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Abstract

] f . .

A study was carried out in Mikese Ward, Morogoro District, with the objective to make an inventory-of
the soils of the area, 10 determine their physi_co-chemical and mineralogical properties and to classify
them. Eight soil profiles were identified and form three major groups of soils-namely, very deep, well
drained, dark reddish brown to dark brown, sandy clay loams and sandy clays on the steep convex
slopes; very deep, well drained, dark brown to dark red, sandy clay loams and sandy clays on the linear
slopes; and very deep, well and imperfectly drained sandy loams to sandy clay loams and sandy clays in
the valley bottoms. The soils of the convex and linear slopes classified as Isohyperthermic, deep, mixed,

Kanhaplic Haplustalfs and Isohyperthermic, deep,

mixed Oxic Ustropepts representing a relatively ad-

vanced pedogenic development as indicated lby'h‘igh contents of Fe, Aland Ti and rela;i'vély low Si/Al ra-
tios. The soils of the valley bottoms classified as Isohyperthermic, deep, mixed, Typic Argiustolls,
Isohyperthermic, deep, mixed, Typic Tropaquepts and Isohyperthermic, deep, mixed, Fluventic
Ustropepts. These soils are of low to intermediate pedogenic development as indicated by the relatively

lower Fe, Al and Ti contents and both high Si'and
the studied soils have a mixed clay mineralogy inc

Si/Al ratios. X-ray diffraction analysis revealed that
luding kaolinite and mica. Small amounts of smeciitg

were identified in one profile with alkaline subsoil reaction. Bulk densities of surface horizons are rela-
tively lower than those of subsoils ranging from 1.1t0 1.6 Mg/n?’ in topsoils and from 1.4 10 1.9 Mg/m’

in subsoils. Total porosity ranged from 40to 58%

able water holding capacities of the soils are between

in surface soils and from 28 10.32% in subsoils. Avail-

155 and 248 mm/m of soil. The soils have overall

poor supply of N and P. The basic cations Ca**, Mg** and K* are medium to high throughout the pro-
files. The CEC of the soils is very low with values ranging from 6 to 13 cmol(+)/kg soil). These results
imply that continuous utilization of the soils for crop production without proper management will result

into a drastic loss of soil fertility.
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Introduction

Soil information gathering by systematically
identifying, grouping and delineating dif-
ferent soils according to their genesis,
physico-chemical characteristics and overall
ecological conditions is a pre-requisite for
sound interpretations of land use poientials.
Socio-economic factors also form an important
element in land management. A good data bank
on soil properties and related site characteristics

* Corresponding author

is inevitable for one to be able to advise both
current and potential land users on how to use
the land in the best possible way (Msanya et al.,
1998). Fertilizer and other agronomiic trials car-
ried out on uncharacterized soils are not very
useful because their results are of local value
(i.e. they are specific to the trial site) and have
low transferability to other areas.

- In Tanzania only about 10,000 km® have
been surveyed in detail in terms of soils and
land resources (Msanya and Magoggo, 1993;

-/
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Kauzeni er al., 1993). A wide range of small ar-
eas have been covered this way by detailed sur-
veys 1nc1ud1ng land evaluation ‘studies of ‘es-,
tates, irrigation schemes and village-areas

(Kaaya ez al., 1994; Kips and Ngailo, 1990). In"*

Morogoro, there is no adequate soils and land

resources information for comprehensive land.

use planning neither at district nor at regional
level (Kaaya, 1997). The area known in detail is

negligible taking into consideration the large |

size of the country. This is a bottleneck to the
formulation of proper national land management
programmes. With the ever-increasing popula-
t_ion‘and food demands, there is a‘serious need
to°charatterize soils and other-land fesources so

N,

that they can‘be used more efficiently for food.-

production. In order that technologles emanat-- -

mg from different land management technlques :

become useful it is necessary that they‘should be
carried out on well ‘tharacterized soils to allow
transfer of agro-technology to other areas with

Similar soil and ecological conditions. Mineral-' -

3

ogical characterlzatlon is essential for grouping -
similar soils as well as for predlctlng their be- -

haviour under different management ‘systems * -
1982; Msanya and Msaky,

(Moberg et al.,
1983; Kaaya etal., 1998; Msanya ez al. 1998)
The current study is part of an ongoing pro-

