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Ministry of Agriculture,
Khartoum,
SUDAN,

Your Excellency,

ROSZIRES SCIL SURVAY RIPORT NO. 2,

e have pleasure in submitting our Report No. 2 for the
Roseires Soil Survey Project, the study of which was entrus-
ted to us by the contract for Soil Survey of Irrigable Lands
in the Sudan signed on 27th September, 1962,

The Report is in one volume and contains the results of
the soils and engineering reconnaissance carried out on the
cast banks of the Blue and Main Niles from Rufaa in the south
to Qubba in the north. This includes all the lands referred
to as Areca 3d in the Contract together with a small part of
Area 4 to the north of Khartoum. The eastern boundary of
these lands is the 20 metre isopotamon as defincecd by the
engineering survey. The reconnaissance plans accompanying
this Report are in a pocket on the cover,

The Report defines the lands which we are recommending
for semi detailed soil survey and land classification, the
total areca of which is 172,000 feddans,

The agricultural and soil studies were undertaken on our
behalf by Messrs, Hunting Technical Services Ltd., under the
direction of Dr. Robert Smith, Consultant in charge of the
soil surveys. :

We are, Excellency,
Your obedient servants,

Ry

—————— .
SIR M. MACDONALD & PARTNERS.
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CHAPTER 1

SUMVARY

y Wp | Thé reconnaissance soils and engineering survey of Area 3d is
concerned Wwith a gross area of 580,000 feddans on the east banks of the
Blue and Main Niles éxtending from Rufaa in the south east to Qubba in

the norths The eastern boundary of these lands is the 20 metre isopotamon
as defined by the engineering survey.

1.2 THé reconnaissance soil survey covers a total area of 395,000
feddans of land at & density of one site for each 2,500 feddans, Areas

not covered by the 8oil survey include kerrib lands along the Blue Nile,
registered lands along the Main Nile, the Guneid Pump Project lands and

an area of 91,600 feddans of dura-growing rainlands to the north of Rufaa
and extending on either side of the Guneid pump project lands. This latter
area was, however, examined by the engineering survey and found to be worthy
of further study.

1.3 The project lands are a gently sloping plain from 4 to 2C kilometres
wide which extends beside the Blue and Main Niles for a distance of about

150 kilometres, In the south east, around Guneid, these lands are part of
the southern clay plain but further north, where the clay lands are confined
to the immediate vicinity of the rivers, the plain has a loamy or sandy
surface and is bordered to the east by low ridges of Nubian sandstone cut

by shallow wadies. In the extreme north the plain abuts the low granite
outcrops of the Jebel Sileitat and the well defined channels of the Wadi

el Garwaqa and the Khor Kabbashi which extend to the registered lands

beside the Main Nile.

1.4 The climate is very hot and very dry with an average annual rainfall
of 150 to 300 mm., mostly falling between June and September. The original
vegetation over most of the area, now much modified by human interference,
was Acacia tortilis - Maerva crassifolis desert scrub type. In the south
there is g smaller area of semi~desert grassland on clay.

1.5 The total population is about 250,000 and the greatest density is
in and around the urban and industrial parts of Zhartoum North and in the L%
registered lands along the Main Nile, The remainder of the population, /'~
who live in scattered small villages up to 15 kilometres from the river, A
depend mainly on livestock, supplemented in the south by rain grown dura

ang at a few places along the river by small flood or pump irrigated
SChemes,

1.6 The soil survey reveals that the lands of Area 3d have a much
wider Tange in topographic and soils conditions than the Gezira and
Gezira Extension lands. As well as Gezira type clays (Vertisols) and
Northern Province type silts (Entisols) there are older soils with well
defined illuvial horizons known as Aridisols, : -

The Vertisols are subdivided into those with a selfmulching

gﬁrface (Grumusterts) and those with a crusty surface (Mazusterts)., The
th:isols are all loamy soils (Orthustents), The Aridisols belong to

€e distinet groups: = Haplargids have an illuvial clay horizon;
argids have a gravelly hard pan under-lying the illuvial clay horizon;

N":li‘argids have high alkalinity (E.S.P. exceeds 15) in the illuvial clay
zon,

T




8.

The Vertisols and Orthustents are moderately calcareous; are
richly supplied with phosphate and potash but are low in organic matter
and nitrogen. The Durargids and Haplargids have no carbonate horizon
and the pH is neutral to weakly alkaline; they are non-saline, non-
alkali soils but the fertility level is low., The Natrargids have a
jeached surface horizon overlying a calcareous sub=soil which is in=-
variably highly alkaline, with 3.S.P, exceeding 15, and weakly saline.

17 The engineering surveys were concerned primarily with establishin

the 20 metre isopotamon. Between Soba and Guneid this was
accomplished by office study of the contour maps at scale 1:50,000 with
reference to the minimum ten-dgy mean water levels at Soba, E1l Kamlin and
Wad Medani gauges. From Soba on the Blue Nile to Khogalab on the Main
Nile the position of the 20 metre isopotamon was established by extension
of the Survey Department section lines and some additional field work by
the Consultants.

In addition to the establishment of the 20 metre isopotamon, the
engineering investigation studied the possible method and layout for
irrigating the area. A preliminary layout plan showing pump station sites
and main canal lines was prepared for the full project area (See Figure 10)
After the completion of the recomnnaissance soil survey the engineering
proposals were revised to irrigate omly those lands recommended for semi-=
detailed soil survey. The final results are shown on Plate 6.

1.8 The land suitability classification was concerned with agricultural,
engineering and land tenure considerations, Agricultural aspects of land
selection were concerned chiefly with the physical bases of potential
agricultural production. As in Area 1, impeded drainage was rarely a
limiting factor., Topographic limitations were encountered in the kerrib
(gullied) lands adjacent to the Blue Nile and at higher levels where
stoniness, shallow wadis and sand hummocks are encountered near the 20

metre isopotamon. Soils limitations were mostly due to alkalinity (E.S.P,
exceeds 15); other soils limitations were slight salinity or low clay
percentage of Vertisols and low fertility status of Aridisols.

Consideration of engineering aspects enabled the elimination of
lands with marginal soils which required high pump lifts and or a long
supply canal through difficult terrain,

Considerations of land tenure led to the elimination of small
Strips and pockets of Government lands on the east side of the registered

lands on the Main Nile and adjacent to the urban and industrial areas
at Khartoum North. i

1.9 The lands recommended for semiedetailed soil survey and land
suitability classification in Area 3d are as follows: =

Iocalit;_r Area
(Feddans)
Umm Dubban 6,250
Eilafun : ~ 14,600
Wad Rawa = Guneid 151!000’
Total 171,850




1.10 Irrigation Projects.

A preliminary layout for irrigation of these lands has been
prepared and is shown on Plate 6, Subject to the result of the semi~
detailed land classification and close levelling surveys there should
be the following irrigation pump projects in the Area 3d: =~

Gross Area Static Lift
(Feddans) (Metres)
Wad Rawa 103,000 18.0
and 20.8
Eilafun 9,000 12,5
Umm Dom 5.000 . 12,0
Total area 117,000

The Wad Rawa Project is essentially an extension to the existing
Guneid Scheme - 45,000 feddans will require a second lift of about 2.8
metres, The Eilafun Project is a new development on lands which have not
previously been irrigated. The Umm Dom Project is the rehabilitation of
existing and derelict pump schemes in the vicinity of Umm Dom and Karkoj.




CHAPTER 2

THE ENVIRONMENT

2.1 LOCATION & GENERAL DESCRIPTION OF THE PROJECT AREA

The project area is defined in the Contract as the east bank of
the Blue Nile between E1 Guneid and Khartoum up to a height which is
20 metres above the lowest river level, except where a major topographic
obstacle is encountered between the river and the 20 metre isopotamon,

After the start of the 1962-63 field season the Client and the
Consultant agreed that, for the purpose of selecting further possible
project areas and pump station sites, Area 3d should be extended northe-
wards by 30 kilometres along the east bank of the Main Nile to include

those lands between the river and the 20 metre isopotamon from Khartoum
to Qubba,

At the southern end of the project area the boundary of the project
lands remained undefined until the northern limit of the lands of Area 3e
had been defined, Unfortunately this occurred after the reconnaissance

soil surveyor had completed field operations and moved to Northern Province,
As a result, 91,600 feddans of land to the north of Rufaa and extending on
either side of the Guneid pump project, between the river and the 20 metre

isopotamon, were not covered by the reconnaissance soil survey although
examined by the engineering survey,

The project lands extend beside the Blue and Main Niles for a
distance of about 150 kilometres » from Rufaa in the south to Qubba in the
north, The width of this belt varies from 4 kilometres at Soba Sharqg to
20 kilometres across the Eilafun - Umm Dubban plain, Approximately two
thirds of the project lands lie in Blue Nile Province and the remaining

thgrd in Khartoum Province although a few square kilometres, at latitude
157 35", lie in Kassala Province, ;

Although it is not possible to give any precise figures for the
population of the project area the total number of people must approach
250,000, of whom about 140,000 are administered by Khartoum Rural Council,
40,000 by Khartoum North Municipal Council and 90,000 by Shukriya Rufaa
Rural Counecil (Blue Nile Province), The most important concentrations of
POpulation lie in and around Khartoum North and along the riverain lands
of the Main Nile where proximity to the metropolis provides an obvious
economic attraction, The remainder of the population live in scattered
sSmall villages at distances up to ten kilometres from the river, The

three largest villages, which have populations of 2000 or more, are
fllafun, Umm Dubban and Wad Rawa,

& The total area of land lying between the 20 metre isopotamon and

Pre Blue and Main Niles is 570,000 feddans, Of this, the Guneid Pump
°ject lands account for 53,000 feddans, The gross area examined by

Pre Teconnaissance soil survey, from the northern end of Guneid Pump

1a§f,e°t to Qubba, is 425,000 feddans. In this total is included kerrib

net o, 10D€ the Blue Nile and registered lands along the White Nile; the

e area is about 395,000 feddans examined on the ground with sites at
°nsity of one to each 2,500 feddans,

o Access is very easy throughout the area, Location on the 1:50,000
€ Maps on the Blue Nile is facilitated by the 10-kilometre grid of




-5"'

26 ft. concrete posts, though none of the other information on the maps

can be regarded as accurate, On the 1:100,000 base maps north of Khartoum,
features such as the railway and various tombs, water towers, and chimneys
have been mapped accurately,

2,2 PHYSIOGRAFHY AND GEOLOGY

2.21  Physiography

The area South of Khartoum is divided into three distinct '
regions, which can be seen on the accompanying sketch map (Fig.2)

A A flat clay plain covers the whole area just north of Guneid,
and extends northwards as a narrow belt of land next to the
river. This plain slopes gently and uniformly to the west,
and falls about 1 metre per 2 kilometres., It is dissected
by a few broad wadis in the south, near Wad Rawa,

B, Along the eastern edge of the above plain, merging into it,
is a slightly less even plain with a general westward slope
of 2 or 3 metres per kilometre, The terrain is generally
flat, with occasional low sandy ridges, and the soil surface
over most of the area appears sandy,

C, To the north and east of the second plain above is an area
of low sandstone ridges and shallow wadis, The lower boundary
of this zone corresponds roughly with the 20 metre Isopotamon,

To the north of Khartoum these features continue to opposite
Abu Halima, where a clay plain (D) replaces the sandy plain B, It
is somewhat higher, with an even slope to the west of about 2
metres per kilometre. There is a number of small granite outcrops
in this plain including the Jebel Sileitat, and there are many
stones and a few patches of boulders on the surface.

2.22 Geology

Almost all of the area is underlain by Nubian sandstones, which
outcrop to form the high ground in the east, Small outcrops of iron-
stained and cemented conglomerates belonging to the Nubian series are
found near Eilafun, and some sandstones are exposed along the banks
of the Blue Nile between Eilafun and Khar’loum, It is possible that
some of the sandy soils in Region B of the sketch map, especially
south~east of Umm Dubban, may have developed in situ on Nubian sand-
stones,

Some 25 km North of Khartoum, a small outcrop of igneous
rocks - Soda Granite and Rhyolite - is exposed as a number of low
Jebels, the Jebel Sileitat, rising abruptly from the plain,

Overlying the Nubian sandstones in the regions marked A and B
on the sketch map are materials that appear to have been deposited
in a seasonal lake or swamp on a flood plain. The clays of the
south (Region A) are of the kind known as Gezira clay, and are
considered by some to have been laid down between 50,000 and 10,000
Years ago by a river carrying only fine materials, This river was
probably the Rahad, with some contribution from the Blue Nile.

The source of the clay is the young volcanic rocks of the Ethiopian
Highlands.,

The land to the north-east of the Gezira soil (Region B) is a
mixture of Gezira-type clay with reddish sand, often coarse, and
Some gravel, It appears that here there was an additional contribution
of colluvium from the high ground nearby, The soils are browner than '
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2.3

B A

the Gezira, and become reddish towards the edge of the high ground,
which itself is underlain by reddish sandstone, There is no
stratification down the profile. It appears that the swelling and
shrinking of the montmorillonitic clay as a result of seasonal
wetting and drying has caused enough mixing of the soil profile to
obliterate any such effect,

The soils around the granite outcrops north of Khartoum may
have developed at least in part from the granite., They show little
horizon development, and appear much less compact than the other
clays in this area. These soils are commonly covered with stones
of various sizes, including large boulders, which may have been
moved upwards, possibly at the same time as the soils themselves
were laid down, by a churning process caused by alternate wetting
and drying as described for Australian soils by Jessup, (1960),

Recent river terraces occupy only a few narrow strips of
land along the Blue Nile, and a belt of land generally 1-2 kilometres
wide north of Khartoum. These areas have not been studied in any
detail as they are almost all under cultivation already. It appears
that in recent times the Blue Nile has incised its course deeply,
and there has been little lateral erosion.

CLINATE
2,31 General

Area 3d is in the semi-desert serub region of the Sudan, and
the climate is generally hot and dry. The annual rainfall varies
from about 370 mm at Wad Medani, to the south of the area, to 160
mm at Khartoum. Almost all of it occurs between May and October.

Khartoum and Shambat are the only meterological stations
within the area, but others further south, to the west of the Blue
Nile, give some idea of the range of climate., Data from the follow-
ing has been collected: -

1. Shambat
o ? o ?
2. Khartoum 15 36'N, 32" 32'E,
3. Wad et Turabi
o 1 o 1
4. Qurashi 14" 49'N, 33" 10'E.
o 1 o 1
5. Wad Medani 14" 24'N, 33" 20'E,
2.32 Temperature
The mean maximum and minimum temperatures for Wad Medani and
Khartoum are shown on figure 3. Two maxima occur, in May and
October, and the lowest temperatures are in January., At Khartoum,
the annua] variation is slightly greater than at Wad Medani, and
the lowering of the temperatures in August is slightly less
Pronounced, which reflects the increasing aridity of the country

and the decreasing effect of the summer rains towards the north-
west,

2.33 Rainfall

The average annual rainfall decreases markedly from the
South-west to the north-east, as these records show. -
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Wad Medani (south-west) 373 mm

Qurashi 277 mm
Wad et Turabi 261 mm
Khartounm 164 mm
Shambat (north~east) 158 mm

The rainfall varies very considerably from year to year, and
occasional heavy storms of up to over 100 mm have been recorded.

Practically all the rain fdlls between Mdy and Octobera
Figure 4 shows the monthly rainfall at Wad Medani and Khartoum.
The season at Khartoum is slightly later, with the peak in August,
and is also shorter, with 73 per cent of the rain falling in July
and August, compared to 67 per cent at Wad Medani.

2,34 Relative Humidity

The mean relative humidity at Wad Medani and Khartoum is
shown on figure 5. As might be expected, the variation at Khartoum
is rather less than at Wad Medani. A slight rise in humidity in
December and January may be due to the lower winter temperatures.

2.35 ZEvaporation
Figure 6 shows the annual variations in evaporation measured
at Khartoum and Wad Medani using Piche cylinders, which allow water
to diffuse into the air through porous plates from small glass flasks.
The evaporation rates follow the same pattern as the relative
humidity, as might be expected. Details of evaporation measured at
Wad Medani by other methods are recorded in Report No.1,

2,36 Cloud amount

Cloud amount has been recorded at 0600 hrs, 1200 hrs, and
1800 hrs G.M.T. at Wad Medani and Khartoum, and at 0600 hrs G.M.T.
only at the other stations, It is measur.d on a scale from O
(no cloud) to 8 (100% cloud cover). The monthly averages from
1931 to 1960 are as follows for Wad Medani and Khartoum: =

TABLE 2,36 Cloud Amount

Wad Medani _ _ Khartoun e ]
lMonth 0600 hrs | 1200 hrs_ 1800 hrs | 0600 hrs | 1200 hrs' 1800 hrs
January 1,1 z. 1.3 1 0.7 1.4 1,6 1.0
February e 1,8 0.7 1.6 y I 30 4
March 1.8 B RS e 1.9 1.9 1.4
April 2,1 2,4 1,8 2,0 240 1.3
May 2,8 3.4 2,4 2,6 2.7 2,0
June 3.8 3.9 8.8 3.4 5.2 2.4
August 5.3 5,1 4.4 5.1 4,8 4,2
September 4.5 4,3 3.7 4,4 3.9 3.3
October 2.4 3.5 3.4 2,0 2,8 Ly |
November 1.2 1.7 1,0 1,3 1.4 0,7
December i | 17 047 148 1.6 0,9
Yoar | 27 350 1 248 | 2,6 2.7 2.0
o : { » £riL
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Khartoum is seen to have slightly less cloud than Wad Medani.,
The average cloud cover at both places is over 50 per cent in July
and August, falling to under 20 per cent in January and February.
Except in August and September, there is generally more cloud at
mid-day than in the morning and evening.

2.37 Other Data

No information was available from most stations on the amount
of sunshine, solar radiation, or wind direction and speed, Information
on these from Wad Medani is presented in Report No,.1l.

2,4 VEGETATION

Most of the area lies in the Acacia tortilis - Maerua crassifolia
Desert Scrub zone, but the southern end is in the zone of Semi-Desert
Grassland on clay., Plant species in the Acacia tortilis - Maerua
crassifolia zone have been separated very roughly into the following
associations: -

A. Open Acacia tortilis woodland. Acacia tortilis trees, up to about
Tmetres high, are dominant., Acacia seyal is common, and Balanites
Aegyptiaca and Acacia nubica are occasionally found, The grass
cover is generally even, up to about 50 per cent, and is composed
of Aristida sp. and Schoenefeldia gracilis, generally about 10 to
40 centimetres high.

B. Acacia nubica scrubland consists of Acacia nubica bushes generally
no more than 2metres apart, with a patchy cover of Aristida sp.
and Schoenefeldia grac}}i& and small herbs such as Fagonia cretica.

C. Acacia tortilis - Acacia erhenbergiana scrub, These two species
are co-dominant as a low scrub up to about 3 metres high with bushes
generally about 2-1C metres apart. Occasionally Maerua crassifolia
and Acacia seyal are also found. Grass cover is generally sparse,
about 5 per cent and is composed chiefly of Aristida sp, and
Schoenefeldia gracilis,

Acacia sp, - Capparis decidua scrub., Acacia tortilis or Acacia
erhenbergiana may be dominant; less comnnly Capparis. Acacia
Seyal ﬁE} also occur., Grass cover is generally patchy and sparse,
and is composed of Aristida sp. and Schoenefeldia gracilis,

The Semi-Desert Grassland zone consists entirely of open grassland,
where it is not cultivated, Acacia tortilis or Balanites aegyptiaca trees,
UP to Tmetres high, may occur at intervals of 0.5 kilometre or more, The
g??Ss Cover is generally even, up to 50 per cent and composed chiefly of
QIEEEEEQ sp. and Schoenefeldia gracilis.,

Along the river terraces, Acacia nilotica and Acacia seyal are found

:ith Salvadora persica, Capparis decidua, Calotropis procera, Zizyphus
~3§B‘Christi, and various grasses, including Cynodon dactylon and various
oarse grasses.

