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INTRODUCTION

The Sc _7ing Project is currently mapping the soils of the Shorobe melapo
area at scale 1:50 COO Dcailed studies bEing carrieu r),1ïtt the 1,1a%anga
and Xbwaa 1:,ample a rt al o pilor areas fot tb LoJ.a 14-1:lopment
fn the ac,impAe RIFd::' about 50 soii pi t:3 hlvehetzt .11-wrned ancf samploJ, moco
than IV sot) pitF, were J4, in .:nc, remaln::47. pu t tho rn pp i ari,A. The
me:nharacteristic 'ones were 5amplen

ore'sont topcgtapl,i:: cLril, flood regim datL icLd ii is1taL
availabio A teinrrprett_to:', of tho cl?ra will 0, whet'.

Fludies coucecninP, te alwvo mentic.ned hict ho,n complcf. o

This tepozt Ls a cr,,nttbution to the present discussion on land use alterna-
tive tlie atea.
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FAWUNDP/Government of Botswana. Soil Mapping and Advisory Services Project.
Soil and Land Suitability of the Boro-Shorobe area. Prepared by C, J.

Rhebergen, Maun Juno 1985. Updated and completed by K. Verbeek and F.
Nach,torgaele, Gaborone April 1989.

66 pages, 4 tables, 6 figures, 1 map.

AG: BOT/85/011, Field Document 1

ABSTRACT

Thl rLpo;',. presents r_hk; vesul. from ';11e semi dtt'id i1,.-vp. . 01-

Bor',-Shoroba aTc.-a at a scale I; 3C On. Chapto I d-GcrLbe
characteristics of thr area. Cha pter 2 dl'3cus,,.es the iL tha- oc:ui
area in more detail, while ic Chcp'er 3 the land is c;\.7Ljut,-,,lct Molar:

largc scale irrigation farming.
Typifying soil penon.s with analyce&, and a detailed land
ification are given in the appendices. A soil map is attached.

SUMMAFC OF CONCLUSIONS AND RECOMIEN

The current land ruitability for moLa)o farming 0?ctb improved tr-d,
tional and commeucral! tauges 2 con moderately suitable tf2 to very margiuJI-v
suitable (54) fo: maize, and foa highly suitabic SI) to marginally
(S) for sorghum.

After major improvements the land suitability of most areas can be impr ved by
one class.

fcr- t: farmiul; is margin,2.! t: ,:ety oarou,1 ,or
mc%t ateas Only te mole sEndy area offi,r bt r pc oí ii ieulo;;-
miting lam: vrility as

pe.vmeal.-jAity of the

The islands are not suitable for fa-rming the laiT,et pal:,
nnly te duet) sandy edges could be usec. the sitablltty n gin t.)
)ery margir,al for most crops.

The f,.ectilit7 of: 'te

high; availabJ.e pnospho:,7,us trih.-.i112 however 1)N,

ho: itncr shIch waF Lo'Jnd in
plajAs. ttdìca s 1.:)w r:a,m of

groundwater.

A Year 7, t: tic 011', P.11' o F

C'Od fl C ;"1", ' L,1+

tc v,F,AL, t e , ».,1,11 r 1

,....,"!PI,,,r1T,Ta C."; Lo !Ana n 1 t 'Ls 0.1 c,-; O t o I I', ;.1.: .An

Drn,11:1 ('11,

V

plains is

medir:I)w.



It is recommended that:

a hydrological study is carried out which should cover among
others the following sut6ectsz

salt balance
soil physical slTudiot; partcular
h permeahility uf dAfetent soC_ tvpc,

effect o pr,)ot resev.
level
groundwater movement

rente seru:ing te,11-ct f- e ext

duration Jf the

the technical and economic fe lity hi tuie of .13,2

LyneF based on flooj Tk,` conti,A lihity and

but with supplemetttAy

the impact of flpoding c.'1 of a permaneti wate a! -

luvial plains without a Luita,:e cii inog wriponen on 11,f ,6 1 H;.E
and sodicity of the soils be studied.
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Calcic horizons were found in the alluvial plains at a depth of 1.5-2m. It

occurs as soft powdery lime, but also as concretions. A petrocalcic horizon
has not been found in the alluvial plains.

1.3.2 Hydrology

Understanding of the hydrology of the survey area is most essential before
sound vecommendations can be given on land use alternatives.
As hydrological studies are being carried out by the Molapo Development
Project, only some preliminary conclusions are given here (pers. comm. R.

Roostee, Molapo Dev. Proj.):

an average flood recession in Xhwaa molapo of 10mm/day i assumed,
out of which 6mm through evaporation and approximately 4mm infilJ.

the sandy clay loam to sandy clay soil material in the alluvial plains
can store about 150mm/m of water.

studies are being carried out to find out if any percolation to deeper
groundwater occurs. If not then the salts remain in the upper 3 meters. If

percolation does occur salt transport to deeper groundwater takes place. mhe
amount of water percolating, if it occurs, will probably not exceed lmm/dhy.
A salt balance of the area can only be made when results of the hydrologic.11
study are available.

