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Arable crops can be successfully and permanently grown on these soils only
when the pH value and the organic matter content can be increased and kept
at acceptable levels. Many of the fields have to be drained. The Tatosols
- typical s0ils in these regions - are difficult to cultivate. Since they
tend to dry out considerably after being tilled, they are susceptible o
erosion and have limited nutrient absorpticn capacity. So they should be
kept under cover as Tong as possible. Tillage should be reduced to a
minimum;  “no-titlage" systems may perhaps be intermittently employed.

Khen sufficient organic matter fs available - as is often the case in these
regions - the stability of the yields can be improved by an appropriate crop
rotation combined with a gradual dincorporation of adequatly pulverized
organic material.

The climate usually allows crops to be grown throughout the Yyear,  This
often means that harvesting and tillage operations for the next crop have to
be carried out under adverse conditions. The soil will often be too wet;
harvesting operations may compact or destroy the seil structure {puddling,
creation of ruts). :

It is essential to Timit the number of operations. In addition to
preventing erosion, weed control must be a primary objective of the tillage
operations. Mintimum-ti1Yage metheds which use plant residue as a protective
mulch are beneficial as regards the soil structure and erosion control but
usually fail because of {perennial) weed infestation.
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4.0 SOIL EROSION




. . . removal of soil particles b . SUSPENSION - This occurs when, after being 1ifted by the saltation
Son1 erosion can be derined %S ?gﬁzegizzc?Zi. The significancz of soil Y process, sofl particles are raised by the wind-stream, possibly to heights
w1nd_and water, especially % eh 1d not be under-estimated: at least 15% of of 2 - 3 km!  This may cause a duststorm when large amounts of material are
srosion throughout the world s ouricuitural s0ils is (severely) damaged by transported. Soi1 can be carried over long distances {loess deposits). It
the world's total area of ?? roportion of the damage which s caused is estimated that of all the small particles (< 0.05 mm) transported 409%
erosion. Apﬁrt from a.ve{y szzionpprocesses, soil erosion is now the result are moved by suspension.

by natyral = geophysica e; tural plant cover has been cleared, soil . CREEP - With this process particles (mainly 0.5 - 1 mm) are displaced hy
of human influence. After the na the soil uncovered, by working the soil or a rolling and stiding motion {"surface creep"). Extreme winds may take up
Eros1?n can be ;ﬂgugﬁgfgze1§;;;zgates, to name only some of the causes. particles larger than 1 mm but particles of more than 5 mm are rarely moved
E{egu vﬁgéﬁ1ngimprovement measures are app;;gdéresugrodﬁgedfe:$1];g?$10?§ by wind.

jrrigation or plant protection, negative resu ‘ There are two ways of preventing wind erosion:

Tost by erosion. o by increasing the resistance of particles to erosive forces,

There is no need to c¢ite examples of the SpectaCUTar,and7d1§astrous effects by reducing the wind-speed.

erosion has caused, especially in tropical regions. - A vegetation cover is the most effective means but is difficult to establish
in arid regions. Between the harvesting of anrnual crops and the emergence
af the next crop a period will occur durfing which the soil surface is bare.
A: very young crop is also extremely sensitive to the impact of bYowing sand
articles {sand blasting). A Tayer of mulch provides some protection
{stubble or plant residue worked into the surface). Tillage should aim at
producing a coarse surface with large stable aggregates. The s0il should be
Teft uncovered for as short a time as possible. Tillage operations in moist
wet) cenditions may form clods which are more resistant to wind erosion.
Essentially, the line of direction of all the tilling, planting and sowing
jerations should transverse the prevailing wind direction. This alone may
‘duce the soil Tosses to as 1ittie as one-thirth of those which can be
expected when the operations are carried cut along the wind direction.

i rosion is serious from the agricultural point of
I?Zw?ama$gsggzu1g}ngsg:gm ?rom fields with a shallow l@yfr Oflfer;11engr
cultivable soi} may complete destroy the production EOtenb1gn-re oﬂtedaraThé
Brazil, annual losses of up to 7C0 tonnes per ha ave1 e ? d. he
damage is not confined to the loss of soil but includes losses 00 Segsgwia
fertilizers and consequential losses, SUChd?i,Ethg iﬁgenisssgsr > Qﬁé
more difficult farming operations, etc. In ad‘1 ion Sraarty el the
farm level, serious environmental problems arise, particulariy polluti

rivers, harbours and reservoirs.