These associations occupy roughly the following positions: =

The Riverain Scrub is confined to the river terraces and gullies

he river, where the land is seasonally flooded or the ground water

sofls is seasonally high, The Semi-Desert Grassland occupies the clay
in the South, and a strip close to the river in the north, It also

Near ¢
table
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i ling the Granite outcrops of Jebel Sileitat

pougs - thet:IaYnga::a:::r:E;:ilfs woodland occupies most of the sandy

in FhedE zRegion'B on the sketch map), The Acacia nubica scrubland
ol pléins narrow strip between the Acacia tortilis woodland and the
ooone : Grassland in the south, and in scattered patches along the
Semi—Deserhe clay plains in the north, The Acacia tortilis - Acacia
ol z na scrubland generaily replaces Acacia tortilis woodland to
gggggperg g d Zast of Region B, and in Region C of the sketch map. It

the TN anccupy land from which water is lost by run-off, and the lowe;
appears t0 O to the north, whereas Acacia tortilis woodland occupieg the
relteE ?rzail areas in the south and land where run-off water accumulates,
Fiori?Te raln-aCa paris decidua scrub occurs in Region B of the sketch map,
Ao h o*pKhartoum and in scattered patches between Khértoup and Umm
bt 4 nor: Lears to consist of the inclusion of Capparis in Acacia
Eu::::is i Azgzia erhenbergiana scrubland. The f;;tOZi iﬁiiﬁ:ﬁiﬁéﬁfitie

T en e s

i i not apparent from this survey.
222221222222 ;zznd at gztes on this survey are shows in Table 2.40

Table 2.40 Frequency Distribution of Vegetation Association
at Soil Sites

PES :
Vegetation @0 1B e g LI
P v Grumustert jMazustert |Natrargid|Haplargid | Durargid
tion ‘

Semi~Desert o 3 g v
Grassland 26 13 1

Acacia
tortilis b f . 5
Woodland - s

Acacia
nubica ! "
Scrubland 1 - 3 1

Acacia
tortilis -
Acacig
erhenberg-
iang

2
Scrubland | 1 1 23 2 1

Acacia gp,-
Capparis
decidua

“ 3
Scrubland 2 1 10 1

Riverain
SCI‘Ub 2 : 3

e R hden,

This table is based on rather limited information, Howe:er,c;: .
shows the very marked dominance of open grassland on the cracking y
°f Region A on the sketch map.
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The boundary between the Semi-Desert Grassland and the Acacia tortilis
scrubland is somewhat north and east of the soil boundary between the
vertisols and the Aridisols on the soil map. Acacia tortilis appears to
prefer a sandy topsoil, with rapid infiltration, and little or no less
of water by run-off.

2,5 PRESENT LAND USE

The population of the project area is concentrated on a strip of
land lying close to the Blue Nile. Many of the towns and villages are
located on the river bank whilst others, such as Umm Dubban which is about
25 km from the river, have a plentiful supply of groundwater obtained from
shallow wells,

Livestock provide an important source of income to the resident
population, Cattle, sheep and goats graze fairly close to the river and
usually cross over to the Gezira between May and September when grazing
is scarse on the east bank, On the other hand the camels of the Shukriya
tribe range far into the Butana grasslands during the rainy season and
return to the vicinity of the river in the dry season.

The whole of the project area lies outside the zone receiving more
than 40C mm of rainfall per year which is considered necessary for the
production of successful raincrops. The 400 mm isohyet runs roughly
through a line from Kosti to Wad el Haddad - Wad Medani and then swings
due east to the Atbara, The 300 mm isohyet has a similar shape and passes
between Qurashi and Rufaa as it crosses the Blue Nile to the south of the
project area. In spite of the fact that all the project lands receive
less than 300 mm of rainfall per year, however, there are considerable
areas in the vicinity of Guneid, Wad Rawa and Eilafun that are used for
the production of dura (Sorghtm vulgare). These cultivated lands are
invariably located on cracking clays (Vertisols) where run-off from
higher lands is concentrated behind low earth banks called 'Terus', As
in the Managil rainlands, quick maturing types of dura are grown, the
most favoured varieties being Feterita and Gassabi, No rotation is
practised; the same land is cropped to dura year after year with enforced
resting periods only resulting from failure of the rains, Crop yields
have not been measured but they are undoubtedly low in years of average
rainfall, It is a system of catch cropping designed to supplement income
erm livestock and other sources and so provide homegrown grain for the
local inhabitants, Only in years of above average rainfall would a
surplus be produced for sale outside the district,
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CHAPTER 3

SOIL SURVEY METHODS

3,1 AZRIAL PHOTO INTZRPRETATION

On a reconnaissance survey, in order to be able to base a reasonably
accurate soil map on the limited number of sites that can be investigated,
it is essential to correlate as completely as possible the information
obtained from field soil descriptions with the various features that can
be seen on the aerial photographs,

The method used on this survey was to site the bores or pits, within
the framework of a 10,5 square kilometre grid, on as wide a variety of
visible surface patterns as possible, and to attempt to correlate the data
obtained with these patterns., As only a limited number of sites was
sampled, this correlation has been based on the soil characteristics
observed in the field. It was found that the Soil Groups, and in many
cases the Sub-groups, could be separated by interpretation of the features
visible on the aérial photos.

although, in this area, variations of relief are so slight that most
boundaries, except those of sloping gullied land or of the sandstone ridge
in the east, are not clarified by the use of a stereoscope.

The following is a brief description of the physiographic units in
this area, with associated soil types, as they are seen on the aerial
photographs: -

Along the river, the recent alluvial terraces are dark grey,
generally with a pattern of small rectangular pump-irrigated fields.

These border sharply onto the higher ground to the east. Generally for
about a kilometre from the river this is light grey, with a dendritic
pattern indicating land gullied by run-off water, sloping down towards

the river, There is generally a sharp boundary between this and some-
what darker grey even-coloured land, which is generally divided into small
irregular or rectangular blocks of different shades. These are the
Cracking clays of region A on the sketch map. They are mostly under rain=
fed sorghum cultivation. The darker patches indicate recent sorghum
stubble, while the lighter patches indicate land not cultivated for some
time, now under grass. Occasional black dots indicate Acacia tortilis or
Balaniteg aegyptiaca trees. :

On flat land, the fields are irregularly shaped, but where there
is a slight slope they are elongated and rectangular, the long sides
Pointing up the slope. The uphill ends are open, in order to catch
Tun-off water from the uncultivated grassland nearby. This grassland
ngears light grey on the aerial photographs, generally with a pattern
i Whitish lines (animal tracks) and fewer dark lines (main animal tracks
Hermotor tracks), and villages surrounded by areas of dark bare ground,
pes ¢ the soils have a poorly structured surface, often with some sand and
tha"el. The boundary between the Vertisols and the Aridisols is along

© edge of this grassland and the cultivated land,

i colMerging into the open grassland are areas, similarly light grey

Scrublour’ with very many small whitish dots. This is the Acacia nubica

with and, The Acacia tortilis scrubland shows up ag a light grey surface
black dots up to 0.5 mm across and a few mm aparts The Acacia

to
% = Acacia erhenbergiana scrubland shows up as many very small

Final mapping was carried out with the aid of stereoscopic examination;

—




lack dots with occasional larger ones up to 0,5 mm across. In this type
of country the background colour may sometimes consist of mottled dark
and light grey shades, which indicates uneven land, the low ground of
hich may be seasonally flooded. North-east of Khartoum, there is a
pattern of light coloured low sandy ridges, covered with Acacia tortilis

indicating lower 1lying seasonally waterlogged, sparsely vegetated land
between them.

Region C of the sketch map, the area of low sandstone ridges, can
be distinguished by its dendritic pattern of shallow gullies, often
visible as lines of small black dots - Acacia erhenbergiana bushes.

Region D of the sketch map appears as typical grassland - light
grey - with a few tracks crossing it. Some dark patches of rainfed
sorghug cultivation are visible between the granite outcrops. The out~-
crops themselves appear as much broken dark patches, surrounded by a
piedmont somewhat lighter in colour than the surrounding grassland.
There is a sharp boundary between the piedmont and the grassland,
suggesting that the products of weathering of the granite form a super-
ficial layer over the deposits forming the level plain,

On many photos there are large black or very dark grey patches,
bordering abruptly on the normal colours of the land, Their edges often
coincide with tracks or roads. These are areas where the grass has been
burned off, The more recent the fire, the darker the colour.

3.2 SOIL SURVEY PROCEDURES

Aerial Photographs of Area 3d were flown by the Sudan Survey
Department in 1961-62 at a scale of 1:25,000, and were compiled into
mosaics at a scale of 1:50,000 by Hunting Surveys Ltd. in 1963,

As the mosaics were not available for the survey, the Sudan Survey
1/50,000 maps dated 1954 of the Blue Nile, and the 1/100,000 maps dated
1952, of the Main Nile, were used as field base maps,

The Reconnaissance Survey was commenced in November 1962, A

preliminary study was made of the maps and the aerial photographs,

together with a field trip by the Consultant in charge and the Soil
Surveyor, to establish some idea of the terrain.,

In order to ensure the required intensity of investigation of one
auger hole or pit per 2,500 feddans, a 10,5 square kilometre grid was
marked out on the base maps, one site to be investigated within each
SQuare of the grid. This grid was transferred to the aerial photographs
as the survey progressed and the photographs could be located accurately

:l’; Weans of the 26 ft survey posts. The sites were then selected within

be

th differentiated on the photographs, The following investigations were

eh carried out: -
1, Bores were dug to a depth of 2 metres, and the profile
describeds, These were not sampled.

2. Pits were dug to a depth of 2 metres at selected sites,
representative of the different soil types found in the
area, These were sampled at the rate of one sample per
horizon described.

trees, running north - south, with a darker grey, somewhat mottled surface

© grid to cover as wide a range as possible of the landforms that could
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A total of 130 bores and 26 pits was investigated, and 143 saﬁples
were taken for the following laboratory analyses: -

Mechanical analysis (international fractions),

Incorporated Carbonate,

p H on soil paste and 1:5 Suspension,
Salinity test (E.C, on saturation extract).
Soluble sodium in saturation extract.

Exchangeable sodium content,

The exchangeable sodium percentage (E S P) is calculated from the 1
exchangeable sodium content and the percentage of clay in the soil,

3.21 Field Permeability Studies |

Field permeability tests were carried out at 5 pit sites,
Two tests were made at 1 of these sites so a total of 6 tests was
made,

The method was adapted from the type 'A' test described in
the Earth Manual, United States Bureau of Reclamation, 1951, as
used by Hunting Technical Services Ltd., in their Kirkuk (Iraq) and
Pangani (Tanganyika) projects.

Apparatus:

Land Rover Clean gravel

2 x 40 gallon drums Mirror

2" Jarret suger 50 c,c. graduated cylinder

10 m rubber tubing 250 cc. graduated cylinder

2 screw clamps Stopwatch

2 m measuring tape Thermometer

1 Surveyors Umbrella (optional)

Procedure:

The tests were carried out in or beside the 2 metre pits dug
during the soil survey, whose textural layers had previously been
defined and described. Horizons more than 25 cm, had to be used
as the method is unreliabie where the length of the test section
is less than five times the diameter of the bore., The top of the
horizon was eut back as a step in the pit and a hole bored in it
vertically with the Jarret auger, The bore was examined with a
mirror and was only used if no cracks were visible. Despite this
Caution many tests proved abortive through water escaping down
Concealed cracks after the test was started, Such escape nullifies
the value of many results in the clay soil because it destroys the
Conditions on which the theoretical calculations depend,

If the inflowing water is co’der than the soil, dissolved air
comes out of solution as it enters the soil and the bubbles produced
block the soil pores and reduce the soil permeability, As the water
Was if anything slightly warmer than the soil, however, it was
Considered that possible errors from this source could be neglected,
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After boring, the depth of the hole is measured in centimetres.
A few handfuls of gravel are then put in and a 1 metre length of auger
tubing inserted. The hole is then filled with gravel. The top of
the gravel is considered to be the top of the test section, Its depth
below the top of the hole is measured and subtracted from the total
hole depth to give h, the height of the test section. The gravel is
needed to prevent the hole collapsing when wetted and the auger
tubing is needed to facilitate the introduction of the water.

The hole is then filled to the mark with water from the drum
through the rubber hose. The screw clamp on the hose is used to
maintain the water surface at the level of the top of the gravel.

The rate of inflow is measured at 5 minute intervals by catching

the flow in a graduated cylinder for a time period. This rate
steadily decreases at first but becomes more uniform after 20 minutes,
and the final reading of the rate of flow is taken when the readings
have become reasonably constant - generally 30-45 minutes after the
commencement of the test.

From the final reading the permeability is deduced from the
formula given below:

864Q
K= Can
where K = coefficient of permeability in

m/day/unit hydraulic gradient
Q = rate of steady inflow in ml/soc.
r = radius of bore in cm.,

h = height of water column in cm.

coefficient d%\63949QEijy§ obtained

from Table 3,210

Cu

Table 3.210 - Coefficient bf Gondictiyity
VU

bh/r | 10.0 | 10.5 11.0 11.5 12,0 [12.5 | 13.0 13.5
Cu 32,0 | 32.9 33.7 34,5 35.3 |36.1 | 36.9 37.8
h/r | 14,0 | 14.5 15,0 16.0 17.0 18,0 | 19.0 20,0
Cu 38.6 | 39.4 40,2 41.9 43,5 |45.2 | 46.8 48.5

-

The following sources of inaccuracy became apparent during
the tests: -

1. When the permeability is low, the variations in water
level caused by altering the rate are very slow and
so the percentage error is likely to be high,.

2., The height of the tap above the ground must be kept
constant. If the water is poured into the cylinder
from a higher level than into the auger hole, the
"head" of water is reduced and the flow becomes slower.
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3, Any changes in the position of the rubber water pipe may
cause it to be pinched at some point and so cut off the
flow.

The following results were obtained: -

Table 3.211 Field Permeability Measurements

pit No. Depth Soil Particles % Hydraulic
Field Conductivity
Sand| Silt | Clay Texture m/day/unit
g gradient
70 7 23
DR 125 [1)| 4 - 48 cm 85 2 13 Sandy Clay Loam 0,023
80 5 15
(2) |63 -106 cm 75 5 20 W sofbisd @ iud.0%8
R 021 49 - 91 cm 72 5 23 Coarse Sandy
55 5 40 Clay i« 0,032
R 025 47 - 91 67 8 25 Coarse Sandy
Clay
65 5 30 Coarse Sandy
Clay Loam 0,015
R 017 52 - 97 42 10 48 Sandy Clay
45 10 45 Clay Loam 0,039
R 012 46 - 89 55 L 38 Gravlly Clay
Loam
Clay Loam 0,007

No tests were carried out on Vertisol profiles, as a number
of such profile have been tested elsewhere (see Report No.l) . {
The results on these Sandy Clay profiles are surprisingly low
- lower than most results from the clays.

3.3 CHEMICAL ANALYSES OF SOILS

p The following methods were used by Agricultural Services (Sudan) Ltd.
0 making the determinations:

3.31 Mechanical Analysis: Bouyoucos Hydrometer Method

40 grams soil soaked with 25 ml, water and 11 ml, of 10 per
cent sodium hexamotaphosphate solution overnight; next morning
dispersed in electric stirrer for 10 minutes, transferred to 1 litre
easuring cy}inder, shaken and readings taken after 4 minutes, 2
hours and 7 hours. With every reading the temperature is recorded
and corrections made for temperature and dispersing agent content,
The readings are also corrected for moisture content, when required,
by performing separate moisture determination.

3,32 pH

Potentiometric determination using glass electrode on saturation
extract, soil paste or 1:5 extract as required.
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3.33 Electrical Conductivity

By using Solubridge on saturation extract or soil paste, as
required.

3,34 Carbonate as Incorporated Calcium Carbonate

Gasiometrical determination in Coliins calcimeter (ref.
Collins S.H. 1906, J.Soc. Chem. Ind. 25: 518), The volume of CO,
generated from a known weight of the soil is reduced to standard
conditions, and calculated as if the total volume were derived from
calcium carbonate only.

3.35 Soluble Sodium in Saturation Extract

Appropriately diluted saturation extract is analysed on flame-
photometer for Na.

3.36 Exchangeable Sodium

12,5g, of soil are soaked in 50 ml. of normal ammonium
chloride, left for one hour and then leached a few times (about four
times) by decantation, Then the soil is transferred into the filter
and leached with successive portions of normal ammonium chloride

when drained. Leaching is continued until 250 ml,
collected,
read off on flamephotometer against 10 ppm. sodium
ing the same amount of ammonium chloride., Zero is
ammonium chloride. From these readings the sum of
exchangeable sodium is calculated. By subtracting
sodium from saturation extract data the net figure

of filtrate are

The filtrate (5 ml.,) is diluted 20 times and sodium

standard contain-
set with 0.05 N,

soluble pius

the soluble

for exchangeable

sodium is obtained.

MAP COMPILATION

3.41 The Base Map

The Base Map was compiled from the following maps: -

1/50,000 Sudan Survey lMaps dated 954, covering the Blue
Nile Right Bank from Guneid to Soba Sharq.

1/100,000 series dated 1952, Sheets 1 & 2 Survey of Irrigable Arc-

Additional information was transferred from the current
1/250,000 series maps covering the area.

The base map was produced by Sir M. Macdonald and Partners
at a scale of 1/100,000,

The investigated sites were marked on the base map as follows: -
o0 2 - metre bores. Not Sampled. »
A 2 - metre pits. Sanpled.

The numbers O to 99 are preceded by the letter Ry, The numbers

100 to 156 are preceded by the letters DR to avoid confusion with
S0il descriptions from other surveys.
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3,42 The Soil Map

The classification of the individual sites have not been
marked on the soil maps. The soil boundaries were determined
stereoscopically on the aerial photographs, and then transferred
freehand onto the map. The soil classification used is explained
fully in Chapter 4.

3,43 The Land Suitability Map

The areas recommended for semi-defailed investigation were
transferred directly from the soil map.
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CHAPTER 4

SOIL CIASSIFICATION

4.1 ORIGINS AND GENERAL MORPHOLOGY |

As has been recorded in Chapter 2.2, the soils over most of the
area within the 20 metre Isopotamon are clays deposited frow the Blue
Nile and the Rahad under seasonally flooded conditions, mixed in places
with colluvium from the high ground immediately to the East, These soils,
covering regions A and B of the accompanying sketch map Fig.2 are generally
alkaline, with a pH between 8 and 9.5, and high percentage of exchangeable ‘
sodium in the clay complex. k

= e

Eeame e n s

4,11 Vertisols

The soils of Region A of the sketch map consist of clays, o
probably of Zthiopian origin, transported by the Blue Nile and the :
Rahad, with little or no addition from local sources. The profile '
of these soils is similar to that found in the Gezira. The texture ‘
is uniform throughout the profile, though the surface horizon is ‘
generally somewhat coarser than the underlying soil. The colour
is uniformly very dark grey or greyish brown to a depth of about
150 cm, at which level there is normally a marked break to a paler
mottled brown clay. The surface may consist of a 1loose mulch of small
hard aggregates, with a polygonal pattern of wide, partly infilled
cracks, or it may be level with a soft, poorly structured surface
horizon, and generally a faint pattern of old infilled cracks., The
type of surface of these soils appears to be linked with the land
use, Of 32 profiles with a mulch surface, 26 had been under rain-
fed sorghum within the last few years, and 6 were uncultivated.
0f 17 profiles with a crusty or poorly structured surface, 14 were
uncultivated, and only 3 showed signs of sorghum cultivation. This
connection could be due to the fact that cultivation oaly takes
place where the water accumulation is greatest; either due to
higher rainfall or to run-off from other areas. In these areas
the effect of wetting and drying of the clay would be marked, with
the consequent appearance of these self-muiching characteristics at
the surface. Also, the effect of periodic cultivation may be to
destroy the poorly structed surface hori: on; and sc¢ lmprove
infiltration,

The surface of the soil is commonly covered with dark coloured
calcium carbonate concretions. These occur tc a depth of half a
metre or more in the profile, when they are replaced by light~
coloured concretions which become larger with depth. Worrall (1961)
found that the dark colour in these concretions was due largely to
manganese salts, which form an outer 'rim’ on the dark concretions,
and occur as dark patches or ‘dendrites' inside the light-coloured
Concretions,

He suggests that the concretions all form as light coloured
ones, and that some have subsequently been moved towards the surface
of the soil, when the manganese salts have migrated to the outside.
The accumulation of concretions on the surface may be due to removal
of the finer material by wind, or to the periodic rainstorms washing
the more easily transported clay down the cracks in the soil.
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Gypsum is commonly present at various depths, especially
petween 100 and 150 cm. It has been found at this depth by
Wworrall (1961) as fibrous crystals in old wide curved oblique
cracks. These structures appear to be caused by differential
movement of the soil due to a self-mulching process - contraction
and deep cracking of the clay in dry weather, and the breaking up
of the surface horizon into small aggregates which fall down the
cracks, then expansion on wetting, with considerable stresses
resulting in the subsoil. He suggests that since this fibrous
gypsum is very slow to form, the self-mulching processes which
produced these structures have long since ceased. 1In any case,
the present rainfall is insufficient to account for such violent
expansion and contraction.

