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OF CONC 0! ONS

The report describes the results of a semi—~detailed soil surﬁey of aﬁ area
north of R.Oyani approximately 1918 hectares, situated in Kilgoris Division
of Narok District, Rift Valley Province.

The survey area has rainfall throughout the year with peaks in the months of

April and November. - The mean annual rainfall in the survey area ranges f{rom

- about 1315xm in the south to about 1380mm in the north. 1350mm may be assumed
representative of the area (the climatic data given are representative for

both phases 1 and 2 which have been taken as one whole area). The area has

mean annual rainfall to evaporation ratio (r/Eo) of 73% which places the

area in agro-climatic zone I classified as sub-humid with high potential

for plant growth, soil conditions not limiting. The ares generally lies

above 1500m a.s.]l. The mean annual temperature is 19.8°C which is classified

38 being warm temperate.

The area consists of Nyanzian System racks predominantly rhyolites with a
few accurrences of andesites along the river valleys. Alluvial and colluvial
materials occur in the river valleys. Physiographically the area consists
of plains and.river valleys.

The soils show variations mainly due to Lithology(parent material) and
physiography as activated by climate. The 'soils of the plains-are - - — — — -

predominantly developed on rhyolites and range from relatively young soils
adjacent to river Oyani and in depressional areas to relatively well
developed soils in the proper plain. Soils are well drained to puorly
drained with depths ranging from very shallow to very deep. Very shallow
soils occur on high lying parts of the plain,

About 41% (795 ha) of the area is moderately suitable for rainfed sugarcane
outgrowing, 43% (820 ha) is marginally suitable. The unsuitable areas
cover 16% (303 ha) of the survey area. Addition of appropriate fertilizers
and farm yard manure to supplement phosphorus, calcium, magnesium and
nitrogen levels and to improve soil Physical status is advisable as the
soils have a moderate chemical fertility,

The major land limitations in the area are shallow soils, pborly drained
soils and a moderate chemical fertility. :



INTRODUCTION

On behalf of the South Nyanza (SONY) Sugar Company, Mr. H.0. Nyanga the
Agricultural Manager in collaboration with Mr. Peter Du Boulay the . .
Agricuftural Development Manager, requested the Kenya Soil Survey to carry
out a semi-detailed so0il survey of an area north of the Oyani river. The
survey was the first phase in an overall 1nvest1gat1on of a much larger
area, ‘

The purpose of this survey was te carry out soil 1nvest1gat1ons and select
about 500 hectares suitable for ra1nfed sugarcane growing for the expansion
of the outgrowers area. :

Fieldwork was done between 14th. and 27th September, 1987. It was executed
in collaborat:on with Messrs B.X. Waruruy and‘H.:Onyono L

'The qet up of tho report is as follows.

Chapter one descr1bes the enviropment which 1ncorporates locatlon, .
communication and population) climate, geology, phys1ography and hydrology,
vegetation and present Tand use.

Chapter two gives the details of the applied survey methods wh1ch 1nclude
office, field and laboratory methods.

In chaptor three; the so1ls occurringin the survey area are exhaustlvely
described, whereas in chapter four the soils are ‘evaluated for their
syitability for rainfed sugarcane grow1ng

The authors are grateful to Mr. P. Du Boulay for his coptinued assistance"
and concern when carrying out the fieldwork as this enabled the smooth
execution of the work. Acknowledgement is also extended to the other staff
of South Nyanza (SONY) Sugar Company for their co—aperation during field
work and to the Chemistry Section of the National Agricultural Laboratories,
Nﬂerbl for their fast analyses of the soil samples.



. The area is sparsely populated. The Maasai people live in this area.
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1 THE _ENVIRONMENT

1.1 LOCATION, COMMUNICATION AND POPULAT.ION

- The survey area i& situated in Kilgoris Division, Narok District,: Rift Valley
" Province, The boundary between Nyanza province and Rift Valley province

Torms the western boundéry’pf_the.survey area while Lhe eastern boundary is
formed by the Oyani river which is also known as the Keiyan river near its
source.

The area lies between latitudes 0° 59’ and 1° 03'S and longitudes 340 35°
and 34° 41’E. The area covers about 1900 hectares and has an average -
altitude of about 1500m above sea lavel.

The Awende - Langata Sein murram road passes through the northern part of
the survey area. The area is also easily accessible from the Awendo - Oyani
murram road which is on the eastern side of the survey area. Accessibility
inside the survey area could be described as being good during the dry

- seasons but poor during the rainy seasons. This is because the tracks.

passing throtigh the area are impassable during the rainy seasons and some of
the tracks pass across river valleys which can not De crossed when the water
level rises beyond a certain level in the rainy seasons. The thick forest
along some parts of the river valleys also reduces accessibility to some
degree. - :

However, the survey area is at the boundary between Narok District and South

_Nyanza Distlrict and is near the boundary between Kisii District and Narok

Districts. Therefore pecople from these adjacent districts which are densely

populated have hired land from the Maasai and fgrow maize although sugarcane

growing is starting to take place. Thus both Kisii and Luo people are found
in the area. : o - o

1.2 CLIMATE

1.2.1 Data sources

The rainfall data of Uriri (90.34047), Kilgoris D.O. (91.34011) and Kihancha
Police Post (91.34015) rainfall stations have been used to estimate (by

isohyetal method) the rainfall of the survey area. The stations are located
at the west, east and south of the survey area respectively at altitudes of

‘1494, 1433 and 1982m, The distances of these stations to the centre of the

¥

survey area are respectively 10, 23 and 15km.

1.2.1 Average anpual and seasonal rainfall

The mean annual and seasonal rainfall {r) in the surqef‘qrea ranges from
about 1315mm in the south to about 1380mm in the north. ! However, an average
of 1350mm may be assumed Lo be representative of the area,

The area receives rainfall throughout the year with peaks in'the'months of
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April and November. .The aﬁérage monthly rainfall is shown in table 1.

Table 1 Average nonthly and annual rainfall (in mm) of the survey area

P St e % et T e T 8 L P L B ) i S e e ol e

J F M A M. 3 3 A S8 0 N B Year
76 94 189 112 155 91 48 76 109 108 134 123 1350

1.2.2 Temperature, potential evaporation (Eo) and agro-climatic zonation

The mean annual, mean annual minimum and mean annual maximum temperatures of
the survey area are 19.8, 13.5 and 26 0°C (EAMD 1970) respectlvely

The mean annual potential evaporation (Eo) of the area 1is about 1848mm -
(Woodhead, 1968) and the mean annual potential evapotranspiration (Et =
2/3Eo) is 1232mm. A monthly distribution of the potentlal evaporatlon wasg
calculated from Braun (in prep).

The mean annual rainfall to evaporation ratio (r/Eo) is 73% which places the
survey area- in agro-climatic zone II (Sombroek et al., 1982) which- has a
high potential for plant growth assumzng that soil condltlons are- not
limiting. "~ o . I ;f;ﬁ

Table 2 ~Average water balance for the survey area

J F M- A M J J A 5.0 N D

r 76 34 147 189 156 91 48 76 109 108 134 123

eff r 72 89 139 180 148 - 87 45 73 104 102 -127 11T

Eo 187 168 168 149 131 131 131 149 149: -168- 149" 168

- Bt 125 112 112-'100 87 87 B7 100 100 112 100 112

eff r-Et -53 -23 27 -80 61 =~ 0 -42 -27 4 -10 27 5
S (mm) : B o ' _

50 0 0 27 50 50 50 8 0 4 0 28 - 33
80 0 ¢ 27 80 8 8 38 11 15 5 32 37
120 26 3 30 110 120 120 78 5K1. 55 45 73 78
(eff r+ds)/Bt - : o : B o
50 - ‘ .84 .80 1.24 2.07 2.27 1.57 1.09 .81.1.,04 .95 1.28 1.30
80 -+ .88 .80 1.24.2.07 2.61 1,91 1.44 1.11 1.15 1.05 1.33 1.34
120 . 1.21 1.03 1.27 2.10 2.96 2.37 1.90 1.51 1.55 1.41 1.73 1.70°

interpretation {growing months)
soil depth (cm)
0-50 B 5 1 1 1 1 1 5 1 .5 1 1
0-80 B8 .5 1 1 1 1 1 1 1 1 1 1
0-120 1 1 1 1 1 1 1 1 1 1 1 1

i T L S Uy ———

Notes: eff r = effective rainfall; 5= storage; ds = surplus soil-water from
“previous month (mm); full growing month = 1, half growing month = .5

A water balance study for the area is shown in table 2, Since no soil

- phyaical data like moisture retention were directly determined, water starage
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capacities of the various soils were assumed to be as below.

Soil depth(cm) - ' Storage (mm)
0-50 50
0-80 . . 80

0-120 120

It can be observed from table 2 that soils whose depth is below 50cm have a
10 months growing season, those with a depth of upto BOcm have one of 11
‘months, while the soils with a depth of 120cm and over have a full year
growing season on average, ‘ '

1.3 @GR PHYS - HYD Y
1.3.1 Geology |

. According to Huddleston (1951) most of western part of the survey area is
covered by basalt with minor mudstone developments of the Nyanzian System,
The eastern part of the survey area is covered by basalt with Kisii soapstone
locally developed. BRoth are part of the Bukoban System. The northern part
of the area is covered by andesitic tuffs and argillaceous feldspathic '
sandstones. Huddleston points that these two bands are separated by
conglomerates and andesites but are probably one band separated by folding.
Many andesite flows are intercalated with these bands but were too thin to
be mapped separately. : :

However, when carrying out the soil survey, it was obsorved that rhyolites
formed the dominant rock in the plains whereas andesite exposures were noted
along the river valleys in places, Alluvial material has been deposited in ,
the river valleys. : ' : ' )

1.3.2 Physiography

Physiographically, the area can be divided into the plain and the river
valleys. The plain is very gently undulating to gently undulating with
slopes less than 4%. Some depressions occur in this plain and have o
_moderately deep to deep and imperfectly drained soils. The flatter parts of
the plain have generally deep and imperfectly drained soils whereas the :
sloping parts have shallow to deep and well drained soils. The plains
adjacent to the river valleys are slightly lower in elevation than the plains
further away from the river. On the shoulders between these two levels of
‘plains, rock outcrops are generally observed. :
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1.3.3 Hydrology

The survey area is drained by the Oyani river and its tributaries. The
western part of the area is also drained by a few tributaries of the Sare
river which occurs on the northern part of the survey area., - The Oyani and
. Sare rivers are perennial and drain their water into the Kuja river which
drains its water into Lake Victoria. "

The Oyani river is the main source of water for both home consumption and
livestock. In some parts of the plain adjacent to the rivér valleys, water
seepage takes place and these parts are waterlogged. a ' '

1.4 VEGETATION AND PRESENT LAND USE

The greater part of the plains is covered by shrubs but woodland occurs in

some places. Thick forest occurs along'the river'valleys.

Land clearing for cultivation purposes has taken place in very few parts of
the survey area. Maize is the major crop grown in the cultivated areas,
Cultivation in the area is done by the Kisii and Luo people on land they
have hired from the Maasai people, land is also being hired for sugarcane.
production. o : o o

Most of the area is presently being used by the Maasai for grazing. 'Bﬁsh"i'
clearing for charcoal burning on commercial basis is taking place in the -
ared. ’ ’ ' ’



2 THE SURVEY METHODS

2.1 OFFICE METHODS

The preparation for fieldWOrk has beéh diﬁided-iﬁtb two .parts:

a) Collection of data on geology . (parent mater1a1), geomorphology
hydrology, previous. soil surveys, vegetatlon, 1and use, climate and -
communication of the area. Aerial photographs and topographical maps
covering the survey area were also gathered. Two topographical map
sheets 144/1 and 130/3 published by the Survey of Kenya at scale
1:50,000 and a set of aerial photographs.at scale 1:15,000 were used.
The photographs were flown in 1987 by Photomap for the SONY Sugar Co.

b) Studylng of the already collected 1nfonmat10n This 1ncluded the
- available literature and a physiographic photo-interpretation of the
aerial photographs using a double mirror stereoscope. :

2.2 FIELD METHODS

The fieldwork was carried out by two soil surveyors and two . .technical
assistants in September 1987. The field investigation can be described
under the following headings: ' : .

a) Reconnaissance.
b) Routine augering :
c) Descrlptlon and sampling of representative soil proflle pits.

a) Reconnaissance

In order to get a proper orientation and to investigate the accessibility of
the area, a day was spent in going through the survey area. This assisted

in assessing the reliability and relevance of the photo interpretation.