_]CCt on soils and land resources of Morogoro
District. Tt focuses mainly on pedological char-

acterization of the soils of the study area to fa-

cilitate their classification and to assess their po- .

tentials and limitations for agricultural produc-
tion. The study will also contribute to more
knowledge on the soil types and their distribu-
tion in the District. The specific ObjeCthCS of
thls study were therefore to:

1 investigate the Pphysical and chemlcal charac—
teristics of the soils;. :

2. study the clay mmeraloglcal propertles of the
- soils; o S

. Classify the soils using two international cIas-
sification systems commonly used in Tanza*
nia namely, the United States Department of
Agriculture Soil Taxonomy and the
.FAO-UNESCO Classification System; and " .

. to provide data for the Morogoro District
soils and-land resources inventory.

e

round (Msanya et al.,

Materials and methods

Physical envxronment of the. > study

Y area

The study area is located in Mikese Ward

-about 40 km from Morogoro mun1c1pa11ty to-

wards Dar es Salaam. The area is bordered j in
the south by the Morogoro-Dar es Salaam high.
way and in the north  by. the Sangasanga river.
The main reference pomt is the Kitulanghalg
Hill whose map coordinates are E 37° 5745~
and S 06° 41’ 00",

‘The climate is hot and humid all the year
1995) The available
rainfall data (Table 1) from Kinonko Sisal Es-
tate which i is adjacent.to the study area indicate

‘that Mikese receives rainfall from October to

May. Rainfall maps of Tanzania (Nieuwolt,
1973) show that the area is in the 700 - 1000
mm rainfall belt with at least two months with

.surplus rainfall over potential evaporation. The

driest months are June, July, August and Sep-
tember According to Van Wambeke (1982) the
soil moisture regime (SMR) of the study area is
ustic (one in which moisture. is limiting, but is
available when conditions are suitable for plant
growth). In the depressions (valley bottoms)
conditions may be different and aguic SMR pre-
vails.- Such kind of regime is ‘characterized by
water-logging conditions. Information on tem-
peratures (Kaaya ef al., 1994; Msanya et al.,

'1994) shows that the mean annual air tempera-

ture (MAAT) for most areas of Morogoro Dis-

" trict is about 24°C. The mean annual soil tem-

perature (MAST) is thus estimated as 25°C by
adding 1°C to the MAAT (after Soil Survey
Staff, 1975) and hence the soil temperature re-
gime is described as.iso-hyperthermic.

The underlying geology of study area is de-
scribed as Precambrlan Usagaran
metasedlmentary rocks consisting of gar-
net-biotite gneisses, with some kyanite bearing

"bands (Sampson and [erght 1961). In the val-

ley bottoms mixed al}uvral and colluvial depos-
1ts derived from the above mentioned rocks are
present. These deposits are strat1f1ed with
clayey, sandy and loamy layers

.. The study area is located on the pledmont
plam of Kitulanghalo Hill (elevation 762 m
a.s.1.). The general physiography of the area
has a rolling to steep convex slopes (10 - 22%)



i rolling linear slopes with shal-
and un?iuziaet;ggtgllies. \g/alley bottoms occur.in
Lc::/wzlelan the convex slopes. Tpese are cqncave
in cross-section with fairly uniform §1opes (5, -
12%). The altitude of the convex slopes ranges

petween 420 and 460 m a.s.1. and the dissected

nd 430 m a.s.l. The
:near slopes between 420 an g
i,lgleley bottoms are 20 - 10 m lower than thg

convex slopes.

Field methods

Existing information on the study area was
sought by consulting various documents
(Fleetwood, 1981; De Pauw, 1984; Moberg ez
al., 1982; Msanya, 1980; Msanya and Msaky,
1983; Kimaro, 1989; Msanya and Magoggo,
1993).

Topographic survey of the study area was
carried out to obtain a topographic map ‘at a
scale of 1:1 000 which was used as a base map
for soil survey. Soils were examined by means
of hand soil augering following grid soil survey
method (Dent and Young, 1981) with observa-
tion interval of 10 m. Eight soil profiles repre-
senting the various mapping units were dug, €x-
amined and described following the Guidelines
for Soil Profile Description (FAO, 1990) to
characterize the soil mapping units. Soil colours
were determined using Munsell Color Charts
(Munsell Color, 1975). Soil samples from the
different soil horizons were taken for physical,
chemical and mineralogical analyses. Undis-
turbed soil samples were taken using 100 cc
steel cores at 0 - 5 cm, 45 - 50 cm and 95 -100
cm depths for the determination of bulk dénsity
and water retention characteristics.
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Laboratory methods.