; j i d water; both will be

inci ts of soil erosion are wind an 3
Eggegr; pr;:g&gﬁldage?ns this chapter before we formulate some general
principles. Reference should be made to a recent FAD publication b¥ Ungﬁr
{1984} for a comprehensive examination of soil tillage systems from the

point of view of erosion control.

losses or damage can also be prevented by "strip cropping". With this
stem alternate strips of erosion-resistant and erosion-susceptible crops
e formed, again transversing the prevailing wind direction. The widths of
g strips depend upon the 501} type and range from 6 - 8 m on (Toamy
» 30 - 70 m on (sandy) loam to 130 m on silty loam. For practical
: asons strips of less than 15 m should not be used for mechanized farming.
4.1 Erosion By Wind - he: implements suitable for tilting soils susceptible to wind erosion are

sweep (Chapter 11.7.2), possibly fitted with a rod weeder, and the
el plough {Chapter 11.2.3). Ridges transversing the wind direction are

an effective means of controlling erosion; ridges 10 - 15 cm high are
st (see Chapters 11.4.7 and 11.5.2).

Wind erosion céﬁ be expected under the follewing conditions:
- a fine, loose and dry topsoil; ; -
- g flatsmooth surfacg wigh 11%t3e or ho vegetation ?r ?éan: ;ESTd:e’BO o
- a high windspeed (in case of fine sand, a minimum o w/h - a

above the surface). echanical weed-control operations generally Teave a fine surface; when use
“ herbicides can eliminate this operation, this is an effective ereosion

o : : face but increases
The windspeed 1s wvirtually =zero along the sur trol meneere.

Togarithmically with height. At low speeds the wind f1owb?s 1amggggdbu:h:§
speeds?dncrease it becomes turbulent. 'Severe eroszonbcan e SXE ted  when
turbulence occurs because soil particles can then ebcagr1g_ p 0 d-g :
wind layers. Three types of soil movement by wind can be 1; 1ng:1§ @ -
a. SALTATION - This $s a jumping motion which, in the casedob cer 31n ig
sandy soils, accounts for 50 - 70% of the §011 transporte bth1" _SPSETOH&
Saltation occurs mainly with particles having diameters Oft i ween 0. S an
0.5 mm. The particles are 1ifted almost ver{:mal%y, i‘gar ?SSP;?IH:E i;g
carried by the wind over a distance of appr0x1matﬁ ¥ fac; the tnoact oo
height of the “jump". When they return to te%su; Trone popipact an
causeé loosening and erosion of other particles. 90% o ese p

not “jump" higher thar 30 cm and very few reach 1 m. :

Erosion By Water

rosion by water occurs on sloping land with very intensive rainfall when it
0 protection against the weather.

40 processes of water erosion can be distinguished:

he destruction or disintegration of Targer .soil aggregates to form

maller vparticies, often accompanied by separation of the particles into

heir size categories;

AN
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h.

The s0i1 particles are detached from the soil surface by the impact of the
raindrops or by water flowing over the surface (when the speed of flow
exceeds a specific minimumY. The size and impact of the large raindrops are
very important factors in this process of destruction and detachment
(splash}. The kinetic energy of the falling raindrops is generally empl oyed
as
energy may be very high in the humid and semi-arid regions; 1in Africa, for
example, it is at Jeast twice and may even be six times as high as in the
temperate zones. The very fine soil particles detached from the surface by
the 1impact of heavy raindrops may obstruct the pores in the surface layer
and considerably reduce the infiltration rate. This increases surface
run-off and the risk of erosion. Silty soils are particularly susceptible
to this process.

