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ABSTRACT

The surveyed areas (surveyed at scale 1: 1 000) are situated in the northern
part of the Accra Plains. The climate is characterized by a very uneven rainfall
distribution variable in time and amount and generally giving rise to a long and a
short dry seagon. The potential evapotranspiration is also high.

The major soils represented in the surveyed areas are the very gravelly soil
(Nyigbenya) and claypan soil (Agawtaw) derived from highly weathered drift material, -
and soils developed on fluvial and local alluvium (Chichiwere, Hake, Amo, Tefle
and Lupu), and generally characterized by a very variable texture and drainage. The
selected areas for the auxiliary farms and the two pilot areas cover the most
important soils not already represented by the University of CGhana Kpong Agriculture
Irrigation Station and the Department of Irrigstion Heclamation and Drainage Ashiamen
Bxperiment Station. The acreages of the different soill mapping units are given in
Table 3.

The mapping unit symbol indicates the kind of soil profile (Soil Series), the
texture of the surface layer and any problem of wetnass, slope and shallow depth.

Auxilisry farm No. 1 is representative of the soils developed on recent flood-
plain alluvium of the Volta River; Chichiwere, Hake and Amo are present in area 1,
and Heke, Amo and Tefle in area 2. Auwxiliary farm No. 2 is representative of soils
developed on highly weathered drifi materials) Agawtaw and Nylgbenya are represented
in these,

Pilot Area A containe mostly soils developed on recent flocdplain alluvium
(Chichiwere, Hake, Amo, and Tefle), and to a smaller extent soils developed on old
river terrace (Aveime and Zipa). Soils developed on highly weathered drift
materials (Agawtaw) and on transported material derived from the black shrinking
clays formed from basic rocks (Lupu), are also sparsely represented.

Pilot Area B contains soils developed directly or indirectly from basmic rocks
(Akuse, Prampram or Akuse shallow, and Ashiaman), soils developed on highly
weathered drift materials (Agawtaw), soils developed on old river terrace (Zipa) and
soils developed on recent floodplain slluvium derived from the adjoining black clays
upland (Lupu).

The irrigation sultability land classificetion has been made scoording to the
U.8. Bureau of Reclamation (1953) system based on the requirements for common arable
upland orops; but these subclasses can be readily reinterpreted for other crops
like pasture or wetland rice as can be seen in Table 5. The screages under the
different suitability classses and subclasses ave given in Table 4.
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Chapter 1

INTRODUCTION

OBJECTIVES

The report covers work of the Senior Soil Surveyor from 15 April 1968 until
20 October 1969, Generally, the objectives were to direct, supervise and execute
all work related to soll survey, including the examination of moil pamples, the
preparation of soil maps, and to advise on the selection of appropriate crops and
the extension of the research station on representative soils. It was slso required
that the expert should advise on possible sxpansion of irrigation development on the
Accra Plains and review generally existing soil information.

The focus of the 'report is the detailed survey carried out on the two areas
demarcated for the two pilot schemes and the selection of two avxlliary trial farms,
as well as a very detailed surveys of the arvess selected for the devel opment .

LOCATION AND EXTENT

The four surveyed areas lie in the northern part of the Accra Plains between
parallels 5°59' N and 6°90' N and meridians 0°2' E and 0°18' E. The total of
about 4 165 acres is made up as followa: auxiliary farm yo. 1 474 seres;
auxiliary farm M. 2 456 acres; pilot area & 1 656 acres and pilot area B 1 480
scres. (See Map No. 1)

GECLOGY AND PARENT MATERIAL

The geology of the area surveysd is coversd in a report by Junner and Bates
(1945) and, in parts,by more recent systematic geological mapping (Geol. Surv. 1968).
The Accra Plains are mainly covered by ancient igneous rocks of Archassnage called
Dahomeyan gmeisses and schists. These form three broad bands running approximately
north-south across the region., The western and eastern are acidic gneisses and are
separated by a central band of basic gneiss. The two auxiliary farms lie within
the central band of basioc gneiss jumt east of the western band of acidie gneisa.
The western part of pilot project block A lies in the central bend of basic gnelss
while the eastern part lies in the sastern band of acidic gneiss. The boundary
between these two bands passes through Klebwenys and Kasunysa. This indicates that
the western part of pilot project block B is wnderlain by bamic gneiss while the
sagtern part is underlain by acidic gneisa.

The basic gneiss consists almost entirely of garnetiferous hormblende gneins,
The scidic gneiss consists mainly of fine-grained muscovite-biotite schists and
gneisses and containe few quarts veins,



In auxiliary farm No. 2, partially or fully decomposed bedrock is usually
present within & feet (ft) but nc rock outcrops are encountsred. The rock is
hornblende gneiss, often garnetiferous. Quartz veins and muscovite gchists are also
occasionally encountered.

On the higher ground (at auxiliary farm No. 1), hornblende gneiss, often
garnetiferous, is observed in partially weathered bedrock within 6 £4 from the sur-
face, but notas rock outcrops. The lower areas are covered by a thick layer of
recent alluvium brought in by the Volta and Okwe rivers.

In pilot area By, on the upper northern and southern slopes, decomposed hornblende
gneisses and muscovite schistes are found occasionally within 6 £t of the surface.
No rock outcrops are encountered. The northwest slopes appear to be covered by old
terrace deposits. The broad valley floor forming the main part of block B is covered
by a thick layer of valley fill brought in by the flood waters from the adjoining
uplands of Black Clays. '

In pilot area A, rock outcrop or partially or even fully decomposed rock is not
encountered. The covering appears to be a thick layer of alluvium brought in by ’
the Volta River on the north and east and by flood waters from the high land of
Black Clays to the west.

Even in the areas where partially or fully decomposed bedrock is encountered in
a soil profile, the upper layer, usually 2 to 3 % in thicknesas, is derived from
material locally transported during peneplanation (strictly erosion surface forma-
tion). This drift material creates the smooth observable topography. The underlying
material has a very irregular surface. The drift material in auxilisry farm no. 2
has a very high content of well developed, concretionary, laterite gravel asg fthe base
gravel layer. This indicates that the drift is highly weathered.

Caloium carbonate found in the region could becoms an important source for
fertilizer. Between Amedica and Bator, along the Volta River, shell from the clam,
used as food and tipped along the river banks ss waste, accumulates at the rate of
approximately 5 000 tons per year. In addition, old buried shell deposits washed
onto the sandy bottoms of old river chaennels snd buried wnder silt during periods of
flooding are also known to exist at eight different locations. These have » total

estimated volume of 230 000 cubic yarde (yd3) and can be recovered by open cast
mining methods.

RELIEF AND SURFACE DRAINAGE

Three of the surveyed areas, auxiliary farm No. 1 and pilot areasA and B have
a low elevation lying between 66 and 15 £t above mean sea level. The fourth area,
auxiliary farm No. 2 has an elevation from 165 to 215 ft.

All the areas, however, have a very low elevation difference. The land is
almost flat to very gently sloping, slopes being commonly less than 2 percent and in
gome areas less than 1/4 percent. Only in a few places are gradients of up to 4
percent encountered,
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Surface runoff is slow or very slow in the surveyed areas., Soils in the
Dahomeyan gnelsses and some soils in the alluvium are very slowly or slowly imperme
esable and hence a very great proportion of the weter leaves the area as surface
ranoff. Of the amount entering the ground a significant proportion flows laterally
as seepage (in areas with s more permeable upper soil over the impervious layar},
following every heavy rainfall, the whole ground surface may be covered with a
slowly moving sheet of water. As it concentrates in the velleys extensive flooding
occurs. Such floods are generally of short duration, usually one to three days.

On the almost flat land, flood waters tend to remsin on the surface Ffor long pericds
extending into the dry season. When the project drainage channels are installed
thig problem will be eliminated.

CLIMATE

The climate data relevant to the Acora Plaine are available from Akuse, Accra,
Kpong and Osudoku. Only Akuse, Kpong and Osudoku are within the area circumscribing
the four project aress end data from Kpong and especially Osudoku are limited in '
goope and duration or continuity.

Rainfall

The total mean annual rainfall increases from north to south, and in the four
project areas situated in the northerm part of the Acora Plains, the annual total
is estimated to be about 40 to 50 inches. This however, varies considerably from
year to year, At Kpong where the mean is 49.3) inches, the totals ”
have ranged from 33.9 inches %o 80.2 inches (Kpong, 1964~65; and unpublished
meteorological records) and at Akuse where the mean is 44.0 inches, the totals have
ranged ?rom 24.7 inches to T7.2 inches (Walker, 1957: and unpublished meteorological
records) .

The rainy seasons on the average sre from March to July and from September to
November, with the monthly totals reaching their maximum in May and June and sgain
in October. December, January and February snd commonly August are very dry months.
Very considerable variations exist beitween successive rainy seasons in time of
onget, duration and amounts received. In some seasons, individual rainfalls are
numerous and well distributed and in others scattered and infrequent. The great
variability in monthly rainfall totals and also in yearly totals i& due to these
variations in the rainy seasons. It is not unusual for an entire month in a sesson
cugtomarily regarded as wet o be without significant amounts of rain. This is a

 feature of grave significance to the agricultural development of the country and has

been & subject of detsiled studies by the Ghana Meteorclogical Department.

A minimum monthly rainfall of 2,50 inches is considered as necessary for plant
growth without irrigation, and for about 3 in 4 years, December, Jamary and February,
and Auguet are dry. July and September are dry for about 2 out of 3 and 1 out of 3
years respectively. April, May and June sre the wet months with a dry probability of

—ghout loout of 20 yesrs. The othsr nomselly wet montha, Mavoh, October snd November

have a higher probebility of about 1 in 5 years., The fregquency of values above 10
inches in May, June, Ootober (and even July), August and September sre important only
on soconnt of the denger of flooding. Supplementary irrigation and sdequate drainage
will be therefore neceseary for the smooth sgrioultursl development of the Aocra

_Flaing.  In adddtion, the short harvest mesmon cannct alweays -be depended upon 4o allow
-adequate drying in the field, and artificial m&%h@ﬁm}QVQn open drying sheds, will be

Necessary.
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Chapter @

HOLLS

2.1 CENERAL CHARACTERISTICS AND PACTORS CONSIDERED IN THE DETAILED AND VERY DETATLED
5011 SURVEYS
The four aress surveyed are representative of the more lmportant solls found
in the Acora Plains. Akuse soils, sn important group in the region,are alresdy
well represented iv the existing fields of the Agricultural Irrigetion Hesearch
Station, Kpong (Brammer, 1955). The major solls covered in the four surveyed areas
are Lupu, Tefle, Amo, Hake, Chichiwere, Agawtaw and Nyigbenya. These represent two
important groups - those on highly westhered drift maferials snd those on alluvium
from the Volta River snd from stresms of the Bleck Claye upland. Small areas of
Avieme, Zipa, Akuse, and related soils are alsc included. Table 1 gives the scre-
ages of the Soll Series in the Scers Plaine as sstimated by Kalser Engineers snd
Constructors Inc. (1964) and the actual mcreages in each of the four surveyed areas
in the present project.
Table 1
ACREAGES OF THE S0IL SERIES IN THE ACCRA PLAINS AND
WITHIN THE SURVEYED AREAS
Soll Aoora Pilet Filot Awxiliery Selected Selected Auxiliary Selected
Beries Plaine bren byrws, Faxm Ares 1 hren 2 Farm hren
A B Hoo 1 Gumdd lery  Auwriliary Hoo. 2 Suxilis
Farm No.1 Farm No.1 Farm No.2
Akuse 141 200 e 125 11 - - o o
Prampram 22 900 - 26 11 - - - -
Ashiaman 300 - 47 o e an - -
Bundase 100 s = 12 w - - -
Lupu 7 200 16 764 - - . - o
Minye 1 400 - - - o o ) 343 58.6
hgawtaw 177 500 4 237 4 w o
Byigbenys 22 600 e - o e - 113 155
hvaime 5 200 T - - - - - -
Zipe 5 900 74 43 - - - - -
Chichiwers 2 300 11 - 64 8.9 14 o o
Hale 29 300 289 - 161 24..8 13.3 o =
Amo 13 000 1 08 4 208 6.2 10.0 o s
Telle 14 000 174 234 3 e 10.6 - -
Total

443 300 1 656 1 480 474 19,9 35.3 456 141




Considering only soils occupying an extent greater than 100 acres, those with
a potential for development thal have not been included in the pilot areas or the
auxiliary farms are (in acres):

Alajo Boo Oyarifa 20 300
Beraku 5 400 Papao 9 900
Bumbi 22 600 Simpa 52 000
Chuam 700 Tachem 8 100
Dome 1 700 Tepanya 200
Hacho 16 100 Toje 66 000
Kenya 7 600 S —
Koloidaw 12 100 Total 237 800
Krabo 14 300

The remainder are found on slopes too steep (greater than 5 percent),tao stony,
ghallow, or coarse textured, or occurring in arsas liable to flooding salinity, or
as unstable sands. !

These soils (in acres) are:

Fete 3 100 Osudoku 100
Salom 700 Danfa 400
Korle 18 400 Mamfe 11 500
Koni T00 Muni 3 000
Kenya 7 600 Keta 9 400
Agbozome 6 T00 Ada 31 400
Doyum 13 800 Mepe 2 000
Oyibi 33 000

Total 141 800

Thus, the major solls of the Accra Plains not represented here are mostly
dominant in the extreme south or west of the region or are those whose irrigation
feasibility has been rated low (Kaiser Engineers and Constructors Inc., 1964).

An important exception is the Simpa Series. Auxiliary Farm No. 2 was located using
the soil map of the Acora Plaing (Brammer, 1967) to include them but subseguent
correlation with the Simpa soils in the southern part of the Accra Plains revealed
that the Agawtaw — Simpa complex on the map is really Agawlaw-Nylgbenya complex.
The Nyigbenyasoil is similar to Simpa in drainage and in being formed on highly
weathered drift material. The only difference is that the gravelsin Nyigbenya are
laterite concretions with a few guartz cobbles while in the Simpa the gravelsars
ferruginized and unferruginiged quarts gravel and cobbles. The other soils, Bumbi
and Tachem though not ocovered by the surveyed ares are transitional between Akuse
and Lupu, Zipa snd Tefle respectively. Thus their potential can be later svaluated
from experience on these four soils.

In the systematic soil surveys undertaken, the main objectives have been the
recognition and svaluation of the relevant physical charascteristics of soil
topography and drainage for irrigation suitability. All areas have besn slready
covered by a reconnaissance survey at 1:125 000 (Brammer, 1967). In addition, three
of the areas, namely auxiliary farm FNo. 1 and pilot avess 4 and B were covered hy
detailed soil surveys at a scale of 1:16 000 and published at 1:32 000 in the Report
of the Survey of the Lower Volta River Floodplaina (FAO, 1961). The present soil
survey has been able to benefit from these and other published reports (Brammer,
1955, Kaiser Engineers and Constructors Inc. 1964; Nippon Koei. Co. Ltd., 1965).




Table 2

INTERSITY OF SAMPLING AND PROBLEWS ENCOUNTHRED

Aresn Filot Pilot Auxiliary Auxiliasry Selected Selected Selected
Area Area Farm No.1  Farm No.2 Area 1 in  Arvea 2 in  Area in
A B Auxilisry Auxiliary Auxiliary
Farm No.1  Farm No.1 Farm No.2
Acreange 1 656 1 480 474 456 39.9 35.3 T4
Map
Seale  1:5 000 1:% 000 1425 000 Te1 Q00 1:1 000 Te1 000 11 Q00
Traverse
line
interval 400 &
(in ft) 200 200 250 200 b2% 62% 50
Sampling
interval
on
traverse
lines 200 or 100 or 50 or 50 or 5O 50 50
(in ft) 100 200 100 100
Special Variable None Very Veary Very Very Veary
Aiffie texture variable compl ex variable variable ocomplex
oulties and texture goil pattern dexture texbure soil pattern
encount- drainage and due to very and and. due to very
ered drainage variable drainsge  drainage varisble
depth to depth to
gravel gravel

The surveys for the mape on the scale 1:5 000 were conducted at a detailed level
using traverse lines out at 200 £1 to 400 % apart, and,depending on the complexity
of the area,; augur samplings wers made at intervale of 50 £4 4o 200 £4 along the

traverse.

For the mape on the scale 1:1 000, the surveys were conducted at a very

detailed level by auguring every 50 ft along traverse lines 50 or 62% ft apart

(Table 2).

The soil patfern is very complex in three of the four surveyed areas,

namely the two auxiliary farme and pilot area A. The air photogrephs available were

st a scale of 1:16 000 and hence were not suitable for soil survey at the scales

1:5 000 and 1:1 000,

Pilot area A and the major part of suxiliary farm No. 1 form parts of an alluvial
floodplain in which the former courses of the river or its overflow chamnels can still
be seen in the form of long, linear or curved depressions usually under permanent but
shallow water, erronsously called lagoons in the maps of the region. The surface
drainage pattern thovgh involving relief of only a few feet is very irregular.



Texture varies rapidly both areally and with depth in a random manner,
sgpecially in the alluvial parts of suxilisry Tarm Wo. 1. There at the confluence
of Ckwe and Volta Rivers the land has undergone much deposition, possidle reworking
and even human disturbance, during the last few hundred years. The relief of the
two areas, though macroscoplcally that of a floodplain, is very uneven on detailed
examination, showing differences of elevation of a few feet in a random manner.
This variability, like that of texiture, is also more pronounced in suxiliary farm
Ho. 1. DTue to variations in texture and relief, the soil drainasge also varies
rapidly giving & complex distribution pattern,

In the survey and classification of soile of the alluvial areas of auxiliary
farm No., 1 and pilot area 4, the chief criteria have been dominant texture of the
profile, presénce or absence of stratified layers of markedly coarser or finer
materials, texture of the surface layer, permeability (as inferred from tsxture,
structure and porosity), and finally soil drainage class(hs inferred purely from the matrix
and mottle colours in conjunction with texture)., In determining soil drainage class,
yellower hues and low chromas giving gray colours are considersd to be signs of
impeded drainage. The dominance of these colouwrs as matrix colour or their pattern
and frequency as mobiles, have been used to differentiate between imperfectly,
poorly and very poorly drained soil classes. The presence of strong red mottles in
a yellow or gray matrix is congidered as an indication of a rapidly receding water
table while the absence of such contrasting mottlesm in a yellow or gray matrix is
considered as an indication of a slowly recsding water table and prolonged periods
of saturation,

A good vporrelation betwesn soil drainage class and texture was expected from
earlier reports to give well drained %o moderately well drained sandy smoils
(Chichiwere Series) on the levees, moderately well drained to imperfectly drained
light sandy clay loams (Hake Seriss) on the upper slopes, imperfectly drained to
poorly drained heavy clay loams (Amo Series) on ths lower slopes, and very poorly
drained clays (Tefle Series) im the depressions, Kevertheless, detailed observations
indicated that in the surveyed alluvial areass espsclally of suxiliary farm No.1, a
wide range of soil drainege classes are assoclated with the textures corresponding
to Chichiwere, Hake and sven Amo.,

In the very detailed moil survey at 1:1 000, the various dominant ranges in
drainage within textures corresponding to Chichiwere, Hake, Amo and a stratified
variant of Hake, have besen mapped.

Auxiliary farm No. 2 has a gently sloping, smooth topography in marked contrast
to the complex soil distribution pattern found there. The pattern of the two soils,
a deep gravel-free clayey hardpan soil (Agewtaw Series) and a shallow, friable soil
‘over a very gravelly subsoil (Nyigbenya Variant), is governed by the random menner
in which the depth of the gravel layer below the ground surface varies areally, sven
though the ground surface is absolutely uniform. '

The criteria used in surveying this ares have been the presence or absenve of
a clayey hardpan and/or a very gravelly layer congleting of laterite concretions
and/or quartz cobbles, the depth at which these layers are encountered and the texture
and thickness of the dark surface horizon. For the map on the scale of 1:5 000, the
intengity of sampling and the map somle did not allow for all the practically
significant festurses to bs shown. Bub in the very detailed map on the scale of
181 000, the depth phases of both Nyigbenys Variant and Agawbtaw Series and fwo related
golle have been mapped.
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Pilot area B haws been the only ares with o simple distribution of solls having
a high degree of correlation with the observable topogrsphy. The flat valley
bottoms have been formed largely by lecally trensported wvalley f£ills and have a
uniform texture and drainsge. The soils on the relatively higher ground are deve-
loped on soil parent material derived from basic rocks (Akuse and relsted aoils),
g0il parent material of highly weathered drift material (Agawtaw Series), and old
river terraces (Zipa Series). Thus though a wider range of soils are encountered,
they are readily mappable.