The structure of these soils was generally found to be
moderate or strong prismatic to a depth of 30 or 40 cm, and structure-
less or weak prismatic or blocky below. Some old cracks, infilled
with material from above, were found to a depth of a metre or more.
It appears that these soils were once self-mulching to a depth of
about 150 cm, which is the lower limit of the dark colour. In area
3c, it was found that vertical cracks in the soil extended to the
base of the dark coloured horizon, and that the percentage of carbon
in the soil was uniform to this depth, below which it fell off
sharply. This suggests that there the self-mulching process may be
continuing,

The sequence of events in the formation of these soils appears
to have been as follows ~

1, Deposition of clay under seasonally flooded conditions.

2. Mixing of about the top 1% metres of the proiile by self~
mulching, under either seasonally flooded conditions or a
somewhat wetter climate than that of the present day.

3. With a change to drier conditions, the self-mulching process
appears to have become confined to the top 30 to 40 cm of
the soil, and some reduction in the clay content has resulted
either from downward washing or from removal of the clay
fraction by wind.

The soils are generally somewhat saline, with the Electrical
Conductivity and the soluble sodium percentage reaching a maximum
at a depth of about 50 cm to 1 metre, and falling off lower down.
The 3xchangeable Sodium Percentage (E.S.P.) of the sorption complex
of the clay is low in the surface horizons, and is generally
constant at a higher level from 30 or 40 cm downwards. This suggests
that there is some leaching of these soils going on, with accumulation
of sodium salts, and probably clay, lower in the profile,

4,12 Natrargids and Haplargids

- Region B of the sketch map consists of clays of Ethiopian'
Origin mixed with colluvium from the high ground along the eastern
edge of the area, The soils vary from sandy loams near the high
ground to clays and clay loams near the lower edge of this plain,
The profile is commonly as follows: =

The surface horizon is a sandy or gravelly loam, 10 to 15 cm
thick, brown or reddish brown in colour, with a weak or moderate
Subangular blocky structure, and much guartz sand or gravel. At
this level there is a sharp break to a darker brown or greyish
brown colour, and the soil is finer in texture, generally with a
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moderate or strong prismatic structure to about 30 or 40 cm, and ]
massive below. Old cracks are found to a depth of about a metre, :
infilled with sandy material, and sometimes polished clay surfaces
- slickensides - are found in the subsoil. Generally, at a depth
of 1 to'lé metres, there is a break to a palexr coloured, nottled
clay.

The analyses of the samples of these profiles generally |
show a sharp increase in clay content from the first to the second A
horizon, and a more or less constant clay content in the lower ‘w
horizons, at least to 1CC or i50 cm. Below this level, the clay i |
content is higher in some profiles (e.g. R0O25), and a good deal |
lower in others {eg R0Oi2, R095), i

The surface of these soils is generally level and firm, !
with no visible cracking, other than a finely cracked ' rain cap'. ,
it is generally covered with a good deal of sand and gravel, ;?
mostly quartz, and in many places with dark coloured calcium
carbonate concretions. Generally, the surface is pitted with
'sink’ holes up to six inches deep, a few yards apart. These are
where the sandy surface material has been washed down cracks in
the subsoil by rain water. During the course of some permeability
studies, it was found that water poured onto the surface did not
penetrate readily, but if some of the topsoil was removed, the
water ran away rapidly down the cracks in the second horizon,
carrying the loose topsoil with it. The presence of ’'sinl:’ holes
does not appear to be connected with the clay content of the soil,
and it may be that they are concentrated in the somewhat lower
land, where run-off water accumulates. The appearance of calcium
carbonate concretions on the surface seems to be restricted to
sites near the lower edge of this plain, but is not clearly related
to any features in the profile. Only four sampled sites on this
type of soil have calcium carbonate concretions at the surface.
They do not show any particular trend either in clay content or
the amount of free carbonate in the samples.

Other forms of calcium carbonate found in the profile
include: -

1. Soft white vertical streaks down the profile, especially
between about 10 cm and 50 cm. (.Te sides of pits exposed
in this soil look rather like cliffs inhabited by sea-
gulls),

2. Soft and hard light coioured concretions, generally appearing
at 50 to 100 cm and increasing in number and size further
down the profile., These are found in profiles both with
and without dark coloured concretions at the surfacea.

3. The dark concretions, wiere they are found at the surface,
occur in decreasing numbers to a depth of 50 cm or 1 metre,
and are generally associated with light coloured concretions
at greater depths, )

Gypsum is found at many sites, occurring at various depths
in the profile, normally below 50 cm and above 150 cm. The different
Crystal forms of gypsum were not recorded on this survey, but
Worrall (1861) records fibrous crystals deep in the profile and
Small lenticular plates at higher levels in his High Level Dark
Clays, which appear to be comparable to the soils described here.
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‘ The Electrical Conductivity and percentage of soluble Sodium |
jons in the saturation extract of the soil samples are very low 4
in the surface horizons they rise to a maximum, generally of 8
mmhos or more, between 5C and 150 cm, and fall off below this
level. The Exchangeable Sodium Percentage of the sorption complex
is also very low in the topsoil, but is constant at a high level
below about 30 cm. Almost all the soils are alkali, and generally
somewhat saline, but some non-alkali and non-saline soils appear
to occupy sloping land or low sandy ridges.

The history of the formation of these soils appears to be
roughly as follows: -

b ¢ Deposition of clay from the Blue Nile and the Rahad mixed
with colluvium from the nearby high ground, under seasonally
waterlogged conditions.,

2, In areas where a high percentage of clay has been deposited, i

there has been some churning of the soil to a depth of 1 to i

) _ 1% metres, which ceased with the onset of drier conditions, 5
leaving the soil with wide cracks.

3, Subsequently, sandy material has been washed or blown over
the land surface from the nearby high ground, filling in
~ the old cracks and covering the old soil to a depth of a
few cm, "

4, Under present conditions, the rainfall is sufficient to i
~ _thoroughly leach the topsoil of salts which accumulate %

. further down the profile, probably together with some clay, h
Some leaching of carbonates is also evident, from the i
vertical streaks down the profile. The resultant profile W

is solonetzic in appearance, with a poorly structured

surface horizon, and a prismatic horizon beneath, with

.some evidence of downward clay movement in the form of

It appears that the present rainfall is only sufficient to
produce structure in the soil to a depth of 30 to 40 cm,

4,13 Dur urargids

Region C of the sketch map (Fig.2) 1s the edge of the high
ground which has gentributed to the formation of the soils of Regien
By This is an old erosion surface, censisting of eutcrops of
Sandstone, and iren-cemented sand and conglomerates, with red sandy
clay soils and ironstone gravel on the lower land, The soils are
hon-saline, non-alkaline, and have a pH between 7 and 8, Twe
Profiles of this type of seoil were sgmpled, RO20 and DR143, In
both, the soil was reddish brown, the texture becoming finer with
depth te about 1 metre, when there was a sharp break to a brown
1ron3sta1nad gravel, At ROR0O, the gravel appeared to consist of
spall iron concretions about 0,5 te 1 cm across = 'Pea Irenstone
Gravel!, but at DR143 it Was found to be small iron-staingd quartz
grains, all 0,2 0 0.5 cif in diameter, At RO20, some hard, horizontal
g:sc?ntinudus iron pans ¥Were found in the gravel, apparently formed

s tu‘ » e o ; "
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The soils are poorly structured but friable, porous and
rapidly water absorbent. The low salinity and alkalinity, together
with the increéasing clay content of the profile with depth, suggest
that the soils have been fairly strongly leached in the past, but
this may be due partly to the leached sandy parent material from
which the soils have been derived.

4,14 Entisols

The soils of Region D of the sketch map (Fig.2) appear to
be somewhat different from those found elsewhere. The surface is
covered with stones larger than those found on any other soils,
put there is little or no sand, There are no 'sink' holes, nor is
there any cracking or mulching, The soil is uniformly coloured
throughout the profile., Structure is not normally strong anywhere,
but some structure is found to a considerable depth (DR156). The
soils are generally friable, and the subsoil is very much less
compact than that of any other clay in the area. Some calcium
carbonate concretions - only light coloured - are found in the
profile, and gypsum at some sites. No data is available on the
mineralogy of these soils, but the differences in their physical
appearance, and the fact that they occur at a higher level than
the riverain deposits of regions A and B of the sketch map, suggest
that these soils are of a different origin, It is difficult to see
how such soils could have originated as a result of weathering of
the granite outcrops which they surround, The only remaining
alternative is that their origin is connected with the few large
gullies which form another feature of this area, The soils
immediately below this plain, in the outwash from these gullies,
are found to have similar weak horizon development, and may consist
of Gezira type clay modified by material from the gullies.

4,2 SOIL CIASSIFICATION SYSTEM

The soils of the project area have been classified according to the
specifications of the U.S., Department of Agriculture (1960), the Seventh
- Approximation., See Table 4.3 and the soil map. The soil orders, sub-
orders, great groups and subgroups are defined as follows: ~

Vertisols are clayey mineral soils containing more than 35 per cent of an
expanding lattice type clay and having more thun 30 milliequivalents ex~-
change capacity per 100 grams of soil in all horizons below the surface

5 cm. When not irrigated they exhibit cracks 1-25 cm. wide extending from
the surface to the middle of the solum,

They are characterized by one or more of the following: =~
(1) Gilgai (microrelief of basins and mounds),
(2) Slickensides close enough to intersect or,

(3) At some depth between 25-100 em wedge shaped or
parallelepiped structural aggregates with their
long axis tilted 10-60 degrees from the horizontal.

regt Vertisols are found throughout the world in the subhumid to arid

oru;ns. The central concept is one of soils that crack widely and that

il Temoisten from water that runs into the cracks rather than from

the that percolates through the soil, If the surface mulches during

tha;hw Season there may be a significant amount of surface material

wru‘::°“ghs into the eracks. The moistening and swelling of a layer,
Y soil above and below, causes shearing within the soil and

Produces slickensides and wedge shaped or parallelepiped structures.
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storts are generally restricted to the drier climatic range of the
ertisols. Soil colours show chromas of more than 1.5 throughout the
pper 30 cm and lack distinct or prominent mottling within the surface
5 ¢m. The hues are often redder than 10 YR.

rumusterts have, when dry, a loose, porous mulch of discrete, very hard
ggregates, dominantly less than 3 mm in diameter; they do not have a &
laty or massive surface crust containing uncoated silt and sand grains |
hat persists after drying. i |

thic Grumusterts Have, throughout each pedon (soil unit), moist colour
alues of 3.5 or less and dry values of 5 or less to a depth of 30 cm.
hey have less than 15 per cent extractable sodium in all parts of the

pper 30 cm,

atrargidic Grumusterts have more than 15 per cent extractable sodium :
n some part of the upper 30 cm, Lk

azusterts have a platy or massive surface crust, the upper surface of :
hich has a light coloured matrix of uncoated silt and sand thick enough i
o be visible in cross section without magnification, or that have ik
ragments of such a crust in the plough layer.

thic Mazusterts have a surface horizon 30 cm or more thick and colours
hroughout that are as dark or darker than 3.5 when moist and 5 when dry.
hey have less than 15 per cent extractable sodium throughout the upper
0 cm. ;

atrargidic Mazusterts have 15 per cent or more extractable sodium in
some part of the upper 30 cm. They are usually dry throughout the soil.

Entisols are soils either without natural genetic horizons or with only

the beginnings of horizons. The horizons present are so weakly expressed
that they fail to meet the requirements of any of the diagnostic horizons,
except the albic (white) horizon and those that are produced through
cultivation by man., At one extreme in age an Entisol might consist of very
recent alluvium; at the other extreme in age it may include quartz sands
that have been in place for many thousands of years. These soils are

found throughout a wide range of climates. The central concept includes
Soils in deep regolith or earth with no horizons except a plough layer.
Colour is not of significance in defining the tisols.

Ustents are Entisols that, unless irrigated, are dry soils, They include
many of the soils of arid and semi-arid regions of the world that have
been called Lithosols, Regosols and Alluvial soils. The Ustents have
___:chric epipedons (light coloured surface horizons), They lack other
lagnostic horizons, although they may have discernible secondary
Carbonates or accumulations of salts. They may even show slight
;ementation in some horizons, enough to give few to many hard or very
h:;g disconnected nodules. Unless the soil is irrigated, moisture is
—_ at tensions of more than 15 atmospheres throughout the soil for
o than half the year. If irrigated, the soil soon becomes dry when
igation ceases.

%‘:‘it_gx}g include dry, loamy soils with textures finer than loamy fine
- maGXtend:lng to 50 cm. or more, They have an ochric epipedon that may
e Y not be slightly darker than the underlying horizons or layers.
thcemeni:at:!.e:n that is not destroyed by soaking in acid is permitted
see lower horizons if only cemented nodules are present, Accumulations
my%lc‘mdary lime, gypsum or salts may be seen as efflorescences or
ia, Distinect CS and SA horizons may be present but not gypsic or i
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salic horizons (accumu;ations of gypsum exceeding 5 per cent or soluble
;;1;; exceeding 2 per cent). Redistribution of carbonates sufficient
to give a CA horizon underlying a horizon that has lost its carbonates
is not permitted, for the leached horizon comes within the definition
of a cambic horizon (a changed or altered horizon)., These soils are
sound on flood plains, fans and uplands throughout the arid and semi-
arid regions of the world. Vegetation, if undisturbed, consists of

annuals and zerophytic perennials,

orthic Orthustents are loamy soils extending to 30 cm or more, having

less than 40 per cent expanding lattice clay and in lower horizons lacking
cementation into small nodules that will not soften in acid. Secondary
accumulations of gypsum and salts that do not constitute gypsic or salic
horizons are permitted but not required. Visible secondary lime is also
permitted but leached surface horizons lying on CA horizons are excluded.

Vertic Orthustents have more than 40 per cent expanding lattice clay but
lack the cracks, slickensides, gilgai or structure diagnostic for
Vertisolsa In other narts of the world these soils are generally shallow
over basic rock. In the project area, however, they consist of isolated
mounds of wind blown material aggregated to fine sand size.

ot ettt

Lithic Orthustents have hard rock (usually ferruginous sandstones) at
shallow depths in the profile. Rock outcrops in each pedon are common
but are not required in the subgroup. Textures are variable; they are
sometimes gravelly or stony but they do not include clays that have 40 ;
per cent or more expanding lattice clay. The soils in this subgroup have
previously been called Lithosols for the most part.

P —

Natrargidic Orthustents have 15 per cent or more extractable sodium in
some part of the upper 50 cm. These soils are an intergrade towards the
Natrargid great group of the Order of Aridisols; they do not, however,
show indications of clay migration or the formation of an argillic
horizon.

Aridiio_.‘_L_s_ are primarily soils of dry places. They have an ochric

. epipedon (light coloured surface horizon) and one or more additional
diagnostic horizons. These are cambic, argillic, natric, calcic, gypsic ‘
and salic horizons and duripans. The Aridisols do not have a spodic or r
?xic horizon, nor do they have a mollic or umbric epipedon. Included
in the Order of Aridisols are most soils that .reviously were called i
Desert Soils, Red Desert Soils, Sierozems, Reddish Brown Soils and i
Solonchaks. Some of the Regosols and Lithosols of dry climates and some
Brown Soils and Solonetz are also included.
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Argids are the Aridisols that have an ochric epipedon and a subsurface
argillic or natric horizon, They are dry most of the time unless irrigated.
Th?y may also have a calcic, gypsic or salic horizon or duripan., In the
arid regions of the world where these soils are found the associated
Vegetation commonly consists of scattered, zerophytic, woody or succulent
Plants, and annual grasses and herbs. Towards the margins of the desert,
§rasses become dominant but as a rule do not form a sod; rather they

Séem to have been scattered perenniel or annual plants, Some of the

Argids are on old land surfaces, perhaps early Pleistocene; others,
Particularly those with a natric horizon, are found on much younger
Surfaces, Bedrock may be deep or shallow; where shallow, ruptic .
Intergrades with the Entisols or "not-soil” are common. i
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I;i\f‘iir.gid_s are the /Argids that have an ochric epip9éon and an argillic
B zon. They do/not have a natric horizon or a ipan. They often
aVe a Ca horizod below or in the base of the argillic horizon. Where

o
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they have been mapped in other parts of the world the Haplargids are
associated with old land surfacet‘s_,-(older than the last glacial substage)
and at some stage in their d opment have been under a more humid

climate than the preseng./ In the U.S. the Haplargj,ds"are found on the
rocky slopes above the desert fans and on the gl.dest parts of the fans,
purargids are the Argids that have an oc‘hri_’c/ epipedon, an argillic horizon
— an un ying duripan. Like the Haplargids they are found on old land

Natrargids are the Argids that have an ochric epipedon and a natric horizon
{E.5.P, exceeds 15 in a subsurface argillic horizon). Unlike the Haplargids
they may be usually moist but conductivity of the saturation extract must
exceed one millimho at some depth. In the U.S., the Natrargids are often
found on the lower slopes of fans of late Wisconsin age or possibly even
more recent; in this topographic position they receive run-off from

higher areas.

4,3 SOIL CLASSES

The soils described in Section 4.1 have been classified as follows
(see Table 4.3): -

The clay soils of Region A of the Sketch Map, and the more recent
river terraces, have been classified as Vertisols, They have been separated
into Grumusterts and Mazusterts according to the structure of the surface
horizon, Separation of these into the Orthic and Natrargidic subgroups
depends upon the soil analyses. From the limited amount of information
available it appears that the soils of the recent river terraces are
Orthic Grumusterts, while those of the rest of Region A include some
Natrargidic Grumusterts and Natrargidic Mazusterts.

J

The soils of Region B are Aridisols, with an ohric epipedon and a
subsurface natric and argillic horizon, Those have been separated into
Haplargids, with an argillic horizon but no natric horizon, and Natrargids,

witl} a natric horizon with over 15 per cent exchangeable sodium, and an
argillic horizon,

The soils of Region C have been classified as Durargids. They have
an argillic horizon, and generally an underlyin:' Duripan, composed of

discontinuous iron pans or "pea ironstone" gravel - small round iron
concretions,

st The soils of Region D are orthustents, showing little horizon
witﬁ Opment., .Along the lower edge of this plain are Natrargidic Orthustents,
g over 15 per cent Exchangeable Sodium in some part of the upper 50 cm.
Or:harea mapped as Lithic Orthustents is in fact a complex of Lithic
Overugtents, with hard rock within 30 cm and Orthic Orthustents up to

metres deep, though the surface may be covered with boulders.