1.4 VEGETATION

The different vegetation types clearly reflect variations in environmental
conditions such as : soil pH, drainage, flood regime, etc.

ALLUVIAL PLAIN

POORLY DRAINED

!SIAN°

EDGE or ISLAND DDP.AL IS NI -

Fi g 5: VEGETATION ON DIFFERENT TERRAIN T'ITES

sand over deep caierete sand over shatiow calesetc



The most common species are listed below:

8

shrubs: Acacia tortillis
halopithic grasses

4. alluvial plains:

grasses: Asclepias fruticosa
Vernonia glabra
Ziziphus mucronata (on anthills)

pioneer species after periods without floods

Acacia tortillis
Acacia erioloba
Combretum imberbe

along edges of islands

trees : Lonchocarpus shrubs Diospyros lyciodes
Ficus sycomorus Diospyros mespiliformis
Combretum imberbe Grewia flava
Combretum hereoense Grewia bicolor
Kigelia africana Dichrostachys cinerea
Albízia harveyi Maytenus hetercphylla
Acacia sicberana Ximenia americana
Acacia hebeclada
Ziziphus mucronata
Croton megalobotrys

centre of islands (not depressions):

trees: Colosphermum mopane shrubs Pluchia leubnitzii
Maytenus heterophylla Blumea gariepina
Hyphaene ventricosa
Acacia tortillis
Combretum imberbe
Combretum hereoense

central depressions:



2 SOILS

2.1 Soil Classification

The soils are classified folio ing the FAO/Unesco system with amendments made
by the Soil Mapping Project. Classification is also made according to Soil
Taxonomy (USDA, 1975) , and FAO/Unesco (1988).

Soil profile description sheets together with the soil analyses results are
presented Appendix 1.

For definitions of diagnostic horizons and properties reference is made to
previous project reports and to the legend of the soil map of the world (FAO,
1974).

The FAO definition of hydromorphic properties was changed and brought into
line with the definitions of Soil Taxonomy. This implies that some soils,
which would be classified as Calcic Gleyic Luvisol according to the present
FAO/Unesco system, are now classified as Calcic Luvisol. A soil with chromas
between 1 and 2 without mottling does not classify as hydromorphic. The
revised definition should read as follows:

In soils having an argillic B horizon immediately below the plough layer or an
A horizon that has moist colour values of less than 3.5 when rubbed, one or
ore of the following.

moist chromas of two or less;
mottles due to segregation of iron;
iron-manganese concretions larger than 2mm;

combined with one or more of the following:

dominant moist chromas of 2 or less in coatings on the surface of
peds accompanied by mottles within the peds, or dominant moist chromas of 2 or
less in the matrix of the argillic B horizon accompanied by mottles of higher
chromas (if hues are redder than 10YR because of parent material that remain
red citrate-dethionite extraction, the requirement for low chromas is waived).

moist chromas of 1 or less on surface of peds or in the matrix of
the argillic B horizon

dominant hues of 2.5Y or 5Y in the matrix of the argillic B
horizon accompanied by distinct or prominent mottles.

The mo!. important differentiating criterion applicable In the alluvial plains
ib r_he development of the B-borizon Fluvisols do r...)t show any D-bo:i7on
deveLcpment, neithet of a cambicB nor of an argillic B. Gleysol. hsv a

weaI,r1,; developed cambi: B (strec-ture) hoctz.on. Luvisols generally h-ivc a

weakly 1r,! moderately d?.velopen Llic, r hiroi ottoil in comhfnatioy a

'clorizon,

9



The islands are underlain by calcrete (both soft and hard). At the edges they
are covered with sand (Calcic or Petrocalcic Arenosol or Eutric Arenosol where
the calcrete is too deep). In the central depressions sodic and saline condi-
tions occur. The soils are more clayey and are both calcic and sodic/saline:
Calcic Luvisol, sodic phase.

2.2 The Soil Units

In the alluvial plains soil types mostly occur as complexes. Boundaries are
very gradual and can probably shift in time depending on changec in thc
floodregime. Some dry years may be followed by a succession of high floods:
Eutric Gleysols may then change into Eutric Fluvisols.

Islands in the alluvial plains are indicated separately on the soil map when
the area exceeds two ha. Islands smaller than two ha are generally omitted
and they can be considered as minor inclusions in the alluvial plains. An as-
sociation of soils occurs on the islands as the relation between the soil type
is known, but can not be mapped at the scale used. The association is indi-
cated with the capital X. It should be noted that not necessarily all the
soil types of the association occur on evey island. The central depression
may be absent or the deep sandy edge, characterized by high trees.

Soil units recognized in the survey area are listed below. Details are given
on occurrence, soil characteristics and typifying pedons. Particular attrac-
tion is paid to the flood risk.