There was a good correlation especially between the physiographic units in
the field and the interpreted units on the photographs. It was clear after
the reconnaissance that driving would be limited in some parts of the survey.
area due to thick vegetation with at times non-motorable tracks.

b) Routine augering

This dominated the total volume of ihvestigations. It involved a grid system
of augerhcle obgervations, sometimes with free survey’ to check the
interpretation units.

The augerhole observations were located 150 to 300m apart and sometimes even
more along transects spaced between 250 to 500m depending on the intricacy
of the soil pattern. The augerholes were made te a depth of 120cm and above
unless impenetrable layers occurred at shallower depth. A total of 102 -
augerhole chservations were made in the survey area. For the location of
the observation sites for augerings, see appendix 3.
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¢) Description and sampling'of s0il profile pits

After the final soil boundaries had been established on the basis of the
general site characteristics (landscape features, geology, land use and
vegetation among others) and soil characteristics (internal drainage
conditions, depth, texture, colour, mottling, consistence, etec) one .or two .
representative soil profile pits were located in each of the soil mapping
units. For both routine augerings and soil profile descriptions, the Kenya
Soil Survey standards and methods which are based on the "Guidelines. for
soil profile description" (FAO, 1977) were used. Soil colours including
those of augerings were noted using "Munsell Soil Color Charts" (Munsell
Color Co., 1977). Each soil horizon of the pits was sampled for. analysis in
the laboratory. Composite topsoil samples (0-30cm) were taken at various
sites around the profile pit for analysis according to mass analysis method
for soil fertility evaluation (Mehlich et al, 1962). A total of 10 soil
profile pits were dug, described and sampled for analyses.

2.3 LABORATORY METHODS

Chemjcél. physical and fertility analyses of the samples were carried out by
the National Agricultural Laboratories which use the methods outlined in
detail by Hinga et al (1980). A brief breakdown of the methods is given
below. :

_Texturé (hydrometer): no dispersing agent was used.

pPH Hz0/IN KCl in 1:2.5 soil - water/salt suspension was measured with a pH-
meter.

.Electrical conduct1v1ty (EC) was measured in a 1:2.5 soil - waler suspension
with an EC-meter, - : - ' N . _

%C: Walkeiy and Black method on A-horizons only
%N: semi-micro KJeldahl method on A—horlzons only

-Exchangeable catlons successive leachlng with IN NH4OAc at pH 7.0 solution.
Exchangeable cations viz: Ca, Mg, K and Na were determined with a
fldmephotometer/atom1c absorptlon spectrophotometer

Cation exchange capac1ty (CEC) Follow1ng the leachlng for exchangeable
.cations, the soils were leached with 95% ethyl alcchol, 1IN sodiun
acetate at pH 8.2, 95% ethyl alcohel and lastly with 1IN NH4OAc pH 7.0
solution. CEC. was determined in the last leachates by measuring the
Na-concentratlon with a flamephotometer.

Exchangeable acidity: Determined tltrlmetrlcally in an unbuffered 0. GN BaClz
solution., ,

"Mass analysis" for available nutrients (on A-horizons only): extraction by
shaking for 1 hour at 1:5 ratio with 0.1N HC1/0.025N H2S0a. Ca, Mg, K
and Na were determined with a flamephotometer, after an anion resln
treatment for Ca was done. Mg, P and Mpn were determined :
calorimetrically. :



3 THE SOTLS

3.1 PREVIOUS WORK"

Some scil information was obtained from the "Exploratory soil map and agro—
climatic zone map of Kenya (Sombroek et al, 1982)and From the "Preliminary
so0il survey of .the Transmara Division" (Wamicha et al, in prep).

Both these surveys cover the present survey area,

Table 3 Correlation between the soil units idepntified in the' "Preliminary

' : soil survey of the.Transmara Division’ the "Exploratory soil mayp»
and agro-climatic zone map ol Renya" and those of tlie present
_survey area. co : ' ' '

Exploratory soil map Preliminary soil survey Present soil survey

and agro-climatic zone of the Transmara (scale 1:50,000)

map of Kenya Divisioni

(scale 1:1,000,000) (scale 1:100,000)

Pn24 PXhM-PXa PYbZP, PYg, PYap, PYbdp
U4Yhp-U4Yg : PYrle : '

BXal VXp

3.2 GENERAL PROPERTIES OF THE SOILS

‘The s0ils of the survey area show variations mainly due to lithology {parent
- material) and physiography as activated by climate, especially rainfall. Two
main soil regions have been identified in the survey area and these are tle
plains and the minor valleys. Although the area has a rather high
precipitation, most of the so0ils north of the Oyanit river are less deep than
in comparable areas elsewhere, '

The soils of the plains are predeminantly developed on rhyolites. They
range from relatively young soils (adjacent to the Oyani river and in-

-depressional areas) to relatively well developed soils in the plain proper.

‘The soils are well drained to poorly drained with depths ranging from very
shallow to very deep. The very shallow to shallow soils cccur - -on slightly
high lying parts of the plain which in some mapping units are fairly rocky
and fairy stony with good drainage conditions. The soils with poor drainage
conditions occur in the slightly depressional areas and the rest of the
flatter areas of the plain. They have a moderate soil fertility.

The soils of the minor valleys are developed on alluvial and colluvial
materials derived from various parent materials. They are generdlly young
soils which occur aleng the Oyani river and its tributaries. These soils
are well drained to moderately well drained, moderately-deep to deep and are’
characteristically covered by a thick forest vegetation. They have a -
-moderate goil fertility. : -

3.3 SYSTEMATICS AND NOMENCLATURE



All so0il mapping units are briefly described in the legend of the soil map
(appendix 2). Physiography has been used as the highest level in Lhe legend
entry. The second level of separation is for geology and in both cases of

~ separation they are indicated by capital letters. The third level may either
have small letters with or without numerical figures which denote different
soil mapping units within the same physiography-geology grouping.

‘Physiography

P Plains (slopes less than 5%)
v Minor valleys (slopes 0-8%)

Geology

Y Rhyolites _ .
X Alluvium -and colluvium derived from various parent materials

Soils

- The soil mapping units have been deseribed in terms of their drainage
condition, depth, colour, consistence and texture. Other characteristics -
which include mottling and stratification have been mentioned where
applicable, The soil classification according to the FAQ-UNESCO of the
"Soil map of the world" (1974) is given al the end of each soil mapping unit
description. In the description of each soil mapping unit, the prevalent
depth class is given. Soils which are less than 120 cm deep are identified

by the following codes (see also "Key to depth classes" in appendix 2):

Depth class Depth- (em) Code
very shallow | 0-25 P or M
-shallow 25-50 P
moderately deep 50-80 p

deep - 80-120 porm

very deep 120-180 : . no code

The depth classes are also indicated by various screens in addition to these
codes (see appendix 2). The slope class code is indicated along with the
s0il mapping unit on each identified unit of the map. The slope classes
identified in the survey area are as follows (see also "Key to slope classes
in appendix 2): '

Slopes class code slopes (%)

0-2

Obﬂ;-
i
h

3.4 DESCRIPTION OF THE SOIL MAPPING UNITS



General remarks:

10

— colours are for moist conditions unless otherwise specified

— surface features like vegetation,. erosion, rock :outcrops,
overwash/overflow, flooding, surface stoniness, surface runoff, surface
sealing etc are.only indicated where they are observed.

3.4.1 Soils of the plains

Mapping unit PYrlwm

Extent

Parent material
Relief, macro
‘Vegetation
Land use

Erosion
Soils, general

" colour

texture
structure
consistence

Chemical properties

Diagnostie properties :

Soil'classification

193 ha

rhyolites

very gently undulatlng to gently undulatlng, slopes
0-3%

bushed grassland; in places cultivated

grazing and arable farming; maize cultivations

some sheet erosion

well drained, deep to very deep, dark red to dark
reddish brown, friable, gravelly clay to clay, over

‘pisoferric material and petroplinthite (imurram).

The so0ils have an ABC sequence of horizons with
clear and smooth transitions. The soils show a
clay increase with depth which-is- reflected by - —
patchy and thin clay cutans in the B-~horizon.
A-horizon: dark reddish brown {(5YR 3/2) to very
dark greyish brown (10YR 3/2)

B-horizon: dark red (2.5YR 3/6) to dark 1edd15h

_brown {(bYR 3/4)

A-horizon: clay

B-horizon: gravelly clay to clay

moderate to strong, very fine, fine and medium. .
subangular blocky

friable when moist, slightly sticky and slightly
plastic when wet

A-horizon: organic C ranges from 2.6 to 2. 8/ pH-
H>0 ranges from 5.6 to 6.1 and pH-KC1 is 4.5; CEC-
so0il ranges from 26.8 to 34.5 me/100g and base
saturation ranges from 35 to 40%. ,
B-horizon: pH-Hz0 ranges from 5.6 to 6.1; CEC-soil
ranges from 21 to 28.7 me/100g and that of the
clay fraction ranges from 29 to 43 me/100g; base
saturation ranges from 21 to 94%.

An umbric A-horizon; an argillic B-horizon and a
base saturation ranging from 21 to 94%. Deep to
very deep soils over pisoferric materidls and
petroplinthite. :
humic ACRISOLS and orthic LUVISOLS; pisofertric and
petroferric phases

For fhe description of representative soil profiles with analytical data,
see appendix 1, profile description nos. 1 and 2 (observatlon nos. 130/3-
2588 and 144/1-229, respectively). :

Mapping unit PYrZM




Extent -

Parent material
Relief, macro

VegetatiOn
Land use

Erosion
Soils, general

colour

texture:

consistence
Chemical properties

Diagnostic properties

801l classification

11

401 ha
rhyolites
very gently undulatlng to gently undulating, slopes

2-4%

bushed grassland

arable farming - maize cultivation; and grazing.
moderate rain splash and sheelt erosion. ‘
well drained, very shallow to shallow, yellowish
red to dark reddish brown, clay loam:to clay, over
pisoferric material and petroplinthite (murranm).
The soils have an ABC sequence of horizons with
abrupt and irregular transitions.

A—horizon: dark reddish brown (5YR 3/4) to dark
yvellowish brown (10YR 3/4)

B-horizon: yellowish red (56YR 4/6) to dark reddish
brown (8YR 3/4)

A-horizon: clay leoam to.clay over very gravelly

material

B-horizon: clay loam to clay

friable when moist, sticky and plastic when wet
A-horizon: organic C is 1.0%; pH-H20 is 5.7 and
pH-KCl is 4.0; CEC-soil is 28 me/100g and base
saturation ranges from 47 to 61%

B-horizon: pH-H20 ranges from 5.7 to 6.1 and pH-
KC1 ranges from 5.0 to 5.2; CEC-secil ranges from

- 13.5 to 22.5 me/100g decreasing with depth, and —

that of the clay fraction ranges from 30 to 40
me/100g; base saturation ranges from 47 to 61%.

¢! An ochric epipedon; a cambic B-horizon with a base
‘saturation of more than 50%. Shallow soils over

pisoferric materials and. petroplinthite {(murram).

eutric CAMBISOLS, pisoferric and petroferric phases

For the description of a representative soil profile with analytical data,
see appendix 9, profile description no. 3 (observation no. 144/1-227).

