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Subject III: Agro-sgosygtems: land-use planning with special
’ reference %o _infrasiructure and regionai plenning

"III.t. ngargl characterisation of arid end humid aistems;
irrigated and rainfed technologles .

IIT.1.1s The geographical delimitetion of the tropics

'III.1 110 Climatic factors as_a basls for g differentisted
) gupdgviuion of the tropiocs
Starting from. the general definition of the climate given by
- PHILIPFSON (1933), who by climate understands the essential
atmosphorio phenomena at a place on the erath's surface, this
term covers different spatial orders of magnitude.

-a) The macroclimgte, the overall climate of a region uwsually s
large geographic area, is determined by the proeesses taking plzce

_ in the higher atmogphere and, above all, by the differences in
the. conti;uration of the earth's surface over a ldrge srea, It
oenpriuc- large areas such as countries and continents with
olimatio paculiarities and is used for the division of the sur-
rloe of the earth 1nto climatic zones,

" b). The mesoclimate, terrain or local olimate. ie governed by the’
.« looel pcculinritioa of the earth'a surface, oapeoially of the
‘velief with different altitudes and slopes and the direction of
" the slopes. Theme factors exert an influence on irrgdiation and
" thus on temperatures, atmospheric humidity and air ourrent as well
as distridution of precipitation so that remarkable olimatic
. differsnces may develop even within narrow limits, These factors
exercise an 1nr1aenco capecially on the growth of the planta.
The macreclimsate euperimposes the masoclinnte.

o) The piorociimate, the local climate of a given site or habitat,
inoludes the olimatic peculiarities of the air stratum immediately
‘above ground on & small ares such as s forest, a herbacecus soil-
covering or a field, The different climatic elements are deter-
mined continuously and usually not summarised in the form of

mean values. Here, everything depends on the determination of the
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variatione and extremes of the climatic elements which are
decisive for the growth of the plants,

Climate 15 defined as the méan condition and the ordinary course
6f the weather in a given place or site. While the climate usu=-
ally remains constant, the weather phangea continnously.

The problem of the representation of the climate is assooiated
with the compilation of the weather that 1s continuously changing
and the individual meteorological elements intc an overall pioc-
ture., KUPPEN (1931 ) definea the main conastituents of the climate
as radiation, heat, atmospheric pressurs, wind and water content
of the atmosphere and the climatic elements ss the mean air tempe-
rature, its arntal and daily pericdic as well as 1te mean non-.
periodic veriations, and the abmolute marimum and minimum of the
air temperature,

Climatioc factore are, sbove all, the geographic letitude, the-
elevation and the nature of the support on which the stmosphere
reats, 1.6, whether it is so0lid or liguid, its inclinaetion
towards the horizon and the kind of vegetation or the cover of
snow and ice on this support, the dependence of the wind on the
pressure distribution, the radiation and air temperature, ' This
resulte in a complicated concatenation of cause and effect which
oannot be surveyed easily and which normally cannot be aubjected
to exact oalculations. XUPPEN (1931} also points out to the
variability or inconstancy of the individual factors of the
weathor in the various reglions of the earth. He thinks the causes
of the latter to be the occurrence and migrations of high and
low atmospheric pressures undér the moet different conditioms of
radiation and the changes in the wind directions and wind velo-
cities, While in the tropics the temperatures are relatively
. constant, exiraordinarily great differences ¢cour in precipi-
tatione in the individual months and years due to. the above-
mentioned faoctors, Therefore, the living conditions for the na~-
tural vegetation and the cultivated plants may be quite different
within na»wowr 1limits while their causes are to be found both
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in the ¢climate sg & whole end in the mineral nuirient supply

" of the aoils. From this, BLUTHGEN (1966) draws the concluasion
that any climate of any place on the earth as well as that of

any part of a country as & whole repregsents an individusl which
is not repeated. There are, however, comparable similarities inherent
in it, both with respect to effects and development, whioh give
oocasion to an abstracting typification, In any csse, a classi-
‘fication and arrangement which are easy to survey are raquired
‘althouzh we know that an arrangement or subdivision into eclimatic
- zones which will meet all points of view cannot be presented.

The criteria uged are discussed in literature esﬁecially with
reapect'to the division of olimetic goneg end the associated
problema of the course of the limite of these zones.

Due to the fact that the Interrelation between climate and

- ¥egetation snd its association with the site are known, frequent-
1y the vegetation is used as an indicator for site properties
(TUXEN, 1935; ELLENBERG, 1956; end others).

For a subdlvision of the plant cover into natural zones of vege-
tation, the heat aﬁd water condltiona ere¢ of paramount importance
which, in outiine, are determined by the macroclimate and, in
detall, by the mesoclimate and microclimate., Frequently, problems
of the spatial subdivision of the vegetation ara studied in order
to obtain the delimitetions of climatic altitudes (TROLL, 1956),
Altitudes in mountainous regione frequently can only be character-
“ ised climatically by the change in the vegétation belta which
mirror finer differences in the climate of the terrain. That is
why the most differentimted representation of the various tropical
areag was developed by botaniste; an example 1s that of Africae’
prepared by KNAPP (1973). It ie not possible, howsver, to provide
coincidence between a representation of the ¢limatic vegetation
beltas of the tropice with a preeipitqﬁion nmap - not even if the
-number of months with precipitations 18 used in the plece of the
annual amount of precipitation. Therefore, the arrangement prepared
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by JAEGER (1945} seems to he sultable for demling with

gqueatione af the asricultural land-use in the troplce because

it lars-ely complies =ith the requirements of clearness. 1t is
based on the duration of the rasins end droughte. In representing
his growth ~limnte zones, JAEUER etarts fra- the Tast that the
range of the troplics extends from the raln foreat to the desert,
frox the continually molet tropics to the constently arid areas,
while the prtural verpet~tion is modified acrordin~ly “Jepending on
duretion and abundance of the raing. ‘he climatic trargitions,
however, are not provided in definlely delimitated steps but
gradually In a way which NANSHARD (1968) tried to represent
graphically in a simplified form (PFig. III.7 -1). -

These growth climate zones of the tropice heve been generally
accepted +nd form the noint of departure for ferther discubgions
of suesetions of agricultvral land-usze,
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On the variability of the precipitation distribution and ite
'effecta on the avricultural production

Of the natural site factors for the agriculiural production, the

goil with ita properties, the thermal and growth-climatic condi-

. tions and the hygrlc annual balance 1ie of paranount importance.

In this connection, ACHENBACH (1981) points out:t "While, in a long

genetic processy the soil has become a subatrate with almost in-

variable physicel, chemical and blotic propertles, the agricultu-
rel utllipation of a site must take into account the permanent
variability of the climatle elements.”

Ag to the variability of the precipitation, KUPPEN {1931) mentioned
already "that, in contrest to the uncommon constancy of the
temperature, the rainfall shows very great and disastrous
differences hetween the various years in many reglons of the
tropice and subtropice." - It ie not the amount of moisture to
be expected as the annusl mean but the reliability and sessonal
dietributicn, the variabllity of the molsture avallable snnually
and monthly thet becomes the decisive factor of land-use,” '
KEPPEN (1931) ascertained that, for the entire earth, the ratio
" of maximum to minimum of the annual emounts of precipitation
shows the following velues as the result of studies conducted
over a period'of 30 to 50 years:

. Amounts of -annuel precipltation Minimum to maximum

200 to 400 mm " 4.4 times
400 to 600 mm ’ 3.3 times
&GO to 800 mm 2.9 times
1,000 to 1,300 mm 2.4 times

over 1,600 mm . 2,1 times

Other values are given by BRUNNER (1981) for the troplce and
sobtropice:
Amourits of annual‘precipitation Veriability of

preclpitation
100 to 250 mm ‘ 0%
250 to 500 mm 15 t0 40 %
foc to 1,200 mm ‘ 15 to 25 %
1,000 to 1,500 mm ‘ . 1¢ to 20 %

rore than 1,500 mm _ helow 10 %
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Annuat rumfau as %, of 1961-1970mean
x40 * 180"

+

L0~ 49 = o 150-159

50-59 = - 140-149

60-69 "~ + 130-139

70~79 ° * 120-129

80-89 - + 110-119

on-98 * 100-109
: [ -

1957

Fig.ll.1.2. Annual rainfall as ‘/. of 1951 till 1970 mean
The above maps have been compiied by AT.GROVE {to ucmpcny the paper
‘Desertification in Africa’pp.33-45 above. Acknowlegments for assistance in
their preparation are due to Mnss PA MORGAN and Mr. A. CHADWICK.
AT GROVE, Cambridge 1973
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. These two tsbulated statements and the representation for the
Sahel ébne of Africa shown in the illnstration on the previous
page (Pig. ITI.1. -« 2) mirror the same conclusions, namely,
the lower the average amounts of precipitation over a period of

“meny years, the greater the varisbility ox the deviations from .
the long-term average values, This fact exercises not lnaignifi-

* cant influencea on the entire agricultural production. The varia-

bility increases the risk of cultivation and influences the crop

yields, Seasonal droughtes reduce the possibilitles of culti-

- vation while the ylelds are reduced by increasing droughts.