S0IL CLASSIFICATION

The soils encountered in the project sreas can be broadly divided into four
groups as followss '

i) those developed by weathering in place of basic rocks like garnetiferous
hornblends gneiss similer to the wpderlying wook, or developed from drift
material sssociated with peneplanation or erosion surface formation and
presumably derived from similer rocks (black, shrinking olays, very sticky
when wet and very cloddy when dry);

ii) soils developed on highly weathered drift material associated with pene-
planation or erosion surface formation and presumably derived from s
laterite orust and asmsociated scid gneisses wimilar to the underlying
bedrock, These ocour ueually as an sssocliatlion or sometimes as a complex
of desp gravel~free claypan solls and thick, wvery gravelly solls;

iii) soils developed on old, river terrace alluvium. These are imperfectly
drained to well drained oleys and sendy olay losms;

iv) soils developed on recent alluvium of the Volta River system and varyling
in drainsge from exosssively drained to very poorly drained and in texbture
from sands to very heavy clays.

The Soil Series nomenclature used by the Soil Research Institute of the Council
for Scientific and Industrisl Research of Ghans has been used for the soils mapped
in this survey. Where necessary, descriptive phresses have been added to the series
name to indicate either s narrower range of property or s feature not fully
recognized in the original series desoription.

The basis of soil clessification has been the observable properiies of the soil
in a soil profile, though, ss far as possible morphologiosl properties have been
interpreted in terms of genetic concepts. The standerds end terms used in desoribing
the solle are those defined in the FAOQuldelines for Scll Description and in the
Soil Burvey Manuel of the United Stwmtes Department of Agriculture (Handbook No. 18,

1951 .

Brief deseription of the Seoll Serles are given in the section on soil mapping
units. Bech Scoil Series desoription de followsd by & definition of the corresponding
poll mepping waite, Prominent inclusiong of other Boll Series and Varianits are
mentionaed,
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SOIL MAPPING LEGEND

The symbols used to represent the mapping units are based on & combination of
a letter and two-digit number (e.g. M20). The letter shows the dominant surface
texture, the first digit of the number indicates the broad group based on parent
material to which the s0il belongs and the second digit indicates the specific Soil
Series (e.g. in 42, the first digit 4 indicates the group of soils developed on
recent alluvium and the second digit 2 indicates the series Hake).

Where limitations in depth of soil due to either bedrock, gravel layer or clay-
pan occur, the degree of limitation is indicated by a number placed in front of the
letter, BSoils on slopes of 2 to 5 percent are shown by the letter B placed afier
the soil number. Degrees of wetness are indicated by symbols W1, W2 and W3 also
placed after the soil number. As this did not ccour on sloping land, there was uno
necessity to use both symbols for any given soil.

The mapping legend and system of mapping unit symbols have been based, as far
as possible, on the system used in Soil Survey and Classification, Volume II of the
Report on Survey of the Lower Volta River Floodplain (FAO, 1963). This has been done
+0 make easier the correlation between the present areas studied and all areas
covered by soil maps in the report just mentioned. Since depth to a limiting horizon,
texture of the plow layer, slope and degree of weiness are the chief factors within
a Scil Series influencing the suitability for irrigated sgriculture, this system i=s
quite satisfactory.

Texture Symbols

i

coarse texture; sand and loamy sand;

light texture; sandy loam and fine sandy loam;

~ medium texture: very fine sandy loam, loa, silt loam;

-~ heavy texture: clay loam, sandy clay loam, silty clay loam;
very heavy texture: sandy clay, silty clay, clay.

i

<GmErO

Dominant texture of the A horizon which is commonly about 6 to 8 inches thick
is considered here.

Soil Series
Soils from garnetiferous hornblende gneiss and other basic rocks:
10 Akuse Series (incluaes 1V10, Prampram which is basically a

shallow phase of Akuse Series).

11 Ashiaman Series.
12 Bundase Series.
1% Lupu Series.

S80ils from acidic gneiss:

20 Agawtaw Series (includes 2V20, Pejeglo which is basically
a shallow phase of Agawtaw Series).

25 Hyigbenys Series, imperfectly drained variant.



Soils from old river terrace alluvium:

30 Aviems Seriesn.
32 Zipa Series.

Soils from recent alluvium:

40 Chichiwere Series.
42 Hake Series.

43 Amo Series.

4% Tefle Seriea.

26363 Soil Depth

If the moil had a gravelly layer or a claypan horizon or decomposing or fresh
bedrock limiting root development or moisture holding capacity, its depth is shown
as & number placed in front of the texture symbols

depth greater than 16 inches for gravelly layer or claypan
and greater than 30 inches for bedrook;

no number

1 - depth between 8 inches and 16 inches for gravelly layer or
claypan and between 12 inches and 30 inches for bedroclk:

2 -~ depth less than B inches for gravelly layer or claypan and
lees than 12 inches for bedrock.

2eluht Slope

no symbol - slopes between O and 2 percent;
B -  glopes betwesn 2 and 5 pevcent.
2:3.5 Wetness

Estimated relative wetness (i.e. high ground water table or a perched water
table or prolonged saturation or a slowly receding flood in the rainy season)
expected after congtruction of flood protection dikes snd drainage channels.

W1 =~ glight problem;
W2 =~  moderate problem;

W3 - severs problem.



2.4  SOIL MAPPING UNITS USED IN THE SURVEY AT SCALE 1:5 000

2o 01 Soils Derived Directly or Indirectly From Bagic Uneisses
10, Akuse Series (ﬁeep, vlack, imperfectly drained, very sticky,
heavy, shrinking clays, calcareous at moderate
depth.)

The surtace soil is a thick, wvery dark gray or black, heavy, very plastic, very
gticky and neutral to slightly acid clay. Horispon differentiation is very weak and
the subsoil is a dark gray or very dark grayish brown moderately alkaline clay.
Moderate amounts of small, black hard, mangsnese -~ rich nodules and small, hard, black
or red, shiny laterite nodules are scattered throughout the subsoil. Coarse, white,
hard, calcareous nodules are concentrated in lenticular patches in the lower subsoil.,
Weathered bedrock material with a sandy loam texture occurs commonly below a depth
of 48 inches. The suil oracks veritically from the surface %o a depth of 36 inches
or more in the dry season. It is very hard, cloudy and compact when dry, and very
sticky, plastic and heavy, when wet. In the uncultivated natural conditions Akuse
soils guickly absorb water from the first rains at the end of the long dry season
until the cracks close up. Once almost saturated they are impervious and lose as
runoff much of the water that falls in the subsequent rains of the wel season. These
can be regarded as having medium external drainage {eurface runoff) and very slow
internal drainage whan wet.

Mapping Unit V 10 W1 Akuse Series, on almost flat (o-2%) upper slopes
and summits of the upland, and with a slight wetness
and soil management problem. Land class 2aed.

Mapping Unit 1V 10B Akuse Series, moderately shallow (12in~30in) %o
bedrock {also called Prampram subseries but strictly
Akuse Series), shallow phase, and ocourring on
upper gentle slopes (2-3%). Land class 2st.

11. Ashiaman Series Deep, very dark grayish brown, imperfectly to
moderately well drained, very sticky, heavy,
shrinking silty clay or clay changing to a dark
hrown, dense, calcoareous clay with depth.

These soils are similar to the Akuse Seriss in all the properties except for
the subsoil colour.

Mapping Unit V11 Wi Ashiaman Series on almost flat (0-2%) upper slopes
and gummits of the upland and with a alight wetness
and soil menagement problem. Land class Zad.

12. Bundase Series (Reddish brown moderately well drained clays).

The surface horizon is s thick dark brown, friable light clay. The subgoil is
a dark reddish brown clay. Highly weathered rock is encountered within 2 or 3 £%
from the surface. The soil is very plastic and sticky when wet and very hard and
cloudy when dry. These soils have good external drainage {surface runoff) and
mediwm internal drainags.
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Mapping Unit IV 10 B - 1H 12 B Bundase Jeries and Akuse, shallow phase
on gentle slopes (2-5%). Land class 2st.

15. Lupu Series (Deep, black very poorly drained, very
sticky, heavy shrinking clays commonly
calcareous with depth.)

The surface goil is a thick, very dark gray or black, heavy very plastic, very
agticky and neutral to slightly acid =ilty clay or clay. The horizon differentiation
is weak and the subsoil a very dark grayish brown, slight motiled brownish yellow
moderately alkaline to neutral, dense clay like to surface soil in consistence.
Moderate amounts of small, black hard, manganese - rich nodules and commonly few,
small, white, hard, calcareous nodules are scattered throughout the lower subsoil.
The soil cracks vertically from the surface to a depth of 36 inches or more in the
dry seasgon. Slickensides giving to anguwlar clods are common in the subsoil. The
subgoil does not appear to dry out completely even though vertical cracks and
slickensides give rise to a cloddy structure toward the end of the long dry season,
The surface is very hard, cloddy and compact when dry, and very sticky, plastic and
heavy when wet. In the uncultiveted natural state the Lupu soils guickly absorb
water from ths firsi rains and the surface runoff from the adioining upland at the
end of the long dry ssason until the cracks close up. Once almost saturated with
moisture they become impervicus. Much of the water that falls and the large volume
of surface runoff to which they are subjected during the subsegquent rains of the
wet season remain in the surface for prolonged pericds only moving out wvery slowly
as surface flow., These soils have very slow external (surface runoff) and internal
drainage.

Mapping Unit V15 W3 Lupu Series, on flat or almost flat terrain
(less than 1/4 percent slope), and having
a moderate to severe drainage problem,
Land class 4ad,

Soils Developed on Hiehly Weatheresd Materials

20, Arawinw Series (0live brown, imperfectly drained clay
loam soile with an essentislly impermesble,
compact, clayey hardpan,)

The surface soll is a very dark grayish brown or very dasvk gray, friable,
neutral to slightly secid, sandy clay loam, commonly about & to 8 inches thick. Thisg
is separated by an olive brown, hard, firm, prismatic or angular blocky, sandy clay
loam horizon from the underlying compact, clayey hardpan. The hardpan hasg an
abrupt upper boundary and is encountered at s depth commonly varying from & inches
to 16 inches from the surface. The hardpsn itself is about 9 to 15 inches thick, and
is an olive gray to gray, gritty clay loam or clay. It is massive, very firm and,
when dry, cracks vertically into extremely hard, very large, siz-sided blocks. This
horizon, even as fragmented clods, absorbs water very slowly. The lower boundary of
the hardpan is gradual and the hardpan is also relatively less hard with depth.
White calciume—rioh nodules and black, mengsnese-rich,fine, round concretions are
common in the lower part of the hardpan in the immediately underlying horizon.
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Commonly, a distinot gravelly lsayer or stone line composed of reddish brown, round,
concretionary laterite gravel and/mr angular guartz stones in a clayey metrix sepa-
rates the horizons presumably formed on drift material from the underlying horizon
which is a friabls, subsngular or angular blocky clay formed from rock weathered in
place, Highly weathersd maprolite followed by decomposing acld gneiss occours at a
depth of 4 to & £4 or even deeper.

The Agawtaw soils occur on flat to almost flat (0-2%4) terrain having a concave
aspect often serving as broad valleys. They are generally waterlogged for a few
days following each heavy rainfall due to the large amount of runoff received from
the uplands, the slow flow of this water and the nearly impermeable clayey hardpan
in the subsoil.

In some placses, uswally in the lower areas, the gravelly layer or stone line
comes nearer the surface and is incorporsted in the clayey hardpan, When the gravel
layer is thick and the gravel content high, the Agawtaw soil intergrades in
character to the Nyigbenya Series, imperfectly drained variant, with which it occurs
intimately mixed in the broad transition zone on the upper slopes between the summits
and the broad valleys. This intergrade known as Minya Series, is however, not ‘
separately mapped at 1:5 000 since it ocours in very small patches and randomly in
relation to any observable feature like slope value, slope aspect or position on the
slops. The Nyigbenya Series, imperfectly drained variant {descrived under soil
Mapping Unit L25) also ovccurs within the Agawtaw Series especially on the upper slopes
as numerous, very small, isolated patches and randomly in relation to any cbservable
feature. The change from a typical Agawtaw soil to a typical Nyigbenys, imperfectly
drained variant, sometimes takes place within 3 £,

Also included in the mepping unit is & thick, dark surface horizon variant of
Agawtaw. The very dark gray surfaced horizon is about 16 inches thick and the hard-
pan which ie commonly about 24 inches below the surface is not massive and breaks
into weak, coarse, angular blocks. This soll mey be regerded as an intergrade to
Akuse Series (described under soil Mapping Unit V10).

Mapping Unit M20 Wi-2M20 W1 Agawteaw Series on almosgt {lat {(0-2%) slopes
with & concive smpect, and with a slight wetness
problem. Land clase 3Isd,

Mapping Unit V20 W1 Agawtaw Series like M20 W1 but with a sandy
clay or clay surface horizon. Land class 3sd.

2%, Nyigbenva Series, Imperfectly
Drained Variant {Reddish brown, moittled, imperfecily drained
soils with a thick, very gravelly subsoll,
the gravel being mostly hard, round well
developed, laterite concretions and occasional
angular quarts.

The surface gravel-free horizon is a thin, very dark grayish brown friable, very
fine sandy loam or light sandy clay loam. The very gravelly sandy clay may have a
dark grayish brown, friable upper part it it comes within 10 inches of the surface.
The very gravelly subsoil is a slowly permsable, reddish brown layer mottled yellowish
brown or light brownish gray. It is very compact and hard in places but large



15

detached clods are frisble. The gravel ig mosily hard, round, well developed,
medium and fine laterite concretions and cccasionsl coarse, angular quartz embedded
in a clayey matrix. The gravel content commonly is greater than 70 percent by
volume of this very gravelly layer. The total thiclkness of the very gravelly layer
commonly exceeds 36 inches. This layer graduslly changes with depth into a friable
gravel-free, clayey layer mottled red, yellow and gray, and overlying highly
weathered acid gneiss or garnetiferous hornblende gneiss.

These soils are very similar to Nyigbenys Series, but are imperfectly drained
on account of the slow runcff on the gentle slopes and the poor internal drainage
of the very gravelly laysr., They are also similar o Simpa Series which is an
imperfectly drained, very gravelly soil differing through being coarse angular quartz.
The very gravelly laterite layer, in places is exposed at the surface and commonly
there, has become cemented. This gives rise to a hard laterite sheet. The Nyigbenya
Series, imperfectly drained variant occurs almost exclusively on the summits of the
ridge. On the middle slopes it is intimately mixed with the Agawtaw Series. In
places where the shallow, thick, very gravelly layer increases in depth or decreases
in thickness, there is commonly a development of a compact clayey horizon giving rise
to intergrades of the Agawtaw Series, But egually commonly the subsoil above the
deep gravelly layer is a yellowish brown, friable, mandy clay loam and these soils
are considered as a thick, gravel-free phase of the Nyighbenya variant. Since the
depth and thickness of the gravelly layer or stone line change very rapidly and
randomly in relation to the observable topographic features, it is only possible to
map some areas as a complex of Nyigbenya, imperfectly drained variant and Agawtaw.

Mapping Unit L25% - 2125 Nyigbenya Series, imperfectly drained variant.
The gravel-free surface layer over the thick
very gravelly layer is commonly betwsen 8 inches
and 16 inches thick. The suil cccurs on the
middle and upper slopes and summits of almost
flat land (0-2%) slopes with a convex aspect.
Land class 3s-ds.

Mapping Unit M20 W1 - 1L25% Nyigbenya, imperfectly drained variant Agawtaw
complex. The clayey hardpan of the Agawbtaw
soil in this unit commonly has a high content
of laterite gravel and the gravel-~free surface
layer of the Nyigbenya Variant has a very
variable thickness, ranging from about 8 inches
to more than 16 inches, This unit, like L25-
2L25, occurs on the middle and upper slopes of
almost flat land (0-2%) slopes with a convex
aspect. Land class 3ig-3sd.

2.4.3 Soils Developed on 0ld River Terrace Alluvium

30. Aveime Seriss (Very deep, moderately permeable, well drained,
red, porous, friable, fine sandy loams.)

The surface soil is a thick, very dark grayish brown to dark reddigh brown,
porous, friable fine sandy loam. It changes with depth into a dark red to red,
slightly hard, porous, light sandy clay loam subsoil., The moils are neutral to
slightly acid. There is a good distribution of roots 4o & depth of about 5 ft. Lenses
of oyster shells are commonly encountered in the subsoil.



These solls ocour on the genily sloping old ‘terrace remnants distinctly above
the present floodplain.

Mapping Unit L30 Aveime Series, on gentle slopes (0-2%). Land
clase 1.
32. Zipa Seriss (Deep, moderately well drained goil with a

compact, strongly mottled red, yellow and gray
clayey subsoil, )

The surface soil is a dark grayish brown, porous losm,hard when dry and friable
when moist. The subsoil which has a strong, cosrse prismatic structure breaking
down into coarse angular blocks, is a brownish gray horizon with many, coarse,
prominent, red or dark red mottles. It is dense with very few pores and has a sandy
clay or clay texture. Roots are very largely confined to the dark surface layer.

The Zipa soils have a denss, slowly permeable subsoil and hence the internal
g0il drainage is poor to medium.

Mapping Unit M32B Zipa Series, on almost flat (1-2%) and gantle
slopes (2-4%). Land class 2%t.
Mapping Unit V 32 W1 Zipa Series on almost flat (1~2%) slopes and.

having a clayey surface soil. These solls
have & slight wetness problem. Land class 2d.

2.4.4 Soils Developed on Hecent Floodplain Alluvium
40. Chichiwere Series , (Deep, pale brown or yellow, loose, sandy
soile,

The surface soil is a dark brown, loose sand or sandy loam held together by
many fibrous roots. This gradually changes into a pale brown or yellow loose sand
with a very fine sandy loam. Commonly a heavier textured layer may be encountered
abruptly below a depth of 24 inches. The soils are moderately to rapidly permeable
and neutral to strongly acid. Drainage varies with topographic position from well
drained in their type location along the levees of the Volta River, to poorly drained
in low lying positions.

Mapping Unit L40 Chichiwere Series, on almost flat (0-2%) summits
of old levees. Land class 2.

Mapping Unit L40 W1 Chichiwere Series, on the almost flat (0-1%)
floeodplain behind the levees. They usually
have a slight wetness problem, due to a
seasonally high water table and slow runoff,
Land class Zad.
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42, Hake Series (Deep, brownish ysllow, friasble, imperfectly
drained, moderately permeable sandy clay loams,)

The surface soil is a thin, loose, very dark grayish brown, neutral to moderately
acid, light sandy clay loam or silt loam. This is followed by a gradual transition
to a friable, very acid, sandy clay leam, or silty clay loam subsoil, mottled dark
gray or gray in a brownish yellow matrix colour.

The Hake soils are typically imperfectly drained, though poorly drained and
moderately well drained phasmes are also common.

Sandy layers are commonly encountered within a depth of & £ but below 3 ft.
In some places a slowly impermeable compact subsoil is present at a depth of about
2 %t giving rise to a perched water table., Neither of these variations appear to be
uniformly extensive or predictable. Thus they are not readily mappable.

Hake soils with a thick, loamy surface soils and upper subsoil are present in
some areas and these are mapped as Hake, a light textured variant.

Mapping Unit M42 Hake Series, moderately well drained phase on
almost flat {(0-2%) slopes. Land class 1.

Mapping Unit M4z W1 Hake Series, imperfectly drained phase, on
almogt flat (0-2%) land and having a slight
wetness problem due to glow runoff and
geasonally high water table. Land class 2d.

Mapping Unit L42 Hoke Series, light textured variant, on almost
flat (0-2%) slopes. Land class 1.