Mapping unit PYb1P

Extent
Parent material

-Relief, macro

Vegetation

.Land use
TRockiness

Erosion
Seils, general

colour

texture
structure

consistence

72 ha

rhyolites

very gently undulating, slopes 0-2%

bushed grassland

grazing

rocky

nil

well drained, very shallow, dark brown to dark
greyish brown, fairly rocky and fairly stony, clay
loam to clay. . The soils have an.AC sequence of
horizons with abrupt and wavy transitions.
A-horizon: dark greyish brown (10YR 4/2) to dark
brown (10YR 3/3)

A-horizon; clay

weak to moderate, very fine, fine and medium
subangular blocky, breaking into crumbs

friable when moist, slightly sticky and slightly
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plastic when wet
Chemical properties i A-horizon: organic C is 2.1%; pH-H20 is 5.3 and the
: PH-KC1 is 4.1, CEC-so0il is 25 me/100g and that of
clay fraction is 26 me/100g; base saturation is 20%

Diagnostic properties : An ochric epipedon; very shallow soils over rock, .
' A cambic B with base saturation less than 50%
Soil classification i dystric LITHOSOLS

For the description of a representative soil profile with analytical data,
see appendix 1, profile description no. 4 (cbservation no. 130/3-2593).

Mapping unit PYb2P

Extent _ i 99 ha

Parent material ¢ rhyolites

Relief, macro i flat to very gently undulating, slopes 0-1%
Vegetation ' : open bushed grassland

Land use { grazing

Rockiness ! in places rocky

Erosion ¢ nil

Flooding ! seasonal _

Soils, general i moderately well drained to imperfectly drained,

shallow to moderately deep, dark yellowish brown to - -

dark brown, mottled, friable to firm, loam to clay,

over rock and petrophinthite (murram). The so0ils

have an ABC sequence of horizons with abrupt and

smooth transitions. S
colour + A-horizon: dark yellowish brown (10YR 3/4) to very.

. ' - dark greyish brown (10YR 3/2)
B-horizon: dark yellowish brown (10YR 3/4) to dark
brown (10YR 3/3).

texture ¢ A-horizon: sandy clay loam to clay
: ‘ B~horizon: loam to clay
structure + weak, fine and medium subangular blocky
consistence * friable to firm when moist and slightly sticky to
sticky and slightly plastic to plastic when wet
Chemical properties : A-horizon: organic.C is 3.1%; pH-H20 is 5.5 and

PH-KC]1 is 3.9; CEC-scil is 21.3 me/100g and base
saturation is 24% '

- B~horizon: pH-H:20 ranges from 5.6 to 5.8 increasing
with depth; CEC-so0il ranges from 11.8 to 12.5
me/100g decreasing with depth. The CEC of the clay
fraction ranges from 30 to 34 me/100g. Base '
saturation ranges from 28 to 36% t

Diagnostic properties : an ochric A-horizon; a cambic B~horizon with a
' base saturation of ‘less than 50%; hydromorphic
properties ,
So0il classification ! gleyic CAMBISOLS, lithic phase

For the description of a representative soil profile with analytical data,
see appendix 1, profile description no. 5 (observation no. 130/3-2590).

. e e e e e < S S e e e e ot

! The pH-H20 looks too high for the base saturation indicated.

4



Mapping unit PYb3p

Extent

Parent material
Relief, macro
Vegetation

‘Land use

Erosion

Ground water level

Soils, general

colour

texture

structure
consistence
Chemical properties

Diagnostic properties :

Soil classification

13

405 ha

rhyolites

flat to very gently undulaling, slopes 0-3%
grassland ,

grazing

nil .
about 50 cm (most likely a perched groundwater

level "during rainy seasons in places)

imperfectly drained, deep to very deep, dark greyish
brown to dark grey, mottled, firm clay, underlying
10-30 cm of very dark grey, loam to silty clay
topsoil. The soils have an ABC sequence of horizons
with diffuse and smooth transitions, especially in

~ the B-horizon.

A-horizon: very dark greyish brown (10YR 3/2) to
very dark grey (10YR 3/1). There are common, fine

and distinet dark reddish brown (5YR 3/3) mottles.
B-horizon: dark greyish brown (10YR 4/2) to dark
grey (10YR 4/1) with common medium and dlStlnCt
reddish brown (10YR 5/8) mottles.

A-horizon: loam to silty clay

B-horizon: clay

moderate, medium angular blocky

firm when moist, sticky and plastic when wet.
A-horizon: organic C is 2.6%; pH-H20 is 5.5 and pH-

- KC1 is 4.0; CEC-soil is 18.7 me/lOOg and base

saturation is 22%

B-horizon: pH-Hz0 ranges from 5.8 to 6.1;
s0il ranges from 25 to 51 me/100g and base
saturation from 33 to more than 100%

an umbric epipedon; an argillic B-herizon with a
base saturation of more than 50%; hydromorphic
properties.

CEC-

- gleyie LUVISOLS

For the description of a representative soil pfofile with analytical data,

see appendix 1, profile description no. 6 (observation no.

Mapping unit PYap

Extent

Parent materlal
Relief, macro
Vegetation

Land use
Erosion
Flooding

Soils, general

130/3-2589) .

197 ha

rhyolites

flat to very gently undulating, slopes 0-2%

bushed grassland

grazing

nil

seasonal

imperfectly dralned deep to very deep, dark greyish
brown to very dark greyish brown, moltled, firm
clay, abruptly underlying 30 to 50 cm of loam to
clay topsoil. The soils have an AEBC sequence of
horizons with diffuse and smoolh transitions in the
B-horizon and abrupt and smooth transition between
the top soil and the B-horizom.



14

colour -+ A-horizon: very dark brown (10YR 2/2) to very dark
grey (10YR 3/1)
E-horizaon: dark brown (10YR 3/3) .
B-horizon: dark greyish brown (10YR 4/2) “to very
dark greyish brown (10YR 3/2) ' :
texture : A-horizon: loam to clay loam
E-horizon: clay loam
B-horizon: clay

structure : mnoderate to strong, fine and medium subangular and
. angular blocky
consistence -+ fiem when moist, sticky and plastic when wet
Chemical properties ! A-horizon: organic C is 2.5%; pH~H20 is 5.3 and

pH-KC1 is 3.8; CEC-s0il is 20 3 me/lOOg and base
saturation is 28%
B-horizon: pH-H20 ranges from 5.3 to 5.8; CEC-soil
ranges from 10.5 to 38.5 me/100g and that of clay
. : , fraction from 25 to 56 me/100g 1
Diagnostic properties : an umbric A-horizon; an argillic B-horizon with a-
' base saturation generally less than 50%; abrupt
, transition between A-and B-horizons.
Soil classificatien :  dystric PLANOSOLS

For the description of a representative soil profile with analytical data,
see appendix 1, profile description no. 7 (observation no. 130/3- 25923,

Mapping unit PYbdp - - = - : . - - - - -

Extent : 191 ha

Parent materzial i colluvium

Relief, macro : : depressional

Vegetation ¢ grassland

Land use {- grazing

Erosion -+ nil

Flooding : during rainy .season (frequent) ,

Soils, general : imperfectly drained to poorly drained, moderately -

deep to deep, dark yellowish brown to black,
mottled, firm to very firm, clay loam to clay, over
rock and petroplinthite (murram). The soils have
an ABC sequence of horizons with gradual to clear
and smooth horizon transitions. There are pressure
Taces-1like features,

colour i A-horizon: very dark greyish brown (10YR 3/2) to

) very dark grey (10YR 3/1)

B~horizon: dark yellow1sh brown (10YR 3/4) to
black (10YR 2/1) :

texture : A-horizon: 1loam to clay
B-horizon: clay loam to clay

structure : ¢ moderate to strong, very fine, fine and medium sub-
angular blocky

consistence : firm to very f1rm when moist, sllghtly stichy to

1Amount of %C (3.12) and hence organic matter at the depth of 90-120 cm
is very high and off. This has resulted in low CEC clay compared to the high
anount of clay analysed.
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. sticky and plastic when wet
Chemical properiies ¢ A-horizon:. organic C is 0.5%; pH-H20 is 5.7 and
- pH-KCl is 3.B; CEC-soil is 30 me/100g; . base
saturalion is H51% ‘
B-horizon: pH-llzn ranges from 5 to 6.3; CEC-soil
ranges from 16.5 ta 23,7 me/l100g increasing with
depth, CIC of Lhe clay . fraction ranges from 45 to
67 me/100g. Base saturation ranges from 19 to 30%.
Diagnostic properties :  An ochric A- hor]7on. a_camhlc B-horizon with base
' © saturation ‘of less than 50% and hydromorphic
properties
Soil classification: : dystric and gleyic CAMBISOLS

For the description of a ropréséntative sail profile with analytical data,
see appendix 1, profile description no. 8 (observation no. 130/3-2591).

Mapping unit I'Y¥pg

Extent . . i 228 ha

parent material * rhyolites '

Relief, macro : flat to very gently undulating

Vegetation : grassland {mainly secge grass)

Land useg i grazing durlng dry season

Erosion ' Sr il o B S
Flooding ¢ generally flooded, but more so dur]ng rainy scasons
Soils, general : poorly drained, very deep, dark greyish brown to

very dark grey, mottled, soft to Ffirm, clay. The
soils have an ABC sequence of horizons with clear
to diffuse and smocth horizon Lransitions. They
have some pressure.faces.

colour :  A-horizon: very dark greyish brown (10YR 3/2) to
very dark grey (10YR 3/1)
"R-horizon: dark greyish brown (1QYR 4/2) to very
dark grey (10YR 3/1)

texture : A-heorizon: clay loam
' ‘ B-horizon: clay
structure - - ! moderate, very flne, fine and medium angular blocky
consistence i soft to firm when moist, slicky and plasiic when
’ wel X
Chemical properties i A-horizon: organic ¢ is 4%; pH-Hz0 is 4.8 and pH-

KCl is 3.8; CEC-soil is 31.0 me/100g; base
saturation is 8%

B-horizoen: pH—HzO ranges from 5.5 to 6.0; CEC-soil
ranges from 16.5 to 38.5 me/100g; CEC of Lhe clay
[racltion ranges from 44 to 49 mn/lOOg, base
saturation ranges from 43 to 74%

Diagnostic properties : An umbric epipedon; a cambic B-horizon:
' ' hydromorphic properties within 50 cm from the
surface
Soil classification +  humic GLEYSOLS

For the description of a represeniative soil profile with andlytlcal dala,
see appendlw I, profile description ne. 9 (ebservalion no. 130/3-2594),
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3.4.2 Soils_of the minor valleys

Mapping unit YXp
Extent. N
Parent material
Relief, macro
Vegetation -
‘Land use
Erosion
Flooding

Soils, general

colour

texture
structure
‘consistenca

Chemical properties

Diagnostic properties

Soil classification

132 ha : ‘
alluvium and cofluvium

flat to undulating, slopes 0-8%
bushland thicket

! - woodcutting, browsing and grazing
i nil :
i = can be flooded in places seasonally

well drained to moderately well drained, moderatel,

deep to deep, dark reddish brawn to dark greyish
brown, friable to firm, clay; in places stratified.

The soils have an ABC sequence of horizons., They
have clear and smooth transitions. S
A-horizon: dark yellowish brown (10YR 3/4) to dark

reddish brown (5YR 3/2)

B~horizon: dark reddish brown (BYR 3/3) Lo dark
greyish brown (10YR 3/2)

A-horizon: sandy clay loam ta clay loam
B-horizon: sandy clay loam to clay :
moderate to strong, fine, medium and coarse sub-
angular blocky _ o
friable to firm when moist, sticky and slightly
plastic to plastic when wet - - T

‘A-horizon: organic ¢ is 1.66%; pH-H20 is 5.2 and

PH-KC1 is 3.8; CEC-so0il is 20.5 me/100g; base
saturation is 61%

B-harizon: PH-N20 ranges from 5.4 to 5.8; ClC-
s0il ranges from 14.5 to 35 me/100g and that of the
clay fraction from 52 to 58 me/100g, Base
saturation ranges Tfrom 49 to 64% .

an ochric epipedon, stratified horizons and cambic
B-horizon. Dase saturation more than 50%

t eutric CAMBISOLS and FLUVISOLS

For Lhe description of a representative soil profile with analyfical data,
~-see appendix 1, profile description no. 10 (observation no. 144/1-228),

3.5 SOIL FERTILITY ASPECTS °

3.5.1 _Geﬁeral

For fertility appraisal

y composite samples of the topsoil (0-30 em) have

been considered. Tt is important to note that this appraisal is only based
on chemical data of 2 limited nunber of sampling sites. The comments should
‘therefore be treated as general.