.

In the. long run, such a risk limiting cultivation causes a nega~
tive site devélppnent which leada to the so-called "agronomic

dry boundary”. Studies conducted by ACHENBACH (1981) showed that,
in accordance with the specific temporel and quantitative re-
quirements for moistiure of the individual cultivated plante, any
useful plent should have 1tq individual dry boundary, specified
on the basis of thepe considerations. The term "dry boundary" as
a collective name for the limit of cultlvating non-lirrigated field
‘crope. should be ohecked for this reason. In spite of this re-

. striction of the predicative value of long-~term mean-val ue state-
ments , detaila of the distribution of precipitatione including
daily proeipitations are unfortunately not always available. The
example of the weather-station of Agrigento in Sicily will
1llustrate this problem:

{. average value of the station over

" a periocd of many years . 508 mm

maximum rainfall : in 1957 - 899 mm

minimum rainfall in 1922 187 mm

Yeara with amounts of precipitation which horrespond‘to the
calculated mean shown in the following illustration (Fis. I1I.1, - 3)
are seldom, Years with the lower pxecipitations prevail,

A shortaze of water of a long durgtion ig fraguently followed
" - by an enormous excessive supply of water as is. indicated in
the illustration by Agrigento (Fig. III,1. -4). This weather-
stattion measured a rainfall of 336 mm within 13 hours,
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FigML 1.4, Intensities in AGRIGENTO on 27 and .28 September 1971
Source:own colculations by Ann. Idrol. 1972
Source: BAKE,G. (1881}
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Similar data are available froin other regions; for example,

in 1966, in Coba m rainfall of 900 mm ocourred within 3 days

with an annual precipitation of 1,300 mm or, on February 16, 1983,
in a season when no rain falls in Cuba as a rule, 113 mm of rain
£e11 within a few hours (tornado - oyclone), When long-term mean
values are tgken as a basis of precipltation digtrivution for
characterising typical tropical and subtropical zones, then the
faot should not be left out of account that conmsiderable dovin»
tions from the mean valuee are not out of the guastion. These
facts must be token into consideratlon by the agricultural ‘
production, In this connection, we refer tg the Table on page 14 a.

5 .

ITI.1.2. The natural conditions of production in the
owth climste zones of the tropic ’

I17.1.2.1. The evergresen tropical rain foregt

Prineipally, the tropical rain forest im restricited to the equa-
torlal range from 1Q° of northezn to 10° of southern latitade,

‘As to its extent, it is subjected to irregularities which are -
caused by the influencee of the monecon winda. Under these con-
Qiiions, e diesplacement of the rain forest belt bas beon'brought
about, Thus, in parts of India and South China, the tropical rain
forest can still be found at 23° of northern latitude up to the
tropiec - on the other hand, dry monsoons cause an omission of

the zone of the rain forest cloue by the equator.

As to the distribution of the tropical rain forest, a distinotion
is mede between three main areas:

a) The entire foreat region of the Amazon which extondl,dp to the
eaut-siopea of the Andes. Territorially, it is the largest area
of distribution of the raln forest and situated mainly in South
hkmerica.

b) The forest region of the Indo-lhlaydn area and the bordering
parts of South-east Asia, the Pacific islem and North Ausiralla.
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Naturalrresourcee of agricultural production 1n the tropics

"Types ' ‘Rainfall . Vegetation
1. Tropical '_ - moré than'1,6607mm foreat
rain forest . 12 to 9.5 months humid

0 to 2.5 months arid

2, Moist eavenna - 1,100 to 1,600 mm forent
' 7 t0,9.5 months humid woodland
1.5 to 5 months arid savanra
3. Dry pavanna 1,100 mm to 500 mm bush ssvanna

v 4,5 to T monthe humld gress savanna
5 %o 7.5 months arid —

4. Thorn savanna 500 to 250 mm thorn bush.
' ) 2 to 4.5 months humid grass eavanna
7.5 to 10 monthe arid - sucoulents:

9. Semi-desert 250 t0 50 mm - thorn bush
’ 1 to 2 monthe humid grass savanna
0 %0 11 monthe arid succulents
6. Desert . 0O to 50 mm ‘ .
¢ to 1 month humid . - vegetation

11 %o 12 monthe arid

.



- 15 -

o) The forest region of West Africa extending from Sierrs Leone
to Nigeria with branches to Central Africa up to Lake Victoria.
Here, the rain forest parily extende only between 1° and 8° of
northern latitunde.

Apart from these mein areas, the evergréen tropical rain forest
is only found in the form of scattersd areas on slopes of momn~
tain ranges, e.g. in East Brazll and in East Africa on the alopos
of the great voloanoes,

There are no well-dgfined boundaries between the tropical rain
.forest and other troplcal forest formations because the neighbour-

ing eress show transitionsl forma, !

High and almost constant precipitations end high tempgratures
throughout the year are oharacterimtic of the region of the
tropical rain forest, The ennual smounts of rainfall sre more than
1,600 mn while amounts of 10,000 mm may fell on the Hawalian
Islands end up to 17,000 mm in the mountainous country of
Bangladesh, the region with the heaviest preclpitation in the world.
_ The ‘existence of the evergreen troplcal 'rain forest depends to
g -amaller degree on the quantity of rainfall and to a mach higher
degree on the distribution over the whole year. In general, the
- raln forest is restricted to regions with maximum two dry months
while months with less than 100 mm of rainfall are considered as
'd!’!lt_ - ’ . ' ) : ‘
The réind-uaually fall in the afternoon in the form of short
thunder-ghowers which may aleo be prolonged into the night, Then
it will clear up sgein., In the morning, it is foggy and dull and
sweltering. Thg relative atmospheric bumidity is rarely less tham
90 % at 6 a.m. throughout the year, During the morning until noon
the sun shinds snd then rain will fell again or a thunder-storm
ocour, This course of the weather will remain almost thé same
throughout the year apart from differencea in tha quantity of
rainfall,

The monthly mean of the air temperatures is about 25 to 28 °C while
the maximum scarcely exceeds 30 °C, The nightly minimum tempera-
tures will scarcely drop below + 20 °C due to the intenee
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counter~radiation of the molst alr, The déily mean of the air
'temperature usually is snything betweemn + 24 and 30 %¢ - while
| the average variations per day are only 6 to 8 °C and they are
bhigher than the annusl variations which are below 5 °¢,

Ae compared to the open field of this gone, the climate in the
rain forest is more balanced .with emall annual and daily vari-
atlons o: temperature. This is due to a inhibited air motion,
This phenomenon usually is termed as "forest climate"; the
atmospheric humidity in ithe foreast is 6 tu 12 per cent higher
" than that in tha open field.

Heat and atmospheric humidity favour a deeply penetrating chemlcal
weathering. Clay hydratee more or less coloured red by iron

- are concentrated in the upper layer of the soil. In general,

there are no stones In the rain forest. Bocke may only be found

on the banks of rivers sub;eoted to heavy ercsion, on gteep slopea
hollowed from below or in steep slopes of broken ¥ock.

Outward appesrance

As the name indicates, the evergreen tropicel rain forest ie
evergreen., Although a certain rhythm in the shedding of leaves is
giver, the individual gpecies of trees shed their leaves at
diffcrent times. There are species which never shed their leavep
while other species shed them every three to six years or at -
irregular intervals. The evergreen tropical rain forest 1is charac-
terised by multi-layered "vegetation storiea” which may comprisc
three to seven vegetation layers one upon anothex. .

a) The uppermost or highest layer is represented by ‘lofty troes,.
the"virgin forest giants™, which reach a height of up to 40 and
even 60 metres. ‘

'b) The trce layer proper with heights of 20 to 30 matrea.
¢) A shrub lyer which mainly consigts of young trees,

" d) The herbaceous layer - yhich frequently is not developed-in
the rain forest because the amount of light required for its growth
.is miseing so that the'numper‘or species im largely reduced. Instead, .

)
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a large numbé& of'speciea of twining plants, parasitic plants
such as llanaas, lichens and mosses are existing on the trees.

e) The grass layer - which is neérly completely absent due to the
lack of light so that usuzlly the bare soil ie present which may
be covered by organic material subjected to decompesition.

