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SUMMARY AND RECOMMENDATIONS

This report presents t be results of a feasibility study +or agiruc t ur a l
development of the A1lidina and Lutindi Estates in Kilosa district, following
a request by the owners ~.e. Azania Agricultural Enterprises Ltd.

The stJdy was urderta ,er in form of site evaluations coupled with soil pro+ile
descr tpt ions and sampling and laboratory analysis of both soil and water
samples. The env+ronment a l conditiors were also assessed, and fina 11' the
agricultural development potential was determined.

The far~s are situated within Mkata plain farming part of the Wami drianage
bas"r. T~ey are flat (slopes ess ~b3n 1%) ard t~eir a titLde is about 4-0

M above sea level.

The +'If''nsare connected to K~ Ics a and Morogoro as the major commercial centres
by a lI-weat.he- e ar th road (rt Ios a - Dumila) ard tarmac read (Dumi ,a -
,'o"-ogeeo). The, are also connected to Oar es Salaam through Kimamba railway
st.c.t t on ,

~1--,8 rainfall pattern is es serrt ia lly monomoda with a single lorg and warm
rairy season from November to May with a peak in April and a relativel, cooler
dry season ""rom June to October. The mean arnual rainfall "s 1072 mm. The
~e~~ a~nua temperature is about 25~C with mean monthly maximum temperatu"-es
\arY~1g from 27=C ta 33=C and mean mo~tr1y minimJm te~peratJres varying from

"he natura' vegetatio'l in A"id"na is Acacia wcod land with grass under qrowtb.
At the time of study abo~t 400 ha had been cleared and cultivated for maize,
rice, sorghum, s~nf18wer and t~bacco. In L~tindi t~e natural vegetatic~ is
wooded grass and dom~rated b~ tall grass. At the t'me of study, 200 ha had
beer c eared ard cu t t ivat ed f.."rma ize , so.-grum and sugarcane.

~he sci s r Al'idina (wit~ ar eAcepticn of those ~n marshy areas borderirg
rivers) loo~ rat~er similar. They are dark in color and have loamy surface

by ~ea.y su~face and SJbsoi1 textures.
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Genera 1 ~oi fet i ,~ty as sessnent indi cates that the so i 1s ~n both +arms are
fairly fertile as shown by medium to high organic matter content, high CEe and
BS, medi~m levels of nitrogen, medium to high levels of phosphorus and high
levels of m"c'vnJ~rierts. To maintain and e en to improve the ~atural soi1
+ertility, r~~;ogel - +lxing legumes should be grown in appropriate rotations

~it~ other crops. Plawirg back crop residues into the soi a+ter harvest is
also recommended as a means of maintaining and improving natural soil
fert' "ty. With inte'1S;'JS use of the son, inorga'lic Nand P f e r t t l t zat t on
mal be recessar~ ;r +uture.

:r"'~9at"cn has been fe.t necessary for some c rcps to camp ete their grewth
q:;1es:

ResJlts o~ wate'" ana~ysis i~dicate that dater +rom Wam~ and K';sargata

river2 can be used safel) +O~ irrigation without risks of sa'ini:ation

and alkalinization.

Eva l uat i on 0+ so"' prope rt i es and en" i rorment a cond i t ions i 'ld'; cate
that t~e two +arms are h~3h ~ suitable (A'lidina) and s~itab1e
(Lutindi) for irrigated agriculture.

Or the basis of soi properties, physical environment of the farms and
their intended use and on the basis of edvantages ever other systems,

sprir:.'er i'-ri3ation is recommended as the most approprite system to

adopt 8n t~e farms.

sut t ab le cr op: ':;v ;,)~'owor t he f arrns have bee,: suggested based on the c rco
e':1L.' en.e-rt s arc t.le 'lar.c q.ia ' ·t~es. T~e}' include paddy, maize, sorghum,

rm l l e t s , soybeans, c.\;ick peas , grounduts, sunflower, sesame, sugarcane, sugar-

beet, cot ten ker.af , castor beans and tobacco. Ir add it ion, suggest ions have
a l s ... been 9i ISr. n whethe r these crops shou l d be grown under rair.+'ed or
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CHAPTER 1 INTRODUCTION

1.1 Objectives of the study

The Azania Agricultural Enterprises (AAE) Ltd. based it)Dar es Salaam owns two
farms in Kilosa District, Morogoro, namely Al1idina Estate and Lutindi Estate
which together form a total area of 1,500 ha. The company is interested to
grow different crops inc'uding foreigr exchange earning ones. So far they
have cleared aboJt 500 ha (38% of tota land) in which they are growing among
ot.her crops maize, rice, sorg>)Um, sunflower and tobacco under rainfed
c0'1ditiOr,3.

As the soil and environmental conditions on the two farms are largely unknown,
~r8 Management of AAE Ltd. visited the Department of So~l Science at Sokoine
Ur ;ve sity of Agr icu1ture on 23~ March 1991 for an expert advice. They made
a cGr~a1 req~est for a feasilib"tJ st~dy to be carried OJt to determine the
agricultural potential of the two farms. The Department of Soil Science
accepted to uldertake the study ard the first expert visit to the farms was
made on 8:1 Apri 1, 1991.

he terms o~ reference were :-
i. t stJd~ the env ironment a l conditions at the <arms irc1uc:ing

physiography, geology, hydrology and climate

ii. to study the soil conditions at the farms and characterize them in
terms of standard field and analytical methods

i" i. to gi 'e a suitabi 1it y of the farms for var ious crops under both rainfed
and irrigated conditions.

i/. to write a report on the above.

1.2 Organization of the study

Both the field work and laboratory work were organized and done by Dr. B. M.
Msanya, Senior Lecturer in the Department of Soil Science, SUA. Messrs.
Rasmus ostergard and Ally Nassor both of AAE Ltd. offered field assistance
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dur;~g the fie d work.

1.3 Acknowledgements
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Messrs A. shamte , G.P. Ma:eke:a and Ms. E. Kaf u' ..•.ho assisted in the

laboratory are ysis of so;' samples.

Ms. ~.R. Mku'asya~ for typing t~e report.
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CHAPTER 2: GE ERAL DESCRIPTION OF THE STUDY AREA

2.1

2.1. 1

Location, size and infrastructure (see figure 1).
All idi na Estate

Allidina Estate is located between longitude E373 11'30" and E37~ 13'30" and
between Iat+tudes se 35'36" and S6:38'22" in Kilosa district. It is about 40

km nor tf ear t of Ki Iosa town and about 25 km north of Kimamba. The farm
shares a border with Mvumi Ii la3e and ~s about 6 km east of the Oumila -
Kimamba road. On average it has an altitude of 410 m above mean sea level and
slopes are general y regl~gible (less than 1%).

T~e ~ajor commercial ce1tres ~nclude Ki asa and Mo ogore towns in which it is
connected respect~Jely by earth ~oad, and earth-and tarmac road. Kimamba is
tre nearest rai way stat~o~ and li1ks the ~arm to Oar es Salaam and up country
~hro~gh Morogorc and ~ilosa towns.

~l'·dina Estate ~as an areas c~ ',200 ha but at the time of this study only
400 ha had been c eared.

2.1.2 Lutindi Estate

Lutird; Estate is also located within Kilosa district not far from Allidina
Estate. It lies between longitudes E37~13'53" and E37~15'17" and between
latitude S6-34'08" and S6:36' 14". The lower boundary is only about 1 km north
east o~ Al'idina Estate. Tre ~ar~ is connected to the Dumila - Kimamba road
by a far~ road which passes close to Msowero Sisal Estate belonging to the
Tanzania Sical Autrority. W~en compared with Al idina, the farm has almost
the same altitude and slopes are also generally negligible (less than 1%).

The farm is also connected by road to Kilosa and Morogoro as the major
commercial :entres. The railway station at Kimamba which connects the farm
to Oar es Salaam and other towns is about 30 km away. Lutindi Estate has a
tota' of 400 ha out of which only half had been cleared at the time of the
study.
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2.2 Soil parent material, geology, physiography and hydrology

The two estates are situated in the Mkata plain forming part of the Wami
drainage basin which discharges ultimately into the Indian Ocean. The plain
can be referred to as a "flood-plain". In some places it is still an active
flood-plain receiving new materials annually through flooding by the Wami
River. The plain is bordered by a chain of foot hills (mostly Ukaguru
Foothills) on the north west.

