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Summary

1. At the request of Rotian Seed Company Ltd., the National Soil
Service conducted a study of the soil conditions at Hgggg_and part of
Fil Sisal Estates.

The area has a total extent of about 1500 ha and is located in Arumeru

District, Arusha Region.
The main crop grown presently is sisal. Plans are made to use the

area for the cultivation of secedbeans, part of it under irrigation.

2. The area is located in a large, almost flat, sedimentary plain, in

which alluvial volcanic sediments have been deposited. K The altitude

of the area is just below 1000 m.

3. The climate is.ﬁﬁﬂizﬁﬁig:. The few available rainfall data give

an averags annual rainfall of 10 mm of which about 250 mm in the main
growing season. The painfall can be very erratic however. The risks
of serious moisture deficiency and thus of crop failures, are consider-

able.

4. The distribution of the soil types is presented on a 1:25,000 soil
map. The soils are mainly developed in unconsolidated sediments of
volcanic origin. The soils vary in texture from sandy (unit Ss) to
loamy (unit S1) and loamy to clayey (unit Scl). Most profiles show a

clear stratification.
5. In general, ggiiuggyggggggg are unfavourable, being very weakly

developed.

the material in which the soils are formed.

The highly,alkaline_sqglhgpgggggg of some soils can give rise to defi~

ciency of some nutrients (e.g. zinc).

The organic matter levels in the upper 20 cm are medium in all soils.

The gxgilable‘ph0§phgpg§ content is very high in the relatively heavy
textured topsoils of mapping unit Sle. In the other soils the available

phosphorus contents are of é medium to sometimes low level.




The cation exchange capacitics vary from medium (in the sandy soils)

to high and very high (in Pdsp. the loamy and clayey soils of units

81 and Scl). The levels of all exchangeable bases are high to very
high in all soils. Severe imbalances exist however between the bases-

The high potassium contents may induce magnesium deficiencies. The

high to very high E2§33T155¥y5¥12§ in the subsoils will adversely affect

the growth of many crops.

T. Soil moisture retention capacities are high, but crops can not make

optimal use of this as sodicity limits rooting depth.

8. The water of the river Temi is of a medium saline and }ow_sodiqg

quality. This implies that using this water for irrigation of seed- l
beans is very risky as beans are very sensitive to salinity and rather k
sensitive to sodicity. The fact that sodium levels in the solls are

quite high already, adds only to the risk. ;

9. Suitability assessment shows that the soils of mapping unit Slc

(210 ha) are the only ones that are moderately suitable for the cultivat-
ion of seedbeans under irrigation. This practice however is still rather
risky. If no measures are taken the question is how soon the soil will

salinize and sodicity beccome more severe, not whether!

10. If Rotian Seed Company still decides to grow irrigated seedbeans é

in the area, special management measures will have to taken.

- The construction of a water basin has to be taken into consideration
to collect water during the rainy period, when the concentration of

salts and sodium is lowcst. |
- Regular monitoring, after each crop, of the salinity and alkalinity i
|

levels in the soil is nccessary.

- Tn order to avoid magnesium deficiencies, small amounts of a magnesium

fertilizer should be applicd.
- Small gifts of nitrogen might be favourable to the bean crop as well.

- Zine fertilizer will have to be given to avoid poor pod-set of the

beans.
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1 INTRODUCTION
At the request of Rotian Sced Company Ltd., the National Soil Service
carried out a study of the soil conditions at Umoja Estate and part

of Fil Estate. The Rotian Seed Company is planning to use the lands
of these old sisal cstates for the cultivation of seedbeans. Parts of
the area (200 ha) arc planncd to be irrigated and 2 ha should be used

for plant breeding.

The purpose of tha study was to evaluate the suitability of the area
for the cultivation of sccdbeans, both rainfed and irrigated, and to
advice on appropriate management requirements which maintain or improve
soil productivity and which avoid soil degradation.

Tn order to meet thesc objectives, the soils of the farms vere studied

and mapped and their physical and chemical properties determined.

The study area, with a total extent of about 1500 ha, is located approx-
imately 35 km south-east of Arusha, along the river Temi, in Arumeru
District, Arusha Region (sce Fig. 1).

Presently most of the areca is still under sisal.

The study took placc in April 1987 and was carried out by a tean consist-
ing of two survey partics: Messrs. F. van der Wal, J.D.J. Mbogoni and
R.K. Kimaro in one, and Messrs. A.J.M. Brom, P.H. Silayo and N.R. Lesika

in the other.

The revort and the map were prepared by Messrs. A.J.M. Brom, F. van der
Wal, J.D.J. Mbogoni and P.H. Silayo, of whom the first two had the final
responsibility.

Soil samples collected were analysed in the Central Laboratory of the

National Soil Service at Mlingano.

The National Soil Scrvice acknowledges the kind assistance and hospital-

ity offered by the managemnent of Rotian Seed Company.




2 THE ENVIRONMENT

2.1 Ganeral description of the study area

The study area is located at the northern edge of the Masal Steppe

at the eastern bank of the river Temi, about 35 km south cast of
Arusha at an altitude ranging from 945 to 975 m. The blocks of Umoja
Estate are bordered by blocks of Fil and Lucy Sisal Estates.

The topography of the surveyed blocks is shown in Fig. 2.

The cxtent of the Umoja Estate is 957 ha (2360 acres) of which ab
least two-third is still wunder sisal. The cemaining part is cleared
land or planted with fruit treces (bananas, citrus, date palms 8.0.),
The studied part of Fil Estate has a total extent of about 550 ha
(1360 acres).

The sisal has been ncglected during the past years. Trees and shrubs
have infested the arca and make accessibility difficult. Some parts
have been burned. lowadays the area is mainly used for extensive gra-
zing.

The river Temi originating {rom Mt. Meru, has water thoughout the year.
In every rainy scason, i.c. mostly in April, its water floods part of

the study area which then remains inundated for some days.

2.2 (Climate

Nearly no meteorological data are available of the area in which the
Umoja and Fil Farms arc located. The only data available are the
total annual rainfall figures recorded from 1954 to 1962 at Umoja Farm

(pers. comm.); the data of 1957 and 1959 are missing. Monthly rainfall

data are only known of 1992 and 1984.
The mean annual rainfall during the period 1954-1962 (7 years) was

410 mm, which implics that the area can be classificd as semi-arid.

The highest amount ! ‘céppdcd was 568 mm and the lowest 258 mm. The
monthly data aver 198e-and 1984 are given in the table 1 as to give
a rough ldea of the rainfall distribution.
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No data from representative, neighbouring meteorological stations are

available to confirm thesc figures.

Table 1. Monthly rainfall data recorded at Umoja Farm (mm)

Month i 1982 e 98H
January i 40
February 16 7
March 126 104
April 48 223
May [ 30
dune 25 9
July 5 0
August 0 0
Scptember _ 25 0
October 80 0
November 0 53
December_______ ... e .88
Total 403 552

(Source: Umoja Farm Officc)

The total annual rainfall data recorded in 1982 and 1984 fit within

the range recorded during the period 1954-1962. The rainfall distri-
bution is not very consistent. The main rainy season appears to be

in the months March to May; two-third of the annual rainfall is record-

ed in this period.

Temperature is not rocorded at Umoja Farm. Through extrapolation the
mean annual temperatures are ecstimated to be about 23°C. The mean
maximum temperatures will be around 28-30°C (According to the Agho-

climatic Zones Map of Kenya, 1983).




2.3 Physiography and Geology

The study area is located in a large flat to nearly flat sedimentary

or outwash plain (slopes 0-1%), in which unconsolidated, volcanié sadi-
ments have been deposited. The sediments, originating from Mt. Meru,
are most probably transported by water as the soils are stratified and
as rounded baszliic pcbbles are found.

Yarious floods of thc river Temi and other streams have transportcd

and deposited volcanic ashes with different textures.

Immediately north of the study area the landscape is undulating. There,
no sedimentation has taken place but erosion and basaltic volcanic

rocks arc exposed at the surface.
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3 SOILS

3.1 Previous work

No detailed information on the soils of the study area is available.