So—
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CHAPTER 5

ENGINTZERING STUDIES

5.1 INTRODUCTION

The Terms of Reference for engineering studies to be included in
the reconnaissance surveys are stated in the contract for the Soil Survey
of Irrigable Lands in the Sudan as follows: -

"An engineering survey to establish the 20 metre isopotamon using
data on river levels supplied by the lMinistry of Irrigation, excluding
lands where a major topographical obstacle is encountered between the 20
metre isopotamon level and the river, Adequate field survey shall be
carried out to establish these levels and define the irrigable areas',

The term isopotamon was first used by the Sudan Survey Department

in their 1951/52 Survey of Irrigable Lands in Northern Province and was
defined as: -

"A line formed by the intersection of the ground and a surface
parallel to the surface of the river at mean low water level”,

The reconnaissance engineering studies began in Khartoum on 16th
November 1962 with the collection and examination of existing maps and
survey data. Fieldwork for the portion of Area 3d between Soba and Guneid
was carried out during December 1962 the remaining field work for the Soba
Sharq - Khogalab area was carried out during the second half of April 1963.
The Project area covered by the survey totals 570,000 feddans.

5.2 MAPS

The mapping available for the project area is included in three
series of map sheets published by the Sudan Survey Department. The most
general series is the 1:250,C000 scale Topographical maps, published in

1940, of which sheet Nos. 55-B 55-C 55-0 provide complete cover for the
Project area,

The northern portion of the project area is covered by Sheet No.
1of a 1:100,000 scale Topographical series cove~ing the Main Nile, from
Khartoum to the Third Cataract, which were prepared for the Survey of
Irrigable Areas in 1851, This series marks the position of all registered
lands along the Main Nile and also indicates the position of surveyed

SeCtions, at four kilometre intervals, between the river and the 15.0
metre isopotamon.

On the Blue Nile East Bank from Soba to Guneid contouring at half-
ot 14 ervals between the river and the 20,0 metre isopotamon is available
By e}'(to’OOO scale, An index to these map sheets is shown in Figure 7.
ot 4 ending to the 20,0 metre isopotamon section lines shown on sheet 1
“ tlel 1:100,000 series it was possible to draw reconnaissance contours
s 4311 section of the project area from Khartoum North to Khogalab, but
sects kilometres of additional section lines were required between

°n No, 1 and the edge of the Blue Nile East Bank contour mapping, so

lizt Complete contour cover was obtained. The positions of the section
®S are shown on Plate 6.

Detre int
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5.3 EXISTING SURVEY INFORMATION

For the contour survey of the Blue Nile East Bank the Sudan
survey Department have established 26 foot concrete poles at ten kilometre
intervals together with intermediate pile bench marks at five kilometre
intervals.

These permanent bench marks are supplemented at various intervals
by cylinder bench marks which are more susceptable to damage but are useful
for position location in the field,

On the section lines surveyed for the Survey of Irrigable Areas
in 1951 the 10,0 metre and 15.C metre isopotamons were marked by five-foot
concrete posts but with steel pile bench mark at the origin of the section.,
Where it was necessary to extend the sections to the 20.0 metre isopotamon,
it was found that the Sudan Survey Department had estimated the position
of the 20,0 metre isopotamon by extrapolating the line of general ground
slope to the height of the 2C,0 metre isopotamon and then set out a
concrete post at the anticipated intersection, In cases were the posts
had been broken there was some difficulty in deciding which was the
original 15.0 metre isopotamon post.

5.4 HYDROLOGY

The regime of the Blue Nile is characterised by a low perennial
flow with a very high summer flood which in four months contributes 85%
of the total annual flow in the Blue Nile and 55% of the total annual
flow in the Main Nile downstream of Khartoum.,

The Blue Nile river has an annual range of between 5% and 93
metres with the range generally increasing upstream from the confluence
vith the White Nile, At flood stage the river discharges approximately
6000 cumecs and f£ills a channel 400 metres wide and to a depth of 10
Betres, but at low stage the discharge of about 120 cumecs is confined
between sandy banks in a channel usually less than 200 metres wide and
about 2 metres deep. The low water river slope averages 9 cms., per kilo~
metre, but this is by no means constant as the low river stage is
Characterised by long flattish reaches with an o-casional steep reach such
3¢ at Wad Medani or E1 Masid, At high stage the river slope increases to
10 ems, per kilometre which appears to be uniform from Sennar to Tamaniat.
The river is at its lowest level in mid-April but the flood stage begins
to rise in mid-June and reaches a peak at the end of August, falls uniformly
until mid-November when it is about two metres above low river level.

From nid-November until April the river level falls at a rate of about a
half metye per month.

For the computation of the "Normal Minimum Water Levels' the
e Ten-Day Mean water level for the period 1912~42 was taken as the
ost stable indication of low river levels and hence as a future basis
* estimating low water pumping costs. For example at Guneid the
av‘;imum Ten-Day Mean water level is calculated to be 1,2 metres above the
& 3ge minimum low river level but 0,5 metres below the average maximum
¥ river level, Thus the maximum pumping 1lift over a ten—~days period

v
arious from 16,5 to 18.2 metres with a mean valve of 17.0 metres for the
years 1912"42-

minimyum

Niy To obtain a general indication of river levels along the Blue
€ Table 5.4 was drawn up and Figure 9 shows the relationship between

e: Various river stages and the 20 metre isopotamon with approximate
®ls of cultivated lands.




RIVER BLUE NILE VALLEY PROFILE Figure 9
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5 OFFICZ STUDIES

with the Blue Nile Zast Bank contour mapping from Soba to Guneid
t was possible to plot the position of the 20.0 metre isopotamon from the
inimum ten day mean water levels at Soba, E1 Kamlin and Wad Medani gauges.
continuous plot was made from the Contour information from Soba to
ufaa (the boundary of Area 3c) except for a length of ten kilometres to
he north-east of Guneid scheme where the contours extend to only about
9 metres above low water level. The position of the 20,0 metre isopotamon
long this gap was plotted from the estimated ground slope adjacent to
ontour limits, From Soba on the Blue Nile to Khogalab on the Main Nile,
he position of the 20,0 metre isopotamon was located by additional survey
n the field to extend the Survey Department Section lines made in 1952/3,
he existing 15,0 metre isopotamon points on the Main Nile differ slightly
rom the Blue Nile definition in that they are tied to the lowest recorded
ater levels at Omdurman and Tamaniat and not the minimum Ten-day mean
ater levels at Khartoum and Tamaniat. The difference varies from 0,54
etres at Section No, 1 to 0,80 metres at the Tamaniat gauge.

he most southerly area is downstream of Guneid Scheme and to the east of
fad Rawa. Nearer to Khartoum is the Eilafun-Umm Dubban plain which lies
in a triangle between Jebel Direr, Eilafun and Kurtang while a third area
lies parallel and to the east of the Khartoum-Atbara railway from the
Blue Nile to Khogalab, These are shown in Figure 8. ;

5.6 FIZLD STUDIES

The field studies began with a reconnaissance of the existing
irrigation schemes in the area. The extent and state of these schemes
is described in Section 5.61 of this chapter.

The main purpose of the field studies was to carry out an
inspection of feasible irrigable areas and eliminate with the aid of
aerial photography lands having unsuitable features such as eroded sur~
faces or stony soils. Pump station sites and alignments for main canals

:e:aalso located, The results of these studies are described in section
62,

5,61 Existing Irrigation Schemes

Unlike the Biue Nile towards upstream the Dinder
confluence, large scale irrigation development has not taken
place in Area 3d, nor is the traditional sagia to be found as
on the White Nile and Main Nile, Although several small private
schemes have been constructed on the flood plains the high
lift to cultivatable lands has generally discouraged large scale
development and the large annual range of water levels in the
Blue Nile makes the operation of a sagia unsuitable, On the
Blue Nile a number of small private schemes have been built but
most are now derelict with the exception of Umm Dom Farm and
Kifouri's Farm. The mosti common cause of failure of private
pump schemes appears to be damage to pump stations by high river
levels and subsidence of foundations, The largest derelict
brivate schemes at Basharqa and Kurtang were of the order of
400 feddans., The extent of a larger scheme at Soba Sharq was
traced from aerial photography and appeared to have an area
of about 1000 feddans.

It was possible from the office studies to choose three areas which
appeared likely as feasible projects and for which field work was necessary.

e ———
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On the Main Nile from Khartoum to Khogalab there is a 4
total irrigated area of 10,000 feddans, Table 5.61 gives details il
of existing irrigated areas on the Blue Nile, but in view of the
numerous schemes on the White Nile no attempt has been made to
tabulate the individel areas.

The principal government scheme in Area 3d is at Guneid
where the gross area of the scheme is now 53,000 feddans. The ‘
scheme was built in 1955 with an irrigable area of 30,000 feddans ;
on a cotton rotation. In 1962-63 a sugar factory was built and i

he scheme extended at the same time to grow sugar cane. The |
original pumping units at Guneid were 4 diesel driven 48" pumps

which each had a capacity of 3 1/3 cumecs against a maximum static

1ift of 19 metres delivered through an 1100 metres rising main,

In 1963 an electrically driven pumping station of the same |
capacity was added to irrigate the new extension and provide |
additional water for the sugar cane crop.

The other government scheme in the project area is the
new American Aid Dairy Farm Project in Khartoum North., This
scheme has a gross area of 2800 feddans and is primarily for
the growing of forage for dairy cattle,

Table 5,61 §§;sting Irrigation Schemes

Blue Nile East Bank
Guneid - Xhartoum

Solenid Gross Area - (Feddans) LR
Government Private

Guneid 53,000 Scheme built 1955,
and extended in 1961/2

Wad Rawa 165 Small Flood Basin

Bashaqra 400 Very low flood Plain

Bashaqra Sharq 235 Derelict Scheme

Rurtang 400 ditto

Umm Takali 325 Low Flood Plain

Eilafum 200 Garden and Orchard
Areas

Soba (1000) Derelict Scheme

Soba Shargq 400 Garden and Orchard
Areas

Umnn Dom 3500 Private Scheme

Karkoj 740 Derelict Scheme

Dairy Farm 2,800 Experimental Pasture
Scheme (Under
Construction)

gggouri's Farm 4000 Private Scheme

Total Areas 55,80C 11,465

Lo
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62 preliminary Selection of Irrigable Areas

As a result of the office studies it was clear that there were
nree main areas for examination in the field. During the field inspection
mjengineering surveys the irrigable areas could be defined. The results
e sumarised in Table 5.62 and a description of each irrigable area
o1lows. (See Figure 8)

able 5.62 Irrigable Areas selected in Engineering
Reconnaissance '
Location Gross area [ S Ciaiiies
Feddans Number of Static Lift
sites (Metres)
located

Wad Rawa = Guneid 103,CC0 3 15.5-20,8
Zilafun-Umm Dubban 62,C00 2 14.3-17.0
Khartoum North -

Khogalab 41,000 1 - 14.2

5,621 Wad Rawa = Guneid Area

This area of a little over 100,000 feddans is the largest
available for development in Area 3d. The area is the remaining
area of a plain of cracking clay soil, on which Guneid Scheme is
already sited, and which follows the Blue Nile from just south
of Rufaa to about 13 kilometres downstream of Wad Rawa. The plain
is generally 12-15 kilometres in width but is 25 kilometres wide
near the tail of Guneid Scheme, The plain is 15-~20 metres above
low water river levels and so the 1lift is high to all areas.,

There are no pump station sites on the area which are
capable of commanding to the 20 metre isopotamon by means of
a single 1lift but from the Guneid site it is possible to irrigate
to a level within two metres of the 20,0 metres isopotamon. Two
other pump station sites were located as alternatives to Guneid.,
A suitable alignment for the supply canal headreach from one of,
these sites was surveyed. The whole of this area has been
recommended for semi detailed soil survey as a result of the
soils reconnaissance and alternative projects for development
are described fully in Section 5.71.

5.622 Eilafun = Umm Dubban Plain

This area of 62,000 feddans is relatively easy to
canalise in that the plain has a gentle slope northwards away
from the river. Two pump station sites were located, one three
kilometres upstream of Kurtang and the second near El1 Masudiya,
twelve kilometres downstream of Kurtang., From the first pump
station some 34,000 feddans on the upper part of the plain would
be commanded with a 1ift of 17.0 metres while the lower 28,000
feddans would be commanded with a lower 1lift of 14,1 metres.

The rising main would require to be 5-600 metres in length.
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From the E1 Masudiya pump station site 25,000 feddans would be

~ commanded by a 1ift of 14,3 metres, with a relatively short
rising main,

5,623 Khartoum North - Khogalab Area

This is an area of Main Nile riverain lands which are
commanded most easily from a pump station on the Blue Nile.
Only one suitable pump site was located and this was close to
the existing pump station of Umm Dom Farms, An area of 41,000
feddans could be commended with a static 1ift of 14.2 metres
and the length of rising main would be between 1500 and 2000
metres, The area irrigated would he up to the 14 metre
isopotamon land above this level is relatively undulating and

is dissected by run-off channels from the Jebel Direr - Sileitat
ironstone ridge;

5.7 PROJECT ARZAS

The extent of the areas of the recommended pump projects were
finally defined by the reconnaissance soils surveys The areas have been
greatly reduced since Aridsol group of soils has been eliminated from
the lands selected for semi-detailed soil surveys This seriously curtailed
areas for pump projects in the Eilafun=Umm Dubban and Umm Dom=Khogalab
areas but only caused minor curtailment to the Guneid-Wad Rawa area,

Details of feasible projects resulting from the reconhaissance are
summarised in Table 5.7 and shown on Plate 6. Descriptions of the project
areas are given in the paragraphs which follow,

Table 5,70 Details of Feasible Project Arecas
Scheme Gross Area Static Remarks
(Feddans) - Lift
(Metres)
§ Wad Rawa
| (Stages 39 | 58,000 18;¢C Pump Station at Guneid
i Wad Rawa 45 ,00¢ - 18,0 + 2.8 Pump Station at Guneid

with Secondary Station
at Kilometre 20

Zilafun 9,000 15.5 Pump Station at el
Masudiya
Umm Dom 5,000 12.00 Redevelopment of existing
schemes
e ———
Total Area 117,000

feddans
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5,71 Guneid-Wad Rawa Project Area

pank between Guneid and Khartoum.

of 103,00C feddans were studied.
5,71 and also shown on the accompanying Figure 10,

This is the largest project area located on the Blue Nile east

It extends 40 kilometres northwards from
the Guneid Pump Scheme, is 20 kilometres wide at the southern end and
norrows to 2 kilometres in width at the north end.
southwards and forms a strip three kilometres in width between the eastern
poundary of the Guneid scheme and the 400 metre contour,

The area also extends

Three alternative schemes to provide development of a gross area
These projects are summarised in Table

Table 5,71 Alternative Projects for development
of Wad Rawa Area
Alternative Amp Ststions
Development i . fieheme f;:g:aﬁ’s';’a Static Lift length of Main
(Metres) (Metres)
A Guneid (a) 58,000 18,0
Extension (b) 45!000 18.C + 2.8 1100
103,000
B (1) Wad E1
Hur 30,000 17.0 Short
(2) Guneid ((a) 28,000 18.,¢ )
Ex~ )
tension|(b) 45,000 18 + 2,8 ) 1100
103,000
c (1) Fadniya 14,000 15,5 800
(2) Guneid [(a) 44,000 18,0 )
Ex= )
tensionj(b) 45,0Q9 18 + 2.8 ) 1100
103!000

i
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The possibility of establishing self contained schemes; independent
of the existing Guneid Pump Scheme was investigated. Two such schemes are
possible, one of 30,000 feddans gross area supplied from pumps near Wad
en Nur and smaller scheme of 14,000 feddans gross area supplied from pumps
at Fadniya. With both of these self contained schemes it is not possible
to obtain development of the whole area unless a supply for the higher lands
is arranged from the Guneid pump site. Also the secondary pump station
to serve 45,000 feddans of high lands to the east of Guneid Scheme is

are described belows

Alternative A:-103,00C feddans supplied from Guneid
Alterna et

The excellent characteristics of the Guneid site with its high
voltage electricity and other services on site make a new high lift pump
station a favourable proposition, Although the new canal would be aligned
along the boundary of the new Guneid extension and would not irrigate until
Kilometer 30 it could command about 58,000 feddans in the Wad Rawa area and
if there were pressure for additional irrigated lands in Guneid=Wad Rawa
area then it may be economically feasible to install a booster pump for
irrigation of lands up to the 400 metres contour, A secondary pump station
lifting 2.8 metres from the new canal at Kilometer 20 would command some
34,000 feddans in the north together with an area of 10,000 feddans between
the existing Guneid boundary and the 400 metre contour and running south
to the limit of Area 3c,

Alternative B: - 30,000 feddans supplied from Wad en Nur
Up to 173,000 iy " "  Guneid.

For this project 30,000 feddans is developed as an independent

scheme which is supplied from pumps sited five kilometres west of Wad en
Nur,

The pump site is a good one requiring a relatively short rising main
to raise the water some 17 metres to a level of approximately 396.0 metres
which is needed to command the area, The main canal would be required to
Cross a deep depression, which runs parallel to the Blue Nile from Fadniya
to the limits of the existing Guneid scheme. The high cost of this section
of the main canal together with its maintenance over a 3 kilometre length
Where the height of the bank across the depressi-n would be 2-5 metres

discouraged the idea of this scheme when set against the alternative
development s,

The remaining 73,000 feddan is supplied from the Guneid pump site
28,000 feddans of the total can be commanded from the main pumps sited
at the river and a secondary pump station is again needed to supply 45,000
feddans of high lands as in Alternative A, :

&w; - 14,000 feddans supplied from Fadniya
Up to 89,000 " " " Guneid

badi A more attractive scheme of 14,000 feddans with a pump station at
risiiya is shown with a preliminary layout in Figure 11, A line for the

€ main and main canal was set out and levelled and is shown in Plate
: The rising main and pump station would be somewhat similar to Guneid

m:i A rising main 800 metres long but with a static 1ift or only 15.5
es,

required with each alternative, The relative merits of the three alternatives
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with this project 89,000 feddans is supplied from the Guneid pump
site. 44,000 feddans can be commanded from the main pump station 45,000
feddans requires a secondary pump station as for Projects A and B.

5.72 Zilafun Project

From the topography of the Eilafun -~ Umm Dubban plain it was
jnitially expected that a project of 50-60,000 feddans could have been
developed but when the aridisol soils were finally classed as unsuitable
for development in the present conditions in the Sudan the area available
for development on the plain was reduced to some 14,000 feddans of vertisol
soils lying in a strip along the river, For a full development of the
plain, pump station sites were located approximately 3 kilometres upstream
of Kurtang and at a point 12 kilometres downstream of Rurtang opposite the
west bank village of Z1 Masudiya., When the development possibilities became
limited to the areas of vertisol soils a reconnaissance lay-out (See Plate 6)
was prepared for irrigating the potentially suitable areas from the =1
Masudiya sites

The low water river channel at El Masudiya is narrow and fast flowing,
the channel being only about 120 metres wide and flowing close to the east
bank which is formed by a bed of chalky sandstone, It is expected that the
length of rising main will be very short as the general level of the plain
is maintained almost to the river bank, The static 1lift at E1 Masudiya
would be 12,5 metres to a discharge basin level of 386.,5, The water level
would then command a series of compact blocks of land covering 9000 feddans,
any increase in this area could only be obtained at increased cost of minor
canalisation and also steps would have to be taken to give the additional
blocks a measure of protection against soil erosion,

5,73 Umm Dom Pro;jgct

The remaining project area covering an area from Umm Dom on the
Blue Nile to Khogalab, 30 kilometres northwards on the Main Nile was some-
vhat similar to the Umm Dubban~Eilafun area in that most of the soils are
classed as aridisols and that the irrigable vertisols are only to be found
as a riverain strip. Along the Main Nile virtually all lands with a
vertisol soils classification are registered lands and hence not available
for development; The only area available is sone 2000 feddans to the
lorth of Kifouri's farm which would be best developed as an extension to
the new United States Aid Dairy Farm Project or possibly by a main canal
from Shambat on the Main Nile,

Cn the Blue Nile the vertisol lands are occupied by Umm Dom Farm
and the Karkoj scheme which cover an area of 5000 feddans, The Karko}
Scheme is derelict and the pumping capacity of Umm Dom Farm (one 14" and
one 12" pump) indicates that this area is not being fully cropped, In
View of the proximity of these two schemes to Khartoum a further analysis
ould probably reveal a need for redevelopment of this area., The pumping

t required is 12 metres but a lined aqueduct 3 = 4 metres above ground
level woulg be required for the first two kilometres of the main canal.
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CHAPTER 6

IAND SUITABILITY CILASSIFICATION

3 LIMITING PHYSICAL FACTCRS TC IAND DEVELOPMENT

similar general specifications for soil, topographic and drainage
imitations were used to those in Area 1 (Gezira extension).