The parent material has been described as superficial deposits of Neogence age
consisting mainly of mbuga soils and alluvium (Geological Survey Division,
1965). These materials are of diverse origin and composition consisting of
particles of various sizes including gravel, sand, silt and clay. In both
farms, in-situ observation of soil profiles from surface to depths greater
than 1.5 m, shows that the materials deposited by the river in different
cycles had consiste1tly been very rich in mica as indicated by the presence
of high amounts of shiny mica flakes.

The two farms are situated near Warni River and one of its major tributaries
called Kisangata. In most years during the rainy season some parts of the
farms are flooded by rainfall, runoff from the neighbouring hi lls and from the
two rivers.

2.3 Climate

The two estates have not meteorological station and hence have no data on
climate. The nearest meteorologica station is at Ilonga Experimental
Station, and the data for tris station (see tab e 1 and figure 2) are used
to represent the c imatic conditions at tre two farms. Ilonga station is at
a higher altitude (about 503 m above mean sea level), hence the climatic data
to be disc~ssed here may be slightly different from the actual conditions.
Howeve r, for most pract ica 1 purposes they can be used to assist in the
evaluation o~ climate ~or dif~erent land ~ses.

The cl~mate o~ tre surve;ed areas can be described as having a monodal pattern
c~ rainfa 1 whereby there is a warm rainy season from November to May with its
peak in April and dry season from June to October. The mean annual rainfall
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is approximately 1072 mm. emperatures start to fall at the peak of the rainy
season and in fact May to August are the coolest months of the year and
coincide with the driest period.
Table 1 : Rainfall, temperature and relative humidity at Ilonga

Agrometeorological station

'·lonth
Mean ra inf'a11

(mm)
Temperature:
'·leanmaximum

temp. Cc
~leanminimum

Jan Feb ~lar Apr May June Juiy Aug Sept Oct flov Dec
149.5 121.7 195.6 212.7 74.2 12.9 10.5 13.4 16.4 36.5 81.9 146.6

31 3 31.8 31.8 30.0 28.4 27.6 27.4 28.2 30.3 32.0 32.7 31.8

20.9 20.9 20.7 20.5 19.0 16.3 15.9 17.0 18.3 20.2 21.1 21.4

temp. °c
!·Ieantemp. °c 26.1 26.4
Mean relative humidity X
0900 hours 85 85
150C hours 60 58
Mean 73 72

26.3 25.3 23.7 22.0 21.7 22.6 24.3 26.1 26.9 26.6

85
57
71

85 81
62 61
74 71

78 79
55 51
67 65

77 73 71 74 82
49 45 44 47 58
63 59 58 61 70

118 Rainfall data are means computed for 46 years \1944 - 1989) while temperature and relative
humidity have been computed for 12 years (1978 - 1989).

The climatic data indicate that there is a growing period of about seven
months (November - May) during which there is enough moisture for crop growth.
It should however be borne in mind that availability of moisture for crop
growth is also a function of other factors including soil storage capacity,
and landform characteristics which are likely to influence runoff, and
evapotransipiration.

The realibility of the rainfall at Ilonga was tested statistically by taking
rainfall means of five periods and comparing them.

d1"· 10 years (1944 - 1953)
(1954 - 1963)
(1964 1973)
(1974 - 1983)

remaining 6 years (1984 - 1989)

..
2 " 10 years

r-',., . 10 yearso

"4' 10 years

period
period 2

peri od 3

period 4

period 5

The z (normal) test was applied to test for evidence of any mean differences
for the five periods using the formula:
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z = X; X, for i, j = 1, 2, 3, 4, 5
. J_

Jd+2.t ilj
n1 nJ n1, n2, n3, n4, = 120, n5 = 75

,
where Xk are the rainfall means for the different periods and S - and n are
the samples variances and sample sizes respectively. The results of
comparison are presented in table 2.

Table 2 Comparison of rainfall means for five periods

Periods
2 3 4 5

Periods 1
2 0.81
3 0.28 0.55

0.77
_0.79_

1. 04
0.27 1. 16

4 0.04
5_0.01

The values obtained in table 2 were then compared with the tabular value from
standard normal tables at P = 0.05 i.e. Z, .';= 1.96. The results indicate
that there are essentially no significant differences for the rainfall means
for the five periods under consideration. In other words the rainfall over
the period of 46 years has been quite consistent and reliable and no erratic
changes are expecte.

2.4 Land use and vegetation

At present only 400 ha of land (33%) are cultivated in the Allidina Estate for
various crops including maize, sorghum, cotton, sunflower, tobacco, paddy and
simsim, all under rainfed conditions. In the case of Lutindi Estate 200 ha
(50%) have been cultivated for sugarcane, maize and sorghum, also under
rainfed conditlions. In both farms mechanized agriculture is practised whereby
plowi1g, harrowing, ridging, seeding and insecticide spraying are done by
tractors fitted with appropriate implements. Flood control is done using
recipiert canals which receive flooding water and divert it from the fields.

The uncleared land in both two estates is under robust natural vegetation
which ranges from acacia woodland to wadded grassland to waterlogged grass
near t~e riVerS. Grazing of animals in these areas by neighbouring villagers
had been rampan:, but currently the owners of t~e land have restricted this
kind of land use to a minimum.
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MATERIALS AND METHODS

3.1 Pre-field work

Existing documents including field maps, topographical and geological maps
were collected and studied. Climatological data were collected and compiled
at the Directorate of Meteorology in Oar es Salaam.

3.2 Field work

The field work was effected in three stages. First, a reconnaissance survey
of the farms was made using soi 1 auger and soi 1 color charts to check
homogeneity/variability of soils in the various bocks of the farms. The
field maps (see appendices 1a and 1b) of the +arms together with the
topographical and geological maps covering the two farms were used as base
documents. Soil homogeneity/variability was established by looking at soil
color, soil field text~re, drainage and soil depth. Since the two farms are
very flat, topography could not be used to differentiate soil units.

The soils were fairly homogenous, hence only three representative soil profile
s~tes were chosen for A11idina estate and one for Lutindi estate. Profile
sites are plotted on the field maps (see appendices 1a and 1~).

Second, the selected sites were dug to a depth of at least 1.8 m to expose the
var ious soil layers/horizons. The soi 1 profiles wer e then described using the
FAO (1977) Guide'ines f'or Soil Profile De scr+pt t on and the Soi Survey Manual
(Soil Survey Staff, 195:). Soil colors were described using the Japanese Soi
Color Charts (ovana and Takehar a , L8S). Both disturbed and undisturbed
(core) soil samples were taken from each horizon for the laboratory
detennination of physical and chemical properties. Field descriptions are
p~esented in appendices 2a, 2b, 2e and 2d.

-hire surcace ( 0 - 25 em) soil samples were taken at random from various
parts of the two farms and were thoroughly mixed to obtain composite samples
for genera' ~ ~ ferti1ityevaluation. Five composite samples were obtained
from Allidina and three samples cram Lutindi.
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3.3
3.3.1

Laboratory analysis
Preparation of soil samples

The disturbed soil samples were air-dried, ground and sieved through 2 mm
sieve to obtain the fine earth fraction to be analysed.

3.3.2 Analysis of chemical properties
Soil samples

The pH was determined potentiometrically in sOil/water and soil/1MKCl
suspensions in a ratio of 1:2.5 in both cases. Organic carbon was determined
by the wet oxidation method of Walkley-Black as outlined by Nelson and Sommers
(1982). Organic matter content was estimated by multiplying the % O.C by the
factor of 1.724. Total nitrogen content was determined by the macro-Kjeldahl
~ethod as outlined by Bremner and Mulvaney (1982). Tre CEC and exchangeable
bases were determined by saturating soi s with neutral 1M NH!OAc (Thomas,
1982), then d isp lac inq adsorbed NH: with K+ using 1M KCl and determining the

"
NHi· by macro-Kjeldahl distillation for estimation of CEC. The bases Ca2+,

Mg", K" and Na displaced by the NH~' were measured by atomic absorption
spectrophotometry. The BS was calculated from:

%BS = sum of exchangeable bases (meq/100 g soil) x 100
CEC (meq/100 g soil)

The CEC of clay was estimated from that of soil by using the following formula
outlined by ILACO (1985).