The most recent soil data arc from the 1:2,000,000 Soils and Physio-

graphy Map made by Dec Pauw (1984). According to this map the area is
located in :

"flat to undulating plains developed on volcanic ashes and
sediments. The soils arc mainly well drained, shallow to deep
dark brown or dark gray calcareous sandy loams and loams, with
weak structure and profilc development. The soils have a good
natural fertility (15-25% clay, pH topsoil 6.5-6.8, pH subsoil
7-9, 1-3% organic carbon, total exchangeablei bases 20-40 meq/
100 gr soil, basc saturation 80-100%) and moderate moisture
storing capacities (50--100 min/m).

In depressions, decp, dark, cracking clays occur. Those soils

are moderately well to imperfectly drained, usually calcareous,
black, dark gray or brown overlying paler subsoils. The natural
fertility is good. Subsoils often have a high exchangeable

sodium percentage. Morcover, there are inclusions of well drained,
deep, dark gray or brown lcamy soils, rich in allophanic clays
with weak structurc and profile development, low bulk densities
and with a high natural fertility and favourable moisture storage
properties.”

3.2 Study methods

Relevant literature on the soils of the study arca (see 3.1, previous
work), information about topography (1:50,000 toposheet, no. 71/2,
Directorate of Overscas Surveys, 1964) and acrial photographs (approxi-
mately 1:70,000 scale, 1982, D.0.S. constract 201, Film TN2, framcs
013-017 and 084-087) werc consulted preceding the fieldwork. The
quality of the photographs was rather poor due to the high percentage

of cloud cover.

In the field, augerhole and soil pit observations were made at care-
fully selected sites. Spccial attention was paid to the areas which

possibly are to be irrigated or to be used for breeding purposes.




Field work included the description of 27 augerholes to a depth of
about 1.50 m and 5 soil profilec pits, approximately 1.80 m deep.

| The soils have been described according to the guidelines for soil
| profile descriptions of the FAO (FAO, 1977). Soil classification

E'; (sce Annex 3) conforms to the legend of the FAO/Unesco Soil Map of

| the World (1974) and Soil Taxonomy (Soil Survey Staff, 1975). Soil

| colours werc described according to the Munsell Colour Chart (1975).

Soil samples (bulk samplcs and undisturbed core samples) for chemical
and physical analyses wcre taken from the major soil horizons identi--
fied and described in thc soil pits. Composite samples of the first
20 em were collected at 15 sclected sites. Each composite topsoil

sample is composed of about 15 subsamples from randomly chosen spots

The aerial photographs werc used to mark the location of all observati-

i ons and sampling sitcs.

Some water samples have been taken as well, to evaluate the quality of

|

1

|

|

|

\

|

| around the selected sidc.
|

l

? the irrigation water.
;

All soil and water samples werc analysed according to the international-

| ly accepted methods which arc used in the National Soil Service labora-

tory (for details on thesc mecthods, see annex 1)«

(approximate scale 1:70,000) have been used to compile a 1:25,000 base

map for the presented soil and locations maps: The toposheet was enlarged

to a 1:25,000 scale with the help of an optical pantograph and more

detailecd information was obtained from the aerial photographs.

3.3 Soil map and legend

(Annex 4). A brief

e legend of the map; a

Both the 1:50,000 topographical sheet and the aerial photographs

The soil map is presented at scale of 1:25,000 |

description of the mapping units is given in th |
} complete description is presented in section 3.4.

|

I

The main differentiating criterion in the legend of the soil map is

the nature of the parent hatqyial.




s Nearly the wholc study area is part of a sedimentary plain with

unconsolidated Sediments of volcanic origin.
R Only in the north-western corner of the area no sediments are

being found. Herc, the soils are developed in the weathering
products of volcanic Rock.
The second criterion for subdivision is the texture of the soils.
s  sandy (or: ashy) scdiments are found in the north-western

part of the study area along the river Temi and along some

minor drainage vays.
1 loamy (or: medial) textured sediments; mainly they are found

at some distance from the river Temi.

lc loamy to clayey scdiments are found in the most southern part

of the Umoja Estate, along the river Temi .

The soils in the study area aré@ invariably very deep and well drained.

Each mapping unit is described in terms of morphological, chemical

and physical characteristics.

3.4 Description of thc lapping Units

The following data have becen used to describe the mapping units:
-~ augerhole observations

- soil profile descriptions (sec Annex 3)

-~ analytical data of the dcscribed soil profiles (see Annex 3)
- analytical data of the composite topsoil samples (0-20 cm)

(Annex 2).
The soil chemical data arc summarized per mapping unit in Table 2

and interpreted according to Table 3.

Mapping unit Ss

Setting: Unit S8 is situatcd along the river Temi and along some other

rainage ways in the north western blocks of the Umoja and Fil Estates.
The area is flat to almost flat (0-1%) and is part of a sedimentary
plain in which volcanic matcrial, originating from Mt. Meru is deposit-
ed after being transportcd by water. The soils of this unit are
developed in relatively coarse volcanic ashes. Unit Ss covers 340 ha.
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General soil properties: The soils are very deep and well to somewhat
EEEEEEIVéI?'H?EIﬁEET‘”?Fbfiles are stratified and have predominantly

a sandy texture. In thc deeper subsoil layers with pebbles (rounded
stones of volcanic origin) may occur.

The topsoil is mostly dark grayish brown and the subsoil is dark gray.
In places the subsoil material is calcareous. At a depth of 15-25 cm
the soil is sodic already which implicates that hardly any roots are
found at greater depths.

The soil fertility is of medium level but imbalances between the
exchangeable bases and sodicity are factors which are limiting growth.

Topsoil characteristics: The topsoils are dark grayish brown and have
a sandy (or: ashy) texture. The structure is very weakly developed
and consists of fine and medium subangular blocks with many single
grains. The soil material is loose to very friable when moist, and
loose when dry.

The pH of the topsoil (0-20 cm) ranges from 7.4-8.1. The organic
matter content ranges from 1.9 to 3.1%. The available phosphorus
content varies between 5 and 10 mg/kg. The cation exchange capacity
is 10-20 meq/100 gr soil.

Subsoil characteristics: The sandy, stratified subsoils are mostly
dark gray and nearly structurcless: single grains and in places even
massive (cemented). The deeper subsoils may have a somewhat heavier
(loamy) texture.

In places the subsoil is calcarecous.

The pH of the subsoil ranges from 7.6 to 8.1. More loamy layers have
a higher pH (9.0-9.4). The amount of organic matter decrceases regular-
ly with depth. Deeper than 25 cm the organic matter content is less
than 1.4%; at a depth of 100 cm the organic matter content is around
0.7%. The available phosphorus content of the sandy subsoil is less
than 4 mg/kg. The cation exchange capacity is 11-18 meq/100 gr soil.
The exchangeable sodium percentage in the sandy layers is ranging from
19+27%. In the more loamy layers this percentage can be even 33-36%.

Fertility aspects: The arganic matter level in the topsoil is in
general of medium level, rapidly decreasing with depth to low and
very low. C/N ratios arc around 16-17 which is rather high and not
very favourable. .The soil rcaction of the sandy layers, which arc
dominant in the profiles, is mildly to moderately alkaline. More
loamy layers in the subsoil have a very strongly alkaline reaction.
The available phosphorus content is medium in :the topsoil and low in
the subsoil. .

The capacity to retain nutrients (CEC) is mainly medium in the whole

profile.

The level of exchangeablc ecalcium is nearly always very high in the
topsoil; in the subsoil the levels vary from medium to very high.
The content of egghggggable magnesium varies from high to very high
in the topsoil. Thec magncsium contents in the subsoil are somewhat
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jower, but still of a high level .

The amount of exchangeable_potassium is very high throughout the wholec
profile.

The Mg/K ratio ranges in vaiue from 0.5 to 1.8 in the topsoils and
from 0.3 to 0.9 in the subsoils, which is very unfavourable., Although
the magnesium content is high (absolutely), not much of the magnesium
will be available to the plant as the very high potassium saturations
will inhibit this.