Selected profiles are given in Appendix 1, with standard analytical results.
Information on all other soil profiles described during this survey are avail-
able from the Botswana Soil Database.

SOIL ON ALLUVIAL DEPOSITS

A7 FAO: Gleyic Luvisol, partly sodic (1974)
Gleyic Luvisol/Stagnic Luvisol (1988)

ST : Mollic Ochraqualf

Description: Deep to very deep, poorly to imperfectly drained, darl...

gray to grayish brown, sandy clayloam to clay.
Topography: Flat
Profiles: MA108, 127
Occurrence: In - 3haped depressions, at some distance from the
water source and L1 1ightly sloping areas on the plains. Frequent
flooding occurs, but is probably of short duration. These soils occur
often in complex with Eutric Gleysols (A3la and 1.))

Chlcteristics Their structure ir weak to moderate subanguiar
ir blocky in the argillic horizon and a prismatic st.tucture c)::cuz
ices. ESP v,dueq noted ore moderate and in the altE,P of 2

As A7, but landy loam texture
Profile: MA 201

10



Occurrence: The occurrence of these soils increases towards the Junyere
fault /ine, as generally the soil texture becomes more sandy deeper into
the delta- They occur also on somewhat higher positions in the
floodplain,
Characterilitics: The strueture of the argillic horizon is massive to
ver' weak snbargular blocky Between the A and the B horizons a white
sandy layel or poeketsi may be found, witb e thickness ranging from
twent to fifty centimeters, This layer ,ls ,..tonsidered as windblown
deposit,: on materials ESP levels aro 7iore than 6

¡sodi phase;,

FAO: 6loyi. Luyisol, partly sodie. (1974)
Cal: -Ceyi,Luvisol, Caici-Stagnic Luvisol (1988)

ST : Kolli- Ochrsoualf

Descriptiont Deep 70 very deep, poorly Lc imperfeetly drained, dark gray
Lo grayish brown, sandy loams to lay.
Topography: Flaz
Profiles: MA 114, 115, 247
Occurrence: Or tne slightly higher parts of the alluviai plains, Flca
occur only sporadically.
Characteristicez 'Me structure of the argillic horizon is massive to
moderately subangular blocky, in some places weakly prismatic. ESP
values often exreed 6Z (sodic phase, whilst An increased salinity
loyal. compred to other A7-soils, is observed, The electrical conduc-
tivity remains below 4 m5/m.

A9 FAO.. Calcic LuvisoL. partly sodic (1974)
Calole Luvisol/Luvic Oalcisol (1988)
Typic Haplustalf

Descriptionl Deer ta very deep, imperfectly te xonetatet well drairci,
dark biowr t. dark grayish brown, sandy clayloam ti clay,
Topography Flat. te gently undulating
Profile: MA 1.42,, I, 174
Occurrence? ThiE tniil occurs on the higher parts of the aiinyial pLilac
and on tne edgec of islands. It also occurs on. the alluviaJ plains
without flood risk. These soils are very rarely flooded They occut in
complex with Gleyie Solonetz (A5)
Miaracteristics? Thes soils hal:e an sgi lli. hcnizon witn a weak suban-
gular blhckv to massive structure. ESE' can bc ti:gc te very high (so:Ite
phase:, Chtomar, of the Bt horizon range from one two

A A? tmIsand ;-0 loamy sand over sandy loam to saRay ...a), loam.
Hao"lastaif,t in Seil Taxonomy, Areni cuvi-,o1 In r=i1.:,

k1.974i

A24 FAO: Eitt Fln.nol (Pfs14,
<;i4 fsoliE7tH

ST :

11
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Description: Very deep, poorly to imperfectly irained, dark grayish
brown to black, sandy clayloam to clay.
Topography: Flat
Profiles: MA 16, 19, 31, 32, 39, U, 103, 110, 113,
Occurrence: These soiis ocur in the lowesc. parrs of the alluvial.
plains, often in saucer-shaped depressLons. They are flooded for very
Long periods. They occur in oompea with Alla autric Gieysols, When
the soils dry out for a consideiable period, cricks develop,
Characteristics: The struotore is mashive, the consistency is vei- hard
to extremely hard who dry, Mottling occurs from a depth of 80cm on-
wards t calcio horizou is presep ht a depth of 150om or more, The
ESP remains generally below 14,

A24b FAs7,1 Arenic Eutric Fiuvisol (1974)
Gleyic Arensols/Areni-eutric Fluvisol (18t

ST : Aquic Quartoipsamment, Mollio PsammaquenL, Mollic Haplaquent.

