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The conclusions given in this report are those considered appropriate at the
time of its preparation.

They may be modified in the light of further knowledge gained at subsequent
stages of this project.

The definitions employed and the presentation of the material in this document
do not imply the expression of any opinion whatsoever on the part of the Food
and Agriculture Organization of the United Nations concerning the legal or

constitutional status of any country, territory or sea area or concerning the
delimitation of frontiers.
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ABSTRACT

This report presents the results from soil surveys carried out in South East
District at a 1:100 000 scale. Chapter 1 describes the enviromental aspects,
in Chapter 2 the soils and their classification is discussed, while in Chapter
3 a qualitative rating of the suitability of the lands in South East District
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1 GENERAL DESCRIPTION OF THE AREA

1.1  LOCATION, POPULATION AND COMMUNICATIONS

1.1.1 Location

The survey area is the South East district in Botswana, bordering the Republic
of South Africa to the south and to the east, Kweneng and South district to
the west, and Kgatleng district to the north. The area is covered by two
standard 1;250 000 soil map sheets discussed elsewhere (Lobatse sheet in
Mafoko, 1989 and Gaborone sheet in Moganane, 1989), and is located between
coordinates 24°24°5 and 25°26'5 and 25°29'E and 26°08'E (Figure 1).

The mapped area covers approximately 8200 kmz, mainly consisting of Hardveld,
but includes some alluvial areas. The district capital is Ramotswa and the
district contains the country capital, Gaborone.

1.1.2 Population

The total population of the study area was about 110 000 according to the 1981
population and housing census. Assuming an annual increase of 2.5% this
figure will stand at about 170 000 by the end of 1989. The main centres in
the area include Gaborone, the capital city of Botswana, with about 60 000
people (1981 census), Ramotswa, the district's capital, with a population of
13000 and Lobatse with a population of 18000, besides there are numerous vil-
lages and settlements scattered throughout the district. The proximity of two
ma jor centres could mean that actual population figures are much higher due to
an accelerated migration influx especially in Gaborone and vicinity.

L.1.3 Communications and Infreastructure

i) Air Tramsport : the main landing port in the area is the S8ir Seretse
Khams International Airport situated 13 km north of Gaborone. In Lobatse
there is and air field for small planes.

ii) Railways : there is only one rail line crossing the whole district from
south to north. This is the main line that crosses Botswana from South Africa
through to Zimbabwe. The total length of this railway line in the district is
about 130km.

iii) Roads : the main tarmac road runs north-south parallel to the railway
line and two major centres (Gaborone and Lobatse) are located on it. Secon-
dary tarmac roads going to Tlokweng, Ramotswa, Piloneer Gate, Mmankgodi and
Kanye connect with the main road. In addition several all weather gravel
roads exist in the area.
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1.2 CLIMATE

1.2.1 Introduction

Several climatic stations with long term rainfall records are located in
South East district. Only one synoptic station where other climatic
parameters are measured (Gaborome) is within the study area. A summary of
climatic data is given in Table 1 and Table 2. The main climatic factor in-
fluencing agricultural production in the zone are discussed below.

1.2.2 Rainfall and Potentlal Evapotranspiration

The mean total annual rainfall ranges from 475 to 575mm (Table 1). The coef-
ficient of variation of the annual .rainfall is between 25 and 30Z according to
Bhalotra (1984).

The distribution of this rainfall throughout the year is as follows: 477 falls
in summer, 407 in autumn, 117 in spring and only 27 during the winter months,
hence nearly 80% of the rain is concentrated between October and March.
January is, in general, the wettest month of the year. As in summer the
potential evapotranspiration is also highest and reaches values in the range
of 155-165mmf{month, the effectiveness of the rainfall is greatly diminished.

Based on the mean rainfall and potentisl evaporation data, the humidity regime
is SBouth East District could be described as semi arid monsoon (Papadakis,
19707y,

For agricultural purposes these mean data are not very useful, and an analysis
on & year to year basis has to be made, paying particular attention to the
variability in the onset dates and the length of the growing season.

FAQO (19878) estimates that, as a rule, the rainy season and the growing period
starts when rainfall (P) exceeds half the PET. A humid period occurs when P
exceeds full PET, while the rainy seasons ends when P falls again below half
PET. Taking into account a maximum of 100mm stored soil moisture, the growing
period ends when the soil is completely dry. On this basis, four types of
growing periods can be distinguished (Figure 2). The length of this growing
season is an important parameter in the evaluation of the climate for rainfed
agriculture. Most food crops regquire at least a 90 day long growing period
with at least one humid month. A second parameter that directly influences
the on-farm planning of agricultural operations, is the reliability of the on-
set date of the growing season, as this factor will determine the practical
feasibility of rainfed farming.

These factors were analyzed for Lobatse climatic station which has complete
rainfall records over 65 years.

The results are presented in Figure 3 and Table 3 and are summarized as
follows:

- very severe moisture stress for crops occurs when there is no growing
season, or when the growing season is intermediate, or if there is a normal
growing pericd of very short duration (less than 60 days).

In Lobatse, this is the case in 32 seasons out of 63 or in about one year out
of two.



Table 1

MEAN MONTHLY RAINFALL AND POTENTIAL EVAPOTRANSPIRATION (mm)
IN CLIMATIC STATIONS OF SOUTH EAST DISTRICT

Month J F M A M J J A S 0] N D Annual

Climatic

Station

Gaborone 97 83 69 43 13 4 3 4 15 L4 66 88 524
Kgale 109 71 54 51 12 3 13 12 41 75 84 509
Ramotswa 94 66 56 51 10 2 13 14 42 68 74 477
Moeding 110 86 79 57 12 2 0 4 24 41 71 90 578
Lobatse 101 87 69 47 14 7 4 3 17 44 72 92 552
Hildevale 107 74 67 82 16 8 2 4 10 39 70 66 505
GaboronePET 161 131124 86 63 39 4382 123 158 156 165 1331

Table 2

MEAN MONTHLY CLIMATIC PARAMETERS FOR GABORONE

Climatic
Station

Mn Maximum 32.6 31.2 31.1 27.2 24.6 22.2 22.3 25.5 29.1 30.7 31.2 32.1

Relative 55 56 57 58 53 50 47 41 36 41 46 49
Humidity

(%)

Sunshine 7 63 65 66 72 84 80 91 88 80 73 66 62
(n/N)

Windspeed 1.2 1.0 0.9 0.8 0.9 0.8 0.9 1.1 1.4 1.6 1.4 1.3
(m/sec)

Rg(cal/cm2 550 528 470 416 375 325 367 427 481 533 551 551
day)
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LENGTH, TYPE AND ONSET DATE OF THE GROWING SEASONS IN LOBATSE (1921 - 1987)
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Figure 4 gives a time series of the rating of the growing season on a scale of
0 (very severe moisture stress) to 4 (no or slight moisture stress) for the
period 1921 - 1987. Note the consecutive unfavourable conditions during the
periods 1925 - 1929/30, 1950/51 - 1952/53 and 1982/83 - 1986/87.

The above analysis was confirmed by a more general study on the agroclimate of
Botswana (Dambe, 1987) presented in Figure 5. The whole of South East Dis-
trict falls within zone 1E3, with an average length of the season (normal and
intermediate combined) of 101 to 120 days. Within this season, between 41 and
50 days are dry, while the length of the humid period is only between 20 and
40 days with a high variability.

1.2.3 Temperature

The mean monthly minimun and maximum temperatures for the Gaborone climatic
stations are presented in Table 2. The mean maximum temperature ranges from a
low in June (22.2°C) to a high in January (32.6°C) The mean minimum tempera-
ture ranges from a low in July (3.6°C) to a high in January (19.7°C). Frost
may ommug from April to September. The extreme minimum temperature measured
was -6.5°C .

Based on the summer and winter temperatures, the temperature regime can be
described as "subtropical®, with relatively cool winters and warm suwnmers
(Papadakis, 1970). This temperature regime is suitable for .4 wide range of
crops, including winter and summer cereals, but excluding ékamtm%ial Crops,

coffee, tea, and frost sensitive perennials such as sugarcane. ...

1.2.4 Other climatic parameters

The relative humidity of the air is low to moderate, with an annual average of
497, the highest humidity occurs in the rainy season, from January to April
(55 to 58%Z), the lowest humidity occurs at the end of the dry period in Sep-
tember (367).

The sunshine percentage (in Z, as actual over possible) is high to very high.
It is lowest during the period November to March (60 - 65%Z) and highest in
winter, reaching 91Z in August.

The windspeeds are generally low to moderate, the highest occur in the period
August to January when they are between 1 and 1.5m/sec.

1.2.5 So0ll Clinmate

Climatic parameters are considered in soil classifcation, particularly in the
Spil Taxonomy (Soil Survey Staff, 1975, 1987).

The soil moisture regime of the area is considered to be ustic, which means
that in most years the soil is dry in some or all parts for 90 or more cumula-
tive days and is moist in some parts for more than 180 cummulative days or
continuously molst for 90 days. Based on an average vear these moist condi-
tions may occur between December and April.

10



The solil temperature at 60cm is 23°C or more, and the difference between mean

. . s O . s
summer and mean winter soil temperatures is about 11°C. This corresponds with
a hyperthermic soil temperature regime in Soil Taxonomy.

1.2.6 Conclusions

The climate of the study area can be classified as Low Tierra Fria with a sub-
tropical temperature regime and a monsoon semi arid humidity regime
(Papadakis, 1970)

Although the temperature regime of the area is suitable for a large range of
crops, the rainfall analysis indicates that years with very severe moisture
stress occur in one year out of two. Only in one year out of four are good
moisture conditions present for crop growth, while the onset month of the
growing season varied from year to year and can be as early as October and as
late as April, hampering the planning of agricultural operations. Given these
rainfall characteristics, rainfed agriculture in the area is bound to be a
risky enterprise,

The soil temperature regime is hyperthermic and the soil molsture v is

1.3 GEOLOGY

The hardveld, in which the whole survey area is located, belongs to the an-
cient African shield or a Gondwana erosion surface. The stratigraphy of South
East District comprises the Archean and Lower Proterozolc eras.

1.3.1 The Archesn ers (2500 million yvears and older)

This era includes rocks which are mainly Gaborome granite of the Basement Come
plex. Blue grey fragmented felsites and agglomerates of the Kanve formation
occur west of Ramotswa and south of Gaborone and Lobatse. Amphibolite
intrusives occur east of Gaborone, near the border with South Africa.

1.%.2 The Proterozoic ers (1200-2500 million years)

3

includes the Ventersdorp, the Transvaal and the Waterberg super-

groups.

The Ventersdorp supergroup: is an acid volcanic group of early Proterozoic
age, and contains the Lobatse wvolcanic group in the area with greywacke, fel-
sic porphyry, tuff and agglomerates.

The Transwvasl supergroup: is also of early Proterozolc age and has a large

lithelogical wvariety. In South Es District banded dronstone shale,
sandstone, and guartzites occur in the area around Ramotswa and to the south

of it.

The Waterberg supergroup: occurs in the avea between Mokgosi and Otse with
shale clast conglomerates and red sandstones. Chest and dolomite clasts con-
glomerates occur just north of Otse,




1.4 GEOMORPHOLOGY AND HYDROGRAPHY

1.4.1 Geomorphology

Geomorphological units have been described using a land form system (Bawden
and Stobbs, 1963). In South East District six major land systems occur
(Figure 6, Table 4) of which three are of minor extent in the area. {The
Barolong plain in the southernmost part of the district, the Lotlakane plain,
and the Mmathete plain which extends in the southwest corner of the district).
Three land system units are important in South East district:

The Hildavale Plateau: this is a gently undulating plateau developed on
various rock with many pediments, subtending the Kanye hills that are located
north of it. It stretches from the Kanye hills through Gathwane to Hildavale.
Soils are often shallow and the vegetation is mixed, but mainly consist of a
low tree savanna.

The Lobatse complex: this unit dominates South East District south of
Gaborone, where it takes two different landforms:

al/ broad gently undulating valleys with small hills pediments and
piedmonts. A combination of shallow, reddish brown acid soils and vertisols
occur. The dominant vegetation is an open tree savanna.

b/ rugged steep hills with shallow soils and rock exposed at the sur-
face. On this landscape hill communities of tree savanna occurs.

The Metsemotlaba Plain: this unit is domant north and east of Gaborone, and
takes two forms that mainly differ through the underlying geology:

af Gently undulating plain with occasional kopjes on Gaborone
granite. Soils are brownish to reddish, medium to heavy textured, and ver-
tisols occur in depressions. This unit is by far the most important one.

b/ Gently undulating plain with occasional hills that is limited to
the area north east of Zeerust where basic igneous rocks occur (amphibolite).
Both landforms carry a mixed, mainly low, tree savannsa.

12
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Table 4

DESCRIPTION OF GEOMORPHOLOGICAL UNITS IN SOUTH EAST DISTRICT 1/

Symbol Land System name Landform Description
I Barolong Plain a Gently undulating plain with broad flat
fossil valleys over basement complex.
b Gently undulating plateau over granite,
standing above (a) and (c).
c Nearly flat low lying basin over Lobatse

volcanic group.

1T Hildavale Plateau Gently undulating plateau on various rock
types. Many pediments.

111 Lobatse Complex a Broad gently undulating valleys with small
hills, pediments and piemonts.
b Rugged, steep sided hills.
v Lotlhakani Plain a Undulating plain with occasional kopjies

b Pediment plain in zone of scarp retreat,
Frequent kopjes.

v Mmathete Plain Gently undulating plain with broad flat
fossil valleys.

VI Mestemotlaba a Gently undulating plain with occasional
Plain kopjes on Gaborone granite.
b Gently undulating plain with occasional

hiils on basic igneous rocks.

1/ After Bawden and Stobbs, 1963

1.4.2 Hydrography

South East District is covered by a dense network of small rivers of which the
Kalabeng, the Metsemashwane, the Taung, the Tsklane and the Lobatse rivers are

the main ones south of Gaborone.

The Notwane river drains eastwards in the Limpopo, its overall drainage pat-
tern is sub parallel with all tributaries joining in from the west and none
from the east. This is probably due to the general north east inclination of
the Metsemotlaba plain which inhibits water to flow from the south or
southeast, or lithological differences may exist on the western and eastern
side of this river.

Most rivers in the area are deeply incised and narrow and have narrow strips
of alluvial plains along their beds.

14



1.5  NATURAL VEGETATION

A comprehensive study of vegetation is south east Botswana was carried out by
Timberlake (1980) at a 1:500 000 scale. Five units were identified based on
species composition and designated A to E. They were further subdivided into
twenty one vegetation types.

In South Fast District, only three of the main units and six of the vegetation
types occcur, these are summarized in Table 5

Table 5

Vegetation Unit Vegetation Structure Specles

Hardveld woodland and tree B4: Acacia erubescens Acacia erubescens,
savanna (B) tree savanna A. geradii, Rhus
Leptodictya, Acacia

robusts, Boscia
Foetida, Petophorum
africanum, Boscia
albutrinca.

B5: Terminalia sericea Terminalia Sericea
tree and shrub savanna Acacia Fleckii,

Peltophoumapicanum,
Boscia albutrinca,
Combretum zeyhori,

B6: Rhus leptodicty Rhus Leptodictya,

tree savanna Acacla karoo, A,
tortillis, Peltophorum
africanum, Ziziphus
mucronata,
Taschonantes
Camphorates

BR7: Rhus foncea - Acacia Ehus Iancea, Acacia
karoo savannna karco, A. caffra,

Rhus leptodictya,
Ziziphus mucronats,
Taschonantes
comphorates

Woodland hill Cl: Croton gratissimus Croton gratissimus,

communities (C) woodland Combretum apiculatum,
Pappea capensis,
Combretum molle,
KXumenia americana

Thicket and Shrub Di: Acacia tenuispina Acacia tenuispina
savanna (D) shrub savanna A. mellifers,

A. tortilis
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t++ . National boundary

—.— . District boundary

Full legend see Table 5

Figure 6 . Natural Vegetation of South East District
(after Timberlake, 1980)
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In relation to the geomorphological units described in section 1.4, there is a
definite link between the gently undulating Metsemotlaba plain on Gaborone
granite and the occurrence of a B4-B5 vegetation. Woodland hills communities
dominate the steep hills of the Lobatse complex and the Hildavale plateau.
The broad, gently undulating valleys of the Lobatse complex have dominantly a
B6 vegetation. The Acacia tenuispina shrub savanna is dominant on the basic
igneous rocks of the Metsimotlaba plain.

1.6  LAND USE

1.6.1 Land Tenure System

The thee mainland tenure systems in Botswana are the tribal or communal, the
freehold and the Stateland. The tribal or communal land i1s owned by different
tribes throughout the country and its administration is through the tribal
land boards under the authority of the land act. The freehold land is owned
by an individual or a group of people who have exclusive control over its use.
The Stateland is that which is owned by the state and 1s desipgrated stock
free, for example, towns, national parks, game and forest reserves.

A1l the categories of land tenure are present in the survey area. The city of
Gaborone is one example of a stateland. Most, if not all the arable farming
communities are within the freehold land tenure category, they are con-
centrated around Lobatse township in the South East District and practice both
crop farming and livestock grazing.

Although livestock is a secondary agricultural activity in most of the Dis-
trict it makes use of the tribal or communal lands.

1.6.2 Major Land usé types
The major land use type in the survey area is freehold arable agriculture

(with sorghum as the main crop) combined with communal grazing. Small scale
commercial grazing is practiced on some farms in the vicinity of Gaborone.
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2 BOILS
2.1 INTRODUCTION

The go0il map of South Bast District (scale 1:1000 000) is based on informa-
tion from satellite dimagery, black and white aerial photographs, existing
field information (mainly soil profile descriptions) from the 1:250 000 soil
survey of the Lobatse sheet and CGaborone sheet (Mafoko 1989; Moganane, 1989)
and some additional fieldchecks.

For the photo interpretation runs 8 to 20 of South East Block 1/81A (scale
1:50 000; May, 1982) were used. Satellite imagery interpretation is based on
a S5POT, multi spectral colour print (scale 1:50 000; May 1988).

Soils have Dbeen described according to the guidelines for soil profile
descriptions (Remmelzwaal and Van Waveren, 1988) and analyzed according to the

standard procedures (Breitbart, 1988).

Descriptions and analytical data of representative profiles are listed in Ap-
pendix 1.

2.2  THE SOIL LEGEND

The mapping units are described according to the General Legend of Botswana
{(Remmelzwaal, 1988). This legend has the following three elements:

1. Ma jor grouping into main units according to parent material,
2. S0il Classification according to the Legend of the Soll map of the world

(FAC/UNESCO, 1974,

3 Sudivision into soil units according to further soill chavacteristics,
such as (1) physiographic position, slope and drainage; (ii) colour,
depth, texture; {1ii) phases such as lithic, petroferric, petrocalcic
and sodic.

The legend for the Soil Map of South East District comprises only parts of the
general legend.

2.2.1. Maln Undts

In South Hast District the following main units cccur:

A - Soils on alluvial deposits; such as valley floors and fluvial terraces
with adijacent lower foorslopes, depressions.

B - Soils on basic igneous and metamorphic rocks: minor main unit on
dolerite and gabbro.

0w Soils on fine grained sedimentary rocks: Major main unit in central
South East District. On shales, dolomite, siltstones, greywackes.

G - Soils on acid igneous and metamorphic rocks : Dominant main unit in the
Gaborone area and south of Lobatse. On granites, felsic volcanics, fel-
gites,

! Soils on steep hills, ridges and escarpments: ilmportant main unit south
of Ramotswa. On various rocktypes.
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8 - Soils on coarse grained sedimentary rocks: mainly in colluvium derived
from sandstones and gquartzites. Minor main unit.

2.2.2 80il Classification

In addition to the FAO classification, soils are classified according to the
USDA Soil Taxonomy (1975). Based on the available chemical data it is assumed
that (i) all non-analysed soils have subsoils with a hbase saturation (PBS) of
507 or more, {(ii) Non calcic and mnon glevic Luvisols have a cation exchange
capacity (CEC), corrected for Organic Carbon, of less than 24 meq/1l00gr clay
in at least some subhorizon of the argillic B.