The amount of sodium in the topsoils is high, and very high in the
subsoils. The exchangeablc sodium percentage (ESP) is high and the
growth of most crops is scverely limited.

Mapping unit S1

Setting: Unit Sl covers most of the surveyed area, and is found at
some distance from the river Temi. The area is flat to almost flat
(0-1%) and is part of a scdimentary plain in which volcanic material,
originating from Mt. Meru, is deposited after being transported by
water. The soils of this unit are developed in loamy (or: medial)
volcanic sediments.

Unit S1 covers 930 ha.

General soil properties: The soils of this unit are very deep and
well drained. They are stratified and they.have predominantly a loamy
texture. In places the subséil material is calcareous. In the deeper
subsoil layers with pebbles (rounded stones of volcanic origin) may
oceur. ‘ .
The topsoil is mostly dark grayish brown to brown in colour and over-

lies a pale brown to .brown subsoil. The subsoil may be sodic from a

depth of 40 cm onwards. o

The soil fertility is of mecdium to high level but imbalances between

the cxchangeable bascs and sodicity are limiting plant growth.

Topsoil characteristics: The topsoils are mainly dark grayish brown
to brown and have a loamy texbure (or:medial). The structure is only
very weakly developed and consists of medium subangular blocks and
granules. The soil matcrial is very friable to friable when moist,
and loose to soft when dry.

The pH of the topsoil is ranging from 7.1 to 8.0. The organic matter
content iz 1.9-4.0%. Available phosphorus contents vary between 3
and 16 mg/kg. The cation exchange capacity of the topsoil is 20-414

meq/ 100 gr soil.

Subsoil characteristics: The stratified subsoil has predominantly a
loamy texture, varying from sandy loam to silty loam and clay loam.
The colour is mainly palc brown to brown. In places the subsoil is
calearcous. The deeper subsoil may have a lighter, sandy texture.
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The structure of the subsoil is only very weakly developed, consisting
of medium and fine subangular blocks and single grains.

The pH of the subsoil incircascs regularly with depth: at a depth of
about 100 cm the pH is 8.6-9.2. The organic matter at this depth
varies from 0.3 to 1.2%. Thc available phosphorus content decreases
papidly with depth; the valucs vary from 1 to 4 mg/kg. The cation
exchange capacity is very variable and depends largely on the texturc
of the concerning layer. CEC values range from 25 to 69 meq/100 gr
soil. The ecxchangeablc sodium percentage is apparently depending on
the clay content: in the loam and silty loam laycrs the ESP varies from
16-30% whereas in sandy loam layers the ESP is below 16%.

Fertility aspects: The organic matter level in general is' medium in

the topsoils and low to very low in the subsoils. C/N ratios vary
from 10 to 19; most valucs arc between 15 and 17.

The soil reaction is necutral to moderately alkaline in the topsoil

and strongly to very strongly alkaline at a depth of 100 cm.

The available phosphorus content is mostly low or medium but in places
it can be high. 1

The capacity to retain nutrients (CEC) is mostly high to very high in
the whole profile. Somctimes the level is medium in the topsoil.

The levels of exchangecablc calcium and potassium are very high within

the whole profile. The content of exchangeable magnesium varies
considerably, but they arc all high and very high. The magnesium/
potassium ratio ranges from 0.3-1.8 in the topsoil and from 0.3-0.9
in the subsoil, which is unfavourably low.

It implicates a likely potassium-induced magnesium deficiency.

The sodium contents in thc topsoils are high to very high. 1In the
subsoil the content incrcasces cnormously. The exchangeable sodium
percentage (ESP) is high in the loamy layers and is of moderate lcvel

in the sandy layers.

Mapping unit Slc

Setting: Unit Slc is found only in Block A of the Umoja Estate, along
the river Temi. The arca is flat to almost flat (0-1%) and is part

of a sedimentary plain in which volcanic material, originating from
Mt. Meru, is deposited after being transported by water. The soils

of this unit are developed in loamy to clayey volcanic sediments.

Unit Slc covers approximatcly 210 ha.

General soil propertics: The soils of this unit are very deep and
well drainod. The texture of these stratified soils is.dominantly
loamy to clayey. In the subsoil sandy layers may occur. The topsoil
is very dark grayish brown to brown and overlies a dark brown to
brown coloured subsoil.

The subsoil is slightly sodic and not saline.

Presently,. many fruittrces arc grown on these soil.

The soil fertility is high but imbalances between the exchangeable

bases do exist.
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opsoil characteristics: The topsoils are mainly very dark grayish
rown to brown and have a loamy to clayey texture.

he structure is noderately strong developed and consists of medium
ubangular blocks. The scil material is friable when moist and slight-
1y hard when dry.

The pH of the topcoil ranges between 7.9 and 8.2. The organic matter
content is 3.0-1.2%, and the available phosphorus content varies from
23 to 33 mg/kg. The cation exchange capacity is 38-U46 meq/100 g soil.

_ subsoil characteristics: The stratified, dark brown to brown subsoll
has mainly a loamy to clayey gexture although lighter textured laycrs
may occur. The structure in the loamy to clayey layers is moderately
well developed and consists of medium and coarse subangular. blocks.
The material is mostly friable when moist and slightly hard when dry.
The subsoils are not calcareous.
The obtained data show a pH of around 8.0, an organic matter content
of around 2.5% at a depth of 45 em decreasing to around 0.7% at a
depth of 70 cm. The shosphorus content decreases rapidly with depth
as well: 8 mg/kg 2t 45 cm and 3 mg/kg at 70 cm. The cation ecxchange
capacity is 30-49 meq/100 g soil. The exchangeable sodium percentage
is 6-12% in the relatively heavy textured material and 3-7% in the

sandy layers.

Fertility aspects: The organic maktter level in the topsoil is medium
Tho C/N ratio is 11-12, indicating a good quality of the organic matter.
The s9il_reaction is moderately alkaline.

The available phocphorus content is high in the to

%y et o wac

low in the subsoil.

The capacity to rctain nutricnts (CEC) is high to very high in the
whole profile.
The levels of all cxchangecable basgs arc high. The magnesium/potassi-
um ratio (Mg/K) is about 1.5 which is below optimal. It implicates
that magnesium deficiency may occur dus to the high level of cxchange-
able potassium.

The exchangeable sodium percentage (ESP) is
of moderate level.

psoils and medium to

1ess than 16% and therefore

Mapping unit R

Setting: Unit R is only found in a block of Fil Estate whicn is
~Itustod north of block C of Umoja Estate. The unit is located in a
depression along a tributary intermittent stream of the river Temi.
The soils are developed in the weathering products of volcanic rock
originating from M{. teru.

Unit R covers an arca of approximately 20 ha only .




-1l

qengral,sgil prgperties:. The soils are very deep and well drained and have a
EIE?GY Eexture. The dominant colours are dark reddish brown and dark brown.
1n places the soils arc stony: gravel, stones and boulders of volcanic origin
are found on the surface.

No further soil morphological data and soil chemical data have been collected.