- Texture was determined by.Bouyoucos hy-
drometer method (Day, 1965) after dispersing
soil with_calgon. Bulk density was determined
using core.sample method (Blake, 1965). Soil
moisture characteristics were determined -using
pressure plate and membrane apparatus. (Klute,
1986). Available water capacity (AWGC).was
calculated. as the. difference between water con-
tents at 33 kPa and,1500 kPa tensions..

pH was measured in water at the ratio of
1/2.5 soil-water.. Organic carbon was deter-
mined by the Walkley and Black method (Nel-
son and Sommers, 1982). Kjeldahl method
(Bremner and Mulvaney, 1982) was used to de-
termine total nitrogen. Phosphdrus'was ex-
tracted by Bray and Kurtz-1 method (Bray.and
Kurtz; 1945)-and determined spectrophotomet-
rically (Murphy and Riley, 1962; ‘Watanabe and
Olsen, 1965). The CEC and exchangeable bases
were extracted by saturating soil with. neutral
1M NH+OAc (Thomas, 1982) and the absorbed
NH** displaced by K* using 1M KCl and then
determined by Kjeldahl distillation method for
the estimation of CEC of soil. The bases Ca*",
Mg?*, Na*, and K*, displaced by NH** were
measured by  atomic absorption
spectrophotometer: - 7 ' " :

Samples for clay mineralogical analysis
were prepared following the procedure outlined

" by Msanya et al., (1994) as follows:

Fine-earth subsoil samples were first treated
with 30% H:202 to remove organic matter. The
samples were then thoroughly dispersed by ul-
tra-sonic vibration for 5 minutes at 4000 rpm
after adding 1 ml of 1IN NaOH (dispersing
agent) and 300 ml of deionised water. The sus-
pensions were transferred to glass cylinders and
their volumes made up to 1000 ml and then al-

Table 1: Rainfall figures (mm) of Kinonko Sisal Estate, Morogoro

Year Jan Feb Mar  Apr Mw June

192 311 42 - - 7
1963 26 78 237 245 1 .
1964 25 122 140 254 37 10
1965 42 65 6 152 9 -
Total 404 307 515 751 137 10
Mean 101 77 129 188 34 - 3

Jul Aug  Sept Oct  Nov Dec  tTotal
60 - - - 74 200 826

- - 3 274 180 234 1284

5 - 16.. 139 7 132 987

- 6 - 133 8 147 725

12 66 19 546 342 713 (382

3 17 5. /131 8 178 958
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lowed to settle. At appropriate time interval and
depth, clay samples were siphoned out of the
cylinders into glass-beakers. The clay samples
were mounted on glass slides for x-ray diffrac-
tion analysis: X-ray diffractometer model
Rigaku D/Max-1000 series was- used for the
analysis.

The total elemental composition of
fine-edrth subsoil samples was determined by
x-ray florescence spectrometry using a
Rigaku-denki KG-4 x-ray spectrometer (Dixon
and Weed, 1989). Ten elements:namely Fe, Ti,
Mn, Ca, K, P, Si, Al, Mg and K were deter-
mined and expressed in the form of'oxides. .

Sonl cla551f'icat10n

-Using both f1e1d and laboratory data the
mapped soils were classified up to family. level
of the USDA Soil Taxonomy (Soil Survey-Staff,
1990) and to level-2 of the FAO-UNESCO Soil
Classification System (FAO, 1988).

Results and Discussion
Physical propei'fies

Table 2 and Figufe 1 present some physic)a.l
properties of the studies soils.

Soil texture, bulk densny and tota]
por051ty :

The dominant texture, of the studled soils is
sandy clay. loam except for proflles KP4 ang
KPS5 in which the texture is predommantly
sandy loam. The bulk density (BD) values of
topsoils-are relatively lower than those of sub.-
soils; ranging from 1.1 to 1.6 Mg/m® for top-
soils and 1.4 to 1.9 Mg/m?® for subsoils. Profile
KP1 has the highest BD values (1.6 to1.9
Mg/m®) while profiles KP4 and KP5 have the
lowest BD-values (1.2 tol.5 Mg/m®). Profiles
KP7-and KP8 have relatively constant values of
BD throughout the pfofil'e'(1.4 Mg/m?). Total
porosity ranges from 40 to 58% in topsoils and
from 28 to 32% in the subsoil. Bulk density and
total porosity of the soils are mainly influenced
by texture and to some extent by the organic
matter content of the soils.