Studies have ghown that, due to the small ewount of 1ight incident
upon the ground because o¢f the multi-layered storles, a narrow,
gselection of species takes place In the vegetation layeri close”
by the ground becauase only 1 to 0.1 per cent of the light incident
upon the forest penetretes through to the ground surface (SCHMITI-~
" HISEN, 1961).

Another pacuiiarity of the rain forest mre the buttress roots which
are qulte fipquently found. They offer the necessary lateral support
to the lofty trees for their high growth, Due to the high ground--
“water teble, thege species of trees normally do not possess a deep-
reaching syatem of roots, a fact which frecuently leads to root
competition. Another peculisrity of the tropical rain foreet ia the
catliflory of certein trees,e.g. cocoa, Luxuriant growth of the
vegetation inecluding a large number of species of trees forming

the tree layeraris typical of the troplcal rain forest. KNAPP
{1973) estimates that sbout 2,000 to 3,000 dgpecies of plants are

to be found in the troplcal lowland rain forest of Africa. The
number of speclies ig different in the variouns elevatidn levels

and decreeses with increasing height. WALTER (1970) reporis that
aboutt 40 to more than 100 species of trees are found on a hectare
which mostly belong.to different families. The age of the trees

can only be determined with great difficulties because amhnual rings
are missing. Assessments on the basis of growth messurements

shpwed. that there are trees having an age of 200 to 250 years.

The continuous canopy formed by the natural vegetetion bresks the
jmpret of the heavy rainfall., The forest inhibits denudation but
not the washing effect of the rain-water seaping through or of '
tho goil water in the form of ground water flowing through. The
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The mud of the rivers and the deposite in inundated flat lend
ghow that, under the tropical rain forest in apnnection with
flowing and creeping motions of the soll, a considerably erosion,
a removal of soil, takes place under' the surface of the ground.
There is an excesaive supply of water in thise Zone, & narrow
network of waters and rivers abundant in water.
/ '

A special form of the tropleal rain forest are the mangrove fcrpata..
Thegse are formed by maritime trees or shrubs, of the evergreen
type, growing on salty and brackish-water coastal swamp at the

" mouthe of rivers on the mea shore. These forest form an almogt
*wpenetreble thickets in which trees ¢sn reach helghts of any-
thing between 5 snd 20 meires. When lnundsted by tidal flow, only
theltrae-topa project from the water - in the case of low tide,
the lower parts of the trunkes with prop roots or respliratory roots
. project from the mud, A continuous belt of mengroves will only .
develop in places where the surf is relatively week. Thim is the

" case on the South Chinese coast up to Canton, on the shores of
Ploride and Cuba, on the south cosst of Iran, snd in the deltes
of Mekong and Ganga., A distinection is made betwaen various groups
of species of mengroves. . N '

IIT.1.2.2.
The moist savenna belt

Savannas belong to the scenery of the alternately moist tropics
with raine and droughte of different durations, uniformly high
temperatures but no frosts. Between the various savanna types
there are numercus traensitions whose boundaries cen rarely be
indicated execily in the landscape.

On elther side of the equator, the belt of the moist savannas is
adjacent to the tropical rein forest while ithe transitions between
rein forest and moist esvanna are fluid. According to KUPPEN
(1923), this zone 1is included in the tropical rain climates of
‘the inner troplics and characterised msa “subhumid", The regular
change from the raing to droughte is cheracteristic of thie type

. of lendscape, ‘he authors give different data on the duration of

i
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the rains and droughte. In the discuesion below, we refer to
the generally accepted representation according to LAUER {1952)
and JAEGER (1956), These two authors give for moist or humid
savannas a rainfall distribution which covers 8 to 10 humid
months and 2 to 4 arid monthes per year. The amounts of rainfall
are between 1,600 mm and 1,700 mm, '

The outwafd appesrance of the humid savannas 1s characterised by
the presence of hydrophilic woods; still present forma of the

rain forest and monscon forest, evergreen coastal and galeéry forests
and transitions to grassland, If, during s period of 2 to 4 monthe,
there is s ceriain shortage of rainfall, e lack of water for the
growth of the plents will not occur becauge aufficienj moisture

is conteined in the soil ensuring favoursble conditions of growth
of evergreen foreats and herbaceous and grass formstions, A atorage
of water by the plants (succulence) does not take place becauss

the plant roots ususlly reach the ground water even during the
drought. oo

In,the humid savanne, we find continuous forests havihg a helght
of growth of 20 to 30 m including the monsoon forests of South-eest
Asia, there are the lower savanna foresats having s height of
growth of 6 to 12 m, grags savennas including individual trees,

" and evergreen grass savannas, Where growth of trees oceurs in

the humid savanna, it is not uniform. A great number 'of variations
ia possible ranging from evergreen, high foreats including many
specles through to the species of trees shedding their leaves
during the drought. When the tree layer or individual species of
trees shed thelr leaves during the drought, then evergreen plants
are gtill present in the understory and in the herbaceous layer.

Yoist foreat strips are distinguished from the following landscape
formations by the fact that they cannot be cleared by burning on

a large scale in order to turn them into usable land. During the
drought, people try to cleer areas of the transitionsl region by
burning. After the destruction of the plant cover, secondary forma-
tions such as bamboo and several metres high hard bunch grasses
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develop. The numbérs of species of the leafy mixed wdod decrenses
with incressing diastance from the equator. Not infrequently, damage
due to erosion oceur in hesvy rainfall, especially on alopes.

A% preseni, the moist ssvanna belt is primarily used for erop
farming. The typical form of land-use iz raein-fed cultivation,

I11.t.2.3. The dry savanna

The zone of the dry savanna is. a small belt, 1.e. a belt of limited
.width, situsted between the moist savanna and the thorn savanne.
The dfy savannes renk amongst the regions of the alternately
humidlsrid tropice and are called "seml-arid®., Batwgen molist
savanna end dry savenne, the Penck's dry boundery is situsted
whith 18 besed on calculstions which results in a balsnce between
anpual amount of precipitation snd monthly evaporation (preci-
pitation = evaporation). JAEGER (1945) found for Africa this
boundary to be 8 humid months withk.about 1,100 mm of rainfall

and for South America %o be 7 to 6'/2 humid months.

Lerge areas of the dry savenna are found in the Zambesi basin,
in the pouthern part of the Sahel zone, in East Africa, in West
Madagascar, they form & belt ranging through India, and are
situated in northern Auetralia, in perts of Mexlco and Brazil.

According to TAUER (1952) and JAEGER (1945), ereas with 4 to 8
humid monthe end 4 to 8 arid months per yesr are called dry
savannas. The precipitetions amount to 1,100 to 500 mm (accord-
ing to ANDREAE (1977) to 600 %o 300 mm!)},

The character of the landscape is distinguished by trees growing
at a more or lees wide spacing 80 thet, frequently, it ia.compared
to orchgrds. A typical feature 1s the grass plain with 1 to 2 m
high herd-leaved grasses which,however, do not form s continuous
grass cover,. '

The tree formations moinly belong %o the deoiduous-dry-foresta
which reasch a maximum height of 5 to & metrems, They have short
trunke of hard wood with wide tops which become green during the
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rains. Another iyplcéel representative of the dry savanns 1a the
baobab which deterinines the character of the landacape,

Aocording to VAGELER (1955), in the dry savanna, the lignecus
plents frequently recedes into the background. He thinks thie is
attributed to the impermeable clayey soll present over 1arge
areas which, during the dr¥ought, prevenis water from getiing

" into the deeper aoil layers., During the rains, air 1s lacking for
the deeper root layers and, as a conabquenoe, tall grasses thrive.

all the betier,
|

Particular types of the dry savanna landscape have special namest
In the south of Africa there 1g the "grass-woodland”™, open woods
where the trees have umbrella-like tope and grass is growing
which aie called "miombo". In Farther India, teak forests (Tectonia
grandis) and sel forests (Shorea robusta) are found., The Indian
plants including Dipterocarpus and the Mimosa trees including
Foberoulatus are typleal of the dry savanna in Burma; various
acacia.gpecles inoluding the gum arabic tree are found in Africa
both in the dry savanna and in the thorn savanna,

While rainfall decreasses in the area towards‘the thorn savanna,
the trees increassingly develop thorns. The growing of thorns

and ‘the succulence {Julciness) are features of plents indicative
of the fact that they adapt themselves to the dry weather. Hers,
leaflees ligneous plants with succulent trunke and succulents
having the shape of chandeliers and growing to a height of 10 m
are the outstanding features of the landacape.

The plante are evergreen on river banks with galery forests, in-
gullies and basinsg of wells and in areze where the ground-water
table is high, '

II1.1.2,4, Thorn savanna *
On both gides of the equator, thorn eavannas are adjacent to the
dry savannas and are included in the dry. climate of the external



o ‘ - 22 -

* The boundary between dry savannas and thorn savannse, the "agro-

nomic dry boundary"”, is considered to be the boundary for a rain-fed
. cultivation. For Africa, FALKNER (1938} ascertained 8 or 4 humid
months per year.

