
whose charge ia variable. A variable charge is the-ésaentially
pE-dependent charge of olay constituents which is brought
sbout by an addition or dissocistion of HY and OH' ioms. Below
the isoceleletric point, the oharge ie posltive and negative
above it. ¥Minerals of the kscliritic group and free oxides

are brought about in larger qusntities only

in case of advanced léachins'and weathering in a more or less
acld snviromment. Under the conditions of an acld environment,
their charge is mainly poeitive. The kaolinitic minerals and
especially the free oxides of aluminium and iron are the basis
of the anion sorption, The cation sorption in oxidic soils,
1.0. in solls having e high degfeé of leaching and weathering,
ia exclusively ensured by the negative charge of the organic
substance, This increasea ihe imporiance of the humig content
of these soils. ‘

Specifio surface

Althongh all secondery clay minerals are reckoned among the
highly disperse 8cil constituents, they are neverthelss dis-
tinguiehed by their degree of diaspersion and thue by their
specific surface and, hence, by their reactive power., The
minerale of the montmorillonite group excel in a particularly
fine granulation size, They are mainly found in fine olay

( < 0,2pm), Kaolinite usuelly is coarser md il mainly found
in coarse¢ and medium oclays.

Illites frequently develop by a progreeeing grain comminution
of the primary mices '‘and can ocour im different granulation
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sizes but mainly have diameters which are between those of
montmorillonite and kaclinite. A vexry large specific surface
is cheracteristic of zmorphous free oxides with a sponge-like
structurs. The specific surfaces of the orystalline oxides
usually is smaller than that of the amorphons forms_snd, in
particular, depende on the crystallisation conditions and
varies withln wide limits,

The importence of the specific eurface coneiste in its in-
fluence on the charge density and thus on the strength of

the bond of adsorbed ions, and in the action of the formation
of ptructure. by oohesive foroes, With the same electric charge,
the charge density dropa with increasing specific surface. With
the charge demslty, the strength of the lonic linkage decreases
and in thle manner the selectivity of the ion adsorption

from the polyionic scil solution aleo changes. The bond or
linkage forcee between clay pafticles are of great importance -
to the formation of structure and the conslstence of the soil.
The finer the paiticles, the grester the surace forcee which
connect them into a compact mass or aggregates. Soils with

~a great content of montmorillonitic clay in a dry state have

" “@ high hardness wheress kaolinitic soils with the seme clay
content are brittle and show a lower cohegion.

In this connection it iz of importance to note thet with
incressing speciflc surface the dapabllity of an addition of
water also Increases. Water envelopes meparate the individual
clay particles so that they can be displaced relative %o each
other. With increasing dispersion of the clay»partiélea,

. the plasticity of the wetted soil incresmses. The high .-sur-
face activity of amorphous oxides and alsc of humic aubstances
is the ceuse of thelr sultability as a cementing subetence in
the formetlon of aggregetes.
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Swelling snd shrinking -

Various three-layer minerals, especially minerals of the
montmorillonite groupe, pqasess‘the ceapability of swelling
and shrinking. Swelling and shrinking are expressions of ‘
changing water contents. The capabllity of a addition of
large amcunts of water to the external and internal surfaces
of these minerals is due to the fine grannlaetion size and

to the diminished coherence of the elementary layera of the
silicate particles dua to an expansien of the basis distance
to T.4 nm and more, The reduced coherence of layers permits
water molecules to enter into the interspaces betweesn the
layers and to further enlerge the basis spacing, hence, the
mineral particle ewells, When drying up, this water is with-
drawn, the basis spacing is reduced and the mineral shrinke,
The swelling and ghrinking behaviour is not determined by the
structure and surface forces of the mineral but also by the
type of adsorbing ions., Adaorbed scdium ionse are inducive to
swelling because of their hydration whereas calcium ions

damp this process. .
The practical importance of swelling and éhrinking congints
in the fact that minerals capable ¢f swelling in solls with
a sufficiently high clay content canse these solls to become
self-gtructuring. Volume rgductlion of a continuous soil mass
dus to drying leads to the formation of shrinkage oracks by
which the soil body 1ls divided into aggregates., Within the
aggreogates forces of cohesion ‘aause coherenoce, Typical reo-
-presentatives of goils calable of swelling are the vertisole
in the Troples. In contrast to the solls with three-layer
minerals, especially to the montmorillonitie soils, the
kaolinitic and oxidic soile are noi capeble of swelling,

Base content

Clay constituents exert an influence on the nutrient supply
of the soil not only becaunee of the siorage and fixing of

Pl



- 24 -

ions depending on charge and surface structure bui also ]
because of their own nutritive content. In the form of the
go-called intermediate-layer lone, which ensure the coharance
of the silicate layers, three-layer minerals contain larger
amounts of the nutrients of potassium, magneaiam and celeium.
Upon weathering of the three-layer clay minerals, these
nutrients are released and can be utilised by the plante. ;
Due to the conditions of theilr formatlon and struetural proper-
tiss, nor the minerals of the kaolinitic group nor the free
oxides of aluminium, iron and manganaae contain conaiderabla
amounts of nutrients. _*

It has. already been said that the qualitative composition of
the clay fractions changes with incressing degree of leaching
and weathering. In cegse of a low degree of lesching and
weathering, three-layer minerals are the dominating aelay-
constituents. With increasing degree of leaching and weather-
ing, these minerals are replaced first by intermediste layer
minerals and finally bx oxldes., From the properiles of the
¢lay coneiituentes the following changes of the fertility be-
‘haviour are derived with increasing degree of laaching and
waathering:

1. The capability of storing cationa decreases. At the same
¥ime, the cation adsorption - due to the inoreasing role
of the organlc mubsiance as carrier of the negative charge
increasingly becomes: pH-dependent. The risk of the lesching
of cationic nutriente and insuffioient aupply of these
nutrients to plants increases,

2. The anion sorption increases, Due to the fluid transitions
between exchangesble (non-specific) and specifioc bond
of phosphate lons,with the inareasing content of free oxides:
in the olay fraction, the phosphate fixing in the form of
iron and aluminium phosphates also incresses.

3. The deoressing base content or basicity and the decreasing
cation exchange cepacity impair the preconditions for the
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formation of permanent humus {grey and brown humic qcida)
and for the stebilisation of humus in the form of clgy-humus
complexen.

4. The nutrient conient of the clay fraction decreases.

5. The capability of the soll for etabilising the soil reaction
(buffering) is reduced,

6, The structure~forming processes and the structure proper-
$ies are changed. In soils rith in clay, separstion struo-
tures and humus-bonded bullding-up structures are increasing-
1y replaced by keolinitic coherent atructures or structures
of oxide-bonded aggregetes of a high stablliity. The
structural properties of the soiles show a trend towards
improvement.

The change in the fertility properties of the goils with in~
creasing degree of leaching and westhering is, first and fore~
moat, but not exclusively & consequence of the chenges in the
composition of the clay fraction, Added to the gualitative
effectd caused by the olay Praction are the systematic im-
poverishment of minerale that are subjeot o weathering in

the cosrser fractlions of the soll, the increaping acidification,
the damger of the oocurrence of toxic concentrations of man-
ganese and aluminion ions, the changed conditione for the trans-
formation of organic substances, etc., It should be stregeed,
however, that the represented relstions between degres of
leaching and weathering of the soil and the fertility proper-
tles only express the basic trend which facilitates the under-
staﬁding of the systematic changes of the fertility features

of soile from the arld reglons to the elternatingly moiet
tropice and through to the bumid regions. In particular, the
fortility mey show considerable deviations due to peculiarities
of the geologic parent materisl, dreinage conditione and the
addition of forelgn matter. 1t should be pointed out to the
fact that substrates with a high content of guartz result in
sandy soils (regosols,. arencsols) in which the differences in



- 26 -

v

fertility depending on the degree of leaching and weathering
are less dilstinct then in soils with a high c¢lay content,

For the determination and judgement of the degree of lesching
and weathering, the following festuree can he nsed:

1. pH and degree of base aaturation

2, '810,/R,0, Tation end 510,/A1,0, ration of lthe soil
or of the clay fraction

3. Ratlo ¢f 8ilt : olay

4. Cormtent of weathered minerels in the soil.

I1T. 2.1.6, Soil degradation
II1, 2.1.6,1, Term and importance

During the past decades, mocientiste and pollticlans -induced
by the rapid growth of the world's population and attempts

of estimating the global production potential for foods -
increasingly became aware of the fact that the world soll
resources are not only limited but absolutely reduced by
improper use of the 8041 and proceesea of soil destruction,
Thig weg expresged in the recommendatiorm by the world food
conference of the FAC ip 1974 to elaborate a world solil charter
whope text wae confirmed st the 218t session of the FAQ
conference in November 1981, At the seme time, the projeot of
a world soll polioy and a detalled plan for ite implementmtion
were elaborated (UNEP, Neirobi 1982) within the scope of the
United Wations Environmenit Programme (UNEP),

That part of the soil cover of the world which is sulted for
agricultural use because of 1ts nature amounts to 5 to 6 thousand
million hectares, This mrem is not really availeble, however.

It is considerably reduced by urbanisation, industrialipetion,
construction of roads and processes of soil deatruction, Although
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guch estimates naturallyare subject to unoertsesinties, one
aggumes that in historical time about 2 thousand million hao-
tares of potentimlly agriculturally ueable land have been

lost due to these procesees (Kovda, 1981). The decisive topiesal
problem, however, im the continnously increasing extent of
land losses during the 2nd half of the 20th century. Estimates
on the beasis of the recent trends have led to the result that
land 109363 to the tune of 0,2 to 0.8 thousand million hec-
tares have to he reckoned with in the forthcoming 20 to 30

years,

Prom analyses by various authors (Prassolov and Rosov, 1947;
Revelle, 1976; Rosov and Obodovskaja, 1978) it becomes obvious
that a fund of land potentially usable by agriculiure of 2.7

to 3.6 thousand million hectsres is available of which 1,5
thousand million hectares are already subject to arable farming,
The avgilable resources gre unequally distributed to the con-
tinents (Pig.III.2.-1.lWhen the prevailing trends continue to
act in the development of losses of potentimlly erasble land

by the above mentioned processes, the situation 1llustrated

in Pig, 2 may ocour. Taking into cconsideration the growth of
the world population, a considerably deorease in the arable

land per head of the population would be the result,Fig.III.2.-2,
clearly shows that even considersble increases in yleld on

the remaeining areass of grable land cannot compensate the effects
of the land losses. Further, the experiences gathered during

the "campaign against hunger" carried out by the FAO during the
seventies show that under the present politica, soclal and
economic conditions in numerous countries a rapid doubling

or even gquadrupling of the yields within the scope of a

country is practlcally not atteinsble, as postulated by )
Mesdows et sl. (1972) in Fig.IIX.2,-2.

From these facts and correlations, the imperative necessity
resulte that we have to change our views radically with reapeci
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to the handling of the fund of land, Everything depends on
maintaining a meximum of ares under s vegetation oover and fo
counteract all sources of losses of agriculturslly usable land.
It ghould be taken into consideration that loss of soil not
only covers the cultivated but wrongly utilised areas or
the areas completely devastated by erosion but that the lingering
" reduction of soil fertility is tantamount to a loss of a
production potential bamed on the soil and, hence, pfactioally
to a loas of goll. The solution of this task of an effective
struggle agalnst soll losses and for a reasonable utilisation
of the fund of land in both national and global sccpe within
the shortest possible time has become¢ a question of exigtence
of mankind. The slogan "save the soil (Kanwer, 1982; Singh,
1982} formulated several times =% the 12th congress of the
international eoil eclence society in New Delhi in February
1982 has its profound justification.

The struggle againet soil degradation in the land used by
agriculture and forsetry has become one of the moat decisive
tasks of world soll poliey in additlor to a eeneible utilies-
tion of land.

The term soil degradation has not been used uniformly until
the present. Neef (1975) defines, from the angle of gsography,
degradation as the paritial or complete loss of cheracteriatic
features of a soil., Such changes can be effected by a change
of the ¢limate, by geologioal and geomorphological processes
but also be intervention of man into the siruoture of a bhio-
geoosnosis. In many oases, the soil 18 ohanged indirectly by
variation of the effect of individusl or several factors influ~
enoing the soil development (vegetatlion, wester supply, tem-
perature regime, etc.). In the course of the land-use by man,
direct imterventions such as loosening the goil, pressure on .
the soil by machines, irrigétion and drainage, chemical amelio-
ration and similar actions may also lead to degradation,
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A 801l degradation in the sense of a change in the direction
of the pedogenesis must not necessarily include s reduction

of the fertility of the soll. The term "soll degradation®

may be uged in a narrower sense from the angle of sgriculture
and forestry and, in this connection, always expresses.a
reduction of the soll fertility cansed directly by the land-uge
for purposes of production or by indirect influences exerted
-by human soclety on the biogeocenoasis. In agreement with the
UNEP-Document on the world soll policy (UNEP, 1982) gnd its
definition of the temm of eoil degradation, i.e. the reduction
of the goll fertility inadvertently caused by man, we shall
deel with thig problem below.