The so0il reaction varies from very stfbngly acid to medium acid with pil

ranges of 4,7 to 5.7,

supplied with most of t
rest of the mapping uni
s0ils have an inadequat

Mapping units PYrlum, PYb3p and VXp are sufficiently
he basic plant nutrients viz Ca, Mg, K and N, ' The
ts are deficient in calcium and magnesium, All the
e supply of phosphorus. Organic malter is on the
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“olher hand adequately distributed in the soils of the survey area with the
organic carbon content ranging from 2.1 to 3%, Nitrogen is generally low,
ranging from 0.19 to 0.38%. '

The survey area has a reasonable amount of rainfall and this has resullbed in
a substantial leaching of the nutrients down the ploflle The generally low
pH and CEC data corroborate this situation. '

3.5.2 Available nutrients

Table 4 indicates the amount of avallﬂble nutrients f01 the representative
soil profiles of each of the mapping units.

Tahle 47 Available nutrients (0-37 cm)

s01] pll C N Na K Ca Mg ' P
mapping C L% s ppm
unit , : B me/100g

PYrlm .6 2.4 0.38 0.20 0.58 1.8 3.3 12
PYrlm 5,2 2.9 0.28 0.29 0.54 B.4 L5 . ]
PYr2™M . 5.7 2.5 0.28 0.22 1.40 ~ 3.8 4.8 14
PYbIP. . .2 2.7 0.19 0.22 0.46 1.8 2.2 B
PYL2P 5.1 2.6 0.21 0.36 0.14 1.2 0.3 - & &
PYb3p 5.3 3.3 0.28 0.43 0.29 2.0 1.9 8
PYap 5.1 2.8 0.20 0.54 ~0.14 1.6 1.6 4
PYbdp 5.2 2.6 0.24 0.48 0.26 1.2 0.4 6
PYg 4.7 3.0 0.23 0.40 '0.18 2.0 1.6 12
VXp 5.0 2.1 0.22 0.26 0.22 5.6 5.0 a

For the rating of the above results, reference has been made to Mehlich et
al (1964). About half of theé soils of the survey area are sufficiently
supplied with most of the basic¢ planl nutrients except for phosphorus which
is deficient in all the soils. Soils of mapping units PYbZP, PYbdp, PYap
and PYblP are deficient in calcium and those of mapping units PYb2P and
PYbdp are deficient in magnesium. Mapping units PYap and PYg have soils
which are deficient in potassium.

Application of Ca, Mg, K and P containing fertilizers would be necessary to
correct these deficiencies. This includes application of lime and single
superphosphate. Although the soils are not deficient in nitrogen,
application of farm yard manure or compost manure will improve the soil
physical status.
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4 LAND EVALUATION FOR SUGAR CANE OUTGROWING

4.1 PROCEDURES

The land evaluation method used by the Kenya Soil Survey closely follows the
proposals of the "Framework for land evaluation”" (FAO, 1976). A detailed
account of this approach can be found in the "Soils of the Kindaruma area"
(van de Weg and Mbuvi, 1975). A further updating of the ratings used in the
Kindaruma area is in the Kenya Soil Survey Internal Communications,
"Proposals for the rating of land qualities" (Braun and van de Weg, 1977)
and "Rating of land qualities in Kenya" (Weeda, 1987). The following is a
short summary of the basic concepts: o o

- land evaluation is based on land qualities that can be quantified and
" rated; : ‘ - '

-  land qualities usually are combinations of single lend characteristics

o {as discussed below); '

—  these land qualities are used to establish specifications for each land
suitability class for a specific land utilization type (conversion
‘tables); . ' o : ' ,

- for each "tract" of land, a rating of all relevant land qualities is
made for all land utilization types under consideration. :

For this survey area, land has been evaluatéd‘fpr oniy one.iand utilization
type, namely rainfed sugarcane "outgrowing", high level of technelogy. This

level of technology in this particular survey area implies the following:

(a) Farm power - the machinery and equipment used for farm oberations are
mainly tractors., Apart frpmrploughing, harrowing and to. a little extent
weeding, planting and harvesting is done manually.,

(b) Technical know-how - the general knowledge is high enough ‘such that
' the farm operators (SONY group) are in a position to use modern
agricultural practices like application of fertilizers, use of the
right cane variety, taking of soil conservation measures (terracing,
contour ploughing, etc), timely planting and weeding among others.

4.2 LAND QUALITIES

The following land qualities were used for-the.land evaluation for rainfed
sugar "outgrowing" in the survey area:

{a) climatic characteristics (clim)

(b} Availability of water (AoW)

(c) Possibilities of mechanization (PoM)

(d) Oxygen for plant roots growth {(0x)

(e) Resistance to erosion (sheet and gully erosion-after clearing (RE)
(f) Soil fertility (Fert),

The ratings of all land qualities of all tracts of land (so0il mapping units
and slope class) are given in table 22

(a) Climatic characteristics (clim)

Climatic characteristics are very important in land evaluation as they relate
to the amount of rainfall and temperature and their distribution over an
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area. This subsequently has a significant influence on crop yields. The
minimum annual average rainfall for optimum growth of sugarcane iz 1500 mm
(Acland, 1971). For optimm growth 75% of this should be available during
the growing season. An altitude of 5200 ft (1600 m) is usually regarded as
being the upper limit for commercial cane growing (Jaetzold and Schmidt,
1982). A mean annual temperature of 20°C to 309C is considered ideal with-
an optimm of 25°C. The survey area falls in agro-climatic zone II which is
classified as sub-humid with a mwean annual rainfall to evaporation (r/Eo)
ratio of 73% and an r-Et value of 118 mmn (where r is mean annual rainfall
and Et is the mean annhual potential evapotranspiration).

(b) Availability of water (for plant growth) (AoW)

This -land quality is expressed in terms of the length of the growing
season(s). The growing season is the period during which the plant has enough
available soil water to maintain its normal productive growth. It is
measured in terms of the presence of humid growing months without limitations -
for the plant together with the existence of a more marginal growing month -
preceding or following a full growing month. The length of the accumulated -
growing months will determine the suitability for a specific plant or crop.

ihe total easily available soil moisture storage capacity is calculated for
three different rooting depth clasaes of the particular soil as shown in
table 2. Table 5 below shows the relation of soil depth to growing _season.. -

~

Table 5 Relationship of depth and growing season

Soil.gepth.(cn! : growing season (months)
0 - 50 | 10 -
0 - 80 : i1
0 - 120 : 12

The length of the individual gfawing éeﬁson(s) can be grouped according to
the land quality ratings as shown in the table below. : :

Table 6 Rating of Availability of water

Month(s) .per growing season rating

>11 Tl
9.5 -1 2

(c) Possibilities of mechanization (PoM)

Consideration is made regarding the use of agricultural implements (tractors)
in cane production as an aid in speeding up the farm operations in rating
this land quality. Such farm practices as seedbed preparation, harvesating -
and general transportation have also been considered.

For the rating of the above land quality the following land characteristics
were taken into account. '

- length of slope
- steepness of slope
- width of the mapping unit
- rackiness/stoniness or shallowness of the soil ‘ :
= . workability of the soil (ease of cultivation). For practical purposes,
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the subrating of "workability" of .the soil was based on the moist’
consistence of the soil. Tt is also considered that ‘the existing "
termite mounds which are 70-100m apart, 5-10m in diameter and 0.5-1m in
height will be graded before farm operations, S

The subratings of thé aﬁ°6gfh9ﬁtihﬁed.iénﬂ_éharaciéﬁistiCS aré shown'in =~ -
tables 7 to 9 o , o o

Table 7 . Subrating for slqpe length

Length of slope ] f'subfatihg |
longer than 200m - 1
from 50-200 m . .2,

- T TR ToTT TTTTTTTT T e
Table B8  Subrating fqr”éteephéss‘bf_516pes -”.777 .~1 - TR
slope class - ‘subrating
AB -C (upto B%) 1 .

Table 9  Subrating for stoniness/rockiness/shallowness of the soil Cs
description .- Subrating

non-stony, non to little rocky and not shallow 1

fairly tony, fairly rocky and/or shallow 2

Table 10 Subrating for workability of ‘the soil (cultivation) .  , .

moisture consistence subrating
duisture consistence subrating

loose

very friable

_slightly hard/friable/friable
to firm

hard/firm

very hard/extremely hard/very
firm/extremely firm

L 0 —

oA

Workability is graded one class if ‘sticky and plastic when ﬁetyand ddﬁngraded_'i
two classes if very sticky and very plastic when wet. : .

Table 11 Subrating for minimum width of'the'mappiﬁg‘dnit.,:’

width of mapping unit subrating
more than 100m 1 . “1'_”g .

50, less than 100m 2 T

— e e g ko - e g e —_— a— — e e

more than




The final rating for the possibilities of mechanization is given in table 12
‘below. The most limiting subrating determines the final rating of the land
quality under consideration, . S

Table 12 Final rating for the pbssibilities of mechanization.

T e e Lk e ! ke oyl e S i B e e o e e -t [ ————

final rating steepness stoniness work  slope . width of
of slope "rete ability length .. mappin
unit
1 very good 1 1 3 1 1
2 good 1 2 4 2 -2
3 moderate 2 3 5 3 3
4 poor 3 4 5 3 3
5 very poor q 5 5 3 3

e . e e e e 7 B R ke e i —i—— —— - T . e e e g ey T B b i ek e e e

(d) Présence(hazard of water logging (availability of oxygen) (Ox):

The period which water takes while stagnating over a land surface will have
a direct influence on the general aeration of the soils. Water logging.
results in soil air-water imbalance such that most of the soil pares beceme
waterfilled. Since plant roots require oxygen contained in the air spaces,
lack of it results in plants dving if not very drastic ylelds preduction. -
Most farm operations will not be possible at the same time with excessive
water. TFor the rating of this land quality, the soil drainage class as
determined in the field was used. .

Table 13 Rating for the availubility of oxygen . ﬁh_ﬁf}

- - R e e ey ot . e o e e i o Bt ek e e Ao v . B o e e -

drainage class rating description
well to excessively ,
drained soils 1 very good
moderately well drain soils 2 goaod
imperfectly drained 3 moderate
poorly drained soils q poor -

very poorly drained 5 very poor

- o ——— —— e e et o gt e g £ S B e e ——— —— —

- (e) Resistance to erosion (sheet and gully erosion after clearing) (RE)

The land characteristics which are considered for the rating of this land
quality are as follows: 7 '

- climate factor
- slope factor
- soil factor

The rating of the land quality is obtained through summation of the
individual factor ratings and the final result expressed in terms of high,
moderate, low and very low resistance to erosion for base surfaces,
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‘Table 14 Rating climate factor

rating - KE is >25 (J/m?) : gro-cllna ic_zone K 8. S
3 >10,000 S LIn -

L L P — 3 ——— s e

The land quallty slope fhctor was rated by means of slope length and
steepness of slope.

Table 15 Slopes factor ratlngs

slope length (m) slope gradient (%)
A _ B c
0-2 a-5 5-8
<50 1 1 3
80-100 1 3 3
~ 100~200 1 3. 5
- 200 1 3 5

The following characteristice were taken into account for the 5ub—rat1ng of |
the land qun11ty soil factor. :

= Organic matter

- bulk density

~- silt/clay ratio :

- floceulation index(aggregate index)

If bulk denmity, sllt/clny ratlo and flocculatlon index have not been
determined, substityte values are given which will influence the overall
rating neither positively nor negatively.

Table 16 Subratings of organic C content and u11t/clay ratio’ B

xC Sub-rating rl 11t[claz rat1 ubratlng r2
3 1 < 0.2 ' 1
1.2-3.0 2 .0.2-0.59 @
<l.2 3 0.6-1.0 3
>1,00 q

If data unknown r2=2

Table 17 Subrating of bulk density and flocculatlon index -

Rulk density - Subrating r3 - flocculat1on - Subrating r4
(g/cm®) . g -1ndex R ' '
1.2 . 1 >70 1
1.2-1.5 2 40-70 2
>1.8 3 15-39 q
<15 6



If data unknown r3=2- If data unknowﬁ'f452

If characteristies r2, r3 and r4 are not determined substitute values are
- Eiven which will influence the overall rating neither positively nor
negatively, o S

The total soil factor rating is obtained by adding subrating rl, r2, r3 and
r4 as shown in the table below.