The reglon of the thorn savannas compriges areas with 8 to 10
arid months and an uncertain rainfall between 500 and 200 mm.

In older yublications, this region is alaoc termed as "thorn shrubd
steppe” X' (WAIBEL, 1933) and "horn bush",

The long season of drought cauaes the plants to adapt themselves
to the given natural conditions. The latier are characterised by
an extraordinarily intens golar radiation, high heat, great
variations between day and night temperatures and shortage of
water,

The range of the thorn savannas comprises large parts of South-
‘sast Africe and the Kalahari, the northern regions of the Sahel
zone acrose Africa, the sonthern Somalia and South-esst Ethiopila,
parte of North-west India, the Deccan, North-east Brazil, a wide
zone of North Auptralia snd parﬁé of Madagascar.

The lendecspe of the thorn savanna is colned by lishooua_planta

which occuar in the form of shrubs attaining a height of 1 to I m

and thorn trees with umbrella-shaped tops and growing isolated.

TROLL (1951) compiled the following features of this natural

vegetation formation:

- The growth of thomne is the dominant featura of the ligneous
plants,

- The plante atqro water, leaf and trunk succulence are dominant.

- Plants of different forms store water in their roots, .

~ In contrast to trees growing in other regions, the majority
of trees found in the thorn savanna have thin smooth barks
which from time to time become detached from the trunk in the

%) The term "gteppe® in the more recent literature 1s only
vsed for regions with a hot summer and ¢old snaps in winter
- that is to say, only for regions beyond the tropics,
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form of gcales and paper-like stripe (due tp this form of
growth, ei assimilation via the bark 1a possible).

- A refinement of the leaves of trees and shrubs in the form of-
pubdivimions of the structure of the leaf is typical.

- Cacti and suoculent euphorbias coin the landaoaﬁe whereas Iianag
and twining plants rarely poour.,

The growth of grass is scattered and its helght only 30 to 50 em,
The grass forme bunches of hard grass which sometimea are widely
‘apart. -~ They become green during the rains and dry up in the
long dry season. '

- Along wadis, the bed of gtreams in arid regions that is ueuslly
dry except in the rainy season, woods of the type of the declduous
dry forest are present. Umbrella-shaped thorn trees ocour in an
isolated manner which bear leaves for.a short time only,

'The gone of the thorn savanna is primerily used for pasture farming.'
In places where river or well water ia availsble, 1rr1gﬁted arops
are grown. * ’

III 1,2.5. Semi~degeris

The lergest desert reglons of the eerth ere in the trades climate

of the horge-latitudes., They for a dry belt over which the dry
tredes blow, This region 1s amongst the dry climates of the externai
tropiog and congidered fully arid..

The largest sreas of distribution are the demert zones of Rorih
Afrioca (Sahara) and Arabia, large depert areas are situated in North
America and southern Californis, 1n Colorado,North Mexico and
Arizons.On the southern hemisphere, the Atacema is found in North
Chile which extends almost to the equator, in South-west Africa the
Famib and in Australia the great Australisn degert. The semi-deseris
are located about these large desert areas of the earth and are

. distinguished from the full degerts mainly by the flora. The domi-
nating forms of growth are dwarf shrubs, eémi-shrubs, small hard
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bunch gramses and suoculent plents ftrunk and leaf sucoulents).
The plant formstions appear in the form of points and frequemtly
grow at a distance of several meires from each other., The parts
above ground are smell and low - poscess, however, a deep and
far-reaching root eystem whose lateral extent also determines
the interépace between the planta. KNAPP (1973) states the
existence of 500 tc_1,000 gpecies in the semi~deserts of Africa.

_There are 10 and 11 erid months in the seml-demerts, the possibility

is given, however, that rainfall between 50 and 200 mm may occmr,
mainly in the summer months., These rsins, which only fall
exceptionally may, however, be g0 heavy that they turn the
otherwise dry wadis lnto torrential streams for hours. Plat land
is flooded while the water masses do not erode., The cause may

be the water-repellent effect of the parched ground. The rainfall
is gomet%mes‘so'heavy that. one violent shower supplies up to

25 per cent of the annual total precipitetion. '

It can be stated that, due to the extreme dryness practically
“through the entire year, an 1ntansifi€d gelection of the natural
vegetation tekes place end, compared with the thorn savanna,

a further stunting of the vegetation takes place while the number
of gpecies of plants is 'further' reduced. Parts of semi-deserts
are ussé by nomads breeding camels for pasturing.

1171.1.2,6. Full deserts

The boundaries between the above semi-éesert and the desert are
agein overlapping as it 1s the case with all geographic large
formations. In general, the degert is considered as that :angb
which 1s beyond the culiivated zone, i.e. it is not utilisable.

" 'According to other ideess, deserts should be called only such
reglbons which remain without any precipitation for a prolohged
period of -time, normally seversl yeers. LAUER (1952) eirtes that
the annual precipitations for deserts are less than 50 mm, In wide
ereas of this region, rain mey be wanting for a period of sev?ral
vesrs, :

EER——
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Différent though the deseris may be, one feature they have in
sommon, namely, the sdaptstion of the naturel wegetstlom to the
olimatic conditione. KNAPP {1973) ascertained 300 to 500 species
of plants still existing in the desert zone of Afriom. Nevertheless,
the outward appearance of the degeris is characteriged less by

the plant growth but more by the type of soll surface. Thus, a

. d4atinction is made between the various types of desert, namely,

rocky desert (hammada), pebble-strewn demert (serir}, gravel -
desert, loam dessrt, marl (dust) degert, sand desert, salt desert
and clsy desert. Different vegetation features sre characteristic
of the varioua regions. This vegetation hae been adapted to
climate and soil,

Due to the unrestrictad irradiation end emiseion, the daily
temperature variations are very high in the deseris. Por example,
in the Algerian Sshara, in Egypt in the Kalahari end in other
regions 1t reached 17 to 20 °C (Timbuktu) in certsin months,

.Consequently, night-froat may occur even in the lower latitudes

which may drop down to -10 °C in normal years, During the daytime,
temperatures up to +40 9 and more can bYe megeured in summer,

The air is usually very dry and the relative atmospherlc humidity
1s about 20 per cent. Due to the high temperatures and etmospheric
drynear, not infrequently the dreaded sand~storms with wind
velocitles of 30 to 35 m pér second occur in summer which gome~
times cause considersble damage,

In semi-deserta and deserts, an exuberant and multifarious vege-
tation exiete where there ie & water aupply furnished by local

. gprings or welle or by local seepage : or by water flowing from

& Oistant source either naturally or through artifiocisl

‘irrigation. These areas, {osses) are largely used for crop farming

{oday.
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ITT.1.3. The agricultural lend-use in the tropics

The natural "growth climate zones™ of the troplos with their
_epecific conditions of climate, water supply, soll and relief
offer quite‘differenf preconditions for the agricultural
production. In the following representations, the author tekes
advﬁnfqge of this érrangement (pee Pig. III,1. - 5) in order to
clessify the land-use in the tropice in three main groupe to
obtain s clear survey.

- Agricultural land-use in the homid tropioa
- Agricultural land-use in the alternating humid-arid tropics
= Agricultural lend-use in the arid tropics

The forms of 1and-use in the varioue mailn Zones are the subject
of the furthar zepresentationa given below.

IIT.1.3.1, Agricultural land-us¢ in the humid tropics
) 2

The full extent of the humid Vtrop'ica is. about 16 million km" .
or 10 % of the wolid surface of the sarth.

The traditional form of land-use is ghifting cultivation by using
hoes. With this way of cultivation, an area of maximum 1 to 2 ha
per family ara:primarily used for the production of foode for
gelf-pufficiency, and to a limited extent some products are
ocultivated as cash crops. The daveldpment-of the population,
especially in this region, calls for the transition to new and
more intense forms of land-use. This means dizengsgement from

- the traditlonal shifting cultivaetion by using hoes with & view

to producing more goods for marketing in addition to foods,

In the last few decades, the following main forms of land=-use
kave besn developed in accordance with the climatio conditions
of the humid tropice:

1. Shifting cultivation by uaing hoes

2, Shifting cultivation by using ploughs for tilling

3. Permanent cultivation by using ploughs and fertilisers
and with a shortening or omiesion of the fallowing period

4, Permanent cultiivation of tree and ghrub crops

5. Multi-atage cultivation of different crops and treea on the
*  spamé area

6. Irrigated farming of apecial ¢rops
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This ameries of cultivation methoda complies with the rdquirement'
of increaaing the crop yield per unit of area and, at the same
time, the labour productivity; 1t Lis not obligatory in any case,
however, because individual forms may be developed dcbanding

on the local situation.