Different procesges may take part in the soll degradation in
the sense of an anthropogenetioslly caused dscresse in fer-
ti1ity. The most Important of them are:

1. Secondary salinisation of irrigeted areas in dry regions
2. Accelerated soil erosion

3+ Secondery soil acidification

4. Degradation of atructure

5. Logs of nutrisnts

6. Petritication

I1T.2.1.6.,2, Secondary palinisation of soilg in arid regiong
(1) Term and_definition

The term "secondary salinisetlon™ subsumes all phenomena of

the occurrence of increased malt concentrations in the soil
eolution or inoressed mlkalinity of the soil wkioh are ocsused

by the activities of man. With this, a delimitation from the
primary seliniestion is effected whioh ig defined as the
natural development of salt soils (halomorphic =so0ils) in sites
suited for thig. In contrast to the graduel natural salinisstion
which leads to the characterismtic morphologic features of

salt solls (solontchak , solonetz), the mecondary salinisetinn
in general develops relatively guickly. Therefore, the mor~
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phologio features of eslinlsation ere missing in most cases
of geocondary saliniaation., The high salt concentration of the
801l solution and the highly alkaline pH value of the soil,
which is due to the presence of sode (132003) and/or a high
sodium saturation of the sorpiion complex of the soll, ‘are
glven and effectifo. -

the secondary salinisgtlion leads to an impairment of growth
kna development of the plants., There are no basic differences
with respect to the causes of this impairment between the
primery ealt solile and the mecondary salinleation. Both the
osmotic total potential and the disturbed ion ratios in the
801l solution and the deterioration of the soil structure due
to the pH and the high sodium saturation of the sorption
complex are effective, Injurles to plants are caused above gll
in sensltive species and in the meedling stage. Ususlly, they
ogour not on larger areas im en uninterrupted menner but ino

the form of smaller -spote, specisl porticns having an increased
micro-relief. With inereasing secondary asslinisation it may '
hapren that even species tolerating ealt fail to grow or no
longer show yields which justify cultivation so that larger
areas must be omiited from utilisation or ameliorated, -

{2) Causes snd effects

The gecondary salinisation primarily is a phenomenon of the

arid regions and aspocleted with interventions in the water
gupply of the site in connectlion with irrigation of cultivated
plants. The effective salts (chlorides, sulphates, carbonstes,
end bicarbonagtes as well as nlirates of the alkall metale

and alkaline-earth metals Na, K, Mg, Ca) stem from magmatic
rocks in the final analysis (except for the nitrates) and they
are relessed when these rock weather., In most cases of secondary
salinisation, these salts were already present in the landscape
before damage due to salts occurred, namely, in the subsoil
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as constitu@nte eof sedimenta or digsolved in the ground water,
- A apecial case gre phenomena of salinisation close by the
coasts of meas or oceans, Salts from the sea water are blown -
by winde up country in the form of aerosol or by water in-
trusion into the underground of the solls. The peénetration

of gea water into the underground is faveured by pumping off
the water of the salt~free ground water for irrigstion (example:
growing of citrus and'vegetables in the coastal areas of the
igle of Cyprus). Damage due to malt in the viocilnity of salt
deposite, salt mines and industrial plants emitting salty
sewage nmust be oconsldered aspecial cases,

In the typloal ocases of a secondary salin;aation‘gf arable

land, the activation of the ealts present in the landscape

and their concentration in the rooted range of the soil is
.effeoted by irrigation, f.e. by changee in the eupply of water.
Two baelc mituations causing salinisatlon must be distihguished:
Secondary salinisation due to a rise of the ground water level
and secondary aalinisation dae to sustained use of salty
irrigation wnter.

Secondary galinigation due to a rise of the ground water lavel
In the irrigation of agricultural sreas in arid reglons, mainly
methoda of surface irrigetion (bgsin, strip, furrow lrriga-
tion) are used. These methods mnd the feed of water to the
tapping points in ditches are assoclated with a non-productive
oozing away of considerable smounts of water into the under-
ground,; This cozing away is the greater, the more imperfect

the installation and operation of such irrigation systems is,
Particularly high amounts of seepage water ocour frequently
when irrigation is carried out once for the purpose of storing
water in times when an ample supply of water ig available,

i.e, when one nead not be sparing of water. In case of a good
technological performance of irrigation, an sverage efficlency
of 60 per cent can be attained in surface irrigation (Iaraelsen
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end Hansen, 1962). According to Kovda (1981), the majority

"of systems for surface lrrigation only ettain efficiencies
between 30 and 40 per cent. About 50 to 60 per cent of the

fed water can be lost by seepage through not properly sealed
water conduits. These data show the magnitude of water passing
into the subecll which is possible in gurface irrigation.

If, due to stratification and inciinatiom of rock conducting
water close by the ground surfamce e vertiosl or lateral drainage
of water is not possible, then the ground water level will be
reised mor or leass quickly. This rise. of the ground water

level may be se¢veral metres in a year in unfavourable cases
(Kovda, 1981}, Im the Indien aend Pakistan Punjab, it was 30 to
S50 em per year after the construction of new irrigation

systems at the beginning of the 20th century (Young, 1976}.

A8 poon as the capillary margin above the ground water ruaches
~ the root-contalning part of the solum or even the surface of
the ground, the evapoiranspiration rises by leeps and bounds
and sn asoen&ing capillary water motion takea place. If

thies will not ¢qualise the rige of the ground water level, then
the ground water will appear in depresalons and swamp formation
in the rellef depressions cccurs, a phenomenon which can be
observed frequently in a eystem with surface irrigetion

whioh aleo may lead to losses of agricultural land,

In the arid regions, the ground waters are usually more or
lesp mineralised. The rise of the ground water and the asso-
cipted increased ascending motion of the water leesd inevitably
to @ transport of salt in the dirsction of the ground surface.
Due to the intensive evaporation of the weter, a sysiematic
salt sccumulation takes place in the aolun end 1% 1s only a
question of time when reductions in yle1d end direct injuries
due to salt ocour in the planta.
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Secondsry salinisation due to the uge of sslty water for -
irrigation . :

The miasing leaching of soluble matier in the landscapes of
the arld regions resulte in the fact that most of the avail-
able waters, with the exception of the rivere coming from
more humid regions, contain salt to a certaln degree. The
water shortage necessitates the use of such mineralsied
waters for irrigation pruposes, Under these conditiona, there
is & great risk of secondary salinisation - provided thers

is a low ground wdter level and a free internal drainage -
when'using irrigetion methoda of a high efficiency auch as
spray or aprihkler irrigation. The irrigation standarde

of these methéds are calculated for the wetting of the zone
of roots and can be realiged exactly. The missing seepage
water formation ensures. that the whole amount of salt fed
together with the irrigation water remains in the solum and
that, from irrigation actlon to lrrigation mction, a systematioc
acoumilation of soluble salte occurs. The higher the salt
content of the irrigation water, the higher the smount of
water fed, the guicker the malt content in the solum will
axceed the critical limit. Irrigation methods with assoclated
formation of seepage water formatlon causes the leaching of

a paert of the fed aalts into the underground and, ms long

as there im no rise of the ground water level, the risk of

a gecondary saliniﬁatipn is smaller with this method.

The effects of the secondary salinisation depend on amount
and type of the accumulating salts. According to the type
of the accumulated salts, a dietinction 1s made between the
following mein types of secondary sallnisation:

goda salinisation

soda / sulphate salinigation
sulphate / c¢hloride galinisation
chloride salinieation
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The decisive effect of the secondary salinisatlon emanates
‘from the change in the osmoilo potential of the aoil solution..
. In the event of high ocemotic pressures of the so0il solution.
the useful plents are nc longsr in a posltion ‘%o take up suffi-
oient amounts of water. At the pamne time, the normal intake

of nutrients le distubred. .

If, in the course of pecondaery salinisation, the ratio of
sodium to potassium plus magnesium ie changed in such & manner
that sodium diatinctly prevails, or if the sodium replacement
ie favoured by the presence of sods (high pH), then the

godiam saturation of the sorption complex Inaresses and a
diepersion of the clay may take place., The &isparuion ot the
clay effects the oollapase of the soil atructure: the soil
becomes compact and impermeable snd 1te -inclination to an
incrustetion of -the surface increases rapidly. The hydrolysis
of the sodium-saturated clay ususlly causes a high rige of the
pH value at the same time;that is why this 1s also called

" gacondary alkalinisaiion”. '

(3) Distribution

Due to aecghdarj salinisatior, many millicns of heotares

of efficient irrigeted arable land were traneformed into

-galt deserts and saline solls of a low fertility. The majority
of countries wiih irrigated agficulture in regione with small .
rainfall are faced with the problem of secondary esalinipation,
‘Large land loades due to thie form of soil degradation'were
recorded in Indis, Pekistan, Iran, Iraq, Argentinias, for
example, Exact data of the extent of the mecondary salinisetion
are not avallable, Estimatea show that 50 to 60 million heotarss
of 1rrigated arable land ave subject to secondary sallnisatinn
“and every year 0,2 to 0.3 million hectares must be excluded
from utilisation because of heavy salinisstion (Kovka, 1981),



- 37 -

According to Sohechter (1976), the share of areas subject to
gecondary salinlsetion in the total irrigated area amounted
to more than 50 % in Iran, to 25 to 50 % in Syrai, to 33 % in
Peru, to 30 %0 30 % in Iraq, to 20 % in China md to 15 % in
India, :

(4) Control

The central problem of prevention and abolifion_of phenomens
of secondary eslinieation 1B the removal of an excepaive
uupﬁly of water with the salts ocontalned in it through a
natural or artifiocls) system of drainage.'In regiohs whers

a risk of seobndarw‘aalinisation 1s given, the comstruction
of a drasinage eystem ie an indlspensable part of the arrange-
‘ment of areag for 1rrigation, irrespective of the method of
irrigation to be applied.

The drainage system fulfils two tasks:

1s It preventa the rise of ihe ground water levellover the
eritical minimum depth of 1.5 to 2.5 m.

2. It enables the draining of saline seepage weter in case
of leaching of salt from the soil,

The results practically reached by means of drainage ayatems
in any case Justlfy the expeditures., Systems of horizontal
drainage have proved successful and also thos of a vertical
drainage, Horizontal drainage usually 1s achleved by means of
open ditches. A disadvantage of upen ditches is the large.
area required when then the bottom of the ditches 1s deep,
the danger of weed infestation and overgrowth in regions
with heavy wind erosion. Verticel drainage with deep wells does
not show these disadvantages but 1t oslls for the erection
anéd aontinuoua operhtion of pumps. The deoision on the type
of the most effective drainage system is dependent on the
site and on coneiderations of farm menagement. An essential
question of drainage is the disposal of the water 1hvolveq.
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In any case £t muat be prevénted that the evacuated salte
cause damage in any other place., When discharging mineralised
waters into galt-free rivers and lskes, partioular care must
be taken becauge severe disturbances may bs cauneed in these
ecosyetemsa. Slightly saline water can be sued for irrigation
directly or affer mixing witgﬁualt-frae water.

The gradual aocumulation of salt in the rooted part of the
g0il profile when using water-saving irrigation methods
(spray end sprinkler iyrigation) calle for the leaching of
the acoumulated malts. Different methods may be used for
this purpose:

1. Leaching the salts at larger intervals dapending on the
speed of the salt accumulation.

2« Inoresge of the individually applled amounts of water up
_to the formation of an emount of seepage water which will
puffice to keep the salt content in the root layer of the
eoi) below the oritlocal level.

In case of water shortage 1t should be noted that repeated
application of smaller amounts of wator with a lower amcant
of seepage water formation produce a better salt leaching
effect than a larger amount of water applied at a time,

L]
The ieaching requirement is the amount of water whioch must
be applied in an irrigation system and with a given quality
of water in addition to the water required by the plants in
order to keep the selt concentration below the oritical value.

The exact dcterﬁination of this emount of water is diffiocult.
It firet calls for the ascertainment of the oritical

salt oontent of the soll solution first which wuset not be
exceeded. This oritical salt content iz dependent
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- on the type of salinisaiion of the waler used
- on the texture of the soil
- on the susceptibility of the plantes grown.

The leaching requirement for mainteining the desired salt
concentration in the eoil is also influenced by the irrigae-
tion 1ntorvais. the intenesity of evaporation, and the internal
drainage of the soil, Since in most cases & ocertain horizontal
heterogéneity of the physical soll properties on irrigated
Tields must be taken 1nto account, which inrluences the
leaching of salt in ita effectiveness, this faot must be
taken into cornelderation when fixing the irvigation standards,

The general ghortage of water in the arid regions also calls
fof thriftiness in the use of water for leaching salt. The
salt content of the soil should not be lowered more than
required by the culiivation of the desired plants and by the
conditions of the given esite. By mesns of various additional
agronomic measures (levelling the fields, planting on the
slopes of dems between 1rrigation furrows, sufficient ferti-
lieation, choloe of favourable mowlng and planting +times),
the effectivenass of present salte can be further restricted
or the oritical salt content can be fixed at a higher level.

The quality of the water to be used for irrigatiorn is of

deoipive importance to the judgement of the denger of the
occurrence 0f a secondary salinisestion. ‘he criteria for

an evaluation of the water for irrigation ere:

~ totml salt content

- ratio of sodium to slkeline-earth ions

- residual sodium oarbonate

- goda coptent

- aontent of toxieally aocting ions (ohlorino. boron, ate.)
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Systems of evaluating the guality of irrigation water

When evaluating the quality of the irrigation water acoording
to the speciflied oriteria, various circumstances should be
taken inta consideration. First, the fact is of importance

“ that the quality especially of surface waters ie subjeot

to temporary varlatiops, depending om different factors
sepecially climetic influences. In addition, the negetive
affect of the galt content in irrigation water on soil pro-
perties and plant growth is depending on the soil, the frriga-
tlon regime, cultivated planis and oultivation technolgoy.
Soile with a constant texture, for example, are less sendangered
than olsyey sblls. A schematio application of any claseifica-
tion systems may lead to aggravating faulte., The quality
yerdsticka shonld always be adapted to the local conditiona.

In the evaluation of the quality of water with reapect to

itz ise for irrigation purposes, frequently several of the
poseible criteria are combined. A ¢lassical example 1s the
irrigation scheme of the US Salinity Lgboratory in Riverside

of 1954 which combines salt content and SAR value into a

eyatem comprising 16 quality olesses (Fig,.III.2,-3,). This system
has been widely accepted but overrates the danger of salt im
many cases, Kanwar (1961} supplemented the system in accordance
with the conditfons prevailing in North-west India by intro-
ducing a class C 5 with & conductivity range of 5 - 20)nMx¥om
and taking inic consideration both the soll texture and the

salt tolerance of plants (of, Table 5). Of the numerous .

* ayatems in use, only the system propsed hy Doneen {1975) will

be underlined here. It evaluates irrlgation water with par-
“ticuler reference to salt content and sodium replacement, .
egpecislly alsq with reapect to the danger of a deterioration

of structure and decrease in permeability., For a potential
salinisation, the maximum pogeible precipitation processes are
taken an 8 bagis,fiiq; only ugso4 and all chlorides are oonsidered
a potential denger. Supposing that 50 % of the sulphate lons

are precipitated as gypsum, Doneen calculates 'the potential

t



very

* Sodium {alkati)-hazard "

¥ =)
Z 100 3 4 5 6781080 23 4
2 9 l— 17T~ T177 11 T T T
\-r .30 1 S -
NG | Cr-ss 4
C2-S4 ~
L
oM
Z
\\
\' C2-53
el = . , -
e | o
el e r C3 S3 -
¢ sz % \
SN B , _ : “
10\ €z s2 \ €, S3_
B \ 'C3 S2 \
- i : _ | $2 |
E L C1 $1 \ _
Ca st \
2
L C -
35T e s
0} T S WS 00 0 1 I | L.l
o 1100 50 750 2250
g
. Conductivity (micro-mho/cm] ‘
% 1 2 3 [}
low’ medium . high very high

rig. III. 2. -3.
representation

Schemotic

“salt hazard "

on the evo!uuﬁbn of the

quatity of the irrigation water of the US-Salinity
Laboratory Riverside {(Richards,L.A., 1954 ]



- 42 -

ealinity as C1=+ '/2 80,2" in mval/l. The permeability
index (PI) empirloally derived from lysimetur tests is
derived from sodiom and bicarbonate ion concentration
acoording to the formula

+ -
Na +V 11003
2

+ . ls2+ + Nat

‘PI =

x 100 nvel/1

For three soll categories with a different initial permeability,
the system results in thres quality classes each of the
irrigation water.