Table 2. Summary of the soil analytical data per mapping unit

soll chemical ; Mapping units
characteristics ; Ss ) sl Sle
. topsoil subsoil itopsoil subsoil :topsoil subsoil

Organic matter (%) ; 1.9-3.1 <1.4 | 1.9-4.0 <1.2 3.0-4.2 <2.5

Total nitrogen (%) 0.07-0.09 - 0.08-0.15 - }0.34~0.20 -

pH 7.4-8.1 gvgjg-g 7.1-8.0 8.6-9.2 | 7.9-8.2 + 8.0

L
|
i
|
Avail .phosphorus |

(mg/kg) ! 5--10 <l 3-16 14 23-33 3-8
B (eq/100 g soil) | 10-20  11-18 | 20-M4  25-69 | 38-H6  30-49
Exch. calcium ; 5.6-11.6 3.7-8.0 10.1-16.4 11.0=-24.0 18.0-22.4 22.6-23.7
(me/100 g soil) |
Exch. magnesium | 1.6-8.3 0.8-2.0 2.8-10.0 2.4-7.7 | 5.6-8.7 8.3-9.3

(meq/100 g soil)

Exch. potassium 1.8-5.0 2.2-5.5] 5.5~10.6 5.8-9.6 | 5.5-8.4 3.5-7.9
(meq/100 g soil)

Exch. sodium
(meq/100 g soil)

o

0.8-1.4 2.9-5.7 1.0-3.3 3.0-15.3 2.0-3.6 2.6-5.2
A i




-15-

Table 3. Criteria for soil fertility evaluation as used in this study
[ e R

(Source: KIT, soil analysis training course, Amsterdam and Bingham, 1973)

Soil reaction c1a331flcat10n (prHZO)

" pH 6.6-7.3 neuz;éa‘“ ) i
pH 7.4-7.8 mildly alkaline

% pH 7.9-8.4 moderately alkaline %

{ pH 8.5-9.0 strongly alkaline i

? pH >9 0 very utﬂongly alkallne %

(Source: Agrlcultural Comoendlum, TLACO 1981)

Soil chemical o Classes e e
characteristics
'vory low low medlum hlgh very hlgh
organic matter (%) <1 1-2.2 2.2-4.3 4 3-6.0 >6.0
Total nitrogen (%) <0.1 0.1-0.2 0.2-0.5 >0.5
Avail. phosphorus
Olsen (mg/kg) ! <5 5-10 >10
Cation Exchange % .
Capacity ¢<6 6-12 12-25 25-40 >40
(meq/100 g soil) |
Exch. calcium | <0.5 0.5-2 2-4 4-6 >6
(meq/100 g soil) |
Exch. magnesium ;
(meq/100 g soil) |
- sandy soils | <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
- loamy soils P <0.25 0.25-0.75 0.75-2.0 2.0-4.0 >4.0
Exch. potassium ?
(meq/100 g soil) |
- gandy soils " <0.05 0.05-0.1 0.1-0.4 0.4-0.7 >0.7
£¢10% clay) g
~ general % <0.1 0.1-0.3 0.3-0.6 0.6-1.2 >1.2
~Exch. sodium é
(meq/100 g soil) . <0.1 0.1-0.3 0.3-0.7 0.7-2.0 >2.0
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3.5 Soil fertility status

R

The fertility of the soils in this area is largely linked to the
volcanic character of the deposits, originating from Mt. Meru. The
volcanic character manifests itself most strongly in the high capacit-
jes to absorb cations and in the related high levels of exchangeable

bases, in particular thosc of sodium and potassium.

A summary of the soil analytical data_/mapping unit, is given in table
2, p. 14.

Organic matter 1evels arc medium in the top 20 cm of all soils at the

— o 2B e e £ e S w3 A S

Umoja and Fil Estates. The lowest values are found in the relatively
coarse textured soils of mapping unit Ss. Below a depth of about
20 cm the values of organic matter decrease rapidly to a low or very

low level, especially in the soils of the mapping units Ss and Sl.

The C/N ratios range fiom 10 to 18 in the study area. The lowest

values, indicating 2 good quality of the organic matter, are found

in the topsoils of mapping unit Sle. The organic matter in the two

other mapping units is mostly of an inferior quality.

tont is very low to low in all soils. The

S tmem emem e cmemcTER ER ER 3 T

e heavier textured top-

| reaction is dominantly mildly to moderately alkaline in all

topsoils and in nost subsoils as well; subsoils of mapping units Ss

and S1 though, may bc very strongly alkaline. The high pH valucs are

mainly due to thc presence of large amounts of sodium (see below),

next to the presence of carbonates.

The amount of gggi}gﬁggugpgggggggg is very high in the relatively

heavy textured topsoils of mapping unit Slc. The topsoils of mapping

unit Ss show quium levels while those of mapping unit S1 show mainly

low and medium levels. In the subsoils levels are invariably low.

The cation_exchangc capacity (CEC), reflecting the capacity of a soil

to retain nutrients (deternined at a pH of 8.2 with sodium acetate,
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‘sce Annex 1), is high to very high in the loamy and clayey soils

(mapping units Sl and Sic) and medium in the sandy soils (unit Ss).

| The relatively high values (as compared to the texture) are mainly due

to the volcanic origin of the sediments in which these soils have develop-

ed. The sediments arc young and not much weathering has taken place

yet. The amount of silt can be very high in these soils. The clay is

mainly of the allophanic type, which is characterized by a high cation

cxchange capacity.

The levels of all exchangeable bases, i.e. calcium, magnesium, potassium

cry high in all soils of the study arca.

Absolute levels, howover, arc such that severe imbalances

Especially the magnesium/potassium ratio

l
|
\
)
|
|
i and sodium, are high to v
i exist between the bascs.

(Mg/K) is completely imbalanced. For most crops the optimum Mg/K

In many samples there is more exchangeablc
lcading to a Mg/K ratio below 1. This is

@ as the high potassium levels will induce a magnesium

i
| potassium than magncsiun,
I
; not favourabl

deficiency in the plants. The Mg/K ratio is better in soils of mapping

| unit Slc.
odium, especially in the subsoils,

i

growth of many crops and also on

The high to very high amounts of s

will have an advcerse effect on the

the physical conditions of the soils. The exchangeable sodium per-

pecially high in the subsoils of mapping unit
t S1 are moderately

centage (ESP)* is csS
S8 (19-27%). The ESP valucs in the subsoils of uni

to high and thosc in the subsoils of mapping unit Slc are moderatc.

3.6  Soil physical conditions

cacars AemEICTEIGIEN TAET S e

From 3 seclected profiles undisturbed ring samples were collected to

estimate the amount of water which is available to the crop.

0il moisture data of the 3 profiles.

’ Table 4 presents the o
erence in moist-

n of pF 2.4)

The total available soil moisture content is the diff

ure content betwecn field capacity (determined at a suctio

Na x 100%
CEC

L~——

# RSP
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and permanent wilting point (pF 4.2).

Field capacity is defined as the

amount of water remaining in the soil 2-3 days after having been through-

1y wetted.

Table Ut

a soil at which an indicator
to recover after the soil is

portion of the soil moisture

wetted again.

per mapping unit in three profiles

Permanent wilting point is defined as the water content in
plant growing in that soil wilts and fails
The available water is that

that can be absorbed by the plant roots.

Mean total available moisture contents and bulk densities

Mapping
_unit

Sl

142 mm in 75 cm soil

Profile Depth Total avail. Bulk density
no. (cm) m01sture(VOl%) (g/cm3)
- Up1t 0-23 14.6 1.09
(coarse 23--48 14.3 1.17
loamy) 48-70 15.5 1.25
Total: 73 mm in 50 cm 5011
UP5 0-20 15.9 0.98
(fine 2036 25.3 0.86
loamy) 36--80 22.7 0.91
80--124 28.3 0.82
Total: 104 mm in 50 cm soil
UP4 0-18 7.1 0.82
18--54 22.1 1.00
54..38 23.5 1.13
Total: B84 mm in 50 cm soil

e A

Al i I A e

.
;
1
.
.
&
?

S e e S e
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The total available moisture percentages (vol%) are all above 14%, with
exception; values up to 28% were calculated. These high values

ntages of silt and very finc sand.
g unit S1, forming a

one
arc normal for soils having high perco
to the high sodicity of the subsoils in mappin

Due
oot development, the rooting depth is restrict-~

chemical barrier to r
ed to 50 cm. For coils of mapping unit Slc a depth of 75 cm is taken
+v is less severe in these soils.

into account, as sodiclity
The high waterholding capacities of the solls imply that the field

crops can stand a peasonably long dry period,
Within that period, the water requirements of the

in particular on the

soils of unit Slec.
crop can be met by the soil moisturc reserves.