Even slight gradients (1 - 2%) or depressions are capablé of preducing
surface run-off with high flow velocities and thus cause damage by erosion.
Generally speaking, three types of erosion by water can be distinguished:

a.
type of erosion is not obvious %o the eye but may nontheless cause
considerable damage.

b.
depressions (wheeltracks!) and removes the soil in the bottom of rills,
sometimes right down to the bottom of the ti]led layer. The rills can
generally be restored by tillage {levelling) but the damage is
considerable. If ri11 erosion occurs repeatedly, the topsoil of a field
may be removed in a few years or seasons.

C.
concentrations of water running- over a slope cut channels which are
impassable to agricultural machinery and cannot be restored by tillage. 1In
their extreme form, gullies may be several tens.of metres deep, making the
Tand almost unusable,

The damage caused by ercsion:

The basic measures required for reducing or preventing water erosion are:
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The aim of every farming and crop production operation connected with water
“iappsion should be to produce a dense plant cover and maintain that cover for
as long as possible. A plant canopy can v1rtua1!y .e1iminape the kinetic
energy of raindrops. The degree of protection provided varies from crop to
crop: for example, cotton is not very effective while cereals anq soybeans
give a good cover. A suitable type of crop rotation, mixed cropping systems
‘or a system with intermediate cover crops can be very effective. The most
“syitable system does, however, depend upon many factors and must be tested
on the site. Plant residue should not be buried but worked into the surface
as mulch. Burning 1is very damaging from the point of view of protection
‘against erosion and should be carried out only when essential for
phytosanitary reasons. ) .

Strip cropping has proved to be an effective way of preventing water
cerosion.  Bifferent crops are grown in alternate strips which follow the
“contour lines. The choice of crops ensures that some part of the field has
splant cover at all times. When one strip 1{s susceptible to erosion
“{especially around sowing time}, the adjoining strip with its vegetation
Scover acts as a buffer and blocks surface flow.

The detachment and removal of small particles by water falling on or
flowing over the surface.

a parameter for determining the erosivity of the rainfall. This kinetic

“The construction of contour dams or.terraces is an engineering rather than
an agricultural operation for controiling erosion. Dams can be built along
the contour Tines either by ploughing or by employing earth-moving
equipment. The distance between the dams or the width of the strips depends
.upen the gradient, soil type and climate. Strips are not usually parallel
and this arouses practical difficulties when they are cultivated. Special
effort is required to work the entire surface area of Jong narrow fields.
It 1is impossible to work crosswise when performing sqccesive tillage
operations. On slight gradients the strips may deviate a 1little from the
ontour in crder to form parallel borders,

SHEET erosfon. S0il1 s removed uniformly from the entire surface. This

RILL erosion. Water run-off very soon starts to concentrate in  small

ncontrariana o i fs @ more extreme fom of ril1 erosion, rarge “One system which can be incorporated in normal farming operations 1{s the

jed ridging” system whereby furrows between ridges which do not run along
the contour line are blocked by cross-dams at regular intervals {depending
pon the size of the ridge, the gradient, rainfall and soil type). This s
very effective system for preventing run-off and erosion byt requires
special equipment for constructing the cross-dams {Chapter 1I.4.7). The
fes" also impede other farming operations (they are usually knocked down
nd rebuilt in each operation).
road-based dams can be constructed on siopes with gradients of up to 6%.
ese dams form part of the field, are also used to grow crops and can be
ossed and worked by machinery. .