Table ITI.2,1, - 5: Evaluation of irrigation water asccording
to Kenwar (1961) further developing the
scheme given in PFPig.III.2.-3. ’

Texture Limita of applieatioh for
' senglilve moderately tolerant
crops tolerant crops
) crops : ‘-
Clay $,C, 8,C,y ' 8,C,
- 3201 5202
Loam 51% 54% 81%
8,C, $,C; S,Csy
- 3301 .8302
#endy loam 3122 -5 544 - 5 S4C4 = 5
21 -5 2l .5 2C3 .5
3“9 -0 -83% 5 2 -5
Sand 8103 3104 : 5105
5,C, 5203 8,Cy
8301 83G2 8303
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IIT. 2.1.6.3, Water snd wind erosion
(1) Accelerated goll eropion - term and definition and importancg

frosion is defined as the lasteral displecemsnt on the surface
of the earth of loose material caused by the weathering of rock.
Geomorphologically; the importence of eroelon consists in

the levelling of relief differences csgused by 1t. Both the

" rock detritus (regolith) end the soils are subjected to the
procésaaa of diecplacement.

The genesis of the soils is influenced by erosion due to

the‘tapering,of the profiles at the place of eroding and by

a supply of foreign material (mineralogical, in the grapulation)
within the renge of sedimentation. These two facts are closely

" correlated with soil tertility.

Frogion is a traneport of masses which oonsumes energy. The
sources of energy are the kinetic energy of the raindrops and
of the surface flow, the kinetic energy of the wind and gravi-
-tation, Erosin by water and wind are only pogeible bacause

of the global c¢irculation procesa of water and air and, in

the final analysis, a consequence of the supply of solar energy
of radiation. Landslips on slopes are possible without energy
supplied by wind and water because of the direct action of
gravitation.

Erosion by water end wind are natural protesses which act on

the surface of the earth elnce mainlend has been in existence,
Only part of these processes of displacement should be included
in the phenomenaof soll degradation, namely, the so-called
anthropogenic or accelerated goil erosion. The soll cover

of the continents develops from the geclogle pareﬁt subatrate
only in glose corrslation with the blosphere, especlally the
vegetation, With progressing development of the aoil, 1.e.

with increasing thiokness of the profile, horlzon differentiation

'
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and leaching of detachable congtituents, the vegetetior
cover on the gsoil slso becomeé denper, richer in mass ard
. more differenilated. In connection with this, it s izflvence
on the. development of the esoll and the properiiees of the soil
growe and also 1te capability of stabilising the =o0il and -
protect 1t from the actions of the energy inducing eronsicn.
The gurvey given on .the following page summarises the
_brotéctive actions of the vegetation for the =moil.
Man causes changes in the natural vegetstion cover, including
even the complete removal of the latter, by measures for
proguring food and raw materisls and construction sotivities,
Any change in the vegetatlion cover almo means a change in
ite protective effect, As a rule, it ie diminlshed due to
the intervention by man and in a few cases only, e.g. the -
introduction of irrigetion in arid reglons with poor vegeta-
tion, the situation is improved. Changes in the vegetstion
cover usually permits a more intenasive acticon of the energy
of water and wind on the soil and thus an increased destruction
of aggregates and displacement of maeses. In many oases, these
effects aot parallelly to a decrease in the resisgtivity of
the soil against phenomena of soil removal due to humus disg-
1ntegrstion, goil compaction, aggregate destruction by meochani-
cal action, increasing tendenoy to incrustation-and other
factors which are involved in arsble farmiog and in extensive
pasturing. Therefore, in the course of the activities of man,
the intensity of soil diaplacamenf increases by leapes and
bounds due to the action of water and wind, i.e, an "accele-
. rated soll erosion" takes place. e

The importance of the accelerated soil erosion reeults from
three aspects

- the severity and great variety of the dewmages cauged

~ the irreversibility of the ‘damages to the soil

- the distribution of the phenomenon,
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By .the accelerated erosion, a partiasl or total removal of

the formed soil material 1s effected, Consequently, the

acfl as the main means of producilon of agrianiture and basis
for nonrishing mankind is lost or ite fertility =nd service-
abllity are conglderedly restricted., In partioular, the 0110w~
1ﬁs demagen ogcur due to sccelerated soil eroeion in egricul~
fure snd forestry: '

1+ Reduction of the goll fertility by o gelectlve removal of
the soil coiloids, f.e. the carriers of the sorption
capability of the soil in sheet ercsion and layer ercsion.
As a compequence, the content of nutrients and the storage
capability of the soll for water and nutrients decresses.
The strocture of the soil deteriorates and, in connection
with this, frequently the water and gir asupply of the aoil
and ites teohnological properties.

2. Reatriction of the umable soll surface snd of possibilities
" of operation of means of mechanisation by linear forms of
water erosion (erosion ditohes and furrows), In extreme
cases, the linear formws of erosion show a denaity and in-
tensity which lead to the complete destiruction of continu-’

oue ereas and the so-called bed lands sre brought about.

3. Rsleaains and ekpoaing the root syetem of plants until
they die by tilting over or drying up. These phenomena
can be observed both in annual field cropa and in treea,

4. Reduction of the assimilatlon by the deposition of dQuet
‘on green plant parte in case of wind srceion and, conge-
quently, yleld logses,

5. ‘Abrasion by particles carried by the wind caused on over-
ground plsnt parts; thle leads to yield losaes and reduced
proceeds due to damage to the crop harvested,
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6. Superpositlon of field crops and solls within the sedimen-
tation range. In cese of intensive linear water erosion,
frequently not only the soll is removed but also sterils
stony underground material and sedimentation fans of
material of restricted fertility are formed on fertile
goila.

T+ Reduation of the average yilelds and increass of the un-
certainty of yields, that is tc say, inoreasing insecurity
of the existence of the rural populaticn.

While the direot injuries to the growing plant stands only
impalr the yield of this particular crop and do not cause
any permanent effeot, any dsmage to the soil cannct be
corrected by economically justifiable expendi%ure, i.e.

1t is irreversible. From this follows that the prophylactic -
control of the accelerated soll eroesion e the only possible
principle,

The effects of the sccelerated asoil erosion are not reetriated
to agriculture and forestry but reach fer beyond thls saope,
The consequences for the water resoarces are aggravating since
the tendency to increase the rates of‘drainago, which is a
consequence of soll destruciion and the removal of the natursl
vegetation, is pronounced in this way. Some of the damages
caused beyond the goope of agriculture and foroutgy are

- intensification of the danger of floods.'

- intensive processea ‘of pedimentation In reserveirs and other
barrages

= impairment of tishing in waters dus to excessive suspended
matter and eutrophication

- impeirment of traffio in waters becasuse of guite different
water levels and intensive sedimentation and dilsplacement
prooeasea in navigable r]owing watc:s :
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- gaperposition and destruction of communications due to
sedimentation and linear erosion _

- whole landscapee are turned into arid regions i

= deterloretion of the general living conditions of man by
molestation by dust, loss of vegetatlon areas ahd the like,

The axtent of the'areas subject to accelerated moil erosilon
«<an hardly be eatimated becauae damage caused by lingering
sheet sorosion oasb hardly be diagnoeed and reductions in yield
‘are already present when soil morphologicel chsnges are not
yet distinet. Purther, the degree of an impairment of an area
by linear eroslon is not quantifiable without any diffioculty
because ths effects exceed the direct loss of soil and.are
dependent on the technology of land-use,

Irrespective of these methodical difficulties tha fact 1im

given that the accelerated soil erosion repreeents that form
of soil degradation which is most widely distributed

and shows a disastrous extent as to the areas concerned and in-
tensity. Bstimates of the global damage due toc erosion indi-
cate that the annual absolute soil losses due to erosion amount
to 4 to 7 million hectares (Singh, 1981). By far greater 1e

the area which 'ie subject to the lingering partial losse of
fertility due to ercaion.

Regionally, eepecially the arid reglons and .the humid Tropica )

are subject to the accelerated soil erosion. The causes sre

quite different, Arld regions are endagered espeoially becauae

of the incomplete cover by vegetation due to water shortage.

- Intensive wind erosion does not only occur but also congiderable
water oro-;bn because of high drainage rates during heavy rainfall.
The causes of the intenelve processes involved in accelerated

80il erosion in the humid Tropiocs are first and foremoet a

_ question of the precipitation regime, High mean annual precipi-
tations and high precipitation intensities cause an inoreased
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energy lnput to the ecosystems and, thus, an inoreased

potential danger of ercsion which will take effect immediately
when men intervenes withrfhe natural esquilibrium by destruotion

. of the vegetation. Added to thls are the considerable rates

of surface drainage in case of high mean apnual precipitations.
and the associated in@énaification of the asoil erosion‘by.fléw;ng
water. In the slternating bumld regions with droughts of more
than 3 months, the reduced protective effeot of the vegetation
during the drought is & faot’ that also favoures erosion,

(2) Ageelerated soil erosion in case of extensive paature farming

0f the mainland area of the earth, 2 to 2,5 thousand million
‘hectares are covered with different grassland formatlona. For
the greater part, especlally in ike arid and partly alternating
humid regions, these vegetation societies represeut the
natural climar vegetation, sometimes these, are anthropogenetic
pseudo-climax condiiione which are only maintaired by the
"~ continuous 1ntervent19n by man {(grase burning, intensive
pasturing, mechanical and chemical control of the wooda).

The major part of the gragsland of the Propics and Subtropice
1s utilised in the form of an extensive pasture farming, that
is to say, by nomedic or semi-nomadic animal husbandry, In
agsociation with this form of land-use, dlsasirous damage

hes been caused in wide rezions of Africa, Australia and South -
America due to accelerated soil erosion by wind and water,

Yhe cardinal problem of erosion control in graseland is the
reduction or eliminstion of the overstocking of pastures,
Overstocking 1s given when due to pasturing a deterioration of
the plant cover as to denslty and compoaitioﬁ occura while
goll erosion is expanded, Ip case of an extensive pasturing,
i.e. when systematic measures for maintaining an efficient
vegetation oover of a high fodder value are missing, the
pasturing animale are a link of an ecosystem which in ite

’
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internsl relatione is subject to the laws of natural ecosystems.
The grezing animale act on the plants within the moope of %hie
_system by their hooves, by the inteneity of grazing and the
selaction of fodder planis. Up to a certain rate of etocking
per unit of erea, the ecosyetem will no% be disturbed, i.e,
the plant cover will be reproduced quantitatively and qualita-
tively, the soil erocsion will not be more intensive tham on
areas which are not pastured. Whsn the rate of stocking will
be incressed further, a number of consequences will caaur
which, in the extreme case, may lead to the almoat complete
destruction of the vegetaiion snd so0il cover. ’
Uauhlly,‘tﬁd action starts with the selective grazing of the
animals biting off only thomse fodder plants which they like-
‘best, Consequently, these plants cannot develop seeds and sub-
ground orgsna of storing substances. They die and disappear
from-the plant society. If the excessive rate .of stocking is
not removed, gradually more and more fodder plants will be -
exoluded until anly such species will survive which are
resistant to selective grazing and being trampled upon and
which are not tsken by the grazing animals. Usually, theae
plants have a verly low fodder velue. Under certasin circum-
stances they may be takén by another less fastidious species
of animal. In this way, a succeasion of plant sccleties will
be brought abont where one soolety is repiaced by the fdllowing
‘and which are characterised by a oontinuous decresse of the
fodder value of the plant stand. Cattle pastures gradually
turn into sheep and goat pastures. Suoh successione have been
described repeatedly in literature (e,g. Horn, 1965; Weberling,
1965}, = _ - . ' :
With the dieappearance of the veluable and primarily eaten
' fodder plents, the enimals starf looking for fodder and tover
large distancee every day. Consequently, the action of the
hooves on the plant and soll becomes more intenaive.'This applies
-easpecially %o dry spells when the plamnt has not sufficient
regenerative power and the dry soll surface is ground into dust



~ 51 =

by the action of hooves, Under this layer of dust, the moil
neuelly is heavily compmcted, The soil more snd more becomes
suaceptibel fo erosion. While the layer of dust im subjected to
continuocus erosion by wind, water erosion will begin with the
firgst heavy rainfall because the surface drainage largely
increases due to the scarce cover of the soil by plantes and

the congolidetion by hoovea. In thils way, one gear meshes with
another in case of continuous oversitooking until vegetation and
8031 are completely desiroyed as in wide regions of the Near East,
North Africa snd Central Agia, :

The complete gbolishment of these phenomena of eoil destructiion
caused by overstooking (related to the mumber of animals per
unit of area) or overgrazing (related to the condition of the
plant cover) i1g impossible within the framework of extengive
pasturing. There are several reasons:

1. It is not paseible to secure a auffiéiontly uniform etilli-
satlon of the partial areas of the whole pasture land,

2. The unequal amounts of foddexr évhilablo due to changing
atmoepheric condltions over several years cannot be balanced.

3. The adaptation of the number of grazing animals in time to
the fodder available on the pagtures by slaughtering
animals cennot be realised because of soolal traditions of
many pastoral tribes.