A waterbalance, asscssing the moisture availability for a crop during

couid not be calculated as long~term rainfall data

the growing period,
It may be stated though, that

are not available (sce chapter 2.2).
painfall during the growing period (March-May) will

the mean amount of
The amount

not exceed 250-275 mm in an average year, which is low.

of water in the soils is not supplied by precipitation only, however,

but as well, at least in part of the area, by floods and by 2a rising

Tn “he rainy season, mostly in April, the river

groundwater tabloe.
relatively lowest lying

Temi normally floods the flat area and the
+ to the river get inundated for a period of some days.

ted after passing of the yearly floods and

parts adjacen

Beans can only be plan
inundations. This implicatos that the plants have to rely mainly on
the watcerholding capacity of the soils; it is the main course for avail-

able water as the amount of rainfall ja relatively small after passing

of the floods.

It may be concluded thus that the amount of water available to a bcan

crop, in an average ycar, is not sufficient for a satisfactory yield,

Soil structure

o £ 27 5 G e £ € @ e ST 6 S e

In general most soils at the Umoja and Fil Estates, i.e. those of

mapping units Ss and S1, have very weakly developed, unfavourablc

structures. This is mainly induced by the high sodium
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content of the soils. 1In places, the subsoils can be even massive
due to the weathering of volcanic minerals, forming cementing agents.

Only in the heavy toxtured topsoils of mapping unit Slc the structure
is more favourablc. The topsoils consist moistly of moderately strong

developed, medium, subangular blocks.

As most of the study arca ig presently under sisal no soil compaction
has been observed. It is suspected, however, that plough pans, hamper-
ring rooting, will develop easily in these volcanic soils if scedbeans
are going to be cultivated. As cultivation most probably will result

in lower levels of organic matter, surface sealing is expected to occur
as well.

The loose or soft consistency of the dry topsoils of mapping units 5s

and S1.makes those solls very vulnerable to wind erosion.

|
|
%,
%
|
i
?
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i WATER

4.1 The gquality of the irrigation water

Three samples of tho water in the river Temi have been taken in the

just before the start of the rains. This was done
d for

beginning of April,
to study the quality of the water which is planned to be use

jrrigation of secdbeans, in some parts of the area.

Table 5 gives the results of the analyses.

Table 5 Results of watcr analysis (means)

PSR RSPSRASP PIP :

' - g

Na K Ca Mg E EC : pH SAR#® |

(meq/liter) i (mS/cm) | !

— - e i - AT e 82 o st A e ““" e T e e e e 5 4> - v Rt _(.".'-‘

' ! | {

535 1.93 1.16 0.80 i 0.52 g 8.2 3.4 |

e — e e e S L A —— — I —— . P j - - et e "".
#SAR = Sodium Adsorption Ratio

According to the USDA classification of (sulphate-free) irrigation
water (Booker Tropical Soil Manual), the water can be classified as a

medium saline and lQEJ?QQEEm water.
r irrigation only if leaching is

‘Medium saline water can be used fo
Plants with a moderate salt-tolerance can be grown

linity control.
st all soils with

sufficiently high.
in most cases without special practices for sa

Low sodium water can bc used for irrigation on almo

little danger of the development of harmful levels of exchangeable so-

dium. However, sodium-sensitive crops may accumulate injurious

concentrations of sodium.

A sodium content in irrigation water of above 3 meq/liter will lead to

increasing problcms (affecting sensitive crops) when sprinkler or surface

irrigation is practised (acc. to FAO guidelines for evaluating irrigation

water quality, Booker Tropical Soil Manual).

Soil properties as crop-water availability (due to osmotic effects)

and permeability will not be affected by water of this quality.
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According to FAO guidelines for evaluating irrigation water quality
a pH value of irrigation water ranging between 6.5 and 8.4 is consider-
ed to be normal, not causing imbalances in nutrient uptake. The pH

of the Temi water falls within this range, but is nevertheless rather
high.

Of seedbeans it is known that they are sensitive to sodicity and very
sensitive to salinity. Considering this, one may»conclude that using
the Temi water for irrigation of the scedbeans, will certainly lcad

to negative effects on plantgrowth. The bean plants will be adversely
affected by salinity right from the beginning and there will be a
considerable risk of accumulation of harmful concentrations of sodium
in the plants. The latter the more so as the sodium content in the
soils reaches considerably high to harmful levels already.

Although bean yields may be high during the first years of irrigated
cropping in case of favourable rainfall conditions, yields will only
decrease with time and detiimental salt and sodium levels will be
reached in a few years time.

Without special mecasures it is not advisable to practice irrigations
The creation of a large basin where river water is collected during
the rainy season so that concentrations of salts and sodium will be
much diluted, can be of great help. Also one has to make sure that
(surplus) irrigation water be given, in addition to what is needed for
the plants, to leach the salts from the soils. A leaching require-
ment (surplus) of 15% can be taken as a guide. Whether these measure®
ments will be sufficicnt to keep concentrations below harmful levels
however, will have to be monitored via regular sampling of soil and

water.
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!é 5 SUITABILITY FOR THE CULTIVATION OF SEEDBEANS

| 5.1 Introduction

Rotian Seed plans to grow scedbeans at the lands of the neglected

| sisal estates Umoja and Fil. It is the intention to have an area of
? ; approximately 200 ha under irrigation and the rest of the land under
i rainfed conditions. An arca of 2 ha will be used for plant breeding.
| In the following scciions the suitability of the area for secdbeans,
; both rainfed and irrigated, is discussed. The approach'adopted is a
% ; simplified version, as proposed in the framework for land evaluation
(FAO, 1976). First the most important environmental requirements of
" the crops are presenbed. Next, those requirements are matched with
the existing environmcntal conditions at the farms, resulting in a
suitability assessment.

Tt is assumed that the scedbeans will be cultivated at a large scale
| farm level, making usc of farm machinery and proper soil and crop

management practices including the use of moderate amounts of fertili-

zZers.

Die.2 ng}ronmeq}g}bpgggir_pents‘of seedbeans

Beans (Phaseolus vulgaris) grwo well in areas with 300-380 mm of rain-
fall over a 10-week growing period, followed by 4 weeks of dry, cool
weather. During the ripening stage dry weather is preferred to avoid
the occurrence of fungus diseases and to case harvesting. The rain

has to be well distributed over the growing season.

For optimum growth avcrage temperatures of between 16-24°C are required

and the beans are grown best under decreasing temperature conditions.
Growth stops at tcmperatuircs below 10°C. A temperature of 30°C appears
to be the upper limit for successful cultivation; above this temperéture
blossom-drop is very scrious (source: Kay, 1979).

Hot dry winds during flowering can cause severe blossom-drop as well,

resulting in lower yicld and non-uniform ripening of the seed.

L&%—
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The crop prefers freocly drained, well structurcd and deep soils.

The optimum pH for secdbeans is between 6.0 and 6.8; pH values of as

low as 5.2 and as high as 7.0 are tolerated.

Little is known about specific nutrient requirements of seedbeans.

Being a leguminous crop, boans are capable of fixing nitrogen and be-

sides a starter dosc, the nitrogen requirements are limited. The
phosphorus and potassium requirements are moderate. The crop has a

pelatively high zinc requirement. Zinc deficiency, resulting in poor

pod-set ,may occur on calcarcous soils with pH values above 7. The

crop is very sensitive to soil s&linity.

Seedbeans arc also considered to be not very tolerant to.high amounts

of sodium in the soll. fccording to Landon (1984), beans are alrcady

sensitive to Exchangcable Sodium Percentages (ESP values) of betuccn

10 and 20. It is reported that yield reductions of 50% may occur ab

ESP values of belou 15 alrcady.

5.3 Suitability of the Umoja and Fil lands for seedbeans

The suitability of the soils at the Umoja and Fil Estates for the
cultivation of seedbeans, for both rainfed and irrigated conditions,

is presented in tables 5 and 6. The tables present the suitability

of each mapping unit together with the major limiting soil factors.

It follows clearly from tables 5 and 6 that the cultivation of secd-

beans, either rainfed or iprigated, ca not be recommended .

The major limiting factors are the high pH and in most parts the high

sodium levels in the soils. Under rainfed conditions moisture stress

is an additional constraint.
Wheh irrigated the only unit considered moderately suitable is unit

Slc mainly as sodicity is less severe and occurs deeper in the profile.