Description: As A24, but sand to loamy sands.
Topography: Flat
Profiles: MA 7, 23, 38, 118
Occurrence: As A24
Characteristics: Massive to structureless

A31a F.A0 Eutric Gleysol (1974)
Eutric Gleysol (1988

ST : Mollic Aerie Haplaque

Description; Very deep poorly' tu impe e y drained, darl: grayish
browu tn black sandy clayioam Lo clay,
Topography: Flat
Profiles; MA 2, 7, q 5, 22, 135, 10,4
Occurrence: The soils occur in the same jr slightly higher positionh as
the Flovisols, They 710,,e regularly and ror long periods.
Characteristics: Their . rtructure is wealf. to moderately prasmatio, break-

:1 into a verv weak subangular blocky structure. Hydromorphio
nroperties are present within 50cm from the surface. A caloic horizon
is present at a depth of 150 cm or more. These soilc are non sodic,

A31b FAO: Eutric Gleysol (1974
Eutric Gieysol (1.988

ST : Mollic Haplaquept

As A31a, but with a sandy loam texture.

A40 FAO: Eutric Arenosol, phrtly ,;odic (1974!

Eutri-Haplic Arenosols (1988
ST : Ustoxie Quactzirammen. Typi Utipsamment

Dkr,scriptionr Deep te very deep, moiletal,ely wel: to well drained, gray to
wiotte, sand to loamy sand
To9ography, 7lat L e1c11,'
Profile: KA 221



Occurence: These soils occur on the intermediate levels of the alluvial
plains, they are rarely flooded. They also occur as a transition to the

Sandveld.
Characteristics: Structureless; ESP levels may be high.

SOILS ON LACUSTRINE DEPOSITS

L11 FAO: Calcic Arenosol, sodic phase (1974)
Calcic Arenosol (1988)

ST Aridic Ustochrept

Description: Deep to very deep, well to somewhat excessively drained,
brown to pale brown, fine sand to loamy fine sand, having a calcic

horizon, and calcareous between 0-15cm.
Topography: Almost flat to gently undulating.
Profile: MA 117
Occurrence: These soils occur in the central depressions (pans) of the
islands.
Characteristics: The soil structure is very weak subangular blocky to
structureless; the calcic horizon is massive, transitions to a petrocal-
cic horizon occur. Some characteristics of a Bt horizon may be present
(some clay increase and/or pressure of clay cutans). ESP is generally
high. (>8Z).

L24a FAO: Calcic Luvisol, sodic phase, partly saline (1974)
Calcic Luvisol (1988)

ST : Typic Haplustalf

Description: Very deep, imperfectly drained, very dark grayish brown to
brown, sandy clay loam to clay.
Topography: Flat to gently undulating.
Profile: MA 106
Occurrence: As Lll
Characteristics: These soils have a weak subangular blocky structure
which is never prismatic nor columnar. An extremely high ESP ( 2') is

common, while relatively high EC values are also observed, ( ms/m).
A calcic horizon is always present with both soft powdery lime and
nodular concretions. A transition to a petrocalcic horizon is noted in
places.

SOILS ON COARSE G TARY ROCKS

S13 FAO: Calcic Arenosol (19,4)
Calcic Arenosol H1988)

ST : Aridic Ustochrept

Description7 ModeraLely deep to very deep, well to somewhat eKcessively
(11-atned, vo.,lowis led gryish 11,:own, sands and loamy hoxinr

13
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calcic horizon.
Topography: Flat to undulating.
Profile: MA 13.
Occurrence: Between the central depression and the edge of the islands.
Characteristics: As L11

S13a As S13 but with a petrocalcic horizon.

S17 FAO: Eutric Arenosol (1974)
Eutri-Haplic Arenosol (1988)

ST : Ust(ox)ic Quartzipsamment or Typic Ustipsamment

Description: Deep to very deep, well to somewhat excessively drained,
light yellowish brown to dark grayish brown, fine sands to loamy fine
sands. Non calcareous between 50 and 100cm.
Topography: Flat to undulating.
Profile: MA 44.
Occurrence: Mainly occurs along the edges of the islands.
Charactertistics: The structure of the top soil is very weak subangular
blocky and becomes structurless in the subsoil. A calcic horizon may be
present at a depth of more than 125 cm.

2.3 Profile development and floodregime

There is no clear relation between floodregime and soil development. Impor-
tant aspects are the duration and the frequency of the floods. These depend
on:

the distance from watersource (Thamalakane, Boro or Santantadibe
river)

the shape of the alluvial plain (saucer shaped basins retain
floodwater for a very long period).

elevation.

Areas which receive floodwater almost every year and for a long period are
characterized by soils without profile development (Fluvisols) or by soils
with a weak cambic B horizon (Gleysols). The basins are often saucer shaped.

Gleyic Luvisols (A7) can be found in areas which are frequently flooded for a
short period. An argillic B horizon develops under conditions of repeated al-
ternated wetting and drying to near-desiccation (Wilding et al, 1983). These

.mditions occur in:

the slighlty higher areas (lower floodlevel and shorter ( ion)

flat, not saucer shaped alluvial plains, which fal very
quickly.

iras greatcr distare from tshe wa ersource, so that the flood-
level 1 lower and duration shortey.:.