CEC clay (meq/100 g) = [CEC soil (meq.100 g) - (1.5 x OM%)] x 100
clay %

where OM = organic matter content.

Phosphorus was extracted by Bray and Kurtz No.1 method (Bray and Kurtz, 1945)
and determined by spectrophotometer based on the intensity of the blue color
developed by the ascorbic acid-ammonium molybdate complex. The available Cu,
Zn, Fe and Mn were extracted using 0.005M Diethylene triamine pentaacetate
(DTPA) at pH 7.3 and measured by atomic absorption spectrophotometry (L indsay
and Norvell, 1978). Electrica' conduct tv+ty was measured by an electrical
conductivity meter of extracts from 1:5 soil/water suspension as described by



I~ternational Soil Reference and Information Cente (1987).
Water samples
Both underground water and water from Kisangata river were samp ed for
analysis. Water quality with respect to irrigation was assessed by
determining: the pH potentiometrically; the electrical conductivity (EC.) by
an electrical conductivity meter; the amount of dissolved cations by atomic
absorption spectrophotmeter; and the amount of Cor and HCO;- by titrating with
dilute H~SO, and Cl by titrating with dilute AgNO" as described by the US. - .
Salinity Laboratory Staff (1963).

3.3.3 Analysis of physical properties
Particle size distribution (texture) was determined by the Bouyoucos
hydrometer method as described by Day (1965), after dispersion using sodium
hexametaphosphate. Bulk density was determined using the core sample method
as described by Blake (1965). Soi 1 mo ist.rre cont ent was determined by
cvendr y inq 5 gm of a irdr y soil at 105:C for 36 hours (to constant weight).
The weight of the expelled moisture was then expressed as a percentage of the
airdry weight. Availab e moisture content and infiltration rate (Appendix 4b)
were estimated by using weighted average texture over 1 m dept h (Appendix 4a).

3.4 Post-field work
3.4.1 Soil classification
The field and laboratory data were used to classify the soils up to subgroup
level accordirg to the Keys to Soil Taxonomy (Soil Survey Staff, 1990). The
soils were also classified according to the FAO-UNESCO (1989) classlfication
system up to level-2 soil unit names.

Land evaluation was done according to the FAO Framework for land evaluation
(FAO, 1976), the FAO Guideline for Land Evaluation for Rainfed Agriculture
(FAO, 1984) and according to the methods elaborated by Sys (1985) for both
rainfed and irigated agriculture. Crop requirement data were also obtained
from the works of Ochse et al. (1970), Acland (1977) and Euroconsult (1989).
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CHAPTER 4: RESULTS AND DISCUSSION
4.1 General soil fertility evaluation

Table 3 gives the soil properties of the composite samples for both Allidina
and Lutindi Estates.

4.1.1 Soi 1 pH
This ranges from 5.9 to 7.5 which implies that the soils are slightly acid to
slightly alkaline. These pH values are favourable for most crops. There is
neither acidity nor alkalinity problem in the study areas.

4.1.2 Organic carbon
The values range from 1.5 to 2.5. Tre soils can said to have moderate organic
matter content suitable for most crops. Plowing back into the soil crop
residues after harvest may improve further the organic matter content and
hence the natural fertility of the soils.

4.1.3 Total nitrogen

The total N contents can be considered medium for the soils of Allidina and
Lutindi estates. For cereal crops like rice and maize it may be necessary to
apply inorganic N-fertilizer. The farms lie within ecological zone 18 (Samki
et.9l. 1982) and the recommended fertilizer rate is 40 kg N/ha. It may be
worth while to grow nitrogen fixing legumes in rotations as a way of enhancing
natural fertility.

4.1.4 Cation exchange capacity and base saturation

The soils have good CEe coupled with rather high BS indicating the inherent
high fertility of the soils of the studied areas.

4.1.5 Available phosphorus

The P content ranges from medium to high indicating that there is no immediate
requirement for P-fertilizers. However, with continued use of the soils for
agriculture there may be a need for addition of inorganic-P particularly for
cerea crops.
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4.1.6 Micronutrients

The DTPA-extractable micronutrient contents are quite adequate according to
the data reported by Viets and Lindsay (1973). For Zn and Mn any value
greater than 1 mg/kg is considered adequate. Fe levels greater than 4.5 mg/kg
are considered adequate whereas Cu levels exceeding 0.2 mg/kg are considered
as non-deficient. For all the studied soils it can be said that there is no
need for any addition of inorganic micronutrient fertilizers.

Table 3 : Soil characteristics of composite samples

Soil characteristics Samples
2 3 4 5 6 7 8

-----------Allidina-------------------- ------- Lutindi-------------

---- pH
H2O 6.7 6.3 6.3 5.9 6.6 6.4 6.7 7.5
pHKCl 5.3 5.1 5.2 4.6 5.2 5.2 5.9 5.7
O"'U 1.9 1.5 2.2 1.6 1.6 1.5 1.5 Z.lV~

m·1 (X) 3.3 2.6 3.8 2.8 2.8 2.6 2.6 3.6
Tota' tJ (:Il) 0.15 0.12 0.18 0.14 0.11 0.16 0.16 0.15
CEC soi 1 (meq/l00g) 18.0 15.5 20.7 17.6 13.1 13.3 10.6 14.8
CEC clay(meq/l00g) 46.6 36.3 44.1 31. 9 28.7 23.5 35.3 36.2
Bases (meq/100 g)

Ca 9.00 7.80 10.10 6.70 5.50 6.70 6.70 7.80
I~g 5.68 3.67 4.18 4.68 3.42 2.92 1.67 2.17
K 0.92 0.23 0.51 0.28 0.28 0.28 0.51 0.92
tJa 0.39 0.26 0.44 0.39 0.48 0.39 0.Z6 0.22
BS (%) 88.8 77. '2 73.6 68.5 73.9 77.4 86.2 75.0

Ava i 1. P (mg/kg) 19.6 16.8 35.1 17.9 19.1 25.3 35.5 60.4
Micronutrients (mg/kg)

Cu 4.37 4.62 4.37 4.B7 3.25 2.50 1.50 1.50
Zn 1.75 1.81 2.25 1.25 1. 19 2.00 1.62 1.87
Fe 72.50 76.26 108.75 72.50 63.75 112.50 31.25 10.00
fin 10.00 20.00 15.00 5.00 10.00 10.00 2.50 6.87
EC emS/cm) 0.10 0.11 0.15 0.08 0.07 0.12 0.16 0.18

1·loisture content(%) 4.0 3.20 3.40 4.20 3.40 3.20 3.20 2.80
Texture

Clal 28 32 43 42 31 40 19 26
s: 't 33 15 17 13 14 11 14 15
Sand 39 53 49 45 55 49 67 59
Textural class CL SCL SCL C SCL SC SL SCL

CL = clay loam
C = clay
SCL = sandy clay loam
SL = sandy loam
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4.1.7 Electrical conductivity

The electircla conductivity values for all the samples are less than 0.5 mS/cm
indicating that there are no salt problems in the studies areas.

4.1.8 Texture

The textures vary from sandy loam to sand clay loam to clay loam to clay.
These textures are quite favourable for moisture storage.

4.2 Quality of water for irrigation

11 irrigation planning and development the q al~ty of the available water is
important in determining the suitability of a tract of land for irrigated
agriculture. Water samples from Kisangata river and from a well dug at
All~di1a estate (abo~t 8 m deep) were analysed ~ar some ~elevant parameters
and the ~esults are prese~ted in Table 4. Due tc unavailability of chemical
reagents SO!= ions could not be determined. Table 5 gives interpretive
guidelines (adapted from FAO, 1979) for evaluating water qua ity for
~rrigation. According to this table both t~e river water and the undergrourd
water are good quality waters for irrigation. This means that they can be
u5e~ safely ~ithout the risk of salinization and alkalinization.