Shifting cultivation by using hges‘in the humid $ropice

Shifting cultivation by using hoes 1s one of the oldeat forms ’

. of land-use. The typicsal feature of this way of land-use 1s

the eniployment of the most aimple agricultural implements such

as hoe, digging stick and macheis for harvesting. When using these
simple implements, it is herdly possible for a femily to farm

an aree which ie larger than {1 to 2 hectares. Thia area is usmed
for the cultivation of food crops for subeistence such as cassava,
batetas, yams, malze, rice and vegetables such as tomatoes, red
pepper, melons, aunberging, cucumbers and the like for a period of
3 to 4 years., Due ‘to rainfall throughout the year, a distinet
seeding and hervesting season is not given. Seeding and harvesting
‘are possible throughont the whole yeer, and the crops are grom
in a mixed manner on the very small plots.

With thie form of land-ues without sn application of fertilimers,
the yields decrease remarkably already after a short period, as
is shown by the examples given by NYE and GREENLAND (1960);

maize 1st year qr onltivation 100 & - fu11 crop yield
2nd year of oultivation 80 £ - of the preceding year

© “3rd yegr of cultivation 55 % - of the 1st year of
. T C ‘ cultivation

' maize 1st year of cultivation 100 % - full crop yleld
2nd year of cultivation 48 % - of the preceding year

cassava 1e% year of cultivation 100 % - full orop yleld
nd year of oultivation 65 % - of the preceding year

rice  ist year of cultivation 100 % - full crop yisld
md year of cultivation 65 % - of the preceding yesar|
37d yeax of oultivation‘ - 47 % - of the 1st year of
v ‘ cultivation ‘ .
rice 18t year of cultivatton 100 & - full orop yiold
" 2nd year of cultivation 25 % - of the preceding year
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Due to the reduction of the yield, the subsistence fermers clear

s new plot of land for reclamation; this cells for s great

amount of mannel work. For regeneration of'the'aoil fertility,

the plet no longer used is left sp falldéw land for 10 to 20 years,
end a wild growth of bush, shrub and grass vegetation dgveloya.
This method of farming is called land rotation.with bush fallowlng
in general while RUTHERBERG (1967) calle it "original crop rota-
tion" end ANDREAE(1977) "field-wood crop rotation". The term

of farming on the bagls of clearing by burning seems to be

inexsct because due to conslidersble reinfsll, clearing by
burning 18 not alwaye possible. The wey of clearing or land
reclamation.is not charascteristic of the overall cultivation, .

Lend-use by shifting cultivation by using hoes necessitates
the change of the ground plote while the residence is not changed
todey, es a rule. :

Due to the extraordinarily low labour productivity based on

the use of simplest tools, it 1s rerely pomsible with this waey
of cultivation to produce cash crops., In some cages, especially
where the territorial traffic conditions are favourable, bananss,
¢itrus, coffee, palm oll, pineapples or other fruite are produced
and offered in local merkets., Since these §roducts are cultiveted
by practicelly all fam@lies, sale is not gueranteed.

The result of such a type of farming is permahent lack of money,
Voney iz miseing for the purchase of consumer goode and all the
~more so for buying better means of production such ae tools end
implemente, high-quallty eeeds, fertillmers and plant protection
products. As & consequence, the living standard is'eitremaly

low, and there 1ie scarcely any chance for an improvement of the
materiel and socia)l situstion of the subsistence farmers under
capitalist conditions.

Thisg form of shifting cultivation by the uase of hoes, and shifting
eultivation in general, are only pomaible in thinly populated
regions because the cultivated areas requived are a multiple of
thoae areap\gged in permenent cultivation, '
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Shifting cultivetion by using ploughs in the bumid tropiocs’

A higher form of lend-use is shifting cultivatlon by using
‘pPloughs, & method which is defined by the author as g larger
area on which a maln crop grows and which ie farmed uniformly,

: This method of shifting cultivation is based on the use of

the plough or other tillage-equipment drawn by animal or
motorised means of traction. When using thias equipment, larger
araeas of land can be farmed and more producte marketed than

in shifting cultivation by using hoes, Shifting cultivation by
using ploughs ensures g better field rotation which can inhibit
‘an sarly impoverishment of the soil.

This method of an organised shifting culiivation c¢alls for
bigher expenditures of capltal for drsught animsle or tractors .
but 1t enables several harveats on larger areas in a year'uhder
“humid conditions, A problem remains the risk of erosion due
to violent showsrs, Therefore, carefully ael'scted areas which
are not situated on elopes should only be used for this type of
farming. Crops suiteble for shifting cultivation of this type
are tropical root and tuber crope, rice, maize, pineapple and
sugar cane and the like. This form of land-use will only become
efficient with the traneition to theé permenent oultivafion of
‘field crops becaise the clearing and developing operations repeat-
ed agaln and ageln and the costs aasociated with them will then
be omitted,

.Permanent cultivation of field crops

Due $o the rapid growth of the population, also in the countries
of the humid tropics, land ie no longer avalladle in an unlimited
measure. The traditional methods of farming of ehifting cultiva-
tion by ueing hoes or ploughs, which were largely adapted to the
natural ecological conditions, are extensive with respect to ‘

the land requirements and involve high expenditures of labour,
That is why many scientiats end governments cell for the sur-
mounting of the old forme of land-use, Instead of the traditional
way of land-use, modern methods baséd on the use of agricultural
machinery, fertillsers, qlant protection products and high-quality
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seads ghould be used in order %o ensure an increased coﬁmodity
production, '

Studies and investigations conducted in the last few decades

heve shown that the permsnent cultivation of fleld crops 1is
poesible under humid tropleal conditions. Althongh the mejlority
of femilies employed in agriculture comduct land rotation farming
because of the lack of material preconditions for other methods
of farming, ‘the examples show that permanent cultlvetion is
economically justifisble provided certsin smounts of capital

are invested. ' :

The courses prusued for the realisation of these alms are quite
different. In recent years, state lerge-scale projects have been
trenslated into reality in various countries of different sooclal
orientations. Governmenis have developed large lands, which

were cerefully selected in order to obtain relatively thinly
populated areas so that conilnuous exeas having a size of several
hundred hectares can be provided. Sometimes, 0ld settlements

are included in these brojects. The former land users recelive
land in other places, usually in marginal situationse. The former
subsistence farmers have the chance of being employed by the'
large-gcale farms, '

These large farme use modern technical mesns, For the levelling
operations, bulldozers end other equipment are employed. Plough-
ing is performed with the help of tractors snd trailed equipment,
harvegting by means of comblne-harvesters and other harvesiing
machines, depending on the erop in guestion. Yodern methods of
production are used in general. : '

e

Sterting from the rige in pricee for foods, that has taken plaéa
in recent years, a great number of private land owners have
proceeded to intense cultivetion. State machine stations were
provided for the reclamation of large areas which, for the

new agricultural entrepreneurs, clear the the land by means of
bulldozers, level it and perform the firaet ploughing opérationg.
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According to the principlea of farm management, these aress
are cultivated by wage workers and 'seasonal workers with the
help of modern technical.means. Only one c¢crop 1s grown, e.g.
rice or maize, and fertilisers are applled. The wages for the
agricultural workers someiimes have the form of fertilisers whioch
are used by the latter for their emall holdings. Some of these
- new agricultural entrepreneurs are active in saﬁqral villages
end, thus, manage large agriouliural areas where two eropa can
be harvested per year. '

This group of persons receives credita from banks - while

small holders have been considersd not to be trustwérthy now

as before, Frequently, these agrioultural entrepreneurs are

“corn merchants, administrative officials and other well funded
peraons‘who are interested in the utilisation of their capitsil.

And quite a number of "village chiefa™ have proceeded to the '
replacement of the traditionel form of shifting cultivation by
ueing hoes by a permanent cultivation of land (example of Nigerias).

In countries with socialiet orientation, the transition from
shifting cultivatiorn by hoes and by ploughs to the permanent
cultivation of field cropes 1s effected by the creation of state
pilot objects on reclaimed land or by unlting farmer into
cooperatives which introduce modern methods of production into
praciice with state assiatance and gradually within the soope
of the economie poeaibilities.

'
i

The permanent cultivation o: tres and shrub orops

The group of perennial useful plants, whose products are uti-
liged by the producer or gold, comprises the tree and shrub crops
such ag the coco-nut palm emd' the o1l pelm, the species of citrue,
_cola- - and mango trees, coffeo, cacutohouo, cocoa trees and

a greast number of other fruits which aometimen are only of
importance to the loocal region.