Calcic Luvisols (A9) are found in the higher areas of the alluvial plains.
The floods are very infrequent and the floodlevel is low. These conditions
occur on the terrace-like areas bordering some islands, and on higher areas at
greater distance from the watersources. As the wetting and drying cycle is
infrequent (most years being dry) the argillic B horizon is not well
developed. The calcic horizon is evidence of the yearly net upward movement
of capillary water. Whether salts are also deposited and to what extent is
not yet established.
The calcic horizon which is found in the lowest part of Xhwaa molapo at a
depth of approximately 1.50m is most probably related to the floodregime,
specifically to the amount of water infiltrating.

It has been shown by Yaalon (in Wilding, et al, 1983) that the top of a calcic
horizon is an exponential function of the mean annual precipitation. (see

Figure 6)

40

50

o

MEAN ANNUAL RAINFALL (mm)
200 300 400

E
!= 20

8 60

00

15

500

Figure 6. Depth to the calcic horizon as a function of mean annual precipita-
tion (after Yaaloon, in: Wilding, et al, 1983)

In the molapo environment the floodwater has to be added to the precipitation.
It can be concluded that floodwater infiltration plus precipitation is not
adequate to leach the carbonates from the subsoil.

The following hypothesis can be made to explain the widespread presence of a
calcic horizon in the subsoil of the alluvial plains of the survey area:

It can be observed in several places in the delta, especially along the
Boro channel, that at least some areas are flooded by rising groundwater
rather than by surface flow. It seems that the flood is partly spread-
ing through groundwater. Groundwater levels in the eastern fringe of
the delta seem to fluctuate with the floodlevel in the upper delta.
Groundwater levels being low in years with low floods and high in years
with high floods. During years with a high groundwater table,
evapotranspiration takes place throughout the year on the islands
resulting in high salinity and a petrocalcic horizon; in the alluvial
plains of the survey area evapotranspiration takes place from a high
groundwater table in addition to the infiltrated flood- and rainwater,
resulting in the formation of a calcic horizon in the subsoil. During
years with low floods percolation in the alluvia: plains is extremely
slow; as a resul, carbonates, deposited by cvapotranspired groundwater,
are not washed out beyond a certain depth (1.5-2m).



2.4 Salinization/Sodification

At present the edges of the alluvial plains show clear signs of sodification
and salinization. The Exchangeable Sodium Percentage (ESP) exceeds 6, but
remains mostly below 15. Sodification often goes together with the formation
of a calcic horizon.

In the centre of the depressions (Fluvisol-Gleysol complex) a yearly increase
in ESP in the topsoil is noticeable after flood recession caused by evapora-
tion of floodwater and susbsequent evapotranspiration of the infiltrated
water. When a new flood spreads over the area most of the accumulated sodium
and salts are dissolved; some are transported through deep percolation. After
flood recession the ESP increases to roughly the pre-flood level. In this
natural system an equilibrium exists between sodification/salinization and
floodregime and ESP and salinity remain at acceptable levels.

It is obvious that side effects will occur when the natural conditions are
changed.

At present four land use types are under consideration:

traditional molapo farming
improved traditional molapo farming
commercial molapo farming
medium to large scale irrigated farming

The first three land use types make use of a modified flood regime. The
amount of floodwater in a basin and the length of flooding is controlled by a
system of sluices and bunds. Side effects, if any, will be limited and cor-
rection can be made, as the floodlevel can be controlled and the natural equi-
librium can be restored at any time.

Irrigated farming does not make use of floods. Fertilizer inputs will be
necessary to maintain high production levels. Residual salts will accumulate
in the (top)soil. Leaching into the subsoil is impossible due to the very low
infiltration rate. Flushing of the area by means of a high flood results in a
reduction of the cropping time and an increase in production cost (2 crops per
year will not be possible). It is also doubtful whether a high flood level is
available when needed.

In conjunction with the formation of the calcic horizon, as described in sec-
tion 2.3, sodification/salinization can take place. Due to low (ground)water
levels these processes can not be studied adequately at present. However a
definite answer has to be found before any development plans can be made.
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3 LAND EVALUATION

3.1 Introduction

The proposed system is based on the FAO publication: "A Framework for land
evaluation" (1976). The framework gives the principles and concepts on which
land suitability evaluation is based, and indicates overall strategies for
their application.

The Botswana system evaluates different land units for relevant existing,
arable farming land use types, as defined by agronomists. Emphasis has been
put on sorghum growing under different management levels. Sorghum represents
more than 50% of the planted area, and is traditionally the first nutritional
source in the rural areas. Several alternative crops, which are actually cul-
tivated at a smaller scale than sorghum, have been proposed and can be
evaluated: maize, millet, dolichos, cowpeas and sunflower. In the light of
further rural development, other crops under different management levels have
to be identified and potential new uses have to be described.

For the location of arable land, a qualitative land evaluation system has been
recommended. The suitability is expressed in qualitative terms only, based on
physical elements, without specific estimates of outputs (crop yields), in-
puts, costs and returns.