1t should be noted than in the classification of the soils, the °*»5307 PBS’
criterion to distinguish the Luvisols from the Acrisols is not followed
strictly. If soil analysis shows a PBS just below 50Z, but within the range
of the standard error of the determination, for only one of the samples taken
from the Bt horizons(s) and with PBS of all other samples above the soil
is classified as a Luvisol/Alfisol.

that show
moisture

Soil moisture regime is considered to be ustic,
evidence of water saturatlon throughout the prof
regime}.

The soil tempersture vegime is hyperthermic.

2.3 DESCRIPTION OF THE MAPPING UNITS

A BOILS ON ALLUVIAL DEPOSITE

Al FaD: Pellic Vertisol, partly sodic phase (1974, 1988}
8T ¢ Typic Pellustert
Description: Deep to very deep, poorly to imperfectly drained, dark
gravish brown to very dark gray clay.
Topographys: Flat to almost flat.
Gccurrence:Depressions east of Gaborone and South of Lobatse, near Hil-
davale. In association with A30a and A4b on slightly higher area (with
less clavey soils) A4b becomes dominant
Characteristices When the soils dry out deep cracks develop from the
surface and the clods become extremely hard. The subsoils are generally
strongly calcereous, often with soft carbonate nodules and/or soft pow-
dery lime. In places the soilsmight be sodic. However no laboratory
data are available to confirm this.

Ak FaQ: Calcaric Cambisol (1974, 1988)
8T ¢+ Fluventic Eutrochrept
Description: Moderately deep to wvery deep, imperfectly to moderately.
Well drained, dark grayish brown to brown sandy loam to sandy clay.
Flat to slightly undulating.
Profilesr R-0011
Occurrence: Somewhat better drained parts of the valley floors of Taun
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river and tributaries. In complex with A3la on poorly drained sites.
Characteristics: Calcereous soils with a distinctive textural differen-
ciation within the profile due to sedimentation.

FAO: Calcic Cambisol (1974)

Haplic Calcisol (1988)
8T : Typic Ustochrept :
Deascription: Moderately deep to very deep, imperfectly to moderately
well drained, dark grayish brown to brown, clayleoam to clay. Flat to
slightly undulating.
Occurrence: See Al
Remarks:s No laboratory data available.

FAO: Solodiec Planosol (1974) Stagnic Solonetz (1988)

8T ¢+ Typic Haplagualf

Description: Deep to very deep, poorly to imperfectly drained, pale
brown to light gray loamy sand to sandy loam topsoils abruptly overlying
dark yellowish brown to dark (grayish) brown, sandy clay to clay sub-
soils.

Topography: Flat to almost flat.

Qeeurpence: Poorly drained parts of valley floors of Peleng river (close
to Lobatse Estates Office). In complex with A7. Minor mapping unit
Bemsrke: Mo laboratory date svailable. Profile characteristics suggest
a considerable sodium content.

FAO: (Calci-) Gleyic Luvisol, partly sodic phase (1974, 1988)

87 ¢ Aguic Haplustalf, Typic Ochraqualf

Description: Deep to very deep, poorly to imperfectly drained, dark gray
to gravish brown sandy clayloam to clay.

Topography: Flat

Profile: LOOS3

Oeeurrence: Merginally drained parts of wvalley floors. Often in as-
sociation with A% and All, the latter two occurring at the better
drained, higher parts of the valley £loors.

Remarkes Chemical analysis of L0053 (located in valley floor south of
Kgomokasitwa) shows a high sodium content.

FAO: Calcic Luvisol (1974, 1988)

8T ¢ Typic Haplustalf

Description: Deep to very deep, imperfecly moderate, Well drained, yel-
lowish brown to dark grayish brown sandy clayloam to clay. Flat to
slightly undulating

Topographys Flat to slightly undulating.

Profiles R-0004

Qccurrence: Valley floors and adjacent lower footslopes. Often in as-
sociation with All (mainly on lower footslopes) or A7 (on poorly drained
valley floors)

Remarks: Subsoils are in places strongly calcereous and contain soft
powdery lime, or soft carbonate nodules (Calcic horizon).

i
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Al3a

A3la

A3h

FAO: Perric Luvisol (1974)

Haplic Lixisol/Ferric Luvisol (1988)
8T : Oxic Paleustalf
Description: Moderately deep to very deep, moderately well to well
drained, red to strong brown sandy loam to sandy clay. Almost flat to
undulating.
Occurrence: Mainly in higher parts of valley floors and floodplains.
Often in association with A9 and A7. South of Lobatse found in associa-
tion with A34. In the complexes with A7 and A9, the latter are found in
the lower parts.
Remarks: No laboratory data available.

PAO: Chromic Luvisol (1974&)
Rhodi-chromic Luvisol (1988)
8T s Udic Haplustalf
Description: Moderately deep to deep, moderately well drained, dark red
to strong brown, massive, sandy clayloam to sandy clay.
Topography: Flat to slightly undulating.
Profiles R-0007
Qccurrence: On alluvial terrace, next to Notwane dam.
Characteristicss Deep to very deep alluvial soil, weak to very weak
structure changing to massive in the lower subsoil.

FAQ: Butric Gleysol (1974, 1988)

8T :« Typic Haplaquept

Description: Deep to very deep, imperfectly to poorly drained, (very)
dark gray sandy clayloam to clay.

Topography: Flat

Profiles R-0015

Occurrences Poorly drained parts of the valley floor (Taung river), in
association with A4

Remarks: On the map a vertic variant (A30a) is recognized which no
longer is retained in the Soil legend of Botswana.

¥AO: Eutric Regosol, shallow petric phase (1874, 1988)

8T : Lithic Ustorthent

Description: Shallow to moderately deep, well to somewhate excessively
drained, dark brown to reddish brown, loamy sands to sandy loams. Flat
to slightly undulating.

Dcecurence: Recent valley floors in hilly areas. Stony to very stony
soil. Also in association with A9 and/or AlL.

Remarks: No laboratory data available.

B SOILS ON BASIC IGNEOUS AND METAMORPHIC ROCKS

B3

FAO: Chromic Luvisol (1974, 1988)

87 ¢+ Ultic Haplustalf

Description: Moderately deep to deep, moderastely well to well drained,
red to strong brown, sandy loam to clayloam.

Topography: Almost flat to undulating (on dolerite)
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Profile: R-0020

Occurrence: A single large mapping unit on dolerite east of Notwane
siding.

Remarks: Soils show a clear clay increase.

FAQ: Ferric Luvisol (1974, 1988)

8T ¢ Kanhaplic Paleustalf

Description: Very deep, well drained, dark brown to strong brown, sandy
clayloam to sandy clay.

Topography: Almost flat to undulating (on gabbro)

Profile: G-0518

Characteristics: Soils show a clear clay increase with depth, subsoils
are slightly hard to hard when dry.

Remarks : previously classified as B3a and as such on the map.

D SOILS ON FINE-GRAINED SEDIMENTARY ROCKS

Dla

D2

D2y

n7

FAGs BFButric Regosol petric, partly lithic phase (1974, 1988)

8T s+ Lithic Ustorthent

Degscription: Very shallow to moderately deep, well drained, yellowish
brown to reddish brown, sandy loam to clayloam. Undulating to hilly.
Occurrence: On low ridges and erosional slopes in undulating terrain.
In complex with R on steeper ridges around Ramotswa. On lower slopes in
complex with D7 or D7d.

Characteristics: Soils are often stony to very stony and due to their
physiographic position and weakly developed soll structure, very suscep-
tible to erosion (without sufficient grasscover). Aloe species common,.
Remsrks: No Laboratory data available.

FAO: VFerric Luvisol, petric or partly petroferric phase (1974, 1988)

5T ¢ Kanhaplic Heplustalf

Description: Moderately deep, well drained, yellowish red to brown sandy
loams.

Topography: Flat to undulating.

Ocecurrence: Minor soil unit found on steeper, erosional slopes formed in
dolomitic rock. Associated with D10 (on footslopes)

Remarks: no laboratory data available.

FAO: Ferric Luvisol, petric or partly petroferric phase (1974, 1988)
8T : Kanhaplic Paleustalf

Description: As D2, but clavey.

Occurrence: As D2, but on shales.

Remarks: No laboratory data available., Note that this unit has not been
retained in the General Soil Legend of Botswana.

FAG: Ferric Luvisol, partly petric or petroferric phase (1974, 1988)
5T : Kanhaplic Paleustalf
Description: Massive, moderately deep to deep, moderately well drained,
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D7a

yellowish brown toc yellowish red sandy loam to clayloam.

Topography: Flat to slightly undulating.

Profile: L-0008.

Occurrence: On lower pediment slopes formed in quartzites or sandstones.
Associated with D7d in areas with a mixed lithology, and with Dla on
steeper slopes.

Characteristics: Soils show a distinctive clay increase with depth.
Sub-soils are very hard when dry, topsoils are soft and susceptible to
surfact crusting.

Remarks: On the map a clayey variant is recognized (D7d), no longer
retained in the Soil Legend of Botswana

PAO: Orthic Luvisol (1874)

Haplic Luvisol (1988)
5T ¢ Typic Haplustalf
Description: Massive, deep, imperfectly to moderately well drained, dark
brown to yellowish-brown,sandy clay to clay.
Topography: Flat to almost flat.
Occurrence: Lower pediment slopes formed in Marls. In asscociation with
D7 in areas with mixed lithology
Remarke: Homogeneous clayey soils, wvery hard when dry. No laboratory
data available.

G S0ILE ON ACID IGNBOUS AND METAMORFHIC ROCES

Gla

Gid

BAOs PButric Regosol, lithic phase (1974)

Butric Leptosol (1988)
8T 2 Lithic Ustorthent
Description: Very shallow to shallow, moderately well to somewhat exces-
sively drained, grayish brown to yellowish-red, sand to sandy clayloam.
Topography:Undulating to rolling.
Profile: L-0091
Occurrence: On Gaborone Granite Complex and felsic volcanics of the
Lobatse Volcanic Group. Mainly on steeper erosive slopes in the Lobatse
area and upper pediment slopes in the Gaborone area, or in areas with
many rock outcrops. Often found in complex with Glc and/or G2d or R.
Characteristics: Stony shallow soils on rock and in places on petrofer-
ric material. Often with Alce species. Without sufficient grasscover
susceptible to erosion, surface crusting and Acscia tortilis
subsp.heterecantha encroachment.

FAO: Calearic Regosol, shallow petric phase (1974, 1988)
8T ¢ Typic Ustorthent
Description: As Glc

Oceurrence: On Gaborone Granite Complex. Associated with (former)
drainage channels, around Hildavale station. In complex with G2d and
la

Charscteristice: Moderately to strongly calcareous soils, sometimes with
petrocalcic horizon. Without sufficient grass cover, susceptible to ero-
sion and surface crusting. With Acacia hebeclada (stoloniferal.
Remarks: No laboratory data available.
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G2d

G2f

¢10b

R VERY SHALLOW SOILS ON STEEP HILLS, RIDGES AND ESCA

FAO: Ferric Luvisol petric or petroferric phase (1974, 1988)

ST : Kanhaplic Paleustalf

Description: Moderately deep, moderately well to well drained, grayish
brown to red, sandy loam to sandy clayloam.

Topography: undulating.

Occurrence: On Gaborone Granites and on felsic volcanics of the Lobatse
Volcanic Group. Mainly on lower erosive slopes. On steeper erosive
slopes also found in complex with Gla and Glc and/or Gid.

Remarke: No laboratory data available.

FAO: TFerric Luvisol petric or petroferric phase (1974, 1988)

8T s+ Oxic Paleustalf

Description: As G2d but sandy clay to clay.

Profile: R-0024.

Occurrence: BEast of Kgomokasitwa on felsites and agglomerates of the
Gaborone Granite Complex, west of Hildavale in complex with Gld-la.

FAO: Ferric Luvisol(1974)

Haplic Lixisol (1988)
8T : Oxic Paleustalf
Description: Deep to very deep moderately well to well drained, strong
brown to red sandy loam to sandy clayloam.
Topography: Flat to almost flat.
Profiles G-0901.
Occurrence: On Gaborone Granites. 1In the northern part of South East
District.
Characteristics: Deep soils on (almost) flat plains. Due to
physiographic position less susceptible to erosion (without sufficient
grasscover). Compared to G2a/f less frequent occurrence of ironstone.
Remarks: formerly classified as G10c and as such on the map.

MENTS

Occurrence: On various rocktypes, large mapping unit in Ramotswa and
Lobatse areas.
Remarks: Not suitable for any kind of arable land use.

§ BOILS ON COARSE GRAINED SEDIMENTARY ROCKS

510

FAO: Arenic-ferric Luvisol (1974, 1988)

8T ¢ Kanhaplic Paleustalf

Description: Deep to very deep, well to somewhat excessively drained,
red to yellowish red, loamy fine sand over sandy loam.

Topography: Flat to undulating.

Profiles L0004,

Occurrence: In colluvial slopes derived from guartzitic rock or
sandstone, for instance colluvial slopes of Otse hill. Minor mapping
unit.

Remarke: No laboratory data available.
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3 LAND EVALUATION

3.1 INTRODUCTIOR

Following a request from the government, a land evaluation for improved tradi-
tional dryland farming for South East District was carried out at a scale
1:100.000 . The land evaluation is primarily based on soil and climatic
gqualities.

The land evaluation can be considered as the first step in the so called ’two
stage approach’. It is a physical classification, since no socio-economic fac-
ters have been included. The suitability classes merely give a qualitative in-
dication of a certain soil unit, as compared to other units. The yield
figures, given in section 2.6 are only indicative.

All the soil units on the map were given a suitability rating according to a
system of land evaluation for arable farming in Botswana (Rhebergen, 1988).
It has to be mentioned that not from all the mapping units soil chemical data

were available. Therefore some ratings had to be inferred using analitical
data from similar soils in adjacent areas.

3.2 DESCRIPTION OF THE LAND USE TYPE

Improved Traditional Dryvland Farming

Produce: Sorghum, Maize, Millet, Groundnuts,
Peas, Beans, Sunflower
Yields: 500 - 600 kg/ha (grains)

Market orientation:

Size of holding:

Capital intensitv:

Labour intensity:

Credit facilities:

Farm Power:

Technical knowledge:

Firstly subsistance; sale of surplus

10 ha; total area planted depends on
amount and distribution of rainfall

Moderate
Moderate

Government controlled institutions
(e.g. ARAP, ALDEP schemes)

Oxen, Donkeys, Mules

Good knowledge of modern farming prac-

. tices, related to non-mechanized dry-

land farming
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Management practices: Winter ploughing, early planting, row
planting, improved seeds, modest use of
fertilizer/manure, insecticides, use of
planter and inter-row cultivator, con-
tour ploughing, adequate crop pro-
tection against pests, proper storage
of harvest

Infrastructural- Advisory services; depots for sale of
requirements: supplies (fertilizer, seeds) and sto-
rage of produce

Land tenure system: Communal

The Land Use Type, as described above, can be considered as a farming system.
A farming system is a specific way of farming, according to well defined key
characteristics i.e. produce, market orientation, management (cropping system,
technology, cultural practices), labour- and capital intensity etc.

In the farming system, selected for South East District, sorghum is considered
as the main crop. Maize has been selected as an additional food crop and
Dolichos lablab as a fodder crop.

4.3 INFORMATION ON DOLICHOS LABLAB

Dolichos lablab can be used for supplementary feed during the dry season,
after mixing with crop residues. The ratio in which it should be fed to the
animals is 1:2 or 1:3 (Dolichos:Crop residues+whatever is available from graz-
ing and browsing).

It is a high quality food and contains 15-20% crude protein of the total dry
matter (sorghum stubble has 5-6Z of crude protein) and the whole plant is
palatible.

Dolichos is an annual leguminose and as such it has the ability of fixating
nitrates. Therefore it is very suitable to be included in a farming system,
since it will at least maintain the N-level of the soil.

Dolichos is drought resistant. During the dry spells in the growing season, it
will stop growing but will stay green and keep its nutritive value.

It has to be harvested before the first frost. In South Bast District this is
around mid-May.

Under the present climatological circumstances in Botswana, Dolichos can give
yields of 2-3 tons/ha, under reasonable management.

8 oxen need for the last 3 months of the dry season roughly 3 tons of dry mat-
ter. This means that 1 ha. planted under Dolichos can supply the required
ratio.

3.4 LAND QUALITIES AND RATINGS

The different mapping units have been rated for the following land qualities.
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Edaphic~ and Agro~Climatic Suitability

correct temperature regime, day length and air humidity.
absence of damaging floods

adequacy of conditions for germination

moisture availability

nutrient availability

oxygen availability in the root-zone

adegquacy of foothold for roots

absence of toxic substances

et OB B® MmO

Management and conservation suitability

accessibility

resistance to soil erosion
absence of pests and diseases
workability

£ e B

The ratings are correlated with suitability classes, for the important crops
of the land utilization type, under consideration for Socuth East District
(Sorghum, Maize, Dolichos lablab).

3.5 LAND BULTABILITY CLASSIFICATION

The reader is veferred to the land suitability map for definitions of the 5
classes,

The land suitability subclasses, as indicated on the map, refer to the
suitability of the soil units for sorghum. The suitability for maize can
generally be considered as one class lower as compared to sorghum, while the
suitability for Dolichos lablab is generally one class higher.

The following yield figures, for sorghum and maize, can be considered as a
rough quantification of the suitability classes given to the different mapping
units, under improved traditional dryland farming with good management (DLFRS
1985, Rhebergen 1988).

| tons/ha. |
Suitabilitv class |Sorghum Maize|
51 > 1.6 > 2
52 1.2-1.6 1.5-2
83 0.8~1.2 1-1.5
54 0.4-0.8 0.5-1
N < 0.4 < 0,5

Seasonal cultivation of land, classified as 84, will over a long period not be
profitable in terms of money. However part of this land ig used and will be
used.

Economic reasons do not play a role, or only a minor one. Very low yields are
justified on subsistance level. Also considerations such as employment justify

strongly reduced crop yields.

27



Land which is rated as N can not give such an output/yield that it covers the
input costs.

The land quality ‘workability’ was only considered for stony socils, not for
the consistency of the topsocil, since tractors are available to most farmers
under the ALDEP and ARAP schemes.

3.6 Description of the climatic zone

Botswana is divided into agro-climatic zones, which are based on the length of
the growing season, length of the humid period and the number of dry days in
the growing season

According to Figure 5 South East District falls within the climatic zone with
code le3d.

The length of the growing season is 101-120 days. This occurs with a 75-100%
probability, meaning at least 3 out of 4 years.

During this growing season there is a 502 chance of 41-50 dry days and a 25-
49% chance of a humid period with a length of 20-40 days (see figure 1).

Consldering the amount and reliability of rainfall in the South East District,
a further subdivision of the climatic zone 1led could be made (see Table 6).
The hilly area south of Otse (Lobatse subzone), constitutes the slightly
higher rainfall zone and has slightly better climatic conditions for dryland
farming compared to the Gaborone subzone (see land suitablility map).

If a certain soil unit occurs in both subzones and its moisture availability
ranges between 853 and 84, the unit in the south is given the higher rating
(83), while the same unit in the porth (around Gaborone) is given the lower
rating (84).

lTable 6.

FREQUENCY OF THE OCCURRENCE OF A HUMID PERIOD DURING THE
FIRST GROWING PERIOD.

Gaborone 29 %
Kgale 32 2
Ramotswa 37 %
Lobatse 43 7

3.7 REMARES ON THE SULTABILITY CLASSIFICATION OF THE MAPPING UNITS

For the ratings for the different soil units see Appendix 2.

For the moisture availability rating for the soill units see Appendix 3.

If certain mapping units are complexes or associations of several soil units,
the suitabllity of the components was determined and the average, according to
the occurence 1in the complex or association, was given as the final
suitability class.
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A: Soils on Alluvial Deposits

ALl the A units occuring in river valleys have been considered as water
receiving. Where A units occur on plains (Al, A9, A1l) they are considered as
normal sites for the determination of the moisture availability. (e.g. A9 in a
river valley is classified as $3m, while on the plain the same unit is class-
ified as 84m).

All on the plain, in the Lobatse sub-zone, was classified as 8§3m.

B: Soils on Basic Igneous and Metamorphic Rocks

Comparing units, B3 and Bll, (former B3a), the first one was given the higher
rating for moisture availability, since the topsoil is coarse textured and
generally not capped, massive, compacted or cemented. This unit has a flat
topography. Therefore no correction was applied for the runoff.