Mapping Unit L42 W1 Hake Series, light ftextured variant, on almost
flat (0-?%) slopes and having a slight wetness
problem due to seasonally high water ftable and
fleoding. Land class 2d.

Mapping Unit 142 B Hake Series; light textured variant, on gentle
(2~4%) slopes. Land olass 2%.

Mapping Unit L40 - M42 Complex of Hake Series, moderately well drained
phase and Chichiwere Series on almost flat
(0-2%) slopes. Land class 1-25.

43, Amo Series (Deep, brownish yellow, firm, poorly drained
clays end silty clays.)

The surface soil is a wvery dark grayish brown, friable, light sildty clay or
silty clay loam. In the subsoil, there commonly occurs at a depth of about 2 ft a
dense, extremely hard, silty clay or clay horizon with an abrupt vpper boundary.

The soil horizon immediately above this dense clayey horizon is a white or gray,
porous, silty clay loam developed in the zone of a laterslly moving perched water
table. The dense clayey horizon is light grayish brown with prominent red or strong
brown mottles and haes a strong, very cosrse, prismatic siructure., This is underlain
by a light brownish gray, very firm, angular blocky, silty ¢lay. The soils are
glightly to strongly scid.
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Amo soils are typically poorly drained, though an imperfectly drained phase
is also encountered. Surface runoff is slow and permeability is also slow. A
geasonally high fluctuating groundwater table is common.

Stratification with light textured layers is not common in Amo soils. Amo soils
with a silty clay or clay surface layer over & heavy clay subsoil are common. They
are mapped as Amo, a heavy textured variant.

Mapping Unit M43 W1 Amo Series, imperfectly drained phase, on
almost flat (0-14) slopes. These soils have a
slight wetness problem. Land class 2d.

Mapping Unit M43 W2 Amo Series, poorly drained phase, on almost flat
(0=1%) slopes. These soils have a moderate
wetness problem. Land class 3d.

Mapping Unit B43 W2 Amo Series, heavy textured variant, on almost
flat (0»1%5 slopes. These soils have a moderate
weiness problem like MA3 W2. Land class 3id.

45. Tefle Series (Deep, gray, mottled, very poorly drained,
heavy claysS.

The surface soil is a very dark gray, heavy clay, friable when dry during the
end of the long dry season. The subsoil which appears to be always moist is a very
dark gray, very firm clay, mottled yellowish red along the vertical root channels.

It has a strong, very coarse, prismatic structure extending to a depth of about 16
inches. The underlying layer is a gray cleay mottled strong brown and having a strong
or moderate angular or subangular blocky structure with prominent slickensides. The
soils are slightly to strongly acid. Roots are very dense in the surface horizon

and common in the upper soil, while in the lower subsoil they are few and tend to be
concentrated along the slickensides.

The Tefle soils have a very slow permeability, & measonally high water table,
very slow outflow by surface runoff, and flooding by & large volume of surface runoff
flowing from adjoining uplands,

Mapping Unit V45 - W3 Tefle Series, on flat valley bottoms, depres-
sions, and the lower end of very gentle slopes
(less than 1/4%) and having a severe wetness

problem. Land class 4d.
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Table 3
DESCRIPTION OF SOIL MAPPING UNITS (IN ACRES)

Soil Series & Pilot Pilot Auxiliary  Selected Selected Auxiliary Selected

Mapping Units Area Area Farm Area 1 Area 2 Farm Area

Symbol A B No. 1 Auxiliery  Auxiliary No. 2 Auxiliary
Farm No.?  Farm No.2 Farm No.2

Akuse Series
V10W1 - 125 11 - - - -

Prampram (Akuse
shallow) 1V10B - 26 - - - - -

Prampram & Bundase
Series
1V10B - 1H12B - - 23 - - - -

Ashiaman Series
V11W1 - 47

Lupu Series
V15W3 16 764 - - - - -

Agawtaw Series
M20W1-2M20W1 3
M20W1 - -
1M20W1 - -
2M20W1 - -
V20W1 - -
M21W1 - -
M24W1 - -

Agawtaw & Nyigbenya
Series
1M20W1=1L25 - - - - - 94

Nyigbenya Series
1L25-2L25 - - - S — 66
L25 - - - -~ - -
1L25 - - - - - -
2L25 - - - - - -

Aveime Series .
L30 7 - - - - - -

Zipa Series :
M32B 74 21 - - - - -
V32W1 - 22 - - - - -

Chichiwere Series

L40 11 - 38
6
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Table 3 (Cont'd)

S0il Series &

Pilot Pilot

Auxiliary Selected Selected Auxiliary Selected

Mapping Units Area Area Farm Area 1 Area 2 Farm Area
Symbol A B No. 1 Auxiliary Auxiliary No. 2 Auxiliary
Farm No.1 TParm No,2 Parm No.2
Chichiwere & Hake
" Series "
L40-M42 - - 39 - -
Heke Series
M1 bl had - 1 01 1 04 hesd —
M4 W1 - - - 2.5 0.6 - -
M41W2 2.4
L42 6 - - 0.2 - - -
L42W1 4 - - 0.3 - - -
LA2B 22 - 10 - - - -
MAZW1 249 - 102 8.3 G.8 - -
Amo Series
M4'3 - - - 3-6 b - -
M4 301 19 4 47 2.8 7.6 - -
M43W2 23 - 63 - 2.1 - -
HA3 - - - - - - -
H4 3W1 - - - - - - -
H43W2 828 - 98 0.2 0.3 - -
Tefle Series
V45W3 174 2M 3 - 3.8 - -
Water 5 - 10 - 6.8 - -
River - - (19) - - - -
Farmhouse - - - - - - 0.3
Total 1731 1480 484 39.9 35.3 456 T4 .4

2.5 DESCRIPTION OF PHASE RECOGNIZED IN THE VERY DETAILED SOIL SURVEYS OF SELECTED

AREAS IN THE AUXILIARY FARMS

The soils on the alluvial floodplain to the south of the Okwe River have many
gully-like valleys leading into them. In addition, the elluvial parent material
aririrating from the Volta River is modified by the addition of material from the
adjoining uplands of Black Clays. Hence the southern side was not considered suit-
able for the selection of the auxiliary farm., On the northern side of the Okwe
River, the better drained extensive area of Chichiwere and Hake soils often contain
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layers with a contrasting light texture. Within the remaining areas, it was not
possible to select a contiguous arsa of about 50 acres with favourable topography
and representing the full range of soils for the initial development. Hence two
separate blocks each about 25 acres were selected to cover Chichiwere, Hake, Amo and
Tefle soils.

Selected Areas in Auxiliary Farm No, 1

In the detailed soils survey at a scale of 1:1 000 of the two selected areas

in auxiliary farm No. 1, texitural and drainage ranges have been used to define
additional units. Hake soils, in which a light textured layer thicker than 4 inches
occurs within a depth of 42 inches, have been separaited as a Hake, stratified layer
variant., The impeded drainage in Hake and Ame soils is largely caused by flooding
and a perched water table due to a heavier textured layer in the subsoil giving rise
to lateral seepage. The whole area is flat to almost flat (0-2%) slopes and hence
no slopes phases are mapped. The following Soil Mapping Units have been used.

Mapping Unit L40 - Chichiwere sandy loam, moderately well drained
phase. Moderately to rapidly permeable, deep,
pale brown or yellow, loose sandy loam; finer
textured layer is often present below a depth of
243 almost flat (0-2%) slopes of old
levees., Land subclass Zs.

Mapping Unit L40 W1 Chichiwere sandy loam, imperfectly drained phase.
Similar to L40 except for the imperfect drainage
due to a seasonally high water table and slow
runoff; on the almost flat (0-1%) slopes of the
floodplain. Land subclass 24,

Mapping Unit L40 W2 Chichiwere sandy loam, poorly drained phase.
Similar to L40 except for the poor drainage due
to a seasonally high water table and slow
runoff; on the almost flat (0-1%) slopes of
the floodplain. Land subclass 24,

Mapping Unit M4+ Hake (stratified layer variant) sandy clay loan,
moderately well drained phase. Deep, brownish
yellow, friable,moderately to rapidly permeable
a0il similar to M42 except that the sandy clay
loam surface layer to a depth of commonly 18 ins
is underlain hy a coarse textured layer of
thickness greater than 4 in; on almost flat
(0-2%) slopes of the floodplain. Land class 1.

Mopping Unit M41 W1 Hake (stratified layer variant) sandy clay loam,
imperfectly drained phase. Similar to M41 in
all respects except for the impeded drainage
due to seasonally high water table and slow
runoff; on almost flat (0-~2%) slopes of the
floodplain. Land subclass 24,




Mapping Unit

Mapping Unit

Mapping Unit

Mapping Unit

Mapping Unit

Mapping Unit

Mapping Unit

Mapping Unit

M41 W2

MAZ

M42 Wi

Mi2 W2

L42

L42 W1

M43

M43 Wi

22

Hake (stratified layer variant) sandy clay loam,
poorly drained phase. Similar to M41 except for
the poor drainage due to seasonally high water
table and slow runoff; on almost flat (0-2%)
slopes. Land subclass 2d.

Hake sandy cley loam, moderately well drained
phase. Deep brownish yellow, friable, moderately
to rapidly permeable sandy clay loam becoming
mottled and slightly fine textured with often
either a coarse textured layer encountered between
3 and 6 £t or a slowly permsable, compact, clayey
subscil at about 2 ft; on almost flat (0-2%)
slopes of the floodplain. Land class 1.

Hake sandy clay loam, imperfectly drained phase.
The typical drainage phase, similar to M42 in
all respects except for the imperfect drainage
due to seasonally high water table and slow
runoff; on almost flat {0-2%) slopes of the
floodplain. Land subclass 2d.

Hake ssndy loam, poorly drained phase. Similar
to M4Z sxcept for the poor drainage due io
seasonally high water table and slow runoff; on
almost flat (0-2%) slopes of the floodplain.
Land subolass 2d.

Hake (m&derataly coarse textursd variant) loam,
moderately well drained phase. Similar to M42
except that the surface soil and subsoil are
moderately coarse textured; on almost flat (0-2%)
slopes of the floodplain. Land class 1.

Hake (moderately coarse textured variant) loam,
imperfectly drained phase. Similar to L42

except for the imperfect drainage due to season-
ally high water fable and slow runoff; on almost
flat (0~2%) slopes of the floodplain., Land
subclags 2d.

Amo silty clay loam, moderately well drained
phase. Brownish ysllow, mottled, friable, silty
clay loam commonly abruptly underlain by an
extremely hard, dense, slowly permeable silty
clay; on almost flat (0-1%) slopes of the flood-
plain., Land class 1d,

Amo silty clay loam imperfectly drained phase.
Similar to M43 but imperfectly drained due to
geasonally high weter table and slow runoff; on
almost flat (0=1%) slopes of the floodplain.
Land subclass 2d.
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Mapping Unit MA3 W2 Amo silty clay loam, poorly drained phase.
Similar to M43 W1 except for the greatly impeded
drainage due t0 slow runoff and greater flood~
plain on almost flat (0~1%) slopes of the flood-
plain. Land subclass 3d.

Mapping Unit H43 Amo (fine-textured variant) silty clay moderately
well drained phase. B8Similar to M43 except for
a finer textured subsoil and surface smoil; on
almost flat (0~1%) slopes of the floodplain,
Land clags 1.

Mapping Unit H43 W2 Amo (fine-textured variant) silty clay poorly
drained phase, Similar to H43 except for poor
drainage on almost flat (0-1%) slopes of the
floodplain. Land subclass 3d.

Mapping Unit V45 W3 Tefle clay. Very poorly drained, deep, heavy
clays with a very dark gray, friable clay surface
soil cover,a dark gray mottled yellowish red,
very firm, very slowly permeable, clay subsoil;
on flat (0-0+25%) bottom land. Land class 4d.

Mapping Unit - Water Area covered by shallow water; +the soil appears
to be similar to Tefle clay (V45 W3).

Selected Area in Auxiliary Farm No, 2

The soils of auxiliary farm no. 2 occur in a very intricate complex patternm.
In the soil map in the scale 1:5 000, the So0il Mapping Units M20 W1 - 2M20 W1
(Agawtaw Series) and L25 ~ 2L25 (Nyigbenya imperfectly drained variant) themselves
only indicated the dominant soil and included scattered small patches of the other
soils. 1In the remaining parts where no large enough area of dominantly one soil is
mappable, the Soil Mapping Unit is M20 W1 - 1L2%; a complex of Agawtaw and Nyighenya
variant. The area selected contains the full distribution of these soils and is
near the proposed source of water, the Accra pipeline.

From a practical point of view, the depth to a limiting horizon (claypan in the
case of Agawtaw and gravel layer in the case of Nyigbenya variant) is important.
Hence three phases indicating depths of less than 8 inches, 8 inches 1o 16 inches
and more than 16 inches are mapped. These phases are fundamental for Nyigbenya but
may not be as important for Agawtaw if economically feasible methods of disrupting
the claypan are developed.

In addition to mapping the three depth phases, two variations occurring to
limited extents and included with the Agawtaw on the 1:5 000 map are shown separately.
One is the soil containing a high content of laterite gravel in the claypan and
sometimes called Minya Series. The other is a variant of Agawtaw having a thick,
very gray surface horizon and with the claypan usually more than 24 inches below the
surface.

The following Soil Mapping Units have been used:
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Mapping Unit

Mapping Unit

Mapping Unit

Mapping Unit

Mapping Unit

Mapping Unit

M20 W1

1M20 W1

2M20 WA

M21 W1

M24 W

L2s

2125

Agawtaw Series on almost flat (1-2%) slopes and
with a slight wetness problem; the friable
surface layer over the clayey hardpan is more
than 16 inches thick,

Agavbaw Series on almost flat (1-2%) slopes and
with a slight wetness problem; +the friable
surface layer over the clayey hardpan is 8 to
16 inches thick,

Agawtaw Series on almost flat (1-2%) slopes and
with & slight welness problem; the friable
surface layer over the clayey hardpan is less
than 8§ inches thick.

Agawtaw Series, with a thick dark surface
horizon variant, intergrading to Akuse Series,
on almost flat 31«2%) slopes and with a slight
wetness problem, The clayey hardpan is commonly
about 24 inches below the surface.

Agawtaw Series, gravelly clay hardpan variant
also called Minya Series, on almost flat (1-2%)
slopes and with a slight wetness problem; the
frisble surface layer over the gravelly clay
hardpan is commonly B 4o 16 inches thick,

Nyigberya Series, imperfectly drained variant on
almost flat (1-2%) slopes; the gravel-free
friable surface layer over the very gravelly
layer is more than 16 inches thick.

Nyigbenya Series, imperfectly drained variant
on almost flat (1-2%) slopes; the gravel-free
friable surface layer over the very gravelly
layer is less than 8 inches thick.
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Chapter 3

IRRIGATION SUITABILITY

DEFINITIONS OF IRRIGATION SUITABILITY LAND CLASSES

Class 1 Diversified Crops, Arable

Lands that are highly sultable for irrigation farming. They are capable of
producing sustained and relatively high yields of climatically suited upland crops
at reasonable cost when properly provided with essential cultural management,
including irrigation, drainage, feriilization, weed and pest control. The surface
is smooth with a gentle gradient between 2 and 0.25 percent., The soil to a depth
of 60 inches has a moderate to moderately heavy texture with a porous, friable,
stable structure favourable for root development, permeability 4o air and water, and
a good moisture retention capacity and no adverse drainage restrictions affecting
plant growth. These soils have a moderate to high cation exchange capacity and a
high base saturation, They have a low soil extract conductivity (less than 2
millimhos) and are free of toxic elements and will continmue to be so under proper
irrigation and drainage maintenance. Both soil and topographic conditions are such
that with project land development and facilities, there will be no drainage or
flooding problems, and erosion resuliing from irrigation will be negligible. These
lands have a relatively high net farm income potential.

Areas under class 1 are Soil Mapping Unit L30: Aveime Series; on almost flat
(0-2%) slopes. Mapping Unit M42: Hake Series, moderately well drained phase on
almost flat (0-2%) slopes. Mapping Unit L42, a light textured variant of Hake on
almost flat (0-2%) slopes.

Class 2 Diveraified Crops, Arable

Lands that are moderately suitable for irrigation farming, being measurably lower
than class 1 in productive capacity, adapted to & narrower range of climatically
suited upland crops, more costly to farm or generally involving greater risk., They
are not so desirable nor of such high value as lands of class 1 because of certain
correctable or noncorrsctable limitations of scils, topography or drainage. Any one
of the limitations mey be sufficient to reduce the lands from class 1 to class 2
but frequently a combination of two or more of them are present.

The subclasses are defined by the symbols "a%, "4' and "d" for soil topography and
drainage to indicate the dominant type or itypes of limitations., The new areas under
class 2 may have & low available moisture capacity as indicated by coarse texture
(land subclass 28: Mapping Unit L40 - Chichiwere Series on old levees); or they
may be, in addition, slowly permeable due to topographic position (1and gubclass 2sd:
Mapping Unit L40 W15. They may be only slowly permeable and be heavy and very sticky,
when wet, and cloddy and hard, when dry (land subclass 2sd: Mapping Units V10 WA
and V11 W1); or they may be, in addition, on gentle slopes promoting greater runoff
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and erosion but minimizing to some extent the wetness problem (land subclass 2st:
Mapping Units 1V10B and 1V10B~1H12B). Simple topographic limitation includes steeper
slopes necessitating special care and greater costs o irrigate and prevent erosion
(land subclass 2t: Mapping Units M32B and L42B). Drainage limitation or flood
hagard may be present (land subclass 2d: Mapping Units V32 W1, 142 W1 and M43 Wi).
Some may be moderately saline (conductivity between 2 and 4 millimhos) which involves
moderate costs for leaching and meintaining & low level of salinity. In spite of

the greater costs, risks, limited range of crops or lower productivity capacity,
these lands of class 2 can have adequate net farm income under proper management.

Glass 3 Diversified Crops, Arable

Lands that are suitable for irrigation development but are approaching margin-
ality in upland crops adaptability range or economic potential. They are of
distinctly restricted suitability because of more exireme deficiencies in the soil,
topographic or drainage characteristics +han class 2 lands. These deficiencies
restrict the range of crop adaptability or impose severe management problems or soil
improvement measures,

These lands may have a smooth topography but have inferior soils (land subclass
3g:  parts of Mapping Unit L25-2L25 - Nyigbenys variant, an infertile soil with a
very gravelly gubsoil); in addition, they may have impeded drainage {1and subclass
3sd: Mapping Units M20 W1 ~ 2M20 W1 and V20 W1 - Agawitaw Series, infertile, droughty
and with a claypan impeding internal drainage). The limitations may be simply poor
internal drainage and flooding hagards (land subclass 3d: Mapping Units M43 W2 end
HA3 W2). The basis of the system of land classification for irrigation suitability
and the set of generalized specifications for irrigation suitability classification
of land are given in Appendix 2.

Class 4 Diversified Crops, Arable

Lands that have one or more noncorrectable deficiencies making them unsuited
for most common crops. Some are well suited to wetland rice, and others only to
meadow or pasture. They are capable of supporting a farm family with a moderate net
farm income if operated in units of adsquate size or in association with better
lands.

The deficiency may be a soil characteristic such as due to very high content
of inert gravel in the subscil and the near-surface layer (land subclass 4s: parts
of Mapping Unit L25 ~ 2L25). It may be inadequate internal drainage and an unfavour-
able topographic position causing seasonal flooding and slow runoff (land subclass
44: Mapping Unit V45 W3); or it may, in addition, have a soil problem {land subclass
4sd: Mapping Unit V15 W3, very sticky, heavy clay, when wet, and cloddy and hard,
when dry).

Class 5, Nonarable

Lands which are nonarable under existing conditions but with potential value
sufficient to warrant tentative seggregation for special study prior to completion
of classification; or, lands whose arability is dependent upon additional project
construction or land improvements. This class does not appear in the maps or
report.
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Class 6, Nonarable

Lands which are considered nonarable because of failure to meet the minimum
requirements for the other classes of land, or which are arable but not susceptible
to delivery of irrigation water or to provision of project drainage.

For subclasses which are not susceptible to irrigation because of position,
such as isolated éi), high (h), or low (1); or which need additional project drain-
age construction (d), the arable class or subclass is given in parentheses.
Subclasses 6d (4sd), 6h (1) and 6h (2%) have been recognized in the surveyed areas.