Table 4 na1ytical data for assessment of water quality

meg/l mS/:m
. , , .- tSAR_~ __ K Ca~- ~- f'n - Cl NO· ECw pH\.;'...,)'"

-

Water from Kisangata river:
0.18 0.06 0.26 0.~3 0.00 0.24 O. 1 ~ 0.27 7.00 0.36
Underground water:
0.34 0.05 0.40 0.49 0.00 1.17 1.08 0.31 7.05 0.51
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Table 5 Guideline for evaluating water quality

Parameter

Salinity (mS/cm)
SAR (sodium adsor~tion ratio):

Soils rich in montimorillonite-smectite
Soils rich in illite-vermiculite
Soils rich in kaolinite-sesquioxides

Sodium (meq/l):
Surface irrigation
Sprinkler irrigation

Chloride (meq/l):
Surface irrigation
Sprinkler irrigation

Nitrate (meq/l)
Bicarbonate with sprinklers(meq/l)
pH

Critical levels for good
qual ity water _

0.7

6
8
16

3
3

.1-

3
5
1 .5

6.5 - 8.4
SAR = Na"r----'-'-'-=--"'-----

·1... 1.[Ca' ] + [Mg' ]
2

4.3 Soil profile characteristics

The soil profile analytical data are presented in appendi:es 3a, 3b, 3c and
3d respectively for profiles I, II, III and IV. pH values are all in the
acceptable range, the highest pH H,O being 8.1 in profile III at a depth of
more than 1 m and the lowest value 5.9 in profile 1 at a depth of about 36 em.

Texture ranges from sa~dy loam to sandy clay loam to clay loam to clay. The
highest clay contents were observed in profile IV (Lutindi) where all horizons
except the second one ha 'e a "clay" textural class.

Bulk density va ues range from 1.24 to 1.79 g/ec. Except for profile IV,
there is a c ear tende~cy of BO increasing with depth at least to a certain
depth. Normally this is because of lower levels of organic matter, less
aggregation and more compaction in the subsoil. The highest values of BD were
observed in prcfi~e III (1.5 in the surface and 1.79 in the subsoil). These
values are never~heless not alarming. Profile III was dug in the uncleared
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land of Allidina estate, and tramping by grazing animals must be responsible
for the relatively higher values when compared with the other profiles.
However, with plowing and other tillage operations so t l pore space will
increase and eventuall; decrease BO.

Moisture content va li.es ranged from 0.60 to 7.4% and there is a clear
re lat t onsh tp between the amounts with texture; the higher the clay content the
highe; the soil moist~re content.

The organic carbon ard total nitrogen for the surface horizons can be
cor-s iderec medium for all the soil profiles just like was the case for- the
~omposite sam;Jles (see table 3). There was a genera~ tendency of these values
tc decrease with depth to a certain depth although in some cases the trend was
irregu1 ar.

The cat ion exchange capacity and base saturation values can generall; be rated
as medium to high not only ~or the surface horizons but also for most of the
subsurface horizons. This points to the inherent natural fertility of the
soi's.

The available P can be considered medium to high for the surface horizons of
profile I and II and relatively low for the other profiles. Phosphorus is
most likely inadequate is some areas of the two farms.

The electrical conductivity and soidum adscrpt t on ratio values are quite below
critical levels ir all the horizons indicatirg that t~ere are nc problems of
sa inity or alkalinit,.

The micronutrient 1e\els are qJite adequate i~ all the profiles in the upper
50 c a~d in some cases even at great depths.

4.4 Soil classification

-r- he f ie t d data (append ices 2a, 2b, 2c and 2d) togetr:er wit!" the so i 1

~1 .'Jtical data (3;Jperdices 3a, 3b, 3c and 3d) were used to classify the soil
prc+~'es.
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Dro+'ile I has a mollie epipedon and a camb ic horizon as the diagncstic
horizons. This profile exhib~ts p~operties ind~cative of aquic soil moisture
regime.

Profile III has a mallie epipedan as the diagnostic surface horizon. There
is no diagnostic su~sur~~ce horizon. T1e pro+'i1e has properties indicative of
aquic soi mc+st..ire regime. It has also clear indications of fluvic
properties (sens~ cAO-UNESCO, 1989).

Profile IV ~as a ma1lic epipedon as the diagnostic surface horizon. It has
10 diagnostic subsurface horizon. The profile has also properties indicative
o~ both aquic soil moisture regime and fluric nature.

A:thoush all the profiles exhibit properties ind tcat tve of aquic soil moisture
re9i~e (presence Gf mottles) only in profile III these properties could be
e+'e:ting active reducing conditions for some period particularly during the

rainy seasor. In the other profiles the mottles appear to be relict since the
p~of;les were rather well drained to a depth of more than 1.5 m even during
the rainy season when these soils were described. For current use and
~a~ageme1t of the soils it would be misleading to describe profiles I, II and
IV dS having waterlogging conditions. Hence the aquic soil moisture regime
has not been used as a diagnostic feature in the classification of these
profiles but only for profile III. Ustic soil moisture regime has instead
been assigned to the said profiles to give a more realistic picture of the
soils. The results of the classification exercise are presented in table 6.

Table 6 Classification of the studies soil profiles

S01 profile Soil names
USDA so '1 Taxonomy (Soil Survey FAO-UNESCO (1989)
~tgf~ ~$Ql ___ Classificat'on

T Typic Hap1ustol1 Haplic phaeo:em-
II Pachic Hap1usto11 Haplic Phaeozem

III Fluvaquentic Haplaquol Mollie F1Jviscl
IV Fluventic Hap1usto 1 Mollic Fluvisol
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4.5 Suitability evaluation of the farms for irrigated agriculture
4.5.1 Basic assumptions

This section focusses on the interpretation of the collected data for
evaluation of land suitability for irrigated agriculture. What is presented
here is the evaluation of the physical environment for irrigation based on the
specific physica' requirements of land for irrigation and the environmental
:o~ditions 0+ the +arms. The following land charactieristics were considered
in the assessment:
a. Topography including slope and microrelief
b. Wetness including flooding and internal drainage
c. Physical soil conditions including texture, surface stoniness, surface

rockiness and soil depth
d. Sali1ity and alkalinity.

The +arMs are to be developed for both irrigated and rainfed agriculture. For
the evaluation of the land for irrigated agriculture the following assumptions
are made:
a. The amount of irrigation water is not a limitation. In fact this is

t rus as Wami and Kisangata rivers which f ow near the farms are
permanent r~vers.
The qua';ty of irrigation water is not a limitation. This has bee1
estab1ishec to be true (see section 4.2).
The Azania Agricultural Enterprises Ltd. di'l have the finances to
establish major in+rastructure and drainage system that may be required
in irrigation farming.
Mechanized forM of agr'cJltJre is to be adopted whereby, tractors and
other mac+n ne rv Will be used for land preparation, plowing, planting
and harvesting. Weedirg ~ay be done by hand.
There are no limitaticrs with regard to mechanization. Th's is true as
t+ie two farms are fairly flat (s ope less than 1%), have :10 micro-
relief, surface gravels, stones or rocks.
There is slight or no chemical soil fertility problem. This has been
estab1is~ed true (see sectiors 4.1 and 4.3).
The Az an+a Agricultural Enterprises Ltd. has compet ent fie'd a-id

administrative staff to coordinate and manage farm activities.

b.

c.

d.

e.

+, .

g.
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4.5.2 Land suitability classes and subclasses

Different land suitability classes and subclasses are defined according to FAO
(1976).
Classes:
S1 Highly suitable land: Land having no sign if icant limitations. No

specia; management or improvements are requi red. This kind of land
permits l,igl,yields with relatively low inputs.

S2 Suitable land: Land having minor limitations that may requi re some
special management practices or ~inor land improvements which can be
implemented easily.

83 Moderately suitable land: Land with moderate 1imitations which wi 1
reduce productivity or require special inputs or land improvements.
Its use, although still attactive, will yield significantly less than
t~at expected under S1.

S4 Marginally suitable land: Land with severe limitations which serio~sly
reduce product'vity or reqLire corrections or ~nputs that will only be
margi1ally justified.

N Uns~itable 'and: Land with limitations which preclude its su=cessful
and sustained use.