Water retention; available water
and air capacity

Figure 1 shows the moisture characteristics
of three depths (surface horizon, intermediate
horizon and subsoil) of the studied soil profiles.
Generally, at any given water potential the vol-
ume fraction of water in the surface layer is

Table 2: Some physical properties of selected soils of Mikese Area, Morogor0

Profile Depth Texture BD

Total po- Air filled porosity AWC AWC

SL = sand loam SC =sand clay SCL = sandyclay loam; AWC = available water capacity

No. (cm) Mg/m3) rosity % (mm) . (mm/m)
7 {vol.%) - -
KP1 020 - sL 16 - 40 15 52
- 34-55 . SL-SCL 1.8 32 14 : .64 - 162
1100-120 sC 1.8 32 12 85
KP2 0-15 _SL-SCL 1.1 58 16 46
35-55 SCL 16 40 17 65 155
: 80-100 . SCL 19 28 13 44
\ KP3 . 020 scL 14 47 16 50
29-60 sCL ‘ 16 40 18 80 184
107-119 sC 1.6 40 20 54
KP4 0-20 SL 12 55 20 \ 57
60-80 sL 15 i 20 7 1 e T 200
KP5 0-20 SL 12 55 20 \ 50
50-70, . SL-SCL 14, a7 / 2 124 248
90-110 . SL 15 45 7 20 74
KP6 0-14 SL-SCL 12 55 22 \ 36
30-50 SCL- 16 40 . 18 , . 55 181
90-110 SCL 15 4 19° 90
KP7 0-15 SCL 14 47 20 - 30 .
30-50 sC 1.4 47 19 53 156
100-120 sc B 41 19 < T )
KPS 0-7 scL 14 ) R 16
45-65 ) SCL 14 47 20° 104 181
80-100 SCL LS 4L 19 - "
y

N~
N
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Figurel: Moisture release characteristics of some soils of Mikese Area, Morogoro

higher than that of the intermediate layer and
subsoil. The surface horizons of most profiles
with high amount of sand (sand loams) have
chair-shaped curves. They contain much water
at saturation which is slowly released until wa-

ter potential reaches -0.01 MPa, after which a ,

small rise in water potential causes a consider-
able discharge of water. At water potential of
-0.1 MPa or less water release is slowed down.
The shape of the curves clearly indicates that
the soil’s pore system is dominated by
macropores. The intermediate and subsoil hori-
zons have soil moisture characteristic curves
similar to those of the surface horizon, but dif-
fer by having lower water contents held at any
water potential. This is mainly due to the reduc-
tion of total porosity owing to the finer textures
(SCL, SC) of the intermediate and subsoil lay-
ers. The high air-filled SL = sandy loamSC =
sandy clay SCL = sandy clay loam AWC =
available water capacity

porosity values indicate that most of the soils
are unlikely to be waterlogged or to have poor
aeration. Available water capacity per meter of
soil ranges from 155 to 248 mm (Table 2)
which is rated as high to very high (Msanya ef
al., 1996). ’

* Chemical properties

)
Table 3 and 4 present the chemical analyti-

- cal data of topsoils.and subsoils of the study

areéa .

* Soil reaction

Soil pH values are slightly acid to very

* slightly acid in most soils ranging from 6.0 to
6.8. The subsoils of profile KP1 are mildly al-

kaline (pH values 7.8). The high pH values in
this soil are mainly due to the presence of large

-amounts of sodium (1 to 5 cmol (+)/kg soil).