The regions of extensive pasture farming hevé an arid or
alternating humid-arid climate. The growth of fodder ie dependent
on- the precipitetione, and their distribution. In perlods with
sufficlent rainfalls and a good growth of fodder, plant and

soil will hardly be demaged. When the drought begins, however,
many plants stop growing, the fodder offered is scanty and

the animals bite off the plants more and more intesively pro-
ducing o gnawing effeot, The worsening nuiritional oondition

of the animale and the continuously growing physical siress
exerted at the same time (heat, drought, passing over large
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distances in search for feed and to the watering placen) lead

to the death of many animals. In thlp . way, the herds are rasduced
svery year. Before these effacis on the livestock become mani-
fest, the damages to plant cover and scil have already been
caueed, - | '
The differences in the fodder offered caused by the succession
of rainy and dry spellb'are compensated by many pastoral tribes
. by changing every year beiween grazing areas of different
conditions of growth which are far gwey from each cther. This

" 1imits overgrazing and its consequencés to a certain extent.

_ The different amounts of fodder available in consecutive years
due to changing preclpitetiones cannot be compensated unless

by slaughtering animals. For the 'arid regions, & great variastion
of the regl manual precipitstions about the long-term atafistical
mean is characteristic. Moist years mean more fodder an lower
losses of animals. When en arid year with a Tow offer of fodder
follows the moist year without reducing the livestockse, then
overgrazing and destruction of the soll are inevitable, Pacts
have ghown that pasfozal iribes and herdera seldom are prepared
to reduce their herds by slavghtering. )

‘An espentiaml element of extensive animel husbandry is the
rhythmic migration of herds to the watering placee. Thls -
:neoeﬂaitatés the distribution of the herde and the more intensive
grazing in places 1n the wvicinlty of the watering placews as
compared to more remote areas. The degaédation of pastures

and destruction of soils primarlly sterts in the vicinity of
watering places because of the concentration of animals, An
incrémsse in the number ¢f watering places will not solve the
prdbiem. Frequently, the livestocks are Increased and the
pastures even more excessively grezed because of the improved
supply of watery '
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These correlationa show that a degradstion of the soll can:
haidly be avoidedrin regions with extensive pasture farming.

Ag s rule, extengive pagture farming leads %o a more or less
intsngive soil erosiom, Therafora, advantage should be Ysken of
all possibilities to keep scil losses within certain limits,
This is possible by the followinq neAANreS:

1, Adaptation of ‘the liveatock to the fodder offered by the
pastures, i

2, Providing a (state) fodder reserve which 1s used in periods
. of fodder shortage in order to reduce the pressure of the
herds on the pastures by additional feeds.

3. Prepdring and'implementing pasturing plans which specify

' rest periods for any sub-ares of the antire pasture land
during which no grazing tskeu place so that ths vegetation
can recover, |

4. Faoilitating a more uniform distribution of the animals
over the pasture land by incressing the number of
watering places,

5. Purposive measurés for the control of erosion (bdlological
and technloal structure formation) in psrticularly endagered
places such aé watering places, cattle tracks, milking
rlaces. Reduction of water drainagb end better water utili-
sation by furrows perallel to contour iines along slopes
which are noit too steep. Sowing fodder plants on heavily
demaged areas,

The most effective memsure for avoiding damage due to soil
degradation 4s the fencing-in of pasture grounde and the
introduction of rotation pasturing. With thie,\howevar.(extenaivo
_use ig shandoned and a course taken whioh in comneotion with
fodder plant sowing and feriilieing leads to a more intenaiva
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forme of use where by far betier possibilities of avoiding
801l degradation are given,

(3) Aocelerated soll erosion in arable farming

When the natural vegetation ia removed and replaced by the
oultivation of one or more useful plants, the farming system
applied is called arable farming or aerop farming., 4 more or
less intensive working of the soil by mechanical meama for

the porpope of regulating the structure and weed oontrol 1m
oharacteristic. Due to the total removal of the matural vege-
‘tation and the direct action on the poil by tilling, the most
radical disturbance of the aquilibrium bétween soll forming
and soll destroying forces takee place when proceeding to arable
"farming., The newly obtained equilibrium need not- correspond to
& more intensive action of the destroying forces in any case
although thies actually ocours in the majority of ceases, The
kind of displascement of equilibrium ie fully dependent upon
the natural conditions and the characier of the farming system
used, In al)l placea where the potentlial danger of erosion

due to the given soil and olimate ie rather high, tht 1s %o
say, when the unfolding of the procespes of erosion 1g only
checked by = dense natural vegetation cover, as for aexample

in wide regions of the Troplos, an inteneive accelerated soil
erosion is sssooiated with the transition to ereble farming,
eppecislly when extensive and 1ittle developed farming systems
{dry famming, ehifting cultivation and partly mnnoculthrg) are
used, '

In humf{d warm end temperate climetes with an intensive moil
formation snd s more or lese contlnuous vegetation cover, the
Yatatus quo oan be maintained in many cases when proceeding to
arable farming by intensive oropping systems, i.e., an aocele-
rated solil srosion can be avoided. Frequently, however, the
implementation of special anti~erogion measures is even necessary
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in intensive arable fermi#g. It should be noted, however,
that the choice of the correct soil-conserving farming method
18 the most economical end teohnicelly effeoiive messure of
ercaion control on arable land,

Areble ferming is carried out in two fowmms in.the TPropica:
shifting oultivetion and permenent arable farming. Ae to the
problems of goil erosion, these two_forms of land-use are
distinguished from each other.

Shifting culéivaiion )

The interposition of a natural fallow of severai yeare after f
a short use for arable farming is characterimtic of the shift-
ing cultivation. The natural fellow {forest, ahrubs, grass)
oerves for the regeneration of the fertility reduced due %o
soil degradation during farming by an accumulation of organic
substance and mineral plant nutrients. The accelerated asoil
erogion is & phenomenon of the phase of land use but it may
also affect the period of netural fallow when the extent of
the reduction of fertility during land unae does not permit

a quiok developmeﬁtAct vegetation during the fallow perlod after
leaving the arable land, Im particular, the extent of the
accelernted soil exnsion 1s dependent upon the following
factors: ' ‘

1. Degree of leaching and weathering of the used land
2. Size and t&pogrsphiu situation of the cleared plota

3. Volume and degrée of drynesa of the plent material to be .
burnt after clearing '

4. Type of tillage after clesring (hoaihg or ploughing)

5. Speed of development and density of the vegetation oover
oonglating of oultivated'planta‘

N ~
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6. Specles of the oultivated plents grown
7. Duration of the land-use period and of the fallow

8, Type of the plant society of the fallow period,

srmanent ble farmin

In gll forme of soil change, man immediately uges the forces

. of nature restoring fertility by excluding the soll from utili-
sation for a certein time, With this, he provides the posaibi-
lit; of-restoring -the equillibrium disturbed during. the period
of land-use between soll forming end soil destroying forcesg

in favour of the former,

With the trangition to permanent srabls farming, the period
of a natural restoration of the soll to ite fertlility 1is
omitted. This means that the processes of changing the ferti-
1ity of the soil exclumively depend on the methods used by
man in agrioulture, Thls showe the partioular importamnce of
the use of ocorrect agricultural methods within the spope of
permanent arvable farming to the conservation of the soil. An
expedient farming method with respeot to the conservation of
the soil ie considered such 'a method which combines the
economio requivements of society in the production of vegetable
products wlith the requirements of ihe natural conditions in
such a way that no reduction of the soil fertility ococurs in
" the long run. From the viewpoint of soil conservation, firat
and foremost the summary final effeoct of all partial measures
of the overall gystem 18 important to an eveluation,

The following elementa of the farming system axert an ilnfluence
on the extent of the acoelsrated 80il erpsions

1. So0il working ox tillage
2, Species of the cultivated plante grown
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3. System of the cultivation of useful plants
4. Pertilisation '
5. Irrigation

Below, they are dealt with in graater detail,

Pllege .

An esmentiel aim of the oultivation of the soll 1s thé change:
of the structure of the upper‘aoil layer in sccordasnce with

the reguirements of the eultivated plants, The tillage operation
influences the proportion of aggregate end aggraegate size as
well as the density of the soil, In addition, 1t influences the
surface condition (degree and directionsl orientation of rough=-
ness). Any of these properties is in direct correlation with
goil erosion by wind and water:

- The pize of the aggregaten determines their capabllity
of being transportied.

- Proportion and slze of the aggregates determine the mmcro-
pore aystem of the soll and thue the water storage capability
and the rate of drminage.

- PrOportion end plge of the aggregates, besideas the texture,
exert an influence on the water storage snd molsture. con-
dition of the soil on which the ausoaptibillty to erosion
by wind dependp.

= The pore syetem deferﬁines the soll asration and, thus, the
speed of mineraliemtion of organic substance by which the
resistance to ercelon of the goll & reduced.

- The surface roughness determines the reduction of the ve-
* 1ocity of the wind close hy the soil sorface and of the
‘surface drainage, i.e. the kinetic enesry of the media

inducing erosion,

- The pore aystam influences the stabilisation of the soll
by the extent of rooting ets. )
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Por these reasons; in regionsg with s high danger of erosion,
any measure of tiiling the eoll must comply with the require=~
'ments of conservetion of the soil. Thie especlally epplies

to the whole range of the Tropics end Subtropica. Neel (1963}
"in this connection arrives at the conclusion that the expedient
cultivation of the soil is one of the most important anti-
erosion measures at all.

The requirements for tiilage are distinguished somewhat .
depending on whether the soll 1s primariiy endangered by
erosion by wind or eroslon by weter,

¥Wind erosion prevails in the arid regions and it plays an
important part in the alternating humld-arid regions. In the
interest of a control of erceion, tillsge must purrue three
alms:

1. Providing s rough, coarse-clodded surface

2. Avoiding the development of small aggregates and a
structure~less dust frection which are highly susceptible to
srogion

3. Meximum storage of moisture in the soll

In order to restrict erosion by water, which prevaile in the
always humid and alternating arid~humid regioms, tillege
muet be oriented towards the following effects:
‘1.'Reduction of the speed of the surface dralinage

2. Yncrease of the 1nfi1trat1on capacity of the soill and of the
infiltration speed pf the preoipitations with a view to
reducing the rate of dresinage

3. Creation ofxwaterfresiétant 801) aggregates which, due to
their slze, are not exposed to the denger of erosion,

.
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Altogether, the principle holds that the soil ghould be worked
g0 intensively only as is abeolutely recuired by thé culti-
vation of the plant involved. Any excessively intensive tillage
operation and aseration reduces the.ggpistanee to erosion of

the soil {comminution of sggregates, humus disintegration).

Species_of the cultivated plsnts grown

The repfeaentation& given in the Seciion on the protéctive
function of the plants not only apply to the nstural conditions
but also to the "artificial" vegetation established within
the framework of the asrable farming, The degree¢ of the pro-
tective function is determined by the following factora:

1. Denaity of the plant cover expressed in terms of the
percentusl extent of covering (dqtermines gereening
of the soil surfaoce aga;nat atriking drope and wingd).

2. Phytomass above ground (important to energy abeorption,
* tnterception and formation of litter).

3. Héss and distribution of roots (influences mechanical
soll stabilisation); ’

4. Seasonal ohange in the condition of the vegeiation cover
(reduction of the protective function during the
drought).

These factors also form the bagis for a judgement of the culti-~
‘vated plants with respect to the soil erosion. A cultivated

plant saves the soll the more, the better and more permenent

it covers the soll, the wider and more finely distributed ite
root system is, and the larger the amount of fresh orgsnic matier
that it feeds to the soil for the formation of humuas., Plants with
g long period of gernination, slow juvenile development, small
leaf svurface and brenching and s small and little differentiated
root system exposes the s0il %o the eroding forces and favours
erosion. On the other hend, the soil 1s protected by oultivated
plants when they excel im & quick juvenile growth, large volume
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of leaves and a long duration of development or use. A finely
branched, voluminous root syetem auch ag that of the 1ucerne
* stabilises the soll mecherically.

The'aoil-céneq;vimg or soil-deatroying action of a cultivatked
~plant depends not only on the plant but aleo on the methods
used for its cultivation. In genersl, one may say that such crops
-which call for large spacings and intersive mechanical tilling
(majze, cotton) are conduclvé to soil erogion. {rops which are
grown in dense and closely spacsed rows or which can be broad-
cast protect the soll better than the so-called row-orops. If
for one oiop different cultivation methods can be nsed, then
this crop may be of different value for the conservation of
the soil,; depending on ithe cultivation method involved. For
example, Hevea brasiliensis is frequently cultivated with a
completely weed-free and open soil in plantations in South-east
Aeia., Undexr these conéitiona, gevere soil erosion 18 not in-
frequent. When the young trees are planted on areas, however,
which are protected by the simultanecus growing of goil-~covering
- plants, primarily leguminosas, then the moil erosion ig practi-
¢elly unimportant,

Any species of cereals can be drilled on sloping ground parallel
to the ocontour lines or hilleide up and hillside down. In the
former caee, erosion by water is impeded to such an extent that
it somrcely can be prooven, When sowing hillside up and -down,
erogion is 1argely favoured,

Maize can be oultivated with 1dfferent numbere of plante per
unit of area. It ie conasldered as favourable to erosion because
of the large mpacings betwesn rows and the slow juvenile deve-
lopment, however, the greater the number of plaﬁts and thue

the plant density per unit of area, the .amaller is the erosion,

Y
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One oan evaluate the agricyltural useful planta with respect

$o thelr role in the deVslopment of procesaes of ercsion, taking
into consideration their morphology, the rhythm of development
end the oultivation techmology. In the handbook for soily eom~
servation of the U.S.A, Agrioultural Department, a diatinotion
1s made between thres groups (USDA, 1954): '

soil-deploting orope
soil-conserving orops
soil-building erops

In general, 1t should be emphasised that the erosion-promoting
effect of a oroﬁ naturally plays a role only when the naturel
conditions (olimate, soil, relief) effect a latent danger of
erveion. The agrioultural orop is ercsion-promoting only to
such an extent as this lateni danger is caused by the orop to
become effective, In general, grains can be considered to be
erogion-~promoting orops. ,

System of thé oultivation of useful plante
Ugeful plante can be cultivated in different systems in agri-
culture. Thege cultivation gystems are of importeance tec esoil
eroslon lnasmuch ag they determine the spatial and temporal
covering of the soil by plante, From the angle of soil con-’
gervation, those systems are ldeal which ensure a spatially
high and temporally continuous moil covering. Mixed cropping
must be coneidered favourable without any restriction in this
respeot especially when steggered harvesting dates can be
realised. The cultivation of tree ¢rops in combimation with
so0il covering crops has mlso proved successful,

_ The differsnt role of ugeful plants with respect to the

development of processes of soil erosion ig the bagis of

an evaluation of any monoculture from the angle of soil
oconservation, Monocniture of eroslon-promoting crops can lead
to a total loss of the soll and that the quicker, the more
aggresgive the erosive foroes at at the site in question and
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the mors suscepiible to erosion the moil is. The devastating
conseguences of maize cultivation in Mexico over decades or

the wheat growing in the American Middle West are evidences' _
of thie fact. ﬂonocu;tura of erosion-inhibiting plants euch as -
sugar cene, water rice, perénnial leguminosae and many tree
crops negd not lead to seriouns damages due to soll ercsion

Jhot even in regiona with s high potential danger or erosion.
Mgny authore emphasise that monocultures lead to an increased
eropion of the soil as compared to-crop rotations but such

‘& generaligation 1s not correct. Everything depends on the
poteﬁtial danger of erogion, the properties of the grown useful
plant, and the cultivation method involved, Other points of
view g8 such of aocil conservation in connection with monoculture
will not be discussed here,

The alternative of monoculture is crop rotation, l.e. the
practice of growing different cropg in succession on the same
land. Crop rotation is of extrasordinary importance to soil
conservation because 1t enables not only an almost uninterrupted
protection of the soll by a plant cover but alao the cultivation
of erosion-promoting crops. )

It should be noted that it is of particular importance to a

orop rotation to ensure that it does not produce a soil destroy-
ing effect on the whole. This overall effect can also be achleved
when erosion-promoting crops are grown, provided that the crop
rotation comprises so many erosion-inhibliing end fertility-pro-
moting links which aTe required for compensating the negative
effect, If, for example, maize i& grown efter msalge, the soil
becomes mors and more susceptible te erosion due to a continuous
loosening of the soil and the large losses of humus, and the part of
goll removed lncreasee from year to year, If, however, raize is
grown after s perennial leguminous plant or grasses, then the

]
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organic substance accumialated under the influence of these
crope will suffice to prevent considersble damage to eroslion.
When maize 1s contlnued ic be grown, then eroslon will here )
occur in the second and. .third year, If, however, after growing
maize for ona year ggain an erosion-inhibiting crop i grown,
then the damage due to erosion will remeln small as comparad
wlth monosulture irrespective of the above mentioned negative
gide of malze growing.