As in Area 1, impeded drainage was rarely a limiting factor to
and development.

6,11 Topographic Limitations to land developments were
encountered in two different environments in area 3d, as follows: ~

a) The Kerrib lands on the east bank of the Blue Nile.
This is a zone of short, steep-sided gullies which, after
occasional heavy rains, carry floodwaters from the adjacent
plains to the channel of the Blue Nile., The kerxrib lands
from a zone about one kilometre wide beside the river; it
extends with one or two breaks from Rufaa to Umm Dom.

There is an eastward extension along a lateral wadi

(the Wadi Marah) that enters the Blue Nile at the northern
end of the Guneid Pump Project. These lands, which are
considered as unsuitable for development purposes, are
shown on the maps as sloping gullied lands with the symbols,
S.G.L.

b) Sloping lands at higher levels adjacent to the 20 metre
isopotamon., These lands are associated with the break of
slope from the sandstone plateau to the highest terrace

of the old flood plain, They are found east and north

of Umm Dubban, on the flanks of the Jebel Direr and then
extend northwards to the Jebel Sileitat and beyond. These
lands are often scored with rills and shallow gullies
which occasionally carry runoff waters following heavy
rains, In the neighbourhood of the Jebel Sileitat there
are two large well defined drainage channels, the Wadi el
Garwaqa and the Khor Kabbashi. The surface is often
- strewn with sandstone or granite stones and boulders
whilst wind - blown sand from ti.c plateau to the north
and east forms mounds around bushes and occasional stony
outcrops. :

Because of the high pump lift that would be required to serve these
nds and the topographic limitation mentioned above, as well as uncertainty
out the soils, these lands arc considered to be unsuitable for development.

the soil map these lands include the following classes: =

Orthic Orthustents
Lithic Orthustents
Natrargidic Orthustents
Durargids

In some cases these soil classes are included in areas of sloping
llied lands, designated S.G.L. In all cases, areas of Lithic Orthustents
4 Durargids should be regarded as having the topographic limitations to
Velopment that are mentioned above.



6.12 Soils Limitations

The lands of Area 3d have a much wider range in topographic and
soils conditions than those of the Gezira and the Gezira extension. lore
than half the area studied has soils (Aridisols) which are neither
cracking clays (Vertisols) nor riverain silts (@Entisols) which together
include almost all the irrigated soils of the Sudan. The soils limitations
therefore include, as well as salinity, alkalinity and low clay content
(of Vertisols), the additional limitations of low fertility and stoniness
of Aridisols.

The soils limitations are described as follows: =~

i) Alkalinitz is the chief soils limitation of the area studied.
Of the 26 sites sampled for soil analysis, 1€ were alkali soils
i.e. the Z,S,P. exceeded 15 in one or more horizons in the top
one metre of soil. The majority of these soils were Natrargids
which have a characteristic subsoil horizon of clay accumulation
in which the E,S.P, ranges from 25 to 50. Because of their high
alkalinity these soils are considered unsuitable for agricultural
development. Other alkali soils include one grumustert, five
Mazusterts and one Orthustent profile, Two of these sites were
considered as marginal and the remainder as unsuitable for
agricultural development.

ii) Salinity is only a minor soils limitation in Area 3d. Slight
salinity (Z2.Cs 4 to 8) is evident in the lower half metre of most
Natrargids and in some Vertisols and Entisols. The Haplargids

and Durargids are non saline, non alkali soils,

iii) Low Clay percentage of Vertisols (35-50% clay) which would
result in reduced yields of long staple cotton is found in some
Vertisol profiles.

iv) Low Fertility Status would be expected in the sandy Haplargid
and the loamy Durargid soils, Neither of these soil classes has
previously come under irrigation in the Sudan so that little is
known of their potentialities under irrigated agriculture. These
soils are excluded from consideration for development in Area 3d
because of their low fertility, the high pump 1lift and the un-
favourable topography.

6,2 BASIS OF SELECTION OF IANDS FOR FURTHER STUDY

6.21 Agricultural Considerations

The agricultural aspects of land selection were concerned
chiefly with the physical bases of potential agricultural production.
The limiting physical factors mentioned above in 6.1 were used to
reject areas of topographically unsuitable lands and to provide a
provisional land classification at each site selected for soil
examination. An examination of the base map on which the soil
sites had been plotted, together with stercoscopic examination
of air photos and photo interpretation of prints and mosaics then
enabled a provisional land suitability classification to be worked
out. The large areas of Natrargid soils were rejected outright
at this stage because of their gross alkalinity,.
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6.22 EngineeringLConsiderations

The engineering surveys were concerned with establishing
the position of the 20 metre isopotamon and, as well, with locating
suitable pump sites on the Blue Nile and suitable lines for irrigation
canals. Consideration of the engineering aspects enabled the
elimination of further, mostly marginal, lands requiring a high
pump-1ift and/or a long supply canal through difficult terrain.

6.23 Land Tenure Considerations

Registered lands {privately owvned) line the bank of the
Main Nile northwards from Khartoum. Although there are some sma}l
strips and pockets of Government owned lands on the high side of
the registered lands therc is nowhere a sufficient areca to form
the basis of a new irrigation project. Similar considerations
apply to Khartoum North where the industrial and urban areas are
steadily expanding on to potentially agricultural lands. At
Khartoum North there is also the older agricultural development
known as Kifouri's Farm and, beside it, the lands currently under
development for the Department of Animal Husbandry. Because of
this expansion, which is expected to continue, it is considered
not worth while to attempt development of the small remaining area
of Vertisols,

LOCATION AND ZXTENT OF LANDS RECOMMENDEZD FOR SIMI-DETAILED SURVEYS

The lands recommended for semi~detailed surveys are shown on Plate 5
as follows: =

Locality Area,
(Feddans)
Unm Dubban 6,250
Eilafun 14,600
Wad Rawa=Guneid 151,000
Total 171,850
6.31 Umm Dom Lands 6,250 feddans

This is an isolated area of Vertisols beside the Blue Nile,
close to Khartoum. MNost of the lands are intersected by canals and
ditches, some used for scasonal irrigation by the Umm Dom pump
project and some derclict from the abandoned Karkoj pump project.
There is a small area close to the Umm Dom pumps near the river
which is used for the permanent irrigation of forage, vegetable
and horticultural crops. Some of this land is registered but
little of it is fully developed. It is considered a suitable
area for further study because of its proximity to Khartoum, the
Comparatively low pump lift (12 metres) required to command it
and the possibility of intensive crop production if the soils
are shown to be suitable, ’

k]
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6.32 Zilafun lLands 14,600 feddans
This is an irregularly shaped area of Vertisols extending south

castwards from Eilafun, more or less parallel to the river, It is covered

gith a network of "terus", dividing it into fields for the cultivation of

rain grown dura, Many of these fields appear not to have been cultivated

for several years; it is assumed that the intensity of dura production

is not high and that yields are low in most years.

There is a suitable pump site at E1 Masudiya with a static lift
of 12.5 metres; only a short rising main would be required and a series
of compact blocks totalling 9000 feddans could be commanded in this area.

6.33 Wad Rawa-Guneid Lands 151,000 feddans

This is a large block of Vertisols which is continuous with the
oxisting Guneid scheme (Gross Area of Scheme about 53,000 feddans). All
the lands to the north and east of the Guneid scheme are subdivided by
"torus” into fields for rainfed dura production.

Only 59,400 feddans out of a total of 151,000 feddans has been

covered by the recomnaissance soil survey. Because limited ground inspection
tozether with air photo analysis has shown these soils to be Vertisols and
because of the favourable engincering considerations mentioned in Chapter 5,
however, it is recommended that these lands should be included in the semi-
detailed soil and land suitability classification surveys.




Descriptions of 26 soil profiles with 1aboratory data of the soil
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Sm31 o~ Tevzy

RO88
DR101

s ~ 017X

X X

Calcium Carbonate concretions.
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A. Orthic Grumusterts

Pit ROO1
o 0 ¢

Location 35 40.4,.32° 31 . B Date: 20~11-62,

Topography Flat, with small irrigation channels

cultivation and Abandoned patch, possibly due to lack of water.

Land Use Nearby are a field of patchy Sorghum and land
being ridged for winter vegetables.

Vegetation Young Acacia seyal scrub, with Calotropis procera
and Crotakria sp. 30% cover of Cynodon dactylon
and Aristida sp., heavily grazed. Some Cyperaceae

Surface Dry, hard, with polygonal cracks up to 3 cm..wide.

Profile description

0 - 15 Clls Dry lOYR4""2, Moist lOYR3-2- Clay- Dry, hard.,
moderate medium angular blocky with some fine
pores and many cracks. Rapidly water absorbent.
Many fine roots. No salts.

15 - 60 cm. Dry 10YR3-3, Moist 10YR3-2. Clay. Dry, hard,
moderate coarse subangular blocky with some fine
pores and deep vertical cracks disappearing at
60 cm. Moderately water absorbent. Many fine
roots. No salts.

60 = 103 cm. Dry 10YR4-2. Moist 10YR3-2. Clay. Dry, hard,
structureless, no cracks, many fine pores.
Moderately water absorbent. Rare fine roots.
Many small Calcium carbonate concretions.

103 - 146 cm. Dry 10YR4-3, Moist 10YR3-3. Fine Sandy Loam.
Dry, soft, structureless, with no cracks and
many fine pores. Rapidly water absorbent.
Rare fine roots. No salts.

146 =175 cm. Dry 10YR5-4, Moist 10YR4-2. Silt Loam.
Dry, slightly hard, weak fine subangular blocky
with no cracks and many fine pores. Rapidly
water absorbent. Few roots, up to 5 mm. diameter.

No salts.
Laboratorz Analyses
]Soil Paedd 1 Incorp % Solubl .
articles % Carbon e 6l 1] O ON: i g:cg shy | F08
Sand | 8114 iy % PSoil 1.5 Soilg Sat. | m. eq. per
aste sus= | Extr.| per 100 gm
pengion. | litre soil
ig 23 | 50 guotladpd | 762 | 0.8 0.2 2.2 4
i 22 | 48 2:14 Te42 T+71 | 0.42 0.05 2.2 5
o el 1 33 4.86 7453 7.82 i 0.48 0.07 2.2 7
£ i1t 4.90 7.60 1+15 l 1.05 0.16 1.9 11
25118 A0 | T 1.6 3 0.8 0.16 2.2 15

Orthic Grumustent
Non-galine.
Land Class 2/3




Pit RO64
o) )

Location 15514 X 3305 &, Date: 14-12-62

Topography Flat, bottom of a broad depression 10-12 £t deep.

Cultivation and

Tand Use Sorghum stubble

Vegetabion Balanites aegyptiaca, Acacia seyal and Acacia arabica
10 to 40 yds apart. Cozrse grass in a nearby run-off
channel.

Surface Dry, slightly uneven, loose and crumbling, with

polygonal cracks 4 to 5 cm wide.
Profile Description

0~ 44 om Dry and moist 10YR3.5-2. Clay. Dry, hard, strong
coarse prismatic, with few pores. Many wide
vertical and fine horizontal cracks. Rapidly water
absorbent. Few roots. Few dark Calcium Carbonate
concretions. Little sand and gravel.

44 - 98 em Moist 10YR 3~-2.5 Clay. Slightly moist, very firm,
moderate medium angular blocky, with no pores and
many fine cracks. Some vertical cracks extending
to the bottom of this horizon. Rapidly water
absorbent. Few roots. No salts.

98-147 cm Moist 10YR3~-2.5. Clay. Moist, very firm,
structureless with no pores or cracks. Moderately
water absorbent. No roots. No salts.

147-173 em Moist 10YR3-2.5. 8ilty clay. Moist, very firm,
structureless with no pores or cracks. Moderately
water absorbent. No roots. Common white Calcium
carbonate concretions. Some rust mottling in old
root channels.

Laboratory analyses

p——

S0il Particles % | Incorp PH 2.0, | Soluble| Exoh. | o o 5
Catdl o Na Na meq

p———

Send | 8ilt | Clay # Soil | 1.5 Soil| Sat. Meq ‘per
‘ Paste sug- Extr. per 100 gm
i ! pension. litre soil
25 10 65 2.29 7470 T7.70 0391 0.21 2.2 3
30 10 60 3.22 7.60 T1+03 0.90| 0.6 3.9 6
4 10 63 3.08 T+53 7.80 Ly 1.6 4.7 8
S| 2] 681 2040 | Bl 08 2l 18 4.1 7

Orthic Grumustert
Land Class 2.




B. Natrargidic Grumusterts
Pit ROO2
Location 3”8 5 3 % B Dater. 213l

Topography

Cultivation and
Tand Use

Vegetation

Surface

Profile Description

0- 18 cm

18- 35 cm

35- 64 cm

64- 97 cm

97-114 cm

114-172 cm

Flat, intersected by canals
Field ploughed and levelled for winter
cultivation.

A few Cynodon dactylon

Not ploughed at the pit site.
polygonal cracks 2-3 cm wide.

Level, hard, with

Dry, 10YR3~-2, Moist 10YR3-2. Clay. Dry, very hard,
moderate medium angular blocky, with no pores and
many cracks. Moderately water absorbent. Many
roots. Some fine gravel and Kankarsg.

Moist, 10YR2-2. Clay. Slightly moist, very hard,
moderate medium angular blocky with no pores and
many cracks. Slowly water absorbent. Few roots.
Much gravel and karkars.

Moist, 10YR2-2 with 20% mottles, 7.5YR3-2. Clay.
Moist, very firm, weak medium subangular blocky
with ngo pores and some fine cracks. Moderately
water absorbent. Few roots. Many white salt
crystals and Kankaps,

Moist, 10YR2-2 with some patches of 10YR5-3.
Clay Loam. Moist, firm, structureless, with no
pores or cracks. Moderately water absorbent.
Some white salt crystals and Kankars.

Moist, 10YR4-3 with clay infills (10YR2-2) in
cracks. Sandy Clay Loam. Moist, firm structureless,
with no pores or cracks. Moderately water absorbent,
Rare roots. No salts.

Moist, 10YR4-3. Loam. Moist, friable,

structureless with no pores or cracks. Rapidly
water absorbent. Rare roots. No salts. Much
gravel.
Laboratorz Analyses
Soil Particles % | Incorp | q | Solubl/Exoh.
s, g E'C'; Na {Na meq E.S.P.
% Soil| 1.5 Soil| Sat. | Meq per
Sand  §31¢ Clay Paste sus- Extr. | per [100 gm
— pension litre | soil
O T Rl L Lesi T 0 1120 27
2 115 1480 {1 448 | eisal Bu80 235 {2l | @3 34
27 | 20 | %5311 Soy i I Ryl fups 125 A9 |1 A8 40
2 120 175611 1.8 | 7.95] Buis 8.0 4.6 | 29.8 54
LA 1A ] oy (eell B s g s 35
51 7118 { 6.90 | 8.20] 8.9 4.25 | 2.2 7.9 44

Natrargidic Grumustert
Non-saline
Land Class 6.




Dates

Heavily grazed.

23-11+62

Sparse dried-up fine grass, grazed short.

erhenbergigna bushes

C. Natrargidic Mazusterts
Pit ROO5
Location §sksa0 N, 32° 35 =&,
Topography Flat
Cultivation and
Land Use Not cultivated.
Veggtation
Scattered small Acacia
with sand accumulated around them.
Surface

Profile description
O-

2 cm

2- 23 cm

23- 45 cm

45-102 cm

102-183 cm

Dry, loose, with many small Kankars up to

5 mm. across.

Dry 10YR4-2, Moist 1OYR4-2.

loam,
water absorbent.
Many Kankars.

Dry 10YR4-2, moist 10YR4-2.

loam.

water absorbent.

Gravelly clay
Dry, loose, structureless.

Rapidly

Many grass remains.

Many fine roots.

Clay loam.

Gravelly clay
Dry, slightly hard, strong coarse angular
blocky with many cracks and few pores.

Rapidly
Many Kankars.

Dry,

slightly hard, moderate coarse angular blocky

with many fine cracks and few pores.

water absorbent.
Kankars.

Dry and moist 10YR3-1.

Many fine roots.

Clay Loam to clay.

Rapidly
Common

Dry,

very hard, moderate medium angular blocky with

many fine cracks and few pores.
No roots.

absorbent.
salt 'eyes'.

Dry and moist 10YR3-1.

Moderately water
Some Kankars and white

Clay loam to clay.

Dry, very hard, weak medium angular blocky with

few cracks.

Moderately water absorbent.

No

roots. Some Kapkars and white salt 'eyes'.
Laboratory analyses
h | S0il Particles % gncorpi P B.C. Soé:blg E:cg;q B.S.P |
arbon | ‘
P ——— i % i
% Soil ;1.5 Soil; Sate| Meq | per
Sand | Silt | Clay Paste | sus- | Extr.| per 100 gm
pension litre . soil
793 :86%1 Be08 0 8,50 F 3,38F BT } 9.8 30
1 38 4.21 | 8.65 8.83 Py 09 "115.8 42
10 | 45 5:88 |1 8.43 1 8,92 | 4.8 4.0 |22.4 50
2 | 48 Sa01 88T B $13.0 7.8 124.9 52
0§ 53 6.3 8,621 8.79 | 475 | 5. 124.3 46
\ !

Natrargidic Mazustert

Non-saline
Land Class 6




Pit RO26

e

Location 15° 27' N, 32° 45'E. Date 1-12-62

e——————

Topographx Flat

Cultivation and Area of rain-fed cultivation, not cultivated
Land Use recently. Some grazing.

Vegetation 20% cover of Aristida sp (tufty)

Surface Dry, soft or loose to 2-3 cm. Uneven, with
polygonal cracks 2-3 cm wide, generally filled
in.

Profile description

0- 39 cm Dry and moist 10YR4-2. Clay. Dry, slightly
hard, weak to moderate coarse prismatic with
no pores and wide vertical cracks. Rapidly
water absorbent. Some roots. No salts. Some
coarse sand and gravel.

39- 66 cm Dry and moist 10YR3-2 with 30% mottle 10YR2-2.
Clay. Dry, hard, moderate medium angular
blocky with no pores and many fine cracks.
Rapidly water absorbent. Few roots. Some
small white Calcium carbonate concretions.
Some gravel.

66- 98 cm Dry and moist 10YR3-2 with 30% mottle 10YR2-2.
Clay. Dry, very hard, structureless with no
pores or cracks. Rapidly water absorbent. No
roots. Some small white Calcium carbonate
concretions. Some gravel.

98-177 cm Dry and moist 10YR2-1 with 30% mottle 10YR3-2.
Clay. Dry, very hard, structureless with no
pores or cracks. Rapidly water absorbent.

No roots. Some white Calcium carbonate
concretions and Gypsum crystals.