Loss of soil fertility owing to the removal of topsoil which contains
autrients, organic matter, soil organisms, etc.;

Removal of seeds, seedlings or yourg plants, causing bare patches and
usually reduced yields; )

Young plants are covered with eroded 041 material, which alsc causes bare
patches;

Increased production costs when resowing is necessary {(as is often the
case in regions with a high risk of erosion). The extra costs are
required for tillage, fertilizers, pre-emergence chemicals, seeds, and the
actual resowing operation:

Increasing wear and tear of the machine when rills and gullies have to he
crossed;

Deposits of eroded soil material in valleys;

Streams are polluted and reservoirs become filled with soil.

he actual distance between contour dams depends upon many factors:  soil
type, climate (rainfall intensity), gradient, etc. The recommended
- intervals may range from more than 100 m on soils with good drainage and a
jradient of only 1% right down to 10 or 12 m on unstable s0ils on 15%
radients. Arable cropping should not be carried out on slopes with
radients of more than 15%.

111age implements which cause pronounced crumbling or pulverization of the
5011 should not be used. A1l operations should be carried out across the
, following the contour Tines.  Conventional tillage operations for
: X . 4 . icularly fncrease the risk of erosion. The usual
Reducing the impact of the raindrops on the soil surface; nnual crops may . particu - ) !
: . s . . : - i for seedbed preparation - buries
Preventing the s t of soil aggregates; ~Sequence _p1ough1ng and disc harrow1ng_ e D
Increasing th: iﬁ???iriﬁ?aﬁngagg53?”&2%23 1ntgothe ggii? tant residue and Tleaves a bare fine-grained topsoil. The structural

i § ; tability of the aggregates may also be reduced, causing drying-out in the
Reducting the flow velocity of the water running off over the surface. op layer and crust formation. The infiltration capacity of the $oi1 is
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reduced and run-off begins more quickly. The infiltration capacity may atso pp. &8.

be reduced by the formation of less permeable layers in the profile by
traffic or some tillage operations. A thin ploughsole may he formed by the
smearing effect of blunt or incorrectly adjusted ploughshares and the weight
of tractorwheels in the bottom or of heavy disc {mplements may produce a
thicker compacted zone. In such cases the layer above that zone wil} so00n
become satured under heavy rainfall and this ‘"mud" layer can easily be
eroded.

There are a number of ways in which suitable tillage operations can help to
control erosion:

- An adapted tillage system where as much crop residue as possible is kept
Mear or on the 5071 surface as a mulch. This can be achieved by using
implements such as chisel ploughs, sweeps, etc. The factors favouring this
system are the large proportion of crop residue left on the surface and the
ability of the implements to break up hard impermeable layers {pans), thus
improving the infiltration capacity.

The practical difficulties of this system are the amounts of plant material
(which block the implements) and the sowing of the next crop {suitably
adapted sowing equipment is necessary). Sufficient amounts of crop residue
must also be available: at least 3 to 4 ton of material per ha to ensure
reasonable protection.

- Very careful consideration must be given to the use of subsoilers for
erosfon control. They can pe employed to break up compact impermeable
layers but require considerably more power when working at depths of over
20 -~ 25 an. A single subsoiling operation sufficient to destroy existing
{natural) layers may be economical but repeated use as a  primiry tillage
operation is questionable not onty because of the high energy censumption
but also in view of the possibility of recompaction. A subsoiling
operation is not effective when the subsoil is moist.

- Suitably adapted tillage systems may also be useful for cutting the time
required for the operations. The period during which the soi] s exposed
to the weather can be shortened if the number of passes with tillage
equipment 1is reduced. For example, the time during which the soi] remains
bare is shortened by combining primary and secofidary tillage into one pass
{or possibly even combining with sowing: see Chapter II.8) although the
tillage intensity is maintained.

- The extreme form of adapted Ytillage" is the no-tillage or direct drilling
system whereby the surface is opened only for the purpose of placing the
seed. This system is highly effective for controlling erosion and has
received a great deal of attentien throughout the world. It will be
discussed in chapter I11.10.
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