This showe that the task 18 to develop orop rotations which,

on the whole, are erosion-resistant by an optimum combination
of eroaioﬁuinhibiting CYops.

For the humid'temperate regions, the queificétion of guch
crop rotations does not offer any difficulty, Problems arise,
however, in the development of crop rotations in arable farming
of the arid and humid Tropics.

Within the range of the humid Troploe, the difficulty consista
in the following items:

1. The majority of crops which belong to. the basic fodds are
pronouncedly erosion-favouring. If their share in a erop
rotation would be fixed according to the demend, then an
erosion-resistant crop rotation would never be obtained.
Thieg especially spplies to Africa but to a leager degree to
the rice-growing countries,

2. Animal husbandry is poorly developed, locally not st all, in
the humid Tropics due to the presence of epidemic diseasaa;
Added to this i the fact that arable farming and animal
husbandry sre seperated, Conseguently, possibilities of
using fodder plants are missing. Buf jost these plants come
into question for compensation in order to obtain a crop
rotation which does not promote erosion., When growing grasees
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and hérbaceous leguminosae, an economically unprofitable

grass or green fallow 1s brought sbout in this way which
excluaively gerves for ercelon contrel and nutrient
aocumulation. This green fallow, in addition, shows the
tandency to turn into a wild wood fallow due to the given clii-’
matic conditions.

In the arid Tropios, the basic problem of any land-uee and of
- developing useful corop rotations is the shortage of water mostly
given, In irrigated agriculture, the arrangement of crop ro-
tations ie not mssociated with any difficulties. Prom the angle
of soil congervation, in this came crop rotations are not '
requirod, for exampls, in the cultivation of water rice and -
-Suger cane, In rainfed agriculture in arid regions, above all
" the water reserves of the goll govern the deciaion about the
erops to be grown. The natural site conditions restrict the
number of crops capable of b&ing grown under these conditione
to a few species., Juch zones are present in all continents, for
example that of permsnent grain growing, Froblems of the control
of reocsion by wind become very pressing in regiona where dry _
farming ie widely distributed, Dry farming is defined as the
accumulation of water required by the development of a orop,
usnally grain, by an interposition of a prolonged fallow period
(black or stubble fallow) bptween two orops. This fallow time
is assoolated with a érent danger of erosion whioch csnnot be
ocompletely suppreased even 'when leaving long stubblea on the
ground, The mogt succeseful method for re-tricting erogion
in these arid rosiona 18 the introduotion of irrigation,

Forvijisation and lrrigation
The introduction of mineral fertllisation and orgenic manuring

can coneiderably impede soll erosion. While mineral fertilisa-
_tion inhibits soil erceion eBpecially by promoting the growth
- of plants end the effects of it, organic.menuring additionslly
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activates soil-biological‘proceaaea end the building of

humps substances. Grove {1928) attributes the gross diffarences
obgerved by him between the intensity of erosion within the
renge of a village end in the outside farmlend in South-east
Figeris to such effecte of the concentrated application of
organic housshold wastes in the vicinity of residential gettle~
menta, Since the humus substances have a structure-stabilising
effect, even with full fallow g contlnuously decreasing amount
of moil srosion can be observed when increasing emounts of
manure are spplied. Thie not only aprlles to farmyard manure
But also to any green manuring. /

In arid regiona or in humid regions with a distinect droughbt,
irrigation enables the more or less interrupted proteetion of
the soil by a vegetation cover, The increasse of the soll
moisture reduces the risk of erosion by wind becaume due %o
the increase in weighf of the particles in s moimt state

and the increase of the bonding forces in the soll reduce the
erodibility of the latter. The more exnberant development of
vegetation and, above all, the more intenslve growth of the
rodts cf plante lead to inoreased feeds of fresh orguanic
material as the parent material for the formation of humue,
The overground plant mase of irrigated crops shades the soil
better and protecte 1t from the actions of wind and rainfall.
Due to these facis, irrigetion is conaidered ae the most ‘
important means for the control of erosion,

The soil* displacement can also be favoured by irrigastion,

Very frequently, soll material from the cana bed ig transported

to the fields with the water from the feed canals., In places

. where the lrrigation water following gravity flows superficlally
o¥ in furrows over the field, soill can be moved from higher

parts of the field to the lower ones. In this connection it

also holds that the displacement of soil is the more distinct,

the quicker and the farther away it flows and the more susceptible
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to eroslon the soil ie. In sprinkler irrigation - provided
correot standards and sprinkling intensity - surface drainage
will not take place normally. However, spray ercsion may ocoocur
egpeclially in case\ofllong-distance gprinklers with big drops,
and pheet ercsion in asgoolation with too high sprinkling
intensities, When irrigstion is correctly spplied, however,
congidersbly damage by ercsion have not to be expected.

{4) Acocelersted soil erosion‘gnd forestxy

Ag compared with other plant formations, forest formetions offer
the goil the most effective protection agminat erosion. In

many oeses, forests form the natural vegetation cover in

regions with an extremely high potentisl danger of srosion,
namely, on slopes and in cese of heavy rainfalls, The lmportant
function performed by the forest in the wtaer regime of a géo-
graphic region 1s not subject of our representations here, The
balencing effeot of foreat stande on the supply of water in a
hydrologle oatohﬁent area 1a in direct ocorreletion with the
protection against ercsion, however.

Lumbering can lead in two ways to soll erosion:

1. by an excesslve thinning of the density of the stand and
unfavourable influence on the oomposition of species in
case of extenslive unse :

2. by the direot effects of lumbering (cutting, transport)

Forepta may be quite versatile by their composition of species
and ege classes. Depending on thelr condition, they have to
be evaluted differently with respect to their soil-oconserving
propertieg. From the angle of scil congervation such forssts
are most valuable which ere of a multifarious composition,

for example, deep rooting and shallow rooting wood specles
should be combined where the herbaceous flors and the sghrubs
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are adequately developed and all age classes are uniformly
represented. Forests coneglsting of one or only s few epecles

are sugceptible to disasters (pests, windfull, fire). Togethexr
with the complete or partial destruotion of large areas of such
forests, freguently seroglon by water 1s initiated to a high
dagree, This especlally applies to areas where the wood has been
destroyed by fire and, together with the living plants, the litter
consisting of organic material and sometimes even a part of the
goll humus are loat by mineralisation,

By an exclusive use of certain kinds of wood and by an inexpedient
reforestation, the capabllity of the foreats to protect the soil
permanently and effectively from erosion has been conslderably
fmpaired in many countries of the world. Such phenomens are
characteristic first and foremost of the woods and forests

in the temperate latitudes, The troplical rain forest of South
America, Africa end Agia is so heterogenmeous in hils composition
of gpecles and age classes that it excels in an extraordinary
etability, It reliably protects the soll from erogion by

water,

Damage due to erosion after the destruction of forests by fire

are rslatively freguently found in the tropicel arid regions

in the range of the deciduous and, still more so, of the distinctly
dry woods. This naturally spplies to neturally caused fires

end fires ocaused by man {fire clearing). .
Whereas the promotion of processes of erosion by charging

the composition of foreste will become vigible in the course
of time and the correlations will not be readily reslised in
many cases, faulte in lumbering frequently lead quickly and
directly to eroslon damage, especielly on slopes. Cleagr Blling
always leads to eroslon by waler, irrespective of the natural
conditions, This is due to the fact that in such regions where
forest formatione form the natural vegetation, mmple rainfall
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will occcur throughout the year or during prolonged periods of
time at least which then effect ercsion. From the angle of
soll conservation, other aystems of lumbering as clear felling
must be employed.

Since the kinds of timber of the forests of the troplical and
subtropical climate in many cases do not)form atands, clear
feliing frequently used in the forests of the temeprate climate
is not taken into consicderation., In view of the raspid growth

of the tropical rain foremt, geps due to felling individual

trees will be filled so quickly that there ie no danger of
erosion, This even applies to slopes. In places where tropilcal
timbers form whole stands (teak, Shorea robusta, Mora excelsa),
the felling of aingle trees is preferably used. Clear felliing

for the clearing of land for. areble farming cennot be included

in the menagement of growing timber. When growing troplical timber
in plentations othsr yerdeticks of foreet management muat be used.
Frequently, the initiation of gpecial measures of protection
against erosion are reguired.

The forest formatione of semi-arid regions are much more endager-
ed than the forests of humid climates, The fact that the arigd
climate im adverse to the growing of timer considerably impairs
the regeneration of forest and shrub socleties after their
destruction. Frequéntly, it ia prectically impoeslble, The
shortage of timber and the widely distributed pasture farming

- in these regions sre a continuous gource of dnager to the forestis
of semi~arid regions, In many countries, they heve been desiroyed
to a large oxtent so thet, today, great financiml and technical
affortes have to be made in order to reforst the devastated lands.

Various scientiste are in agreement of the faetlthat the
problem of soil conservation in connection with the menagement
of growing timber 1as, above all, an educaticnal and
propagandistic problem, It must be made olear that the yield of
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timber ig only one eapect of the usefulness of foreste and
that the effects exerted by forests on cllmate, water regime,
and soill erosion are a gecond sapect which by no means is less
important, éSpecially in semi-arid regions.

The protection of forests from grazing animels is of particular
importance. The nse ag a pssture, a widely used form of secondary
utilieation especially of wooded steap hillaides, 1s extremsly
detrimental espeicelly in periodically dry regions because this
may lead@ to the complete destruction of the forest because of
suppression of the growing of young plants if intensive grazing
and vigorously biting off taekes place, Therefore, agaln and again
the reguirement 1le raised to protect woods and foreste from
grazing animals. ’

(5} Comtrol of erosion by water and wind

Prineiples

The conirol of the accelersted soil erosion is not a questlon
of technical methods. Such measures of soil eroslon control
are well known, tested for their efficiency in practice and
safficlently versatile in order to provide solutions suitable
for all conditions involved. The central problem consiasts

in the faot that the moet effective and at the eame time loas
expensive varlants of control of erosion can only be developed
from an appropriate oversll system of regional land-use.

Thege are systeme of land-use which in the sense of the world
soll cherter and the world soill policy eimed at (UNEP, 1982)
permit an effective and stable utilisation of the bilogeocenosis
of the esrth and, within this scope, of the natural resources of
goll and water. ‘

Viewed from the angle of control of erosion, three prinoiples
are of particular importances
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1. Prophylaxis
2. Regionality
3. Complexity

The principle of prophylaxis resulte as a loglic consequence
from the fact that the reduction of the goil fertility and the
lospes of areble land caused by aoccslerated soil erosionm,
measured against goolially relevant mpaces of time, are
irreversible. Moreover, prophylactic control of erosion

is more inexpensive and can be carried out easier, The comtrol
of the developed forme of wind erosion (quicksand, shifting
sand dunes)} and watesr ercelon (ditoh and gully eromion) is
difficult, expenaive and frequently cen only be carried out
with the help of conasiderable technical meane,

The diffioulty of the prophylactic odntrol of ercsion oconsiste
in the fact that resdiness for its implementation 1s depending
on the vunpderstanding of the necessity of antl-exosion measures.
This appliee to the direct land mmer (farmer, tenant) or owner
of land and the competent state asuthorities and institutions.
The history of the last few decades has shown that erosion

had to take degastrousn extents may times bhefore the readiness
for the expenditure of finanoiml and technicasl means for ihe
conservation of the soil was brought about. All experlences
confirm uniformly that prophylaxis must be one of the basic
principles of goll conservation, The reallzation of this
principle calls for a careful mssessment of the potential -
danger of erosion In the various reglons of land-use by agriohl—'
ture and forestry in order that the measures adequate to the
glven conditions can be determined and initiated.

The principle of regionality arises from the fact that both
natural and sociml conditions of aoll destruction by erosion
normally occur throughout large areas. When these two conditions
act together, intenslve and over large areas dlastributed
phenomena of soil eropion occur which sometimes suddenly turn
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into catastrophes. Important aspects ot promotion of erosion
within the scope of pasture farming, arable farming and foreetry
have already been dealt with above, The moat importamt faults

in land-use which promote srosion are:

- incomplete s0il covering (espeoially full fallow)
~ arable farming on too steep alopes
- tillage on hillsides in the direction of the inclination
- monoculture of crops promoting erosion
- wrong way of working the soil
~ poor econcmy of humus
. = overgrazing
- uncontrolled burning of pastures
- complete deforestation or clear felling of foresis.