D: 8oils on Fine Grained Sedimentary Rocks

Units Dla and D2a are rated 5-6 for moisture availability. This is not impor-
tant for the suitability for sorghum, since both are not suitable. It only af-
fects the suitability for Dolichos.

In general these soils are not suitable. They are shallow and stoney or/and
cgceur in sloping areas.

Units D7 and D10 were given different ratings for the different sub-zones.

G: Soils on Acid Ignecus and Metamorphic Rocks

In general these soils were considered as occuring on watershedding sites.
Glc and 61d units occuring in the Lobatse sub-zone can be given a suitability
of 84 on the less steeper parts, i.e. slopes less then 3Z.
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APPENDIX 1

SELECTED REPRESENTATIVE SOIL PROFILE DESCRIPTIONS
AND ANALYTICAL DATA

Profile Unit FAD (1974) Classification
ROO1L Ab Calcaric Cambisol

L0053 A7 Gleyic Luvisol

RODO4 A9 Calcic Luvisol

ROOQO7Y Al3a Chromic Luvisol

ROOLS A3la Butric Gleysol

RODZ20 B3 Chromic Luvisol

G0518 B11 Ferric Luvisol

Los02 D5b Fervic Luvisol

Looos D7 Ferric Luvisol

Lo091 Gla Butric Regosol, lithic phase
ROD24 G2F Ferric Luvisol, petric phase
50901 G10b Ferric Luvisol

LOOO4 S10 Arenic Ferric Luvisol

All other profiles are available from the National Soil Database, Ministry of
Agriculture, Gaborone.

32



68/50/41 tsaep utad TI0/68/106/0ve ®uemsiog Jo Leaing 110§

‘sao0x ou ‘snosieoTes A7aufts Sprey Aren ‘eandonils  SATSSER ‘pues SuUTY C(AXP) H/9 MAOT PUT (ISTON) ¢/y WAL WO 08 - 0L 3%
« Lrepunoq daes adnaqe
‘sqo001 suIy msy Ares ‘suoerzorso ATiydTrs ‘pawy Liea ‘erznionazs {yoorq reprfuvqns WATpSL pue SUTY YEes tLeto f(AIpy ¢©/CUC WAOT Pu® (3ISTOW) /¢ HAGT WO o/ -~ 0§ qas
«Lxwpunog Asws adnage ‘sioox sull
w8y Axss ‘snosiesTes A7IuSTis ‘prey ‘eanioniis eatssem odul asede Buwryrey orawmstid esxwod Lies e Lisa ‘weoy Apues suty ‘(4Ip) H/C°9 HAQT PUEB (38Tom) ¢fy YAOT WD 0 ~ 7 7
4repunog gaoows adniqe ‘83001 suly wommod ‘AITATIOE 10SSUT
#8y ‘snoszvores ucu ‘prey ‘sinioniis ysTnwesd mnipsw elerepow ojut iaeds Buriyey Lyootq swrnBuegns IUTY SIBISPOR tfeo f(&apy £/CUC MAOT DUe {3ISTOWY £/¢°¢ HADT WO G - 0 ¥
6L - 0% D [ 0z = 0§ ¥ ISHIIVS

{anc ButSpes fpwsate ng 7 pues) peneyesiesut puwes sse dn xeudTg Lroeqoad $47Te8 woxy sadm p07 ¥ STIFOR SWMVHEE

TTO (AN NYHNH TR: NOTISOSH
BUCT JOUNLOC WOO¥ sucu 1SANOIS Z¥NS
: gOVNIVIQ RO T ISTOW
dnoaZzedns Tewasuei] :ITNNI0HD *HIAL ADOY maTANTTR TYIEIIVA INIYYS
-5Ga03 /e885R1S 1
- SONAYY §
- gesal, : SEIONAS
SWIAODSSYHD TH (HOLIVIZSHA Buwmarey purTdip TPUOTITPRIZ IS( QNVI
aume pis] SUUSP LS Ta mw/mvu.m,.no (o 14 nmﬂw..n.m@wm uﬁw.ﬂ.mw ugm .%w
3 - 1 ZdOE uessuUn :IEIVESOIOL OHOTH 1Ty IsoWle IHIVED040L
axed xemol :NOTIISGL uretd pooty @ LNEWITE ANYT uted TEenTIE ¢ JECIGNYI
dsayooaany o7 14 f I8
DTIST LS (9267) Tosquen oTFedTen  (g861)TosTgme) OTIEdTe) OV NOLIVOIAISSVIO
sg/gofr1 ¢ IIvd sugwefolr g g TEEMZTSEDEY"Y :($)UOHINY
@ g9goT ¢ HOLIVAZTE T-T0=19~57 S§~L9=£5~9E QU000 (xeatz Buney) essjouwy M§ WMg ! NOLIYOO]
¢H1 SENOZTHIID OunY TgY-124-0T ¢ ATED waszyZ ¢ IAAHS
7 ssuiEag 70¥ TR Tiog @ eTHIOA HOTIATE0SEG TILA0¥d 1108

33



BUD = § S2TPS STANIOS =~ § ‘SVITUCQIE) = 5 ‘SSPTRQ UOIT Bedi = 3 CxeNdE OTWESAQ - O INUMIVINIENd

usoUy 0N = x ‘POYIGH °338dTd = ¢ ‘POYIS 2938WOIPAR -~ H  QORIEN NOLLYNTHERLAG 218 °19vd

6R/SO/E0 8aTp 20TAG TT0/SR/I0H/OVE  wueasiog 30 4eaing 110§
i £ FURR A 4 q{}m 0 Mw- 28 1°0 %0 amw e 1712 70 % 00 ¥'9 69 ) oL W- :w

H ¥9 1 ¢ £1 79 62 6 O © 68 6°0 Z°0 &1 I°¢ '8 0y 00 $'9 vy 05 ot g

H € iy w2 1 61 ¢ 1 6 O €L 10 1T 0°6% %Il 9°6Z 70 11 00 7°9 89 AN ki

o xpmoodvg %Mmimwa e s 53 @ Wu 594 b4 ?M.i- .m,mm aBpoy/bem  ~----p g JuStes wdd wo/gm TIED  OZH - ) ‘

pticeEd HISH £eTo5E0 (y ayBtes) ozys ITVTIIRY sad e i W e oD 5 4 i e BIdE¢  TIDS

1100 ¥ ETI40Ed

SITINSEY SISATYHRY 7108 QUIVYAIHRYILIS

34



68/¢0/€0 93wp auiad

TI0/$8/I08/0VE  suemsiog 30 Lesng o9

=

&

+ mo LT ¥

sdrepuncg  adniqe ‘sjoox ou fsnosIesTEs uow ‘suotieBexBes 1Jos sTum snosivoTEo quenbaiy ‘meoy AeTo Apuws ‘{asTom) ¥/ WAGT WO 071 - 011 IWU3E
e

sAxepunoq YIooWs IBSTD *S100X BUTI

uomnos ‘snosredes A78ucays ‘sucyiedexBes 170s eaTum snosxeoTss juenbeay ‘seiod suly ey ‘wity Lzsa ‘4eo dpues o1 weol deTo ‘(asTom) y/y HIGT ©0 Ol ~ O
“Axppunog F3coms 1S ‘s1003 ouT Luwm ‘sneszesies Lysnmaspon ‘sexcd suly mer ‘susind
utyn 4yored ‘maty Azsa ‘eanavniis Lyoolq zenfusqns ssiecs pue mnypsn Suciis ‘meoT Lero 4puss o3 wmeoy L2y ‘seyiiom  Luem S{astom) ¢/¢ ¥YAOT ©0 05 - 0T uag
=Azepunog YIoOmS IS0 ‘S3001 suiy Auwm ‘snosIeoTeds ucy ‘sexod SUTI UOHEOD fSURIND
U3 SNONUTIUOD ‘prey ATs@eIlxe ‘sinionals AWooTq renfueqns ssiecd puz mntpen Buoxils ‘meoT A2To Lpuws ol wmeol LeTo ‘(Lxp) ¢/y WAOI DUT (3sTom) £/¢ WEOT Wo o7 -~ O 7
067 - 081 :d 001 - 08 D 06 -~ 08 07 -0 Y SFIINVS

TF :ANT NVRNH

psutesp A1xcod @ FOVNIVEQ
£ LTNO 080

SYHACOSSVED

Z - £ HIOTS
adoTs zamo0T :NOTIISOJ
oFaST NS

w 68T ¢ HOLIVATTE

EET HNOZ WIID O¥Ov

|uou dO¥OLNC A0

SOTUBOTOA OTSTOF IZIAL YDOU

SNOLIVIZOUA

{AHIVED0I0L C¥OTH
: LHAHETE NV

¥8/€0/80 ¢ ALVQ
g-01-8£-67 §-¢£-80-67 *(Q¥O00
681-929-07 ¢ Q14D

(9161) Tostawy SHbern 910725

wogg wozy Furredny :SMMVIGY

wnoIscae [TIX WﬁOH«UQ PUE GOTS0IR 1weys wgu.um H ZOHWQMM
suocu :SHNOLS * LUNS
W 05T - 07 astom ¢ 07 - o AIp :(NOD “ISTOW
wntanTTe STYTYALVH INTUVd
IQ&HON\%&WWN%& H
- mnﬁdﬂm H
- 8883} ¢ SHIDAJS
TASN QNI
au.mwm Jo Gﬂﬁ@ﬁﬁpw Tru .w&gho oL .wﬁ...ﬂnm&m w.dchuw ugw .mgw
SuraeTapun {IHAVENOI0L
¢ NOIANYT
y1easntdey omby ¢ I8
(8861} TosTan OTLeH~TOTED 0VE NOLIVOIZISSVID
suenTaEdy Y  oWoFEN° O L :{S)¥OHINY
cemyteomoBy Jo § WM ¢ NOLLVOOT
196767 ¢ IEEHS

L0V 37U €500 T feTrIoNd

THeag

35



FUON = M BATEY 9TONIO8 = § {SBRBVUCLABS = ‘SOPTH] UoIT 981 = J fxs3aEl QH@%HO = {3 INHAMLVENLAEd

umoiry 08 = x  ‘pouasy 9338d1d = 4 ‘poyley Ieaswolpdy = H  IQOHIEH HOTLYNTEAIAG J218°18vd

68/60/c0 1oEp 104 110/58/I08/0VE Tuessiog Jo 4ssing TI0§
H 59 T 0T €T O 11 & ol 9 omm{:mm 70 qﬂ..m 1°57 9°0Z 1°0 nM -%m 1°8 [°% :-mﬁ g1 .z-.,-m

H 09 v 6 1 11 11 6 0T ¢ 00T 6% T°0  E£°C  L°9T L°Oe g 1 0°0 18 9°8 001 08 2

H £9 1€ 6 0T 01 11T & 1 8 001 Z°0T 70 £°9 £7E8T 6712 v'0 1 070 'L £°8 05 of g

H 9 gz 01 0T €1 %I 11 11 ¢ 6 0°c €0 I'v 80 670 0 1 0°0 6°9 674 09z 0 v
umcg:m%-:iwﬁm 83 IS0 538 mw gn g0 5o % Bemeeee ,.%mm 1Bpor/bem  -----n 3 JBTEM s&zimgmwmmw%% ro om o

YITES BLIH LeonEn (2 398Tes) s21s STOTIIR s8d ey 4 % e i 3 d o8 Bl HI40  TIWVS

£500 T fETLEAONA

§17IN083%Y SISATVYHEY 1108 CAVANRTVLS

36



68/50/€0 :e3wp auTad 116/68/108/0vy  wuessiog 3o Awsing 17og

‘@q002 ou ‘snosiestes A79uoIis ‘SPNpOU SATUM SNOSIEOTES 1J0§ walpen juenbsiy ‘sweind
AoTyn A1eavaspom Ayoied ‘paey £zaa 03 prwy ‘erndonais Avootq aenfueqns ssiwon ywes Lzea ‘AeTo ‘(AIp) 7/9 XE°T pu® (ISTOW) 7/S ACTT WO 06 - 0§ wig

<£xepunoq yiocows IESTO ‘SI00I 48] ‘snomIesTen L19IEISpOn ‘SSTNPOU S3TUm SNOBIEDTED 1Fos Mol ‘ssxod wmipsu puw SUTY sey ‘sueino

woru3s ATesezepon Auoied ‘paey Lres o1 przy ‘sanionias Lysotq reTnfuvgns esivod Wees ‘Leyo Lpues (L3p) [/¢ AG°7 pUB (ISTOW) (/¥ ACTT WO 0 - 0T g

cfLrvpumog yiooms Tenpex® fsjoor  uommod SsnoszesTes ATIuSTIS ‘SSTNpoU 81TUM STOBIEDTED
1308 mey Lxea ‘seaocd mnypewm puw SUT] wommod ‘pamy ‘sanioniis Lysorq avTrdusqns esieod wees ‘mewor Leyo Apues f(4LIp) CUI/Cty A6°7 PUBR (IETOW) $UT/6CC 167 WR 0T - O v
08 =~ 0% 3 Sy =~ &7 g G -0 Y SYIIWVS

ag ut setngnoopsd mertwogg woiy Butimdny OMIYIEY

TTE ANT RYRNH T : NOISOHE
suoT {JOUNILA0 FO0Y BUCT ISTHOLE AUNS
pauteap A730eyxsdwT @ HOVNIVEC @ o7 - ¢ L3P NOD ISIOW

dnoz81adns Teeasuel], LINAICED SE4AL A0 TATANTTE YIEHIVH INHYYE
~§GI0F fS0ssBI !
~ SgRIyg ¢

BOUDAZWITE wTOS0Y VWeD0ITISY Csyns BTTIII00 eIUeTY m»EO.mvu BISITTIER BIOEIY - 588, 3 SAIOHAS

TEUADISSYED TuweABS 95UED INOLIVIZONA wsashs ausweBeuen juszedde ou S ANV

tq7ee Jo eouspras TR ‘syomao ou *BurTess BTTS 1YVHD AUAS

2 1- t OIS usas IRHAVIOOL0L CEOTH aeTd AHIVED040L

ared s1ETpsEILINT NOTLISOL i JHERETT ANYT uterd [eTAnyle ¢ KYOIONYI

jTeasnidey orddy 3 IS

oTaSN NS {9i67) TOSTan] OISTE]  {(8861)IOFTAN] ZTVIED O¥A HOLLYOTAISSVYID

§8/80/21 ¢ ZIVC suereBoy g g [PEAZTEEESY’Y {§)UOHINV

o £807 ¢ NOLIVAZTH q-L1-05-CZ  8~L0-6%-%L (8000 semsiomEy IO N WHp 3 NOLIVOOT

CHT SHNOZWITD Qugv 846-428-07 ¢ QT¥D 2ACTYT 3 JHEHS

7 isnaeag 6OV f3TUR w000 ¥ eTIFOg HOLIATY0S3 FITA0E4 TIOS

37



SUON = § S3TES PIGUTOL = § CE80TUOQIE] = ) (SSPTH) UOA] 9% = § ‘Iensey oTueBip = 0 LNENLVILITEd

wsowy 100 = x ‘poyasy s33edrg - g ‘poudey Iensworpdg - §  tOOHIEW NOLLVNTHEEING HZIS I¥vd

68/G0/E0 s93¥p JUTAg 110/58/I04/0ve  wueasiog jo £eaing TTOS
- g 6% B € g8 8 IT £ &6 01 9 001 im.o ,._”m: 95 L85 v°81 m.oxstmx&s 070 B S mem» 08 z.mw- ,,,,,, m,

H ¥9 S T - S & S & SHR & S 2 4 50T 1°0 90 6°C B°ET %°0T 0 1 00 v°L 0°9 g7 ¢z it

: €9 <2 % 8 €1 €1 £ 1 9 g0l 10 0°T ¢ 5772 L°91 0 1 0°0 L 674 07 0 ki

18po1/bem Aery 1S3 TE° §¥A 87 S8 53 o4 o % Deeemes TTOS umoo:wma —ee-et g 3uBTes wdd  wo/gm Z10%) OTH o S o

W BLIW Le12080 {z mBten) ezis evIaIRd 584 By A B o= D 3 4 et Bl HLdEQ  FI4HYS

7000 ¥ 3ETIL0Ed

SLTINS8TY SISATVYHY TI1I08 CEdVIRY LS

38



68/50/50 tevep 3uiad T10/68/104/0¥8 eusssiog IO Asaimg 1108

‘gquenfesy wo0l SITISTOD WNTPSC pus sury juenberl pue zatenb pepuncx unipsw puw suly iusnbsay Lxes ‘prey Lzsa WO 07 - 067 fo74

s Lzepunog Ases adnage Ts3o0z Om fSnosIEoTEd U ‘seTnpou essusBusm-ucly sey ‘sauswBely YOOI STEYS PEPUNCI WATPSY pUE UL

quenbexy L1ea pue zizenb pepunc: mnipen pus euty jusnbexy Lyss ‘pejusmec dyywes ‘pawy ‘saaonaus  eafssen ‘wmeol Leyo Apues F{4Lip) g9/y YAC'Z PUB (ISTOW) g/¢ YACUT WO 06T - 06 jt¢)
s £zepunog Laes adoage fsiocx  mey ‘snoexeoes uou ‘symewdeiy yoox zizenb
wntpsu pue sutg #sz Lrea ‘sexod suwiy mey ‘sueins wrgy Lgoned ‘paey ‘eanivnias  eatsswm ‘weot BT Apuws f{4ip) 9fy WALCT DUB (3FTOW) 9/ WALTT WO 06 - CF 734

«fxvponoq gaooms Tenpexd Seqoca  mej ‘snosiwoTes won fsaxod suty a8y ‘susans  wigy Agosed
spawy Arauftre fsanaonass Lwoolg xenBuuqns ssizov Lxva puT vsawos wees Lisa ‘weoy Levos dpues oy weo Lpues ‘(AIp) 9/v WASSZ PUR (ISTOW) §/¢ WACUZ WO gy - 0T 1ag

< Lrepunog yaoons Ipss ‘SI001
uommoo ‘snosieoTes uou ‘sexod eury ey ‘pasy ATauftys on agos famnaoniiys £vsorTq rernBueqne SeXect o3 BUTI Wees ‘meoy Apuss f(A3p) 9/¢ WAC Pu® (35w §/y YAS WO O -~ O dy

ot - 021 | 08 ~ 0% D gy -~ &7 ¢ 07 -0 W ISHIOWS

annoniss sutiassod 107 174 SWIVREY

BuryBnord NI NYHOH TR ¢ NOISONE

FUOU SGOEDLN0 H00Y suow SHNOLS “AM0S

pouTeIp 18s ATPIRISDOE I FHVHLVEC @3 gZ1 - ¢ AIp :QNOD “ISTOR

dnozBaedns Teessuely :ITHOI0ES SYTIBTOP UJAL ID0Y PRISYIESA NITS UT I8a0 EMTANTIE FIVIVNEIY JNEYYd
-5QI0T js8sseIn 3
- equayg =

- 5983 ¢ SYIDELS

SEABISEVED TH S NOLIVIZDEA Buparey puPTAIp TEUCTITPRIL IESH QHVI

t97BS 10 SUUBPIAS TTU fsydexo ou ‘Burrwes ou fUVHED CAUNS

grexas 3 1 - 0 ¢ HJUIS uBA® RHIVEOO4OL (MDIH T1I fAHIVHD040L

axed slwtpamIanul fNOLIISOL INEETE QNVE wreld 3 WEOLONY

FTeasnpoyy OFPf ¢ IS

FEIEH IS {9i6T) TOosTan] vROIY)  (gRET)TOSTAT] YMOIUL-TPOYY VA NOLIVOLIISSYVID

cg/eojzr ¢ AIW s WD T g :{S)HOHINY

@ 9007 ¢ HOTIVAZE F-£1-06-62 S-ti-9v-¥T GE000 *Butpts sumMION @ NOLIVOOT

CHT ENCZHITID 04DV 209-228-01 ¢ (T¥D USTYL 2 LHUEHS

7 snyeag BCI¥ AT 1000 8 seriyoag HOTIJT¥083C F11408d TI08

39



SUGN = N SITES SIAUIOS = § (SEIWUCQIE) = [ (SSpH( UOIL S = g Aendey oTwsBig = O LNEMIVEUINNI

WMOUY 0N = x  ‘PORAeN 23387 = g ‘pouAS xeiewoapdy - H GOHIEW NOLIVHDRING 778" 2uvd