The systems is worked out according to the limitations approach. The limiting
effect of each land quality is evaluated using an ordinal scale.

The system refers to current suitability. Minor land requirements which use
common practice for the defined land uses are outlined.

3.2 Land use types

Four land use types can be distinguished in the survey area. Descriptions of
the types read as follows:

LAND USE TYPE: Traditional Molapo Farming

Molapo farming is the cultivation of channels and floodplains ("melapo") im-
mediately after the floods have receded (flood recession cultivation). Molapo
farming is often practised in combination with dryland farming and communal
grazing.

Produce: Maize, sorghum, water melon, pumpkin, groundnuts

Yields: 600 kg/ha grain

Market orientation: Subsistence, occasional sale of surplus

Size of holding: 2-10 ha; area cultivated depends on availablitiy of
draughtpower, extent and time of flooding/flood reces-
sion and rainfall

Capital intensity: Very low

17



Credit facilities:

Labour intensity:

Farm power:

Technical Knowledge:

Management practices:

Infrastructure
requirements:

Land tenure system:

LAND USE TYPE:

Produce:

Yields:

Market orientation:

Size of holding:

Capital intensity:

Credit facilities:

Labour intensity:

Farm power:

Technical Knowledge:

Management practices:

Land tenure:

Infrastructure:

None

Low to moderate

Oxen, donkeys, mules; occasionally a tractor may be
hired for ploughing

Knowledge of traditional farming only

Location of fields may vary from year to year, depend-
ing on time and extent of flood; no fencing; very
limited bunding to protect fields against flooding
after planting; broadcasting; multi-cropping; no fer-
tilizer.

None

Communal

Improved Traditional Molapo Farming

sorghum, maize, cucurbits and other

1500 to 2500 kg/ha grain

subsistence and partly commercial

4 - 10 ha

Low

Government institutions

Moderate to high

Mainly animal (oxen, donkeys, mules); occasionally a
tractor may be hired for ploughing

Good knowledge of modern farming practices

Permanent cultivation of land protected by (fenced)
bunds with inlet structure; improved seeds, mono-
cropping, modest application of fertilizer or manure;
proper weeding; row planting

Communal

Adequate extension service; depots for supplies
(seeds, fertilizer); adequate market/storage; bridges
crossing channels
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LAND USE TYPE: Large scale commercial molapo farming

Produce: maize, sorghum, sunflower and others

Yields: 2500-4500 kg/ha grain

Market orientation: commercial

Size of holding: more than 50 ha

Capital intensity: moderate

Credit facilities: commercial banks and government

Labour intensity: moderate

Farm power: engine

Technical knowledge: good knowledge of molapo farming and machinery essen-
tial

Management practices: permanent cultivation of land protected by bunds with
inlet structures. Farming operations mechanized.

Land tenure: communal; communal with long term lease

Infrastructure enough flood water available every year; good access
requirements; to markets and/or storage facilities; good access to

supplies and mechanical skills/workshops if not
present on the farm.
Adequate technical advise.
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LAND USE TYPE: Medium to Large Scale Irrigated Farming

Produce: Food crops (including rice) and industrial crops

Yields: 4 - 10 ton/ha grain

Market orientation: Commercial

Size of holding: 20 - 200 ha

Capital facilities: Government and commercial banks

Labour intensity: Moderate to high

Farm power: Engine

Technical Knowledge: High

Management practices: Advanced irrigation techniques, unlimited inputs as
long as net return is expected

Source of water: Large weirs, dams, high-yielding boreholes, perennial
swamps

Infrastructure Easy access to markets or adequate storage facilities;
requirements: easy access to agricultural expertise or on-the-farm

skilled manager. Easy access to mechanical expertise/
workshop or on-the-farm facilities

Land tenure system: communal; communal with long term lease
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3.3 Land Suitability Classification

Four categories of decreasing generalization are recognized: Orders, Classes,
Subclasses and Units.

Orders: There are two orders: Suitable(s) and Non-suitable (N)

Classes: Within order (S) are four classes:

Si highly suitable: Land which is expected to be highly
productive for the defined use. High returns amply justify
required inputs. No significant limitations.

S2 moderately suitable: Land which is expected to be
moderately productive for the defined use. Moderate returns
justify required inputs. Limitations reduce crop yield 10 -
25% and/or increase recurrent costs for production and con-
servation.

S3 marginally suitable: Land which is expected to have a low
productivity for the defined use. Yield benefits are just
high enough to justify required inputs. Limitations reduce
crop yield 25 -50% and/or considerably increase costs for
production and conservations.

S4 very marginally suitable: Land which is expected to have
a very low productivity for the defined use. It is
doubtfull whether yield benefits alone justify required in-
puts. Severe limitations reduce crop yields with more than
50% and/or considerably increase costs for production and
conservation.