The principle of complexity resulte from the correlation of
social and natural factors in the ocourrence of accelerated
goll erosion. The control of soll erosion in endangered regions
is only possible by a comprehensive system of measures through-
ocut this reglon, This system must comprise a great number of
individual measures of which only the most importent ones will
be given below:

1. Information of farmers and land owners about the conse-
quences of 80il erosion and the pomsibilities of preventing
it

2. Classifioation of regiongs into utilisation olasses

3. Providing legal regulations about soll use and poil
protection

4, Mnancial and moral encouragement of =ojl users who
carry out soil protection measures

5. Promotion of the cultivation of moil-protecting orops
and tillage operstions that care for the soil

6. Mgking availlable the required technical mesms

T+ Carrying out the most expensive messures for restoring
the entire region to normal conditione by, the atate

8. Removal of the centres of erosion by appropriate measures
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Beyond these principles, of particunlar importance to the
control of erosion 1s the fact that the same land-use systems
and individual measure, in dependence on the nstural environ-
nment, produce an erosloen-promoting effect to different extents.
The "potentiel danger of erosion" is declesive because only
when & potential danger of erogion 1s present, an intensive

. socelerated soll erosion is caused by faulte in lend-use.

The potential danger of erosion results from the theoretically
available maximum energy for erosion proceseses. The potentisl
danger of erocslon 1s the erosion which occurs when the natural
vegetation is completely removed end corregponds with the
possaible maximum aoctlon of energy on the soll due to precipi-
tation, surface drainage and wind,

In oontrast %o this, the agcute danger of erosion is the
probable or possible erosion in a given system of land-use.

One of the esesentlsl bases for the control of soil-eroaion
therefore iam the regional enalysis of the potential danger
of erosion,

Methods of the direct conirol of erosion

All methods of the direct control of erosion reallse one ox
several of the possibllities of teking influence on the
eroslon procees which reeult from the mechanism of erosion

by water and wind, from the equilibrium between soil-destroy-
ing and scil-bullding forces and from the protective funotion
of the vegetatlon., In this sense, the prophylactic and
restoring measuree of erosion control pursue three basic
aimg:

1. The reduction of the kinetiec energy and, thue, the erosive
force of wind and rainfall before their direct contuct with
the soil as the obJect of erosion, The reduction of the
kinetic energy of the air current le caused by obstacles
of dead (masonry, fences, dead plant parts) or living
material {(hedges and plant growths) or by rsising the wind
from the soll surface by means of a buffer layer (vegetation



-3 -

cover, mulch}. The reduction of the energy released by the
bouncing drops bsfore the rainwater contacts the soll is
achieved by soll ocovering by means of rigid or elastic, living
or dead material.

2, The reduction of the surface drainege and lte klnetic energy.
Por this purpose, mll memsures ars sultable which increase the
pore-volums of the soll and the atability of the siructursal
aggregates of the latter. In addition, energy and amount of
the water flowing off cen be reduced by roughening the ground
surface (tillage,growing of perennias)l herbacecus plants and
grasses), regulating the relief by mgasures diminlehing the
slope (terraces), and interrupting the slope (contour line
furrows and ditches).

3., Increaping the stabiliiy to erosion of the soill. This aim will
be reached by structnre amelioration (deep loocmening, removal
of zones of compaction.and petrification), organic manuring,
growing of crops adding to the humus formation, soll-saving
t11ling methods and the like.

In the course of millenia of land-use by men, many simple and complex,
inexpensive and more expensive methods of erceion control have been
developed, These methods have been locally modified end, under
the influence of natural and historical c¢ircumetances, sometimes
ere spread only within certailn geographic }Pgions.

A L]
A ¢lassification of the great number of different methods for
soll conservation, es it 1s required for evaluatlon and description,
can be established mccording %o seversl pointe of view. Por example,
one could group the methods into the two compreheneive divisions
methods for the control of wind erosion and methods for the control
of water erosion. Since, however, a greater number of methods 1s
suitable both for the control of erosion by wind and erosion by
water, this seems to he not perticularly‘expedient. Flnally, a
clasgification of the methods sccording to the similarity of the
principle of conirol of erosion at the bottom of them. Such e
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classification was used by Tempany (1949), The following systemati-
gation was effected in imitaticn of this classificetion,

1.

2.

3.

'Contour furrows, ditches and dams, discharge ditches, terraces.

4.

Methods of awable farming:

Appropriate tillage, contour cultivetion, wing and atrip
cultivation, crop rotation, mulching.

Thege methods can sim at the reduction of the drainage rate and
enercy and at. the proteciion of the ground surface from the bound
of drops and the =ction of wind,

Control of erosioen By means of epeclal plantations:

Windbresk plantations, strips of grass and hedges parallel to
contours, soil covering crope.

These sre methods which use the living plant for protecting
the soil from the direct actions of precipitations and wind
and which may also serve for the retardation of the surface
drainage and thus for Ilncreasing the rate of infiltration,

Artifleial changes 0" the relief:

The change of the surface relief regulates the surface drainage.’
In contrast to the methods of arable farming for influencing

the ground surface, this 1s a permanent chenge and can he applied
to aress used for arable farming and for pasture farming.

Chemical methods:

Artificial incrustation of the surfmce, chemical improvement
of the structure,

Thepe methoda serve for an incresse ir the resistance to erosion
of the goil and, when the structure is improved, also for =
reduction of the rate of drainsge.

Technical and bilological structure formation:
Gully formetion, dune compaction.
These methods serve for the control of advanced forms of erosion,
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The importance of the methods of argble farming \

The methods of arsble farming for the control of erosion occupy
a special-position in comparison with the other groups. They

do not represent methods which are independent of arable
farming to a certain degree or additional to 1t such as the
arrangement of windbreak strips and of terraces or the applli-
cation of chemical for improving the structure of the soil

but they coin the mode of land-use as an immenent constituent
of 1t. They have to be considered es a preparation or framework
within which the farmer - depending on the danger of erosion
within the raenge of the scils used by him -~ has to arrange his
gystem of land-use. This shows that the use of these methods

is largely depending on the understanding of the necessiltly

of utilising these pogsibilities of a prophylaotic control of
erogion and on the economic pre-conditions. The use of an
gppropriete farming system in many cases already offers such

an effective protection against ercslion to the soll that

one can dispense with additional measures which frequently in-
volve considereble edditional coasts, Mulch planting vused in the
U.S.A., when carried out paralilel to the contours on slightly
sloping hillsides, can render superflucus the arrsngement of
terraces becguse the furrows running parallel to the contours of
the slope in connection with the remainders of mulch sufficlent-
1y inorease the infiltration of the rainwater. Cultivation in
winge for bresking the wind within a suitable crop rotation,

iIn flat land where the soils are endangered by wind, mey already
provide such a radical effect that the planting of siripe of
wood can be omitted. On the other hand, stripas of trees do not
offer a eimilarly safe protection from erosion when arable
farming is carrled out between them in a form that promotes
grogion. )

Although frequently one cannot dispense with a bombination of
arable farming methods in order that the danger of erosion
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is safely controlled, any complex control of erosion should
firat and foremost rely on these methodms, nevertheless,
because they promise the better effect with relatively low
coats,

ITI. 2.1.6.4, Secondary soll acidification
(1) Definition

Acidification ia a natural process to which all solls are sub-
Jeoted in which continuously or periodically seepage water

formation and profile washing-through take place. Consequently,
it is associated with the alternating humid-arid and humid
climates. The time teken by this process is quite different,
depending on the reserves of basle cations {Ca, Mg, Na, K)
conteined in the geologic parent subetrate of the moll and

the intensity of the washing through the profile., In eny case,
it reguires spaces of time relevant to ithe nsiural development
of the soil, i.e. centuries and millenia. Anthropogenic in-
fluences of different kinds may accelerate the acidification
of the soils under certain clrcumstances., Depending on the
intensity of the effect of the acidifying influencee and the
properties of the soll, the pH may be lowered rapidly. In a
few years, a decrease of the soil pH by more than one unity

is possible. The anthropogenlcally conditioned process may

be termed as "secondary acidification", The secondary acidi-
fication of the soils muet be considered process of soil
degradation because acid and very acid acils have a restricted
fertility due to the high acidity. The majority of plants normally
are capable of growing within s wide range of pH as tests in

a solution culture have shown again and agsin, The negative
influence of soil ascidification on many plants, therefore,

must be attribuied mainly to indirect effects. Above all, three
factors come into questlon:
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Bege impoverishing
The acidification of the soil measurable in terms of de-
creasing pH values 1s an expression of the progressive
bese acildifioation of the soil due to lesching. In. case of
very low pH value (3.5 to 5.0), the ghortage of basic
cations cen lead to malnutrition.
Occurrence of toxic subetanceas
In an acid end very acid environment (pH 5.5) free adt and
Hn2+ ions may oocur in concentrations which produce a
toxic effect on the plant. The fres Al-' ilons are aluminium
whioh has been displaced from the lattice of the silioates,
especlally from the octahedron layers of the layer-silicates,
by hydrogen ilona. In the event of a gufficlent hydrogen-ion
concentration, no Al-hydroxides but A13+ ione are produced
which are bonded to the exchange complex relatively firmly
but in en exchangeable form. In case of a pH equal to 4,
slready >10 % of the castion-exchange ocapacity saturated
with 417%, With increesing A1>* saturation of the exchange
complex, the ocnceniration of the A13+ lons also increases
in the external solution although considerable Al-concentra~
tions only teke place with an Al-paturation of 60 %
(Kamprath, 1972), When 0.1 ppm are exceeded, injuries to
plants incresse. Esgentially they are due fo the fact that
A13* ions are taken in by the roots and stored, The alu-
minium precipitates phosphate iona and prevents them from
being trensported further, Disturbances in the phosphate
metabolism will oocur due to impeded P-intake and impairment
of the sugar-phosphoryletion in the interior of the cells
(Scheffer and Schachtschabel, 1976). ) \

Reduction of the blologicsel activity

§
The microbiclogicsl transformations in the smoil and the
structure of the microbe population are reaction-dependent,
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In the neutral and slightly acid rsnge, in generasl optimum
conditions are given for the microbiological total activity.
In the acid and very ac¢ld environment, the conditions become
more unfavoursble, A practically exclusive development of
acidophlilio genera end specles, s receding into the back-
ground of bacteria as compared to fungi, and an altogether
reduoing microbiological trensformation of metter take place,
Sinoe there is a direct and poeiilve correlation between
biologic sotivity and fertllity, the conditions for the
growth of higher plante become more unfavourable in case of
acldification, In this comnection, changes in the cireunlation
of the nutrients, release of growth substances and inhibiting
substanées, the Cozrooncantration in the soll air, and the
decrease of the blological structure formation over =
prolonged period of time play a part,

(2) Faotore of secondary acidification

A number of different factiors oontribute to the secondary
acidification of the scll, These are

1.

2.

3.
4.

5-

502 conoentration in the atmocsphere and in the rainwater
due to the combustion of fossile energy carriers and the
emgnation of sulphurous gases by Industrial plants,

002 concentration in the atmosphere and in the rainwater
due to the increasing combustion of fomsile energy carriers,

Increasing mineral fertilisationm,

Inoreasing demand for agricultural products by which
consideraeble amounts of baslc cations are drawn Pfrom the
blological circulation of nutrients in certain sites.

Measures of land reclamation by measures ¢f amelloration
which lead to the so-called "sulphlide-acidity",

Below, these factors will be explained,
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Increaging SO, concentration in the aimosphere and rainwater

UYageous sulphur compounds get into the atmosphere also within
the scope of natural proceases, ¢.g. voloano. eruptions,

' ccean spray, biological sulphur transformntions, forest and
steppre firea. These procesées are constituenis of the patural
sulphur circuletion, The industrial developmeﬁt and the incresse
of the combustion of foselile energy carriers (pit coal, brown
coal, mineral oil) have led to the fact that the supply of
sulphurous gasea into the atmosphere due to humen activitiea
today is 3.5 times thal of the natursl release (MSller, 1981).
Por 197G, a ratio of 3 : 1 wag calculated, in absoclute value
this 1s egual to 70 million tons of 8§ from anthropogenic sources
and 23 million tons of S from hatural sources, Thig 1lluairstes
the rapid increase of the sulphur load on the atmosphere. For
the year of 2000, an enthropogenic SO, emenation of 200 million
tons is forecast. 94 per cent of the anthropogenlc 50, load on
the stmoaphere are due to the combuetion of fossile fnels, the
rest is due o the extraction of metazls from snlphidic ores and
the production of sulphuric acid. When burning cosl and petro~
leum, the sulphur contsined in these fuels, minerally and
organical ly bonded, is oxidiged into 50,. About 2 to 3 per cent
of the sulphur are immediastely oxidised into 303 whioh is dissolv=-
ed into sulphuric acid in the atmospheric water. SO2 is also
digsolved irn the atmospheric water and, under thease conditions,
is transformed into sulphaie particulerly quickly.

The sulphur emitted into the atmoasphere gets onto the surface

of the earth by dry or wet deposition, Dry deposition le defined
as the adsorption and asbsorption of gases and aercsol particles

by the surfaoe of the earth. Wet deposition is effected by

washing out (absorption of gas or sercsol partioles by the

talling precipitation) or railning out (absorption of gas or
aerogol particlee by the formation of olouds, partly in the
form of condensgtion nuelei). Prom the atmosphere, they got onto



the surface of the earth (MBller, 1981),

45 % by means of dry deposition of S0,

43 % after oxidation into sulphate (in aqueous phase or
bonded to ashes or amoke particles)

12 % as so-oalled wet deposition of S0,

Por the secondary acldification of the soil 1t is of decisive
importance that hydrogen lons are produced during the 802
oxidation in the. stmosphere which mey reduce the pH value of
the precipitation water to 4 or 5, The increased hydrogen lon
concentration of the preclpitations 1s the cause of the 3
intensified leaching of basic cations from the aoil.