4 to the lang-uase. by theee tropical grops, there are no differen-
ces with respect to cultivation both in large-scale farming end
in small holdinga. In any case, the eoll is planted with. trse '
gnc¢ shrudb crops for a period of several years, : !
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The fact that lar‘ge-sbale ferming, cultivation of land by small
holdings and medium-pized farms as well as wild-growing or non-
utilised troe and shrub crops co-exiet ie characteriatic of

 the. preaent cultivation of ‘tree and shrub orops in the tropics,
‘Phe ptande and growthe of this and that form serve for the
maint-nance of the ecologie equilibrimm, their stands and growths
which are up to 100 years old inhibit erosiom,

Quantity and quaelity of the products to be produced are determined
by managemental pointa of view; in thia conneoction it is of
importance that, in racent years and in many placea, a purposive
1nstruetion of gmall holders for the cultivation of high-quality
products and thelr joint processing in the form of ccoperative
preparing and processing plantes has been conducted by state or
ssmi-gtate organisations in tropicel couniries.

In the last few decades, the frequently described "single-drop

" farming landscapes™ have alec changed. To an 1noreasing extent
and favoured by the siamte, a greater variety in tree and shruad
orops has developed in the form of mixed cropa, MANSHARD {1968)
reported of a combined alternating row cultivation of coffee and
papays in Rast Africa, of oil palm snd cocoa in West Africa -

of coffee, mango, avocado snd banana - of coffee and cola. In
ethiopia, the cultivation of coffes and cat is combined, in
South-eagt Asia, the cultivation of coco-nut palms with different
‘fruit tress. '

Such cultlvations, provided they are expediently arranged, also
énable the utilisation of slopes,which may be provided in terrsces
or not, that 1s to say, of areas which cannot be utilised for l
growing pérmanently certain field orops ox which can only be

used for this purposs under diffiecnlties. As to the water re-
quirements of individual tree end shrub crOpi, concrete data are
available (FRAFKE, 1982); these requirements can be met by
‘additional irrigation if the rainfall is insufficient,
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Muiti-gtoge cultivation

Another form of the more intensive utilisatiop of land is the S
multi-stagse éultivation. This neme iz used for the systematic
commen cultivation of several crops, namely, tree or ghrub crops
in combination with annual field crops or root and tuber c¢rops

on the same area. The individual crops are grown in rows, i.e.

in stageé'aomewhét regembling the natursl structure of the tropical
rain forest, It is the aim of this form of land-use to achieve

e goil covering throughout the whole year in order %o counteract
4he 1isk of erosion. ' ; '

Ry planting rows of trees across the most frequently cccurring
" wind @irectiona, the violence of tropleal istorms and downpours -

is mitigated and, st the same time, the striking of the rain
-upon annual field crops 1s prevented to a certsin extent.

In this form of lend-use, quite different eombinptions become
'possihle.' /Thus, o1l pelms end tropical timbers (including tesk)
-are planted sy the uppermost"astage", while coffes, cocom, cola,

citrue and other plants are grown &g another "atege“ - sometimes

plentations of benanas or plantalns are combined with maisze, pulee
crops or lucérne or with root crops in West Africa on larger

»continuous areas by sclentific test stations and training farms

ard recommended for practical application by them. A eystematic

cultivetion and t1llage by masng of ;ractora of the individual .

crope is pomgible provided the combination ie favourably selected.

Labour peaks can he redunced by this diveraification end soil

ploductivity and goll preservation are improved. This form of

land-use, which can aleo be used by large farms, complies best

with the natural conditione of the humie troples and will certainly

be propagated -further. ’

Irrigated fggmiug‘or-ageeggl crope .

. Irrigated farming cf speclal crope occupiee a special position in
 the huwld tropies, Although normally more than 1,600 mm of rain
fall practically throughout the whole year, the aress 1nvol¢edlare
additionally irrigated during the almost dry spells in order to
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engure two or three full orop yields, e.g. of rice. In this way,
the risk of cultivation is reduced, taking the variability ol the
rainfall digtribution into comeideration. In years or months

with sufficient precipitations, an addiiional irrigetion iz not
necessary as a rule. Since sufficient water resources are available
on. the banks of rivers and lakea, retaining besins and the liks,
additional meapures of irrigation can eagily be taken in the case
of need, depending on the waterrreqdirbments of the individusl
crope. At preasent, however, these measures are restricted to

special crops and speclallised farms,
]

III,1.3.2. mwm_mﬁw

' trogica
The alternating humid-srid tropice comprise the subhumid and
gemiarid regions on the surface of the earth with an exitent of
19.6 million km2 on 4 continents end 48 countries, The rainfall
is 600 mm on en average per year for the dry savannas and 1,500 mm
for the moist savannas. The natursl conditione for. the. agricul=~
tural production are charactarised by one or sevaral rainy Sengons.
The length of the vegetation périod is depending on the duration
end intensity of the rains. The domineting. form of land-use is
rain~-fed farming. The employment of human labour prevaile in the
field works, New forms of land-use have developed in this climats
region of the tropice in recent years whicﬁ are sssocipted with
arn intensification .of production. The forms of lamd-use in tha
alternatins humjid-arid tropics are a8 follows:

1. Seasonal shifting cultivation by using hoes

2. Seasonal shifting cultivation by uaing ploughs

3, Permanent cultivation based on ralny seasons and in combi-
. nation with animal hsubandry

4, Irrigated‘rarmihg of specihl crops

5, Irrigated farming in combination with animal husbandry

-
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Seasongl shift cultivation by us hoesa .

In contrast to the bumid tropics where shifting cultivation by
ueing hoes tekes place on areas cultivated with orops enabling
the harvesting of 2 to 3 crops becmuse of the high annusl preci~
pitation, tie sessonal shifting cultivation by uaing hoeg in the
alternating humid-arid tropics is dependent on the seasonally
‘different Jamountscf rain and their distribution. The limits of

a warranted cultivation vary from 400 to 500 mm of annual preci-
pitation for cultivated plents having low water requiremcnte

such as the millets to anything between 800 and 1,200 mm of

- ennual precipitation for msize, barley and tuber crope. Besidas
the various grain varietiss, 0oil plants such as castor bean plant
© and Besame, the tropical root end tuber crops and various species
of vegetable& are grown on the basis of the &easonal shifting
cultivation performed by the use of hoes, '

Tilling is performed by means of simple tools such dg-hoe or
digzing stick, Immediately before the‘onsét of the ralns, holes
‘are dug or plerced into the ground with ¢ifferent spacings -

up to 1 m in squares ~ into which the @eeds are put after the
first wettins. Sometimes, manual broadceating 1s performed. The
area for sowing is dependent on the number of family members who
take part in the hoeing and pleanting operations, and its eize
will hardly be more than 2 to 3 hectares. Apart from oocasional
wesding, no other cultiiating operations will be performed., The
use of fertilisers or plant protection products is not common in
this aimple way of land-use. When milk zipanesa is reached by the
cereal orops, frequqntly ewarme of birds occur which cause con-
eiderable dmege. The f1ight of birds is opposed by guards with -
noise-producing instruments of shot-gune driving away the birds.
Depending on the épeoiea of‘uﬁeful piants, the harvest is started
after 90 to 120 days. Since the kernels of troplcal cereale are
not shed, the hervesting pariod may be extended over a prolonged
time, , The crops are harvesied by cutting off and gathering the
ears, panicles and ocobs. Threshing is performcd by means of
erocked sticks.
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_vantages of this method.
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Similar to the situstion in the humid tropica, the-aeaaohal

shifting cultivation by ueing hoes calls for a change of the lend
- under oultivetion afier a few years becsuse the goil will fail

to produce the desired crop yleld. Due to the fact that the
rainfall 1s reduced es compared to the humld tropics, the

‘naturizl growth of grase and dushes 1s not eo sxuberant as in the

humid tropics. This facilitates the land rotation, on the one
hand, but 1ncreaaea the danger of erosion due to violeni showera
and wind, on the othar. )

w

Seagonal shifting cultlvetion by using ploughe

Seasonal shifting ouliivation of this type may be defined as
the fnfming of larger continuous aress by meens of draught
animais or tractors and ploughs and other equipment. For the
reclamation of land for thls purpose, in the past frequently
the method of clearing by burning was used because other
technical means were not available, In recent yesrs, this way
of lend reclamation has been ebandoned more and more and will
further recede into the background. Several governmenis have
issved a ban on clearing by burning in order to protect the '
natural resources of their countries. FRANKE (9168} points out
to the problems asscciated with oleering by burning ‘and the offecte )
of fire on the moll fertility end compares advantagea and disad-