Table 18 Rating of soil factor

Rating Subratings
(rl+——r4)

1 1-8

2 7-9

3 >9

The final rating of resistance to erosion is the sum of the individual
climate, slope, and soil. The final rating is classified as shown on table
19,

Table 18 Final rating for resistance to erosion

rating o sum factors
1. high 3-8

2. moderate 7-8

3. low . ‘ 9-10 .

4., Very low 10

(9) Soil fertility (Fert)

The ability of the soil to supply the required plant nutrients adequately is
important for optimum growth and production. Low levels of so0il fertility
can be corrected by use of fertilizers and manure. Timely weeding and use
of soil conservation measures e.g control of runeff which leads to soil
erosion can maintain the status of the soil. Timely weeding reduces the
chances of weed competition with crops for the nutrients available in the
soil. The following characteristics were considered for the rating of the
land quality soil fertility.

-CEC me/100¢g soil (NHq-acetate pH 8.2)

-organic carbon % (Walkely and Black)

—available P ppm (Mehlich or Olsen)

-exchangeable K, Ca and Mg me/100g soil (NHs-acetate pH 8.2)
-pH water 1:2.5 ' . :
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Table 20 Subrating for CEC

me/100g _ subrating
>16 1. high
6-16 2. moderate
3-5.9 3. low ‘
3 ‘4, very low

Table 21 Subrating for available nutrients of the topsoil

% C. avail P exchangeable(me/100g) pH-H20
rating in temperature pPpnm K Ca Mg 1:2.5
zone 4,5,6 Mehlich ' . o
1. High 2.5 >60 50,5 6.0  >3.0 5.6-6.8.
2. moderate 1,6-2.5 21-60 0.21-0.5 3.0-60 1.1-3.0 4.8-5.5
or6.9-7.5
3. ].OW 1-0"’1.5 . 10-20 0010-0-20 1-0_2-9 0-5—1-0 4.0"'4-701‘
. ' 7.6-8.7
4., very low <1.0 <10 <0.10 1.0 0.5 <4.0 or

>8.7

The final rating for soil fertility is determined by the lowest subrating of
the available nutrients. ' '

Table 22 Rated land qualities of the individual mapping units .

B e L

TRACT OF LAND LAND OUALiTIES[CHARACTERISTIC§

Soil mapping /slope " Area AoW PoM Ox RE Fert
unit /class . (ha) : -
PYrlim/AB - 193 1 1 1 2 3
PYr2M/AB 401 .2 2 1 2 3
PYb1P/A . 72 2 3 1 1 4
PYb2P/A : ' ‘ 99 2 1 3 1 4
PYb3p/AB ' 405 1 2 3 1 3
PYap/A : 197 1 1 3 1 q
PYb4p/A 191 1 3 3 1 4

. PYg/A , 228 1 2 q 1 3
VXp/AC 131 1 4 1 2 4

4.3 Suitability classes and their requirements

Land suitability is the fitness of a given tract of land for a defined use.
Differences in the degree of suitability are determined by relationship,
actual or anticipated, between benefits and required inputs associated with
the use of the tract of land in question (FAO, 1976). )

The suitability of the individual tracts of land for rainfed sugarcane
"outgrowing" is expressed by the following classes (see also table 25)



SI  Highly suitable: Land suitable for sustained high vields with minimum
costs of development associated wilh the land.

s2 Moderateiy suitable: Land of moderate productivity, or requiring
moderate costs for development and management because of slight to
moderate limitations in land characteristics.

33 Morginally suitable: Land of restricted productivity or land requiring
relatively high costs for -development and management because of moderate
to severe limitations in land characteristics. :

- NS Unsuitable: Land which has qualities that appear to preclude sustained
use of sugarcane growing..

The su:tablllty c]ass defining criteria (requirements) are given in
table 25,

Table 23 Land quality cfiteria for the suitability c¢lassification of soils
for rainfed sugarcane "outgrowing" high level of technology
("conversion table")

LAND QUALITIFS/CHARACTERISTICS

Suitability class

AoW PoM Ox = RE  Fert
Highly suitable (S1) 1 1 1 2 1-2
~Moderately suitable (82) 2-3 2 2-3 2 3 -
.Marginally suitable (83) 4-5 3 4 3 4
Unsuitable (NS) 6-7 4-5 5 5 4

Table 24 Mapplng units with a moderate suitability for ralnfed sugarcane

outgrow1ng
Mapping unit "Extent }ha}
PYrlm : : : 193
PYb3p 405

PYap ’ 197

Table 25 Suitability classification and major-limitations of mapbing'ﬁnits
for rainfed sugarcane "outgrowing”, high level of technology.

Tract of land

Soil mapping ha % of Suit. class major limitations

unit total area :

PYrlm/AR 193 10 - 82 ~moderate soil fertility
PYr2M/AB 401 21 S3 ~very low soil moisture

storage capacily
- ' -maderate fertility
PYbIP/A : 72 4 NS -very low 561l moisture
' o : storage capacity
~low possibilities of
mechanization due to



table 25 continued

Tract of land

Soil mapping ha % of Suit, class major limitations
unit - total area

_ rockiness and stoniness

- PYb2P/A 99 5 - NS -moderate soil fertility.

—-very low soil moisture

storage capacity

_ ‘ : ' : - —moderate soil fertility
‘PYb3 /AR 405 21 . 52 o -moderate soil fertility

PYap/A 197 10 52 ~hard pan in the subsoil
S o . should be broken by a
_ . stibsoiler :
PYb4p/A 121 10 83 —low possibilities of

mechanisation due to small
and scattered areas

PYg/A 228 12 S3 —lack of enough available
: oxygen due to poor drainage
conditions
_ -moderate soil fertility
VXp/AC 132 7 NS - —low possibilities of

mechanisation due to rather

steep slopes; . <«

-moderate resistance Lo
erosion
—moderate soil fertility.

4.4 Suitability of .all tracts of land for sugarcane outgrowing" highlevel
of technology

By matchlng the ratings of table 22 with the suitability class. defining
criteria of table 23 (conversion table) the suitability of 'each tract of
land can be assessed. The suitabilities of all tracts of land are shown in

table 25.

Out of a total of 1918 ha of land surveyed for rainfed ‘sugarcane growing
approxlmately 795 ha are considered moderately suitable. This includes
mapplng unlts PYrlm, PYb3p and PYap. The breakdown of these tracts of land
15 shown in table 24. : :

The marglnally suitable areas occupy 820 ha and consist of mapping units
PYr2M, PYb4p and PYg. The unsuitable areas constitute 303 ha and include
mapping units PYbIP, PYb2P and VXp. S

4.5 Conclusions_and Recommendations

4;5;1- Conclusions

The area recelves rainfall throughout the yvear with pezks in the months of
April and November, The mean annual rainfall ranges fro= 1315mm in the
south to 1380mm in the north.

However, an average of 1350 mm of rainfall has been considered for the area.
This amount of rainfall is less than the optimum (1500 mm) required for
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commercial sugarcane production. The high altitude. {about 1500n'asl) réeduces
the rates of evapotranspiration in this area. ' This makes the soils store
more water than if the case was otherwise. Thus.the deep soils have'longer
growing months than the shallow oncs at the same altitude despite the area
having less than optimum rainfall for sugarcane growing. The mean annual
temperature for the area is .19.8°C, with the:mean .annual minimum‘of:IS.SPC
and mean annual maximum of 26°C. The area has an average altitude of 1500m
above Sea Level,

The area falls in agro-climatic zone IT which is classified as sub—~humid:
The above mean annual temperature of 19.8% places the area in temperature
zone 4 which is warm temperate and is moderately suitable for: sugarcare
growing. B o

The survey area is dominantly a plain with minor valleys. Very low soil. -
moisture storage capacity due to shallow soil depths (mapping units PYraM,
PYLIP and PYb2P) and low possibilities of mechanisation due to rockiness,
~shallow soil depth, steep slopes and small scattered areas (Mapping units
PYblP, PYb4p and VXp) are limiting factors, . Other limiting factors include

. lack of available oxygen (PYg), moderate resistance to erosion (VXp) and . :
moderate so0il fertility (the whole survey area),

About 41% (795ha) of the survey area is moderately ‘suitable for rainfed
sugarcane “"outgrowing” high level of technology.  The marginally suitable
areas constitute 43% (820 ha). The unsuitable areas comprise 16% (303 ha}_
4,5.2 Recommendations - | 4 ‘
Commercial rainfed sugarcane outgrowing high level of technology is only
feasible in mapping units PYrlm, PYb3p and PYap. These are moderately - .
suitable areas. ‘They constitute 795 ha. ‘ R L

Addition of appropriate fertilizers to supplement Ca, Mg, K.and P-where they
are deficient is advisable for sugar cane growing. | S e

The minor valleys - the Oyvani river and its tributafié&iwhich haﬁe rather
steep slopes shou}ddpe,]eft.undef_Qhe natural vegetation. . _ . -
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APPENDIX 1 -

1, A Detailed description of representative soil profiles with analytical
data. ‘ : : ’ . '

Prqfile description No. Observation No. Mapping Unit  Page

1 130/3-2588 - PYrlam’ 32
2 144/1-229 - PYrlm 34
3 134/1-227 PYr2M 36
4 130/3-2593 PYb1P . 38
5 130/3-2590 ~ PYb2P 40
6 130/3-2589 ‘PYb3p 42
7 130/3-2592 ' PYap 44
8 130/3-2591 PYbdp 48
9 . 130/3-2594 PYg 48
10

144/1-228 VXp : 50
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LABORATORY DATA OF PROFILE DESCRIPTION No.l

Cbservation no: 130/1-2588 Mapping unit: PYrlm' Soil classification

.humic ACRISOL,

'gisoferrif_ghase
Laboratory: no. /B7 { 8941 8942 8943 '
Horizon . Ap Bt Bc'
Depth (cm) 0-15 15«60 60-80
PH-K,0(1: 24v/v) 6.1 6.1 6.0
pH=~KCl " 4.5 4.3 4,5
EC(mmho/cm) " 0.07 | 0,04 q.ozl
Caco4(¥) ' )
CaSO4(l)
C (v) 2.63 1.30 0.61
N (%) 0.22
c/N
CEC(me/100g), pH 8.2 26.8 21,0 9,8
cEC " "  pH 7.0
Exch.Ca{me/100q) 5.8 3.4 1.6
" Mg M 2.9 0.5 0.5
" K " 0.64 | 0.30 | 0.16 - - -
" Na z 0.13 . 0,22 0,14
Sum of cations 9.47 4.42 2.4
Base sat. %, pH 8.2 35 21 24
" " '\, pH 7.0 _ .
ESP at pH 8.2 - 0.48 1.04 1.42
Texture {limited pretreatment)
Gravel & (>2.0mm)
Sand & (2.0=0.05mm) 30 24 68
Silt ¥ (0.05-0.002mm) 24 20 8
Clay v (0,002=Omm)} 46 56 24
Texture class c C _ SCL
Fertility aspects 0~ 135 cm Laboratory no.g979 /87
General 7 Available nutrients _
PH-H,0 (1: 1 v/v) 5.6 Na/me/100g) | -0.26 Mn(me/100g) | 0.76
Exch. acidity (me/100g) K " - 0.58 P (ppm) 12
C 3 2,46 | Ca " 4,8 P-Olsen(ppm) |
N % 0.38 Mg " 3.3

Remarks:
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PROFYIE DESCRIPTION NO 1

; Géneialréiterinfbr-ation

Mapping umit : PYrlx
Soil classification =  : humic ACRISOL, pisoferric phase’
Observation No/date = 130/3-2588, 24/9/87
" Location/altitude ¢ E34°39.07°', S0° 59.73°, 1572m
Agro—climatic zone : II '
Geological formation ! Nyanzian system
. Parent! material " i Rhyolites.
. Physiography : Plain
‘Relief : Flat to very gently sloping slopes 1-3%
Slope gradient 1 1.5%
Erosion . : Nil C ‘ Ny
Vegetation/land use -+ Bushed grassland, grazing and cultivation of
maize '
Surface stoniness -t Nil

Internal drainage:class : Well drained

Ap  0-15cm

‘Profile description

Dark reddish browm (5YR3/2ﬁmoist),—c1ay+—finefandfnediun;-*
crumby; friable when moist, slightly sticky and slightly »
plastic when wet; many medium pores, many bio—pores; clear
and smooth transition to:

(seample no. 130/3-2588a).