Proper management however will ba required to prevent salinization and

further sodification of the soils when practising irrigation.




‘e 5 The suitabiiity and constraints of the mapping units for
rainfed sacdbcans

Suitability fer : Constraints
rainfed secdbeans ;
e A A A o e 48 T i S S s SRR - . o e S el o e ¢ ng e e S T
Unsuitable ‘.. lack of moisture in pmogiL Yycars

- high sodicity

- alkaline soil reaction

- unfavourable Mg/K balance

- low available phosphorus levels in places
- very low total nitrogen level

it e Bt A I - Teannns

Unsuitable - lack of moisture in most years

- high sodicity

- alkaline soil reaction

- unfavourable Mg/K balance

! - low available phosphorus levels in places
- very low total nitrogen levels in places

o et AL ] < R e e A A AR T it T2

Marginal - lack of moisture in most years
- high sodicity in places
~ alkaline soil reaction

i e e B B SR S R B R oL L e

§ No |data available

(20 ha)

e e o e A s ok o B (i s e bl

Table 6 The suitability and constraints of the mapping units for
. irrigated scedbeans

R
No ldata available

Mapping . Suitability for ; Constraints
unit | irrigated scedbeans 3
e e _— N ¥ i - i g e - S e “ o e Y e e s 2
Ss ; Marginal '~ high sodicity
(340 ha) . : - alkaline soil reaction
§ ! . unfavourable Mg/K balance
i i - low available phosphorus levels in places
! i - very low total nitrogen levels
s1 i Marginal ! - high sodicity
(930 ha) ! ' - alkaline soil reaction
§ ! . unfavourable Mg/K balance
; i - low available phosphorus levels in places
! f - very low total nitrogen levels in places
Sle i Moderate { . high sodicity in places
(210 ha) | - alkaline soil reaction
e J!b e hade et mae e s bl el - o e e s i e e S b A s
|

(20 ha)

e

e L e e e 4 i




- 26 -

MANAGEMENT REQUIREMENTS

vanagenent, roquirements, for the oulbivatier of seedbeans

under rainfed conditions
under ralniol Brltmrmses

15 the only unit which is considered to be (marginally)

tion of seedbeans under rainf
le yields may be cxpected.
to

apping unit Slec
ed conditions.

suitable for the cultiva
sonable rainfall reasonab
ed mapping of this mapping unit
In alluvial arcas

In years with a rea
 Therc is 2 need for a more detail
these can be omitted.
over very short distances.

o the crop;

map oub sodic spots S0 that
tond to differ

as this, soil propertics
low, which is not favourable ©

As the Mg/K ratio is rather

it is advised to apply some magnesiun fertilizer.

scedbeans_under

Management requirements for the cultivation of
irrigated conditions

The only area considered to be (moderately) suitable for irrigated
cropping of seedbeans, 1is mapping unit Slc.
like stated abovec, @ detailed mapping of the unit is recommendable as

to define precisely the problem areas (sodic spots).
es this implicates a risc of
gher capillary

the

in most cas
n its turn leads to a hi
s will accumulate near

If irrigation is practised,
which i

the ground watertable
rise. Because of the high evaporation salt

surface.
~isc of the water table in the first place, care

Tn order to prevent a
£ the irrigated arca is

“ that the drainage capacity ©

has to be taken
This can bc donc cither by artificial means or by redu

good . cing the

amount of irrigated vater.

plus of water (lea
jum from the rooting zone.
derable amounts of salts

ching requirement) has to be

On the other hand a sur
The fact

and sod

itself contains consi
e a very risky undertaking.

pations of salts and

applied to wash out salte

that the irrigation watcr
nakes the practic

and sodium as well,
11 have the lowest concent

The water of the Tomi Wi
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sodium during the rainy scason but this is not the time that irrigat-

jor. will be practisecd.
11 be highest.

The construction of a water basin to collect priver water in the rainy
in order to obtain a maximal dilution, might be a changc for

y and alkalinity will be

Tt is after the rains that the need for

irrigation water wi

season,
the better.
necessary after cach crop.

sfactory yield of beans can only be expect

Continuous monitoring of salinit

A sati ed if ESP values in

the soil remain bclow 10, and ECe is below 4 mS/cm.
As Mg/K ratios in the soils of unit Slc are rather low and the more

as the potassium contents of the irrigation water are high, magnesium-

fertilizer should be applicd to avoid magnesium deficiencies.

The low nitrogen contents may limit optimal yields. Simple, comparative

trials with nitrogen fertilizers may be done to examine this. 1In the

case of proven nibtrogen deficiency, low rates of nitrogen fertilizer
are recommended at planting.

Duc to the high pH values a zin leading to a

¢ deficiency may occur,

poor pod-seb.
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Annex 1
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The soil samples werc aip-dried crushed in a mortar and passed through

Detcrminations are performed on the fine earth fraction

a 2 mm sieve.
and results are reported on that basis.

The analytical methods arc described in detail in report M7 of thc

National Soil Service (1987) of which a brief summary follows :

- particle size analysis: pipette method (clay and fine silt

fractions) and USDA standard sieves (sand fractions) after destruct-

ion of the organic matter and using sodium hexametaphosphate as

dispersing agent.

- organic carbon: Walkley and Black; wet acid-dichromate digestion

and 1“eSOLl titration.

- total nitrogen: semi-micro Kjeldahl digestion followed by ammonium

distillation and titration with sulphuric acid.

- pH: potentiometrically using a combined glass—calomel electrode

ihea 1:2.5 suspension of H,50 and KCl.

- exchangeable cations: displacement with 1 M NHMOAc at pH 7 and

determination of K and Na by EDTA titration.

_ ocation exchange capacity: NHy saturation with NH,OAc at pH 7 or
Na saturation with NaOAc at pH 8.2 (the latter for soils with pH

above 7.4)

Olsen extraction with 0.5 M NaHCO. Solution

- available phosphorus:
tracted P, in soils with pH

and colorimetric determination of the ex

above T.




Annex 2
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nalytical data of the composite topsoil samples (0-20 cm)
Mapping Sample PH rganic  Total Available CEC Exchangeabls bases
nit no. (HZO) matter nitrogen phosphorus Ca Mg K Na
(%) (%) (mg/kg) (meq/100 g soil)
6 7.5 1.94 0.07 9 g.9 5.6 1.6 1.83 0.80
7 7.4 2.061 0.09 5 12.4 7.6 1.7 3.26 0.84
1 7.3 2.55 0.15 3 31.3 14.9 5.9 6.93 1.91
2 7.6 3.03 0.14 3 22.2° 11,1 2.8 5.51 1.1}
3 7.5 3.96 0.14 9 28.2 14.0 5.0 7.85 2.00
H 7.4 2.89 0.12 7 22.9 11.8 3.9 5.82 1.41
5 7.3 2.75 0.09 6 20.0 15.2 6.1 5.51 1.24
13 7.2 2.55 0.08 3 28.7 10.1 6.5 6.32 1.52
14 7.4 2.41 0.08 b 29.8 12.8 5.9 3.54 1.52
15 7.1 3.56 0.13 3 38.2 16.4 5.5 9.07 1.22
16 7.9 2.61 0.09 10 36.5 12.1 6.8 5.91 1.45
17 7.8 2.55 0.10 16 33.6 15.3 7.5 6.73 1.01
18 7.6 2.96 0.10 7 27.3 12.4 5.8 7.34 1.00
19 8.2 3.82 0.20 23 38.3 22.4 8.0 5.50 2.00

20 8.1 2.96 0.14 33 45,9 18.0 8.7 6.27 2.17

P P S

No chemical data available




Profile No UP1

General informaticon o site and sall

Horizon

Location: aterial: Volcanic zshes. ndform: - Sedi-

entary plain. - Siena sitr:  0~1%.  Elevat : .
mentary piain. Reiiel BSiepe of site: %. Elevafly 930 m Texture:

Soil: Veory da2cp, wa2ll drained, brovn lozmy scil with a very weak structure.’