The system of subclasses as numbered and defined in the previous paragraphs
has been designed primarily to indicate levels of suitability and kinds of limita-
tions for the climatically adapted, common, arable, upland crops like maize, sorghum,
sugar cane, cotton, tomato, tobacco, kenaf, pineapple, sunflower, cowpea, groundnut,
sesame, onions and shallot. Levels of suitability and limitations for other kinds
of crops like tree crops, pasture or wetland rice need not be the same as those
indicated by the number and letters of these subclass symbols since the crop require-
ments can vary, | Nevertheless, the wide specirum of subdivisions based on specific-
ranges of limitations of soil, topography and drainage conditions defined for the ‘
arable upland crops can be readily reinterpreted for the other kinds of crops. Only
pasture and wetland rice are considered in addition to arable upland crops in Table
6, since tree crops will not be developed extensively in the Accra Plains.

The suitability levels for the three kinds of crops are indicated, for sake of
clarity, by the terms high, moderate, low and nil; these correspond in crop
adaptability and economic potential to the irrigation suitability land classes 1, 2
3 and 4 as defined in this section. Thus the suitability levels for common upland
crops expressed by the land class numbers 1, 2, 3 and 4 in the first colum (land
class and subclass) are repeated by the terms: high, moderate, low and nil respec-
tively in the fourth column (Suitability levels for arable upland crops) for easy
comparison with the suitability for wetland rice and pasture.

RECOMMENDATIONS REGARDING LAND USE OF THE LAND CLASSES

Clags 1

The soils of land class 1 in this project are characterized by ease of tillage,
good internal drainage and a soil struciure favourable for good root development.
These features make them (Soil Mapping Units L30, L42 and M42), in an area dominated
by imperfectly or poorly drained heavy clays, very desirable for a wide range of
tuber crops, deep rooted crops and crops sensitive to impeded drainage. Some of the
crops that can be grown are hanana, plantsin, pineapple, tobacco, yam, cassava, kenaf,
pepper, cowpea, capsicum, tomato, garden egg, eggplant, ckro and other vegetables.
They are not suited for wetland rice.

It will be necessary to build up the organic matter content which tends to be
low and to supplement low nutrient holding capacity by: growing leguminous cover
crops in the rotation, using & trash mulch wherever poesible and adding krasl manure,
crop residues and household-refuse. Application of fertilizers, especially nitrogen
and phosphorous will be necesssary.
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Table 4
DISTRIBUTION OF IRRIGATION SUITABILITY LAND CLASSES AND SUBCLASSES
(IN ACRES) ’
Land Class Pilot Pilot  Auxiliary Selected Selected  Auxiliary  Selected
or Subclass Area  Area Farm No.1 Area 1 hren 2 Farm No.2 Area
A B Auxilisry Auvxiliary Auxiliary
Parm No.1 Farm No.1l Farm No.2
1 - - (49) 13.7 2.9 - -
28 11 - (58) 4.1 104 - -
2t 96 w 10 - - - -
24 272 26 149 13.9 18.0 - -
29t - 26 23 - - - -
2sd(1) - - 6 4.3 - - -
2sd(id) - 172 11 - - - -
38 . - - w - (80) 8.5
3d 1 062 w 167 349 2.4 - -
3sd 4 237 4 - - (343) 58,6
4s - - - - - (33) 7.0
4d 174 234 3 e 3.8 - -
4sd 16 764 - - - - -
én(1) 21 - - - - -
én(2t) - 21 - - - - -
6a(4d) 75 - 19 - 6.8 - -
Total 1731 1 480 474 39.9 35.3 456 4.1
NOTE: The areas in parantheses are obitained wholly or in part by vertitioning equally

the areas coversd by a complex covering twe subclasgses.
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Table 5

SUITABILITY LEVELS OF THE DIFFEEENT IRRIGATION SUITABILITY LAND CLASSES

(OR SUBCLASSES) AND SOIL MAPPING UNITS FOR DIFFERENT XINDS OF CROPS

Suitability Levels for

Lahd Class Soil Soil
or Subclass Mgp?;ng Series Arable Wetland Fasture
s Upland Crops Rice
L30 Aveime High Low High
1 M4z Hake High Low High
L4z Hake High Low High
2s L40 Chichiwere Moderate Nil Moderate
2t M328 Zipa Moderate Wil High
L42B Hake Moderate Nil High
V32w Zipa Moderste Moderate High
2d MAZW 1 Hake Moderate Moderate High
M4 W1 Amo Moderate Moderate High
IVi0B Akuse Modsrate Low High
2s% Ivizs Bundage Moderate Low High
2s8d(1) L4OW 1 Chichiwers Moderate Low High
2sd(1i) V10W1 Akuse Moderate Moderate High
V11W1 Ashiaman Moderate Moderate High
38 L25-1L2% HNyigbenya Low Nil Low
3d M4 32 Amo Low Moderate Moderate
H4 W2 Amo Low Hoderate Moderate
3ad M20W 1= Agawhaw Low Moderate Moderate
2M20W 1
48 2L2% Nyigbenya Ril Nil Low
44 VASWA Tefle Nil High Moderate
48d V15W3 Lupu Wil High Modserate
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Furrow irrigation can be practised. Sprinkler irrigation would be more
satisfactory because of high infiltration rates, but this is not possible in the
present scheme. Some of the areas (Mapping Unit L30) do not have any flooding or
drainage problem, but the others (Mapping Units L42 and M42) are liable to slight
flooding under present natural conditions. The construction of dikes and drainage
channels will, however, eliminate this and restore to0 the soil its inherent potential
for good drainage. Terraces and grassed waterways are reguired for erosion control.

3.2.2 Class 2

The lands under class 2 have slight to moderate limitations of soil, topography
or drainage as enumerated in section 3.6. These limitations have reduced their net
farm income potential from relatively high to moderate. The crop adaptability range,
however, varies with the specific limitations of the subclasses.

3.24241 Subclass 28

These have a well drained, rapidly permeable, light textured soil (Mapping
Unit L40)., They are well suited for a wide range of tuber crops, deep rooted crops
and crops sensitive to impeded drainage. Crops sensitive to even short periods of
drought are best avoided. Wetland rice also is wnsuitable. Banana, plantain,
pineapple, groundnut, iobacco, onion, shallot, yam, cassava, sugar cane, tomato,
capsicum, garden egg, eggplants and okro can be grown.

More frequent irrigation because of low moisture holding capacity is required.
Furrow irrigation can be practised. Sprinkler irrigation would be more satisfactory
because of the high infiltration rates but thie is not realizable in the present
scheme. There is no flooding or drainageé problem. The organic matter content which
is low must be built up to increase the low nuirient holding capacity. It is suggested
that leguminous cover crops are grown in rotation, and that trash mulch is used
wherever possible, as well as kraal manure, crop residues and household refuse.
Application of fertilizers, a complete mixture preferably, will be necessary. Under
good management, these soils become highly productive.

3,2.2.2 Subclass 2s8d

Two kinds of problems are grouped here together; a rapidly permeable, light
textured soil with an impeded drainage due to iopography, and a slowly permeable,
heavy sticky clay with an inherent impeded drainage.

The former (Mapping Unit L40 W1) will be suited for a wide range of tuber and
deep rooted crops following the installation of dikes and drainage channels. Crops
gensitive to impeded drainage must be avoided since there is a risk of seepage of
flood or irrigation water into the area from the adjoining soils. Soya bean, maize,
sugar cane, kenaf, cotton, cowpea, cassava and other vegetables can be grown.

Wetland rice is unsuitable though it may be cultivated if the surrounding soils are
also under it. These lsnds will need to be irrigated more freguently than the
surrounding areas with the furrow irrigation method though sprinkler irrigation would
be more satisfactory. It will be necessary to build up the organic matter content
and to use a complete fertilizer as in lands of subclass 2s.
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The other group in subclass 2sd (Mapping Units V10 W1 and V11 W1), due to their
inherent impeded drainage and intractable nature, are best suited for crops thai can
withstand short periods of moisture saturation. Suger cane, sorghum, maize, cotton,
sesame, kenaf, soya bean, cowpea and other legumes and vegstables can be grown under
furrow irrigation. Wetland rice can be grown with appropriate land preparation for
flood irrigation.

These soils are very hard and cloddy when dry and very heavy and sticky when wet.
Timing of ploughing, bunding and other operations, should coincide with the transient
‘optimum soil moisture rangs when the soil is neither too dry nor too wet. Heavy
machinery will be needed for tillage. When the soil is allowed to become very dry,
cracks, which are characterimtic of these clay soils, are very extensive, wide and
deep. First rains or added irrigation waters are lost by rapid flow down them into
the lower subscil and substratum till the soil swells up and oloses. Subsequently
much water is lost as surface runoff. BEfficient water use should ensure that infil-
tration is improved and that only the surface and upper subsoll are initially
saturated. An addition of moisture into the dry lower subsoil and substratum should
be by percolation through the upper scil layers thereby promoting the leaching of
any soluble salts that may have accumulated in the surface layers during a previous
irrigation season or in dry weather. The maintenance of & surface trash mulch or
goil mulch could minimize deep cracking and increase absorption of water by the
surface soil horizons.

Inherent slow permeability nscessitates adequate drainage improving measures.
Interceptor drains are required as a protection against surface runoff and meepage
from surrounding land. Dsep drainage channels are needed to promote the downward
movement of water from the surface and to carry away excess water, both seepage as
well as surface runoff. The channels must be large enough to cope with severe flash
runoff following heavy rainfalle.

Fertility is good but for continuous oropping and for high yielding varieties
use of artificial fertilizers, especially nitrogen and phosphorus will be necessary.
While the incorporation of large amounts of organic matter to maintain the nutrient
status does not seem desirable on these impermeable clays, deep rooting legumes in
the crop rotation solely as cover crops, such as pigeon pea,or with secondary value
in the diet such as cowpea, would help to improve structure and permeability. Use of
heavy machinery when the soils are very wet, or the use of pressure implements such
as mould board ploughs should be avoided. Structure and drainage can be further
improved by provision being msde for deep drains between raised beds. If the soil is
used for rice under flood irrigstion, such improvemenis in soil structure and drainage
will be neither possible nor necessary. If rice under flood irrigation is part of
the rotation, the improvement in structure desmsd favourable for the upland crops
will suffer periodic setback, but may be justified by the fotal net farm income.

Though the soils in land subclass 2sd (Mapping Units V10 W1 and V11 W1) pose
gspecial management and drainage problems, they are nevertheless highly productive
under skilful management.,

34242.3 Subclass 28t
These lands have s moderately desp to shallow, slowly permeable, sticky clay and

are gently sloping., (Mapping Units 1V10B, 1V10B~1H12B.] Like the second group in
subclass 28d, they are best sulted for crops that can withstand short periods of



32

moisture saturation. Sugar cane, maize, cotton, tobacco, sesame, kenaf, soya bean,
cowpea, and other legumes and vegetables can be grown under furrow irrigation.
Wetland rice under flood irrigation is not recommended since extensive cutting and
filling to prepare terraced fields would be necessary.

The same remarks made for the second group in subclass 2sd, on timing of tillage
operations, improvement of water percolation and leaching, and provision of inter-
ceptor drains apply here. The drainage chammels to carry away seepage and surface
flow from the area need not be as elaborate owing to favourable topography. Use of
fertilizers, the need for deep rooting cover crops to improve structure, and the
need for avoiding pressure implements or wet soil conditions are also applicable.

3,2.2.4 Subclags 2%

These have moderate or light textured, moderately well drained to imperfectly
drained soils and are gently sloping (Mapping Units M32B and L42B). A wide range of
tuber crops and deep rooted crops are suited, following the installation of dikes
and drainage channels to minimize flooding and facilitate drainage. Banana, plantain,
pineapple, onion, shallot, tobacco, soya bean, maize, sesame, groundnut, cotton, '
sugar cane, yam, cassava, kenaf, cowpea, other legumes and vegeiables under furrow
irrigation will grow well., Wetland rice under flood irrigetion is not recommended
especially in Mepping Unit L42B.

More frequent irrigation than that for adjoining parts is required. Leguminous
cover crops should be grown at more frequent intervals to improve soil structure,
organic matier content and nutrient holding capacity and to help retard erosion. In
the dry season, the soils tend to become droughty, incoherent and powdery when
cultivated. Kraal manure, household refuse and crop residues should be applied
wherever possible, and trash mulching adopted. The use of cover crops like pigeon
pea will also be useful in controlling spear grass which is very common. Artificial
fertilizers also must be used regularly.

Areas under Mapping Unit M32B have a more impervious subsoil and hence can
retain water better. Nevertheless Mapping Unit L42B can also be used under furrow
irrigation even though sprinkler irrigation would have been more satisfactory.

3.24245 Subclass 2d

These lands have an imperfectly drained to poorly drained soil on almost flat
slopes (Mapping Unit V32 W1, L42 W1, M42 W1 and M43 W1). A slight wetness is a
general problem due to flooding and slow runoff, which will be largely eliminated
with the installation of flood control dikes, and drainage chamnels. A variety of
deep rooted crops and tuber crops will be suited particularly by areas under Mapping
Units L42 W1, M42 W1 and M43 W1 using furrow irrigation. Banana, plantain, pineapple,
onion, shallot, tobacoco, soya bean, maize, sesame, groundnut, cotton, sugar cane,
yam, cassava, kenaf, cowpea, and other legumes and vegetables will all do well.
Areas under Mapping Unit V32 W1 will grow successfully wetland rice under flood
irrigation. Mapping Units MA2 W1 and MA3 W1 can support wetland rice under flood
irrigation especially if the surrounding areas are also used.

Leguminous cover crops should be grown at more frequent intervals in the
rotation to improve fertility and to control epear grass. Artificial fertilizers
also are essential. Trash mulching must be adopted, and wherever possible, kraal
manure, household refuse and crop residus.
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Class 3

The lands under class 3 have moderate to severe limitations of soil, topography
or drainage as discussed in section 3.6. Limitations enable only s low or marginal
net farm income potentisl under common uplend crope. COrop sdaptability range is
very much restricted with ordinsry land development methods snd drainage facilities.

1 Subclass 3s

These have moderately deep to shallow, friable soils with a thick, very gravelly
subsoil suffering from an impeded internal drainage (L25 and 1L25 in Mapping Unit
Lo5-2L25) . Only shallow rooted crops like groundnuts or pasture are suited here.
Wetland rice is not recommended since the extensive soll culting needed Tor making
laevel terraces would expose the very gravelly material. However, as they are close
to the proposed source of water for irrigetion for auxillary farm No.2, in the
relatively deeper soils (2L2%), other crops like kenaf, cassava, yam, maize, cotton,
goya bean, cowpsas and other legumes and vegetables can be tried under furrow
irpigation.

The soile are infertile and for continued cropping, artificial fertiliszers must
be added, Leguminous cover crops should be included in the rotation to improve soil
fertility.

2 Subclags Isd

These areas have sn lmpeded drainage dus to a slowly permeable claypan in the
subsoil (Mapping Units M20 W1 — LM20 W1 and V20 W1). Infertility is general as is
a shallow rooting szone. Permeability is very slow and gives rise to severe flash
runoff and flooding during storms. The floods recede almost entirely by surface
runoff, as percolation inte the mubsoil is very slow., Waterlogging during the rainy
geason is usuval. The surface moves as lateral seepage over the claypan. In the
dry seasorl, it rapidly dries up and plante will suffer from drought. Under irriga-
tion productivity can become adeguate 1f percolation through the subsoil can be
effected to prevent the build up of salinity or alkali in the surface from the
saline, alkaline claypan and substratum. Deep ploughing snd turning tc¢ break and
mix the oclaypan ies one polution. In addition, deep drains to facilitate leaching
and removal of percelation water from the area sre necessary, The soils will be
suited Yo crops like maize, groundnut, kenaf, cotion, soys bean sand cowpea Lf dus
care is taken to provide subsoil drainsge and to prevent s build up of salinity and
alkalinity. Deep rooted, lepguminous cover crops should be included in the rotation
to improve the organic matter content and soil structure after deep ploughing.
Under flood irrvigation wetland rice cen be grown, end this could be used in the
rotation to obtain maximum leaching of soluble salta,

30203&3 Subclass é&

A moderate wetness problem due to flooding and slow surface runoff on a soil
with a clayey subsoil (Mapping Units M43 W2 and H43 W2)-is characteristic. These
areas are readily sulted for wetland rice under flood irrigation since the clayey
subgoil causes & temporary perched water table. Pasture and cover crops can be used
in rotation to improve tilth. A more extensive system of intercepior drainsg and
deep drainage channels would be needed to prepare the land for upland crops
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(particularly for the lands under Mapping Unit H43 W2). With such drainage upland
crops like maize, cotton, groundnut, sesame, soya bean, COWpes, sugar cane, yam,
cassava, kenaf and other legumes and vegetables can be grown. Deep-rooting leguminous
cover crops should be included to improve subsoil siruciure snd permeability. Due
care t0 ensure adegquate leaching and drainage is necessary to prevent the build up of
saline plkaline conditions et the surface, Artificial fertilizers must be applied for
continucd cropping.

Class 4

These lands have severe limitations which preclude their use for common upland
crops as defined in ssction 3.6 and are suited only for s special or a very limited
range of crops.

1 Subelass ds

These have a very shallow, friable soil over a thick, very gravelly, slowly
permeable subsoil (2L2% of Soil Mapping Unit L25 - 2L25), and are suited only for
pasture even though they are very close to the proposed source of water in auxiliary
farm No. 2.

2 Subeclass 4d

These are a vary poorly drained, heavy clay susceptible to flooding from
adjoining high ground and capable of only very slow surface runoff {Mapping Uni%
V45 W3). Interceptor drains to protect the land from flocding and deep drains leading
to the main streams or river are necessary o promote leaching and drainage. Wetland
rice under flooding irrigation is the only suitable orop. Pasture can be included
in the rotation if necessary, but rice production with its corresponding high income
is possible without any risk of accumulating toxic soluble sustances. Artificial
fertilizers will be needed for continued cropping especially with the high yielding
rice varieties.

3 Subclass 4sd

These are fertile but very slowly permeable when smaturated (Mapping Unit V15 W3).
They are susceptible to flooding from the surrounding high ground and capable of only
very slow runoff. Like the second group of land in subclass 2sd, they are very heavy
and sticky, when wet, and very hard and cloddy, when dry. Timing of tillage opera-
tions within the critiesl soil moisture range, and maintenance of a soll mulch or
trash mulch to minimize cracking and improve percolation and leaching are important.
Interceptor drains to protect the area from surface runoff from the surrounding high
ground are necessary. Dsep drainage channels to carry away sespage are needed o
promote leaching and to prevent the build up of alkali or salinity. These soils are
vest sulted to wetland rice under flood irrigetion as additionel meagures required
to improve the drainage further are too expensive to justify the growing of upland
crops. PFertility is good but for continuous cropping and high yielding rice varieties
artificial fertilizers, especislly phosphorus and nitrogen, will be necessary. There
appears no danger of an accumulation of reducing substances toxic to rice even when
it is grown continuously, provided the interceptor drains and drainage channels are
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ingtalled. Deep rooting leguminous crops solely as cover crops, such as pigeon pea,
or as a food crop, such ag cowpea, can be grown in rotation during the dry season to
improve fertility and percolation. Cotton, vegetables and kenaf are other suitable

dry season crops.

Class 6

Thogse under land class 6 are arable but either cannot be irrigated or drained
under the project plan.

3420561 Subclass 6h

3.2.5

3.3

These areas are not susceptible to delivery of irrigation water because they
are higher than the proposed irrigation channels passing by them. The arable class
suitability if irrigable is given in parentheses (1, Mapping Unit L30 and 2t, Mapping
Unit M32B).

o2 Subclass 64

Major project drainage oconstruction is reguired bhefore these can be uitilised.
This is unlikely in the project plan, The arable class suitability if provided with
project drainage is given in parentheses (4d, Mapping Unit V45 W3), and would indicate
the need for ordinary farm drainage channels in addition to the major project drain-
age construction., Rice could be well suited if project drainage were installed.