Dark reddish brown (2.5YR3/4 moist),_ciay; moderate, fine ﬁnd‘
medium,  subangular blocky; friable when moist, slightly sticky
and slightly plastic when wet; -many wedium pores, common bio

pores; abrupt and smooth transition to:

Bt 15-60cm -
BC 60-80cm.
C  80-120cm

(sample no.130/3-2588b). -

Dark red (2.5YR 3/6 moist),gravelly sandy clay loam; weak,
fine and medium, subangular blocky; friable when moist, non
sticky and non plastic when wet; common biopores; diffuse and
irregular transition to:

Pisoferric material,
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LABORATOQRY DATA OF PROFILE DESCRIPTION No. 2

1) Orthic LUVISOL
Observation no: 144/1-22¢"° Mapping unit: PYrls Soil classification: pisoferric phase

1) Previously indicated as profile No. 130/3-2595

Laboratory no. /87 8970 8271 8972 8973 8974

Horizon Au AB Becs Btcsl Btes2

Depth (cm) ., 0O-le 1l6-32 ©32-50 - | 50-64 64-96

PH-H,0(1: 2% v/v) 5.6 5.6 | 5.9. | 5.8 5.9

PH-KC1 " 4.5 4.3 4,1 4.4 5.2

EC(mmho/cm) " 0.08 0.08 0.05 .| .0.07 0.17

CaCo4 (%) '

CaS0, (%)

C (%) 2.81 1.85 0.65 1.05 2.90

N (%) 0:25 .12

C/N

CEC (me/100g) , pH 8.2 34,5 29.9 | 17.5 28,7 29.8

CEC " " pH 7.0

Exch.Ca(me/100g) - 8.4 9,4 . 9.0 10.8 - 8.2 -
Mg v | 49 | 69 | 7.0 | 7.4 7.4

" K. " 0.47 0.30 0.20 0.32 2.38

" Na " 0.14 0.14 -0,19 0.14 0.14

Sum of cations 13.91 16.74 16. 39 18.66 18.12

Base sat. %, ﬁs 8.2 a0 56 - 94 65 61

" o f%,pr 7.0 _

ESP at pH 8.2 0.41 0.47. .| 1.1 0.49 0.47

Texture (limited pretreatment)

Gravel % (?2,0ﬁm) | @k
Sand % (2.0-0.05mm) 12 25 57 21 40 '
S5ilt % (0.05-0.002mm)} 24 29 13 21 20

Clay % (0.00Z-Omml a4 46 30. 58 40

Texture class c c SCL_ c c/CL

Fertility aspects 0 -30 ¢m Laboratory no.gggy /487
General Available nutrients

PH-H,0 (1:7 v/ 5.2 Na/me /100g) 0.29 Mn(me{lOOg) 0. 76
Exch. acidity (me/100g)| o, 2 K " 0.54 P {(ppm) g

C 3 2.88 Ca " 8.4 P-Olsen (ppm)

N % 0.28 Mg " 5.5 f
Remarks:
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PROFILE DESCRIPTION NO.2

General site information

Mapping unit ¢ PYrlm ,

So0il classification + orthic LUVISOL, pisoferric phase
Observation No/date: -t 130/3-2595,25/9/87
Location/Altitude : E34°39.10', S50°59.80; 1563m
-Agro-climatic zone i IX

Geological formation : 'Nyanzian system

Parent material : Rhyolites

Physiography : Uplands

Relief 1% flat, straight, regular

Slope gradient 1%

Erosion : Some sheet erosion
Vegetation/land use - i Bushed grassland/open for grazing
Surface stoniness : Nil : :

-Internal drainage class : Well drained

~

Profile description

Au 0-16cm
AB  16-32cm -

Bu  32-50cm

Btesl, 50-64cm

Btes2 64-96cm

96cm+

Very dark greyish brown (10YR 3/2 moist),clay; slightly
plastic’ when wet] friable when moist; many very fine pores
common fine pores; gradual and smooth transition to:

(sample no.130/3-2595a).

Dark brown (10YR 3/3 moist), clay; moderate, very fine and

fine, subangular blocky; friable when moist, sticky and

plastic when wet; common very fine and fine pores, very few

medium pores; common very fine , few fine and very few coarse

roots; clear and smooth transition to: : ' '
(sample no.130/3-2595b).

Dark reddish brown (5YR3/3 moist), few black mottles; sandy
clay loam;strong,very fine,fine and medium, subangular blocky;
friable when moist, sticky and plastic when wet; common very
fine to fine pores, few very fine,very few fine and very few
coarse roots;clear and smooth transition to:
(sample no. 130/3-2595¢c).
Dark reddish brown (5YR 3/4 moist), -few black
mottles;clay;strong,very fine,fine and coarse, subangular
blocky; friable when moist, sticky and plastic when wet;
common very fine and fine pores;few very fine and very few
coarse roots; gradual and wavy transition to:
{sample no.130/3-2595d).

Reddish brown (5YR 4/4 moist), clay/clay loam; strong,very
fine, fine and medium subangular blocky; friable when moist,
sticky and plastic when wet; common very fine and fine pores;
clay cutans,

(sample no.130/3-2595¢).

Pisoferric material,
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LABORATORY DATA OFVPROFILE DESCRIPTION No. 3

eutric CAMBISOL,

Cbservation no: 3144/1-227 Mapping ﬁnit=,PYr2M Soil classificatien:Pisoferric phase

Labofatory no. /87| BI67 8968 8969

Horizon Ap ABcs BCcs

Depth {cm) 0-15 15-28 28-54

pH-HZO(lzza v/v) 5.7 5.7 6.1

PH-KC1 " 4,5 5.0 5.2

EC(mmho/cm) " 0.05 0.08 0.05

CaCO3(t)

Caso4(\)

C (%) 1.04 1.54 0.94

N (%) 0.07 0.12

C/N ‘

CEC{me/100g), pH 8.2 28.0 22.5 13.5

CEC ” " pH 7.0

Exch,Ca{me/100g) 7.6 5.2 3.0

" Mg " 5.4 6.6 0.6

T 026 | 1.88 | 2.69 : - N
" Na "o 0.19 0.14 0.13

Sum of cations 13.45 13.82 6,42 )

Base sat. %, pH 8.2 48 61 47 \

" " %, pH 7.0 ' ’

ESP at pH 8.2 0.68 0.62 0.96

Texture (limited pretreatment)

Gravel % (>2.0mm)

Sand & (2.0~0.05mm) _ 24 42 56

Silt & (0.05~0.002mm) 16 16 10

Clay % {0.002-Omm) 60 42 34

Texture class c . C SCL

Fertility aspects 0 - 30 cm Laboratory no. 8986 /87
General Available nutriénts _

pH—Héo {(l:1  wv/v) 5.7 ‘Na/me /100g) 0.22 Mn(me/100g) |0.84
Exch. acidity (me/100g) K " 1.40 P {(ppm) 14
C 3 2.49 Ca- " 3.60 P-Olsen (ppm}

N3 0.28 Mg § 4.8

Remarks:




PROFILE DESCRIPTION NO.3

General site information

Mapping unit

Soil classification
Observation no/date
Location/Altitude
Agro—climatic zone
Geological formation
Parent material
Phyaiography

Relief

Slope gradient
Erosion
Vegetation/landuse
Surface stoniness
Internal drainage class

Profile description

Ap  0-15cm

: 3%

35

: PYr2M
: eutric CAMBISOL,pisoferric. phase

144/1-227, 25/9/87

: E34°3B.57°, S50059,23; 1569m.

IX

: Nyanzian system
! Rhyolites
! Plain

gently undulating 3-4%

slight splash

: Bushed grassland/maize cultivation
P Nil _
! Well drained

Dark yellowish brown (IOYR.3/4 moist), Clgy;poyogsimpssivgj ,
friable when moist, sticky and plastic when wet; many medium,

many bio and many macro pores; common very fine roots, few
fine roots ; clear and smooth transition to:

ABcs 15-28cm

(sample no.144/1-227a).

Strong brown (7.5YR 4/6 moist),clay; moderate to ﬁeak, medium

subangular blocky to angular blocky: friable when moisi,
sticky and plastic when wet; many micro, many bio and many
macro pores; manganese concretion, 1% ,2 to 5mm; few very
fine roots; abrupt and irregular transition to:

BCes 28-54cm

(sample no.144/1-227b),

Yellowish red (5YR4/6 moist), very gravelly sandy clay

loam;massive; friable when moist, slightly sticky and non
plastic when wet, many micro pores; loose murram.

C 54—1000m  Weathering rock.
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LABORATORY DATA OF PROFILE DESCRIPTION No. 4

Obsexvation no: 133/3-259Mapping unit: PYb;P Soil classification: gystric LITHOSOL

Laboratory no. 37| 2593

Horizon AC

Depth (cm) 0-23

pH-H,0(1: 2} v/v) 5.3

pH~KC1 " 4.1

EC (mmho/cm) " 0.04

CaCo3 (%)

CaSO4(%)

C (%) 2.13

N (%) 0.14 /

C/N L

CEC(me/100g) , pH 8.2 25 0

CEC “* pH 7.0

Exch.Ca(me/100g} 3.0
"t omg " 14 e -1 - - -
" K " 0.32

" Na " 0.19

Sum of cations 4,91

Base sat. %, pH 8.2 20

" " %, pH 7.0

ESP at pH 8.2 0.76

Texture (limited pretreatment)

Gravel % {>2.0mm)

Sand % {(2.0-0.05mm) [ -24

Silt % (0.05-0.002mm) 8

Clay % (0.002-Omm) 68

Texture class C

Fertility aspects O - 3pcm Laboratory no.gggs /87
General Available nutrients '
pH-Hzo {l: 1 wv/v) t_s,,z: l Na/me /100g) 0.22 “Mn (me/100qg) 0.48
Exch. acidity (me/100g)| 0.8 R ° 0.46 P (ppm) 8
C s 2.69 Ca " 1.6 P-Olsen (ppm)

N S 0.19 Mg " 2.2

Remarks:




PROFILE. DESCRIPTION NO.4

General site information

Mapping unit

Soil classification
Observation no/date
" Location/Altitude
Agro-climatic zone
Geological formation
Parent material
Physiography .
Relief

Slope gradient
Erosion
Vegetation/land use
Surface stoniness
Internal drainage class

Profile description

AC 0—230m

: Nil
: Well drained

37

;- PYb1P ,
i dystric LITHOSOL

130/3-2593, 25/9/87

: E34037.48’, 80°59°S; 1543m

11

: Nyvanzian system
: Rhyolites ’
: Plain

: Flat,0%

0%

¢ Nil

Bushed grassland/grazing

Dark brown (10YR 3/3 moist), élay;fine and medium -crumby;
friable when moist, slightly sticky and slightly plastic when

wet; many medium pores; common biopores; abrupt and wavy
transition to:

C 23cm+

Rock.
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LABORATORY DATA OF PROFILE DESCRIPTION No. 5