Seasonal cultivation of land classed as S4 will, over a long period, not be
profitable in terms of money. However, part of this land is used and will be
used, if only periodically, for the following reasons:

economic considevtions do not play a role, or only a minor one,
in traditiOnal drYrale'farming. Very low yields are justified in
this concept;

due to the highly erratic rainfall, yields in some years are rela-
tively high and (dryland) farming is justified;

considerations other than economic, such as employment and self-
sufficiency, justify strongly reduced crop yields.

Within order (N) are two classes:

N1 currently unsuitable land: Land with very severe limitations which
at present cannot be corrected economically.

N2 permanently unsuitable land:

Subclasses: Land suitability subclasses reflect kinds of limitations.
They are indicated by lower-case letter, symbolizing the
kind of limitation (e.g. subclass S2e: limitation caused by
erosion).
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Units:

Only the limitations(s) determining the suitability class
are shown, with a maximum of three.

Classes Si and N2 have no subclasses.

Land suitability units are subdivisions of subclasses, indi-
cated by arabic numbers, following a hyphen (e.g. S2e-1).

The units differ from each other in their production charac-
teristics or in minor aspects of their management require-
ments.
Land suitability units are used in detailed studies only.

Current and Potential Suitability:

The current suitability refers to the suitability for a defined use of
land in its present condition, without major improvements. Minor im-
provements which are common practice for the defined land use are in-
cluded.

Potential suitability refers to the suitability for a defined use of
land after specified major improvements have been completed.

3.4 Preift nary suitability assessment

A final land suitability evaluation can only be made when all the analitical
data and the results of the hydrological studies are available. A preliminary
qualitative assessment involving a few land qualities will be presented here.

3.4.1 Molapc f i.ithig (improved traditional anG cfin e cial)

Only the regularly flooded areas and the areas with a potential for regular
flooding will be considered.

The following soils can be found in the alluvial plains: Eutric Fluvisol,
Eutric Gleysol, (Calcic) Gleyic Luvisol, Calcic Luvisol ( see description of
soil types, section 2.2).

The land qualities which can limit the suitability of the land for molapo
farming are:

moisture availability
nutrient availability

(f) absence of damaging floods
oxygen availability
absence of pests and diseases

(t) absence of toxic substances
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The land qulaity which caused the most severe limitation determines the final
suitability class.

(m) moisture availability

Moisture availability in the alluvial plains is determined by the amount of
floodwater, the duration of the flood, climate and soil characteristics. The

amount of floodwater and the duration of the flood largely depend on the
topographic position (distance from the water source) and the shape of the
basin (plain or saucer shaped).
It has been shown by data from the Molapo Development Project (unpublished)
that a flood duration of two months is necessary to bring the moisture content
of sandy clay profile to field capacity over a depth of lm.
On plain, but slightly sloping areas the duration of the flood is often
limited (estimated at 1 to 3 months), because of rapid recession. In saucer
shaped depressions the duration of the flood and the amount of floodwater in-
creased towards the centre of the depression (estimated duration of the flood
is 3 to 6 months).

It should be noted that in sandy soils (soil type A24b, A31b and A7a) percola-
tion to deeper groundwater will occur; to what extent is not (yet) known.
Therefore a larger portion of the infiltrated water (as compared to the more
clayey soils) is not available for evapotranspiration during the croppping
season. Also the available water holding capacity (AWHC) is lower (estimated
at 70 - 110 mm/m) as compared to the sandy clay soils (A24, A31a and A7) with
AWHC of 150-220mm/m.

Although the average infiltration is 4mm/day, it has been observed that the
total amount of infiltrated water does not exceed 450mm (unpublished data R.
Roostee, M. D. P.). In some Fluvisols the total amount of infiltrated water
(after a long flood of at least 3 months) did not exceed 200mm.

In soil type A7 ((Calcic) Gleyic Luvisol) the average depth of the seasonally
wetted profile is considered to coincide with the depth of the Bt-horizon.
This depth generally varies between 60cm and 100cm. The average total amount
of infiltrated water is therefore estimated at 90-220mm.

The effective rainfall for the Maun agro-climatic zone is estimated at an
average of 400mm per cropping season (80Z of the mean annual rain).

The total amount of water available for evapotranspiration during a cropping
season is estimated in table 3 using the above mentioned approximations and
following the methodology described in the System of Land Evaluation (Venema
and Rhebergen, 1985).
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Table 3

SUITABILITY CLASSIFICATION IN RELATION TO MOISTURE AVAILABILITY

MOISTURE AVAILABILITY SUITABILITY CLASS

AWHC Available Water Holding Capacity; AW Available Water

The suitability classification has been downgraded to account for the
probability of a total moisture period below average (+-301) and for the prob-
ability of a very low or absent flood (not enough data available, but es-
timated at 10Z).

(n) nutrient availability

The nutrient availability is assessed, considering the amount of exchangeable
calcium, magnesium, potassium, phosphorous and the CEC. The availability of
nitrogen is estimated, using the organic carbon percentage as an indicator. A
correction for pH is made (if necessary) depending on the type of crop.