) ; wlay o 5 4 3 .2 tr
Description: The rrof:il: was described on 0 ~04=87 by F. van der ¥Wal, Mr. lesils, . .
JUTT. TEopocl, P.H. 3ilayo, R. Kimaro and A. Brom. fine silt * 12 12 " Y 9
coarse siit % 21 18 17 16 18
Soil prafile descriogi .
2 proteie ¢ > very fine sand % 18 16 19 20 21
A very <erk grayish brown (10YR 3/2, moist and T0JR 5/3, dryl; o v
0 - 25 ¢ sandy loam; very wask, medium, subangular blocky and granular; fine sand % 26 32 32 35 35
scft when dry, very friable when molst, nen-sticky non-pla < medium sand % 14 15 15 13 14
whrn web; porous; abundant sisel roots; gradual and smoobh T ]
coarse sarnd % 3 3 2 3 5
AC dark brown (10YR 3/ muish and 10YR 5/3, dry); ssandy lozm very cozrsz sand % . H tr tr tr rr
23 - U8 cnm yory weak, medlum, sangular blocsky and granular; soft when
very ey B . vanBua Y © i et Textural class sl sl sl 1s 1ls

dry, wvery friable wiizn moist, non-sticky and non-plastic HET
wet; porous; gradunl and smooth teo

C1 dark brown (10YR 3/3, moist and 10YR 5/5, dry); candy loam Lo ‘ PH water 1:2.5 £.0 T4 7.6 8.6 9.5
48 - 122 cm ioamy sand; very weak, medium subangular block; pH KCL 1:2.5 7.0 5.6 5.9 7.2 7.8
soft when dry, very friable when moist, non-sticky and non- . i
slzstic when wet; porous;. rounded gravels; gradual and smooth EC us/em 1:2.5 235 105 84 215 300 w |
0 = E
. . i
cz2 . very dark grayish brown {:0YR 3/2, woist and 1OYR 5/2, dry); Organic carbon * 1.48  0.86 0.46 0.20 0.12 ,
122 - 170 cnm loamy sandy; single grain; loosze when dry, very friable when Avail. P Olcen mg/kg : 7 2 1 2 1 et
’ m0ist, non-sticky and non-plastic when wet; porous; rounded T Lt e R e o e ’ :
gravels. ) :
CEC NaOAc me/100 g 29.5  25.7 24.8 27.0 25.8
1"
Soil classification: exch. Ca .7 11.8 11.0 15.6 11.2
1
FAO/Unesco : Eutric Fluvisol, sodic phase exch. Mg " - 10.0 2.8 3.7 2.4 '7‘7
exch. K " 5.71 9.58 6.57 6.83 .08

Soil Taxonomy: Andic Fluventic Ustropept

Bulk density (g/cm?) 1.09 1.17 1.25

Soill moisture retention:

pF 2.0 {vol%) 41.0 38.6 40,2
pF 2.4 " 24.6 24,1 25.5
pF 3.0 " 16.9 16.2  16.4

£ xsuuy




Profile No UP2

Mapping unit ss

General information on site and soil

Location:
Landform:
S45 m.

Umoja Estate, western part.
sedimentary plain.

Parent material:
Flat.

Voleanic ashes.
Slope of site: 0-1%. Elevation:

Relief:

Soil: Very deep, well drained, brown, stratified,dominantly:sandy soil which is
very weakly structured to massive.

Description: The profile was described on 06-04-87 by A.J. Brom, P.H. Silayo,
N.R. Lesika and R. Kimaro. ’

Soil profile description

A1l

0 - 16 cm
Ai2

16 - 31 cm
AC

31 - 53 cm

ci2
87 - 99 cm

C13
9¢ - 112 cm

c21
112 - 120 cm

ca2
120 - 167 cm

C3
167" em

very dark grayish brown (10YR 3/2 moist); loamy sandy; very
weak, fine and medium subangular blocky; very friablé when moist,
non-sticky non-plastic when wet; gradual and smooth to

very dark gray (10YR 3/1, moist and 2.5Y 3/2, dry); loamy sand;
single grain; non-sticky and non-plastic when wet; clear and
wavy to

very dark grayish brown (2.5Y 3/2, moist and 2.5Y 4/2, dry);
loamy sand; massive, cemented; common very fine and fine pores;
gradual and smooth to

very dark grayish brown (2.5Y 3/2, moist and 2.5Y 4/2, dry);
sandy loam; cemented, massive; common fine and very fine pores;
clear and smooth to .

cark grayish brown (2.5Y 4/2, moist and 2.5Y 6/2, dry); sandy
loam; cemented, massive; slightly sticky and plastic when wet;
clear to abrupt and smooth to

dark grayish brown (2.5Y 4/2, moist and 2.5Y 5/2, dry); sandy
loam; massive; slightly sticky and plastic; abrupt and smooth to

very dark gréyish brown (10YR 3/2, moist and 10YR 5/3, dry);
silty clay; weak, medium and fine, subangular blocky; friable
when moist, very sticky and plastic when wet; very porous;

~calcareous; clear and smooth to

very dark grayish brown (10YR 3/2, most and 10YR 4/3, dry); silty
clay loam; weak, medium and fine, subangular blocky; very friable
when moist; sticky and plastic when wet, calcareous; clear and
smooth to

very dark brown (10YR 2/2, moist and 10YR 4/2, dry); sand; single
grain.

Soil classification

FAO/Unesco

Soil Taxonomy :

. eutric Fluvisol, sodic phase

Andic Fluventic Ustropept

Analytical data

Horizon
Depth (em)

A1
0-15

A12
16-30

AC
32-50

cli
55-85

€13
:00~-112

c22
125-160

o R e P P e ey
s i it e e et e e e A R R R S T T T

Texture:

clay

fine silt
coarse silt
very fine sand.
fine sand
medium sand
coarse sand
very coarse

Textural class

30
23

pH water 1:2.5
pH KC1 1:2.5
- EC ups/cm 1:2.5

‘Organic carbon
Avail. P Clsen mg/kg

%

CEC NaOAc me/100 g

exch. Ca "
exch. Mg "
exch. K "

exch. Na "

66

56

235

ot

820



Profile No. UP3

Mapping unit Ss

General information on site and soil

Location: Umoja Estate,western block. Parent material: Volcanic ashes.
Landform: Sedimentary plain. Relief: Almost flat. Slope of site: 1%.

Elevation:

940 m.

Soil: Very deep, well drained, brown, dominantly sandy soil with a very weak

structure.

Description: The profile was described on 06-04-87 by R. Kimaro, A.J. Brom, P.H.
Silayo and N.R. Lesika.

Soil profile description:

A
0 - 24 cm

AC
24 - 68 cm

[on}
58 - 112 cm

cz .
112 - 157 cu

very dark grayish brown (10YR 3/2, moist); loamy sand; very weak
granular; loose vhen dry, loose when moist; non-sticky and non-
plastic when wet; porous; gradual and smooth to

dark brown (10YR 3/3, most); loamy sand, very wecak, granular;
lcose when dry, loose when moist, non-sticky and non-plastic when
wet; porous; gradual to clear and smooth to

very dark grayish brown (2.5Y 3/2, moist); loamy sand; very weak
granular; loose when dry, loose when moist, non-sticky and non-
plastic when wet; porous; gradual and smooth to

dark grayish brown (2.5Y 472, moist); sandy loam; very weak to
loose, granular; loose when dry, loose when moist, non-sticky
and non-plastic when wet; porous; clear and smooth.