Subclasses

La1d suitability subclasses are subdivisions of ='asses distingu~s~ed b~ the
nature of the main limitation or li~itations which deterT,"ne their
classification. Subclasses are indicated by lower case letters e.g
t = topograp~y, w = wetness, s = physica soi c01citions,
n = salinity and a ka1irity

Although the seils on both farT,S lock simi ar in many aspects, the data for
tre 4 studied p~c+iles were used separately as if representins different land
u,its, for t~e lard s~itability evalua'tion. The results 0+ t~is exercise are
presented in tab e 7 T1e results i~dicate tl,at Al idi13 estate is righly
$uitable (S1; + ,.i~:'igaticn. The data fer the 3 profiles excavated in this
+: ~ "~~·c2te +a/curab'e conditions for the said land use. There is slight
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r'to~ing hazard but this according to the system af evaluation does not affect
:he sLitability c ass of the farm as it is not a S~91if;cant limitation. In
the case of LUV1di estate, the lard is rated as suitable (S~s) for
irrigation. T~is la1d has ~inor limitations in this particular case due to
the ~eavy s_bsoil texture represented by the lower case letter s. These may
be a1so a sight rlooding hazard which does rot affect the su"tabil~ty class

Table 7: Irrigation suitability land classification in Allid~na and Lutindi
Estates

Profile Land cha. ...a ....'t.aris'til...,.:;J

TopoSra- Flood- *Inter'1a' '"T"e~,t_ e 3 ....rfa::e S ..•rface So i ; Sa , Alka- C~eral~
,J y irl jra r.Q:;,€: s-:oni- rocki- depth nit> .•1ni - s~;ta....i-

ness ,..,eSG t/ 1ity
--_.

(A1'idina) 3' 51 Sl 51 51 51 S~ 51 S~ !Ol
:: h-~1""1 0., 3 Sl Sl 51 5~ S-t 51 51 51 Sl
:: ;;:,l' 'J' a, S~ Sl 31 S' 51 51 51 51 31 51

4 (~utindi) Sl 51 S1 52 51 51 51 51 51 S2s

*:nter~al jia~~a~e (infitration rate) estimated ~rom text~re \see appe~d1ces 4a and 4b}.

Ir :he ~anageme1t o~ both farms, it will be advisable to avoid using t~e mashy
areas that bo~der the rivers. These are likely to be highly waterlogged and

4.5.3 The type of irrigation to be used

'" thOugh cos t t y (in terms of f n t t ia l higf) cost of equipment and hlgrl
operat~ona costs), sprinkler irrigation will be preferred to surface
irrigation in this particular area of study for the following reasons:-

a. S~rface irrigation w~ll require land preparations aimed at creating a
slope necessary for the flow of water on the farms. Thi s means hi gh
costs or land preparation and wi involve removal of the fertile

In the case of sprinkler irrigation this problem is
avoided.

b. S~r~ace irrigatio1 involves establis~ment of field ditches and hence
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reduction in cultivatable areas. In the the case of sprinkler
irrigation this shortcoming is eliminated, and one source of weed
propagation is also eliminated.

c. With sprinkler irrigation, sandy or highly permeable soils can be
irrigated without excessive losses by deep percolation, so that
drainage problems are reduced.

d. Where or when available water supply is small, a greater efficiency in
water use and labor can be achieved by sprinkler irrigation than by
surface irrigation.

e. Sprinkler irrigation is adaptable to small applications of water which
may be required in seedbed preparation, seed germination and trans-
planting of seedlings.
Sprinkler irrigation is easily adaptab e to infiltration rate of the
soil.

g. Sprinkler irigarion is suitable for a wide choice of crops.

h. High degree of automation is possible with sprinkler irrigation
particularly when frequent irrigations are required.

4.5.4 Crops that can be grown

This section discusses about the crops t+at can perform best under the
p~evailirg climatic and s~il conditions of the Allidina and Lutindi Estates.
Table 8 gi .;es a summary of tbe crops together with the most appropriate
culture (whether rai~fed or irrigated agrlcultu~e).

Cereal crops
Paddy rice COryza sativa)

This crop requires heavy soils with a low permeability so as to reduce water
csses . It requires about 1500 mm per crop. Under planned irrigation and

with the prevailirg soil conditions rice can perform very well in both
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Al idina and Lutindi farms. However, since the AAE Ltd. are interested to
grow a number of other crops including forex earning ones, paddy should be
grown more on the marshy areas bordering the rivers. In these areas the soils
are ~ostly hea y-textured, and natura river floods during the rainy season
ca1 easily be used to raise the crop. If wel timed the floods may suff~ce
without supplimentary t rriqat f on par t t c rlar y when early maturing varieties
are used.

Maize (Zea mays)

This crop r-equires from 600 to 900 mm of we ll distributed rainfall under
rainfed conditions. Moisture stress at the t irne of flowering is very
critical, whereas maturation and harves t inq should take place during dry
weather. The crop requ 'res well structured, permeable soil s with hi gh content
of organic matter. It is ser iuos ly a+f ect.ed by water ogging. Under the
prevai ing :onditio"s at the two farms maize is expected to perfor~ 'ery well
(except in t+ie waterlloged marshy areas). Depending 0'1 whet+rer one grows
late-maturing or early-maturi'lg variety irr"gation Mayor May not be
necessary.

Sorghum ( Sorghum bicolor)

This crop 1S dro~ght tolerant and to a certain degree can withstand
\-.'aterlogging. Good y .e lds are obtained with a rainfall o+' 600 mm or over.
Sorghum yields relatively well ex en on poor soils because of its eFicient
root system. Under t~e prevailing conditions in t~e twc farms, this crop is
expested to perfe m very we~l u'1der rain+'ed conditions.

:hese i~clJde BlJ rush ~i 'et ( enn1setum typhoides), Finger mi~ et (Eleusine
cor acana) , com=or "'l';llet(Pan icum mt l+aceum) and Italiar mt llet (Setaria
t ta ltca) . Mi~'e"ts are drought resistant and do not require fertile soils.
Uence Jnder the preva1li~g climatic and soil conditions of the two farms they
will do very we' Irrigation is not necessary unless one intends to produce
more than one crop.
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Table 8: Crops that can be grown in Allidina and Lutindi estates

Crop Allidina Lutindi
Rainfed Irrigated Rainfed Irrigated

Paddy x (natural floods) x(natural floods)
l: M .alze x x x x
Sarghum x x
Mill et x x

Soyabeans x x x x
Chick pea x x x x

Groundnuts x
Sunflower x
Sesame x x
t Sugarcane x x
r Sugarbeat x x x x
Cotton x x
Kenaf x x
Castor bean x x
Tobacco x x

x = Yes

- = tJo

*In the case of ir-igated cu t tur e , it should be planned such that part of t.he moisture

requirement is supplied by rai~.

Oil and protein crops
Soya beans (Glycine max)

The requirements of soybeans i~ terms of climate and soil conditions are the
sa~e as those for maize. He~ce, this crop is also expected to do well under
tbe preva i linq conditions of the two farms. Depending on the var iet y ,

supplimentary irrigatio~ may/or may not be necessary. Soya bean is a s~itable
crap in rotation with graminaceous crops.

Chick pea (Cicer arietinum)

Chick pear or g-an "s lery drought resistant and does not require ~igh levels
of SOil +e ti'ity. It shrives well even on heavy textured soils provided they
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are we dra~ned. Urder the prevailirg conditions in the two ~arms this crop
i s expected to perform very we 1. Depending or variety supp limentary
irriga~ion may/or may not be necessary.

Groundnuts (Arachis hypogea)

T~~s crop reqJires 400 - 800 mm o~ well dist'buted rainfall and grows best i 1

light-textured soils. A dry weather is required during maturing ar d
harvesting to ensure quality. In view of t~is, groundnuts are expected to
perform well on y in the Allidina farm where the top s: i s are relatively
light textured. The crop should be grown under rainfed conditions. In the
L~t"ndi ~arm the soils are too heavy textured.