It can be concluded that the nutrient availability ranges from medium to high
(see System of Land Evaluation for calculation procedure; Venema, Rhebergen,
third draft 1985). In the lower parts of the frequently flooded areas (soil
type A24, A31a,b, part of A7) the nutrient availability is highest; however
the availability of phosphorus generally remains low. In the slightly higher
areas nutrient availability is medium (A7, A31a,b, A7b, A9); phosphorus
availibility is low to very low and the Ca/Mg ratio is often unfavourable
(>10).

(f) absence of damaging floods

Damging floods can occur in the channels during years of excessive rainfall.
The frequency is considered to be low (once every 5-10 years).
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3.4.2 'edium to large scale irrigated farming

It is assumed that enough water of good quality is available throughout the
year for irrigated farming and that floods are kept out of the farm area by
bunds.

Most land quality ratings as discussed in section 3.4.1 n y for ir-

rigated farming. Land quality (m) moisture availabiltry e,iequacy of

flooding ace not applicable.

The most importan Land qual. li suitability for irrigated farming
is (d), soil drainability.

dralnabil;_ay reEers to the laternal. drainage nf Le soil which a'id

Deither he impeded, resolt]ng in a higb rondaer tabl.e and -i..icemuiat n of

toxic salts, nor very rapid, resalting in a los of irrigation WE,?A..

Internal drainage is mainly a function of infiltration rate, permeaLii
depth of groundwater table.

Table 4

INT DRAINAC cRITatiat

infil ration defined as entrance of water into s rated topsoil
(0-2e cm)

2/ permeability deLined as percolation rate of least permeable horizon
within 150c rom the surface

The soil characteristic with the lowest rating determines the final soil
drainability rating.

The minimum depth to the groundwatei table varies fnilowing topographic posi-
tion and distance to tbe water source. Nor enough data are available for
adegnate quanLifiaation.

fitt-If.:;.,JO Cdt generally .dered high as most areas are cove
lAn

T11.4, )4, i r 24 7

AI1J '. A ,,14)

A:,'LTr'11..A,"Vu ì2r rhr s2O 2 ir 2.r1PuLrf4-cr. 1,,,Fea",;Lil,v
,-. ,` :`h r"

r . ,

27

minimum depth to 1/ 2/

rating groundwater table infiltration permeability
(cm) rate (cm/h) cm/h

1 >200 >2 0.5-6
2 120-200 0.8-2 0.2-0.5

o-12
3 /5-200 0.3-0.8 0.05-0.2
4 a75 <0.3 <0.05



sandy soils (A31b).

It is evident that the soils with a very low permeability are at best mar-
ginally suitable for irrigated farming, while the soils with sandy loam or
coarser textures offer better possibilities.

It is recommended that special attention is given to the area east of Boro-
Xasanare river junction (oil type A31b and A7a), Soil drainability is ex-
pected to be more favourable; care has to be taken as high ESP levels have
been found.

28



REFERENCES.

FAO-Unesco, Soil map of the world, Volume I, legend. Paris
1974

Remmelzwaal, A. Soils of Central District, Botswana, BOT/80/003,
1984 draft.

Sta:idg, G. J. Soils of the Okavango Delta, BOT/72/019 Field Document
197r; 14.

Star G. G. J. Soil, wattt an rop produ,-tiod a

L980 EDT/72/019 Field Do,:ument

Soil Survey Staff.
1975

Veuemd, J, H. and
Rhebergen, G. J,
1(185

Soil Taxonomy, Scll Coneivaticm Agri-
culture handbook 3Ô [n i.t í' rt e Depattmenz,

Agriculture, Washg,ton

A system oE iand .'aluatian for arable farmi::

BOT/801003, thi,rd draft,

29

Wilding, L. P. et al Pedogenesis and soii taxonomy. 2 Concepts .,dd

1983 interactions. II rhe soil order. Dev, ' in

soil science IIB Elsevier, At,



APPENDIX 1.

SOIL PROFILE DESCRIPTIONS

Profile Soil Unit Soil Classification
Symbol

MA108 A7 Gleyic Luvisol
MAl22 A7 Gleyic Luvirml
MA20) A71 Gloytc Luv]sol
MAI14 AM Calcic Gleyic Luvisol
MA11,`, A7b CEilcc Gleyi._ Luvlsol
MA174 A9 Calcic Luvisol
MA25 A9a Arenic CaUjc Luvisol

A24 Eutric Fluvisol
A31a Eutric Gleysol

MA1,,4 A31a Eutric Gleyso1
MA23/ A40 Eutric Arenosols, sodic phase
MA117 L11 Calcic Arenosols, sodiu phasE-
MA106 L24a Calcic Luvisol, sod1c phase
MA13 S13 Calcic Arenosol
MA44 S17 Eutric Arenosol
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