In recent yeafs, new methode of lend reclemation have been used
which are based on the employment of bulldozers with pushing

blade, chain c¢learing and other equipment. It_must be taken

into consideration that shifting cultivaiion by ueing ploughs’

with a éultAVQtion'pariod\of 2 to'4 years 1is tollowed by a fallow- :
ing period of 1 to 6 years; during this latter time tlie natural
growth consiste elmost completely of grasses, herﬁs and shrubs

"which can be ploughed up or mulehed relatively easily., - -

In rocent years, seaaonal shifting oultivation by using plouahs
hes’ been subjected to changes in the methods of land reclamation

" but these have not been the sole changes. In the pagt,in the
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monscon regions of South-~east Aéia, water-buffaloes were used

ag draught animale in agriculture end, in less wet regions,
-cattle - oxen and bulls - for tilling whereas, at present,
tractors are also used for tillage in the slternating humid-arid
“tropios. In many cases, the reclamation of large tracts of land
and théir t1llage has only become poaaible'byhthe employment of
tractora, ) :

Since, during the drough because of ihe hardening of the soil,
t1llage is rendered dif?ioult or even impossible, the tilling

' operations must be carried out at the most favoursble tlme, that
is, &t the beginning the raine when the ground is wetted on

the surface and down to a ceriain depth. For t1lllage in the alter-
neting humid-arid tropics, implements should be employed which
crumble the goil, do not turn it or turn it slightly only but
mulch organic matter. Therefore, implements with disks or tines
- those resembling the traditionsl hock plough with iron $ip -
are particularly suitsble for tillage under these conditions.

A preliminary cultivation of the eoil after harvest ie proble~
matical because the mulched material ie quickly decomposed under
“the proia{ling climetic conditions eo that it is no longer
available for the new growth in ithe forthcoming season. The

gsoil will harden again until the beginning of the new rainy
geason, : ' :

Just like the optimum time must be observed for tillege, for
‘seeding only a certain period is availabdle. When moisture further
penetrates into the soil, tilling by mesns of animale or tractors
18 gearcely possidle because they will egink into the wet soft
goil. Water~huffaloes are an exoeptién because they have prooved
" guccessful in the wet soil as draught animals. -

The traditional methods of land-use with the help of draught,
animals 1s absociated with additional problems because after the
drought,; the animale are in a bed. nutritionsl condition and thefr.
performance is low, Therefore, tractors increasingly gain in
inportance for land ﬁeplamafion<and tiliage of large itracts of
land. Due to a mechanisation of the cultivation operatione and’



b

- 38 -

an improved tillage, yieids of maize were increased by 50 per
cent and thoae of groundhuta three times, as tests heve -ahown,
When ueing modern technical equipment in the slternating humid-
erid tropice, a second geed and harvest become poseible under
favourable conditions of rainfall, besides a reclamation of

large tracts of lend.’

" In order to atiain a quantitative and qualitative increasse 1n

the quotas of landfuae, the introduction of a system of crop
rotation which is adapted to the natural conditlons is necessgary
go thaet the years of fallowing can be reduced.

Permanent cultivation of field crogg in combination with
gnimal husbandry -

The transition from seasonal shifting cultivation to permanent

cultivation of field crope is not sherply defined end is in-
creasingly charactdrised by the introduction of a crop rotation
adapted to the climetic conditiona., While in shifting eultivation
a fallowing of several yeare is reguired for the regenaretion
of the hatural goil fertility, recently, field grass hee been
cultivated for several years instead of fmllowling on the basis
of scientific findings; thie grese ia sued for animel husbandry
as pasture or for the ‘preparstlon of hay or silage. ANDREAE ]
(1977) reports sbout crop rotations in Kenia where, after the
cultivation of ‘grass for three years, potatos and beans ~ wheat
snd barley followed. Instead of wheat and berley, pyrethrum

- and maize are grown. After three years of ley farming in Malawi,

tobacco - cotton - groundnut -cotton - maize are grown and then

-again ley or field gress is grown for another ihree years. The
. proportion of ley in crop rotation is between 33 and 50 per cent.

A similar rotation is yidely uged in Cuba whers, after the culti-
vation of sugar cane for several years, ley Is”g;own for pastur-
ing for a-prolonged period of time., When the soll is kept under
a plant cover }hfoughout the year, it is possible to counteract
the losa of humug, to limit the damege due to erosion and to ]
reduce the washing away of nutritive matter without the necessity
of keeping a wood or grass fallow for many yeara. Another point
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of view ahould alec be obaarvad. With grwoing population, an
increaaing proportion of the evailable ground must bc utilised.
When the areas available for grass or wood fallow are reduced,
then the regemerating function of the unused fallow can be
replaced by ley cultivation in the alternating humid-arid tropice.
In order to take advantage of the growing fodder, a close
connection with snimal husbandry must be established.

In more densely populated regions, where a fallow period is not
favourable for economical reasons, the transition to psrnanent
cultivation of field crops 1s effected by the applicstion of
mineral fertilisers. Tests conducted by IITA in Kigerie (Ibaden)
for a period of many years including the permanent growth of
maize on the same ares for 10 years and two ¢rops per year have
shown that it is possible to maintain the yisld potential of

the soil on the same level by the appliocation of fertilisers overy
a prolonged period of time. Therefore, the inoreased application
of fertilisers is abeclutely necessary for the permanent growth
of field cropes in the slternating humid-arid itropics.

Irriggted farming of specig) crops

Irrigated farming is more important in the slternating humid-arid
- tropics than in the humid troples. When providing irrigation
syetemg, it is possible to change the natural hydrologic condi-
tione in such a way that large areas, which were not used for -
agrioultural production beceuse of the unfavourable eonditions
-of rainrall. can be included in agricuztural prodnotion.

By a water supply. additional to the rainfalx. not only the water
requirements of the cultivated plant in question i ensured

but also a aupply of organic and inorganic matt-r"prpvidcd. rhc
latter serve for the nutrition of the plants and tho inprovenant

_of the soll. An incresaing soil salinisation ia problematical,

‘hovever. and 1t must be aolved in aecordanoa with the local
oonditions.
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Irrigated farming offers the advantage of achleving higher and
conatant crops in the region of the alternating humid-amd troplces.
The high investmenta for the ereciion of dams, pumping statione .
and 'for the conetruction of irrigetiorn canals cell for en
affective orgesnisation and management of the land-use.

Larger irrigated are=s in Africa are, among others, the Gezirs
acheme with the Mansgil sxtension, the inner delta of the Niger
in Mali, the Kilombero and Rufiji irrigation project in Tenzania
and projects in Ssmbis, Kenla and other countries, - Most of these
irrigation projects were initiated during the colonial period,
Apart from regions where irrigation farming already has an old
tredition (Sounth-~east Asia, North Africa and the Near Eas?),

the targcet was the production of producte which were of interest
to the colonial powers and found e ready market, Thus, the main
products of these irrigation systems were cotton, groundnut,
suger cane, bananas and other export crops.

After the political independence of these tropical countries,
the existing productiocn structure hes been retsined while &
grestsr diversifiocation has been almed at. A ¢rop rotation has
been introduced which is better adapted to the national needs of
the country in question, that is, more sttention is paid to the
oultivation of food ¢rops and fodder plante. Examples of this
are the Gezlra scheme and the Khasem FEl Girba project in the
Republic of Sudan.

Irrigated farming in combingtion with snimal husbandry

Begides irrigated farming which is mainly directed towards the
production of export crops, in the last few decades lrrigation
worka have been constructed in the alternating humid-arid troﬁins
where particular emphasis were placed in the development of
animal husbahdry already at the stage of planning. By a reduction
of the fallow periods ond the introduction of a crop rotation
adepted tc the local conditions, it has been possible to increase
the shpre of foder in the totsl production and fhus to develop
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the fundamentals of an effective animal husbandry. Thie form of
land-pse enables the utiligation of the soil ‘for the production
" of both plant and animsl foodstuffs, Various ‘Parms, sspecielly
thoge in the neighbourhcod of citles, specialise on the milk
production and, in accordance with this special produce, grow
. the fodder required for thie purpose on lrrigated areass. The
"~ cultivation of suech fodder plants as lucerne, green forage millet,
maize end fodder grasses is widely spread. State, cooperative and
private enterprises are well-lknown which have specialised on
this branch of production. Examples ere the Kuku cooperstive
plant and the private enterpribe of Belgravia-Dairy in the
Republic .of Sudan,

Irl.1,3.3, Agricultural lend-uas in the ar;d.reg;ogg

The arid reglons in the troplos comprige the thorn savannas,
gemi-deserts and deserts with a reinfall of leaa than 500 mm, -
They cover e toial area of sbout 25 million km or 17 per ocent
of the golid surface of the earth. :