Sunflower (Helianthus annuus)

S~n~lower ~s drought tolerant Ind a rain~ed crop can be grown with a rainfall
from 300 - 800 mm. Heavy textured and poorly drained soils are not suitable
for this crop. Hence th's crop is expected to perform well in Allidina farm
where most t opso ils are relatively ight textured. With the prevailing
conditions sU1flower 's expected to grow very well under rainfed cond~tions.
~n Lut~nd; ~arm t~e so~ls are too heavy textured and hence unsuitable ~or th;s
( rop ,

Sesame (Sesamum indicum)

This is also a drought tolerant crop requiring about '00 inn of well
distributed rainfall. It is sens it ive to excess so i nc t st ure and thus
periods with heavy rainfall should be a/o~ded. The :~op needs well aerated
soils. It can thus be grown in beth ~ar~s e::ept ;r the marshy areas where
there is waterlogging. Si1ce ~t has a ~ery short growing period (70 days) it
should be grown as rotat~on :rop after harvest of another, under irrigation.
It can be grown ir the stubble of the previous crop.

Sugar produc1ng ~rops
Sugarcane f ~ccharum officinarum)

Tf ic :r~p needs an annual supply of about 1600 mm, with distinct dry season
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Of 4 - 5 morths for adequate ripening. Sugarcane can grow on a variety of
soils ranging from light textured to heavy textured ones. Under the
prevailing conditions in the two farms sugarcane will perform well under
irrigation.

Sugar - beet (Beta vulgaris)

This crop requires about 750 mm of water. When grown in the tropics a dry
period is required at the end of the growing season to induce maturation.
Soils should have a depth of at least 50 cm and should be fertile and well
drained. Under the prevailing conditions sugar - beet can do well in both
farms except in the marshy areas with poor drainage. It can be grown under
rainfed conditions if early maturing varieties are used, otherwise supplimen-
tary irrigation may be necessary. To control nematodes sugar-beet should be
grown on the same land only once every 4 years.

Fibre - producing crops
Cotton (Gossyp;um spp.)

Cotton grows well in dry climates, but requires irrigation. A rainfed crop
requires at least 450 mm of rain. Sufficient moisture is required during the
-flowering period. Excessive rainfall at flowering and boll formation may
result in shedding. Abundant sunshine (more than 6h/day) is required during
flowering. Cotton can be grown on heavy soils if they are well - drained.
Under the prevailing conditions the crop is expected to perform well in both
farms under rainfed conditions. Planting should be well timed so that the
period of heavy rains does not coincide with flowering and boll formation.

Kenaf (Hibiscus cannabinus)

Kenaf is fairly drought resistant. It requires 125 mm per month during the
growing period. Dry weather is required during maturation period and during
harvesting. It requires high relative air humidities. As far as soils are
concerned kenaf can do well even in cases of fair soil fertility and can
tolerate a few days of inundation. In the conditions at the two farms, kenaf
is expected to perform well under rainfed conditions (growth period varies
from 3 - 5 months depending on variety).
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Industrial crops
Castor bean (Ricinus communis)

Th's crop is drought tolerant and has a minimum requirement of 600 mm of well
distributed rain, most of which should be available during the vegetatlve
period i.e. months following sowing. The plant needs hot, dry weather for
good seed setting and harvest. It is a perennial plant and grows on a great
variety of soils provided that they are we l-drained. Under the conditions
at the two farms, this crop is expected to do well under rainfed conditions.

stimulant crops
Tobacco (Nicotiana tabacum)

This crop shrives well in a wide range of climates. Water requ;rements range
from 400 - 1000 mm for different types of tobacco. The c~op requires an
evenly distributed rainfall until harvesting starts, and dry pericd
t1erea+ter. Different types 0+ toabacco require di+ferent types of soils.
Genera ly, well-drained, light to medium-textured soils are the most suitable.
Under the prevaili~g conditions t~is crop is expected to perform well in the
Al'idina farm excluding t~e marsby areas borde~ing the rivers. The crcp can
be grown under ra~-+ed conditions. Crop rotation ;s essential for the control
of nematodes and bacterial and viral diseases. Cotton and maize are good
ro~atio~ crops.
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Appendix 2a: Soil profi e description - Profile I

~ate 0+ description and sampling: 19/4/91. Author: Dr. B.M. Msanya.
Survey area: Allidina Estate - Kilosa district.
Map ~e. :opo sheet 182/1 (Rudewa).
~ocat~o~: lock 5 (cu~re~t'y urder sun+1ower).
Gee egica, fermatior. Neogene superficial deposits.
Pare~t material: Alluvium of diverse or~gin and composition.
Phys;odrap~: A '~~ial ~lai~ (f'ood - p'air'.
tJacrcre ;e+: F'at. slope u+ site: 'l ess t han 1%.
E e~atior 0+ site: about 410 M a.M.s.l.
~a~d use/vegetat'on : under cultivatior with sunflower.
Mci0ture co~di~icn : surfaCe moist due to rains
Gr, '~r::!,.,,'terle ve l eepe~ than 1.8 11.

r~i ~ge' Wel' drained. E+fect've soil depth: more than m.

Horizon description

A~ C-24.5 C~: 8r ~r1ish black (7.5YR 2/2, moist); clay 'oam; weak fine SJ
bangu ar blocky; +riable when moist, slightly sticky and slightly plastic
w~e1 wet; T3ry +"1e to medium pores; many fine and few medium roots; commor
+~~e ~ica + av.es; clear wa'y boundary.

3w 24.5-48cm: Very dark brown (7.5 YR 2/3, moist); clay; mode rat e med ium
sub~ngular b ocky; firm when rPo"st, sticky and plastic when wet;
many fi~e pores; common +ine roets; co-nmon fire mica +l ake s ;
clear smooth boundary.

C1/ 43-56 cm:Bright brown (7.5 YR /6, dry), ~rowr (7.5 4/4, moist); sandy
Ica...: 'Tlct::,sive;soft to s "ght'y hard 'v/r'en.dry, s igrt', sticky
31d s lightly p ast+c when 'wet; ma:'J rine pores; common f ine
roo+s : common fine mica flakes; common +ine to medium reddish
br ow i (5 YR 4./3) c t st r+ct c ear' mottles; common fi'!e Mica flakes;
.3.JI ut-J~ sn cot: bour-dar ,.

S2 i) -36 '~I,: srown (7. t:. YR 4/4, dry), dark brown (7.5 YR 3/4, moist); sandy
roam: ~."~g'e grained; soft when dry , non st t cky and non plastic

wren wet; ,=.,; fine pores; few fine roots; many fi"8 rica flakes;
abrlp~ ~rrooty cauncary.

CM: Reddish brown (5 YR 4/6, dr~), da k ~eddish browr (5 YR 3/6,
rrv;st); sa~dy loarr; s~ngie grai~ed; so~t when dr}, nonsticky and
norplastic w~er wet; mary +~ne t) med"Jm pores; few roots; com~on
fine redd is': brown (5YP 4/8) faint diffuse mottles; many fine
mica flakes; abrupt smoott boundary.

C49 •• n
I I J

.1 ~ l f
, ~ J

o..t,;
r~ e

3'ac~ (~. YR 2/1, dry); cla,; ~assive; fer; ~ard (he~ dry,
..lnd ve y p'asti: whe'! wet; common fine to med ti.n por es ; few
few fine redd~sr brown (5 VR 4/3) fai~t dif+~se mottles;

~ca f :tl<es.
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ppendix 2b: Soil profile description - Profi e II

Jate o~ description and sampling: 20/4/91. Author: Dr. B.~. ~sanya.
Sl..~le;. :!'ea: Allic!ina Estate - Kilosa District.
Map ~'..: TOpO sl-eep 182/1 (Rudewa).
L:cat" n . 5 ock 4 (unde- tobacco).
Geolo::1' ~a' formation: ,eogere supe r f f c+a ] deposits.
Par ent nat e r ia l : Al uv iur- of diverse origin and composition.
~hys'ogra;Jhy: lu;ial;J ain (f l ood-p l a tr-) . Macrorelief: ~lat.
Slo;Je of site: Less ~h2.r i~ : Elevatior o~ s"te: About 410 ~ a.m.s.
Land usa/ve qet at ior-: U'lder" cu l t ivat ton with tobbaco, nearby -iatur a l vegetation

a~a:i~ woodland-wooden grassland.
Mc~sture ~ord~tio'l: Surface moist due to rains.
S"owrd ~t8r 'e.e': deeper thar 1.B ~.
:;r ...•i 3ge: ~iel' dr a ined . Effective soil depth: More than 1 m.

q ~ .z--n descri pt ion
A~ C - ~3 err' S"uwn'sh b'ack ~·O YR 3/2, ~oist); clay oam; weak fine Sl..

ba~9",'ar b'cc' y; loose when -no ist , s'ightly sticky to sticky and s ~ghtly pl-
astic when wet; many fine pores; common fine and few medium and coarse roots;
clear s~oot~ boundary.