68/50/£0 133%p TuTag 1T0/58/108/0v1  TvEss3cg go Lesdng TIOg
H ot N 3 Miiwiww;%mww.imz.ﬂm,im 001 00 20 TT I L6 %,-,Nmizwf? 0 0'L 8¢ ot ozt q

" ¢ €2 v 4 Z1 §T 91 51 6 ¢ 00 16 8T £'9 98 e T 00 A A 08 0% 2

B 43 07 v L ¥T 0z LY ZTT % ¥ 070 20 €1 £ 679 e 1 00 ISR AL g7 67 g

: 7 Z1 0§ L ¥l BE 0 ST 4 4 00 ¥o 80 8T 0% o & 00 2'¢ 079 oz 0 v

2801/ ke mwwmm Nﬂmw! T8 mWM 55 58 g0 MWV % gemeee- 708 um%&wma it I 4 ﬁmm%- wid  wojgm  TIED m%% o

HLaid HIEH AeragEn (z wBgen) »2te oTPRAIRy  Sid = % B e D 3 4 oH B HIdEA  TIAVS
S S - 000 ¥ saTiioud

$1In§4Y SISATVYVHY 7108 4¥VAIHVLS

40



Tre :INI NYHNE

peuteap A1x0od : FOWNIVHQ
dnoxBaadns Teeasuexy :LINM°T0I0
SgHAQOSSYED

% - 0 E0B

1aed xaM0T :NOLIISOJ

ombe yNs

@ $907 NOLLVAITH

AT VANOZ HWITO O¥av

*£apsuep Wng mo7 e71yoad sToyy cpeitsodsp suremsz juetd puz xe3lyy

suou :JO¥DIAC ¥O0Y

THJAL ¥O0¥

TIN :NOLIVIZOHA

TeasUR AHIVIDOJOL CHDIN
urerd pooTy : INOHATE GNVI

C8/80/%1 ¢ IIVQ
q-Gy~1%-62 §-G0~LE-%L Q000
Z0¥-£89-071 ¢ (I¥D

68/¢0/£0 se1wp autad 110/68/108/0v1 ®uemsiog 1o Lsarng Trog
fsy001 ou ‘snmosyecTes wou ‘omaseld A1aufrys  ‘weoy Apues f({asTow) 7/ WAGT ©O OST - 08 IS4 T4
cAxepunoq  SSnIITP ‘suocx #el LIsa ‘SnosSIEOTET UOU
‘ssaod wntpeu pue wuly mey ‘or3serd £13yByis  ‘simasnins utead o7Burs ‘weoy Apums ‘SSTII0W UMOIQ SSRIITP JUTE] SSILOD OGS f(3sTOm) | /9 BAOT @O 08 - 09 707
cAzepuncq yzocws 1dniqe ‘SOOI MBI SNOSIEDTED UOU
‘ss1od wntpsn pue oUTy wommoo ‘oTisevrd A13uSTLs  ‘sanionils  eatssenm jueisyos A1Sucizs ‘AeTo ‘S8TII0N  SSMIITP IUTE] WATPSW UGNIOS °(3sTom) T /% YAOT w2 09 - 0§ 107
cArepuncq YIOOHS IS0 ‘sjoox .
#e3 ‘snoeiesTes uocs ‘ssiod wntpem pue suTy Auem ‘wity piey Azea ‘sinaoniis Ayoorq zemSusqns ¥ees Lisa ‘AeTo ‘(ISTOW) PeTIACW G/C WASY/ PUE T/ WAGT WO 0 - 0% 747
*Lrepunog QIOOWS IS fS700GI  UOWHOD
‘sn08182Ted UOU ‘sexod WNTPIW PUE SUT wommov ‘mxty Lysa prey Lrss ‘sanionias Ayoolq remmlueqns ssxwoo Lxsa Wesa ‘{eTo ‘(3STOm) PSTIICW £/¢ WAOT PUE I/¢ WAOT WO Oy - OT 192
“Laepunog yioous adnage
fs7002  uwowmod ‘snOsIELTED uou ‘serzod BSIVCD UOWNOD PUE SUTY uwcmmod ‘pawy Lxsa ‘esinioniys £erd sawrepom ‘dets ¢ (£ip) £/ ¥AOT poe (3sTom) §/v WAOGT WO 57 -~ O og
081 - 0T & 08 - 09 = 09 - 08 05 - 07 20 Se - 61 g 01T - 0 3V :SHIdHVS

spepooTy ATTEnUnE ‘moggl 1® sYgEllsieM ‘wogg woxy Burredny :SYNVNAY

xaaes 4q uorieTnumode Jy3T[S pue uwoTscie 389qs IYBTTS ¢ NOISOMT
auow SENOLS " 2¥AS
01 3sTow * g7 - 0 AIp :(ONOD “ISIOW
wnTanyle TYIYELVH NIV
~5QI0Y [sBSIRIN
- squIyg ¢
- §931] & GHIDAIS
Burzead TeuoTaTPEII IS ANV
fares Jo souspias T ‘syomic ou ‘Buyress agdTTs MVED CAYNS
18T AHIVEO0I0L
ureld TeIanTie ! KNOIANVI

adenberdeg o1ddy & 18
(8861) TosdeTy oTxany SOVE  NOTLLVOIAISSVID
sueueBoy 5 g TreMzTemwey YV :(S)YOHINV
‘wep sueqoBo Jo N WZ ¢ NOLLVOOT
£AGZYT ¢ JATHS

W 0¢T - 0¢ M ¢ O -

(9761) TosdsTy oTaang

7 ismaeag  BICY HITUQ STO0 ¥ $OTRION

NOLIATHDSEd HTIA0Nd 1108

41



BUON ~ N S3ITE STANIOS = § 'SVIBUCGIE) = J SOPIXQ UOAT 882f = § ‘2033%y TuEBIp - 0t LNEHLVALLTEd

usowy ION = x ‘POUIeR 9338d1g = g POYISH TSIBWOIPAR = H  :QOHLIN HOTIVNTAIILEG 3218° 1¥vd

68/60/£0 :83ep auTag 110/58/108/0VE wummsaog Jo Leaing TIo§
i L9 6 ”; € oy £ ¢ O ] v Z'0C 1°T '€ 2°9 16 ¢ 00 --}-mum 7'8 051 0g1 i

H 4 ¢ 9z ot L ¢ 1 0 9 86 $°0 9°0 9°c 107 £°42 o0 1 00 'L 08 08 09 q

: 29 6 9 w1 1€ 9% % G O 00T  Z°0 0 %1 I'¢ £°9 z0 ¥ 00 "2 €°8 09 0% a

H 49 sy oy %1 1 O © ¢ D 00T Y0 S0 1°S  §°6l L°%C o 1 00 0°L 18 05 oy o

H 6 ¥9 w ¢ 1 0 0 0 0 00T 70 170 1°S L'TZ €'LT 50 N 0°0 6°9 8L o q

H 99 1€ ¢t 7§ % 2 7 0 6 0 1T 0% 181 8°%C 158 S 60 9°9 94 o1 0 v

28p01/bem LeTy TS IS® SIA  §F  S® §D goa %2 Ue--m-- 7708 28pg1/bew -----p z 3yBTem wdd ms\ma -mwmwm-,mmw )

q1add HIAN LeTonEn (1 3yStem) 8z1s 80TIIBg s6d By 1 B ey 00D 4] 4 o mw HI4EQ  TI4WVS

100 ¥ *3TIa0dd

§$17T083¥ STISATYHNRY TI08S E¥VANVYLS

42



68/60/£0 reaep autad 110/68/108/0vd euessiog jo Asaing 170§

tgio0r BUTE

#oy £Isa ‘SnOSIELOTED UOU ‘SBNPOU YOI snoisyTurfurm piwy wnypsw luenbaxy Azsa ‘Leo Lpues o3 weol LEI0 Apues ‘(L1p) w/C YAGT/ PUE (IFTOW) yfv YAGTL W2 06T - GET -5%)
<Lxepunoq  adnage ‘si001
K83 Axes ‘A1TaTI0¢ IUE[1TLIS] UOWNOD fSTOSXEOTED uou ‘siusuBeiy ¥ool SULy ey Lisa ‘sezod WNTpeE MPY PUT SUTY UONNOD ‘SURIND  UTYI USHOIQ toqeIal
prey £73481ys ‘emmioniis Lyoorq xenBueqns ssaeod Axes Weem Lxaa fAeyo Lpues ‘s9Tll0w gSTPPed SSNITIP JUTE] SUTY UCWHOD C(Lapy £/C MIGeL PuR (3ISTOW) /4 MAGTL WS GEI - 08 cag
«Lzepuncg yaooms Tenpead ‘sqo0x mey Lisa *AITATIOR JUEjITWIS] GOMEOD SROSIBOTES uoy ‘siuswdely ool euty smey Lras ‘gorod unTpew M8l puE SUTI UCWWOD fSuUEIND
wrpl wewoxq ‘prey L1ig@Tis fsandonans Ayeoty reinBuegns ssawod Lxes Wpes Lies ‘uwol Avo Apuws *({Aap) £)C ¥AG®/ DUB (ISTOW) 9fy YACL WO 08 ~ 0% 72g
cArepunoq YIOOWsS IEST ‘51003 s8] ‘snosieviEd uou tgaxod wntpew ssjy pue SUT]
uommod ‘supins  wrya Lyoaed ‘prey A7iuSTrs ‘eanyonias Axoora awnBueqns esieod Lzes wees Lies ‘weol ApuEs S(£1p) C/y HAC°L PuUE (3ISTOW) §/E YASL WO Oy - ¢ 1ag
»Lxepunod Ylooms IESTO
$$7001 M3} ‘snosIedTEL uvou ‘selod wnipew M8y pur SUTI UOmEOD f33os ‘eanqoniils  satssen ‘pues fmeot *{A1p) w/y VAL PUBR (I8TOWY &/¢ WRGT/ WO LT - O v
06T ~ CET 34 0gT ~ 017 0L - 0§ 0 g7 - 0T g ST -0 W SIS

woget woay Burislny SYMVHAY

TTu NI NVHNH usisote jeeys IYBTIs @ NOISCEd
BUCT JOUDLNC AD0Y ouou IGENOLS Y90S
pauteap T84 @ FOVNIVEA ws 65T - 0 AIp :(INOD °ISIOW
dnoxZzadns Teeasuex) :IINM°TI0ED SATABTOP HJAL AD0¥ paasyleas nlls UT CIVINILVA INJYVd
~$QI0Y [SBSSRIG 1
- sgqnayg
sqIsqET UMISAqUO] EYIUBDOISISY -Sqns STTATIOL BIOERIY (WOP) TIHOSTF TIOROY - s9eI] @ GUIOHdS
SEIACDSSVED vuneaRs SNOTIVIHOHA Sutmrey pueldrp TPUOTITPERIZ 1ESH ONVI
tq7es 7o eoueplas TTU ‘syopan ou ‘Surress 3uBT(S YVHD “J¥AS
aydteaas % - 1% H4UIs wsA® IHJVEO0d0L CHOTH 1813 asowi® AHIVED040L
$NOLLISOd H INTHETE aNYT uterd @ JEOIANYT

Fteasntdeg oFIIN ¢ IS

TEIST YRS (yL61) TosTan] STWOXY) ~ (BYET)TOSTANT DTWOIY) 0V NOLLVOIAISSVID

S8/T1/87 ¢ HIWQ smseBoTiey ") 92eUBZIRI-2ISTTLAE) Y TEEMZTSWESY'V :(S)YOHIAV

w YTt 2 NOLLVATTH B-CE-4n-CT  §-01-8%-%% QOO0 *BURMSTUSSISH ¢ NOIIVOU]
€ET SENOZ WITO OV £95-€€4-07 ¢ (T¥D [RUATA J33ES

7 :snaeag cOd saTon 0700 4 eTigoxg NOLIATY08H0 FI1404d TI08

43



SUOH = i E3TES [05 = § CSEARNOQIE) = [ ‘SEPTHD U eedg - § ‘Ieadwy oTueBig - 0 1 INDALVEIMINNd

MOy JON = » ‘PoURER 9330d1g = 4 ‘POURSH 203s00IpAY = H SCOHIEH ROLIVNIWERIEC AZ1§°14vd

§8/50/¢0 s83ep IWTAg : 110/58/108/0vE wwemsiog Jo Asaing TTog
o g 81 ﬂm,:n M%:ﬁ <1 om.:a: 5 15 00 10 ;mm-iw..na £y M.o 1 oHo iy 6 oot st m

Ed 7z vz % ¢ 11 1 @ £1 9 £ 00 10 81 %1 7°% 6 1 070 €y Lo 0£1 o117 a

H €€ €2 £ 9 €1 i1 Sz T % 1y 00 0 8T 1 €8 zo 1 070 9y 0°¢ 0L 0% 2

B 1€ {1 % % 8T T T 01 T 6y 0°0  7°0 €1 €1 % 16 2 0°0 i 776 v 0z g

q 6 61 v € €T &1 9% 07 9 iy AT AS AL B 8 SR 56 0 1 970 €% 6°Y ST ¢ v

Hwao:mmmm mﬁufaw TE2 §3A §F S 59 U 4 .a%%u,. 108 28goi/bew  -----g g IyFTOR mmm wof g 71080 o«mi-- T

YITEd HITH AeToDdD (y Bres) 9718 SToTase] 564 e b S+ B < ] a ot e HIJEd  TIOAVS

0700 ¥ *ATLACEd

SLINsgAY SISATYHNY 7105 GEVAHVLIS

44



68/50f€0 s33mp UL

TI0/68/I0A/0ve  wuessuog Fo Lesing (10§

tgio0l ou ‘snoaxentes wou ‘Aevd Apwes f{A3p) §7/ HAOT puT {38TCW) 2/¢ HAOT WD 091 -

cLxvpunoq  IBSTS CSI001 OU ‘enosiwiTed ucu ‘Lers 01 Lero {puws fsBTIN0W pBI IBSTD IOWIASTP SUIZ mey (4Ip) /)¢ WACT/ puR (ISYOW) §/v ¥ALTL WO 0T -

wigs Aygoaed ‘pawy ‘eangoanzs {yso

wpgy Ayoed

#ey fonosiected uou ‘serod suyy sey ‘paeg L13ufrrs feanaonais dHpolg remiceqns ssae

T

pauteip Ties @ FOVNIVEA
seATEnNIAnT L]

PHHAGDSEVED

agdieans ¥ 1 - $°0 ¢ EAOUS
axed eRUTPRIALIUT (NOIIISCY

s TYg

AU ROLIVAZTH
€AY SHHOZTWITD Odov

7 rsmaeag (7€ AT

216C O :BTHC

A

E
&

suOT :JOMMING ¥OOH

vuueass usdo TNOLIVITONA

squomIY { LEIEN040L OY0TH
s1qeoridde ao0u ¢ IHEETH QNYI

£8/90/90 ¢ EIV
Z-GT-60-9T  §-0T-0%-97 Q8000
CTL-89T-0H ¢ qT¥Y

wpunag  tonpexf ‘51003 WNIpEm Mol pue eull MBY ‘snosasoTen uocu ‘sexsd suyy sy ¢
Aepo fpwes ‘ouTilon pRa JeelD IDUTISTP wUTy Auew T(LIp) £/ WAL/ DUR {I8TOUy 4/y WAL/ WO ¢g -~

=y U

OCEE IBSTD Y2001 WATPHED UOWNST pUE SUTT HOMNOD ‘em0Iing MBI ‘Snosieds(ed wou ‘seand 8samod s} ‘suwing
‘garaonine fyootg yeTnfosgns ssawov Axsa yees ‘weoy 4vyo dpues f(4ap) w/Ccw WICCL VU (38T0W) Z/Y WAL/ W2 Oy -

cAxgpunog ysocwms Teapead fs100l WATPAD MBY PUE Pull key fsasiang
© yeew ‘weol Aero Apues f{4Lapy £/¢7¢ WAOT PUB (ISTON) /g WAGT WO §T -

991 - O%1 ¢ 0g - 0% D [ 7 [
wopy woxy Swirsing

wotssis jewgs IuBrrs ¢

Wy

]
ot
13
ey

ST TINYE
STVITY

NOTS0¥A

suon :QINGIS AANS
ws 97 - 0 A3p OHCO CISIOH
pazsyyEss nITS U FIGTEHIV IHIMVL

~BQIOY JEUSTEIE

FYINEOOIBISY CSqNE STTTLION PTOPDY  (CEOP) BBISUTS SAUDEISOIUYY] - SQLIUS
SYAFYRT WOISIGEOG  { SWOP) SULLSBINIS BITEOY - 599%]

meisds suemsfvuer qusiwdde ou

s

i
H

$ SHIDEdS
YASN dRVI

taTes O BUURDIAT TIR ‘eWoexo ou ‘Surimes s1vIspow YYHED CIH0S
IETF 2SCETE SIHIVEDOL0L

uterd 3
ressntdey oridevuey @ IS

[y767) TosTawy DTaI8g  (g841)108Tsn] vlaxe]

et b

f0VA  HOLIVOIZISSVYID

susyeBoraey 1y euwaESol s g (S)HORINY

1T 22TPU Jo yanog WY 7
109297

¢
H

s
H

ROZIVDOT
ZAFHS

HOLIATEOS830 TT4084 1108




SUCH = § SITEG PINIOS = § ©SONPUOGIE) = § CSOPIH) UOA] ®8if = g ‘FendEy oTuedi0 » 0  INEWLYRALING

WOWY 0§ = » ‘pouney suasdig = g ‘poglsy Jessmoipdy - H GOHIEH NOLIVATHERIZC H7715° 19V

£8/50/£0 98P IUTA TT0/S8/I0R/0¥]  euEssiog 3O £saang TT0§
0 H iz oy $ 8 £ ¥ & M Z 09 iw.o ¢ 87 87 801 o0 1 :Wmiﬁi«%w 6°9 031 mm,: m

o ] £Z gy % ¥ o1 £ & o1 ¢ 69 0'¢  Z°0 $°f 8t 6701 10 1 870 £°¢ ¥°9 o8 09 2

) 8 iz R B T SO L T 4 4 A 12 070 T°0 LT ¥°¢ 68 70 1 00 3°¢ 7°9 4 it

0 H 61 R S A 2 S S S S 69 00 70 81 8T 04 g0 € 2°0 6°¢ 6° 510 ¥
28g01/baa A¥13 157 80 gIs mwt,;%:mwﬁmw, Z ,,m:,!i 108 2307 /bew -----n g gBTes  wdd  wo/gw TI0®s OH o

AR EES BIER AeTo0E0 {z gBten) szis sTofaIeg s8d By - S B c i+ 3 EL ey w HI4Hd IS

2160 O ETL40Ed

317108349 STSATVHY TI108 CHVAHTVLS

46



sg/cofoz tetep urxd LIG/CR/I0a oV Tummsiog o Asaing 1108

f53003 BULT DUE BUTI LI9a #sy ‘snoBIesTEV wou ‘sexod suty puw sury Liss asy ‘sevegpsd uo o septxotabses pue Leys wigy wesoag foraserd uvou A¥oTis uou
tmyqetay pasy ATaufTrs fsamnoniis Ayoorq genfuegns ssivos Lrss yees ‘meot Lpuss (4¥p) ofy HACU7 BUB (ISTOW} B/ FAL7 9T 04T - %9 g

«Azepunog Ases BYRIITP
$57001 BUTY pue Suly £10a M5 ‘snopaEvTEs uou ‘serod suty pue suyy AIsa mel ‘seueypsd Uo sueins sspyxorubsss puw Lgio wrys usvoxg ‘otaserd uou ANuIns uou
‘ergeray paeg A71auSyis ‘eanaonans Lgootg remBuegns ssivos Lxes Wesm ‘wmeoy dpues f(LIp) 9fy WACTZ PUR [ISTOW) /¢ WICUZ WO g -~ £ 738