The forms of land-use in the arid regions are restricted to
pasture farming and irrigated farming in sccordance with the
climatic conditions because arable farming without irrigation
is no longer possible, ‘

Yhe mein forms of land-use in the arid tropics aret

1. Pasture farming by full nomadism

‘2. Pagture farming by semi-nomadism

3. Stationary pesture farming

4, Stationary pasture farming with partiel atoring of foddey
5. Irrigation farming without animal husbandry

6. Irrigation farming with animel huebandry

Pasture farming by full nomadiem ,

The precipitation conditions and, thus, the growth of the natural
vegetation must be .congidered the most important preoonditions
for the territorisl distribution of pastoral nomadiem. The
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isohyet of 100 mm is in general considered as the lowest limit
of pasture farming « provided that, besides the moderats growth
of grsss, water places or river water is available for drinking -
water supply for the popalation and for the livestock. Between
the iachyet of 100 mm end that of 300 mm, the main area of

the camel breeders is situsted. Pasture land subjected to annusl
precipitations between enything of 200 and 400 mm are suitable
for gheep husbandry. Areas exposed %o rainfalls between 300 and
500 mm per year are used by camel, sheep end cattle breeders
a8 pasture land, Reglons having au annual rainfall of more than
400 mm end a relatively sxuberant growth of grass daring the
reins are particularly suitable for cattle breeding. Fer 100 mm
of reinfall, a growth of 1 ton of fodder per hectare is expected
in the form of dry substence (without underground roots).

The precipitations lessen with increasing distence from the

equator whil the variations of rainfell become greater, Vegetation
duration and vegetatlion density also become smaller. The main
vegetation 1is formed by drought-resiatant grasses and thorn buphes.
The water supply beyond the ralny meason must be ensured by making
avallable the réquired emounts of water for the animals. Pregnently,
the pasturing radium is limited by the absence of drinking water
for the herds. RUTHENBERG (1967) states that the maximum distence
of the pasture from the watering place is 80 km for cemels and

4 m for cattle.

Due to the etill prevalent mode of thinking and livipg of the
nomadic breeders who meke great afforts to poseeéss lsrze herds,

the livestocks have continuously increased during -the last few
decades sc that the rate of'stocking has become excessive. The
posseseion of livestock gtill today is the most essential criterion
of the social position and the personal reputation of a femily.
This aprlies to camel, cettle, sheep and goat breeders,

The commercialisation of the livestocks has been and still 1is
the utilisation of the milk and the wool. A minor role is played
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by the utilisation of the meat, hides and skins. Nomadic breeders
seldom sell or slaughter an animal. Formelly, tbé breeders do

not grow céreals; girce their food, however, consgists not only
of milk producte and geme which is hunted but also of grain,
every year a few animala only are bartered ageinst ceresls or .
sold. The distances from local ‘markets sometimes are very large
80 that breeders visit them only occasionally, one time or two
times a year. Nomadic breeders living in the vieinify of larger
places or towne are en exception., The still exlsting mode of
thinking and living of the breeders inhibits the developmeﬁt 9!
modern animal busbandry and iIts inclusion in and utilisation
within the acoﬁo of the national economy and the planned develop-
ment of the latter in these countries.

Pagture farming by semi-nomagdism

A gpecigl form of pasture farming is the semi-nomadism. Semi-nomads
are occesionally settled breeders., A distinction can be made
between two forms: '

a) During a port of the year, the family and ita herds are at
one and the same pasturs, When the fodder has been grazed down,
the whole family starts migrating to loock for new pasture
grounds,

b) A pért of the famiiy. namely, older members of the family,
sick persons and women with infants have thelr residence, The
other part of the family, usually young pecple and men go with
the herds to pasture ground which sometimes are far away.

As permsnent or temporary reeidences, banka of rivers and weter
place ere preferred. In these two forms of nomadiem, the people
grow millet or vegetables with the help of irrigation in the
vicinity of their domiciles to a moderate extent.

Nomadic pasture farming calls for a regulation of the right of
grazing including the obmervance of seasons for the. regensration
of the pastures. The consequence of an excessive rate of stocking
_ were dimasters which receantly have ocecurrsd in various parte of
' Africa. This should be prevented by educetional work and state
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measures. |

Experiences gathered during the seltling of nomadic breeders and
the incresse in the living stendard associated with 1t ag well
as improvements of the spcial and other living conditione have
phown that it easier to tle & part of the famlly to a certein
domicile than to 4$urn the whole family with their herds into

resident breeders or farmers,
- Y

Stetionary pasture farming

Stationary pasture farming célls for higher amounts of rainfall
end a better growih of fodder megociated with the latter, The
lowermoet 1imit for a statlonary paeture farming is oconaldered
to be more than 200 mm for sheep and more than 300 mm for cattle
per ennum, In regioﬁa where more than 350 mm rain fells per year
and the pasture is accordingly better, e mpeciallsation in ’
varions branches of production 1s possible (ANDREAE, 1977).

In contraat to nomadic pasturse farming, the pasture grounda of
gtationary pasture farming are limited by wire-fences or electric
fensces, and additionally the enclosed area la subdivided. This
enables & better control of grezlng, favoura the selaction foﬁ
breeding and a grouping of the enimels acoording to age groupe
and branches of produotion such as breeding, fattening and milk
production, In this way, oare of the pasture and in assoclation-

with this a better protection of the ground can be engured, The

erection of fences 18 not necessary in any ocase, however, 1f,
depending on the size of the avsilable pasture ground, super-
visién of the herds by herdsmen is ensured.

Stgtionarg pesture farming with addifional'atoring of fodder

Due to the high variability of “the annual precipitations and
their seabonal digtribution, efficient pasture farming calle for-
the storage of additlional fodder. The methods of making available
additional fodder during the period when the growth of forage '
1a restricted may be guite different. The simplest way is the
purchese of feeding stuffs auch:ae gorghum, straw, lucerne hay -
and other feeds from regiona where crop farming is prevalent.
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The quite diffsrent by-products obtained in the proceasing of
cotton, groundnuts, sesam and other crops in the form of pellets
or residues from sugsr cane processing alsc serve as additicnal
feeds, In regiona where possibilitlies of forage production
during or after the reany geasgon axiat fodder can be kept in
store in the form of reserve pasturea. The keeping of fodder in
gtore is favourable in any case in order %o avold a drop in
output during the time when fodder is scarce and to mitigate
drought disasters with high losseg of animals,

Irrigstion ferming without animel husbendry

Just like in the slternating humid-arid troplcs, lend is used

by irrigetion farming and the cultivation of special crops in

the arld troptos. Since, &8s a rule, no or very smell amounts of
rain are available for eultivation, irrigation of the aress under
crop must be effected durlng the entire year. If river.water 1s’
not svallable, the fired capital expenditure and the opersting
coptas will be coneiderably inareased by the operation of water
pumpa throughout the year. A profitable produciion will here only
be posaible by the oultivation of special crops such as vegetables
in the vicinity of towns or other c¢rops of particular importance
to the national economy. The production costs in agrisculture are
partiocularly high, for example, in Kuweit and Saudi Arabia where
procege water for agrigultural production 1e prepared from salt
weley, & procedure which entalle enormous coste. Another example
1s Lybia where in desert regions water is obtained from dcap—drillod
wells for agrinultural production. ,

Por the last-named forms of 1and-nsa.}nationsl—econoﬁio'pointu”
of view are decisive for production while considerations of
farm management receds into the background.

Irrigation fi with mﬁ husbhhd

The majority of families engaged 1n agriculturs in tho arid .
regions cultivate irrigated areas in order to provida themuelvoa
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with the necessary plant and enimal products. The supply of
useful water 1s ususlly effected from rivers and retaining
basins. Along the banks of rivers or canals, the main propor-
tion of the population is 1iving. For exsmple, about 70 per cent
of the total population of the Republic of Suden live at the
Nile end ite tributariss. In Bgypt, sbout 80 per cent of the
population find their livelihood at the Kile, In other regioms,
beyond the river zones, water is made available by the con~
struction of shaft wells or deep-drilled wells unless springs
are exlating (oases). The latter form of land-use l& only of
local'importance and is found on restricted sites only.

Por the. realisation of new irrigation projects with animal
. husbandry in arid regions, territorial national-economic pointse .
of view are almo decisive. Under extreme conditions, various
products caﬁnot endure transporte teking a prolonged period of
$ime without decrease in quslity. This easpecially applles to
the supply of fresh milk to large towne. Therefore, in recent .
years, larger state, cooperative and private farma 'were
estatlished in the close vicinity of towns which are active
in this branch of production. Above all, territoriasl points
‘of view dotermine this production which is associated with
‘relatively high costa of production,
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