Bw 2: - 50 em Browr~sh black (7.5 YR 3/2, dry), brownish blae~ (7.5 YP 3/1,
moist); clay; ~oderate fine to medium subangular blocky; slightly
hard when dry, s'igr'tly st icl y and sl'ght'y plastic when tlet;
COmMO'lfi~e to Med1ur p~res; ~ew medium and &ew fine roots; few
~ine ~ica flake_; abrl..pt smuoth bOJ'ldary.

C1 sa - 7L cm Brown (7.5 vR L/6, dry), brown (7. Y 4/9, moi~t); sandy oam;
mass+ve , sof t •.f,e'l dry, nor st icky and n..r p as t ic when wet; many
c'1e pores; &ew ~ediJM rcots; Ma~y fi~e mica ~lakes; clear smooth
b:J d3.iY.

C2'...,1...,. ·'7 m S~-:M r"".!:; yq 4/4, d~J)' brm'i'1 (7.5 VR 4/3, Moist); sandy loam;
ass vve ; sof t tc. s ig~_l} har d wher dry, ncns t t cky and nor,

plas~i: when wet; common fine to medium pores; few medium roots;
comnor fine to medium reddish br own (5 YR 4/8) ~a-;nt diffuse
~(;+:'c.; IL" fine m+ca clakes, st.one l tne w~t1 FeM'l powdery
se,:j e~ations; c'ea'- SMOc)~! boundarv .

J .',7-"QC3g ... + c~ B~i9rt brawn (7.5 YR 5/3 dry), brew" (7.5 YR 4/6 moist);
:'ay; "1a~si.e; sc+t to s'ig",t )- har'd when dry, nons t icky and
nonp l as t "c when wet ; cormon fine to medium pores; few mediun
roots; rrany rrediurr redd ish brown (5 YR 4/8) distinct clear
-nct t les: common f ine mica flak.es; stoneline with FeMn powdery
segregations.
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Appendix 2c. Soil profile description - Profile III

Date of description and sampling: 20/4/91: Author Dr. B.M. Msanya.
S~rvey area: Allidina Estate - Kilosa district.
vap Jo: Tope s'ieet 182/ (RlJdewa).
~ccati ~ : Bock <8 (unclea~ed la~d) wooded grassland dominated by acacia

trees.
Geological Tormation : Neogene superficial deposits.
Pare~t materia Alluvium of diverse origin and composition.
C~ysiosrap~y : Al1uv~al plain (flood-pla~t). Macrorelief: fat.
Slope of site: less tran 1%. Elevation of site: about 410 m a.m.s. 1.
t.anduse /vecet.at ton: wooded grassland dominated by acacia trees-Uncleared land.
Moisture condition: surface moist due to rains.
Groundwater evel: deeper t~ar <.5 m
Drainage class: imperfectly to moderately we1l drained. Effective soi

depth: more than 1 m.

Horizon description

A1 0 - 26 em Br own t sh black (7.5 YR 3/1, moist), brownish gray (7.5 4/1,
d~j); sandy loam; weak to moderate fine crumby and subangular
b'ocky; friable when ~oist, slig~tlj 1ard when dry, nonsticky to
slightly sticky and nonplasti: to sightly plastic when wet; many
fine and medium pores; many fine few medium roots; clear wavy
bo~ndary.

AC11g 26-46 cm Brown (7.5 YR 4/2, dry), gray"sh brown (7.5 YR 4/2, moist);
sandy cla;; ~assive; very hard when dry, firm when moist, sticky
ard plastic when wet; ~a~f rine a'ld medium pores; common fine a'ld
few mediu~ roots; commor r~ne orarge (7.S yo 6/3) raint d~rf~se
~o~t'es; clear smooth boundary.

A-::<2~4~-9a vir' CJli'vebrown (2.5 Y 4/3, dry); brown ish black (2.5 YR 3/2,
,l·;.:ist);sandy c la y ; mas s t ve ; ext reme ly hard "f'Jerdrf, .er» f~rm
~~en '11cis~,stic~) a~d plastic when wet; ~a~y f~~e and Te~ mediu~
pores; few fine roots; commo'l ri'le orar;e (7.5 YR 5/8) distir_t
clear Ycttles, 3 ad~al s~oot~ bGurdar~.

A:<3g 90-180 + ~m OliJe trcwn (~.5 YR 4/4, dry), dark gray~s yellow (2.S YR
4/2, moist); sandy ':.12), loam; mase t ve ; ,tery hard when dry, fim
when IT'O'st,st lcl y a-id p last ic ,,.;ren,/e~; common +ine pores; few
f't-e roots; comr on r~'le vrd~ge :'e (7,: YR 6/8) distinct clear
"nc+,t'esand conm... fi ,e b':j::;h bac}, Mn (5082/1) distinct clear
mo~tles.

By a ...9& ....
.:; .
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Ap endix 2d: Soil profile description - Profile IV
Dd~e o~ description and sampli~g: 20/4/91: Author: Dr. B.M. Msanya.
;:urveJ ar ea: l.t.t ind l - "~losa district. Map No: Tapa sheets 182/1 (Rudewa)

~d 182/2 ~Lut;~di)
Lo~at"G~: Block 1 (undgr maize crop), neighbouring areas grassland dominated

by tal grass.
Ges ng":al formation: Neoge~e superficial deposits
arer~ ~ater;al : A"uv·u~ of d;verse origin a~d compositior

Phjs·ography: A'l~vial p'ain (flood-p ain). Macrorelief: Flat.
Slcpe of si~e . Less tha~ 1%. Elevation of sOts: About 410 m a.m.s.l.
Lard use//edct3tion : Site under maize, ~eighbo~rin9 bocks nlth sugarcane,

sorghum, trees and grasses
Mo"sture condit;or : Surface moist due to ra~"s, aroundwater level: deeper

than 1.9 m
Drainage c ass : Well dra;ned. E~fect;ve soi1 depth: more t~ar 1 ~

Horizon description
Ap 0 - 4~.5 OM B'l ac- (7.5YR 2/1, mo+st ) : c lay ; ;leak f1:-'esubao qu lar b ocky ;

friable wher moist, sticky and p astic when wet; many fine
a~d medium pores; corrMor ~ire and ~e~ ~edium roots; abrupt
wa'y bourdary

S1 42.~ - 6°.~ C~ Brow" (7.5 YR 4/6, ~oist); c ay 'oam, massi/e; friable whe~
moist, sightly sticky and slig~tly plastic when wet, many
f;~e pores; com~on ~~re roots; ~a~y fine mica f1akes; abr~pt
srrocU bour-dz.r y ,

Dar~ brC;l~ !7.5 YP 3/2, dry) brcw~'s~ black (7.5 YR 3/2,
m~ist); .lay; massive, very firm when moist, sticky and
plast": ~he1 wet; cc~~cn ~·re peres; few fine roots; common
pressure fa_es medium brow~ (7.5 YR 4/6) distinct clear
matt es; grad~al sm~~t~ bourdary.