Observation no: 130/3-2590 Mapping unit:PYb2P Soil classification:gﬂgggc CAMBISOL, 1ithic
_ Re——

se

Laboratory no. /87| 8949 8950 8951
Horizon Ag ABg BC
Depth (cm) 0-10 10-35 | 35-45
pH-Hzo(1=25 v/v) 5.5 5.6 5.8
pH-KC1 " 3.9 3.8 4.1
EC(mmho/cm) " 0.05 0.03 0,03
CaCO3(l)
CaSOd(\) .
C (%) 3.05 1,38 1.25
N (%) 0.24 0.14
C/N
CEC{me/100g}, pH 8.2 21.3 12.5 11.8
CEC " " pH 1.0 '
Exch.Ca(me/100g) 3.5 3.4 2.3
" Mg " | 909 | os5 | o5 [ 1 L
" K " 0.22 0.22 0.14
" Na - " 0.43 0.45 0.33
Sum of cations 5.05 4.57 3,37
Base sat. %, pH B.2 24 16 28
" " %, pH 7.0
ESP at pH 8.2 2.02 3.6 2.8
Texture (limited pretreatment)
Gravel & (>2.0mm)
-Sand % (2.0=-0.05mm) 48 40 68
Silt & (0.05-0.002mm) 28 34 io
Clay & (0.002-Omm) y 24 26 22
Texture class 5CL L SCL

—
Fertility aspects - 30 cm Laboratory no. 8981 /B7
General Avallable nutrients _
pPH-H,0 {l:1 v/v) 5.1 Na/me/100g) 0.36 Mn(me/100g) o.;e
Exch. acidity (me/100g) 3.0 K " 0.14 P (ppm) 8
C s 2,56 Ca " 1.2 P-Olsen (ppm)
N % 0.21 Mg " 0.3
Remarks : }
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. PROFILE DESCRIPTION NG.5
General site information

Mapping unit : PYb2P )
Soil classification - gleyic CAMBISOL, Lithic phase
Observation no/date : 130/3-25680, 24/9/87
Location/Altitude : E34°38.57', S0°59.46'; 1571m
- Agro—~climatic zone s IT
Geological formation { Nyanzian system
Parent material ' : Rhyolites
- Physiography : : Plain
Relief . : Flat; 1%
Slope gradient ' 1%
Erosion : ~: Nil
Vegetation/land us ! Bushed grassland/grazing
Surface stoniness . ! N1l B
Internal drainage class : Imperfectly drained

Profile description

Ag 0-10cm  Very dark greyish brown (10YR 3/2 moist), many fine, distinct;
S - dark reddish-brown (5YR 3/3 moist) mottles;sandy clay loam; - -
weak to moderate, fine, crumby; friable when moist, slightly
sticky, slightly plastic when wet: many very fine and common
fine pores; many very fine, .common medium and few coarse
roots; clear and smooth transition to: '
(sample no.130/3-2590a).

"ABg 10-35cm  Dark brown (10YR 3/3 moist), many fine and medium, distinct,
' dark reddish brown (2.5YR 3/4) mottles; loam; friable when
moist, slightly sticky, slightly plastic when wet; many very
fine, common .fine and few coarse pores: many very fine, few .
medium and few coarse roots; abrupt and smooth, transition
to: ' ' . o

(sample no.130/3-2590b).

- BC - 35-45cm  Cambic B, gravelly sandy clay loam: friable whenﬂﬁoist.-non
sticky and non plastic when wet, ' -
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LABORATORY DATA OF PROFILE DESCRIPTION No.6 -

O_bservation no: 1-30/3-2589 Mapping unit: PYbp Soil classification: gleyic LUVISOL

Laboratory no. /87 | 8944 8445 8946 8947 8948

Horizon A - |aBg Bgl Bg2 BCg

Depth (cm) 0-10 10-40 | 40~-35 | 55-95 95-175
PH-H,O(1: 2 v/v) 5.5 6.0 | 5.8 5.9 | 6,1

pH-KC1 " 4.0 4.0 | 4.0 3.9 4.2
EC(mmho/cm) " 0.07 - 0.10 0,04 | 0.19 0.50 .

Caco4 (%) '

Caso, (%) _

c (%) - 2.66 1.03 1.28 0.77 0.41

N (%) 0.23 0.07

c/N

CEC(me/100g), pH 8.2 | 18.7 17.5 10,5 | 33.5 34,5

CEC " " pH 7.0 '

Exch.Ca(me/100g) 2.8 6.7 2.4 13,2 | 20.4

" Mg "o 0.8 | 3.3 | o6 | 5.7 12 | |
" K " 0.30 | 0.22 0.14 | 0.28 0.95

" Na " 0.24 0.42 0.35 | 1.67 1.85

Sum of cations 4.14 [ 10.64 | . 3.49] 20.85 37.4

Base sat. %, pH B.2 22 61 33 62 100+

" " %, pH 7.0 _ | i
_ESP at pH 8.2 { 128 | 2.4 3.3 | 4.99 5.36

Texture (limited pretreatment) R
Gravel & (>2,0mm)

Sand % (2,0-0.05zm) a4 _ 34 44 26 20

silt % (0.05~0.002mm) 16 2 12 14 12

Clay & {0.002-Omm) 20 36 24 60 68
. Texture class L E EJ--J C Cc .

Fertility aspects 0 - 30 cem : Laboratory no. 89s8g /87
‘General . Available nutrients

PH-H,0 (1: 1 v/v) 5.3 Na/me/1009) | 0,43 Mn(me/100g) 0.34
Exch, acidity (me/100g)| 1.0 K " 0.29 P (ppm) 8
C s 3.27 Ca " 2.0 P-Olsen (ppm)

Ny : 0.28 Mg " 1.9 \
R
-Remarks: - .




' PROFILE DESCRIPTION.NO.6-

General site information

‘Mapping unit :
Soil classification
Observation no/date

Agro-climatic zone
Geological formation
" Parent material
Physiography

Relief

- Slope gradient
‘Brosion ’
Vegetation/land use
" Surface stoniness

Internal drainage class - :

Profile deecription

: 1%
: Nil .

! Bushed grassland/grazing
¢ Nil 2

41

: PYb3p

! gleyic TUVISOL:

: 130/3-2589, 24,/9/87

Location/Altitude :
: II : o

¢ Nyanzian System ' :

! Rhyolites

: Plain :

E34°38.12’, S0°59,75: 1542m
Flat to very gently undulating, 0-1%

Well drained

Very dark grey (lOYRS/l moist) common, fine égd distinqy-dgrk7
‘reddish brown (5YR3/3) mottles;loam; moderate, fine and medium

crumby; friable when moist, slightly sticky and slightly
plastic when wet; many very fine and many fine roots; clear

(Sample no.130/3-2589a).

Dark brown (10YR 3/3 moist),many fine, distinct, dark red
(2.5YR 3/6), mottles; clay; moderate, medium angular blocky;
firm when moist, sticky and plastic when wet;

abrupt and

(sample=-no. 130/3~258%9b ),

- Dark greyish brown (10YR 3/2 moist), many medium, distinct,
vellowish brown (10YR 5/8), mottles; loam; mederate, medium.

angular blocky; firm when moist, sticky and plastic when wet;
clear and smooth transition to: : '
(sample no.130/3-2589c).

Dark brown (10YR 4/3 moist), many medium, distinct, yellowish
brown (10YR 5/6), mottles; clay; moderate, medium angular

blocky; firm when moist, sticky and plastic when wet.

‘BCg

(sample no.130/3-2589d).

A 0-10em
and smooth transition te:
. ABg 10-40cm
smooth transition to:
Bgl 40-55cm
Bg2 55-95cm
95-175¢m

Dark brown/dark yellowish brown (10YR 3.5/3 moist), clay;

very firm when moist, sticky and plastic when wet. (augered).



LABORATORY DATA OF PROFILE DESCRIPTION No.?7

' Observation no: 130/3-2592 Mapping unit: pyap

Seil classification:gystric PLANOSOL

Laboratory no. /87| 8956 8957 8958 8959 8960 B96l
Horizon Ag AEg Btgl Btg2 Btg3 Btg4
Depth (em) 0-10 10-34 | 34-64 | 64-90 90-120 [ 120-190
pH-H20(1:2H v/v) 5.3 5.5 5.8 5.8 5.3 5,6
pH-KC1 f 3.8 j3.8 . 3.7 3.6 3.9 3.5
EC(mmho/cm) " 0.05 0.04 0.08 0.10 0.05 0.16
Cacoy (%) |

CasO, ()

C (%) 2.54 1.15 0.98 0,86 3,12 . 0.33
N (%) 0.1¢ 0. 09

c/N ' _

CEC(me/lOOg); pH 8.2 20.3 l18.8 38.5 33.7 29.0 lo0.5
CEC " pH 7.0 '
“Exch. Ca (me/100g) 4.2 4.6 7.5 13.6 3.0 2.7
" - Mg " - | o0.9 0:7 — | 0.9 | 4.8 0.7 1.3
" X 1 5.18 0.14 0.26 0. 35 0.26 0.52
" Na " 0.45 - 0.45 0.88 0.98 0.43 0.30
Sum of cations 5.73 5.85 | 9.54 15.53 2.39 4.82
Base sat. %, pH 8.2 28 31 25 59 15 46
" “ %, pH'7.0 5

ESP at pH 8,2 ' 2.22 | 2.39 2,28 2.9 1.48 2,90
Texture (limited pretreatment)

Gravel & (>2.0mm) |

Sand % (2.0-0.05mm) 46 44 26 24 24 44
Silt % (0.0S-0.0Qme) 30 26 12 '8 6 36
Clay % (0.002-Omm) 24 30 62 68 70 20
Texture class L cL c c c L
Fertility aspects“ N o - 3;_Em_ Laboratory no.gag3 /87
General " Available nutrients

PH-H,O (11  v/v) 5.1 Na/me/lC0g) | (.54 Mn (me/100g) 0.20
Exch. acidity (me/100g) 3. > K " 0.14 P (ppm} 4

C s 2.79 Ca " 1.6 P-Olsen (ppm)

N % 0.20 | Mg ! 1.6
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PROFILE DESCRIPTION NO.7
. General site information

Mapping unit ! PYap
So0il classification ¢ dystric PLANOSOL
Observation no/date : 130/3-2592, 25/9/87
Location/altitude i E34°38.54’, 50°59,90°: 1540m
Agro-climatic zone ;1T
Geological formation . ¢ Nyanzian system
~ Parent material . : Rhyolites
Physiography .t Plain
Relief ! Flat to very gently undulating, slopes,0-1%
Slope gradient : 0.5%
Erosion : Nil :
Vegetation/land use ! Grassland, Bushland and cattle grazing
Surface stoniness : Nil
Internal drainage class : Imperfectly drained

Profile description ‘
Ag  0-10cm Very dark brown (10YR 2/2 moist), dark reddish brown (2.5YR3/4
) mottles; loam; fine and medium, crumby; firm when moist,
sticky and slightly plastic when wet; many medium pores, few
biopores, many very fine, many fine -and- few - coarse roots;— — -
clear and smooth transition to:
(sample no.130/3-2592a).

AEg 10-34cm  Dark brown (10YR 3/3 moist),dark yellowish brown (10YR 3/6)
_ mottles; clay loam;weak to moderate, medium, subangular
blocky; friable when moist, sticky and slightly plastic when
© wet; many medium pores, few biopores; many very fine and few
fine roots; clear and smooth transition to:
(sample no.130/3-2592b).

Btgl 34-64cm  Very dark yellowish brown (10YR 3/2 moist), dark vellowish
brown (10YR 4/6) mottles; clay; moderate to strong, fine and '
medium, subangular blocky and angular blocky; firm when moist,
sticky and plastic when wet; few medium pores; common very
fine and few fine roots; pressure faces; clear and smooth
transition to: ‘

(sample ne.130/3-2592¢) .

Btg2 64-90cm Dark brown (10YR 3/3 moist), dark yellowish brown (10YR 4/4)
' : motties; clay, moderate, fine and medium, angular blocky and
subangular blocky, firm when moist, sticky and plastic, when
wet; few biopores; few very fine roots; pressure faces:
diffuse and smooth transition to: '
(sample no.130/3-2592d).

Btg3 S0-120cm Dark brown (10YR 3/3 moist), strong brown (10YR 5/8) mottles;
clay; moderate, fine and medium, angalar blocky and subangular
blocky; firm when moist, sticky and plastic when wet; few
medium peres, = : ' :

: (sample no.130/3-2592¢).