Laboratory analyses

Soj . ! Soluble| Exch
AL etirion ¥ gt T¥ E:Ce | Na | NalMeq|E.S.P
i 1
Sand | §ilt | Clay % Soil | 1.5 Soil] Sat.| Meq, per |
Paste sus— BExtr. per |100 gm !
pension 1itre:l Sodkd !
37 % a0k 89 3.65 | 8.15| 8.56 | 0.66 0.45 | 11.7 z 22
n 1 156 3941 B.22 8.42 1.1 1,05 | 14.8 | 26
32 10 58 2.97 8.02 8.40 2.0 4 § 17.8 | 3l
| 232 8 | 60 Bodh Gl L9 L8 8.4 g g | 2

Natrargidic Mazustert
Land Class 6




Pit
Location

Topography

cultivation and
CultivaSion QEC
Land Use

Veo’etati on
vego i

Surface

Prcfile description

0~ & o

8 - 31 cm

31 - 97 cm

97 - 141 cm

141-158 cm

15 - 1Y5 cm

-y o
RO63
15° 02'N, 33° 17'E.  Date: 14-12-62
Flat
Near the edge of a patch of rainfed
sorghum.

30% cover of Schoenefeldiagracilis on
uncultivated land. None in the sorghum
stubble. Balanites aegyptiacaand Acacia

tortilis 100 to 400 yds apart.

Dry, soft to 1 cm with a thin crust mostly
broken up by treading. A few cracks up to
2 cm wide visible - most are filled in.

Dry and moigt 10YR3.5-2. Gravelly clay loam.
Dry, soft, moderate medium to fine crumb with
few pores and many fine cracks. Rapidly water
absorbent. Many roots. Many dark coloured
Calcium Carbonate concretions.

Dry and moist 10YR3.5-2. Gravelly clay loam.
Dry, slightly hard, moderate coarse prismatic
with few pores and many fine cracks (non over 3mm
wide). Rapidly water absorbent. Few roots.

Many dark coloured Calcium Carbonate concretions
and much other sand and gravel, especially in old
crackse

Dry and moist 10YR3.5-2. Gravelly clay loam.

Dry, hard, weak medium angular blocky with no
pores and few fine crackse. Rapidly water
absorbent. No roots. Many dark Calcium
carbonate concretions and much other sand and
gravel in old cracks. Occasional shell fragments.
Few fine white Calcium carbonate streaks.

Moist 10YR3-1, with some 1OYR3-2 material in old
cracks. Clay, slightly moist, very firm,
structureless with no pores or cracks. Rapidly
water absorbent. No roots. Few dark Calcium
carbonate concretions. Occasional shell fragments.
Few white Calcium carbonate concretions and

Gypsum crystals.

Moist 10YR3-1 and 10YR4-3. Clay loam slightly
moist, very firm, structureless with no pores
or cracks. Rapidly water absorbent. No roots.
No shells. Common large light coloured Calcium
carbonate concretions and Gypsum Crystals.

Moist 10YR4-3 with 30% mottle 10YR3~-2. Clay
loam, Slightly moist, very firm, structureless
with no pores or cracks. Rapidly water
absorbent. No roots. No shells. Common large
light coloured Calcium Carbonate concretions
and Gypsum Crystals.




RO63

Laboratory Analyses

' ! f
| Soil Particles % | Incorp |

E.C.

, Soluble Exch |

! Carbon £ Na Na Meq‘ s
| T ! Soill 1.5 Soil| Sat.| Neq per
| Sand | Silt| Clay % Paste Sug- Extr. per 100 gm
* pension j litre soil
| 550 401 3 | Bty LHAGL B s 0.54( 0.3 4.9 14
l 47 10 43 3.44 8.07 8.32 15 0.85 8.3 19
B0 sl QR n e e e il 9.7 20
g 10 53 327 TT7 8.22 540 4.3 259 19
35 i el . 4.30 1470 T+92 Bal 4.0 3041 19
35 i 10 55 3.87 T 7490 B dod Y5109 18

Natrargidic Magzustert
Non-saline
Land Class 6
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Location

———————

Topograp§1

gultivatio

n and

Land Use

Vegetation

Surface

Profile Description

0

125

154 -

Laboratory Analyses

11

125

154

188

cm

cm

cm

ROT4
8703 N, 33”7 10'B. Date: 16-12-62
Flat

0l1d Sorghum patch., No stubble visible.

Very sparse Aristida sp. Acacja tortilis trees il
300 to 400 yds apart. |

Dry, soft, with a finely cracked cap. Many dark
Calcium carbonate concretions. Uneven, with a
faint polygonal pattern of iwafilled cracks.

Many 'sink' holes over cracks up to 6 cm. wide.

Dry 10YR4-2, moist 1l0YR3.5-2. Clay loam. Dry,
soft, moderate fine subangular blocky with few
pores and many fine cracks. Rapidly water
absorbent. Common roots. Many dark Calcium
carbonate concretions. Many shell fragments.

Dry and moist 10YR3-2. Gravelly clay loam.

Dry, slightly hard, moderate coarse prismatic

with many wide vertical cracks and fine horizontal
cracks. Rapidly water absorbent. Few roots. ;
Many dark Calcium carbonate concretions. Few :
white Calcium carbonate streaks.

;

1
3

]
)
;
H
‘

Moist 10YR3~1 Clay with old wide cracks infilled
with 10YR3-2 Gravelly clay loam. Slightly moist,
firm, structureless with few vertical cracks
disappearing about 70 cm. Rapidly water absorbent.
No roots. Common Gypsum crystals especially in
the dark clay.

Moist 10YR3~1 with few 10YR4-3 mottles. Clay.
Slightly moist, very firm structureless with no
cracks or pores. Rapidly water absorbent. No
roots. Common Gypsum Crystals.

Moist 7.5YR4-2, with old cracks infilled with
10YR3-1 material. Clay. Moist, very firm,
structureless with no pores or cracks. Rapidly
water absorbent. No roots. Many Gypsum crystals.
Common white Calcium carbonate comcretions.

Moist 7.5YR4-2. Clay. Moist, very firm,
structureless with no pores or cracks. Rapidly
water absorbent. No roots. Many large white
Calcium carbonate concretions. No Gypsum.

| Soil Particles % | Incorp | PH {LR Solubleggﬁkch E.S.P
*pth | Carbon | B Aol Na Na Meq
(lc)mk)1 ’ § Soil [1.5 soil! oat.| Meq per
Sand | 5ilt | Cla % |paste sus- | Extr. per 100 gm
b oo pengion litre soil
~4é1 50 5 | 45 6430 | | 1808 | ,8527 150457] 0.3 5.4 |12
a1 31 8 lieem | 86| RS2 }ra.68] 0.4 7.8 | 16
~191 40 | 10 | %0 1536 |78 8.5 6.7 542 10.4 | {100
125 30 2 1 & 1473 1475 8.45 Ti2 148 12.2 20
~1§§ Db A B 7426 | 7,631 8.3 6.9 7.8 9.8 18
B i T 6.17 | 7.94| 8.6 | 4.0 4.2 | 4.2 | 22

Marginal Orthic Grumustert/Natrargidic Mazustert
Land Class 3/6.



o 30 w

Bit ROT5

Location 15°9'N, 33° 14'B.  Date: 16-12-62

Topography Flat

cultivation and Not cultivated. Grazing land with low bunds.

Tand Use

Vegetation No trees for over 1lKm. Fatchy Schoenefeldia
gracilis, up to 50% COVET.

surface Dry, hard, level with no cracks and occasional

'aink' holes and abundant loose dark coloured
Calcium carbonate concretionse.

Profile description

0- T cm Dry 10YR4-2, moist 10YR3.5-2. Gravelly clay
loam. Dry, soft, weak medium subangular blocky
with few pores and no cracks. Moderately water
absorbent. Many fine roots. Many dark Caleium
carbonate concretions.

7- 28 cm Dry 10YR3.5-2, moist 10YR3-2. Gravelly clay
loam. Dry, slightly hard, strong fine prismatic
with no pores and many fine cracks. Rapidly
water absorbent. Many fine roots. Many dark
Calcium carbonate concretions.

28 - 49 cm Dry 10YR3.5-2, moist 10YR3-2. Gravelly clay
loam. Dry, hard, weak coarse prismatic with no
pores and few vertical cracks. Rapidly water
absorbent. No roots. Many dark Calcium
carbonate concretions.

49 - 98 cm Moist 10YR3-2. Gravelly clay. Slightly moist,
very firm, structureless with no pores or cracks.
Rapidly water absorbent. No roots. Common dark
Calcium carbonate concretions. Many Gypsum
crystals.

98 - 144 cm Moist 10YR3-2, with few 10YR4-3 mottles. Gravelly
clay moist, very firm, structureless with no
pores or cracks. Rapidly water absorbent. No
roots. Common Gypsum crystals and hard white
Calcium Carbonate concretions.

144 - 172 cm Moist 10YR3-3 with few 10YR4-3 mottles. Clay
loam. Moist, very firm, structureless, with no
pores or cracks. Rapidly water absorbent. No
roots. Few Gypsum crystals and hard white
Calcium carbonate concretions.

Laboratory Analyses
| Soil Particles %, Incor Soluble | Fxch |
?ptgl % Carb Oﬁ PH EcCo Na- $ .Na _I,_eQ Eo SoP
cn E | Soil | 1.5 eoil] Sate. Meq | por
Sand | Silt | Clay % Paste sus- Extr. per ; 100.gm
pension litre | soil
~ 7 8E L ] e 8.0 1 B33 | 042 0.2 0.5 2
BB At 8,62 1 0.75 0.5 5B 1oy
~ 49 55 5 A0 1 1 14 7.89 8.85 5¢5 4.2 ! 10.8 27
‘198 42 | 15 | 45 | 6.32 2,861 : 8452 | 745 8.4 t12. | B
44 | 35 7 58 | 545 7.89 8,72 1¥8,5 T.6 23.6 40
W2 | 25 | 151 80 [6.61 | 8.2 | 8.85 | 4.25 | 6.1 B9 | 4B

Marginal Natrargidic Magustert
Land Class 6



Py Natrarglds

RO12
15° 330 Ny 32° 40" Bi  Dates §r=ll-62
Flat

Not cultivatedi Grazed by cattle and sheep: %

iana bushes ten to twenty yards |
cover of fine grasses. ?

'a'pl art,

Surface Dry, slightly hard, finely cracked cap, 2 mm,
thick. Much gravel.

0= 18 em Dry 10YR4=4, moist 10YR4-3s Gravelly clay loam.
Dry, elightly hard, moderate medium swbangular
blooky with few pores and many fine cracks.
Rapidly water absorbent. Many roots, Few
Kankars.,

18 = 55 em Dry and moist 10YR3=2. Gravelly clay loam.
Dry, hard, moderate ®oarse prismatic with few
pores and many wide vertical cracks. Moderately
water absorbent. Few fine roots. Some amorphous
White saltse

55 = 97 em Dry and moist 10YR3=2. Clay loam. Dry, hard,
structureless, with no pores or cracks.
Moderately water absorbent. No roots. Some
white salt crystals. Some graval.

97 = 161 em Dry, moist 10235—4 with 10YR5=-8 mottless Loamy
gravels Dry, hard (cemented), structureless,
with no eracks or poress. Rapldly water absorbent.
No rootss Some white salt crystals. Some iron
staining and iron concretions especially near
the upper edge of the horizon.

161 - 185 em Dry and moist 10YR8=3 with 10YR6=3 mottles.
Loamy gravel. Dry, hard (cemented), structureless,
with no cracks or pores. Rapidly water absorbent.
Some white salt crystals. EFittle or no iron
staining.

;  Incor . | | Soluble | Exch | |
%h | Soil Pag?ieles % Gargoﬁ }‘ | pH ".E;G.' #: e %:gﬁeq_iE“S*Pf
Y] N e I"Sofl | 1.5 Soil | Sat | Meq | per |

Sand ' Silt Glay % | Paste! sus- | Extre per . 100 gm |
ol ol i f'pension : L Litre| soil
1 8§ B RO 7~.93 798 | 081 2k] 29§ 35
B1055 201 351 74 | 864 886 | 225| 20 f W6 | 40
127‘ 5 | 71 38| 420 | 835 865 | TuT5 7~'6 L

o0 57 | @ | 2316158 | 8.45 B‘m 3025 | 3,.._4 67 29 |

Natrargid.
Land Class 6 éQS



Pit

]

Location

e —————

Togograggz

Cultivation and

Land Use

Vegetation

Surface

Profile description

0 =

14 cm

42 cm

T4 cnm

T4 = 134 cm

134 - 185 cm

185 - 194 em

- 19

RO17
i 13 N, 32° 42 K
Flat

Date: 28-11-62

Not cultivated. Grazed by cattle and sheep.
Open plain with Acacia erhenbergiana and
Acacia tortilis 50-100 yards apart. 30% cover
of short fine grasses (Schoenefeldiagracilis).

Dry, slightly hard, not cracked.

Dry 10YR5-4, moist 10YRA-3. Gravelly clay loam.
Dry, slightly hard, moderate medium to fine
subangular blocky with no pores and many fine
cracks. Rapidly water absorbent. Many roots.
No salts.

Dry and moist 10YR3-2. Sandy clay. Dry, very
hard, strong coarse primatic, with no pores.
Vertical cracks up to %4 cm wide and fine
horizontal cracks. Moderately water absorbent.
Few roots. Some dark Kankars.

Dry and moist 10YR3-2. Sandy Clay. Dry, hard,
structureless with no pores and few vertical

cracks. Moderately water absorbent. No roots.
Some white Gypsum crystals.
Dry and moist 10YR3-2. Clay Loam. Dry, hard,

structureless, with no pores and few vertical
cracks disappearing about 100 cm. Moderately
water absorbent. No roots. Many gypsum cyrstals.

Moist 10YR3~2 with 10YR4—-4 mottles. Sandy clay.
Slightly moist, hard, structureless to weak
medium angular blocky with some fine cracks.
Moderately water absorbent. No roots. Some
gypsum crystals. Much gravel in patches. Some
Kankars.

Moist 10YR3-2 to 1l0YR5-8. Gravelly loam.
Slightly moist, hard, structureless, gravel
cemented by clay. Moderately water absorbent.

Land Class 6 3asv

No roots. No salts.
Laboratory Analyses
o : ! i) » Soluble: Exch |
S . Incorp ! oluble ”
. Soil Particles % Beair | PH ? E.C. Yo . Na Men E.S.P
| & Soil] 1.5 Soil! Sat. Meq er |
S | | i q § 1Y :
| S Sllt, Clay ; % Pastel sus- | Extr.g per | 100 gm ‘!
' l pension | | litre soil ;
{30 1123 | M35 |18.121.8.35 P ot } vt 4
13 1 40 1 9.6 8.40{ 8.73 | 1.0 | 06 T 1S 10
. 10 48 4.51 Vel 8.1 G5 e L s W
| 10 | 45 | 5.55 | 8.13| 8,09 110.0, | 7.2 | 154 | 34
e S 8. 1 6.8 | Bl 38 | DD
5T & L LS L anl L Bl 6 ¢ 1S | 32
Natrargid
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Pit RO21
Location 15° 27'W, 32° 48' BE. Date: 29-11-62

TopOZTaP hy Flat

cultivation and

Land Use Not Cultivated. Grazed by cattle, sheep and goats.
Vegetation Schoenefeldia gracilis and Arigtida sp. 60—70%
cover. Acacia tortilis bushes 10 to 20 yds apart.
Surface Dry, hard, level, with polygonal cracks % cm
wide.

Profile Description

0~ 36 ecnm Dry 10YR4-3, moist 10YR3-3. Coarse Sandy clay
loams Dry, slightly hard, moderate coarse
primatic, with no pores. Vertical cracks 4 om
wide and fine horizontal cracks. Rapidly water
absorbent. Many roots. No salts. Some gravel.

B - 59 cm Moist 10YR4-2 with 50% mottle 10YR3~-2. Coarse
sandy clay. Moist, very firm, structureless;
with no pores or cracks. Moderately water
absorbent. Few roots. Many vertical white
Calcium Carbonate streaks.

5 - 83 em Moist 10YR4-2 with 50% mottle 1OYR3-2.
Coarse sandy clay. Moist, firm, structureless,
with no pores or cracks. Slowly water absorbent.
Few roots. Few white Ca603 concretiong and
Gypsum crystals.

83 — 154 cm Moist 10YR4-2 with 50% mottle 2.5Y4-2.
Coarse sandy clay. Moist, firm, structureless
with no pores or crackse. Slowly water abgorbent .
Few roots. Very many Gypsum crystals. No
calcium carbonate.

154-180 cm Moist 10YR4-2 with 50% mottle 2.5Y4-2. Clay.
Very moist, very firm, structureless with no
pores or cracks. Slowly water absorbent.

No roots. No salts. Some gravel appsaring
towards the bottom of this horizon.

Laboratory Analyses

q

: L ' Incorp| Soluble Exch |
bt »SOJ.lA Partioles % | oo PH | E.C. Na | Na Mag | 2+
\cm) ! Soil | 1.5 Soil | Sat.| Heq | per
Sand | Silt | Clay % Paste sus- | Extr. per 100 gm
pension litre soil
= 30 15508 g {413 3.15 | 8.10 8.23 | 0.43 042 8 13
= 93 1 5 | 23 6480 | 8.55 8.65 | 0.68 0.44 ] 7.8 34
;83 67 8 | 25 6.59 | 8.52 8.67 | 2455 1.6 9.7 39
) 55 | 5 40 | 903 | 8.15 | 825 | Bl 7.2 belaed | oM
80| 50 | 10| 40 | 7.02|8.54 | 875 ! 40 T AT

Natrargid
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Location

Topographx

Cultivation and

Land Use

Vegetation

Surface

Profile Description

0=- 12 cm
12 « 44 om

44 - T2 cm

72 =

94 cm

94 - 180 cm

RO25
15° 26! N, 32° 48! E,
Flat

Dates 1-12-62

Not cultivated. Grazed by sheep, goats and cattle,

Acacia tortilis up to 10 yards apart. Some

A, erhenbergiana. 50% cover of Schoengfeldia
gracilis.

Dry, hard, level, with no cracks.

Dry and moist 10YR4~4, Coarse sandy clay loam.
Dry, slightly hard, weak coarse angular blocky
with few pores and fine cracks. Rapidly water
absorbent. Many roots. No salts.

Dry and moist 10YR4=3 with 30% mottle 10Y7.3-3.
Coarse sandy clay loam, Dry, hard, weak coarse
prismatic with no pores and few vertical cracks.
Rapidly water absorbent. Rare roots. Many
vertical streaks of white Calcium Carbonate.

Moist 2.5Y4-2. Coarse sandy clay loam. Slightly
moist, hard, structureless with no pores or
cracks. Moderately water absorbent. No roots.
Many vertical white streaks of Calcium carbonate.
Some Gypsum crystals.

Moist 245¥4m2 with 20% mottle 10YR4-2. Coarse
sandy clay. Moist, firm, structureless with no
pores or cracks. Rapidly water absorbent. No
roots. Many Gypsum crystals. Little Calcium
carbonate.

Uoist 245Y4-2 with 20% mottle 10YR4A-2. Coarse
sandy clay. Moist, very firm, structureless
with no pores or cracks. lModerately water

absorbent. No roots. Little Gypsum and Calcium
carbonate.
Laboraforx Analyses
. Incorp i . Soluble: Exch
Dth Soil Partlcles % ' Carbon PH , B.C. ! Na j Na Meq BE.S.P.
o Soil | 1.5 Seil| Sat. Meq | per
Bas | Qlay % Pasgte suge Extr. per |100 gm
pension litre | soil
10 | 15 3.38 | 8.00 | 8.22 DEID-C | u@eilbny . 252 8
10 25 9.31 8.62 8090 107 009 i 1103 45
8 25 10.31 | 8.47 8.65 Tald wi i Ga2hudriige) 25
5 30 13,73 % 8a13 8.35 7.7 | 6.8 313.7 f 39
10 43 T.41 | 8.62 FeORUER] 245 1 343 RS L 5
Natrargid

Land Class 6
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Bt %
Location 15° 16" N, 33° 04' B, -  Date: 22-12-62
Topography Very gentle slope to South-West. I
cultivation and {
Tand Use Not cultivated. Grazing land. ]
e ,
Vegetation Schoenefeldis gracilis, 40% cover, up to 18 inches

L g high. No trees.

surfaces ari, hard, level, finely cracked, with no 'sink' ,?