+Lzepunog daws 2STIITD CSUOOL WNTPEE DUP SUII UOMNIOD ‘snosXEsTEo Hou ‘sazod suty pue suti 4xsoe uowmmod ‘seveyped uo sumans sepixoinbsss pue Lero
uys usyoaq ‘ovriserd uou £yoTas uou ‘sigeriy pawy ATigdtrs ‘eangunans Loolg awinduegns 9sapeD Weea ‘muEol Lpues ‘(4Ip) 9y YiE vue {IST0W) 9f¢ WG wo gy - § 134

-Lxepunog Yioows IweTs £300x sull pur sutl Aisa Uowmos ‘snosiwoTes wou ‘sexcd ety puw sulr 4xsa uommod foiaseid wou Aypiis uou
tsrqetay pivy AT3081Ts ‘sandonigs ANooTg Zetafuequs WNTPSE PUT SUTY Weds ‘weol 4pues f(AXp) 9/y WLC PUE (3ISTOW) Hf¢ WAC WR C - O A4

T~ 027 4 071 - 06 F 06 ~ 0% 0% - 08 0 oe - & € -0 Y IGTIANVE

=g v xo7 Teullivwm st sseersut £PT0 Ul ‘sina¥ed pISTI o BUIpIOOTY  vJR-p~7 BUTissm VY OVI SITS UOTEIADXY CC{0U UOpsi VSN SSWHVIGH

TTC YANT NYRA" TOTS0XS 1e8UE BIBIBpOW HOTSONA

BUCL LACELLN0 H00Y Buon ISENOLS "H¥NS

psutelp 1184 : FOVNIVYQ w2 057 -~ O AP SOHOD CISTOW

dnoz8zedns Teeasurly :IINNI0ND S TWOYOP SHJAL AO0Y mAnTIeD CIVIHEIVHE LSOV
~SIGT jEDEFBIN ¢
- SQRIYY $

BUIUPIORSLAY CSYRS STTIAS0L wI0ELY  {mOpP) soxaey VIUBDY - $883] ! SHINAIS

% or -~ 07 THHADDSSYES woUeARs 8833 9SUep NDIIVIZOEA Butzea? TRUCTITRPEAL YISO NV

f3TES JO SORSRTAR TIU ‘syowao ou ‘Surwes ou LYYHD °A¥NS

ay8texas % - £ HZIOWN usAB ILEIVESOSOT O4OTR Fuswpon ATued 1 XEIVESOIOL

edo1s Tem0T NOTIISOS erqeotTdds 300 ¢ INEHATI QNI ausmipad @ EOIANYT

omureyzzsddy  perTm  AmgoT sstesd § ITEisneTEl DIDURY ! IS

OFIsn NS {p167) TosTAR] DF2I87  (ggs1)TosEoy ovidey OVE  NOLLVOTAISSYID

98/90/7T ¢ AW TeeseTemmeyY 'y SAENCQUH  SOTALECY :(S)UOHIOV

@ g7y s ROLIVAZIH H-Ge~1i~CT  S-0h-%1-5T QU000 ‘esuEGY] 30 e A7 ¢ NOTLVDOT

CHT SENOZWIID 0¥DY 80069071 ¢ qL¥S 145267 ¢ JHFHS

T isn3eag qs0g faton 7060 7 STIyoxg MOLIATE0SHd TILI048d 11108

47



BUON = § 93TEG 9IANTO§ = § ‘SPILUOQIBY = § ‘SPIXQ UOI[ e = § ‘aendey oTweBig = ¢ LNDIIVEEITN

uMowy 308 = x  ‘POYRSK 2338dTd = § POYISH 193sWOIpAH = H  QOHIIH NOTIVHINYALAEG ¥Z18°19vd

68/60/97 19Tp WHY 110/68/106/0va  EuEnsiog 3o 4oaing 110§
T S e T s T T o o o et se oz vo  ee i oo g

1 62 ¢ 9 wl 91 11 i1 Il 5z 0°0 %0 80 §°T 9°¢ 770 T 1°6 6°9 8°9 0zT 06 1

z1 sz v 8 61 L1 6 £1 G 79 0'0 %0 90 €1 Lt 70 T 0°0 ¢ 99 06 09 a

11 2 v 9 41 L1 o1 i1 # 88 0'0 90 §°C LT £°¢ 70 2 00 9'¢ €79 0g  0f 0

o1 2 8 9 02 61 & £l 9L 0°0 L0 90 9°1 8% 70z 0°0 7°¢ 6°% g ¢ g

I 81 9 6 0z L1 11 11 1 % 00 %0 v0 £°1 £°¢ 80 0°0 877 B8°G ¢ 0 v

,,,,,,, T
pAKCEE HISM ECac cul {7 wBren) szis eToTAARg s6d ey i S® e D 2 d oF ol B4EQ TIdHVS
‘‘‘‘‘‘‘‘‘‘‘ T T ke 1 samaous

48



68/50/97 isaep autad

£

‘stosIpoTEs uwou ‘prey ‘weot Leyo fpuws ‘seriiom  IouTIsTP 487 ‘(LIp) 9/¢ Wigc/ puE

fgnoaresTe uou ‘saiod

¥oTy3 ATesexspon usyoiq ‘pagy ‘eanionins A¥polq JeuSusgns SsIecv pue wnlpsu Wees ‘weoT AeTo Lpuss * gJ¢ YAC©/ pue

‘saxod suty mej ‘susino

T10/68/108/0V1 PuBMSIOg JO 4BaIng 108

(387T0w) 9/% YAGTL WS 091 - 011 €3g

suTy moy

tgueans

(asTom) 9fy YAS". W2 Q11 - 0% 23d

» £xepun COms IESTO ‘EI001 SUII M8 fSNosIenTed udu
; T

05T -~ Og1

Agoaed fpaey ATay@trs ‘eangonais AyooTq xerrBusgns esiech pur montpeu ¥Ees ‘wecy Apues C(LrIp) 9f¢ WAQT pUE (ISTOW) §/% WAL WY Gy -~ O 138

< frepunoq yiooms IesTo ‘§3001 suli Auem
tsnos1edTed uou ‘ssiod suty uvommos ‘paey AT1uBTTs ‘sanaonans Ayootg aeyndusgns mATpeE pUz SULl Wees Azsa ‘pues Ameot C{LIp) 5/Ccy WAQT DUe (3ISTOW)} /¢ HINT W07 - O qy

g 001 ~ 08 D oy

-0z ¢

02 =0 ¥ SHIdNVS

1osTIoy orTdel GOTIEDTITSSETO SATIPUISLITY ~40¢ #07sq 3snfl 13g UT §g4 ‘ST0STaw] pue STOSTILY uUsemisq osed Alepunog JuCTiwIyissers “mo 507 moxy BupasBny sOMMVREH

TTO NI NVROH

psutelp Tiss @ FOVNIVEQ
&sowmu@mamﬂmmbmamuh“ﬂw%.qomw

*{HACOSSEVED

¥oATUOD % - A0S

adoTs NOILIISOL

DEIST 01 SIPIXE NS

W 601 ¢ NOLLVAZ
€AT ENCZ WL 09OV

ssngely

00 :3Fuq 8000 T fRTHO

suou HJO¥DLN0 HOO0E

2TEUs HJAL D0

eumeATs NOLIVIIIEA

usa® 1 IHIVEDOJOL CEDIH
: LHBETE NV

¥8I10/97 ¢ ZIW

H-Cy-9%-67  §-50-60-C7 E000

TET-69L-07T * (QT¥D

T HOTSO¥d

sucw :SINOLS IYNS

wo 91 - § 43P QN0 ISION

WATANTIOY FTVIVHLYW JNEYVd
~8QI0] /sesseln

ereuosonm snydTzry  snderouydmes suyiueuoysIE], - SQUIUG !
stsusdes weddey (cwop) mnuestiye mnaoydoilsg ~ 9883l @ SYIOALS

‘q7es Jo BOUSPTA® TIo ‘syoeis ou ‘Bupywes ou

{9761} 1osTan] OTaxsi

Superey pueTdrp sPSN ANV

YYVED CANNS
SupaeTnpun  LHIVEO0A0L
urerd @ WYOAGNVT

jreasnated °Wp IS

{g8p7) TosTaoy oTidey

‘OVd  NOLI¥DIAISSYID
SqoFeRtdtL s (SYeoHInY
*B8100 S WY §°9 ¢ NOLLVOCT
THEELT ¢ JLAIHS

49



FUON = N E3TES STUNIOS = 8§  SeIEUCQIR) = 5 CESpPTIH) UOAT BBl = g fAsadEy otuedi) « 0 L LNOIVILIRId

umouy 308 = » ‘pouey 2039dTd = g poYISH 1e3w0IpAR = §  (OOHIIN NOTIVNIMEISG 371871894
68/50/97 sewEp JuLig
e e e e e e e o e o 116/68/108/0VE wuemsiog 3o deaing TTOS
~m £3 Fol T F T F o - I . ST T T,
B 74 €€ £ 7 5 S T A 59 €0 0 1T gL 98 zo 1 070 1% 0°§ 05T 05T q
1 .
Z ¥ ¢ £ 0§ Zr 1 w0 o9 €0 26 81 €7 i €0 1 6°0 £y Ly 001 08 0
H 0z 91 ¥ £ % 9T £ i1 O <y €0 e v 1T %ty €0 1 40 iy oeg oy 07 g
B A )
A4 8 v v g 61 0oy {1 O 0% €0 z°¢ ¥Oo 1T 96 g0z 9°0 Ly §°% oz 0 v
78001/ bem Ae7n 187 IET §F~ 87 §® 50 goa 7 Gemeeees 1108 28ggr/bew  -----n % 3gfTEs  wdd aﬁma Mmkmwmimwm uuuuuuu T )
,,,,, mmmmwg HIIH S aacel (z wBren) 215 STUFIRE] sEd i i %W T D 5 4 jec Bl HIJEC  FIIHVS
!!!!!!!!!!!!!!!!! R e e g ¢ B L3 .l L8 P+
8000 1 *ETIACA

50



68/50/€0 reaep utad 110/68/108/0va euemsiog yo Leaxng TTOF

fgaoor ou fsnosd uou ‘sstapou sssusBuem-ucit piwy jusnbezy Lzsea 4 WO 0f [o2%s)

«Azepunog yavows Tenperd ‘sio0x BUL UOWNOD ‘snoslesTes uou ‘siusufeny yoox mnipsa
quenbsay ‘sezod wuwommos ‘pawy ATIyBTis feanyonins A¥ootq renBusgns 9sIB0D pUR wATpSm wees Axes ‘meot dpwes f(Lxp) 9/¢ WACC/ PUR (ISTOW) wyfy WACT. WO 0L -~ O G

0z -0 V¥ SHIIWVS

SSMVIEY

T SINT HVHOH T NOISOHE

such JO¥OLN0 1008 auol LSENOLS A¥NS

psutelp TTes ¢ FOVNIVHQ wy gg - o L0 QNOD CISTIOH
xodwos Jusmesey LING 10D SATSTBY FHJAL AD0¥ pexsyiess nats Ut CIVIMAIVW JNEYVd

~8qI07 f88s5BIL
BABTI BIMaln BOUPT SN BAOTOTIS BIOEDY  {WOD) BUIUBROIBIBY °SUNS STTIIION TIVEIY - Sqnayg
«  s88a] & S¥INEdS

SIHACOSSYES UIBABE NIUS SSUSD INDIIVINOIA wensds yusmefeuen auexedde ou YSH QNYI

inTes 1o evUBPTAS TIU ‘syowxd ou ‘BurTess ou IYVHD AUNS

% - 7 & FdUis uess IUAVIOOI0L CEDIH 1BTF AsowT® IEAVYD0dOL

adots sNOTLISOL Tqecridde 300 ¢ DNERETE QNI ureid @ HEOIONV
JUeYILOASN OTYATT ¢ IS

oTIAST IYHS sswud oTATT  (y/87) Tosofsy omrang  (ggs7)Tosoade] DTN t0¥E  HOLLVDIZISSVID

yRIBOICT ¥ AIWT oiore (L *{SYS0HINY

W IIET ¢ HOLIYATTH FCT-%L~57  S-GL-§I-CT :QE000 CIUESITd M W U6 ¢ NOLLVOUI

CIT *ANOZ WIID 08DV 9£-869-47 ¢ (T¥D [ArAY AR LATHS

¢ ssnieag BIQD 13TUN 1600 71 RTTIONg NOLLITHOSH] ¥11a0ud 1108

51



4iddd

SuUoH = N SITBS BIQUIOS = § SOIVUCYIE] = J SEPIX) UWOA] 8\IF = 4 ‘zense oTuedig = O LNNRLYISIZNG
waowy 20§ = x  POUASH 2338d1d = 4 ‘POUILH I93em0ipdy - H  QOHIEH NOTIVNINMELET Z218°18vd
68/60/£0 :9a®p 3TTA4 110/58/10a/ 0V ewessiog 3o Lesing TTog
g e T € i 61 7 11 m..w.oz 8 8 0°¢ L0 ¥°0 €T &°% o 3°0 Z 60 7’8 079 [N v
28pg1/bem 21y 1S3 ISP §34 57 @@ mms §o8 ¥ pee---- 705 28007/bem H,:aa % ﬁm.m%a wdd  wojgm ‘ﬁ-ﬁumm, mmm T o
HIAR £eTo0%D {2 398ten) e2Ts TOTIXEY Sed b i 21 ) D o d 38 w HidHd IS
o o o o o 1600 71 Mnmnwmwwnnm

SITNSHEY STSATVYHY TI08 CEVANVIS



68/50/c0 teaep autad

IT0/68/108/0v2  wuemsiog o Lsaing 710§

{57001 OU ‘FNOBITOTED USH ‘seTapon WveTq sseusSumu-uoly pIsy ssawos jusnbsay ‘siuvsafeiy woox wnTpsw pue JUTY ey ‘peruswen Liaved  ED (9 swy

£zepunoq dses xeeTO 53001 Moy ‘A1TATIOR JUE/SITEIS] UOWNOD ‘SnOBIEOTEY TOU ‘seTnpou Worlq sseusBuen-uoxt prey wnipsu Jusnbeay

‘gyuemBery wool suil sey Lisa ‘sexod mnipem puw SOl w3 ‘sumins  %oTys L1eneispon Lusiwd fpiey fsanioniis Ayooq renBueqns watpem gpes L1sa omut saeds BuriTe:
ALyoorq remBuequs ssivod Liss pue 2siTos Ness Aiss ‘Aers dpuws ‘ssyinom ystppex rvero jusutmoad Aluewm f(4AIp) v/C MAGC/ DUB (ISTOWY Y[y WACTL WD 49 - O 7

cArgpunog yijooms Tenpeal ‘sicoxr  mey ‘ATTaTa0® JUER/SITEIS] wommoD ‘SnosipoyEls UOU

sgsxod mntpem pue SuTy mey ‘sueind  yorgy ATeimaspom fnoted ‘prey ‘sanioniis Awoorq aeynfueqas unipeu Weem Lres ozut axede Burrrey fyoory remBueqns
sgxeos Lies pue esTecs wWees Aisa TATYs Apums fS8Tli0M UYSTIMOIQ BSUIITR IUTEI wotpsw wommos ‘(4Lxp) /¢ WA DU (ASTom) wfv WAET.L WO oy - 07 128

‘Arepunog gaoows FESTD 51001 A8y ¢ ucmmod Ssnosawules uou ‘seacd wntpem
womnoo pur suil Ausm ‘pawy ‘sanaonins Awoorq lzindusqns yees Axsa oguy ixede BuyrTer eaTssen ‘weoy LYo dpuwes f(LIp} $¢/ WMAOT PUB (3ISTONM) /¢ YAOT WO 0T - O ¥
0% - 0¥ 30 oy - 0Z 01 -0 Y SHIIWYS
-srosoBex orated motteus-Buocais Lies Ui XeTdmoD UT TIOE  CB0BIINS DPUUINISTP ‘PROI WOIT SITE 04T IRV
T SANI NVHH UOTBOAS 188YS 81BILDON 3 ROLSCdd
BUCU SGOYOLN0 A0E JUOT IGENGLS “H4dE0S
pauTeap UM ¢ FOVNIVEQ ws g9 - ¢ AIp NGO CISTOW
dnoxfzedns Tweaswesy :TINNIOED SOTUETTOs TISTBY HJAL AOCH INTARTIOD STYTEIV IHEEVd

% 6T > HHAQOSSVED

PO R (15 <1
ado1s fNOTIISOA

ST WNS

¢ ROLIVAZTE
SENOZTHITID O¥DV

Z ssmamEig FZO5 AT 200 A

BT

~-8qI0f /sesseln

- sqnayg
PUAUESOISIBY ‘Sqns STTTII0CT BILEBOY BQUTOTIs wiowDy uwnieTnopds wnisaqmo) - $883] ¢ SHINEIS
euuzaes B9l OSUSD NDTIVIETIA weisds Jus ou 8N arve
‘ytEs JO SDuUepIs® [TU ‘syomiv ou ‘Burtess ou iyyED ‘ZYNS
usa® :IEJVEROIOL O40TH BupaeTapun HIVIHOL0L
P INmETE aNvl qwemyped @ HOIANYT

Freasnydey om0 ¢ I§

sseqd (oTaeles) oTaaed  (y/g7) TOSTAW] OWIIBY  (REET)TOSTAW] DRITSY t0Vd  NOLIVOIAISSYID

S8/T1/87 * AIW axs3580739y 17 B2OURZIE]-SITTBAR]Y [UBMZTSNNSY’Y 3 (S)YOHINY
d-60-L%~57 5-05-8%-7% *(QECCO *rBUOCIOQERN‘eSIBGOT PROT UTER WOIT WL ¥ NOLLVOUI
€85-TL4-0T ¢ QT¥D ’ yasEYe ¢ IHHHS

NOLIATYOSEY TTLI0dd TI08

53



SUOH = § SATEG STANTOG = § SRITUOQIE) - J ‘EOPTHQ WOI] 9Big = g ‘Ieadwy UTURBIp - O LINUMIVENIZEd
THOWY 30§ = x  ‘pouasy ol3edid = 4 ‘pomisy ZenewospAh - § 4 HOTIVNINERIZG T718°I1¥vd

£8/50/C0 s=a®p Iwrag TI0/68/108/0vE edemsiog Jo 4ea3ng 110§

H (44 ¢ 11 & T % s 9 4 g6 6'¢  1°¢ 't Z°9 Z°01 70 1 0°0 0°c 8'¢ [ 3

B 8¢ 82 81 ¥ [4 S - SR 4 G Z 8L 0 10 w%Z 1'% 9°8 z'0

e

470 gy 78 oy 0z g

g 6% g2 61 81T £ 4 £ 1 05 00 1°0 L°1T w¥g %701 (A z H Y AN BN 244 01 @ v

2Bo01/bem 4273 87 IS §34 85I §® g0 goe % Gee---- 708 2B8ppT/be@ -~---p y BT wdd  wojgm TIe3  O7H