Btgd 120-190cm Greyish brown (2.5Y 5/2 moist) strong brown (10YR 5/8),
mottles; clay;moderate, fine and medium, angular blocky and
subangular blocky; firm when moist, sticky and plastic when
wet. (augered)



-44-

LABORATORY DATA OF PROFILE DESCRIPTICN No.B

Opbservation no: 3130/3-2591 Mapping unit: PYbdp Soil classification:dystric CAMBISOL

Laboratory no. /87| 8952 8953 8954 8955

Horizon Au Bgl Bg2 Bg3

Depth (cm) 0-10 10-23 | 23-53 | 53-100

pH—Hzo(l: 2% v/v) 5,7 6.3 5.9 5.0

PH~KC1 " 3.6 3.9 3.9 3.8

EC(mmho/cm) " 0.17 0.04 0.04 0.07

CaCO5 (%)

CaSO4(%)

C (%) 0.53 2,03 1.00 2,19

N (%) 0.04 0.10

C/N

CEC(me/100g) , pH 8.2 | 30.0 16.5 18.9 23.7

cEC " " pH 7.0 _

Exch, Ca(me/1l00g) 8.7 2.0 4,6 4,8

" Mg " 5.7 0.5 0.5 1.3

" K " G, 36 0.16 0.16 0.18

" Na " 0.52 0.45- 0.51 0.12

Sum of cations 15.28 3.11 5.77 6.4

Base sat. %, pH B.2 51 19 .30 27

“ " %, pH 7.0

ESP at pH 8.2 | 1.73 2.73 2.70 O.Sl

Texture (limited pretreatment)

Gravel % (>2,0Omm)

Sand % (2.0-0.05mm) 32 46 44 26

8ilt % (0.05-0.002mm) 2 32 22 38

Clay % (0.002-Omm} 66 " 99 34 36 f
Texture class c L CL CL-

Fertility aspects -30 cm Laboratory no. 8982 /87
General Available nutrients

PH-H,O (1:1  v/v) 5 2 Na/me /100g) 0.46 Mn (me/100g) 0. 14
Exch. acidity (me/100g)| 1 _4 K " 0.26 P (ppm) 6
c1 2.58 | Ca " 1.2. | P-Olsen(ppm)

N & 0.24 Mg 0 0.4

Remarks:




PROFILE DESCRIPTION NO.8

General site information

Mapping unit
Snil classification
Observation no/date
Localion/altitude

PYb4p

dystric CAMBISOL
130/3-2591, 24/9/87
E34°38.33', 50°0.4; 1520m

Agro-—climatic zone 11
Geological formation : Nyanzian system
' Parent material ¢ Colluvium
Physiography Depression
Relief Flat and concave, 0%
Slope gradient ;0%
Erosion ¢ Nil :
Vegetation/land use : cattle grazing/bushed grassland
Surface stoniness’ P ONil
Internal -drainage class Imperfectly drained

Profile description

Au

Bgl

Bg2

Bg3

0-10cm

10-23cm

23-53cem

53-100cm

100+cm

Very dark brown (10YR 2/2 moist), clay; moderate, very Fine _
and fine, subangular blocky: friable when moist, slightly

“sticky, slightly plastic when wet; common very fine pores,

common fine pores; many very fine, common fine and few coarse
roots; clear and smooth transition to: :
(sample no.130/3-2591a).

Dark yellowish brown (10YR 3/4 moist), yellowish red (5YR
5/8) mottles; loam; moderate, very fine and fine, subangular
blocky; friable when moist, slightly sticky, slightly plastic
when wet; common very fine, common fine and few coarse pores;
common very fine, common fine and few coarse roots: gradual
and smooth transition to: '

(sample no.130/3-2591b),

Brown to dark brown (10YR 5/3 moist), common, very fine and

Tfine,distinct, yellowish red (5YR 5/8) mottles; clay loam,

weak,very fine,fine and medium, subangular blocky; firm when
meist, sticky and plastic when wet; camnon very fine, conmon
fine and few coarse pores; few very fine roots, very few fine
roots; abrupt and wavy transition to:

(sample no.130/3-2591c).

Dark yellowish brown (10YR 3/4 moist), common, fine to medium,
distinct, yellowish red (5YR 5/8) mottles; clay loam; very
firm when moist, sticky and plastic¢ when wel; common very
fine, common fine and few coarse pores; very few, very fine
roots,

(sample no.130/3-2591d).

Rocks.
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LABORATORY DATA OF PROFILE DESCRIPTION No.9

Observation no:

130/3-2594 Mapping unit: PYg

Soil classification:humic GLEYSOL

Laboratory no. /87 8963 8964 8965 8966

Horizon Au Ag Bgl Bg2

Depth {cm) 0-12 | 12-27 27-60 | 60-150"

pﬂ-520t1: 2 v/v) 4.8 6.0 5.5 5.7

pH-KC1 " 3.8 3.8 3.7 3.7

EC{mmho/cm) B .| ©.09 009 0.08 ‘0:09

. CaCO3(%)

Ca504(%) -

C (%) i.05 0.91 1.20 0.7

N (%) 0.31 | 0.09

C/N

CEC(me/l00g), pH 8.2 | 31.0 |16.5 36.5 38.5

CEC " " pH 7.0

Exch.Ca(me/100q) 1.6 4,8 11.2 17.0

Mg - ™ 0.6 1.4 6.1 | 10.5 _
" K " 0.24 | 0.52 0.40 0.55

" Na " 0.13 | 0.34 0.46 | - 0.48

Sum of cations 2.57 | 7.06 18.16 | 28.53

Base sat. %, pH 8.2 8 43 50 74

" " g, pH 7.0 .

ESP at pH 8.2 0.42 | 2.1 1.26 1.25

Texture {(limited pretreatmeht)

Gravel % (>2.0mm)

Sand % (2.0-0.05mm) 42 28 18 16

Silt % (0.05-0.002mm) 24 42 16 8

Clay % (0.002~Omm) 34 30 66 76

Texture class CL cL c c

Fertility aspects - 30 cm Laboratory no.gogs / g7
General Available nutrients

pH-HZO {l: 1 v/v) 4.7 Na/me/100qg) 0.40 Mn(me/100g) 10,20
Exch. acidity (me/l100g) 1.8 K " 0.18 P (ppm) 12
C % 3.01 Ca " 2.0 P-Olsen (ppm)

N &% 0.23 Mg " 1.6

Remarks:
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- PROFILE DESCRIPTION NO.9

General site information

Mapping unit _ : PYg:
S0il classification : humic GLEYSOL

Observation no/date : 130/3-2594, 25/9/87
Location/Altitude ! E34°36.857, 51°0.5; 1510m
Agro-climatic zone o II

Geological formation : Nyanzian system

Parent materia] ! Rhyolites

Physiography , : Plain (Bottomland)

Relief : Flat to very gently undulating, slopes 0-1%
Slope gradient 1%

Erosion : Nil

Vegetation/land use ! Bushed grassland/grazing
Surface stoniness ¢ Nil

Internal drainage class : Imperfectly drained

Profile description

Ah 0-12cm Black (2.5YrR 2/0 moist), many medium, distinct, ‘dark reddish
SRR brown (5YR 3/3) mottles; silty clay; weak to moderate, fine
and medium, subangular blocky; friable when moist, sticky and
plastic when wet; clear and smooth transition to:

{sample no.130/3-2594a),

Ag  12-27cm Very dark grey (10YR 3/1 moist), clay; weak to moderate, fine
and medium, subangular blocky: firm when moist, sticky and
plastic when wet; clear and smooth transition to:

(sample no. 130/3-2594b) .

Btgl 27-60cm  Dark greyish brown (2.5YR 4/5 moist), many, medium, prominent

strong brown (7.5YR 5/8) mottles; clay loam;

moderdte, very

fine, fine and medium, angular blocky; firm when moist, sticky
and plastic when wet; diffuse and smooth transition to:

{sample no,130/3-2594c¢).

Btg2 60-150cm+ Dark greyish brown (2.5YR 4/2 moist), many;
prominent, yellowish red (5YR 5/8) mottles;

medium to coarse,
clay loam;

moderate, very fire, fine and medium, angular blocky; firm

when moist, sticky and plastic when wet.
(sample no.130/3—2594d).
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LABORATORY DATA OF PROFILE DESCRIPTION No. 10

Obsexvation no: 144/1-228 Mapping unit: VXp Soil classification: eutric FLUVISOL

Laboratoxy no. /87] 8975 8976 8977 8978

Horizon au Bul | Bu2 Buﬁ

Depth (cm) 0-18 18-34 | 34-91 .| 91-116

PH-H,0(L: 2% v/v) 5.2 58 | 5.4 5.5

pH-KC1 " 3.8 4,0 3.8 4.3

EC({mmho/cm}) " 0.07 . 0.06 0.05 0.09

CaCO3(§)

CasSO,(8) . :

C (%) 1.66 0.85 1.05 | 1.46

N (%) 0.16 0.05 |

C/N

CEC{me/100g) , pPH 8.2 |{20.5 14.5 20.5 - 35.4

CEC " " pH 7.0

Exch.Ca(me/100g) 6. 4,3 7.0 10,2

" Mg " Teo | 36 | 5.8 | 6.6 1|

" X " 0.24 | o0.14 0.22 0.30

" Na " 0.12 | o0.13 0.13 - 0.11

Sum of cations 12.56 8,17 13.15 | 17.21

Base sat. %, pH B.2 61 56 64 49

E " %, pH 7.0 - |

ESP at pH 8.2 0.59 0.90 0.63 - 0.31

Texture (limited pretreatment) ' '

Gravel % (>2.0mm) - .

Sand % (2.0-0.05mm) 46 4z | 46 | 24

§ilt % (0.05-0.002mm) 24 C 24 20 24

Clay & {0.002-Omm) . 3o ] 34 34 52

Texture class ' SCL CL - SCL C _

Fertility aspects 0 - 30cm’ S Laboratory nog9sgs /g7
General " Available nutrients '
PE-H,0 (1: 1 w/v) " 5.0 Na/me/100g) | 0.26 | Mn(me/100g) 1.06
Exch. acidity (me/l00g) 0.6 K " 0.22 P (ppm) 8
C 9 2.13 Ca n 5.6 _ | P-Olsen{ppm)

N s 0.22 | Mg " 5.0

Remarks: '
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PROFILE DESCRIPTION NO.10

General site information

Mapping unit : VXp

Soil classification : eutric FLUVISOL -
Observation no/date ¢ 144/1--228 25/9/87 .
Location/Altitude : E34037.91*, §1¢0.7’; 1515m
Agro-climalic zone ¢ IT

Geological formation : Nyanzian system

Parent material i Alluvium

Physiography : River valley

Relief : Flat to very gently undulating, 2%
Slope gradient 2%

Erasion : Nil

VYegetation/land use : Forest/none

Surface stoniness ¢ Nil

Internal drainage class : Well drained

Profile description

Dark yellowish brown(10YR 3/6 moist), sandy clay loam; weak,
fine and medium, subangular blocky; friable when moist,
slightly sticky, slightly plastic when wet; many very fine

~ and common fine porés; clear and smooth transition to:

Au 0-18cm
Bul 18-34cm
BuZ 34-9lcm

Bul 9!-116cm

(sample no.144/1-228a). -

park reddish brown (5YR 3/3, moist), clay loam; moderate,
fine and medium, subangular blocky, friable when moist, sticky
and plastic when wet; many very fine, common fine and few
coarse pores) many very fine, common fine and few coarse
roots; clear and smooth transition to:

(sample no.l144/1-228b).

Dark reddish brown (5YR3/3 moist), sandy clay loam; strong,
fine, medium and coarse, subangular blocky; friable when
moist, sticky and plastic when wet; many very fine, common
fine and few coarse pores; many very fine and common coarse
roots; clear and smooth transition to:

(sample no.144/1-228c).

Reddish brown (5YR 4/4 moist), clay; strong, fine, medium and
coarse, subangular blocky; friable when moist, sticky and
plastic when wet; common very fine, common fine and few coarse
pores; common black mottles. :
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