Brownish black ~7.~ YR 3/2, dry), brownish black (7.5 YR
:/:, n-ot st ) ; c vay: mass tve ; very firm when moist, st icky and

p a~~ic when wet; common fine pores; few f~ne roots; common
pres~ure faces; common medium brown (7.5 vR 4/6 ) distinct
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Appendix 3a: Soil analytical data - Profile 1 (Allidina)

pH Texture % Textural B.D. "" mc~st-10

class glee ure
Depth (em) H.O KCl Sand Silt Clay
--

0 - 24.5 6.5 5.7 39 29 37 CL 1.24 3.40
24.5-48 5.9 4.9 ."I~ 30 43 C 1.36 5 nn'- , • ..Jv

48 - 66 6.0 4.2 :7 7 16 SL 1.53 1.40
66 - 86 6.3 4.4 69 22 ;"I SL 1 '1') 0.60~ 1.<...14-

86 - 110 t.O 4.3 69 13 18 S~ 1.25 2.40
110- 180+ 6.4 4.7 37 14 49 f' 1.42 5.60"

----

OC% C/N SEe soil CEC clay BS%
meq/l00g

1. 77 O. ~ 5 • 1 .80 <.. ') 4. Q o. 25 8.:6 ~8.50 37.62 90.2I .• '- •...• u.• 5f') O. ~ 1 14.45 10.10 5.85 0.35 0.18 18.00 32.30 91.6
(l c: 0.05 7 n" 3.50 ') ')Q 0.49 O. -;5 8.70 48.69 74.9...J •..••• J ' • _,J I-.";U

O. "7 0.02 :.67 2.30 1. 56 0.43 0.10 5.60 57.33 78.4
0.49 0.09 5.44 6.70 3.92 0.26 0.13 12.ClO 59.6: 91.8
0.50 0.06 8.30 7.80 5.34 0.35 0.",9 14.60 27.16 93.0

- - - ---- ..-- ------------------------
Avail. D

g.'fg
Ele~tric3.' 11j ~rQl',;t r ients~m.:...;;,glL/_'_!k..:Lg _
CG'lductiv;l:

mSI ::lD.

CJ Cu Fe

._--- -------.

30.::3 0.25 C.v9 18.~C: 2C.OC
4.9i 0.12 6.75 1.75 60.00 52.50
5.61 0.07 ".29 3.00 0.62 50.00 "5.::J0
9. 12
6.32

O. -;o 0.31 ...50 0.56
0.94

') 1 • ~5 10.00
0.C6 4.37 57.50 26.25

SAD = Sod~um Adsorption qatic
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Appendix 3b Soil analytical data - Profile II (Allidina)

pH Tex~ure '" Textura' B.D. %Moist-/0

~qptl; (err) H·O I\Cl Sand Silt Clay class g/~r .rre
I ~'-'

---- --
0 - 23 6.S 5.6 39 29 32 CL 1.29 3.80
23 - ~n 6.0 4.7 29 30 41 C 1.35 5.40Ou
50 - 74 6.8 4. 79 c; ; 5 SL 1.63 1.40"
74 - 117 6.S 4.9 72 8 19 SL 1.48 1.SO
~17- 1S0+ 6.S 4.8 29 29 42 C 1.39 5.20

N% C!N
Exch , base!i m~gj 1.Q~~QjJ

Ca ~g Na K
CEQ ?gil CEe clay BS%

meq!100 9

'1 "I C 8.21 11- 19 11.20 4.93 0.35 O."E 20.80 46.00 32.4
J .•6 0.13 8.92 11 .20 3.67 0.30 0.18 22.30 47.07 68.8
'"\ '1') 0.08 4.00 3.20 2.00 0.39 0.18 .40 43.80 7S.0..... v .....

0.21 0.04 5.25 5.50 4.43 0.22 0.05 11.60 58.21 87.9
0.75 C.08 9.33 9.00 ') ')') 0.08 0.,,9 19.40 4~.57 62.4--",,-

-- --- --<.- •. -
Ava i l . P. Electrical SAR Micronutc..ients 'TIg!kg

mg!kg ~®cLLLc;liv it'i m.Sj ~rn Cu Zn Fe Mn

40 70 O. 11 0.12 3.00 2.65 31. 25 12.50
0.70 0.12 " + 1 5. "':'5 0.87 31.25 28.75\J. I I

2.81 O. 11 0.24 0.62 0.56 10.00 1CJ.00
0.-0 0.06 C ..•CJ 1.50 0.44 7.50 31.25
C.70 O.~~ ~4 ».75 1 • 06 71. 25 10.00
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Appendix 3c Soil analytical data - Profile III (Allidina)

pH Texture % Textural B.D. % moist-
class glee ure

KC Sa'1d Si't Clay

1"\ - 26 7.0 5. 1 71 10 19 SL 1.56 1. 20'-

26 - 46 6. 4.9 53 6 41 SC 1. 71 2.30
46 - 90 6.9 5.5 53 8 39 SC 1.79 3.20
90 - 180+ ,3.1 6.7 63 7 30 SCL n.d. 3.00

OC% N% C/N
_f:_0.Qh. base~~LJOO 9 soil
Ca Mg Na K

_ C~~ ~_oil CEC clay BS%
meq/100g

~.35 0.14 9.64 4.20 2.80 0.48 0.1 e ;3.20 51.10 58.03
0.49 0.04 12.25 5.50 5.42 1. 37 O. 13 13.90 30.80 89.40
0.75 0.07 10. 71 4.00 6.18 0.89 0.13 17.50 39.90 65.50
C.13 0.04 3.25 3.30 3 ~', •.41 ~.23 11.70 37.87 72.40...,~

Ava i1. P. Electrical SAR __M i~LQnutr ients m~l/kg
Mgj!<g conductivit~~SLcm Cu Zn Fe r-1n

6. 71 0.09 0.26 2.00 0.56 ~7 ~n 4. 12v j 10 •...

0.70 0.10 0.59 2.50 0.99 2.50 10.00
0.70 0.33 0.39 2.00 0.25 1.25 5.25

O. 0 0.30 0.76 ~ .00 ('\ .44 1 ..,j: 1.00.'-~

- - - -

n.d. = not deter-mired.
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Appendix 3d Soil analytical data Profile IV (Lutindi)

pH -extural % Textural
De;::>tl-:(::m KCl Sand Silt Clay :lass

B.D. % moist-
g/ee .ire

0-42.5 6.4 5.2 15 33 52 r- 1 ')') 6.5S'-' 1 •••••• '-

42.5-53.5 6.9 5.0 39 31 ')1"1 ('I 1.39 ~.60v'-' vL

53.5-68.5 6.9 5.0 21 24 55 C 1.30 6.00
68.5-116 7.3 5.3 13 12 75 C 1.30 7.40
116-190+ 7.3 5.7 15 13 73 C 1.35 7.20

Ca Na K meq/iOOg

z , '3 0.:0 '0.65 13.50 2.67 0.30 0.34 25.40 38.25 66.20
0.90 v.08 11.25 9.00 4.68 0.26 0.28 4.50 40.57 98.10
1.45 O. 11 13.18 11.20 3.26 0.65 0.13 23.30 35.55 65.40
0.97 0.06 16.17 9.75 4.18 0.39 0.13 16. i 0 18.12 89.80
0.84 0.09 9.33 9.75 3.92 0.65 0.23 23.30 29.34 62.40

Avail. P. Electrical SAP MicronutI.t~DJS msLkg
!Il9!~ ~Q.rlductiv;t ..'L ~cm Cu Zn F~ Mn----

8.42 O. 12 O. '1 ~ "" 1.69 63.75 31.25::l.,-v

0.70 0.06 0.10 2.37 0.62 18.75 10.00
o ,r, 0.06 0.24 5.50 1.25 31.25 23.75• v

0.70 O. 11 0.15 3.00 0.81 5.00 9.00
0.70 0.16 0.25 2.00 0.44 2.50 10.00

- - -
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Appendix 4a Weighted average texture over 1 m depth

Profi 1e
__ ~W~e~t:Rbtedaverages

___ Cl9.Y_ _ _§.Ut_
Tex t.ura l class

Sand

2 SCL

3 SCL

4 C

26.37 20.41 53.22
26.97 18.29 54.74
33.30 8.02 58.68
47.22 29.64 23.13

--_._-_._.

SCL

Appendix 4b t Estimated available water and infiltration rate based on
weighted average texture

Pro"ile em of water/m soil Infiltration rate
( em! h)

15.80 1 3.5
') 15.80 1 - 3.5'-
3 l5.8C 1 - 3.5
4 19.00 0.1 - 0.5

I Based on data drived from Sys (1985).