SUITABILITY OF AUXILIARY FARM No, 1

The suitability of auxiliary farm No. 1 is determined by the representativeness
of the soils of the floodplains.

Seoils in auxiliary farm No. 1 vary in drainage randomly within short distances.
Topography is very irregular, and often suggesting remnants of old river channels.
Texture also varies rapidly both areally speaking and vertically. Soil layers of
contrasting textures are often encountered in soil profiles within a depth of 6 f4t.

Apart from the Agawtaw, Akuse and related soils on the upper gentle slopes in
the southwest part, the surveyed ares is an almost flat (0-2% slopes) floodplain
covered by soils derived from alluvium. Hake soils are one of the commonest, occcupy-
ing about 32 percent of the surveyed area. A moderately well drained phase zMAE)
and an imperfectly drained phase (M42 W1) of the medium textured soil type, and a
moderately well drained, gentle slope phase (ML42) of the light, textured soil type,
have been mapped.

Chichiwere soile occur on the river leves as a well drained phase (L40). Further
away from the river, an imperfecily to peorly drained phase (L40 W1) is mapped. In
the northwestern part, a complex of Chichiwere and Hake soils well drained to modera~
tely well drained phase (LAO - M42) occupy the relatively higher ground extending
from the levee. The total acreage of Chichiwere soils is estimated to be about 13
percent.
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Amo soils are the most abundant occupying about 44 percent of the srea. An
imperfectly drained phase and poorly drained phase (M43 W1 and M43 W2) of the medium
textured soil type and poorly drained phase (HA3 W2) of the heavy textured variant
have been mapped in the sastern and southern parts of the surveyed area.

Very poorly drained Tefle soils ocour in the southern corner and very probably
in the ares under water yet o be drained.

The Hake commonly contain layers of contrasting light texture within 6 f1 and
the Chichiwere contain almost invariably a medium to heavy texitured laver within 3 f£t.
The Amo do not have such a contrasting soil layer within 6 £4. In both Chichiwere
and Hake and %o & less extent in the Amo, the upper subsoil layers appear to be
saturated with moisture for long periods due to the effect of a perched water table.

The soils of suxilisry farm No. 1 have, on the whole, & faster intake rate than
the corresponding soils in pilot project block A, This iz probably due to the common
occurrence of a light textured subsiratum layer. In addition, though the area gets
flooded as readily as pilot project block A after a hesvy rainfall, it appears to
drain off the surface water more rapidly. When flood comtrol dikes and drainage
channels are installed, the soils in this ares can be expected to be consistently
productive.

Areas of very poorly drained Tefle soils (Mapping Unit V45 W3) and poorly drained
Amo soils (Mapping Units M43 W2 and H43 W2) are suited for wetland rice during the
major rainy season and for s limited range of upland crops like maize, cotton and
vegetables during the mincr rainy season. Continuous rice production is also possible
without any risk of accumulating soluble toxic substances as long as adequate drain-
age is maintained., Such drainsge is necessary since a tendency to form salt crusts
in the almost flat alluvial land st the base of the genitle slopes of residual soils
hag been observed during the long dry ssason under present natural conditions.
Artificial fertilizers must beused.

The well drained to imperfectly drained Chichiwere, Hake and Amo soils (Mapping
Units L40, L40 W1, L40-M42, M42, M42 W1, L42B and M43 W1) can be used for a wide
range of upland crops. Adeguate conitrol measures to minimize erosion on gentle
slopes (Mapping Unit L42B) will be necessary. On the Chichiwere and Hake soils with—
out any wetness problems (Mapping Units L40, L40-MA2, M42 and L42B), the whole range
of climatically adapted upland crops can be grown. High income crops like pineapple
and tobacco can be included with other cyops like yam, cassavs, groundnut, soya bean,
cowpea, maize and cotton in a suitable rotation. Measures to improve soil organic
matter content mugt be adopted in addition to the use of artificial fertiliszers.

On the soils with a slight drainage problem (Mapping Units L40 W1, MAZ W1 and M43 W1),
unless a very effective system of drainage channels ars maintained, crope sensitive
to ghort periods of impeded drainage are best avoided.

SUTTARILITY OF AUXILIARY PARM No, 2

The suitability of suxiliary farm No. 2 is determined by the representativeness
of the soils of the genily sloping uplands of the Accra Plaine bul excludes the Black

Clays that are alrvsady covered by the Agricultuwral ITrrigation Bessarch Station,
Kpong.
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Agawbaw, Mamfe and Hyighenya ave some dominant types. Io-auxilisry farm No. 2,
Agawtaw and closely related solls and an imperfectly drained varisnt of Nyighenya
solls are present., Mamfe soils are very similer to Nyigbenya in heving a high content
of laterite gravel but differ in being associsted with the forest aress while
Nyigbenya occur in the savannah. Simpa solls are also very gravelly but the gravel
ig exclugively iron stained or olean guartz.

The Black Clays (Akuse Series and related soils) and the soils of the floodplains
are the most suitable areas for development of irrigated sgriculture. The Agawtaw
and Nyigbenya and velated soils are very poor but cover a large part of the Accra
Plaing., The purpose of auxiliary farm No. 2 will be to study if and how these can
be used for successful irrigsted agriculture. The Aghieman Irrigation Scheme,
gtarted in 1967, has Agawtaw and Simpa soils along the left bank channel and will be
able to provide supplementary data.

The Agawtaw and Nyigbenya imperfectly drained variant soils are formed on highly
weathered parent material. The first have a nesr surfece, dense, impermeable clay-
pan regtricting alr and water movement and root penetration., Nyigbenys variant has
a near surface, thick, very slowly permeable layer containing a very high content
of inert, concretionary laterite gravel, restricting alr and water movemeni and root
penetration.

The surface layer above the restricting layer {claypan or gravel layer as the
case may be) is a friable horizon favourable to moisture movement, retention and root
development. The level of suitability of the Agawtaw or Nyigbenya variant therefove
is determined by the thickness of this friable surface leyer over the restricting
subsoil layer. Three depth phases have bheen mapped on the very detalled survey at
1:1 000 secale in accordance with the depth ranges defined in the smoil mapping le
These depth phases are particularly important for the Nylgbenya variant. The shallo
depth phases of Apawbaw may net be as important since desp ploughing ocould be
expected to break the claypan and improve tilth.

At the 1:5 000 mcale however, these depth phases were not mappable. In fact
even the delineation between Agaswtaw and Nyigbenya veriant was not always possible
and hence a mapping wnit to cover the complex combination of the two solls is
included.

The Agawiew {Mapping Unit M20 W1 - 2M20 W1) have a lowland class suitability
for common upiand crops (Land subclass 3sd). They are suitable for crops with a
shallow root system or a strong-root system which can withstand slight weteriogging.
This, due teo lateral seepage, can be minimized by the construction of deep diversion
drains to remove seepage and excess rain water and by avoiding excessgive additions
of irrigation water. Percolation can be improved by deep ploughing and turning over
to break up and mix the claypan and by maintaining deep drains. These measures will
also be necessary to facilitate leaching and removal of percolation water in order
to prevent the build up of salinity or alkali on the surface from the galine alkaline
claypan and substratum. Crops like maisze, groundnut, kenaf, cotton, soya bean,
cowpea, ftomatc and other vegetables can be grown. Deep rooted, leguminous cover
crops should be included in the rotation to improve the organic matter content and
soil structure especially if deep ploughing to break or mix the claypan is under-
taken., Wetland rice under flood irrigation can be grown, and this could be used in
the rotation to obtain maximum leaching of soluble salis possible in a season.
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The Nyighbenya soils (Mapping Unit L25 - 2L25) can vary in suitability from land
subclass 38 to 4s. When the depth to the gravel layer exceeds 8 inches (land subclass
38) the soils are suited for shallow rooted crops like groundnut or pasture. Wetland
rice is not recommended since the extensive soil cutting needed. for msking level
terraces will expose the very gravelly, inerit subsoil layer 4o the surface. In the
very limited areas of the Nyigbenya deep phase where the gravel layer is more than
16 inches below the surface, other crops such as kenaf, cassava, yam, maize, cotton,
soya bean and cowpea oan be inocluded in the trials. This deep phase of Nyighbenya
has a thick rooting zone of good physical siructurs and hence with irrigation,
fertilizers and good management can become quite productive. The shallow phase where
the depth to gravel is less than 8 inches (land subclass 4s) is suited only for long
term pasture.

SUITABILITY OF PILOT AREA A

The land use class distribution is not simple since the soil distribution
pattern of pilot ares A is somewhat irregular. The soils have been formed on alluvium
deposited and reworked by the Volta River as it changed its course many times through
and in the vicinity of the area. As a conseguence, topography is relatively uneven
and irregular even though the total relief is smaller than that of pilot area B.
Taxtural and drainage patterns do not show any simple relationship with present topo-
graphy or distance from the present river channel. The alluvial material is modified
in the sough by material brought in as valley fill along a valley leading from the |
area of Black Clays.

The soils are subject to much flooding by runoff from the adjoining highlands
and to slow outflow by surface runoff. When the project flood control dikes and
drainage channels are installed, they will become suited for a wide range of crops.
The classes indicating drainage limitations have been based on existing soil drainage
conditions, permeability and topographic position {since these three factors determine
the degree of economically feasible reclamation) and are given as the best estimate
of drainage conditions after land development and installation of project facilities.

Soils of land class 4 (subclasses 4sd and 4d) are best adapted for wetland rice.
They are the Lupu and Tefle and occupy about 11 percent of the area surveyed. During
the second rainy season, cotion, maize or vegetables can be grown. Continuous rice
cultivation can be persued without any risk of accumulation of soluble toxic sub~
stances, provided adequate drainage facilities are installed and maintained.

Soils of land clase 3 (subclass 3d) occupying 61 percent of the surveyed area
are also inherently poorly drained. They are the Amo soils; the normal type and
the heavy textured variant. They generally occupy lower topographic positions
relative 1o the Hake soils (which are class 2 land) and have a heavier texture and
lower permeability. These, especially the heavy textured variant of Amc are readily
adapted for wetland rice, but with adequate drainage channels, the soils can be used
for a limited range of upland crops like maize, cotton, sugar cane and vegetablas.
Deep rooted leguminous crops, cowpea or pigeonpea, should be included in the rotation
to improve subsoil structure as well as soil tilth. Artificial fertilizers especially
phosphorus and nitrogen,should be used. Since this land class occuples the major
part of the block, the pattern of use selected will determine the use patterns of
the other land classes and hence of block A as a whole.
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Seils of land clase 2 include " all sgoils with minor soil, topographic or drain-
age deficiencies. The drainage deficient solle ocoupying 15 percent of the surveyed
aresa are the imperfectly drained phase of Amo and Hake soils. With the installation
of the flood protection dike and drainage chamnels, a fairly wide range of upland
crops such as tobacco, maize, cotton, sugar cane, onions, pineapple, groundnut, kenaf,
yam, cassava and cowpea can be cultivated. Wetland rice can be grown on the fmo soils
with adequate land preparation for flood irrigation. Artificial fertilizers espec—
ially phosphorus and nitrogen should be used.

The class 2 solls with & topographic limitation and occupying 6 percent of the
surveyed area are the Heke and Zipa, found on gentle slopes. These are also suited
for a wide range of upland crops. Adegquate erosion control measures and the inclusion
of cover crops and other sources of organic matter are necessary to minimize erocsion
and improve soil tilth. Artificial fertilizers especially phosphorus and nitrogen
should be used.

The class 2 soils with a soil limitation, cccupying less than 1 percent of the
surveyed area, are the Chichiwere soils. They are suited for a wide range of upland
crops. Furrow irrigation has been used on such soilg, but more freguent applications
are required than for the surrounding scils. They are not suited for wetland rice.
Cover crops should be included in the rotation. In addition, other measures,
addition of crop residues and kraal manure, should be adopted to build up soil organ.
ic matter, nutrient and water holding capscities. Artificial fertilizers also
should be used.

Class 1 soils, occupying less then 2 percent of the surveyed areas, sre the
Avieme and the moderately well drained Hake soils. They are suited for a wide rangs
of upland crops. Cover crops should be included in the rotation, Other measures,
addition of crop residues and kraal menure, should be adopted to increase the soll
organic matter content. Artificial fertilizers alsc should be used.

Roughly 4 percent of the areas is covered by a shallow fresh water pond. This
will be drained when the project flood control dikes and drainage chammels are
installed. The land will then become class 4d covered mainly by Tefle soils. Wetland
rice can be grown here continuously with no risk of sccumulating toxic substances
if the drainage chammels leading off excess surface water and latersl seepage from
the adjoining areas and from the reclaimed areas are maintained in working condition.
A limited range of upland crops, cotton, maize and vegetables, can be grown in the
gecond rainy season, Areas in land class 2 would be more suited to these crops.

SUITABILITY OF PILOT AREA B

Pilot area B has a very gentle to almost flat topography. Slopes of less than
0.25 percent cover 70 percent of the area in the central portion stretching from
east to west., The remaining area along the northern, northwestern and southeastern
borders and an isolated hillock in the northwest have gentle slopes of 1-2 percent,
occasionally reaching 2 percent.

The former, almost flat areas are occupied by Lupu and Tefle moils (Ma@ping
Units V15 W3 and VAS W3 respsctively) and their predicted suitability for arable
upland crops is marginal to none (land subclassee 4sd and 4d respectively). These
areas are most suitable for wetland rice under flood irrigation. Flooding by
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surface runoff from the surrounding bigh ground should be checked by interceptor
draing., Deep drsinage channels within the ares are nssded {o promote leaching and
10 carry away excesa water, both seepage and surface runcff from the area.
Continuous rice cultivation or rotation with improved pasture appears to be the best
land use. )

Pertility is moderate but for cropping or with high yilelding varieties, arti-
ficial fertilizers must be used. A limited range of upland crops like sugar cane,
cotton, vegetables, cowpea  can be grown on the Lupu soils (Mapping Unit V15 W3
land subclass 4s8d) if a more elaborate system of deep snd wide drainage channels
are laid out and cultivation practised on raised beds or ridges. The drainage
channels must be desp and wide enough to cope with large flasgh floods especially if
they cccur on soil recently saturated by rain or irrigation. These measures {drain-
age charmels and raised beds) and the inclumion of a deep rocted leguminous cover
ecrop like pigeon pea or cowpea in the rotation, will improve structure and permesbi-
lity. In addition, pressure implements such as mould board ploughs, should be
avoided as well as ploughing when vwery wet, If wetland rice under flood irrigation
is also included in the rotation, improvements in soll structure and permeablility will
be temporarily arrested or even reversed., Under irrigated use, the soils are not
expected to crack widely and deeply as they do under natural conditions, provided
they sre not allowed to dry out completely. Initial use of water at the begimming
of & cropping season will be efficient, while leaching to prevent accumulation of
goluble salts more effeciive if a surface soil mulch or trash mulch iz waintained
1o minimise deep cracks,

Gently sloping areas are occupied by Akuse, Ashiaman, Agawtaw, Zipa and Amo
soils, They are locabed along the proposed irrigation chammels, partes of the area
below it, and other parts sbove this level. The last mentioned will be indicated by
the numeral ¢ in addition fto the otherwise expected land class or subclass symbol
in parentheses, for example 6(2sd).

Irrigable parts have diverse potential., The Akuse (Mapping Units V10 W1 and
1V10B) and Ashiaman (Mapping Unit 1V11 W1) can give an adequate net farm income under
irrigation with arable upland crope as indicated by their subclasses (2sd, 2st and
2sd respectively). Internal drainage is low to very slow when the soil has become
saturated. Runoff is slow on the almost flat (0-2%) areas of subclass 2sd, but may
be adequate on the sloping (usually 2-3%) areas of subclass 28t to minimize to an
appreciable degree the restrictions of poor internal drainage. On all these arsas,
deep drains to facilitate leaching and carry away sespage and surface runoff are
necesgary. Crops that could tolerate very short periods of moisture saturation, like
sugar cane, cowpea, cotton, maize, fodder crops and vegstables can be grown. Deep
rooting leguminous cover crops should be included in the rotation to improve soil
structure and permeability. Pressure implements and ploughing when the soil is wet
mist be avoided. Use of ridges or raised beds will help in the development of a
granular soil structure. The accumulation of soluble salts must be prevented by
provision of irrigation for effective leaching and drainage. Fertility is moderate
but artificial fertilizers sspecially nitrogen and phosphorus should be used.

The second group of soils on the relatively higher ground are Zipa soil (Mapping
Units M32B and V32 W1) and Amo soil (Mapping Unit M43 W1). They have only slight
topographic or drainage restricitions. Potential for an adeguate net farm income
under irrigation with arable upland crops is indicated by their subclasses, 2%, 2d
and 2d respectively. However, a greater part of these soils will be above the reach
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of irrigation water and will be demignated when the irrigation chanmel layout is
finalized as 6(2%t) or 6(2d). The irrigable sections are suited for most arable up-
land crops as the project facilities will eliminate flooding hazards and since the
soils have inherenily a medium internsl drainage and s medium runoff. Maize, cotton,
sugar cane, cowpea, sisal, ginger, vegetables and tobacce can be grown. Deep rooting
leguminous cover crops in the rotation, addition of household refuse, crop residues
and kraal manure, and irash mulch wheraver possible are recommended to increase the
soils organic matter content. Artificial fertilizers also must be used.

The last group in the relatively higher ground are occupied by Agawbtaw soils
(Mapping Unit M20 Wi). These have a low or marginal economic potential snd upland
crop adaptability range, as indicated by subclass 3sd. They are infertile, and are
waterlogged in the wet season but become droughty early in the dry season., Structure
and porosity are very poor being unfavourable for root development, water movement
and storage. In this irrigation block, they occour along or close to the main irri-
gation charmel and hence may be conveniently used. Deep ploughing and mixing can
be adopted only affer usefulness has been demonstrated in auxiliary farm No. 2.

Till then, these soils can grow maize, groundnuts and sugar cane. Deep rooting
leguminous cover crops and pasture can be included in the rotation. Other messures
to increase organic matier content and improve soil structure and permeability are
kraal menure, crop residuss, household refuse, and trash mulch farming. Adequate
deep drains to promote subsoil leaching and to carry seepage and runoff are necessary
to aveid subsoil waterlogging snd development of ssline alkaline conditions at the
surface., Wetland rice can be grown continuously or in the rotation. This will
facilitate leaching of subsoil and prevention of accumulation of soluble salts at

the surface,
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dppendix 2

IRRIGATION SUITABILITY OF SURVEYED AREAS

PART I

THE BASIS OF LAND CLASSIFICATION FOR IRRIGATION SUITABILITY

The land classification sysiem used has been devised to give classes and
subclasses that have agronomic and economic significance. Nevertheless since experw
imental data or practical experience of the behaviour of these soils under irrigated
agriculture is nonexistent except for the Akuse Series, the classes and subclasses
have been defined in terms of differences in physical features that are sexpected to
ve of importance in determining their crop use and economic potential.

The major factors influencing crop adaptability and crop yields in the surveyed
areas are: (i) so0il characteristics such as texture, structure, depth, tilth,
acidity, alkali, salinity, permeability and fertility; %ii) topographic character—
istics such as land position, gradient and relief, and (iii) drainage. These
factors also influence the annual costs of production sincs they determine ilrrigation
pattern, workability, land preparation and farm drains. Factors influencing the
cost of land development like density of tree cover and rough, tussocky micro-relief
have not been included since the cost of land clearing and levelling will be a
project cost,

Since crop reguirements and tolerable limits of soil, topography and drainage
characteristics vary widely between different kinds of crops like arable upland row
crops, arable upland field crops, upland tree crops, pasture and wetland rice, no
gingle classification scheme can attempt to predict the levels of suitability for
all these groups. Differentiating characteristics for suitability levels for arable
upland tield and row crops, however, provide a broad range of subdivisions based on
finer limits of soil, topography and drainage conditions than would have been needed
for other kinds of crops. The subclasses thus defined can be reinterpreted for
other crop uses. It is on this assumption and following the U.3. Bureau of Reclama-~
tion system of classification of 1953, that four levels of suitability based on
different degrees of limitations due to soil, drainage, topography and their inter-
actions have bheen defined. They provide a broad spectrum of groupings susceptible
to more specific interpretations of crop adaptebility and yields and of problems and
coste of production when undsr conservational, sustained uses.