QLESe

profile Description

0= 450 Dry 10YB4.5-2 moist 10YR3.5-2. Gravelly clay loam. ;
Dry, soft, weak medium platy, with few pores and i
fine horigzontal cracks. Rapidly water absorbent. |
Many fine roots. Much quartz gravel and some dark
Calcium carbonate concretions.

4- 13 cm Dry 10YR4~2, moist 10YR3.5-2. Gravelly clay loam.
Dry, soft, weak medium subangular blocky with few
fine cracks and pores. Rapidly water absorbent.
Many fine roots. Much quartz gravel and some
dark Calcium Carbonate concretions. Few white !
Calcium carbonate streaks, T

13- 39 cm Dry and moist 10YR3.5-2. Gravelly clay loam.
Dry, hard, strong fine prismatic with no pores
and many vertical crasks up to 0.5 cm wide. |
Common fine horigzontal cracks. Rapidly water H
absorbent. Common fine roots. Much quartz [
gravel and some dark Calcium carbonate concretions. |
Few white Calcium Carbonate streaks.

¥ - 53 cm Dry and moist 10YR3-2. Sandy clay loam. Dry, I
hard, structureless with no pores or cracks. i@
Rapidly water absorbent. Few fine roots. Common |1
quartz gravel. Few white Calcium Carbonate
streaks.

53 = 105 em Moist 10YR3-1l. Sandy Clay. Slightly moist, hard, |
structureless with few fine jrres and cracks.
Rapidly water absorbent. No roots. No quartz
gravel. Few white Calcium Carbonate streaks.
Common Gypsum crystals.

105 - 136 cm Moist 10YR4A-4 with some 10YR3~-1 material infilled
in old crackse. Gravelly clay loam. Dry, hard
structureless with no pores or cracks, Moderately
water absorbent. No roots. Many hard light
coloured Calcium Carbonate concretionse.

136 - 168 cm Moist 10YR4-4 with few 1QYR5-6 mottles. Gravelly
clay loam. Dry, hard, structureless with no
pores or cracks. Moderately water absorbent,

No roots, Many hard light coloured Calcium
Carbonate concretions.

i
J
3

¢

o S e



Laboratory Analyses

- 16 -

Soil Particles %

Sand 8ilt Clay

Bxch
Na Meq

1.5 Boil

sus-—

pension

per
100 gm
soil

15
62
52
43
45
23
65

10
13
22
10
12

18
28
k3
35
45
33
28

3:99
4479
10.64
9+44
9429
12,56
8.97

7.85
8440
8.75
8.90
8.%
9.00
9+05

0.13
0.40
T+90
11.50
11,60
10.60
9470

Natrafgid
Land Class 6



PLt
yocation

Topography

Cultivation and
Tand Use

Vegetation

Surface

DR106

15° 19" N, 32° 55' E. Date: T.l.63
Flat

Not cultivated - grazing land.

Acacia tortilis trees 10-20 ft high, 20~50 yards

apart. Grass recently burned off.

Dry, hard, level with no cracks, almost entirely
covered by a thin layer of loose quartz sand.

Profile Description

0- 4ecm

4 - 31cm

31 - 81 om

8l -~ 122 om

122- 185 cm

Dry 10YR5-4, moist 10YR4-3. Sandy loam. Dry,
slightly hard, structureless with few pores and
no cracks. Laminated. Rapidly water absorbent.
Common fine rootss No salts.

Dry and moist 7.5YR4~4 with 10% mottle 7.5YR5-6.
Gravelly @lay loam. Dry, hard, strong medium
prismatic with no pores and many fine cracks.
Rapidly water absorbent. Common fine roots. No
salts.

Moist 10YR4-3 with 20% mottles 10YR5-2 and
10YR5-6. Sandy clayloam. Slightly moist, very
firm, structureless and compact with no pores
or cracks. Rapidly water absorbent. No roots.
Common vertical white Calcium carbonate streaks.

Moist 10YR4-3 with 20% mottles 10YR5-2 and
10YR5-6. Sandy clay loam. Slightly moist, very
firm, structureless and compact with no pores or
cracks. Rapidly water absorbent. No roots.
Abundant soft white Calcium carbonate concretions
about 1 cm diameter. Common dark ? Manganese
stainse

Moist 1OYR4-3 with 20% mottles 10YR4~2. Gravelly
clay loam. Moist, very firm, structureless and
compact with no pores or cracks. Moderately
water absorbent. No roots. Awundant soft and
hard light coloured Calcium carbonate concretions.
Many small dark ?Manganese concretions.

Laboratory Analyses

X . Incorp ] Soluble | Exch
pﬁh Soil Particles # | Garvon PH | EC Na | Na Meq| ZeSeP
4 1 ,
; Soil ' 1.5 Saqil| Sat. Me
Sand | 8ilt| Clay % |paste! sugw |Extr. peg 188rgm
: pension | litre soil
41 o¥ 31 18 2.4 |8,28 { 8:33 0.27 0.05 0 nil
i 12 3] & 1.23 {8410 | 8.48 08T 1 DL 530 21
181 80 2| 18 2.72 18.09 | 8.95 3.05 8 6.60 37
152 82 51 1 Tedd 18425 | 9.55 3.0 2.0 6.00 | 46
5| 551 7! 38 | 21.56 [8.50 | 9,60 ! 2.1 2.8 | 14.40 | 38

Natrargid
Land Class 6



Cultivation and

Land‘Use

Vegetation

Surface

Profile Description

12 = 41 cm

41 = 79 cm

79 = 157 em

157 - 186 cm

0- 1l2cm

Laboratory Analyses

- 18 =

DR107
15° 211 N, 32° 55' B« Date: 8-1-63
Flat

No cultivation. Grazing land.

cacia tortilis and Acacia seyal, 5 to 40 yards
apart, 10-1§ ft high. Grass mostly burned off,
but a few patches of Schoenefeldia gracilis remain

beneath trees.

Dry, slightly uneven, with low wind=accumulated
sandy hammocks. Slightly hard, with no cracks
and no 'sink' holes.

Dry 10YR5-3, moist 10YR4-2. Loam. Dry, slightly
hard, very weak coarse prismatic with common fine
pores and few fine cracks. Rapidly water
absorbent. Many fine roots. No salts. Little
gravel.

Dry and moist 10YR3.5-2, Coarse sandy clay loam.
Dry, hard, moderate medium prismatic with few fine
pores and many cracks up to 0.5 om wide. Rapidly
water absorbent. Few fine roots. Some large
roots. Some patches of vertical Calcium Carbonate
streaks.

Moist 10YR3.5-2 with 30% mottle 10YR4-3. Coarse
sandy clay loam. Slightly moist, very firm,
structureless with few pores and no cracks.
Moderately water absorbent. Few large roots.
Common vertical Calcium Carbonate streaks.

Moist 10YR3.5-2 with 20% mottle 10YR4-4. Coamse
Sandy Clay Loam. Slightly moist, very firm,
structureless with no pores and no crackse
Moderately water absorbent. Rare fine roots.
Common Gypsum crystals. No Calcium Carbonate.

Moist 10YR3.5-2 with 20% mottle 10YR4~4. Coarse
Sandy clay loam. Slightly moist, very firm,
structureless with no pores c¢r cracks, Moderately
water absorbent. No roots, Common soft white and
hard nodular Calcium Carbonate concretions.

| 7 1 i { 1
pn 501l Particles % | Incorp | PH ' B.C. IS°I1]:blef ﬁ"ﬁeq E.S.P,
n) s j Caxbon ; b 3

; g ; 1 {"Soil ' 1.5 Soil| Sat.; Meq per !

{ Sand | Silt | Clay | % |Paste | sus- Extr. per 100 gm

: 3 | f - .. pension litre soil

8ol 7B Fan Proeal 8 0.4| 0.07 0. |mi1

|62 b dn | @ | Gt 8.43] 9,67 0.81 0.4 8.10 | 30

£ 8|8 LD AD %l a6 18 e oW

62 | 10 | 28 | 0,12 [ 15| 82 6,0 | 6.0 9410 32

62 B ; 30 | 0446 BsT6] 9415 Tl 7.90 26

65 11 @ | 9435 8.22! 9423 2.8 25 | 11.40 41
Natrargid

Land Class 6

at '
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Lécation

Topograpgx

- 10 =

DR117
15° 24* N, 32° 52' B. Date: 10-1-63
Flat

Cultivation and Land Uses Grazing

Vegetation

Surface

No trees. 60% cover of Schoensfeldia gracilis

Dry, hard, level with no cracks. !'Sink' holes
2 to 5 yards apart. Common loose quartz sand.

Profile Description

0 - 10 cm
10 - 32 cm
32 = 53
23 = 1% on
72 - 185 cm

Dry 10YR5~4, moist 10YR4-3. Loam. Dry,
slightly hard, weak medium subangular blocky
with few fine pores and cracks. Rapidly water
absorbent. Many fine roots. Common quartz
gravel and dark Calcium Carbonate concretions.

Dry 10YR4-2, moist 10YR3.5-2. Gravelly clay
loam. Dry, hard, strong coarse prismatic with
no pores and many cracks. Vertical cracks up

to 0.5 cm wide. Much quartz gravel and many
dark Calcium Carbonate concretions in old cracks.

Moist 10YR3.5-2 with few mottles 10YR4-3.
Gravelly clay loam. Slightly moist, very firm,
structureless with no pores or cracks. Rapidly
water absorbent. No roots. Common small white
Calecium Carbonate streaks.

As above with few small white Calcium Carbonate
streaks and common Gypsum crystals.

Moist 10YR3-2 with 10YR5~-1 and 10YR4-4 mottles.
Gravelly clay loam. Slightly moist, very firm,
structureless with no pores or cracks. Rapidly
water absorbent. No roots. Many hard and some

soft light coloured Calcium Carbonate concretions.

No Gypsum.

Laboratory Analyses

; : g i ol Soluble| Exch
Soil Particles ﬁ} g:;ggﬁ PH i BeCe Na Na log E.S.P.
| i ’ Soil | 1.5 eoil| Sat. | Meq per
Sand | Silt Glayf # Paste sus- Extr. per 100 gm
§ ’ pension litre soil
5 1 181 8 | Bl f Bedb 8498 | 0441| 0.2 | 0450 2
55 12 33 i ddet 8.40 D238l BeRoihin Oubrciad 80 ' 30
55 10 35 | 12.36 8.63 Bedleiy o Radirpd Aab 11.00 31
57 8 35 | 11.67 T.72 8801l 740 | 546 8.3 24
62 B 1 3% [ 16.34 | 8.25 9,02 i 26 1 2P 9.6 32
60 g A T R 9.00 | 1.8%51 1.7 . .
Natrargid

Land Clasgs 6



12-31 cm

31- 55 cm

53-85 cm

85-114 om

14173 om

- 20 =
DR118
15°22'N, 32°53'% Date: 10-1-63
Flat.

Grazing (burned off),

Burnt grass stubble. No trees or bushes,

Dry, hard, level witha finely cracked cap about
2 mm thick. 'Sink' holes up to 5 yds. apart.
Common loose quartz sand and gravel and dark
Calcium Carbonate concretions.

Dry loYR4.5-2, moist 10YR4-2, Sandy clay loam,
Dry, slightly hard, structureless with few fine
pores and cracks. Rapidly water absorbent. Many
fine roots. Much quartz gravel, Many dark Calcium
Carbonate concretions.

Dry and moist 10YR3.5-2. Sandy clay loam. Dry,

hard strong, medium prismatic with. few fine pores

and many cracks. Vertical cracks up to 0.5 cm. wide.
Rapidly water absorbent. Common fine roots. Much
Quartz gravel. Many dark Calcium Carbonate concretions,
Few soft white Calcium Carbonate streaks.

Moist 10YR3.5-2 with few mottles 10YR4-3, Sandy
clay loam, Slighfly moist, firm,structureless with
no pores or cracks. Rapidly water dsorbent. TFew
roots. Few soft white Calcium Carbonate streaks.
Much quartz sand. Many dark Calcium Carbonate
concretions.,

As above with no roots, many hard light coloured
Calcium Carbonate concretions, and common Gypsum
crystals.

Dry and moist 1lOYR3-2 with 20% mottles 1OYR4-3,
Sandy clay loam. Dry, hard, structureless with no
pores or cracks. Rapidly weter absorbent. No
roots. Common hard light coloured Calcium Carbonate

concretions. No Gypsum.

Dry and moist 10YR3=2 with 40% mottles 10YR 4-4.
Sandy clay loam. Dry, hard, structureless with no
pores or cracks. Rapidly water absorbent. No roots.
Common hard light coloured Calcium Carbonate
concretions. Common dark coloured Manganese stains
and soft iron concretions.




Land Class 6.

-92] -
Laboratory Analyses:=
Soluble | Exch.,
Soil Particles % Incorp P.H. E.C. Na Na meq, E.S,.P,.
y Carbon r
! Soil | 8ilt | Clay % Soil (1.5 SoillSat, Meq per
Paste sus Extr. per 100 gm
pension litre soil
0 |3 1 20 11.26 Bel2. } 8,92 10,28 0.2 1.5 8
55 10 35 16.92 8,43 | 9.65 0.7 0.5 9.0 26
55 7 1% 18.92 8.40 [ 9,22 |3.5 1.1 13.1 3k
60 | 10 | 30 18.47 8.15 | 8.85 6.0 b4 9.0 30
70 7 23 13,47 8.40 | 9.25 2.05 1.8 9.0 29
65 10 25 15,05 8.42 | 9,22 1.4 1¢5 9.7 39
Natrargid
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Locationi
Topography s

cultivation and
Tand Use:

Vegetationz

Surface:

Vg R

DR125

15°28'N, 32°53'E, Date: 11-1-63,

Flat with low sandy mounds around bushes.,

Sparse grazingland,

Acacia tortilig and A, erhenbergiana bushes up to
ten feet high, generally in clumps 20 to 100 yds

apart. Schoemsfeldipgracilis, 10% cover, mostly
grazed short,

Dry, hard, level, with no cracks or 'sink' holes.
Much loose quartz sand and some gravel.

Profile Description:

0 - 2 cm

2« 25 cm

25 - 83 cm

83 - 139 em

139 - 184 cm

184 - 190 em

Dry and moist 7.5YR4~4, Sandy loam. Dry, slightly
hard, structureless with no pores or cracks.,
Rapidly water absorbent. Few roots, No salts.

Dry and moist 7,5YR4-4, Sandy clay loam. Dry,
hard, strong medium prismatic with no pores and
cracks up to 1 em, wide, infilled with loose sand,
Rapidly water absorbent. Few roots. Few patches
of Calcium Carbonate streaks.

Moist 10YR4-3. Sandy clay loam., Slightly moist,
very firm, structureless with no pores or cracks.
Some old vertical cracks infilled with material
from above. Rapidly water absorbent. No roots.
Many white Calcium Carbonate streaks.

Moist 1OYRA-3 with few mottles 7.5YRS5-6. Sandy

-~ clay loam. Slightly moist, very firm, structureless

with no pores or cracks. Rapidly water absorbent.
No roots. Few white Calcium Carbonate streaks.
Common dark Manganese stains. Few hard Calcium
Carbonate concretions with dark ?Manganese flecks.

Moist 1OYR4-3 with many mottles 7.5YR 5-6. Sandy
clay loams Slightly moist, veiy firm, structureless,
with some clay skins in cracks, Moderately water
absorbent., No roots. Common hard Calcium Carbonate
concretions with dark ?Manganese flecks.

Moist 1OYR 4-3 with 50% mottle 10YR5-4. Gravelly
clay loam. Slightly mdst, very firm, structureless.
Moderately water absorbent. Many hard Calcium
Carbonate concretions.

S L R



Land Class 6
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Laboratory Analyses:
| Soil Particles® | Incorp PuH, Exch.Na | E.S.Ps
i Carbon : Meq. per
Clay % Soil | 1.5 Soil! 100 gnm,
Paste Sus=- soil
Pension
7 18 0,48 7438 7+70 0.0 NIL
7 23 3.22 8420 9.15 3476 16
2. iy L.51 8445 9.60 6.26 48
S 35 3.68 8450 9.45 6.20 41
5 20 8.91 8149 9.32 7.60 38
7 28 8.17 | 8.35 9.10 8.67 6 |
Natrargid
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Pit DR131

Location 15° 43! N, 32° 34' B. Date: 16-1-63.
TopogLa Flat, with low sandy mounds

cultivation and

Laad Use Sparse grazing

Capparis decidia, up to 12 ft high, 10 to 30 yards
apart, commonly on low sandy mounds. Schoenefeldia
racilis, l% cover, 1 to 2 inches high.

Vegetation

Surface Dry, soft, sandy with no cracks or 'sink' holes.
Many dark Calcium Carbonate concretions.

Profile Description

0- 15 cm Dry 10YR5-4, moist 10YR4-3. Sandy loam. Dry,
soft, structureless with no cracks and few fine
pores. Rapidly water absorbent. Common fine
roots. No salts. Common dark Calcium Carbonate
concretions.

15 - 58 cm Moist 10YR3~-1l. Sandy Clay loam. Slightly moist,
firm, strong coarse prismatic with many cracks up
to 1 cm wide. 014 cracks up to 10 cm wide infilled
with material from above. Rapidly water absorbent.
Few fine roots. Few white Calcium Carbonate
streaks.

58 = 120 cm Moist 10YR3-1l. Sandy clay. Moist, firm,
structureless with no pores or cracks. Some old
cracks up to 3 cm wide infilled with sandy loam.
Moderately water absorbent. Many Gypsum crystals.
Few white Calcium Carbonate streaks.

120 = 170 cm Moist 10YR3-2 with 50% mottle 10YR4-3. Sandy
clay. Moist, very firm, structureless with no
pores or cracks. Moderately water absorbente.
No roots. Common Gypsum crystals. Common soft
and hard Calcium Carbonate concretions.

Laboratorz Analyses

ity | Soil Particles % | Incorp PH n.c, | Soluble | Bxch | g o p
em) | Carbon } Na Na Meq
Soil} 1.5 ~oil | Sat. Meq per
Sand | §i1t {Clay % Paste sus- Bxtr. per 100 gm
B pension ; litre soil
fg 90 | % P | 1005 emie3| <8438 FoNes 0.07 | 0,0 | M1
;Q 57 101 1311 4,68 B,1TLéus.08 | | 1.7 1,08 $:7.62 | &
10 50 7 ] 481 6,04 8,081 8.90 10.2 11.40 | 10.20 4
' L_f; 10 | 45 ! 4.64 8x15) - 835 9.2 8.20 | 12.60 28

Natrargid (Aridisol) .
Land Class 6
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Haplargids ‘ 
RO8S . EL
Jocation 15° 16'N, 33° 06'E.  Dates 20~12-62 |
wmograEhX Flat, with low sandy mounds around bushes. }
cultivation and ]!
Land Use Not cultivated. Grazing land. L
Vegetation Acacia nubica bushes up to 5 yds apart. :
Patchy cover of Aristida sp.
surface Dry, hard, level with no cracks and few 'sink!' i

holes. Much loose sand and some gravel.
pProfile Description

0- 15 cm Dry, 2.5U5-2, moist 2.5Y4-2. Sandy clay loam.
Dry, slightly hard, weak coarse subangular blocky
with few pores and cracks. Rapidly water
absorbent. Common fine roots. Much quartz sand
and gravel.

15 - 36 cm Dry 10YR4~2, moist 10YR3.5~2. Clay loam. Dry,
slightly hard, strong fine prismatic with few
pores and many fine cracks. Rapidly water
absorbent. Many fine roots and some large roots.
Common quartz sand and gravel.

36 - 53 cm Moist 10YR3-2. Clay loam. Slightly moist, very 1
firm, moderate coarse prismatic with no pores ~
and common fine cracks. Occasional vertical-
cracks up to 1 cm wide. Rapidly water absorbent.
Few fine, common large roots. Common quartz sand
and gravel. % {

53 - 183 cm Moist 10YR3-2. Clay loam, Slightly moist, very 1
firm, structureless with no pores and occasional
cracks up to 1 cm wide extending to the bottom

of the pit. Rapidly water absorbent. Much sandy i
material infilled in old cracks. Few coarse roots, ‘
associated with old cracks. Few white Calcium
carbonate concretions.