I HIEH B cacn] {7 298ten) s2ys aToTaieg SHd 2] i 2 ) et . 4 J2 e Hidag AIWYS

Y00 4 FTLE0NE

SLTA08E% 8I83TVHY TI1I08 Q4VAIHY LS



68/c0i97 ieaep auiad

110/C8/108/0vd  TuEmsiog IO £8aing TT0%

pelusEes ‘pawy ATsmaIaNe =D 047 - 087 oEn
«{xepunog yaooss adnige ‘g ipd m,mmww
‘53003 mUIpSE DUB SUTI K8l ‘enosivoies uou ‘ssicd sull puw v Axma o1 ‘mopues suBand  UTYl usyoaq pue sevsypsd uo smelns  uyga usvoag foriserd vﬁﬂm.q Ao w
‘orgerzy prey Atea ‘ernjonals AyooTq arindueqns ssyeon yees ‘(L@ ypg) weot Ll dpues f(L1p) g9J¢ WAS PUE (I5TOW} Gy @y gRI - 16 £ag
cArepumog Anes ssniItp ‘gog :nd piety ‘sioor 3s1BoD
sey pue wMIpB DUE SUTY ey ‘snosledied uou ‘ssiod sury £3sa el ‘mOpUEL SuUIND  UTYI usvoaq pue savezpad uo sueano uTyd usyoxq ‘oraserd AT1ayBTis Lotis
farqeriz pasy ‘eanionais Lyosolq sernfumegns esrwos wwea ‘(Lvid ggy) meol 481 Lpues ‘(A2py 9fy ARG DUR {(18TOW) 4/¢ HRC TO JE - ¢ 7
«Lzepunoy Laes SSNIITE ‘009 g PIER
‘syoox suty puw suly L3sa mey Lrsa ‘snosrestes uou ‘gsxod wuTy ATes msy CUOpUEX SUPIND  UTUZ USWOIG pUE ssoerpad ue susano  wryd uswoig ‘oraserd A1agBSiTs LyoTas
fpraeriy pawy ‘axaguniis ANooTq IwTnBusqus ssIesh ammww ‘(deto ¢77) weotr Leys Apuee {4ap) 9fy WECL PUC (IFTOW) HJE WACTZ WO 1§ - §E iag
s{zepunog Ases xwes ‘Crg :pd PTOTI SS1003 WRTPED pUR SUT] UOCAWOO STOBIEBDTED uch ‘seicd suiy Axma mey ‘oraserd wou Ayoris wou
forqeTal Area prey ‘8anaonails Lyporg sernfusqns B5I¥00 pUT HNTPER ¥2HR f{deTo ¥gy) meol Lpuws C(AIp) ¢/% MADT pu® (3ISTOW) ¢/ HACT wo g - 11 g
«Lrepunog Asea 3dnaqw f¢cc tpd PTSTI fSICOI WNTPHD PUE SUTI UOUESD CSNOBIEUTED UOR tgezod suty Axes mey ‘oraserd uou AWoris uocu ‘STQELIY L38a
prey L7agBt7s ‘eonaonias xeroesd suty wees oot aaede Surrrey Ayporq avinBuwqns unypen yees trhero w01y wwot Apues S{42D) w/y HAOT vue (3sTom) ©ff YAQGY WO 1T -0 dy
681 ~ 541 5 681 ~ 621 g7t - 46 g6 -~ gg ¢ [ S S . b e - It Gt -8 Y ISHTAWNYS
*{g-y-1 BuTisew [gVE Vi 83T1s uotsanoxg - (piBreidey oddr) g¢ycou uopsd WOSH TOMIVIEE
BupyBaotd sINT NEAOH UOTECIE 1BUUS SIWISPON ! NUISCHEY
eon (JOEDIL0 2008 FUOU IEENOLS d¥0S
peutesp 1188 i T¥HT o (81 - (66 29700 ATAUBTIS f160 - O 43D OHOD CISION
sytuesd suciogen :LINACTIOH e1mmead gALL AD0Y peASUITEs BITS UT UIVINALYM JINIUVL
-84 207 [8B8sRIs !
- sqnayg ¢
- BESAYL  SEIDE4S
TEHAODSSYED TIN HOTIVIESHA sugsq ‘szyea isdozo ‘Sumiwy puwpdap cpeas peacidTT tESH ONVI
fnTes IO SUUSPLA® TR EWOBID OU ‘Burress BTTs RVHED CZuns
agBreris g 1 - R g weas AHAVIOOI0L GHOTH 37 ISCETE AOIVED040L
azed e3eTpenIennT INOLLISCA ke Mww@wﬂn : INIWTIE GNVI zrerd ¢ JMOEANYT
smazsyaxsdiy pextm Lmeot sury ¢ ITeIsneTel OTPURY ¢ IS
TEIEN SUWS {9£51) Tostaw] orrzsy  {8841)TOSTTI oTiden :0¥4 ROLIVDIATSSYID
98/%0/71 ¢ IV TeeazTemmaY Y SARCQUH 80T g°V ${S)YOHINY
St I HOLLVAZ TR A~0H=9C-C7  S-Oy-CE-¥7 I00D xsausy goressey TeinaTnolaly ‘ereqss ! NOLLVOOT
£41 YEANOZ WIIO O¥ov 978-6Z6-01 * (T¥D ZOETYT ¢ JIEHS



68/C0/97 #91¥p UL

0 B 12 ¢z ot 4 i oz o e o0 w0 1z zt 1€ te o oo  sv ey os st 5

a H £z 2 Tt oz 11 81 g1 i1 8 %9 00 ¥0 9T ¥T 679 o 1 o°0 Ly 9§ 561 6Tl e

o g zz 9z Tz € §1 12 L1 I % z9 O IR 4 S 2 S 70 2 9°0 Ly 8% ST 6 ki

0 f 91 €2z T 8 81 1T €T & [AS 070 o 81 &1 ¢ AL A G0 £y 9% 56 % a

0 B 12 61 ¢ ¢ 11w 1 1z g 0z 0°6 w0 1T 81T L% 0t 00 8 6°C o5 5¢ 3

o B £z 1z T 6 81 61 T 4 29 06 w0 %0 LT L'y (AL 0°0 Sy 6°¢ ot 71 q

o B 4 §1 0z T 8 81 o s [ 5L 00 ¥'0 %0 61T 6°% 0 ¢ 0°0 Sy 6°¢ ot o ¥
Moorbw | &el) 153 %0 s3s S5 S8 S0 oA 1 oo Tfom SogUbw g 1 afres i wose  goeo om o

| uma BLIH 4219080 {z wFten) szrs SIOTITEY 8¢d e ¥ B s o 3 4 o w HLJEG  TIIHVS
1060 miMMQHmamm

SUOK = N fgBnEuogle] =

uBoEy 00 = »

SITES PILNTOE = §

fEenTR) VoI 9834 = J
‘poynel] e13edid = 4

fasaEy oTueBig = O
fpoqlsy X93WmoIpAH = H

(A CUIRCLRICE S

¢ QOHLIR NOLLVRIWEEIHEO 2218 7 04Vd

i

110/$8/100/0¥g  wuessiog 3o L2aing 170

SLTINSHdY STSATYHY T108 CYVEHRHY LS

56



68/60/97 :e3Ep qutad 110/58/106/0va  wuemsiog jo £saIng TT0§

tsn00x BUTI #8I ‘snoszesied uou ‘ssiod euly Lrsa uomIoD fguBind
wrua Lgored ‘paey A7gfTTe feanaonais Ayoorq iernfusqns ssivoo pue mnTpen wees Lxea ‘meot Lpuws (4Lap) 9/v Wiy PUBR (ISTOW) 9/¢ YAy WO 06T - O 7ag

cfrepunog yiooms Tenpead fsj00x sUT  ‘snosesTed uou

tsazod suty Azes uowmov ‘sueino  uryy Agozed ‘paey ATayftis ‘eanionais Lyoorq awinSusqns yees 4xes ‘weol Apues (4ap) Cfy YAC PuR (3STOW) G/¢ WAC WO O - /1 13g

+{xepunog glcoms IweTs ‘S100% 9UTy pUE suly £xsa
quepnnge ‘snosiwsTes uou ‘gaiod sury Lres uowmos ‘przy ATouBrys fsannonans Ayoolq reinBuegns wwes Lxsa ‘pues Ameot f(AIp) Cw/y WAGTL PUB (ISTOM} yf¢ WALCL WO [T - 0 uy
001 - 08 %D 05 - 08 g L1 =% Y SSHTIANYS

TOSTADY OLIISI-0TUSIVINOTIEOTITSSETD SATIVUISATE ‘¥0C PUNCIE §4 SUIVIOY

TTO :ZNT NYHOH uoisors 1says 3udTTs : HOTSOYH

BUC LAENIND UH suou SENOLS Y08

pouTEIp ATSATSSaOXS 1BUMOWOS ! UOVNIVED Wy ggl - 0 ATD INOD “ISTOW
dunocaBzadns Exeqresey « LTHATTIOED SUOUEPUES ALY YOO W TANTTOD FTYVIYEIVH LNV

-8UICY feBsFRIY 3
ereucsonm sngdtzTy - sqnays ¢
IBITITHE PISETY PYIUS0CIBITY "sqns STTIIIOY BIOBDY  {CWOp) BSUTISS wITPUTMIS] -~ 8881l ¢ SHIDH4S

SHHACDSEVED suueans usdo INOTIVIZSEA umySaos :sdozo ‘Supnrwy puetdap pead psacadwl 380 ONVI

‘qTes 1o svuspTA® TTU ‘syoeiv ou ‘Furrees 1q8TIS TYVHD CAU0S

XBAUOD  ZHOG - ¥00 ¢ AJOIS usssun XRAVESGAOL (MOTH Surzernpun : {HIVEN0IO0LN

edoTs 1aMOT INOLLISOL 10077 48T ¢ INHAETH QHVI TIH ¢ WEOIANYT
FTeasnaTed OHXG ¢ IS

STAST YNHS (7£67) TosTAn] OTIxe] OTUSIY  (QRETITOSTIOY Jriasy-Tuely (Vi NOTLVOTLISSVID

ye/10/6T ¢ HI¥d suenyiedycy eeselemmsyy owWoFe(°L :(S)YOHINY

w 9907 * NOLIVAZTE F-0%-Gy-C7  8-CE-Z0-C7 Q4003 *esng gS W 7 ¢ NOTIWDOI

AT FENOZ WIID OV 56Z-164-071 ¢ GI¥S FAYAY AR JAHHS

7 isnielg 018 :3TUn 9000 T $8TTIONT WOTI4THOSEA HT1404d TIOS

57



BUON = § S3TES SIQNISE = § (SVIBUOGIE] » J  CSIPTHG UOIY SR = 4 treanwy oTwEBIg = O ¢ LNAWLVIMIEED

HOWY 10§ = x  ‘POTRSH 2372074 = 4 POUITH 39I5W0IPAH - H  IQOHIEH NOTIVHTAAII 9218 18vd

68/50/97 senep UL 110/58/108/0v4 wuemsiog 30 4saang 1103
" . L 5

H €1 z1 ¢ g €1 81 e 8l 1 37 g0 70 T°GC §°0 8L g0 1 00 Iy L' s 0f q

H oy g v (81 52 {Z £ 0 57 €0 €0 TG §°C T8 g0 1 00 gy §°¢ FAGN ¥
e L e e o 1 e sy coe0 0w S

HIAEL HLEH A=To0ED (3 JqBtes} 8218 WIVIAIYY sad =1 1 %W o'y 0ED ] a o4 i BIJEC  TIINVS
o 38- 1 Mmﬁmo&

S170S3Y STISATVHY 11085 C¥VAINVILS



APPENDIX 2

LAND SUITABILITY CLASSIFICATION SHEETS

58



Table 1

LAND SUITABILITY CLASSIFICATION SHEET
location:Notwane dam, alluvial terrace

agro-climatic zones Gaborone

author: J. Huesken

remarkss FAO
ST

chromic Luvisol
¢ Udic Haplustalf
minor mapping unit

sheet: Gaborone

mapping unit: Al3a

site characteristice:

terrace

SOIL SURVEY BOTSWANA BOT/85/011
date:21/1/88

alluvial

LAND USE TYPE: LAND USE TYPE: LAND USE TYPE:
large sc. irrig.| tradit molapo
Cro cfﬁaa
LAND QUALITY CDE! RTNG | Sorg |Malze|Douch| Sorg. ize
o8
dccessiblTIty Y 5T ST s1
correct temp.
regine cl 2 81 S1 s1
soll drainablility d |~ NJA | - - p
reslgtance o
erosion el 2 82 52 52
abgence of damag-
ing floods £1 1 S1 81 51
conditione of
germination gl 1 S1 s1 S1
molgture
availability mi{ 4 S4 N2 83
nutrient
availabllicy ni 3 s2 82 s52
By a7
a%gﬁlmbility 1 s1 s1 s1
gbeence of pests p| 1 5T 51 51
avallabllity o
water of good g{ N/A - -
guality
rtoothold Tor
roots ri 1 S1 S1i S1
dbeefice of towid
substances 1 S1 s1 81
workabiiity wi 1 51 51 1
agdeguacy or x
topography x%m N/A - - -
*11
gdequacy ot
flooding yi N/A - - -
land drainablliity z) N/A - - -
CURRENT LAND S4m |N2m S3m
SUITABILITY

RECOMMENDED IMPROVEMENTS

POTENTIAL LAND SUITABILITY

60



Table 2

LAND SUITABILITY CLASSIFICATION SHEET

location:S.E.W., East of Gaborone South

of Lobatse

sgro-climatic zone: Gaborone

author: J. Huesken

gsheet: Gaborone

mapping unit: Al3a

date: 18/1/88

gite characteristice: in depressions
and lower part of complex

remarks: FAO : Pellic Vertison, partly

sodic

ST : Typic Pellustert

in associstion with A30a and A4b, which are on higher positions

LAND USE TYPE:

large sc. irrig.
improved traditiona
dryland farming

LAND USE TYPE:
tradit molapo

LAND USE TYPE:

o oY gﬁ
LAND QUALITY CDE| RTNG | Sorg |Malsze | Douch Sorg. ize
08

gcoeeaslibililty a L o ol 51
correct Lemp.

regime 2 s2 s2 S1
soll draivapility o] N/A - - -
regletance to

erosion el 1 51 §1 81
Bovence of damig-

ing floods £l 03 53 83 83
con OnE O
germinstion gl 51 §1 51
molstuEe
avallsbllity mi 6 N2 N2 S4
nytrient
avallability w2 51 82 51
mxygem
availability ol 1 81 51 51
gDEENCe oL pests pl L : oL
avallabIlity ©
water of good a1 N/A - - -
gualicy

pothold ror
roots ri 1 51 81 S1
abgence of toxid

substances t) 2-3 52 53 52
workabllity w4 4 4 o
ROSQUACY 0L b
topography K%I NfA - - -

*I1

adeguacy ob

flooding y| N/A - - -
Land drainablllty 27 NJA - - -
CURRENT LAND N2m [N2m |83f,m
SUITABILITY o
REMARES

Workability not taken into account.

normal site.

) Moisture availability rating is given for
See also Al in Appendix B

POTENTIAL LAND SUITABILITY}
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Table 3

LAND SUITABILITY CLASSIFICATION SHERT SOIL SURVEY BOTSWANA BOT/85/011

locatlon:SED Valley floors Taung river & sheet: Gaborone date:18/1/88
Tributaries

agro-climatic zone: Gaborone mapping units Al3s

author: J. Huesken slte characteristics: Better drained

parts of valley floors
remarks: FAC : Calcare Cambisol
ST : Fluventic Eutrochrept
in association with A3la

LAND USE TYPE: LAND USE TYPE: LAND USE TYPE:
large sc. irrig.| tradit molapo
improved traditiona
dryland farming
ro cY ﬁa

LAND QUALITY CDE! RTNG | Sorg |Melze|Douch| Sorg. ige

- 08
accessldllity L) 1 B4 51
COYEECT Eammp.
reglme el 2 52 82 51
soll drainabliity d N - - -
feeintance Lo
sroslon 8] 2 52 82 52
Elidefice of Jamag-
ing floods i 52 52 52
conaliions o
germination g 1 81 51 51
moLgLure
gyallabilivy m; 3 83 84 52
nutrient
avallabllity w2 81 52 51
axygen
avallablilivy ol 2 81 2.3 |81
afgence or pesty Pl 5.l 1 5.
avallablilIty of
water of good q| N/A - -
guality
Foothold Tor
roots ry 1-2 81 51 51
dbsence O TOXIC
gubstances vy 2 51 52 51
WOrkapllity w2 ) 2 >
adequacy o b
ropography X%I Nia - - -

*11

Adequacy ot
flooding vyl NJ/A - - -
TEAG dFRYnabITIty 2 | "NTE - - -
CURRENT LANWD S$3m Shm S2e £
SUITABILITY » 10

EMARKS Moisture availability rating for normal sites is 3, for water receiving

sites is 1-2, Workability is not taken into consideration (see report P93)

POTENTIAL LAND SUILTABILITY
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Table 4

LAND SUILTABTILITY CLASSIFICATION SHEET
location:5ED East of Gaborone

sgro-climatic zone: Gaborone

author: J. Huesken

mapping unit: A4h

§0TI. SURVEY BOTSWANA BOT/85/011
gheet: Gaborone date:18/1/88

glte characterdstices: alluvial
terrace

remarke: FAO : Calcic Cambisol
ST : Typic Ustrochrept
in association with AL and A30

LAND USE TYPE:

large sc. irrig.
improved traditions
dryland farming

LAND USE TYPE:
tradit molapo

LAND USE TYPE:

cro cr &ﬁ
LAND QUALITY CDE! RTNG | Sorg [Maize|Douch| Sorg. ize
o8

BOCEESLDLLILY & & oL 1
CorrEct temp.

regime 52 52 S1
soLl araingb Tty o NiA - - -
reslistance to

sroglon @i 2 52 52 82
abpence oL damag-

ing floods £1 2 52 52 52
conditions ol
germination gl 1 81 81 S1
molEtire

svailabllity my 6 N2 N2 Sk
OULLLen

avallabllity 2 51 52 51
wmy&&m
avallability o Z 51 82 51
abgence or pests P L
avallablility O
water of good gl N/a .
guality

pothold Tor

rpots ol B Bl 51 51
abgence of tomic

substances t] 2 81 32 51
workabiiity w, 2 o ¥4 A
adequacy of e

topography x| N/A . - -

*11

adegquacy of

flooding y| NfA - - -

and drainaplliity & - - -
CURRENT LAND NZm  N2m Shm
SUITADILITY

RECOMMENDED IMPROVEMENTS

POTENTIAL LAND SUITABXLXTY;
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Table 5

LAND SUITABILITY CLASSIFICATION SHEET
location:SED, valley floors Peleng River

agro-climstic zone: Gaborone

author: J. Huesken

gheet: CGaborone

mapping unit: A8

SOIL SURVEY BOTSWANA BOT/85/011
date:18/1/88

site characteristicsy poorly drained

parts of valley floor

remarks: FAO : Solodic Planasol
: ¢ Typic Haplaqualf
in association with A7

LAND USE TYPE:

LAND USE TYPE:

LARD USE TYPE:

large sc. drrig.]| tradit molapo
improved traditicaal
dryland farming
cro cr gﬂ
LAND QUALITY CDE| BING | Sorg |Malze|Douch| Sorg. ize
of

accessibllity a kA ol 81
correct temp.

reglime 2 52 82 52
goll drainabllity d R - - -
resistance to

aroslon g 1 51 51 51
abBence of JamEg~

ing £loods £ 03 53 53 83
conditlions or

germination g1 51 81 51
molsture

gvallabilicy m 5 N2 NZ 53
nutrient

avallabllity nl 2 81 52 51
oXygen

&tgﬁlﬁbilin o] 3 52 54 82
absence of pests | 1 T 5T 51
avallabllIty of
water of good gl N/a - -

guality

pothold ror

roots ry 1 51 81 51
afgénce of toxld

substances t] 3 83 54 55
Workability W : g T
gdagquacy ol Xy

topography xyp| N/A - -

*I1

adeguacy o

flooding yi N/A - - -
dnd dralnablilI®y 2 "N - -

CURRENT LAND N2m NZm S3f,m
SUITABILITY &

RECOMMENDED TMPROVEMENTS

FOTENTIAL LAND QUXTABILITYl
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Table 6

LAND SUITABILITY CLASSIFICATION SHERT
locationsSED, valley floors south of Gabs sheet: Gaborone

agro-climatic zone: Gaborone

authors J. Huesken

remarks:s FAQ

mapplng units A7

SOIL SURVEY BOTSWANA BOT/85/011
date:19/8/88

site characteristics: marginally
drained parts of valley floors

: Gleyic Luvisol, partly sodic

8T : Aquic Haplustalf
in association with A9 & All

LAND USE TYPE:

layge sc. ifrrig.
improved traditiona
dryland farming

LAND USE TYPE:
tradit molapo

LAND USE TYPE:

ro?
Maize | Douch

33
Sorg. gﬁim@

LAND QUALITY CDE| RING | Borg

08
accerslbllity B 1 4 ol 51
Correct temp.
reglme 2 52 B2 Sz
80 ralnanl v o - - P
resgistance €o
aroglon @ 1 81 81 51
BEDEENCE OF OOMEg-
ing floods 3 53 83 83
conditiong ol
germination @ 3 53 54 52
moTature
avallability mi 3 53 S84 82
nutrien
avallabllity n 2 51 52 S1
OxyEen
&w&%i&hility o 3 52 S4 52
abgence of peéste p 5T T B
avalleplllity of
water of good g N/A -
guality
foothold Ter
roots ri 1 51 St 51
abgence of CoxlC
substances bl 4 84 NZ 53
workabllilby w4 b B4
adeguacy ol X
topography K%E NfA - - -

*11

AUegUACY o
flooding vl NfA - - -
Tand drainablITty & ~N7 = -
CURRENT LAND 54t N2t 83f, ¢
SUITABILITY

REMARKS Moisture availability rating is given for water receivin
Workability is not taken into consideration (see report

ggsites

3)

POTENTIAL LAND SUITABILITY
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Table 7

LAND SUITABILITY CLASSIFICATION SHEET

locationsSED, valley floors and lower

footslopes

agro-climatic zmones Gaborone

author: J. Huesken

remarkes: FAO

gheet: Gaborone
mapping units A9

site characteristics:
parts of valley floors

: Gleyic Luvisol, partly sodic

ST : Typic Haplustalf
in association with ALl or A7 or A34

S0IL SURVEY ROTSWANA BOT/85/011
dates21/1/88

Better drained

LAND USE TYPE: LAND USE TYPE: LANTD USE TYPE:
large sc. drrig.| tradit molapo
Improved traditions
dryland farming
Ty CIop

LAND QUALITY CDE| RTNG | Sorg |Maize|Douch| Sorg. |[Malze

OB
accesginliity & L 51 L 81
COLTBLL Lemp.
reglme 2 82 52 52
8oLl dralng ty Al - - -
resletince o
aroslon e 1 51 51 81
ahwence of Jamag-
ing floods 3 S3 53 53
Gon ona o)
germination g1 1 81 51 51
molatire
avallabllicy m 3udy 83784 184fN2Is82/83
by ien
svallablllvy nl 2 51 52 53
GRyEen
%?ﬁ%lm%ility ol 2 81 52~-3 |81
angence O pests i : N !
avallapllity o
water of good g Nia -
gualitvy
foothold Lor
roote ri 1 81 51 81
abdence of LoEIT
substances L 4 B4 54 53
WOrka ity W 2 BZ k¥4
adequacy o £
topography K%X HiA - - -

11
BUequacy o
flooding y| N/a - - -
Tand dralnability % | NT& = - =
IFm SLHET|S T VEIlleys

CURRENT LAND S4n,t (H2m |83t,m| - Plai
SUITARILITY

HEMARKSE Rating 3 is given for molsture availability in viver vallevs
{see also Appendix B).