The specifications used for the irrigation suitability classification are given
in Table 6. These specifications have been selected on the basis of their relevance
to the agronomic and economic value of the lands under consideration. For each
specification, the maximum or minimum limit allowable for a given class when the
other conditions are at optimum is given. When one or more of these other conditions
deviate from the optimum, the limits of the specification determining the land class
will vary.
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In practice, all the pertinent factors are considered snd judgement of a proper
balance between the compensating factors for qualifying for inclusion into a given
class im made., Variations outside the permissible range of a given property often
occur especially in alluvial soils and hence the classification is based on the
mosgt representative values for the mapped soil unit.

Class 5 is a fentative class to which lands whose irrigability, drainage or
flood control in the projected scheme needs further study are assigned., Lands in
this tentative class are finally placed under the proper arable class or class 6
prior to completion of the survey.

In the final map the areas that are not irrigable, because of either failure to
meet the minimum reguirements for the other classes of land, or not susceptible to
delivery of irrigation water, or lacking provision of project land development for
drainage or flood conirol, are included in class 6.

The subclasses within elther class 2 or 3 are of approximately squal economic
potential when under arable upland crops, although their adaptability range may vary
widely from one subclass to another according to the kinds and degrees of limitationsg
in the physical characteristice. For wetland rice or pasture, the levels of suit-
ability implied in the land class or subclass numerical designation no longer apply:
by the very definitions of the classification system, the suitability level and
economic potential are applicable only to¢ arable upland crops. Class 1, with drain-
age and other subclaseses in classes 2, 3 and 4 assume new levels of suitability for
wetland rice snd dry season pasture. 3Similarly, the various subclasses of classes
2, 3 and 4 may assume other levele of suitability for tree crops. Tree crops are noit
congidered in the present scheme since livestock production will play a major role
in the development of the Accra Plains and any large scale production scattered
through the region would tend to harbour tsetse flies,
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Table 6

SPECIFICATIONS 1/ FOR IRRIGATION SUITABILITY
CLASSIFICATION OF LAND IN THE SURVEYED AREAS

GClags 3 for

Land Class 1 for Class 2 for Clasgs 4 for
Characteristice diversified diversified diversified diversified
crops-arable crops-—arable crops—-arable crops~arable
1 Surface fine sandy loamy fine loamy fine loamy fine
soil loam to sand fo sand to gand to
(0~12 in ) friable heavy, sticky heavy, sticky heavy, sticky
clay loam (when when (when
wet) and wet) and wet) and
hard, cloddy hard, cleddy  heavy,cloddy -
(when dry) (when dry) (when dry)
clay clay clay
2 Subsurface gandy loam loamy fine very gravelly very gravelly
soil to permeable sand to clay to clay to
clay loam dense or loamy fine loamy fine
slowly sand to very  sand o very
permeable slowly per— slowly per-
clay meable clay meable clay
or claypan or claypan
3 Depth to more than more than more than more than
very gravelly £0in 36in 16in Bin
layer
4 Depth of more than more than more than more than
almost fresh 6Cin 48in 30in 12in
gneissic
bedrock
5 pH in water 5.5 40 8,2 4.5 to 8.5 4.5 to 8.5 4.5 to 8.5
(1:1)
6 Conductivity less than less than less than less than
of saturation 2 4 8 8

extract in
mmhos/cm

The specification limits of any given characteristics define the highest class
in which it appears when all the other characteristics are near optimum. When
two or three characteristice of a soil are at the minimal limits for a given

clags, the soil would be classified in the next lower class.

c!/ﬁo
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Table & {Cont'd)

Land Class 1 for Class 2 for Class 3 for Clase 4 for
Characterigtics diversified diversified diversified diversified
crops-arable crope-arable crops-arable crops-arable
T Fertility good to good to good to good to very
moderate moderate poor rapld poor
8 Permeability moderate rapid to rapid to rapid to
slow very slow very slow
9 Water holding adequate adequate to adequate to adegquate to
capacity low low low
10 TOPOGRAPHY
Slope 0.25=2% 0.25~5% less than 5% less than 5%
11 DRATNAGE
Flooding none to none to none to none to
very slight slight moderate severe
12 Internal maedium rapid to rapid to rapid to
drainage slow very slow very slow
13 Perched water none none to none to none to
table prominent prominent prominent
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PART IX

INFILTRATION DETERMINATION

Intake rates were detsrmined in the field. A pair of heavy, steel concentric
cylinders, one 20 inches internal diameter and 24 inches high and the other 36
inches internal diameter and 10 inches high, were used. The annular space betwean
the two cylinders installed concenirically and vertically into the ground serve as
a guard ring to ensure vertical flow through the inmer cylinder. The two cylinders
were hammered vertically intco $he ground to & depth of & inches with minimum dis-
turbance to the soil surface. The soil around the imner cylinder was restored to
original compaction to ensure that there was no likelihood of water flowing in or
out round the lower edge. The surface inside the inner cylinder was covered with
cut grass weighted down by metal weights to prevent pudding of the soil. The water
level was maintained at a height of around 6 inches and was planned not to deviate
by more than an inch more or less from this mark. The level in the outer cylinder
was kept continuously at 6 inches. The level in the inner cylinder was measured
by an ordinary scale from a fixed mark on the upper part of the cylinder wall +to
the nearest twentisth (0,05) of an inch. The scale was point—shaped at the end
touching the water to facilitate determination of the water surface and to aveid
any meniscus or webtting effect. The water level in the imner cylinder was measured
at frequent intervals. When the level reached near 5 inches at the time of
measuring, water was rapidly added to bring the level fo between 6 and 7 inches and
the new level recorded immediately.

The drop in level in inches and the corresponding time interval in minutes wers
first caloulated and from these the cuwmilative drop sgainst total time was calcu~
lated and plotted., The base intake rate is the gradient of the terminal part of the
curve when constant flow rate has been reached. The curves were prepared and the
base intake rates were caloulated for 26 different soils at a total of 81 different
gsites. The curves for ten representative solls are presented in this report.

Base intake rates, in general, closely agreed with the value that could be
expected from an interpretation of the soil site, texture and structure. Numerous
deviations from the expecied values were encountered at aduxiliary farm Neo. 1. The
rather high values of many Amo and Hake soils in muxiliary farm No. 1 are probably
due to the stratified layers of coarse texture frequantly observed in the subsoil
particularly of Hake. The high values of meny Amo, Aouse, Lupu and Tefle sites are
due probably to the prominent, wide, vertical cracks that have developed in the
dry season. The consistently low values of Agawtaw and Nyigbenya soils are thus in
accord with the absence of vertical cracks in these scile and the compact nature of
the subsoil.

It will be useful to determine infiltration rates at suxiliary farm No. 1 at
the end of the rainy season when the water table is high., (The determinations
reported here were done at the end of the long dry season when the water table was
low.) With a high water table, coarse textured substrata below the water table
will not affect the values. The rates determined with & high water table will be
closer to the rates that can be sxpected under irrigated agriculiure.



50

Table 7

SUMMARY OF WATER INTAKE MEASUREMENTS

Sheetk

Soil Location Period Curve Baze Intake
Area Site of observation Yo, Ho. Rate
- {in/h)
Hake sandy  AF No.1 B 30/1 - 6/2 1 1 1.48
clay loam, 54 No.1 6/2 - 8/2 2 3.65
imperfectly 6/2 - 8/2 3 3.25
drained phase 10/2 ~14/2 4 3.95
Amo silty AP No.1 D 10/2 ~14/2 2 D1 5.7
clay loam, SA No.1 10/2 -14/2 D2 3.0
imperfectly
drained phase 10/2 -14/2
Hake sandy  AF No.1 E 10/2 -14/2 2 B 8.6
clay loam, SA No.1 10/2 -14/2 B2 2.1
moderately
wall drained
phage
Hake heavy  AF No.1 P 15/2 =21/2 3 P1 4.8
sandy clay SA No.1 15/2 -19/2 F2 6.5
Loan impere
factly
drained phase
Hake heavy
gandy clay  AF No.1 o 15/2 =21/2 3 a1 6.
loam,poorly  SA No.1 15/2 ~21/2 Ge 8.5
drained phase
Chichiwere  AF No.1 H 19/2 ~21/2 4 H1 1.6
sandy loam  SA No.1 19/2 ~21/2 H2 1.1
imperfectly
drained phase
Hake sandy  AF No.1 K 15/2 ~20/2 4 K1 6.8
olay loam, SA No.1 15/2 =19/2 K2 4.6
imperfectly
drained phase
Amo heavy AF No.1 L 21/2 ~26/2 5 L1 7.5
silty clay, SA No.1 21/2 -26/2 L2 3.6
moderately
well drained
phase
Symbols: AFs Auxiliary Farmj; SA: Selected Area; PA At Pilot Area A; PA Bs Pilot

Area B,

wf ® e
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Table 7 {Cont'd)

Soil Location Period Sheet Curve Bage Intake

Area Site of observation No. No. Rate
“(in/n)
Amo silty clay AF No.1 M 21/2 - 26/2 6 M1 5.0
loam, modera-~ SA No.l 21/2 - 26/2 M2 1.4
tely well 21/2 - 26/2 M3 1.7
drained phase
Amo silty clay AF No.1 N 26/2 - 3/3 7 N1 1.5
loam, imper—  SA No.2 26/2 - 3/3 N2 6.9
fectly drained
phase 26/2 - 3/3 N3 4.6
Hake sandy AF No.1 P 26/2 - 3/3 7 P1 3.5
clay loam, SA No.2 26/2 - 3/3 P2 6.0
imperfectly
drained phase
Chichiwere AF No.1 R 3/3 - 5/3 8 R 6.4
sandy loam, SA No.?2 3/3 - 5/3 R2 4.6
moderately 3/3 - 5/3 R3 3.5
well drained :
phase
Hake stra— AF No.1 S 3/3 - 5/3 9 $1 2.9
tified moder—  SA Wo.2 3/3 - 5/3 s2 1.0
ately well
drained phase
Amo silty PA A Pit No.2  25/4 - 28/4 10 1 .15
clay loam, 25/4 ~ 28/4 2 0.36
poorly 25/4 - 28/4 3 0.16
drained phase
Hake sandy PA A Pit No.1 e4/4 ~ 28/4 11 1 0,91
clay loam, 24/4 ~ 28/4 2 0.51
imperfectly 24/4 - 28/4 3 0.13
drained phase
Tefle clay, PA A  Pit No.6 8/4 - 4/5 12 1 0.21
very poorly 35 - 4/5 2 0.33
drained 3/5 - 4/5 3 0.05
29/4 - 4/5 13 1 1.31
1/5 - 4/5 2 1.84
30/4 - 4/5 3 1.73
Amo heavy PA A Pit No.12  5/5 - 9/5 14 1 1.44
silty clay, 5/5 - 10/5 2 0.96
poorly 6/5 - 10/5 3 0.88
drained phase 5/5 - 10/5 4 0.23

noc/ton
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Table 7 (Cont'd)

Curiie

Base Intake

Soil Location Period Sheet
Area Site of observation No. No. ~ Rate
| (in/n)
Lupu clay, PA A Pit No.20 10/5 - 16/5 15 1 3.57
very poorly 10/5 - 16/5 2 2.13
drained 10/5 ~ 16/5 3 2.13
Agawtaw PA B  Pit No.1 16/5 - 20/5 16 1 0.051
sandy loam, 17/5 - 20/5 2 0.022
moderately deep 16/6 - 20/5 3 0.002
phase 16/5 - 20/5 4 0.011
Lupu clay, PAB  Pit No.7 20/5 - 23/5 17 1 0.92
very poorly 20/5 - 23/5 2 2.02
drained 22/5 ~ 24/5 3 0.054
21/5 - 24/5 4 0.11
Akuse clay PAB  Pit No.3 25/5 - 28/5 18 1 0.31
24/5 ~ 28/5 2 4.96
24/5 ~ 28/5 3 0.51
25/5 ~ 28/5 4 0.046
Agawtaw sandy AF No.2 Pit No.7 28/5 - 30/5 19 1 0.046
clay loam, SA 28/5 - 30/5 2 0.068
deep phase 28/5 ~ 30/5 3 0,048
28/5 - 30/5 4 0.059
Nyigbenya AF No.2 Pit No.2 31/5 - 3/6 20 1 0.854
(imperfectly  SA 31/5 - 3/6 2 0.068
drained variant) 31/5 - 3/6 3 0.788
light 31/5 - 3/6 4 0.099
sandy clay loam
Agawtaw sandy AF No.2 Pit No.8 36 - 1/6 21 1 0.0054
clay loam SA 3/6 - 1/6 2 0.0036
3/6 - 7/6 22 3 0.17
3/6 - /6 4 0.34
Nyigbenya AF No.2 Pit No.5 7/6 - 10/6 23 1 0.0577
(imperfectly  SA 7/6 - 10/6 2 0.0505
drained variant) 7/6 - 10/6 3 0.0200
light sandy :
clay loam
Agawtaw(dark  AF No.2 Pit No.3 11/6 - 16/6 24 1 0.0149
surface SA 11/6 - 16/6 2 0.0169
horigzon variant) 11/6 = 16/6 3 0.0069
11/6 - 16/6 4 0.0096
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Appendix 3

PROFILE DESCRIPTIONS

Information on the Site

Profile number: No. 3 Pilot Area B

Soil name and mapping unit gymbol: Akuse, V10 W1

Higher category classification: Udic Chromusteri

Date of examination: 17 June 1369

Author of description: 3. Sivarajasingham

Location: FAO Irrigation Development Scheme in the Accra Plains of Ghana
Tlevation: about 3B % above mean sea level

Land form: gently sloping upland, lower slope

Slope: 1 percent

Vegetation or land-use: short grass and scattered trees
Climate: Coastal dry zone (savannah)

General Information on the Soil

Parent material: garnitiferous hornblende gneiss
Soll drainage class: imperfectly drained
Bxternal soil drainage (runoff): moderate
Internal soil drainage: poor

Permeability: wvery slow

Moisture conditions in the soil: dry

Water table: probably more than 10 ft

Surface stones or rock outcrops: none
Evidence of erosion: none

Evidence of salt or alkali: none

Human influence: frequently burnt for grazing

Brief General Description of the Profile

The Akuse Series is a deep, imperfectly drained, very dark grayish brown,
heavy shrinking clay with weak horizon differentiation. The soil isg very hard and
cloddy when dry and very sticky and heavy when wet. It cracks to a depth of up teo
40 inches in the dry season.
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v Degoription of Individual Soil Horizons

A11  0-5 centimetres (cm); very dark grayish brown (10YR 3/2) moist colour; silty clay;
strong, fine, subangular blocky snd medium, granular; hard, friable, very sticky,
very plastic; common, fine and medium roots; clear; smooth boundary; laboratory
sampls number 417, pH 7.0; conductivity 0.22 millimho.

412 5-27 em; very dark grayish brown (10YR 3/2) to dark brown (10YR 3/3) moist colour;
heavy clay; sitrong, fine, subsngulsr blocky; wvery hard, firm, very sticky, very
plastic; common, fine and medium roote; gradusl, smooth boundary; laborastory sample
aumber 416, pH 7.4 conductivity, 0.15 millimho,

A3 27-55 om; dark brown (1OYR 3/3) moist colour; heavy clay; strong, medium,
gubangular and angular blocky; wvery hard, firm, very sticky, very plasiic; few,
palcaresous nodules; few, fine and medium roots; clear smooth boundary; laboratory
sample number 415, pH 7.8, conductivity 0.63 millimbo .

C11  44-128 om; yellowish brown (10YR 5/4) moist colour with common, medium, distinct,
dark brown (10YR 3/3} mottles; heavy clay; strong, medium, subengular and angular
blockys Thard, very firm, very sticky, very plastic; many, calcarsous nodules; faw,
fine roots; clear, smooth boundary; laboratory sample number 414, pH 7.8; conduc-
tivity 2.5 millimhos. .

€12 128-181 em; dark ysllowish brown (10YR 4/4) moist colour with common, medium,
distinot, brown (10YR 5/3 )} mottles; heavy clay, strong, medium, angular blocky;
hard, very firm, very sticky, very plastic; laborstory semple number 413, pH 7.6
conductivity 2.3 millimhos.

I Information on the Site

Profile number: No. 7 Pilot Area B

801l name snd mapping unit aymbol: Lupu, V15 W3
Higher category classification: Chromudic Pellustert
Date of examination: 271 June 1963 after recent rains
Author of description: 8. Jivarsjasingham

Location: FAO Pilot Irrigation Development Scheme in the Accra Plains of Ghana
Blevation: sabout 29 4 above mean sea level

Land form: broad valley

Slope: O percent

Vegetation or land-use: +tall grass and Witiagyna
Climate: Coastal dry zone (mavarmah)



I1

III

v

A7

A3

c11

C12

G13

ey
I

General Information on the Soil

Parent material: wvalley fill from adjoining uplands of material derived from
black shrinking clays

S0il drainage class: very poorly drained

External soil drainage (runoff): very slow

Internal soil drainage: very poor

Permeability: very slow when wet

Moisture conditions in the soil: moist

Water table: probably more than 10 £t in the dry season

Surface stones or rock outcrops: none

Evidence of erosion: none

Evidence of salt or alkali: none

Human influence: frequently burnt for grazing

Brief General Description of the Profile

The Lupu Series is a deep, very poorly drained, dark grayish brown heavy silty
clay with weak horizon differentiation. The gleying is masked by the dark colours
in the surface horizons. The soil cracks vertically to a depth of 40 inches.

Description of Individual Soil Horizons

0-10 cm; dark grayish brown (10YR 4/2) moist colour with many medium, faint, very
dark grayish brown (10YR 2/2) and very dark brown (10YR 2/2) mottles; clay; strong,
fine, subangular and medium gramular; hard, firm, very sticky, very plastic; common,
fine and medium roots: laboratory sample number 458, pH 5.8; conductivity 0.31
millimho,

10-31 cm: dark grayish brown (10YR 4/2) moist colour with many, medium, faint, dark
brown (10YR 3/3) mottles, heavy silty clay; strong, fine, subangular blocky: hard,
firm, very sticky, very plastic; common, fine roots; laboratory sample number 457,
pH 5.6; conductivity 0.25 millimho.

3160 cm; dark gray (10YR 4/1) moist colour with many, medium, faint, very dark
grayish brown (10YR 3/2) mottles: heavy silty clay: strong, medium, angular blocky:
very hard, very f{irm, very sticky, very plastic; few fine roots; laboratory sample
number 456; pH 7.2: conductivity 0.83 millimho.

60-103 cm; olive gray (5Y 4/2) moist colour with many, medium, faint, olive (5Y 5/4)
mottles; heavy silty clay; strong, medium, angular blocky with prominent slickenside~
like basal surface; very hard, very firm, very sticky, very plastic; laboratory
sample number 455: pH 7.6; conductivity 1.43 millimhos.

103-150 om; gray (5Y 5/1) with many, medium, prominent, olive yellow (5Y 6/6) and
olive (5Y 4/4 mottles and few, fine manganese~rich nodules and traces of very fine,
white, calcareous nodules; silty clay; strong, coarse, angular blocky with
slickenside~like basal surface; wvery hard, very firm, very sticky, very plastic;
laboratory sample number 454; pH 7.0; conductivity 5.8 millimhos.
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Information on the Site

Preofile number: Pit No. 4, Auxiliary Farm FHo. 2

S0il neme and mapping unit symbol: Agawiaw Jeries, 1H20 W1

Higher category olassification: Albiec Fatragqualf

Dete of examination: 10 June 1969; after several rains in the previous
2 wasks

Author of desoription: 8. Siverajssingham

Location: FAD Pilet Irrdgstion Development Schems,; in the Accra Plains of CGhana

Elevetion: about 207 £ above mean sea level

Land form: gently sloping upland in the Accrs Plainsg, middle slope

Slope: 0-2 percent

Vegetation or land-use: short grass snd scattered short trees

Climate: Coastal dry zone {savannah)

Ganeral Information on the Soil

Parent material: locally transported drift over layer containing laterite gravel
or weathsring acid gnelss

501l dreinage class: poorly drained

External soil drainsge (runoff): slow

Internal soil drainsge: very slow

Parmsability: very slow

Moisture conditions in the soil: molst throughout

Water table: probably desp

Surface stones op rock outorops: nil

Bvidence of erosion: none

Bvidence of saltor alkalis mnone exvept for any indlcation of the prismatic

' structure

Human influence; ennusl burning of grass sccidentally or delibsrately to
remove the coarse vagetsiion and to allow the growth of
tender shoots and leaves

Brief CGeneral Dascription of the Profile

The Agawtaw Series is & shallow, poorly drained, very slowly permeable soil.
The surface horigon is a very dark gray or very dark grayish brown, friable, sandy
clay loam. The subsoll ls an olive or light olive brown, dense, clayey hardpan and
often containing a wtone line of laterite gravel and quariz cobbles in the lower
part. This owerlies s friable clay or sandy clay or highly weathered bedrock.