The problems essociated with the anthropogenic enrichment of
'502 in the atmosphere are atiributed to industrlsl centres and
overorowded regiona. The transport of 502 and. SOE' in the
atmorphere takes plesce in dependence on the atmospheric
oonditione over distences of up to about 1000 km from the
sonroe of emanation, This relatively small displacement aggra-
vates the problem in industrial regicons and, on the other hand,
1g due to the fact that huge reglons of the continents are not
yet subjected to this form of secondary goidiflcatlon,

The question whether the sulphur emapation dus to the combustion
of organic messes in reglons with regular burning of pastures
or forests in clearing has any ilmportance to secondary acidi-
fication remaina to be open, The transition in the production
of ensrgy from the cambustion of fosslle organic subastances

to other methode will cause a draetic change of the situation

at the beginning of the next millenium,

L

Increasing 1.')0‘2 concentration in the atmosphere and in the rainwater

In burning organic s\ubutanoes. carbon compounds will alec be
oxidiged and emitted inito the atmosphere, Carbon dloxide
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dissolves in the atmospheric water into carbonic scid and in-
creases the hydrogen ion concentretion of the precipitations,
The influence of the anthropogenic co emanatiozi on the carbon
circulation is conaiderably gmaller than that of the 802 emg-
nation on the natural sulphur ¢ireulation, This is due to

the fact that the main source of the 002 emanation 1s respi--
ration of the living orgenisms. ‘he ratio of the enthropogenio
emadation to ndtural emanastion is 0.08 for co, {with 10,6 of €O)
end in absolute figures 16 thousand million to 200 thousand
million tons per year. lrrespective of this fact, the anthro-
pogenic 002 emangtion must bagio=lly be considered ag a faoto;
of the secondary acidification.

i

Witbdrgﬁal of .baglc cdtions by means of the harvested crops

In the naturgl ciroﬁlation of aubstance, the acidification of
the soil is retarded by the incorporation of, freguently,
congiderable amounts of basic cationg into the biomasg or -
sean dynamically - into the biologio minersl matter circulation
of the blogeocenosls., The basic cetions contained in the
organic subetance are protectéd‘ffom leaching and, after dying
and minerélieation of the substance, feed into the soil. The
system of subslstence farming exerts an negligible influence
on this mechanism, With increaslng market production of agri-
culture and forestry, and with increasing yielde, increasing
amounts of catlons sre withdrawn from the production site. These
cations sre no longer available for the neutralisaetion of ihe
hydrogen ions fed into the soil, in other words, the withdrawal
of catione together with the harvested crop favours the en-
richment of hydrogen ions in the goil,

Nineral fertillsation

¥ot in any case, mineral fertilieation producea an acidifying
effect on the soil, Acidification ocours when fertilisers are
employed whoee cation lg more readily accepted by the plant
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than its anion, e.g. {HH4)2304 and K,50,. Thege fertilisers
are termed as "physiologlcally acid" becsuse the acld residue
remaining in the goil contributes to soil acidification. Al-
though the anion will be neutralised by the baslo oatlons pre-
pent in the goil, especially by the alkaline-earth ions, but
at the same time- the conocentration of hydrogen ions and, in
the advanced state, of Al3+'1ons on the exchange complex will
be favoured,

Particularly inteneive fertilisation with nitrogen in the form
of amronium fertillsers as well ag fertilisere by the: trans-
formation of which ammonium ions are produced such as urea
favours the secondary acidification. Since grmonium ione are
not all teken up immediately by the plant, conditions for an
intensive nitrification are brought about, that is to say, for
the microblgl transformation of ammonium into, nitrate nitrogen.
In thie process, nitric acid ls produced whose hydrbgen ions
reduce the pH velue of the soil and favour the base reduction
by leaching. '

For the application of sulphuric ammonia; the acidifying
effect can be represented by the following summary equation:

(WH,) 580, + 4 0, —-e-» 2 HNO5 + HyS0, + Hx0

[ex’changer ]—20& + 2EN03 + H2504' —_— [exchanger1-4ﬂ +
Caso, + Ca(N03)2

Sulphide~acidiiy

Sulphides cen be sontained in the soils. These aulphides orisinate
either from the rock from which the soil developed, e.g. pyrite
or mercasite, or tﬁey were brought about by sulphate reduction
under reducing conditione, Sulphate ions may get into the soil
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by salinisation in arid regione an by aea water penetration
in coastal regions. The reduction of sulphate ions is promoted
by the presence of undecomposed organic substgnoe. Partlcularly
favourable conditlons for the accumulation of sulphidfo sulphur
are, therefore, given in the glime of the coaste of oceans
influenoced by the tide, for example, in ths mangrove swamps of
the Tropice which extend over thousaride of kilometres of coastal
~line. Due to different 1ntarven£ions by man conditions may arise
under which the snlphidic sulphur 15 ‘subjected to a rapid
oxidation, in most cames, however, these are measures which
directly serve for the regulation of the water egime, i.e.
the carrying-off of excessive watér_througb drainage syotoems.
The improved soil seration causes the oxidation of the sulphides
. into sulphuric acid: i

0.8, 2 PeS, + T3 0, + B0 --- Fe,(50,), + HyS0,
Po,(50,}, + 2 Hy0 —— 2 Pe(QH)SO, + H,S0,

The sulphuric acid produced is nautralised inte gypsum by
calolum and favours the enrichment .of exchangeable hydrogen and
aluminiom by the precipitation of exchangeable cations. This
leads %0 a sudden considerable drop of pH to valuea below 2,
Under these conditions, an intensive protolytic decomposition
of gilicates takes place which assists in the development

of free aluminium.

-

(3) Importance of the secondary mcidificstion

A quéntified esgesgment of the importance of the secondary
acidification i1s difficnlt, MBller (1981),'for example,
congiders it an unsettled queetlon whether the formation of
hydrogen during the oxidation of 802 in the atmoephers leads
to a_global acidification. It is olearly esteblished that the
secondary acldification menifests itself most intensively in
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the field of overlapping of the influence of industrial
centres, intensive lesnd-use. 1n agriculture snd poorly buffered
golls that are poor in base. Topically, the acidification by
an emanation of 802 is a problem of the industriel countries

-of the temperate climatic region. This does not mean, however,
that the developing ¢countries of the Troplos are not faced

with the problem of the secondary ‘acidification. The transport
problem in these regions is amssocisted especlally with the
epormously wide distribution of soils with a low buffering
capacity for the soil reazctlon in the homid regions. It refers
especlally to.the ferrallitic and fereiallitic solls whose
buffering cepacity is low because of the high degree of lesching
and weathering and to the arenosole with = gandy texture. The
low buffering capaclty of these soils allows the acidifying
effect of measures inevitable within the framework of intensive
plant production, such as intensive mineral fertilising and
traneport of large amounte of cations togethér with the harvested
orop, to take action rapidly. Poulain et al. (1980) consider -
the rapld aclidification of the soila in .case of intensive agri-
cultural land-use to bé the central problem of fortility of

the humid Tropics. According to Velly (1974), the fertilisation
with 620 kg of F/ha on a fersiallitic soll of Madegascar has
reduced the pH value from'5.2 to 4.2 in & period of only three
years,and the content of exchangeable aluminium rose from

5 to 55 and that of manganese from 5 to > 80 pprm, at the same
time. The yield of groundnut dropped to 40 % beoause of

Al toxieity.

(4) Prevention and control

The secOndary acihification can be removed by'direcf measured.
The supply of basic cations leeds to an exchange of the hydrogen
fons absorbed by the negetively chergzed exchange complex. of

the soll, The hydrogen ions displaced into the external solution
of the‘soil will be leached rapidly in humld regions, Basic
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cations are gupplied together with a few fertilisers, e.g.
simple superphoasphate or nitrochalk. The most effective direct
method of oontrol 1s liming, that ig to say, the fead to the
goil of CaOOB, Ca(OH)2 or Ca0 in a finely ground form. Liming
neutralises the hydrogen ions into water and causes g preoi-
pitation of A1>* iome as polymeric aluminium hydroxides. The
neutralisation effect of 1liming ie aided by the exchange of
cations which are replaced by caloium.

Liming is a widely used effective measure which naturally
causes additlonal costs which will be the higher, the larger
the distance over which the basic additives have t0 be trans-
ported. Since the input of lime usually amounts to one to
several tons per hectare, considerable masees hove to be
transported and spread. B

The secondary acidificetion c¢an also be counteracied by a reduc-

tion of the acidifying influences. The industrial emanation of
SOzlcan be restricted at least by means of special technologles
until the replacement of the combustichn .of fossile energy
carriers. The acidification due to an in¥ensive minersl ferti-
lisation is reduced by a well-balanced 'supply of anlons and
cationa, Meaaurea of ground-wster regulation properly adjusted
to the gulphide-acldity and exactly. plenned and carried out

not infreguently permit the avoldance of extreme acidification
_procesgen.,

I1I.2.1,6.5. Structure degradstion
(1) Defipitlon and importance - .

The cavity system of the soil body governs the water and air
regime of the goll and also the technological behaviour of

the latter when it 1g subjected to mechanical action. The maln
features of the cavity sygtem are the total pore volume, the
pore-gize distribution and the pore continuity. The condition

f
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of the cavity system in the soil is determined by %texture,
structure and biological activity. With thie, the structarsl
gondition of a soll is an essential fertility-determining
feature df it, Structural condition ig defined in the most

' general penge as the way of aspatial arrangement of the molid
soil constituwents, This spatial arrangement of the solid soil
gongtituents is 1h essmence coined by the degree and mode of
unification of primery perticles into aggregates. The term
struotural condition includes the aspect of structure stability,

The changes in the course of structure-determining proceasses
dye to the land-use in agriculture and forestry es well ae
the direct mechenical actions by the operation of mechines
onuge changes in the structurel condition of the soil, Although
the structural condition of the moll can be improved by correct
land-use, the prevailing trend is a deterioration of the soil
struoture, s structnre degradetion, This 1s a destructlon of
aggregaten, an increase of the share of dust in the soil, a
reduction of the macro-pore volume and of the pore oontiﬁuity,
and an increase of the density of the soil, Conséquently,
the internal drainege and a soll aeration are impaired; the
conditiona for a proper rooting of the soll become more un-
favourable, the s6il incremsingly tends to form stagnant water
and to inorustetion after precipltationa. The increase of the
. ‘share of dust and the Increasing supface drainage lead to an
inoreased erosion by wind aend water, The fertility of the goil
' decreases noticeably.

It is very difficult to guentify the extent of the damage due
to struoture degradation. Thls applier both to the areas sub-
Jected to mtructure degradation and to the degree of the
destruction of structure on the ares in question and the yleld
losses c¢aused in this way. The reasons for these difficultiee
in the recording of the atructure degradation are in the fleld
of measuring methode end in many cases the lacking of reference
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_standerds in the form of non-influenced sress with an intaoct
ptructural condition. irreapective of theae probleme, inter-

" nationally the idea is more and more accepted that the structure
degradation®ls one of the decisive sources of the loss of _
. fertility of the soils. Young (1976) in this ocomnneotion empha--
sises that the lingering character of the processes and the
migsing of eiriking soil-merphological qonhomitant phenomena -
has internationally led to an undervalustion of this phenomenon.
Although this thesis cannot be supported by documentary evidenge
in the form of measuring results, it can be stated alone on the
basis of the knowledge of the causes of structure degradation
that practically a1l arable land and the major pert of the soils
under natural grassland are subjected to struture degradsiion.
There are only differences in the degree of the. destruction of
goil since the load on the moil ig different and with respect
to strncture etability there is a considerable differentiation
of the moils. On moils exhibiting a severe damage to structure,
especially in case of plough pan compaction of the goil and
subgoil compaction, yleld losses of 50 per cent and more may
occur, The structure degradation thus may render ineffective
the expendltures for increesing ylelds by intensifioation
mumnamwasﬂnﬂhmgmduﬂyﬂm,brwmbut

at lesst. As compared with such fields as -0lay mineralogy end
cation exchange, to mention but two examplee, the phenomena
of siructure formation have by far less beén in the centre

of interest of studies of goll science. While in euch fields
as nutrient supply for ithe plant the pre-conditione for
regulating interventions are already quite good, we can avell ,
ourselves only of inaufficient knowledge and posaibilities
with respect %o true alternatives of the present methods of
land-use which inevitably lead to s01l and yleld losses due to
structure degradation. We have not succeeded in getiing beyond
some rudimentary developments whiok have led to methods

useful for certain goils such as the plongh-less tillage.
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{2) Causes of siructure dexrsdation

There is quite a number of interventions by men into land-use
which have a structure-changing effect: The decisive f;ctora of
structure degradation, however, clearly are
1. loss of humuna
2. loading the scil by heavy machines and tillage in
the event of an unfavourable water content,

An oompared with these factors, 1nf1uencea such as incressed
leaehing of baaes, changes in the salt concentration of the
goil aolation. alkaligation by Arrigation, etc., receds into
;tho background,

(e) Loge of humns : .
" The hwnue, which ig the whole poatmortal organic susbtance
in the soil, influencea the structural conditlon directly and
indirectly. The direct influence is based on the role of the .
humic substances =as cementiﬁg substances in the formation of
aggregates, In this copnection, the coupling of clay silicatesa
and humic substances ie of particular importance (formation of
"olay-humus complexes™), ‘

" ! 1]
The indirect effecism are based especially on a promotion of the
biological overall activity in a soil with high contents of
mineralisable crsanio'aubstancee {pon-humio suhstancés.
"putritive humue"), The ample offer of utilisdble energy and
carbon souroey provides favourasble pre-conditione for high
population densities axd inteneive vital actlivities both of
repreaentativss of the mesofauna and macrorauna and of the
mieroflora in- the eoll. The formation of the 1mportant and usually
continuous biopores having a diemeter of more than 50)pn by
the fauna and the su-called "blologicel siructure formstion"
' of aggregates by bacteria and fungi, including the mmoilaginous
substances emitted by them, lmprove the ao;l gtructure, A high

\
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blologlcal activity favours the rooting of the soil by higher
plants and thus the development of blopores in the form of rooi
channels as well as the enrichment of the soll with organlc
gubstanos, Altogether, there is a dirct correlation between
the humus content of minersl solls and their structural condi-
tion: The higher the humus content, the beiter the structure,
Prom this follows the reversal: humue losses effect a de-
terioration of the structural condition.

The inclusion of a soil in the agriculiursl use is normally
assootated with a more or less rapid reduction of the humue
content. When the soil is used for erable farming, the latter
i® more pronounced than in the use for pesture farming, The re
duotion of the humus content of the woils in agricultural use
is the consequence of the interaction of the elements which
determine the ocarbon olirculation in a certain site. The
content of a soil of organic carbon under natural conditions
depends on the following fictors:

1. Supply of orgenic subatance to the soil, i.e. net assimlilation
performance of the plant cover.

2. Intensity of the mineralization processes and proportion
of the substance decomposed into 002, H20 and salts by these
processes (non-humic substznces, humic substancea).