I@boratorz Analyses

| Soil Particles %! Incorp | | | Soluble | Exch s
1 | Soil | 1.5 Soil | Sat.| Heq por |
Bilt | Olay| % Paste| sus-  Extr.| per 100 gm é
pension | litre soil b

8 20 461 7.86 8.01 0«32 0.09 0.24 i

A2 33 6417 T«T2 Y.82 0«35 0.1 1.70 5

7 43 Te44 T+70 Te72 0.34 0.33 212 5

giitias 1 7381} 7.8 7.92 G405 0.4 3.60 8

0 1 45 | 6T 1ufe] &35 | 0.651 0.5 4.30 | 10

10 50 Te26 780 T«95 X7 | 1.3 5400 ' 10

Haplargid

Non-saline, Non-Alkali
Land Class 2/4




Land Use

Vogetation

Ce
Surfa

ultivation and

Profile Description

0= . 2cm

2= 339
3 - 58 om
5 - 101 cm
101 - 131 cm
131~180 cm

Laboratory analyses

- 26 -

DR101
15° 21'N, 32° 57'E.  Dates 7-1-63

Part of a broad low sandy ridge, with a very gentle
slope to the North-West.
Sparse grazing.

Acacia tortilis bushes 20-50 yds apart.
cover of fine grasses, grazed short.

Dry, hard, level with a thin, very finely cracked
caps No 'sink' holes. DMuch loose sand and gravel.

Dry 1O0YR5-4, Moist 10YR4-3. Gravelly sandy loam.
Dry, soft, weak fine platy with few pores and many
fine horizontal cracks. Rapidly water absorbent.
Many fine roots. No salts. DMuch quartz gravel.

Dry 10YR4-3, Moist 10YR3-2, sandy loam. Dry, soft
structureless with common pores and no cracks.
Rapidly water absorbent. Many fine roots. No
salts. Much quartz gravel and occasional shell
fragments.

Dry and moist 10YR4-3. Sandy clay loam. Dry,
hard, weak medium prismatic. Hard compact prisms
with few fine vertical cracks and few pores.
Rapidly water absorbent. Few fine roots. Few
small white Calcium Carbonate streaks.

Dry and moist 10YR4-4 with 50% 10YR5-6 mottle,
and many large infills of 10YR4-3 material from
above. Sandy Clay loam. Dry, hard, weak
medium prismatic. Hard compact prisms with few
fine vertical crecks and few pores. Moderately
water absorbent. No roots. Few small white
Calcium Carbonate streaks. Common soft dark
(purplish) concretions (?Manganese).

Dry and moist 1O0YRA-4 with 50% 10YR5-6 mottle.
Sandy clay loam. Dry, hard, structureless with
no pores or cracks. Moderately water absorbent.
No roots. No Calcium carbonate concretionse
Common dark purplish ?Manganese concretions.

Dry and moist 10YR5-6 with 30% 10YR5-2 mottle.
Sandy clay loam. Dry, hard, structureless with
no pores or cracks. loderately water absorbent.
No roots. Common dark purplish ?Manganese
concretions.

; : ! t
'S0il Particles %  Incorp Soluble| Exch
! Carbon PH : . - EcCo Na Na Meq Ec SCP
kel Soil |1.5.Coil| Sat. | Meg er
§ilt| Clay % Paste = sus~ | Extr. | per 108 gm
! : | pension litre soil
82 31 ¥ 1.87 8.03 8.1 0.32 | 006 0 nil
84 -1 Ivdlho-4-Bedp 8.29 0s24 | 0405 0 | mnil
g} 80 188 8.00 8.66 0.26 | 0.l 0.50 | 2
31 8 1.52 | 8.16 ; 8.58 0,38 0e2 1.2 |5
2 | 18 1.45 | 8.20 8440.7 ] O8F O/ 0.82 | 5
|12 |18 18% 5] 8.00 8.49 1 0.82| 0.4 0.80 | 4

Haplargid, Non saline, Non-alkali
Land Class 2/4
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6-158

~181

4
Locatiol

Topography

quibivation and
fend Use

Tegotation

ce
surfa

profile description

0- 4 om
4.- 24 cm
24 - 51 ecm

. 51 - 116 cm
116 - 158 cm

158 - 181 cm

Laboratory Analyses

oy e

DR137
15°1'N, 32° 38'E. Dates 17-1-63
Flat

Sparse grazing
Acacia tortilis trees, up to 12 ft tall, 10 to

30 yds apart. Scattered A. erhenbergiana and
Capparis decidua.

Dry, slightly hard, sandy, with no cracks or
'sink' holes. Some quartz gravel and dark
Calcium Carbonate concretions.

Dry 10YR5-4, moist 10YR4A-4. Sandy loam. Dry,
soft, structureless (laminated) with no pores or
cracks. Rapidly water absorbent. Common fine
roots. No salts. Some quartz gravel and dark
Calcium carbonate concretions.

Dry 10YR5-4, moist 10YRA-3 Loam. Dry, soft,
structureless with no laminationsj no pores Or
cracks. Moderately water absorbent. Common
fine roots. Few patches of white Calcium
Carbonate streaks (associated with local areas
of prismatic structure).

Dry 10YR5-4, moist 1O0YR4~3. Sandy clay loame
Dry, hard, strong fine prismatic with few pores
and many cracks. Vertical cracks up to 0.5 cm.
wide. Rapidly water absorbent. Tew roots.
Common white Calcium Carbonate streakse.

Moist 10YR4~3. Sanuy clay laam. Slightly moist,
very firm, structureless, with no pores and few
vertical cracks. Moderately water absorbent. No
roots. - Meny white Calcium Carbonate streaks.

Moist 10YRA-3 with 20% mottle 10YR4-4. Sandy
clay loam. Slightly moist, very firm,
structureless with no pore. or cracks.
Moderately water absorbent. No roots. Common
hard white Calcium Carbonate concretions.

Moist 10YR4-3 with 50% mottles 10YR5-2 and
10YR5-8. Sandy clay loam. Slightly moist,
very firm, structureless with no pores or
cracks. Moderately water absorbent. No rootse.
Many hard white Calcium carbonate concretions.
Common Gypsum crystals. Few dark Manganese
stains.

{ Soil Particles

Incorp| “[Soluble | Exch

- Carb ! PH "yE‘G" Na Na Meq E.S.P.
i Soil | 1le5 Soill Bate} Meg per
SendTARas | wWiR % Paste % sus- | Extr.! per 100 gm
pension | litre _soil
g7 i ® 071 1 71.68 7465 | 048 0,19 0.0 nil
5%+ 119 145 | 1.00 8,22 | 0.32] 0.04! €0 nil
62 8 30 4.31 | 8.30 9.03 | 0462 0.34| 4.16 14
62 8 | 6.99 | 8.42 9,10.-} 58 0.761 6.24 21
65 | 7 | 28 | 5.96 | 8.07 895 | 311 3,38! 4.42] 16
1. 81 8 8.98 | 7.86 | 8.0 | 4.5 | 3321 2L N
s 3 /(% ;
s . % S A

S PSR
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Fo Durargids

RO20
15° 31'w, 32° 44!E.

Pit

—

ion
Locatl

Topography

cultivation and
Land Use

Not Cultivated.

Vegetation

depressions.

Surface
Profile description
0~ 33 cm

and cracks.
roots. No salts.

79 em

salts., Some gravel.

79 - 104 cm

crackss No rootse.

104 - 168 cm

clay.

168 - 180 cm

Dry and moist 5YR3=4.
Dry, slightly hard, structureless 1o weak

medium subangular blocky, with few fine pores
Rapidly water absorbent.
Some gravel.

Dry and moist 7.5YR3-4., Sandy clay.
hard, structureless with no pores or oracks.

Moderately water absorbent.

Dry and moist 7.5YR4~4.
Dry, hard, structureless, with no pores or
No salts.

Dry and moist 10YR4~4.
Dry, hard, strmetureless, gravel cemented by
Moderately water absorbent.
rounded iron concretions and some iron pans
2-3 cm thick from 140 to 168 om.

Dry and moist 10YR5-6 to 4-4.

Dates

Sparse grazing.

29=11=62
Flat; with low gravelly jebels to the North-East.

Sandy clay loam.

Few rootss

Dry,

Acacia erhenbergimna and A. tortilis bushes up
to O ft high, 5=-2C yards apart, Ground is
mainly bare, with some fine grasses in slight

Dry, loose to % om, with much loose gravel.

Many

No

Gravelly clay loam,

Gravelly loam.

Many

Gravelly clay

Above command level.

loam. Dry, hard, structureless, gravel
cemented by clay. Few iron concretions. No
pans.
Laboratory Analyses
1 Soil Particles Incorp PH E.C. | Soluble| Exoh
M E——¥ : Carbon : Na_ Na lgg ellol
1) - Sand | §ilt | Clay Soil i 1.5 Soil| Sat. | Meq per
i % Paste | sus-= | Bxtr. | per 100 gm
pension litre soil
8 20 057 T.76 7.85 0.24 0,02 0.68
5:1. 38 1 1,28 T3 7496 0.5 0.07 | 0.43 |(very
8: 1'% | 2«47 7.75 7.8 0.52] 0.09 { 0461 | 1low)
5 30 2.04 T+70 Te73 0.55] 0.24 0.76
p) 33 1.75 7495 8.12 0.95{ 0.42 ! 2.2
Durargid

A _Wj‘
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Togogr&pu
Cultivat
Land Use

Vegetation

98 - 146 em

145 - 183 cnm

115° 43'N, 32° 40 B,

1 %o % slope to Test,
“lu"v 100 to0 200 yds
midway between two gulli

é‘rso grazing.

Acacia tortilis trees u

apart. Some Aristida sp.

dissected by shallow
Pit situated

p to 20 £t high,

5 to 30 yds

Dry, soft, sandy with no cracks or 'sink' holes.

Much quartz sand and fine gravel.

Profile ggﬂﬂi on

Dry 7.5YR5-6, moist 7.5YR4-4.,
soft, structureless (Laminated) with few pores and
fine vertical cracks about 18 inches apart.
Rapidly water absorbent,
nlt!o

Dry and moist 5YR4-6.
structureless with no laminations.

fine vertical cracks about 18" apart.
water absorbent.

large roots.

Loamy sand.

Many fine roots.

Sandy Loam.

Many fine roots.
o salts.

Dry 5YR4-6, moist 5YR4-4. Sandy clay loam.

Drxy,

No

Dry, soft,
No pores,
Rapidly
Few old

Dry,

slightly hard, weak medium prismatic with common

fine pores and cracks.
Many fine roots.

Dry 5YR4~6, moist 5YR4-d.

Few old large roots.
Sandy clay loam.

Rapidly water absorbent.
No salts.

Dry, slightly hard, structureless with no pores

or cracks.
roots.

Dry and moist 5YR4-4.
slightly hard, structureless with no cracks or
Rapidly water absorbent.
Iron stained quartz gravel with rounded

grains all 2 to 5 mm diameter.

pores.
salts.

Rapidly water absorbent.
No salts.

Gravelly loam.

No roots.

Few fine

Dry,

No

Dry and moist 10YR6-4, with 0% mottles 7.5YR5-6.
Loamy gravel.

with no eracks or pores.
No rootse.

Vo salts.

Dry, slightly hard, structureless
Rapidly water absorbent.

Iron stained quartz gravel
with rounded grains all 2 to 5 mm diameter.

Soluble | Exch

above command level;

2 (deuty)

ey PH | Na Meg | **°
"Boil | 1.5 Soil oo
% Paste| sus- ! 122i§m
pension 5 :
oy ni

0e24 | Te25| 7.32 - :
0.21 | T.45] T.45 88 gﬁ
0.15 | 7.00] 7.67 0.0 | mnil
0u3l | 1.47] T.72 0.0 | uid
0.66 | 7.78' T7.98 ' ‘
Haplargid/Durargid




Location:

Topo Eaghx :

Cultivation
and Land Use

Vegetation:

- 30 -

~ DR151

150 L"g' N’ 320 36' B Date: 19'1063
Flat

Very sparse grazing.

Surface:

Acacia erhenbergiana bushes up to 10 ft, high

B : b
100 yrds, apart. Scattered Capparis deciduaf.; o
Schoenfeldia gracilis, 1% cover, cropped short,

Dry, slightly hard, level, with no cracks and
Y V few small
'sink' holes, Many dark Calcium Carbonste concretiois

Profile Description.

0 -14 cem

14 -« 29 em

29 - 107 cm

107 - 172 Cm

Dry 10YR4.5-3, moist 10YR4-3, Gravelly clay loam,
hard, strong medium prismatic with no pores ang many
cracks. Moderately water absorbent. Common fine roots
Common dark Calcium Carbonate concretions. Some sand i;
cracks,

Dry,

Dry and moist 10YR4-3 with 20% mottles 7.5YR5-3 (moist
7.5YR4-3). Sandy clay loam. Dry, slightly hard, moderate
medium subangular blocky with no pores and common fine
cracks. Rapidly water absorbent. Fev fine roots,

Common white Calcium Carbonate streaks,

Dry and moist 10YR4-3 with 20% mottles 7.5YR5-3 (Moist
7.5YR4=3)loam. Dry, slightly hard, structureless with
no cracks or pores. Rapidly water absorbent, No roots
Common white Calcium Carbonate streaks,

Dry and moist 10YR4-3 with 30% mottle 10WR3-2, gilt Jomits
Dry, slightly hard, structureless with no pores or cracks.
Rapidly water absorbent. No roots. Many soft white
Calcium Carbonate concreticns.

Laboratory analyses

Soil Particles % | Incorp PH E.C. |Soluble| Exch
Carbon Na Na meq | E,S.P,
SIItCIay| % Soil 1.5 Soil| oSate TH 53
LPaste sus- Extr. | per {100 Bm
pension litre | soil
k3 7432 8.40 9.10 0.92 034 | 15,86 48
25 | 6.62 |8.70 9.30 3k 21 | 14,9 60
25 | 5315 “§8;8 9.21 6.0 6.4 | 15,2 61
23 7.07 | 8.62 9.32 L4 5,07 | 16.33 71
i

Natrargidic Orthustent.
Land Class 6.

G as




Pit:

Location:
o e e e e

Togoggaghx:

Cultivation and
Lgnd Use.

Vegetation:

Surface:

Profile description:

- 3] =
DR.156
15°531N, 32° 381 Date: 21-1-63.

Slight slope to the West, near the bottom of a low
Westward-sloping grassy ridge.

Grazing.

A few Acacia tottilis bushes up to 8 ft. high

nearby. Otherwise no trees. Schoensfeldiagracilis
and Aristida sp. '

Dry, slightly hard, level, with a very finely cracked
crusts No 'sink' holes. Much coarse gravel and many

stones. Some areas of boulders further East.

O- 7 cm

7- 18 cm

18-~ 55 cm

55-103% cm

103158 cm

158-182 cm

Dry 10YR5-4, moist 10YR4=3, Loam. Dry, soft,weak
medium subangular blocky with few pores and fine
cracks., Rapidly water absorbent. Many fine roots.
No salts. Much coarse Quartz gravel.

Dry 10¥YR3.5-2, moist 10YR 3-2, Clay loam. Dry,

slightly hard, moderate fine prismatic with few pores
and many fine cracks. Rapidly water absorbent. Many

fine roots. Much coarse quartz gravel., Few small
hard white Calcium Carbonate concretions.

Dry loYR3.5-2, moist 10YR3-2, Clay loam. Dry,
slightly hard, moderate medium prismatic with few
pores and many cracks. Rapidly absorbent. Common
fine roots. Common quartz gravel and small hard
white Calcium Carbcenate concretions.

Dry and moist 1lo¥YR3-2, Clay loam. Dry, hard,
structureless with no pores and few verticle cracks.
Rapidly water absorbent. No roots. Common quartz
gravel and small hard white Calcium Carbonate
concretions.

Dry and moist 10YR3-1l. Clay. Dry, hard, weak
medium angular blocky with no pores and common fine
cracks. Many shiny surfaces - ?slickcnsides.
Rapidly water absorbent. No roots. Little gravel.
Common small hard and soft white Calecium Carbonate

concretionse.

Dry and moist 10¥YR%-2 with 20% mottle 10YR4-3,
Clay loam. Dry, hard, structureless with no pores
or cracks. Rapidly water absorbent. No roots.
Little gravel. Many hard and soft white Calcium
Carbonate concretions.




- 32 =

Laboratory analyses:

Soil Particles % | Incorp P.H. E.C. |Soluble [EXChe | B o p,

Caxtiog Na No meaq { °
Sand | 8ilt |Clay % Soil | 1.5 Soil | Sat. Meq per
Paste sus- Extr.| per |100 gm
pension litre | soil

70 10 20 1.69 8.05 8.05 0.38 0,15 0.0 Nil
52 a5 99 2.83 8.31 9.00 0,40 0.17 0,83 3
4s 17 38 4,34 8.10 8.70 12 0.61 4,59 12
ks 15 Lo 34,09 779 8,51 b,2 2.15 5.45 14
B 18 Lo 2.58 750 8.20 5:75 3.60 5.10 13
37 13 50 3431 7.64 7.90 6.1 3.80 4,50 9

Orthic Orthustent
Above command level.




APPENDIX I1I

AREA 3d ENGINEERING RECONNAISSANCE

ixtensions to Sudan Survey Department Cross Section Number 1 - 6 Khartoum
Province Right Bank

Section|Bearing| NMWL Length oJ Distance| Height|Reduced
No. |(Mag.) | (Metres) SSD from above |ground Remark
A.,S.L. Cross 15.0 NMWL Level
Section | metres (Metres)
(kilo-~ isopotamon A.S.L.
metres) | ( Km.)
1 95° |371.80 | 18.600 |
0.000 15.00 | 386.800| Conc.Post
0,243 16.12 387.92 504 -Broken
0.470 16.87 388,67
0.747 17.19 388,99
0.996 18.32 390,12
1.375 18.74 390.54
1.598 19.10 390,90
1.878 19.88 391.78
2.108 20,00 391,80 Iron Stake
R
2 95° |[371.39 |14.950
0,000 15,00 | 386,39 | Concrete Post
0.394 15.36 | 386.7% | 507 (Broken to
0,770 15,42 | 386.81 | Ground Level)
1,258 15.65 387.04
1.7920 16.13 387.52
2.376 16,94 388.33
3.027 17.93 389.32
3.621 18.89 390,28
4,135 20,03 391.42 MMP 105 Iron
—_— Stake
3 95° |370.99 |12.500
0,000 15,00 385,99 Conc,.Post 510
0,647 18,06 389.05
1.085 20,09 391,08 | Conc.Post 1168
[\
4 95° |370.58 | 9.950
0,000 15.00 385.58 Conc.Post 469
0.572 16.14 386.72
1.077 16,62 ‘| 387.20
1.559 17.32 388.90
2,131 19.41 389,99
2,344 20,00 390,58 MMP Iron Stake
_ 101
e




s T
Laaring NMWL Length of|Distance | Height | Reduced
(vag.) |(Metres) SSD from above |ground
A.S.L. Cross 15.0 NMWL Level Remarks
Section |mctres (Mietres)
(Kilo- isopotamon A.S.L.
metres) (Km.)
95 370.18] 10.300
0.000 15.00 |385,18 |[Conc.Post
483
0,618 16,84 | 387,02
1,113 17.94 | 388.12
1.614 18,50 | 388,68
2,133 19.93 397,11 MMP Iron Stake
103
95 369,77 9.400
0,000 15.00 | 384.77 |[Conc,Post
468
0,555 15.82 | 385.59
C.944 16.34 | 386.11
1.446 17.00 | 386.77
1.868 17.35 | 387.12
2.257 18.15 | 387.92
2,721 18,73 | 388.50
3.132 19.39 | 389.16
3.510 20,02 | 389,79 |MMP
099 Iron Stake
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