Degsoription of Individual Soil Horigons

0-10 cm; very dark gray (10YR 3/1); heavy siliy olay loam, moderate, medium,
subangular blocky, frisble, very sticky, plastic; many, fine, roots, clear smooth
lower boundary: laboratory sample vumber 390; pH 6.8:; oconductivity 0.20 millimho.

10-26 om; dark grayish brown (10YR 4/2) and very dark grayish brown (10TR 3/2);
heavy sandy olay loam, moderate prismatic bresking to mocderate, medium, subangular
blocky, friable, very sticky, plastic, common, fine roots, clear,smooth lower
boundary; laborstory ssmple number 389: pH 7.0; oconductivity 0.15 millimho.
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26-34 om; dark brown to dark grayish brown (10YR 4/3); clay strong, very coarse
prismatic breaking to strong medium subangwlar blocky;  extremely hard, absorbs water
very slowly, very sticky, very plastic; few fine roots; gradual, smooth lower
boundary: laboratory sample number 388; pH 7.2; conductivity 0.25 millimho.

34-58 cm; olive to olive gray (5Y 4/3-4/2); clay; strong, very coarse, prismatic
with prominent basel cleavage and breaking to strong, moderate, prismatic; extremely
hard, absorbs water very slowly; very sticky, very plastic; very few, fine roots;
gradual, smooth, lower boundary; laboratory sample number 387; pH 7.6; conductivity
1.25 millimhos,

58-76 cm; dark grayish brown (10YR 4/2-2.5Y 4/2) with few, fine, distinct, reddish
yellow (5YR 6/8) and common, fine, prominent black presumably manganese-rich mottles;
very gravelly clay, the gravel being fine round, laterite concretions, manganese-rich,
nodules and coarse sngular quartz; very ococarse, prismatic bresking down to strong,
medium, prismatic, hard, friable, sticky, plastic; few fine roots; abrupi, wavy
lower boundary varying from 40 cm to 88 cm depth within a distance of 100 om;
laboratory sample number 385, pH 7.8, conducsivity 1.75 millimhos.

76-118 om; gray (5¥ 5/1) with many fine prominent, reddish yellow (5YR 6/8) mottles;
very gravelly clay, the gravel being fine, round laterite; massive, dense gravel
pan diffioult to dig but clods removed are only slightly hard, sticky, plastic; no
roots; laboratory sample number 38%; pH 7.85; conductivity 2.50 millimhos.

118-160 em; olive (5Y 5/4} with common, medium, white, calcarsous and few, fine,
black,presumably manganese-rich mottles; pockeis of saprolotic material with
brownish yellow (10YR 6/8), yellow (2.57 7/8) and yellowish brown (10YR 5/8) and
greenishbands; 1light olay; strong, medium, angular blocky; slightly hard, sticky
plastic; no roots; laboratory sample number 384; pH 8.0; conductivity 1.9
millimhos,

160 em;  hedrock of hornblends sohigt, comes to within 120 cm at the position where
the gravel layer also comes nearer the surface, at other places, the bedrock is
even deeper than 160 com. V

Information on the Site

Profile number: Pit No, 1, Auxilisry Farm No. 2

Soil name and mapping unit symbol: Nyigbenya Series, imperfectly drained variant,
2L25

Higher category classification: Oxic Tropustult, clayskeletal

Date of examination: & May 1969

Author of description: §. Sivarajasingham

Location: FAQ Pilot Irrigation Development Scheme, in the Acora Plains

Elevation: approximately 203 £t above sea mean level

Land form: gently sloping upland in the Accra Plains; upper slope

Slope: 0-2 percent

Vegetation or land-use: short grass and scattered short trees

Climate: Coastal dry zone (savannah)
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General Information on theV80il

Parent material: locally 4transported material over country rock of acidic gnsiss
and basioc gneiss

So0il drainage class: imperfecily drained

External soil drainage(runoff)}: moderate

Internal soil drainage: slow

Moisture conditions in the soil: dry

Permsability: slow

Water table: probably deep

Surface stones or rock outcrops: hard laterite surface, probably of a buried

houlder exposed at surface about 20 1 away

Bvidence of erosion: none

Bvidence of salt or alkaeli: none

Human influence: fTreguenily burned accidentally or deliberately to promote
regrowth of tender grass for grazing

Brief General Description of the Profile

The Nyigbenya Series, imperfectly drained variant, in a reddish brown, mottled,
imperfectly drained sandy clay loam with a thick very gfavelly subsoil, the gravel
being mostly hard, well developed laterite concretions and occasional, angular
quartz.

Degeription of Individual Soil Horigzons

0~11 cm; very dark gray to very dark grayish brown (10YR 3/2»3/1) moist colour;

very fine sandy loam high in humus; wealk; medium and fine, subangular blocky; hard,
friable, slightly sticky, plastic; dense; slightly porous; many fine roota;
abrupt, wavy boundary; laboratory sample number 287; pH 6.6; conductivity 0.29
millimhoo

11-28 em; very dark gray to very dark grayish brown (10YR 3/2—3/2) moist colour;
very gravelly sandy olay loam, the gravel being wery hard, fine round, laterite
concretions; clods break into weak, fine, subangular dlocky, granular and loose
gravel; moderstely hard friable, sticky, plastic; dense, slightly porous; many
fine and medium roots; gradual, smooth boundary; laboratory sample number 286;
pH 6.0; conductivity 0.10 millimho.

28-68 cm; reddish brown (5YR 4/4), red 2.5Y7R 4/6) and dark brown (10YR 3/3) moist
colours in spproximaitely egual amountus, very gravelly olay, the gravel occupying
over B0 percent volume of the horizon and being very hard, fine and medium, round
laterite concretions; very heavy and dense clods bresking into weak, fine,
gubangular blocky and loose gravel; moderately hard, frisble, veéry sticky, very
plastic; few, fine roote, clear, wavy boundary:; laboratory sample number 285;

pH 6.6; oconductivity 0.13 millimho.
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i1 68-107 om; dark reddish brown (2.5YR 3/4) with few, fine black stains and yellowish

B2 brown (10YR 5/6), laterite gravel and black mangenese-rich gravel, very gravelly
clay, the gravel ocoupying over B0 percent volume of the horizon and being many,
very hard, fine and medium, round, lalerite concretions and few; angular quariz and
common, fine black, mangauese-rich, nodules, very heavy and dense clods bresking
into weak, subangular blocky and locse gravel, moderately hard, friable, sticky,
plastic; few roots; clear, wavy boundary; laboratory sample number 284; pH 6.6;
conductivity 0,10 millimbho.

I 107=129 om; red (2.5YR 4/6) with many, medium, distinct, pale brown (10YR 6/3) and

B3 many, medium distinet, light brownish gray (2.5Y 6/2) and few, medium, prominent,
black mottles; very gravelly clay, the gravel occupying over 80 percent volume of
the horizon and being composed of many fine, round and angular, laterite and
manganese~rich nodules and few, fine, angular quartsz gravel; heavy clods breaking
into individual clay with a little clay adhering to give some weak, fine, subangular
blocky; hard, friable, sticky, plastic, very few, fine, roots; abrupt, smooth
boundary:; laboratory sample number 283; pH 6.8; conductivity 0.09 millimho.

IIT  129~171 cm; yellowish red (5YR 5/6) Yo strong brown (7.5YR 5/6) with few, medium,

c1 prominent, black stains, many, medium, prominent, yellowish brown (10YR 5/6), and few,
medium, prominent, red 62,5YR 4/8), many, medium, prominent olive yellow (2.5Y 6/8)
and few, medium, distinct light vellowish brown zQ.SY 6/4) mottles; silty clay;
strong, medium and fine, subangular blocky, moderately hard, friable, very plastic,
very sticky, porous, light, saprolitic with many channels filled with grayish material;
laboratory sample mumber 282; pH 6.8; conductivity 0.06 millimho.

I Information on the 3ite

Profile number: Pit No. 10, Piloet Area 4
501l name and mapping unit symbol: Aveime Series, L30
Higher category classification: Oxic Haplustalf
Date of examination: 29 April 1969, end of the long dry season
Author of descripticn: 8. Sivarajasingham
Location: FAQ Pilot Irrigation Development Scheme, in the Acora Plains
of Ghana
" Elevation: about 38 £t above mean sea level
Land form: old river terrace about 20 ft above the surrounding area of recent
alluvial deposit
Slope: middle position on a convex slope of 3 percent
Vegetation or land-use: dense low bush, grass and short trees
Climate: Coastal dry zone (savannah)
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General Information on the Soil

Parent material: alluvial deposit containing lenses of oygter shells at
certain depths

Soil drainage classs well drained

External soil drainage (runoff): good

Internal soil drainage: good

Permeability: moderately rapid

Moisture conditions in the scil: dry throughout the profile

Water table: deep

Surface stones or rock outcrops: nil

Evidence of erosion: none

Evidence of salt or alkali: none

Human influence: probably cleared for bush-fallow farming more than 15 years ago

Brief (General Description of the Profile

The Aveime Series is a deep, well drained, moderately rapidly permeable, red
coloured, porous, light tewbtured soil with a good distribution of roots to a depth
of more than % 1 and much evidence of fanual activity. It occurs on the level
and gentle slopes of old river terraces.

Degeription of Individusl Soil Horizons

0-12 em;  very dark grayish brown { 10YR 3/2) moist colour; sandy loam; weak, [ine,
granular and single grain; soft, very friable, non sticky, non plastic, porous;
mary fine and medium roots; gradual, smooth lower boundary; laboratory sample
number 25%2; pH 7.4: conductivity 0,716 millimho.

1254 om;  dark reddish brown {578 3/2m3/3} moist colour; loam, weak, medium
subangular blocky: slightly hard, frisble, non sticky, non plastic; porous: many
medium and fine roovts, pieces of old pottery at 40 cm and thin lens of oyster shells
at 53 om; gradual smooth lower boundary; laboratery sample number 251; pH 7.2;
conductivity 0.07 millimho,

54-86 cm; dark red (10R 3/6) %o dark reddish brown (2.5YR 3/4) moist colour; light
gandy olay loam, weak medium subangular blocky; hard, friable, slightly sticky,

non plaatim}pwramﬁ dus to many old root channels and insect burrow holes; +thin
patchy cutans; common, medium roots; gradual, smooth lower boundary; laboratory
pample mamber 2%0; pH 7.2; conductivity 0.04 millimho. '

86-159 om; red (2.5YR 4/8-10R 4/8) moist colour, loam weak, medium, subangular
blocky; slightly hard, friable, slightly sticky, non plastic: porous due %o many
old root channeles and inesct burrow holes; old termite nests; thin patchy ocutens
as linings in pores; few medium roots; laboratory sample number 249; pH 7.0
conductivity 0.04 millimho,
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Information on the Site

Profile number: No. 15, Pilot Area A

Soil name and mapping unit symbol: Zipa Series, M31B
Higher category classification: Plinthic Typic Tropaquult
Date of examination: 1 May 1969

Author of description: 9. Sivarajasingham

Location: FAO Pilot Irrigetion Development Scheme in the Accra Plains of Ghana
Elevation: about 30 £1 sbove mean sea level

Land form: old river terracs above the floodplain

Slope: 3 percent

Vegetation or land-use: medium grass and many trees
Climate: Coastal dry zone (savannah) .

General Information on the Soil

Parent material: alluvium deposited om an old river terrace

Soil drainage class: moderately well drained

External soil drainage {runoff): good

Internal socil drainage: poor to very poor

Permeability: very slow

Moisture conditions in the soil: dry

Water table: vwvery deep

Surface stones or rock oubtorops: none

Bvidence of erosion: none

Tyidence of salt or alkali: none except for any indication of the prismatic
gtructure

Human infiluence: grass freguently burnt

Brief General Description of the Profile

Deep, moderately well drained soil,compact, strongly mottled, slowly
permeable.

Descripiion of Individual Soil Horizons

0-25 cm; light brownish gray (10YR 6/2) dry colour becomes dark brownish gray
(?OYR 4/2) on moistening, sandy loam, massive bresking town to single grains, and
fine granules, very hard, moft, non aticky, non plastic, porous with granular
material in cavities, few fine and medium roots, graduasl, smooth boundary; labo~
ratory sample number 270; pH 5.6; conductivity 0.08 millimho,

25-63 om; brownish gray (2.5Y 6/2) dry colour becomes i
grayish brown (10YR 5/2) and
dark yellowish brown (10YR 4/4); sandy loam and sandy clay loam in parts wi{h other
zanylamiil gandy %00ka§§; massive very hard, soft nom plastic to sticky, non plastic
o plastic, very few, [lne roots, gradusl K smooth boundary; laboratory sample n
269; pH 5.4; conductivity 0.08 millimhows. v ? unoer
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63-82 om; light brownish gray (10YR 6/2) moist colour with common, fine, distinct,
yellowish brown (10YR 5/6) mottles; sandy clay; strong, coarse, prismatic breaking
to moderate, medium prismatic with many basal 'cleavage planes' in turn breaking

to moderate, medium anguler blocky; very hard, very sticky, plastic, dense, few;
fine roots; gradual smooth boundary; laboratory sample number 268; pH 5.8;
conductivity 0.36 millimhoe.

82-123 cm; light gray (5Y 7/1-7/2) to light brownish gray (2.5Y 6/2) moist colour
with common, coarse, prominent red (10R 4 6«4/8) and common, fine, distinct yellowish
brown (10YR 5/6) mottles; sandy clay loam, strong, coarse, prismatic breaking to
moderate, medium, prismatic in turn bresking to moderate, coarse, angular blocky
along horizontal weak planes giving smooth ped faces, very hard, sticky, plastic;
dense, few fine pores, few fine roote; gradual smooth boundary; laboratory sample
number 267; pH 5.2; conductivity 2.04 millimhos.

123-158 om; light gray (5Y 7/1-7/2) moist colour with common, coarse, prominent,
dark red (10R 3?6) mottles and small, yellowish brown (10YR 5/6) sand fillings in -
cavities; heavy sandy clay; weak, coarse prismatic breaking to moderate, coarse,
angular blocky; hard, firm, very sticky, plastic, dense, few pores, very few, fine
roots, clear smooth boundary; laboratory sample number 266; pH 5.4; conductivity
3.5 millimhos.

158-165 om; light gray (5Y 7/1-7/2) moist colour with many, coarse, prominent,
yellowish red (5YR 5/8) and red (2.5YR 4/8) mottles, gravelly, gritty sandy clay;
weak coarse, subangular blocky, moderately hard, friable, very sticky, plastic, no
roots, clear smooth boundary; laboratory sample number 265; pH 5.0; conductivity
2.7 millimhos.

165-175 cm; light gray (5Y 7/?m7/2) moist celour with coarse, common, prominent,
strong brown (7.5YR 5/8) mottles; gritty sandy clay; weak coarse, subangular blocky;
heavy, dense, not porous; hard, very firm, very sticky, plastic; no roots;
laboratory sample number 284; pH 5.0; conductivity 3.8 millimhos.

Information on the Sits

Profile number: No. 5, Auxiliary Farm No. I

Soil name and mepping unit symbol: Chichiwere Series, L40
Higher category classification: Typic Dystropept

Date of examination: May 1968

Author of description: 8. Sivarsjasinghanm

Location: FAO Pilot Irrigation Development Scheme in the Acera Plains of Ghana
Elevation: about 44 1 above mean sen level

Land form: river levess

Slope: 1 percent ‘

Vagetation or land-use: +tall grass and many tall trees and bush
Climate: Coastal dry gone (savannah)
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General Information on the Soil

Parent material: alluvium from Volta Hiver
Soil drainage class: moderately well drained
External soil drainage {runoff): slow
Internal soil drainage: moderately good
Permeability: moderately rapid

Moisture conditions in the soil: dry
Water table: probably deeper than 15 %
Surface stones or rock outcrops: none
Evidence of erosion: none

Bvidence of salt or alkali: none

Human influence: none

Brief General Description of the Profile

Deep yellowish brown, loose sandy soil,

Degeription of Individual Horizons

0-15 cm; very dark grayish brown (10YR 3/2); fine sandy loam; weak, fine, granular
held together by common, fine and few, medium roots; soft, very friable, non sticky,
non plastic, porous,clear, smooth boundary; laboratory sample number 75; pH 5.4;
conductivity 0.16 millimho,

15-45 em; yellowigh brown {10YR 5/6} with medium, faint dark yellowish brown

(10YR 4/4) mottles; fine sandy loam to light fine sandy clay loam,moderate, fine,
subangular blocky, soft, friable, slightly sticky, slightly plastic; porous; medium
and fine roots; clear, smooth boundary; laboratory sample number 76; pH 5.4;
conductivity 0,03 millimhoo.

45-70 com; dark yellowish brown (10YR 4/4) to brown to dark brown (7.5YR 4/4% with
common medium, distinct, dark brown (10YR 3/3) and brownish yellow (10YR 6/8) mottles;
light fine sandy clay loam to fine sandy loam; moderate, fine subangular, blocky,
soft, friable, slightly plastic, slightly sticky; very porcus; few, fine roots;
clear smcooth boundary; laboratory sample number 77; pH 5.4; conductivity 0.03
millimhos

70-100 cm; yellowish brown (10YR 5/6) with few, medium, distinct, strong brown
(7.5YR 5/6-5/8) and coarse, medium, distinct, dark brown (10YR 3/3) mottles; fine
sandy loam: 1light fine sendy clay loam to fine sandy loam:; weak fine, subangular
blocky soft, friable, slightly sticky, slightly plastic; very porous; thin clay
sking, few, fine roots, clear smooth boundary; laboratory sample number 7.8:
conductivity 0,03 millimho,

100-150 cm; yellowish brown (10YR 5/8) with common, medium distinct yellow

(10YR 8/6) eand dark brown (10YR 3/3) mottles, fine sandy loam, weak, fine, subangular
blocky; soft friable, nor sticky, non plastic; porous; laboratory sample number
7.9; pH 6.1; conductivity 0.03 millimho.
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Information on the Site

Profile number: No. 23, Pilot Area A
So0il name and mapping unit symbol: Hake Series, light textured variant, L42B

Higher category classification: Aquic~Typic Dystropept

Author of description: S. Sivarajasingham

Date of examination: 12 May 1969

Location: TFAO Pilot Irrigation Development Scheme in the Accra Plains of Ghana
Blevation: about 30 ft above mean sea level

Land form: Floodplain

Slope: 3 percent

Vegetation or land-use: tall grass and scattered irees

Climate: Coastal dry zone (savannah)

General Information on the Soil

Parent material: recent floodplain alluvium
S0il drainage class: moderately well drained
External soil drainage (runoff): good
Internal soil drainage: good

Permeability: moderately rapid

Moisture conditions in the soil: dry

Water table: deep, probably about 15 £%
Surface stones or rock outcrops: none
Evidence of erosion: none

Bvidence of salt or alkali: none

Human influence: freguently burnt

Brief Qeneral Description of the Profile

The Hake Series (light fextured variant) is a deep, moderately well drained,
yellowish red, moderately rapidly permeable moderately light textured soil with a
light textured layer in the subsoil or substratum.

Description of the Individual 3Scil Horizons

0-10 ecm; dark grayish brown (10YR 3/2) moist colour; silt loam, weak medium,
subangular blocky and granular; moderately hard, friable, slightly sticky, slightly
plastic; many, fine and medium roots, clear, smooth boundary; laboratory sample
number 319; pH 5.8; conductivity 0.10 millimhoe.