3. Intensity of the formation of humic substanoce and effect
of humic svbstance stabilleers (clay eilicates, trivalent
iron}.

4, Leaching of organic substances and humpus loss by top soil
removal in situations influenced by erosion.

¥hen leaving out of account the leaching of bumus thet is
insignificant in the majority of soils and the posasibility of
logees of humus by erosion, then the mechanism regulating the



bumus content is reduced to
1. the amount of the substence supplied

2. eguilibrium between mineralisation and humification,

The greater the spnuslly fed amount of freash orghnié subatance

snd the more the equilibrimm 1g displaced in favour of the
humification (e.g. by a high content of three-layer clay minerals),
the higher the content of humus. The humus content also increasee
when the minerallsation is impeded due to a high water content

and poor meration of the soll.

Any reduction of the feed of fresh organic substance ‘to the soll
and any change in the soil condition that favoure the procesges
of mineralisation leed to a reduction of the humus content, In
this connection, a new state of equilibrium is eimed at and
established in accordence with the changed conditions, The
trensition to agricultural lend-use normally means a reduciion
of the feed of substance and also the favouring of processes of
mineralisation. The replecement of the natural vegetation cover
does not necessarily mesns a smaller net sssimliletion pex unit
of esrea. The reduction of the supply of organic fresh substance
18 effected by !

1., the gathering in and removal of harvested crops and

2. the destruction of disturving organic substancea by fire
frequently practised for ressons of production technology
{clearing of wood by fire, pasture burning, stubble burning,
burning away of gugar cane before harvesting, etc.).

Aradle farming usually is based on the one or other form of
8011 loosening. This loosening means an improvement of the
aeretion of the z0il and, since mineralimation procesgses
chemically are exidation processes, effecte an accelerated
microbial and abiologloal mineralisation of the humue, The
decomposition of humue initiated with the translitioni arable’
farming will proceed the gquicker, the higher the humus content
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of the soil in the natural condifion was maintained by a high
supply of substance at high rates of minerslisation. These
conditione 'are given in regions with iropical raln forest
formationa. Under these conditions, a rapid lose of humue takes
place after clearing, and this the more so since the soils’
formed under these forests have a low content of humus etablligera
and, thus, of permanent humus., If the natural humus content 1is
"due,%o a higher degree, %o the ilnhibited mineralisation (drought)
and intensive humification (basic environment, high N content,
high content of humus stabllisers, alternating humid-arig
conditions) with a moderate supply of fresh subatance, then

a gradual decomposition of humus over a prolonged period of time
takes place after the transition %o arsble farming. While,

in the former case, the new snthropogenic equilibrium will

be established In 2 to 5 years, in the latter case thie process
takes several decades. In the tropical solla with a free inner
drainage, the following mean contents of humus can be reckoned
with under natural vegetation conditions {Young, 1976):

tropical mounteinous situations (1500 - 3000 m) 5 to 10 %
rain forest regions in lowland ' ; 3%t 5%
moist eavanna 2to 3%
dry savanna tto 2%

1%

arid regions 0,5 to

In soils of the Tropice subject to arable farming, the humus
content will drop to 30 to 60 % of the humus content undexr
natursl vegetation. This decrease is slightly higher than in
the temperate climate where humus content deocreases to 50 to

70 % of the original value., <The greater reduction of humus in
the Tropice is due to the more intensive mineralisation because
of the olimatic conditions (high amblent temperatures) and the .
compoeition of the edaphon (predominence of the bacteria,
extreme activity of the termites). The humification 1s gmallex
than under comparable vegetatlon cover of the temperate climate
at least in the moile of the humid regions with a high degree
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of leaching and weathering.

Although, in genersl, 1t is possible not only on smaller areas
to keep the humue content at the level of the content given
under the originsl natural vegetation cover, the loss of

humus can be kept within certain limite 5y appropriéte megguUYes,
Al1 messures mugt start from two principles:

1. To supply & maximum of orgenic subatence to the soil.

2. To avold an unnecessary favoruing of the procesaes of
- mineralisation.

The supply of orgenic substance to the soil is possidle by
means of the following measures:

- interposition of a natural fallow

- working into the soil of available plant ‘materisl which is
‘not used in harvesting.

~ cultivation of crops having a large root mass in the form of
fine roots

~ growing plante for green manuring
- working of farmyard mesnure inte the soil

- preparing snd working in of compost

growing graaa for a period of several years.

The separstion of arsble farming from enimal husbendry in wide
regions of the Tropics, especlally in Africe, ie an extraordi-
narily unfavourable circumstance with respect to the prevention
of humns losses in areble land. Among the fodder plants, there
ere many humus-producing geners and speoiea but the farmer

hes only limited possibilities of utilising the fodder. The
lacking animale cannot provide eny noticeable production of
farmyard manure. Prom this angle, the promotion of mixed farming
1s imperative under all cilrcumstances,
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The -avoidance of an unnecesgarily intensive mineralisation

of organic substances calls for the obaservance of two view-
polints: Firat, tillage for loosoning and comminution should be
effected only to such an extent which 1s mbsolutely regulred
for the crop to be grown. The lower the degree of loosening and
aerating the soll, the smaller the mineralisation of humus will
be. Second, en unnegessary heating of the soil should be
-prevented. Any measure which will add to the shading of the goil
will retard the minerslisation. Mulching, i.e. the application
of a layer of dead organlc materiam! to the soll, has proved

s succegs., When using plant remsins, organic substance will

at the game time be fed.

(b) Loading the moil bx machines and comnaotigg the soil
by wrong tillage

With ean Increasing intensification of the plant produetion, the
degree of mechanisstion also increases. -The arable land is
subjected to the operation of machines at shorter intervals

and which become heavler. Thies means an increesing compressive
load on the soil which may lead to a noticeable soil compaction.
The soil compectlon is effected to the detriment of the
macropores { > 10 pm  mean diameter)}, Gonsequently, the internal
drainege of the soil is impalred, the tendency to the formetlon
of stagnant water increases., Compactior impairs the capability
of the soil of being rooted and because of the impeded seration
reduces the physiologioal root activity, L.e. the supply of
nutrients to the plont, The yield-reducing effect of soil
compaction has been proved many tlmes and may resch a conasiderable
extent. In countries with an intensive plant production, the
technogenic soil compsction has become the main problem of soil
fertility and eoil degradation.,

Due to their specific properties, aoilq are subject to the risk
of compaction in various degrees. Soils of a light texture



-94 -

(having a large proportion of send) are in general scarcely
subjected to this phenomenon, The capability of being
compacted inoreases with the rising clay content of the soils.
But this capability diminishes with increasing stability of the
aggregates. The stebility of the aggregates is dependent upon
the kind of the forces holding the aggregate together or the
kind of the cewmenting clay substance between the primary
particles..The highest mechanical stability is exhibited by
-the aggregates of the fersiallitio =2nd ferrallitic soils of

the humid Tropice cemented by free iron and aluminium oxides.
Therefore, these soils show a slight inclination to compaction.
But an intensive mechanical action on these soils also leads to
abrasion and a gradual destruction of aggregates. It is of
particular importance, however, that the oxide-bonded aggregateé
of the fersiallitic and ferrallitic soils are water-stable

and do not show any susceptibility to pressure at a high soil
moisture. This distinguishes these soils from the clay soils
with prevailing three-layer minerals. The aggregates held
together primarily by cohesion of the clay particles become
increasingly sensitive to pressure when subjected to moistening
and formation of hydration water envelopes about the clay
particles. When a critical moisture content is exceeded, these
golls are exposed to a very high risk of compaction and vehicles
are only allowed to travel on them when these soils are below
the aforesaid moisture limit. Soile with clays capable of
ewelling (montmorillonite) are partiocularly endangered. When
moistened, the aggregates frequently will already disintegrate
under the action of the swelling pressure, and the distinctly
formed hydration water envelopes form sliding planes which
favour the displacement of the particles under compressive
load. The already high natural density of the iropical verisols
will be increased when worked in a moist condition, the bulk
density increases from an average of 1.8 to 2.0 - 2.2 (with

a density optimum of about 1.4 !).
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When machines travel on soils which are in an excessively moist
condition and thus compacted, then a favouradle structure
condition usually cannot be regained immediately by the sub-
gequent cultivation operation. Mechanical tillage provides
only artificial, more or less coarse fragments which are
obtained by breaking the compacted soll mass, One speaks of

a technogenic fragment structure. They frequently excel in

a polarisation of the pore size spectrum, The total pore volume
meinly covers ultra-macropores end micropores. The smaller
macropores and mesoporss which are of particular importance to
rooting end water supply are pronouncedly reduced. The
restoration of the soil to a good condition of the structure
after technogenic compaction is possible the quicker and
more perfect, the higher the humus content and the biologiocal
activity of the soil,

The soll compaction is not only a consequence of the travelling
of machines on the soil surface. Phenomena of compaction are S
also caused by tillasge by means of share ploughs, namely, in

the form of the so-called plough-pan or crumb-basis compaction.
The development of this compaction of the topsoil basis is
favoured by the working depths remeaining constant for periods

of several years., In this way, a sharp boundary between loosened
and compacted material is brought about at the troundary between
plough horizon and subsoil. This boundary of compactiom forms

a barrier for the roots and the subsoil is scarcely accessible

to the plants. This acentuates the disturbances in the water -
and nutrient supply in dry spells. Pronounced plough-pan
compactions may considerably aggravate damage due to stagnant.
watsr in moigt periods. As to the development of the plough-pan
compaction, working the soil when in a state of & high water
content particularly favours 1t,



- 96 -

III. 2.1.6.6, Impoverishment of nutrients

The problem of impoverlighment of putrients ls cloesely related
with the humue content of the poil. In general, two main sources
of the required nutrients provided by the soil are availadle
for the plant: The nutrient releaase by weathering the asilicates
originating from the rock and by the minerslisation of organic
substanoe. The nitrogen required for plant growth exclusively
originates from the organic substance and the miecrobial bending
of K, With increasing degree of lesching and weathering of the
aoils, the nutrient content of the mineral soil component
decresses end the part played by the blologleal circulation

of nutrients gains in importance to the nuirient supply for the
plant., In the ferrsllitic solls of the humid Tropics ae the
formations with the highest degree of leaching and weathering,
the nutrient supply of the natural vegetation cover is mainly
Yased on the continuous mineralisation of humus constltuents,
The increesed minerallsption of the humus reserve assoclated
with the clearing of the rain forest, while at the seme time
the supply of fresh organioc substaence is suddenly reduced,
leads to a rapid impoverishment of nutrients in the soil.
Consequantly, the yields decrease quickly so that the oleared
plot of land must be abandoned after a few years, Thle im

the proper cause of the shifting cultivation traditional in

the Tropios. The impoverishment of nutrients 1s agcelerated
when c¢clearling by fire, In the savanna regions, the widely

uged pasture burning aleo contributes to the 1mpoverishm6nt of
nutriente, eapeclally nitrogen end sulphur. In view of the
higher minexral nutrient reserves, the consequences are not

80 aggravating as on the ferrallitic soils of the Pain forest.

The impoverishment of nutrients as a phenomenon of soll dagrada-

tion cannot be avoided in the Tropics. The consequences arising
from this are of ilmportance to the agricultural production

and the feeding of the populstion as long as mineral fertilisers
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cannot be used, Baglically, the impoverishment of nutrients can
be compensated by mineral fertilisation. Practically, this

gives rise to 2 number of difficulties which are msecclated with
the unfavoursbls storage and transformation capacity for
nutrients in soils of a high leaching and weathering degree.
These problems can be solved, howeve;, when using fertilisers
posseseing the desired properiles and by the appropriate
fertilising technologles,

III, 2.1,6,7, Petrification

Petrification 18 defined as the formation of zones of atony
hardness within a soil profile. Thickness, dengity and hardness
of these petrified gones vary within wide limits, Hardening

. may develop by the acoumulation of crystallisastion of quite
different materiels. Calclum carbonate, silicic acid and free
,o0xldes of iron end aluminium frequently are the substances of
petrification. The respective petrified zones are called
celeretes, sllcretes, ferricretes.

The existence of a hardened zone in the soll profile naturally
is of far-reaching importence ito soil developmeni, moll
propertiss and plant growih in the aite in question.In all
cases where the bhardened horizon developed from the sbsolute
acoumnlation of the substance vausing the hardening, the
petrified zones also excel in a high denslty. It graveiy impairs
the weter and ailr ciroulstion and the rooting, The thickness
of the, 201l layer on top of the petrified zone i of decisive
importance to plant growth and norkability of the soil. The
sgricultural use of the soll is impeired the lesw, the deeper
the upper limit of the petrified zone is located’ in the goll,

The problem of petrification is asmociated with.soil degradation
in tow respects:

1. In regionas with flet located petriricafion, the goll erosion _
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may have particularly aggraveting consequences, irrespective
of development and condition of the petrifiocation, becanse
the thin soll layer can be removed qulokly and the landscape
in fossilised. Growth of plants them is no longer posaible.,

2. As to both carbonate petrificaetion in tha aric regions and
oxlde petrification in humid climate, the view waz held that
they may develop within a ghort time due to measures of
land-use in sgriculture and forestry.

The incressed hagard of lsndscape degradstion in regions with
flat located petrification is undisputed. In all casag where the
loose soil leyer on top of the petrifiocation is leas than

40 om in thickness, arable ferming should not teke place and

the s0il should be protected by a permanent plant cover, If
indiceted, pasture farming should alsc be obviated,

The development of petrification due to memsures of land-use:
should be of minor importance. Ae to both oarbonate petri- '
fication and oxide petrification, the viewpolnt i1s more and

more accepted that their development is attributed to

geochemical processes of early epochs of very long speces of time,
The majority of petrifications found in the Tropics presumably

is foseil, Oxide accumulations in the soils and weathering

covers of the humid Tropics, which have the cepability of harden-
ing when oxygen l& admitted while water is loat at the seme

time (so-called soft laterite, according to Pullam, 1967)
obviously occur by fer not so often as has been supposed

for decades until the recent past.

The anthropogenicallj induced petrification ie possible but
1t is no serious problem of soil degredation. Of particular
imporisnce, however, is the exposure of slresdy existing
petrifications due to mccelerated moil ercaion, ‘

Sty wlinigd,

R g »
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