Soil classification:

FAO/Unesco
Soil Taxonomy : Andic Fluventic Ustraoperpt

. eutric Fluvisol, sodic phase

Analytical data

Horizon A AC C1 c2
Depth (cm) 0-20  25-65  70-112  112-142
Texture:

clay % 2 2 1 tr.
fine silt % 5 7 5 9
coarse silt % 14 13 12 22
very fine sand % 13 20 16 31
fine sand % 33 38 25 30
medium sand % 24 16 37 i
coarse sand % . ) 4

very coarse sand % tr. tr. tr
Textural class is 1ls 1s sl
pH water 1.2.5 8.1 7.6 8.0 9.0
pH KC1 1:2.5 6.8 5.6 6iail 7.4
EC uS/em 1:2.5 220 65 T3 190
Organic carbon 1.55 0.82 0.53 0.42
Avail. P Olsen mg.kg . 6 2 1 1
CEC NaOAc me/100 g 35.9 17.9 18.0 17.5
exch. Ca " 11.6 8.0 7.6 6.8
exch. Mg Y 8.3 1.8 1.9 2.3
exch. K g 4.97 2.85 5.50 3.67
exch. Na " 1.35 4.87 3.48 1.91

- ZS -



Profile No. UPY Mapping unit Sle Analytical data

General informaticn on site and soil

Horizcn i A AC c1 c2 c3

Location: Umo?a farm, close to manager's house. Parent material: Voleanic ash. Depth (cm) 0-10 20-30 35-50 55-80 90-150
Landform: Sedimentary plain. Relief: Almost flat. SlOEe of site: 0-1%. =:=:======::=::===:=====:::::::::::==::::::::::::::::::::::::::::::
Elevation: 920 m. ¢ :
1 ¥ Texture
Soil: Very deep, well drained,brown,stratified, dominantly loamy soil with a
Tavourable structure. clay % 30 25 18 2 tr
Description: The profile was describad on 06-04-87 by R. Kimaro, A.J. Brom, fine silt % 29 33 1 k 23
P.H. Silayo and N.R. Lesika. coarse silt % 21 19 48 16
Soil profile description: very fine sand % 7 8 15 39 5
fine sand % 8 9 14 35 29
A very dark grayish brown (10YR 3/2, moist and 10YR 4/2; dry); clay -
2ol medi d 4
0 - 18 cm loam; moderately strong, medium, subangular blocky; slightly hard BELR San * 3 3 = 2
when dry, friable when moist, sticky and plastic when wet; many coarse sand % 2 2 1 1 21
fine and very fine, common medium pores; clear and wavy to very coarse sand % o . T £, 8
AC dark grayish brown (10YR 4/2, moist and 10YR 5/3, dry); silty Textural class cl sil 1 s " s
18 - 32 cm lozam; moderate, medium 2nd coarse, subangular and angular blocky; ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
slithtly hard when dry, friable when moist, sticky and plastic
when wet; many fine and very fine, common medium pores; pores; pH water 1:2.5 7.9 8.0 8.0 8.z 7.8
broken, thin cutans; gradual and smogth to pH KC1 1:2.5 6.2 6.3 6.1 6.2 5.8
ce dark brown (10YR 4/3, moist); loam; moderate, medium and coarse, ' EC pS/em  1:2.5 250 200 155 cz 65 .
32 - 54 cm subangular blocky; slightly hard when dry, non-sticky and slightly :::::::::::==::::::::::::::::::::::::::::::::::::::::::::::::::::::&
plastic when wet; common fine and very fine, many medium pores;
broken, thin cutans; clear and wavy to Organic carbon % 2.44 2.07 1.44 0.3 0.21 !
c2 very dark grayish brown (2.5Y 3/2, moist); sand; modarately weak, efﬁfil_g_?iffﬁ_f§{§§ __________ ?Z ______ 1? _______ ? ______ % ________ g____
54 - £3 cm sedium and coarss angular blocky; sligatly coceome 2k LT i i L L
sticky and slightly plastic when wet; cowson fine and very fine, N i} . el
cramon medium pores; very 2brupt and iregular to CEC NaOic me/100 2 43.6 B1.9 bl 29.9 u3.7
) Y 4] ! exch. Ca u 22.0 23.7 22.6 6.3 4.8
c? Liack (5Y 2.5/2, woist and 10y 4/1, dry); sead; loose, HLEGHE L A A " "
88 ~ 172 cm graing loess when &ry, locse when imoist, non-sticky and nov- exch. Mg } 5.6 8.2 9.3 e et
plactic when wat; rovaded gravels; abriot und wavy te exchi K - 8.1 7.90 3.46 JEF 2.75
ch Jark olive gray (5Y 3/2, poist); clay losm; massive; non-sticky exch., Na 3 SE 3’_2? _____ ?fl____?f?--fff”-,_lfg___-
T2 = 387 ~nd non-plastic wvhen web; fine zraval ! s msiiscosmStuESsToERTSSSESSIESSEISIITIRSSERSSASERSSSTSRSERmEEEET
Biilk dencity (g/cm?) 0.92 1.00  1.13
il classificat.ca . .
Soll class llesrs Soil moisture reuention:
! arn . ri 3 iscl, 0dil Lnase N 4
FAQO/Unezco . eutric Fluvilsc vl e e (vo1%) ~8.7 45.1 357
oi omy : : ventic Ustropept : .
Soil Taxcan”ny Andic Fluventic Ustrope: oF 2.4 X 3209 40.7 28.3
pF 3.0 ' 28.7 34,6 9




Profile No. UPS

Mapping unit S1

General information on site and soil

Location: Umoja farm, fallow area (to be irrigated)
Landform:

ashes.
Eilevation:

Parent material: Volcanic
Slope of site: 0-1%.

Sedimentary plain. Relief: Flat.

Soil: Very deep, well drained, brown, loamy soil with a very weak structure.

Description:

s e

R. Kimaro and N.

The profile was described on 06-04-87 by A.J. Brom, P.H. Silayo,

R. Lesika.

Soil profile description:

A

0 - 20 cm
AC

20 - 36 cm

C1

36 - 80 cm
c21

80 - 102 cm
c22 .
102 - 124 cm

very dark grayish brown (10YR 3/2, moist); sandy loam;'very
weak, medium, subangular blocky and granular; soft when dry,
friable ‘when moist, non-sticky and non-plastic when wet; common
to many fine and very fine, common medium pores; gradual and
smooth to

dark brown (10YR 4/3, moist and 10YR 5/3, dry); silty loam;

very weak, medium and fine subangular blocky; loose when dry,
very friable to loose when moist, non-sticky and non-plastic when
wet; common to many fine and very fine, common medium pores;
gradual and smooth to )

dark brown (10YR 4/3, moist and 10YR 5/3, dry); loam; very weak,
fine subangular blocky; loose to slightly hard when dry, very
friable when moist, non-sticky and non-plastic when wet; common
to many fine and very fine, common medium pores; gradual and
smooth to

dark grayish brown (2.5Y 4/2, moist and 10YR 5/3, dry); silty
loam; very weak, fine, subangular slightly hard when dry, very
friable to loose when moist, non-sticky and non-plastic when
web; porous; calcareous; gradual and smooth to

light olive brown (2.5Y 5/3, moist and 10YR 6/3, dry); silty
loam; weak, medium and coarse subangular blocky and grains;
slightly hard when dry, friable when moist, non—stic%y and non-
plastic when wet; calcareous. ;

Soil classification

FAO/Unesco

. eutric Fluvisol, sodic phase

Scil Taxonomy: Andic Fluventic Ustropept

Analxtical data

c21
85-100

ca2z
105-=120

Horizon A AC c1
Depth (Cm) 0-20. 20-35 40-70
Texture

clay % 10 9 14
fine silt % 1 28
coarse silt % 34 54 17
very fine sand i % 22 16 9
firne sand % 27 14 18
medit= sand % 4 Y 12
cozrse sand % 1 2
very coarse sand % 1 1 tr

Orza=ic Carbon

Avzil. P Olsen mg/Kg

CEZ NzOAc me/f100 g

exsh. Ca L

exsa. Mg ]
exch. X L
exan. Na "

17

Bulk ' density (g/cm®)

Soil =moisture retention:
pF 2.2 {vol%)

0.87 0.73 0.69
8 4 3 2
40.0 40.0 59.2 50.5
2257 19.5 24.0 20.5
2.6 5.0 4.1 1.3
9.07 - 5.81 9.07 . 9.58
2.27 6.26  14.26  15.31
0.86 0.91 0.82.
48.2 48.9 4g9.2
41.3  39.9 2.6
28.1  28.8 31.0
16.0 . 17.2 14.3