10~33 om; reddish brown (5YR 4/4) moist colour; silty clay loam, moderate coarse,
prismatic breaking to moderate, coarse, angular blocky and in turn to weak, medium,
subangular blocky; hard, friable, sticky,plastic; porous, few fine roots; clear,
smooth boundary; laboratory sample number 318; pH 5.4; conductivity 0.07
millimho.
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3370 em; yellowish red (5YR 4/6) moist colour with many, medium, prominent, white
(10YR 8/2) and common, medium, prominent, yellowish red (5YR 5/8) mottles; sandy
clay loam; moderate, coarss, prismatic breaking to moderate, fine prismatic and in
turn to moderate, medium subangular blocky, white parts are due to loose clean sand;
very hard, friable, sticky, plastic, porous; few, fine rcots; abrupt, smooth
boundary; laboratory sample number 317; pH 5.2; conductivity 0,04 millimho.

T0~113 cm; light gray (10YR 7/2) sand with yellowish red (5YR 5/6) relatively harder
material of loam texture and occurring as many, medium, prominent mottles; weak
coarse, prismetic breaking to weak, coarse, subangular blocky; the loose, clean sand
occurs as pockets and interspersed fillings; +the loamy parts are hard, friable,
slightly sticky, non plastic; porous; few, fine and medium roots; clear, smooth
boundary; laboratory semple number 316 (70-83 cm) and 315 (83133 em); pH 5.8 for
both samples; conductivity 0.04 and 0.07 millimho respectively.

113178 cm; strong brown (7.5(R 5/6), with many, medium, prominent, white (10YR 8/2)
motiles; sand; loose, soft, non sticky, non plastic; few, fine roots; Ilaboratory -
sample number 314; »pH 5.8; conductivity 0.001 millimho,

Information on the Site

Profile number: Pit No. 1, Selected Area A of Auxiliary Farm No. 1
goil name and mapping unit symbol: Hake Series, M43 W1

Higher category classification: Aguic Tropustultic Dystropept
Date of examination: 30 January 1969

Author of description: 8. Sivarajasingham

Location: FAOQ Pilot Irrigation Development Scheme in the Accra Plains of Ghana
Elevation: about 43 £t above mean sea level

Land form: Floodplain

Slope: O-2 percent

Vegetation or land-use: tall grass bush and scattered tall trees
Climate: Coastal dry zone (savannah)

General Information on the Soil

Parent material: Hecent floodplain alluvium
Soil drainage class: imperfectly drained
External soil drainage (runoff): slow
Internal soil drainage: imperfect
Permeability: moderately wrapid

Moisture conditions in the soil: woist, dus to recent rain
Water table: probably about 15 £t

Surface stones or rock outerops: none
Evidence of erosion: none

Bvidence of salt or alkali: none

Humen influence: grass freguently burnt



111  Brief General Description of the Profile

The Hake Series is a deep, imperfectly drained moderately rapidly permeable,
medium textured, friable brownish yellow soil.

v Degcription of Individual Soil Horizons

A11  0-8 em; very dark grayish brown (10YR 3/2) o very dark brown (10YR 2/2) light loam;
weak, fine subangular blocky and weak, medium and fine granular peds held together
by many fine and common medium, and few coarse roots, soft, friable, slightly sticky,
slightly plastic; porous; high in humus,clear smooth, lower boundary; laboratory
sample number 201; pH 5.6; conductivity 0.67 millimho,

A12  8-1%5 cm; dark grayish brown (10YR 4/2) to very dark grayish brown (10YR 3/2) silt
loam; weak, coarse, subangular blocky bresking to weak, fine and very fine, subangular
blocky, soft, friable, slightly sticky, elightly plastic; porous, many fine and
common medium roots; termites common; clear smooth, lower boundary; laboratory
sample number 202; pH 6.8; oconductivity 0.12 millimho,

A3 15-28 em; brown {7.5YR 5/4), no mottles; loam, weak, coarse subangular blocky
breaking to weak, fine subangular blocky, friable, slightly sticky, non plastic, many
fine and medium pores, no clay skins on pore walls or ped faces; many fine and
common medium roots, clear, smooth, lower boundary; laboratory sample number 203;
pH 5.4; conductivity 0.0% millimho.

B2 28-40 om; dark brown (7.5YR 3/2) ped exterior and brown to dark brown (7.5YR 4/4-4/2)
ped interior with white (10YR 8/2) deposits in pores; loam to sandy loam; common
pottery places and guartz pebbles; weak coarse subangular blocky friable, slightly
gticky, non plastic; many fine pores, no clay skins on pore walls or ped faces; many
fine pores, common, fine and medium roots; clear wavy lower boundary; laboratory
sample number 204; pH 5.4; conductivity 0.05 millimho.

A2 40-55 om; dark brown (7.5YR 3/2) and brown (10YR 5/3) ped exterior and strong brown
(7.5YR 5/6) ped interior white (10YR 8/2) filling in pores light fine sandy clay
loam, the white deposits in the pores are clean sand grains washed free of all clay
common pottery pieces and pieces of fresh garnetiferous rock; breaking into hard,
strong, coarse angular blocky and friable weak, medium subangular, blocky peds;
slightly sticky, slightly plastic; many, fine and medium pores; common fine and few
medium roots; abrupt wavy lowser boundary; laboratory sample number 205; pH 5.4
conductivity 0.08 millimho.

IT 55-73 om; dark brown to brown (7.5YR 4/4) with common, coarse, faint, dark yellowish

B21  brown (10YR 4/4) and few, fine distinct brownish yellow (10YR 6/8) and fine,prominent
mottles on ped surface, and these and many, coarse, distinct grayish brown Z2.5Y 5/2)
and many, fine distinct greenish gray (SGy 5/1) mottles in ped interior very sandy
clay loam; hard, dense strong coarse, subangular blocky and fine soft weak, fine,
gubangular blocky; sticky, plastic, meny fine pores, clay skins less prominent and
less continuous than in underlying horiszon,few, fine roots; clear, smooth, lower
boundary; laboratory sample number 206; pH 7.0; conductivity 0.28 millimho.
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II 73~113 cm; brown (7.5IR 5/&wﬁ/2) ped surface with common, medium faint dark grayish

B22  brown (10YR 4/2) and few, medium, prominent, black mottles, and yellowish brown
{10TR 5/6) ped interior; heavy silty cley; hard dense, sirong, coarse subangular
blocky bresking to friable moderate, fine subangular blocky with distinct ped faces;
sticky plastic common, fine pores, clay skin on ped faces; few fine roots; many
fine and medium old root channels fillsd with Al - like material; clear, smooth
lower boundary; lsboratory sample number 207; pH T.4; conductivity 1.2% millimhos.

II 113-148 om; brown (7.5YR 5/4) with common, medium, distinct, yellowish red (5YR 4/6)
C1 and few, medium, distinct, yellowish brown to strong brown (7.5YR 5/6-10YR 5/6), few
fine, prominent, light gray (2.57 7/2) and few, fine, distinct black mottles; light
silty clay; hard, dense, strong coarse subangular blocky bresking into friable
weak, fine angular blocky siicky, plastic; few old root pores; few old root chammels
filled with A1 ~ like material cley skins on ped faces; oclear smooth lower boundary;
laboratory sample number 208 pH 7.2; conductivity 2.5 millimhos.

11 148-180 om; variegated with coarse, prominent mottles of yellowish ped light brownish

c2 gray (2.5YR ﬁ/&) in approzimately equsl smounts and few, fine, distinct, black
mottles; light silty clay; moderate medium; subanguler blocky breaking to weak fine
angular blocky; friable sticky, plastic, few, fine pores and few, thin skins on pore
walle and ped faces, very few fine roots; laboratory sample number 209; pH 6.2;
conductivity 1,97 millimhos,

Augured a further 120 om (i.e. to a total depth of 300 em), with depth grayish
colours become more common and the texbure changes through sandy loam to finally
sand at about 300 om; laboratory samples numbers 210 and 211; pH 7.4 and 7.2
respectively; conductivity 2.0% millimhos for both samples.

I Information on the Site

Profile number: Vit No. 2, Pilot Area A

Soil name and mapping unit symbol: Amo Series, M43 W2

Higher category classification: Tropagueptic Typic Tropagult

Date of examination: 27 April . 1969

Author of descoription: 8. Sivarajasingham

Location: FAQ Pilot Irrigation Development Scheme in the Acora Plains
of Ghana

Elevation: about 28 £t above mean sea level

Land form: Floodplain, lower slopes

Slope: almost flat (0~1%) slopes

Vegetation or land-use: tall grass and few scattered short trees

Climate: Coastal dry zone (savannah)
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General Information on the Soil

Parent material: recent floedplain alluvium
Soil drainage class: poorly drained
External soil drainage (runoff}: slow
Internal soil drainage: poor

Permeability: slow

Moisture conditions in the soil: dry down to 111 om
Water table: probably within 10 f%

Surface stones or rock outcrops: none
Evidence of erosion: none

Evidence of salt or alkali: neone

Human influence: freguently burnt

Briel (Jeneral Description of the Profile

Amo Series is a deep, poorly drained brownish yellow soil with a frisble silty
clay loam surface soil commonly abruptly thin, strongly prismatic, very firm clay
subsoil. The lower subsoil is angular blocky silty clay. Cracks extend vertically
from the surface to a depth of about 108 om.

Description of Individual Soil Hordizons

0-10 cm; very dark grayish brown (10YR 3/2) moist colour with few, fine, distinet
dark yellowish brown {10YR &f&} mottles, light silty clay loam, moderate, medium
granular; soft, friable, slightly sticky, slighitly plastic; porous, bulk density
of 1.2 grammes (g), ‘cc. many fine roois, clear smooth lower boundary; laboratory
sample number 263, pH 5.2, conductivity 0.51 millimbo,

10~13 em;  white (10YR 8/2) dry colour and on moistering grayish brown (10YR 5/2)
moist colour with many, fine distinct yellowish brown (10YR 5/4) and brown {7.5YR 5/4)
mottles, silty clay leoam; moderate coarse, angular blocky bresking to moderate,

fine and medium subangular blocky; hard, friasble, sticky; slightly plastic; porous,
bulk density of 1.3 g/ocy, few, fine roots, abrupt, smooth lower boundary;
laboratory sample number 226; pH 5.4; conductivity 0.06 millimho.

31-78 cm; light brownish gray (10YR 6/2) moist colour with medium fine, prominent,
red (2.57R 5/@) and common, fine prominent strong brown (7.5 §/8> mottles; colay;
gtrong, coarse prismatic with inclined basal slickenside~like cleavage planes, very
hard, very sticky, plastic, very dense, bulk density of 1.5 to 1.6 g cey. few,

fine roots, espscially along the coarse and vertical ped faceg; clear, smooth, lower
voundary: laboratory sample number 225; pH 5.6; conductivity 0.29 millimho.

78111 cm; light brownish gray (2.5Y 6/2) moist colour with common fine, prominent
red (2.5YR 4/8), yellowish red (5YR 5/8) and reddish yellow (7.5YR 6/8) mottles
pilty clay; moderats medium sngular blocky with esmooth ped faces; very hard, very
firm, very strong, sticky, plasfic; wery dense, bulk density of 1.7 &/cc;, very
few, fine roots; clear smooth lower boundary; laboratory sample number 224;

pH 6.0; conductivity 1.18 millimhos.
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C12  111-133 om; light brownish gray (2.5Y 6/2) moist colour with many coarse, prominent,
strong brown (7.5YR 6/6) and few medium distinct yellowish brown (10YR 5/6) mottles;
8iliy clay; moderate, medium angular blocky with smooth ped faces firm, very sticky,
very plastic; very dense, bulk density of 1.7 g/co; no roots; clear smooth
boundary; laboratory sample number 223; pH 6.2; conductivity 1.86 millimhos.

G21  133-151 cm; light brownish gray (2.5Y 6/2) moist colour with many medium, prominent
brown to dark brown (7.5YR 47:) and few, medium distinct, yellowish brown (10YR 5/6)
mottles; light silty clay moderate medium, angular blocky with smooih ped faces;
very firm, very sticky, plastic, very dense, bulk density of 1.6 g/cc; clear smooth
boundary; laboratory sample number 222; pH 6.6; conductivity 1.86 millimhos.

€22  151-172 om; light brownish gray (2.5Y 6/2) moist colour with common medium, prominent,
reddish yellow (7.5YR 6/6) and fine medium, distinct, yellowish brown (10YR 5/6)
mottles; light silty clay to siliy clay loam; moderate, medium angular blocky with
smooth ped faces; firm, very sticky, plastic dense no roots; laboratory sample
number 221; pH 6.8; conductivity 2.70 millimhos.

1 Information on the Site

Profile number: Pit No. 12, Pilot Area 4

Soil name and mapping unit symbol: Amo Series, Heavy Textured Variant, H43 W2
Higher category classification: Tropaquoptic Typic Tropaguult

Date of examination: 3 May 1969 at the end of a long, dry season

Author of description: S. Sivarajasingham

Location: FAO Pilot Irrigation Development Scheme, in the Accra Plains of Ghana
Elevation: about 20 f{ above mean sea level

Land form: Floodplain, lower slopes

Slope: almost flat (0-1%) slope

Vegetation or land-use: +tall grass and scattered short bushes

Climate: Coastal dry zone (savannah)

II General Information on the Soil

Parent material: recent floodplain alluvium

Soil drainage class: poorly drained

External soil drainage (runoff): slow

Internal soil drainage: poor to very poor

Permeability: slow to very slow

Moisture conditions in the soil: dry up to 61 em; slightly moist up to 106 cm;
and moist below 106 cm ‘

Water table: probably within 10 £t

Surface atones or rock cutcrops: none

Bvidence of erosion: none

Evidence of salt or alkali: none

Human influence: fregquently burnt
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IIT  Brief General Description of the Profile

The Amo Series, Heavy Textursd Variant, is a deep brownish yellow poorly drained
soil with a friable silty clay surface over a very firm, strongly prismatic clay
subsgoil.

v Description of Individual Soil Horizons

A1 0-8 om; light gray to gray (10YR 6/1) dry colour and very dark gray (10YR 3/1) moist
colour; silty clay; strong, fine subangular blocky and strong, medium, granular,
hard, friable, very sticky, plastic; very porous; many fine roots; clear smooth
boundary; laboratory sample number 281; pH 5.4; conductivity 0.19 millimho.

A3 8-17 om; dark gray (10YR 4/1) moist colour with many prominent strong brown (7.5YR
5/6) mottles; silty clay, strong fine subangular blocky and strong medium granular;
hard to very hard, friable very sticky, very plastic; very porous, many fine and
medium roots; clear wavy boundary; lsaboratory sample number 280; pH 5.4;
conductivity 0,12 millimho.

B2 17-61 cm; gray (10YR 5/1) moigt colour with few, fine, prominenit strong brown
(7.5YR 5/6} mottles; strong, very coarse, prismatic breaking down to strong, coarse,
prismatic in turn breaking down in moderate coarse angular blocky; very hard, very
firm, very sticky, very plastic dense, thick clay skins on ped faces and as channel
linings, common, fine roots, gradual, smooth boundary; laboratory sample number 279;
pH 5.6; conductivity 0,10 millimho.

B3 61-106 cm; light gray (5Y 7/1) moist colour with common, medium prominent, reddish
yellow {7.5IR 6/5) motiles in ped interior and on slickenside~like faces, clay,
strong coarse prismatic with prominent basal slickenside~like faces and breaking
into weak; medium, prismatic and angular blocky; very bard tc very firm, very
gticky, very plastic; wvery few, fine roots,gradual, smooth boundary; laboratory
gsample number 278; pH 5.6; conductivity 0.93 millimho.

€11 106~143 om; light gray (5Y 7/1) moist colour with many, medium, prominent yellowish
brown (10YR 5/6) and reddish brown (10YR 5/6) mottles in ped interior; clay strong,
medium prismatic with prominent basal slickenside~like faces and breaking into weak
coarse angular blocky and in turn into medium angular blocky, firm, very sticky,
very plastic, very few fine roots especially along the slickenside-like faces; gradual,
smooth boundary; laboratory sample number 277; pH 5.4; oconductivity 1.75 millimhos.,

¢12 143-179 em; light gray (51 7/1) with moderate, medium, prominent yellowish brown
(10YR 5/6) and strong brown (7.5YR 5/6) mottles in ped interior; clay strong coarse,
angular blocky and prominent slickenside-like faces; very firm, very sticky, very
plastic, very few fine roots; laboratory sample number 276; pH 5.2; conductivity
2.3 millimhos.
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Information on the Site

Profile number and location: Pit No. 6, Pilot Area A

Soil name and mapping unit symbol: Tefle Series, V45 W3

Higher category clagsification: Vertic Tropaquept

Date of examination: 30 April 1969, end of the long, dry season

Author of description: §. Sivarajasingham

Elevation:

Land form: Middle of broad valley floor in an area of recent alluvial deposits
Slope: less than 0.25 percent

Vegetation or land-use: tall grass and short trees mainly Mitragyna

Climate: Coastal dry zone {savannah)

General Information on the Soil

Parent material: alluvial material from Volta River mixed with material washed
from the adjoining area of garnetiferous hornblende gneiss

Soil drainage class: very poorly drained

External soil drainage (runoff): very slow to ponded

Internal soil drainage: very slow

Permeability: very slow

Moisture conditions in the soil: moist throughout

Water table: probably within 10 ft

Surface stones or rock outcrops: nil

Evidence of erosion: none

Evidence of salt or alkali:s none, except for any indication of the prismatic

structure

Human influence: annual burning of grass accidentally or purposely to replace

the coarss grass with tender shoots

Brief (General Description of the Profile

The Tefle Series is a very poorly drained, deep, gray, mottled heavy clay with
a strong, very coarse prismatic structure in the upper subscil.

Description of Individual Soil Horizons

0-7 cm; very dark gray (¥ 3/0) to black (W 2/0) moist colour, silty clay; strong,
medium, granular and strong, fine, angular bleocky held together by a dense mat of fine
and medium roots; friable, sticky, very plastic, abrupt, smooth, lower boundary;
laboratory gample number 263:; pH 5.2; conductivity 0.51 millimho.

7-41 em; very dark gray (N 3/0) to dark gray (N 4/0) moist colour with common, fine,
distinct, yellowish red (5YR 5/6) mottles along root channels, coarse, angulaxr
blocky, very firm, very sticky, very plastic, common, fine and medium roots and few,
coarse roots; olear, smooth, lower boundary; laboratory sample number 262; pH 5.4;
conductivity 0.32 millimho,
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41-87 cm; gray (5Y 5/1) interior with many, medium, prominent strong brown (7.5YR
5/6) mottles and gray (N 5/0) slickensides, clay; strong, coarse, prismatic breaking
down to strong, coarse, angular blocky and medium, subangular blocky; very firm,
very sticky, very plastic; strongly developed, inclined slickensides; few, fine

and medium roots; gradusl, smooth, lower boundary; laboratory sample number 261;

pH 5.6; conductivity 0,36 millimho.

87-125 cm; gray (5Y 5/1) interior with common, fine prominent, strong brown (7.5YR
5/6) mottles; gray (N 5/0) slickensides; clay weak, medium, subangular blocky;
very firm very sticky, very plastic; many strongly developed inclined slickensides;
few, fine roots mostly along slickensides; gradual, smooth, lower boundary;
laboratory sample number 260; pH 5.6; conductivity 0.85 millimho.

125-155 cm; gray (5Y 5/1) to dark gray (5Y 4/1) with common, fine, prominent, strong
brown (7.5YR 5/6) mottles; clay; wmoderate, medium, subangular blocky; very firm,
very sticky, very plastic; few slickensides; few, fine roots mostly along
slickensides; gradual, smocth, lower boundary; laboratory sample number 259;

pH 5.4; conductivity 0.72 millimho.

155-180 om; gray (5Y 5/1) to dark gray (5Y 4/1) with common, fine, prominent,strong
brown (7.5YR 5/6) and few, fine, distinct, black, presumably manganese-rich, mottles;
clay; strong, coarse, angular blocky and strong, medium, subangular blocky; very
firm, very sticky and very plastic; few slickensides; few roots mostly along
slickensides; laboratory sample number 258; pH 5.0; conductivity 2.9 millimhos.
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