POTENTIAL LAND SUITABILITY
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Table B8

LAND SUITABILITY CLASSIFICATION SHEET

locations:8ED, valley floors, lower foot-

slopes

agro-climatic zone: Gaborone

gheet: Gaborone

mapping unit: All

S§0IL. SURVEY BOTSWANA BOT/85/011
date:21/1/88

site characteristics: higher parts
association

authors J. Huesken
remarks: FAC : Ferric Luvisol
ST ¢ Oxic Paleustalf

in association with A7, A% and A34 (South of Lobatse)

LAND USE TYPE:

LAND USE TYPE:

LAND UBE TYPE:

large sc. drrig.| tradit molapo
improved traditions
dryland farming
- ro cY gﬁ

LAND QUALITY CDE| RING | Sorg |Maime Douch| Sorg. |[Maize

08
accessibility 1 L 51
COLTEect Cemp.
regime o 52 82 sz
80 grainabpllity N/ - - -
reslatance ©d
srogion el 2 52 52 52
Ehgence of dapag~
ing floods £ 02 52 82 52
conditions ob
germination [ 1 51 51 51
mOLEEEre
avallabilicy m 3 83 S4 82
natrient
avallabllity nl 2 81 52 51
UETEen
&v&%k&wility o 1 51 Sl 81
abpence of peste P oL i o,
avallen A BN
water of good g NJ/A -
guslity
OOt oL
roote r] 1 51 51 51
Bbgence of toxic
gsubstances th 1 51 51 §1
workability WL ol 5 ;
BOBQUBCY O b 4
topography K%I N/A - -

*11

adequacy o
flooding ¥ N/a - - -
iand drainabllity | NJA - - -
CURRENT LAND S3m Shm 52m
SULTABILITY

REMARES Moisture availability rating is

Sub-Zone. See also Appendix B.

given for river wvalley’'s and Lobatse

POTENTIAL LAND SUITABILITY

]
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Table 9

LAND SBUITABILITY CLASSIFICATION SHERET

location:SED, Easst of Gaborone

agro-climatic zone: Gaborone

asuthor: J. Huesken

remarkss FAO : Vertic Calcic Gleysol
ST 3 Vertic Haplaguept
in association with Al& A4b

S0IL SURVEY BOTSWANA BOT/85/011
sheet: Gaborone dates22/11/88
mapping wnit: A30a

glte characteristics: lower and
intermediate parts of association

LAND USE TYPE: LAND USE TYPE: LAND USE TYPE:
large sc. drrig.| tradit molapo
improved traditiona
drylend farming
rmy or @&
LAND QUALITY CDE) RING | Sorg |Malze|Douch| Sorg. ize
o8

accessibllity & L 51
COTTact tamp.

rogime 52 52 52

goll drainapllity d NTA - -

reglstance o

eroslon ] 1 51 81 51
AURELCE OF damEg~

ing f£loods £ 3 53 53 53
conditiong o

goermination gy 1 51 51 51
molatire

availlabllity mp 4 S4 N2 83
nutrient

avallability ny 1 51 S1 51
ORVEET

aﬁgﬁlnbiiiﬁy ol 34 83 S4 53
abdence of pEsts P 5T 5 5
HoaLleDn Yy ot
water of good gl N/A - -

gquality

sothold Loy

roots v 1 51 51 51
abgence o toxic

substances t] 3 83 83 53
workabilIty W% 5% A 5
adequacy of T

mmpogmaghy M%I N/a - -

*11

adeguacy or

flooding vy N/a - - -

Bad dreTRabIIIEY g - -
CURRENT LAND S4m NZm 830,f,m
SUITABILITY
BEMARES

POTENTIAL LAWD SUITARILITY
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Table 10

LAND SULTABILITY CLASSIFICATION SHEET
location:SED, valley floors Taung river

agro-climatic mone: Gaborone

author: J. Huesken

remarkss FAD

gheet: Gaborone

mapping unit: A3la

SOIL SURVEY BOTSWANABOT/85/011
date: 22/1/88

site characteristice: lower, poorly
drained sites of valley floors

Butric Gleysol(partly sodic})

8T : Typic Haplaquept
in ass@c?ation with A4

LAND USE TYPE:

large sc. irrig.
improved traditiona
dryland farming

LAND USE TYPE:
tradit molapo

LAND USE TYPE:

ro

cr
Sorg. gﬁiwm

LAND QUALITY CDE| RTHG | Sorg |Malze Douch
o8

AUCBSEIDLLITY & A oA ol 51

COFYBcE Temp.

reglmes C 2 52 82 82

801l Grelnapliity NTA - -

reglatance to

sroslon 8 L 81 51 51

abgefice ol damag-

ing floods 3 53 83 83

conditions or

germination o4 1 51 81 51

mbiature

availablliitvy mi 3 53 54 52

nutrient

availablliicy n, 2 S1 52 s1

umy§mm

avallablility o 34 83 Sh K]

abyence o DPesLs P 1 L w

avallabllity ot

water of good g N/a - -

quality

rootnol or

roots ol I S 8l 51 81

absence orf toxic

substances t, 1-2 81 51 51

WOrkabliity W 5 52

adequacy o * )

topography K%K N/A - - -

*11

agequacy ol

flooding y| N/A - -

Tand drainebIlIIEy 2| NTA = = =

CUBRENT LAND S3f,m,0|84m,0l83f,0

SULTABILITY

REMARES Workability has not been considered, see report Pgh.

POTENTTAL LAND SUITABILITY
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Table 11
LAND SUITABILITY CLASSIFICATION SHERTD S0TL SURVEY BOTSWANA ROT/85/011

locationsSED, valley floors in undulating sheet: Gaborone date:19/8/88
roliing areas
agro-climatic zmone: Caborone mapping unit: A34

author: J. Huesken gite characteristics: shallow to
moderately deep soils, stony to very
remerkse: FAO : Eutric Regosol, shallow stony

etric
5T ¢ Lithic Ustorthent
LAND USE TYPE: LAND UBE TYPE: LAND USE TYPE:
large sc. drrig.| tradit molapo
improved traditlofs
dryland farming
o or @a
LAND QUALITY CDE| RING | Sorg |[Malsze|Douch| Sorg. ize
0B
accesslbility [} i b B 51
Correct ey
reglme o 2 52 52 52
soll drainapillity d N/ - - -
resigtance o
aroslon g 1 51 81 51
BhEEHCe OF CAmAg-
ing floods £ 03 83 83 53
cond  Eong o
germination gl 1 51 81 51
moTstuye
avallabilivy my 4 84 N2 83
nutrien
avallabilivy ni 3 82 83 52
tEyEen
m@gﬁl&bikity o] 1 $1 $1 82
Bosence of pests pl L 5T &1
AVAELLADLLLILY ©
water of good g N/A - - -
gquality
rToothold Loy
roots w3 53 53 53
BDREACE 0T LoRIE
substances L1 51 §1 51
woreabllity Wi b3 o :
adegquacy of 3 -
&w@mgr&%hy m%m gmiﬁ - - -
adequacy o .
flooding yi N/A - - -
and drainapllity = N/J - - -
CURRENT LAND S4m  (N2m | 83m,f
BUITABILITY W
POTENTIAL LAND BUITABILITY
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Table 12

LAND SUITABILITY CLASSIFICATION SHEET

location:SED, East of Notwane Siding

agro-climatic zone: Gaborone

author: J. Huesken

remarks: single large mapping unit

FAC : Chromic Luvisol
5T : Ultic Haplustalf

S0IL SURVEY BOTSWANA BOT/85/011

sheet:

Gaborone

mapping unlts A7

date: 24/8/88

gite characteristics: marginally
drained parts of valley floors

LAKND USE TYPE:

LAND USE TYPE:

LAND USE TYPE:

large sc. irrig.] tradit molapo
improved traditiona
dryland farming
Top er ﬁ&
LAND QUALITY CDE| RTNG | Sorg |Maize|Douch| Sorg. ize
08
accesslbDlLily & o ol 51
correct temp.
regime 2 82 52 52
B0 traipabllity d N - -
reslgtance Lo
arosion g 2 82 82 52
BUEENCE of sy~
ing floods b 51 g1 51
conditiong or
germinatlion gl 1 51 51 51
snletura
peallabllity m, 3 83 54 52
nutrien
avallabllity ni 3 g2 53 52
@xy%em
avallabllicy o 1 8] 81 $1
Bbgence of pestd D B 5 ;
avallabllity or
water of good q| N/a - -
guality
roothold ror
roots ol B N 51 81 81
abgence o towid
substances £ 1 S1 51 51
workability w| L S S :
adequacy o i
topography x%i N/A -
*11
guegquecy o
flooding ¥ N/A - -
shd dEEIHEBTIIEY g TN - i -
CURRENT LAND 53m Shm S2m,n
SULTABILITY @

POTENTIAL LAND BUITABILITY




Table 13
LAND SUITABILITY CLASSIFICATION SHERT
location:SED, East of Gaborone

agro-climatic zone:; CGaborone

SOIL BURVEY BOTEWANA BOT/85/011
sheet: Gaborone date:19/8/88

mapping units B1l

author: J. Huesken glte charascteristics:

remprks: FAD : Ferric Luvisol
5T @ Oxic Paleystalf
(former B3a unit)
LAWD USE TYPE: LAND USE TYPE: LAND USE TYPE:
large ve. lzrig.] tradic molapo
improved traditlons
dryland farming
< SE0 exr ﬁﬁ
LAND QUALITY CDE! RING | Sorg [Melwme Douch, Sorg. ize
o8

accesslbllity ) i 1 51

CorTect TEEp.

reglme e 2 82 5% 51

80LL drainabllity N - - -

reslstance to

srosion @ 2 52 52 82

abgence of danay-

ing floods £ 01 53 81 51

mmwi‘* ons o

germination gl 2 52 52 52
molatiire
availability ml 4 84 N2 53
nutrient

avallability w2 81 52 51

i8I0
mw&%lmh&liny o) 1 51 51 h
whsence or pests pl ] 51 bl b
avallapility ot
woter of good g N/A - -
gquality

rootnold oy

roots ri 1 51 51 81
aheence of toxle

substances £ 1 51 51 51
Woriknn 5 4 w4 ol bl :

A0BUUACY O x

topography X%I Nja - - -

*11

adequacy of

flooding vl N/A - - -

L3l TEINADLLITY 2 m - =

CURRENT LAND Shm  [NZ2m | 83m

SULTABLILITY

REMARKS Moisture availability rating is given for water receiving
Workability is not taken into consideration (see report Bo

sites
3)

POTENTTIAL LAND SUITABILITY
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Table 146

LAND SULTABILITY CLASSIFICATION SHEET 50IL SURVEY BOTSWANA BOT/85/011
locetion:SED, undulating terrain gheet: CGaborone  date:24/1/88
agro-climatic zone:s Gaborone mapping units Dla

authors J. Huesken site characteristice: shallow soils

in undulating terrain
vemarike: FAO : Eutric Regosol
etri, %artly lithic
8T ¢ Lithic Ustorthent
complex with R,D7D7d

LAND USE TYPE: LAND USE TVPE: LARD USE TYPE:
large sc. irrig.| tradlt molapo
improved traditlona
dryland farming
, xw% (34 @ﬁ
LAND QUALITY CDE! RING | Sorg [Malze | Douch, Borg. |[Malze
Gt
BCCOHE LAY a L ol o 51
corract temp.
reglne e 2 52 52 81
soll dralnabllTty d| N7 = .
repigtende €O -
grosion e 3 5% 83 83
apgence QL demag-
ing Floods L1 81 51 51
con one o
germination gl 2 52 52 52
molgture
avallability m, 5.6 | N2 N2 54
natyriant
avallabllity ni 3 52 83 82
Oy en
&v&%ia%ility o 1 81 81 51
ghsence oY pastes p, I 5 5T 8
AVALLBDLLLIYY O
water of good g N/A - -
guality
ogthold ror
roota ¥y 3 53 53 83
abaedce of toxig
substances 7 I S 51 S1 51
WOrKRDLLLILY W & o
AUEOUETY © 4
topography m%ﬁ N/A > - -
*11
adequacy o
flooding ¥ N/A - - -
ancd drainablllity =, N/ - - -
CUBRENT LAND NZm  |NZm Shm,w
SULTABILITY
POTEHTIAL LAND SUITABILITY

73



Table 13

LAND SULTABILITY CLASSIFICATION SHEET

location:

agro-climatlic zones Gaborone

author: J. Huesken

remarks

SED, on steeper slopes

shest: Gaborone

mapping unlts D2

S501L SURVEY BOTSWARA BOT/85/011
dute:25/2/88

site charscteristics: on steeper

slopes in dolomitic rocks

FAO : Ferric Luvisol
petric or partly
8e§r0f@xric

ST : Oxic Haplastalf

Assoclated with D10

LAND USE TYPE: LAND USE TYPE: LAND UBE TYPE:
large sc. drrig.] tradit molapo
improved traditvions
dryland farming
ro or @%
LAND QUALITY CDE; RING | Sorg |Meize|Douch| Borg. |[Malze
08
aoceselbllity 8 \ D 51
correct Lemp.
regime J 52 82 81
soll cradinabllivy d N - -
reglgtance €0
srosion g 3 53 53 83
BhBETICE OFf CHlEp~
ing floods b B 51 §1 51
conditions ol
germination gl 2 52 82 52
moleture
avallablility m 6 w2 N2 84
nutrient
availebllitvy ng 3 52 83 52
oXyEen
wggﬁiﬁbﬁiimy ol 1 51 81 S1
abaence of pests p 1 5 5T R
avallADLLITY Of
water of good gl N/A
gquality
potnold Loy
roots ri 2 52 52 B2
absence of toxlc
sibstances L1 51 51 51
workabllicy w 5 B LY.
adegquacy o b 4
topography K%I N/A -
*11

adequacy of
£looding yi Nia - -
LBIL rainabplility 2 N/a - - -
CURRENT LAND N2m (NZm | S4m
SUTTABILITY
REMARKS
POTENTIAL LAWD SUITABILITY
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Table 16

LAND SUITARILITY CLASSIFICATION SHEET

location:SED, undulating terrain

ggro-climatic mones Gaborone

author: J. Huesken

remarkesys FAO

Ferric Luvisol

5011 SURVEY BOTEWANA BOT/85/011

gheet: Gaborone

wapping units D2a

dates25/1/88

gite characteristicss on steeper

slopes on shales

petric or petroferric phase
ST ¢ Oxic Haplustalf
in association with DG

LAKD USE TYPE: LAND USE TYPE: LARD USE TYPE:
large sc. irrig.| tradit molapo
Lmproved traditions
dryvland farming
] eF %

LAND QUALLTY CDE| RING | Sorg |[Malze|Douch| Sorg. |Malze

oe
BCCess LATY & L L 81
COrTRCE Cemp,
regime 2 82 52 51
BO TRLNE ity o N - o -
reslgtance tE
eroslon el 3 53 53 83
abEence o BINA R ~
ing floods £, 1 81 81 51
conditiong ©
germination [ 2 82 52 52
moisture
gvellabilicy m 5-6 | N2 M2 S4
nutrient
availabllity n 2 51 82 St
mmy§@m
avallabllity ol 1 51 8L 51
abEenceE oL pewts P & g 5T
avaLlablility ol
water of good gl N/A - -
guality
roothold ror
roots ri 2 52 52 52
dbsence of tomic
substances 1 §1 81 51
workabLLLLY W 5.
adegquacy o 4
topography K%X N/& - - -

*11

BueguEacy o
flooding NiA - - -
Lan raLnab: v om ON/A - -
CURRENT LAND NZ2m  |NZm | S4m
SULTABILITY
REMARES
POTENTIAL LAND SUITABILITY




Table 17

LAND SUITABILITY CLASSIFICATION SHEET

JocatlonsSED, lower

slopes

agro-climatic zones Gaborone

suthors J. Huesken
remarks: FAD

5T Oxic

¢ Ferric Luvisol
partly

Paleustalf

BOIL BURVEY BOTSWANA BOT/85/011
sheet: Gaborone date:19/8/88
mapping wnits D7

slte characterlstics: lower slopes

etric or petroferric phase

in association with Dla and D7a soil is massive

LAND USE TYPE: LAND USE TYPE: LAND USE TYPE:
large sc. drrdig.| tradit molapo
lmproved traditions
dryland farming
To (34 ﬁm
LAND QUALITY CDE| RING | Sorg [Mailze|Douch| Sorg. lze
s
accessibllity ) 1 ol 51
COTCrect temp.
regime 2 52 52 81
801 drainabITity d| NTE™ |~ - -
raglgtance €6
erosion el 2 52 52 52
abeence or dhmag-
Ing floods £1 1 g1 51 51
Conditinng o
germination gl 2 52 52 82
molsture
svallabllicy mi 3-4 | 837854 (N2/84(83/83
nutrien
availabllity n 3 82 53 52
OXyEen
&vm%&ﬁhiiity ol 1 51 S1 81
absence or pests p o i oL
pvRllabilIey ot
water of good gy N/a -
guallty
pOthold Esy
roots ry 1 51 51 51
abgence or toxio
substances £l 1 51 81 51
workabIlIty W 51 5 g
adequucy ol p 4
topography m%m NfA - - -
*11
adequady o
flooding v Nja - -
mod drainabillity = A - - -
CURRENT LAND S4m| N2/ s3/sz2) _ Gaborone
SULTARILITY 83m  |B4m  je,g.m| _  Lobatse
n
askstiolsture availability rating in Lobatse sub-zone 4 1In Gaborone
sub~zone
POTENTIAL LAND SUITABILITY
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Table 18

LAND SUITABILITY CLASSIFICATION SHEET

location:SED

agro-climatic zone: Gaborone

guthor: J. Huesken

remarks: FAOD

s« Baic al

gheet: Gaborone

mapping units D7d

SOTL SURVEY BOTSWANA BOT/85/011
dates26/1/88

site characteristics: lower pediment
slopes

Ferric Luvisol, A V
etric or petroferric
eustalf

in association with D7

LAND USE TYPE:

LAND USE TYPE:

LAND USE TYPE.

large sc. lrrig.| tradit molapo
improved traditiona
dryland farming
CTo 33 ﬁﬁ

LAND QUALITY CDE| RTNG | Sorg |Malze|Douch| Sorg. lze

08
accesslbllility a 1 Sl1 5l 51
correct temp.
regime 2 Sz s2 S1
aol) drainabllity d N/A - - -
reslstance to
eroslon el 2 s2 s2 52
abgence oL damag-
ing floods 1 S1 S1 S1
ConditionE ofF
germination gl 1 81 S1 S1
HoTsture W
avallabllitcy m, 4 S4 N2 53
notrient
avallability nf 3 s2 83 52
oxXygen
awm%iability 1 S1 S1 S1
abiénce of pests p| 1 ST 5T 5T
AvallabilTty of
water of good gl N/A - -
quality
roothold Tor
roots v 1 51 S1 51
absence oxr Loxic
substances 1 S1 S1 S1
WorkabIIIEy w|T ST 5T 5T
Bdequacy of Xy
topography xyy| N/A - - -

*11

adequacy or
flooding N/a - - -
land drainability =) N/A - -
CURRENT LAND S4m |NZm 83m
SUITABRILITY

REMARKS Moisture availability rating is given for water receiving si
Workability is not taken into consideration (see report P95)

tes

POTENTIAL LAND SUITABILITY
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Table 10

lovation:SED

agro-climatic zones Gaborone

D BULTABILITY CLABSIFICATION SHERT

gheet: Gaborone

mapping wnit: D7a

S0TL SURVEY ROTSWANA BOT/85/011
date:25/1/88

author: J. Huesken site characteristics: lower pediment
slopes in Marcs
remarks: FAC : Orthic Luvisol
ST @ Typic Haplustalf
LAND USE T¥VPE: LAND USE TYPE: LAND USE TYPE:
large sc. lvrig.| tradlt molapo
improved traditiona
drylend farming
CEOT &F F
LAND QUALITY CDE] RTNG | Sorg |(Melze|Douch| Borg. |[Malze
08
accessipliilty B 1 A 1 51
COrract temp.
regloe o 2 52 82 51
sl dPaiianITIEY 77 - .
fenletance o
sroslon @y 2 52 5z g2
apsence of damag-
ing floods £ 1 51 $1 81
eon OiiE o
germination g 3 53 53 83
molatire
avallablliivy m 4 54 N2 53
wutrien
avallabllivy ni 2 51 52 81
GEYEEN
@vw%i&hiﬁﬁﬂy o) 2 51 5Z2-3 181
abgence of peste P 5 51 8
avallanllity o
water of good g N/a -
guality
aothald oy
roots ro 1 81 51 sl
absance of toxid
subatances i1 81 51 81
Workanllity W9 2 bl )
BUeqUACY © Xy
topography xyrl N/A -
*11
adequacy of ,
flooding v NiA - -
andg adrainapiiity s N -
CUBRRENT LAND S4m  [NZm [83g.,m
SUTTABILITY
LEMAMIL  WorkabDility not considered (see report Pg o)
POTENTIAL LAND SUITABILITY




Table 20

LAND SUITABILITY CLASSIFICATION SHEET SOIL SURVEY BOTSWANA BOT/85/011

location:SED, west and south of Ramotswa sheet: Gaborone date:26/1/88

agro-climatic zones Gaborone mapping unit: DY

authors J. Huesken site characteristics: lower footslopes,
transitional to alluvial deposits

remarks: FAO : Calcic Luvisol

ST : Typic Paleustalf
Minor unit

LAND UBE TVPE: LAND USE TYPE: LAND USE TYPE:
large sc. irrig.] tradit molapo
improved traditiona
dryland farmling
cro mr“ﬁﬁ
D QUALITY GDE| RTNG Sorg |Malze Douch, Borg. ize

08
ACUeREIEITITY 8 5T 5T 81
COETeCt CEmEp.
regime 2 52 52 51
soLl draing Yy O Njs w - -
regletance Lo
sroslon el 2 52 52 52
gbgence ol damAg-
ing floods 1 1 §1 81 81
conditiong or ‘
germination g 1 S1 51 s1
molature
gyailabllity mi 4 S4 Hz 83
nutrient
availability n 2 81 582 St
OEFREEN
&v&%ﬁ&hiiiﬁy of 1 81 81 51
absence ol pests D A oA S
avallabllilty ©
water of good gy N/A . -
gualicy
toothold Tor
raots ri 1 851 51 51
abEence oY ThxIT
substances w2 51 52 51
WOrkaDLLLLY WL sl o
poeguacy of Xy
topography ZYq /A - - -

*11

atequacy ol
flooding yi N/A - - -
Land drainabilivy =, N - - -
CURRENT LAND B4m  {NZm | 83m
BUITABILITY

Moisture availability rating is given for water receiving sites
Workability is not taken into consideration (see report P95)

i

POTENTIAL LAND SﬁITABXLKWY% % i

i
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Table 21
LAND SULTABILITY CLASSIFPICATION SHEET 8071 SURVEY BOTSWANA BOT/85/011

logation:SED, between Ramotswa and Lobatse sheet: Gaborone date:26/1/88

agro-climetic zone: Gaborone mapping undte DLO
suthor: J. Huesken gite charscteristice: Footslopes in
Dolomite

remarke:s FAO : Ferric Luvisol
ST ¢ Oxic Paleustalf

LAND USE TYPH: LAND USE TYPE: LAND USE TVYPE:
large sc. drrig.| tradit wmelapo
improved traditiona
dryland farming
, xmg T g
LAND QUALITY COBD RING | Sorg  |Melze|Douch| Sorg. (Maize
o
pecassibility 8 ‘ 51 ) 51
cOrrect Cemp.
reglme o, 2 52 52 81
S0LL QrEinablllity d NiA - - -
Feglvtance to
arosion g 2 52 52 52
absence of danig-
ing floods 12 51 81 51
cond IETons ot
gpernlnation gl 1 S1 51 51
molsture
gvailablility m 3mb 83/84 184/N2182-3
nutyrlen
avallabllity ni 3 s2 53 82
UEygen
&w&%i&bility o] 1 81 51 sl
abience of pesty p| [ 5 ol £
avalTEbITICy of
water of good . g N/A - -
guality '
Footaold oy
roots R < N S 51 51 81
abgence of tozin
substances 17 I 81 81 81
workabiliey WL T BT 5
BUOQURELY of &
topugraphy K%T N/4 - -
*11
AdEquaty ot
Flooding v N/A - - -
sand drainsability ) N/ - o -
smy iedm) (wey LDDBLES
CUBRRENT LAND S4m  [N2m [83m Gaborone
SULTARTILITY
FEMANKE VMoTeture avallabdility rating 23 in Lobatse bub-zone
4 in Gaborons sub-zone
POTENTIAL LAWD BUITARILITY
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Table 22

LAND SUITABILITY CLASSIFICATION SHEET
location:SED, around Lobatse & Gaborone

agro-climatic zone: Gaborone

author: J. Huesken

remarks: FAO :

ST : Lithic

hase

sheet: Gaborone

mapping unit: Gla

SOIL SURVEY BOTSWANA BOT/85/011
date:28/1/88

site characteristics: shallow soils
on undulating to rolling terrain

Eutric Regosol,
lithic

storthent
often in complex with Glc/G2d or R

LAND USE TYPE:
large sc. irrig.

improved traditional

dryland farming

LAND USE TYPE:
tradit molapo

LAND USE TYPE:

Cro crnﬁa

LAND QUALITY CDE| RTNG | Sorg |Maize|Douch| Sorg. ize

o8
accessiplility [ 1 5l ol S1
correct temp.
regime 2 82 s2 S1
gsoll drainabllity d Nia - - -
resistance to
erosion el 4 S4 S4 S4
absence of damag-
ing floods 1 S1 S1 S1
conditions of
germination gl 1 51 51 S1
moisture
availability mi 6 N2 N2 S4
nutrient
availability nj 3 52 83 sz
oxXygen
a:gﬁlability o 1 51 S1 s1
absence of pests p| 1 ST ST 5T
avallabIIIty of
water of good q] N/A - -
quality
footnold xror
roots r 3 83 S3 S3
absence of toxic
substances ti 1 51 81 S1
WOrKability - 53 53 T3
adequacy or X
topography xyp| N/A - - -

*11

adequdacy of
flooding y| N/A - - -
iland dralnability =z| NJA - - -
CURRENT LAND N2m |[N2m |Sé4m
SUITABILITY
REMARKS
POTENTIAL LAND SUITABILITY

81




Table 23

LAND SUITABILITY CLASSIFICATION SHEET
location:SED around Lobatse and Gaborone

agro-climatic zone: Gaborone

authors: J. Huesken

remarks: FAO

sheet: Gaborone

mapping unit: Glc

SOIL, SURVEY BOTSWANA BOT/85/011
dates28/1/88

site characteristics: ston{‘shallow
1

soils on undulating to rol
+ Butric Regosol,

shallow petric

8T ¢ Lithic Ustorthent
always in complex with Glc

ng terrain

LAND USE TYPE:
large sc. lrrig.

improved traditional

dryland farming

LAND USE TYPE:
tradit wmolapo

LAND UBE TYPE:

Cro crnﬁa
LAND QUALITY CDE| RING | Sorg |MalzelDouch, Sorg. ize
o8
accesgibility a L ol ol s1
correct temp.
regime 2 82 s2 S1
801l dralnability d N{A - - -
resisfance to
srosion @ 3 83 53 83
sbeence oOf JamAg-
ing floods 1 S1 81 S1
conditionsg @
germination gl 1 51 51 51
moisture
avallabillty my  4-5 | S4/H2 (N2 53
nutrient
availabliity ny 3 82 83 52
oxygen
availability ol 1 |s1 [s1 |s1
abgence O pests D 4 5i DL ol
AVELIabIIIEY of
water of good ql N/A - -
quality
Yoothold Eor
roots r 2 82 52 §2
abpsence ol toxic
substances 1 51 51 S1
workapliity W 2 oL Se 5
adequacy or Xy
topography xyy| N/A - - -
*11
adeguacy or -
flooding i N/A - - -
land drainability =z N/A - - -
CURRENT LAND S4m/ IN2m [S3e Lobatse
SUITABILITY N2m Gaborone
REMARKS ™ Seée Appendix K.

POTENTIAL LAND SUITABILITY
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Table 24

LAND SUITABILITY CLASSIFICATION SHEET
location:SED, around Hildavale

agro-climatic zone: Gaborone

author: J. Huesken

remarkss FAO :

Ferric Luvisol

ST : Oxic Paleystalf

(former B3a unit)

SOIL SURVEY BOTSWANA BOT/85/011

sheet: Gaborone

mapping unit: Gld

gite characteristics:

dates28/1/88

LAND USE TYPE: LAND USE TYPE: LAND USE TYPE:
large sc. irrig.| tradit molapo
improved traditional
dryland farming
Cro crnga

LAND QUALITY CDE|{ RTNG | Sorg |Maize|Douch| Sorg. ize

os
accessibility al” I 5T 8T S1
cCOorrect temp.
regime c 2 52 52 s1
soll drainability ¢ NfA - - -
resistance to
erosion el 3 s3 53 53
absence of dJdamag-
ing floods 1 s1 51 81
conditions of
germination g 1 81 S1 51
molstire
availablllicy m| 4-5 | S4/N2 N2 $3
nutrient
avallabilitcy n} 2 $1 52 s1
oxygen
a:gglability 1 81 S1 S1
absence of pests P, 1 51 ST 51
avallability of
watar of good gl N/a - -
quality
roothold for
roots ry 2 52 82 52
abgence or toxic
substances 14 I 84 54 S4
WOrkability U ) 57 57 57
adequacy or X
topggra%hy x%x N/A - - -

*11

adequacy of
£lsoding y! N/A - - -
Tand dfainability =| N/A - - -
CURRENT LAKD S4m,t/ |[N2m [S4t --weee- Lobatse
SUITABILITY N2m -T ------ Gaborone
REMARKS See Appendix B.
POTENTIAL LAND SULITABILITY I !
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Table 25

LAND SUITABILITY CLASSIFICATION SHEET

location:SED

agro-climatlc zone: Gaborone

suthor: J. Huesken

remarks: FAO

sheet: Gaborone

gite characteristics:

: Ferric Luvisol,

getrlc or petroferrlc
ST xic Paleystalf

in complex wmth Gla and Glc and/or Gld

mapping unit: G2d

SOIL SURVEY BOTSWANA BOT/85/011
dates29/1/88

LAND USE TYPE:

large sc. irrig.
improved tradlitions
dryland farming

LAND USE TYPE:
tradit molapo

LAND USE TYPE:

Cro crnga

LARD QUALITY CDE| RING | Sorg |Maize|Douch!] Sorg. ize

o8
accagsibliity ] 4 51 ol S1
cOfrect Lemp.
regime 2 82 52 51
8011 drainapility d | N7E~|™T = =
Yeslgtance to
erosion e] 3 53 83 83
absence ol damag-
ing floods 1 51 51 51
conditions of
germination gl 1 S1 S1 51
moisture
availabllity m 5 N2 N2 53
natrient
availability nj 2 s1 52 51
OEygen
a$g§iﬁbili%y ol 1 51 51 Sl
abgence of pests p| L 5 T BT
BvaIlabiITty of
water of good gl N/A - -
guality
FOOTRETE Toy
roots r 2 52 52 52
apsence or tozic
gsubstances t 1 51 S1 51
workabllity wi L bl 5 bd
Adequacy oOL o
topography x%m Nja - - -

*1I
BUEGUACY of
flooding v N/a - - -
Landg drainabllity &) N/A - - -
o

CURRENT LAND N2m NZm S3e,m
SUITABILITY
REMARKS See Appendix B.
POTENTIAL LAND SUITABILITY
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Table 26

LAND SUITABILITY CLASSIFICATION SHEET
location:SED East of Kgomokasitwa

agro-climatic zone: Gaborone

suthor: J. Huesken

remarks: FAO :

site characteristics:

Ferric Luvisol,

etric or petroferric phase

ST : Oxic Paleustalf
West of Hildavale in complex with Gld-la

gheet:

Gaborone

mapping units G2f

S0IL SURVEY BOTSWANA ROT/85/011
date:29/1/88

LAND USE TYPE:
large sc. irrig.

improved traditional

LAND USE TYPE:
tradit molapo

LAND USE TYPE:

dryland farming
Cro cfnﬁa

LAND QUALITY CDE|{ RTNG | Sorg |Maize|Douch| Sorg. ize

o8
accessibility a 1 51 51 S1
correct temp.
regime 2 s2 52 s1
soll drainapllity o, NJ/A - - -
resistance to
erosion e 3 83 $3 53
abaence of damag-
ing floods £ 1 51 S1 51
conditicons of
germination gl 1 S1 Si S1
moisture
avallability m 5 N2 N2 53
nutrient
avallability n 3 52 53 52
GEygen
azgglability o] 1 81 51 S1
abdence of pests p| & 5 51 5L
avaiLADLLITY O
water of good g N/A - .
guallty
Foothold Tor
roots r 2 S2 s2 52
absence or toxic
substances £t 1 S1 S1 51
workapility L S 5L b
adequacy of X
topography x%I N/A - - -

*11

adequacy or
flooding vy N/A - - -
land drainability =] N/A - - -
CURRENT LAND NZ2m NZm S3e,m
SUITABILITY
REMARKS
POTENTIAL LAND SUITABILITY
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Table 27

LAND SUITABILITY CLASSIFICATION SHEET
location:Northern Part of SED

agro-climatic zone: Gaborone

author: J. Huesken

remarkss FAO : Ferric Luvisol,

st : Byic Faf

etroferric phase
eustalf

SOIL SURVEY BOTSWANA BOT/85/011
sheet: Gaborone date:28/1/88
mapping unit: G6a

site characteristics:

LAND USE TYPE: LAND USE TYPE: LAND USE TYPE:
large sc. irrig.! tradit molapo
improved traditional
dryland farming
CLO cfﬁga

LAND QUALITY CDE| RING | Sorg |Maize|Douch| Sorg. ize

08
acceasibllIEy 2T 5T 5T S1
correct cemp.
regime 2 52 $2 S1
Bo1l dralnability d |~ N/&A |~ = -
resistance Lo
erosion el 1 81 S1 $3
absence of damAag-
ing £loods 1 s1 51 S1
condItione or
germination gl 1 51 s1 51
molsture
availability m{ 3 $3 S4 82
AuEFLent
avallability nl 3 S2 83 52
umyﬁmm
availabllity 1 S1 S1 S1
abgence of pests p| 1 ST 5 T
avaiia ity o
water of good gj N/A - -
guality
TOOTHOTd Tox
rootes r 1 S1 S1 S1
abgence or toxic
substances £l 1 Si S1 s1
workabIlIty Wi I BT 5T 5T
ddequacy of x
topggraghy X%I N/A - - -

11

Bdeguacy or
flooding v NfA - - -
Tand drainability i N/A - - -
CURRENT LAND S3m S4m |82m,m
SUITABILITY
REMARKS See Appendix B.
POTENTTIAL LAND SUITABILITY
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Table 28

LAND SUITABILITY CLASSIFICATION SHEET

location:SED Otse Hill
agro-climatic zone: Gaborone

author: J. Huesken

remarks: g%o + Arenic Ferric Luvisol

« Oxic Paleusta

1f

SOIL SURVEY BOTSWANA BOT/85/011
gsheet: Gaborone date:06/2/88
mapping unit: 510

site characteristicse:

LAND USE TYPE: LAND USE TYPE: LAND USE TYPE:
large sc. irrig.| tradit molapo
, Cro cmga
LAND QUALITY CDE| RTNG | Sorg [Malze|Douch| Sorg. ize
08
accessibility 1 L ol b5l s1
COrrect cemp.
regime ¢} 2 s2 52 s2
goll drelnablIity di~ NJ/A | - - -
résistance to
erosion 8 2 52 82 82
abBence oF JAmAE-
ing floods £ 1 S1 S1 51
conditicng of
germination g1 s1 51 St
molature
avallabllity mi & S4 N2 53
AULTient
gvallabllity ni 3 52 §3 sz
OXFEen.
ava%lability of 1 51 S1 SL
EbSenice of peste 1D, 1 I S 5T
avallapility of
water of good g, N/a -
gquality
Tootheld ¥ay
roots vl 1 51 Sl S
abgence or toxic
substances £l 1 §1 S1 81
WOrkablLLLLy wi L o D 4
Adéguacy o b3
topography X%I N/A - - -
*11
Adeguacy of
flooding y| N/A - - -
“B8nd drainsbllilty 2, NJ/A - - -
CURRENT LAND Sém |N2m S3m
SUITABILITY

RECOMMENDED IMPROVEMENTS

POTENTIAL LAND SUITABILITY[
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Table 29

LAND SUITABILITY CLASSIFICATION SHEET
location:SED

agro-climatic zone: Gaborone

author: J. Huesken

remarks: Not suitable for any kind on
arable farming.

S0IL SURVEY BOTSWANA BOT/85/011
sheet: Gaborone date:6/2/88
mapping unit: R

glte characteristics: Very shallow
soils on steep ridges and escarpments

LAND USE TYPE:
large sc. lrrig.| tradit molapo

LAND USE TYPE: LAND USE TYPE:

Cro
LAND QUALITY CDE| RING | Sorg

CLo
Douch| Sorg. gaize
o8

Malize

access IbIIIEY )

correct temp.
regime

soll drainablility

&

TEgLELANCE LD
eroslon @

abseice or Cdanag-
ing floods

CondIEIoRE"d
germination g

molatire
avallabilivy m N

nutrient
avallabllity 7

OEFE N
&vg%imhilimy

gbience of pesti D

8vallabllIty of
water of good g
guality

foothold zoy

roots r
abgence or Coxic
gsubstances t
WOLrkaDIIIEY W
gdequacy of X
topography X%I
X1

adequacy or
flngding v

Lana drainabllity =2

CURRENT LAND
SUTTABILITY

REMARKS

POTERTIAL LAND SUITABILITY 1
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APPENDIX 3 : CALCULATION OF MOISTURE AVAILABILITY RATING
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