Organic matter (OM) and
nitrogen (N)

Organic matter contents are generally me-
dium to high corresponding to organic carbon
(OC) levels of between 1.5 and 3.0% in top-
soils. .The levels of OM in the subsoils ate very
low (less than 0.6%_ OC). The soils of profile
KP1 are very low in OM (less than 0.4% OC).
In most soils absolute N levels are generally
low (less than 0.2%). However, the quality of
organic matter of these soils is high (C/N ratios

of 10 to 15).
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Table 3: Chemical data of some soil profiles of Mikese Area, Morogoro

Profile No. Depth PH oc Total CN Avail- CEC BS (%) !
(H20) %) N (%) able P cmol(+)kg soit
mg P/kg
KP1 Topsoil 62 041 0.02 21 45 6.54 : 90
Subsoil 78 0.28. 0.02 14 08 12.97 100
KP2 Topsoil 66 2.4 023 1 173 12.18 81
Subsoil 5.7 032 0.04 8 12 6.46 69
KP3 Topsoil 6.7 2.40 020 12 91 1202 96
Subsoil | 62 0.61 0.0l 9 0.7 7.60 c.o 8l
KP4 " Topsoil 62 219 030 12 8.1 945 75
Subsoil 6.1 0.53 0.06 9 19 593 82
KPS Topsoit 66 1.83 0.15 12 34 10.78 86
Subsoil 63 0.59 0.04 5. 25 623 77
KP6 Topsoil 63 245 0.19 13 7.5 8.05 84
Subsoil 6.1 0.43 0.04 n 0.7 7.40 87
KP7 Topsoil 6.4 169 . 0.16 1 39 9.84 80
Subsoil 62 _020. _ 0.02. o, . 12 818 .8
KP$ Topsoil 62 314 1020 16 - 79 15.46° - 97
Subsoil 63 048 005 10 .05 723 74

Table 4: Interpretation ratings for exchangéable cations for the soils of Mikese Area, Morogoro

Exch. Ca cmol(+)/kg soil

Exkh. Mg cmol(+)/‘kg soﬂ

Exch. K cmol(+)kg soil

" Exch Na cmol(+)/kg sonl

* Subsoil

Profile No. Topsoil Subsoil Topsonl Subsoit “Topsoil “Subsoil” Topsoil
(0-20cm) (30-150cm) (0-20cm) 30-150cm) (0-20cm) (30-150cm) {0-20cm) (30-150cm)
KP1 Medium High High Medium to Low Low _Very low High to. y
3.4) ‘ (2.4-5.6) @1 high 0.37) (0.12-0.18) 0.04) very high *"-
2.02.1) . 1 (1.0-5.0) -
KP2 Very high Medium to High Medium Medium (0.62) Low to Me- Very low Very low
©.2) high (3.4 (1.3-2.5) dium 0.02) (0.02-0.11)
(3.0-5.1) (0.19-0.48) L. ’
KP3 Medium Low to me- Medi Medium to Medium (0.78) Low Low Very low
8.3) dium (2.6) high (0.19-0.40) 0.13) to low
(3.0-5.49) 2.22.7 . - (0.03-0.13)
KP4 High Medium High Medium to Medium (0.39) Mediu Very low Very low
@.5) (2.4-2.5) @1 high (0.39-0.44) _(0..06) to low
2.02.1) - o - T (0.03-0.13) -
KP5- Very high- Medium 1o High Mediumto - Medium (0.41) - - Very low o - Very low Very low -
(6.6) high @2 - high o low T(0.02) (0.01-0.09)
(1:2-3.0) = 1527 - "(0.10-0.24) - ' ;
KP6 Mediuni  * Mediumto - High . ) " Mediumto . Medi 1(0.54 . Medi . +Very low Very low
IO CX U high @2 high . (0.180.64) (0.0 to low
. . (2.8-4.9) . (1.6-2.2) - : P . (0.01-0.12) -
KP7 . High' High ° High * ‘Medium - Medium (0.50) - Lowtome- - Verylow Very-low
- g @.5) . (32449 8. (1.3-1.9) ’ . dium ’ (0.02) to low
v A : S k (0.11-0.54) « {0.02-0:17)
KP8 Very high High High Mediumto - High oo Low to me- Low - Very low.
- .. (10.2) (3.1-3.8) G:7). high ©.91) dium 0.22) to low
- i ot (1.4:3.0) : . -.£0.09-0.60) v (0.03-0:16)

A\

-Avallable phosphorus (P) Py

All the studied soﬂs have low levels of avall—
‘able P (ranging from less than 1 to 7 mg P/kg).
Average phosphorus levels of more than 7 mg
‘P/kg are con51dered to be optlmum below
which P-deficiency symptoms. are .11!(61)’ to oc-
cur in many crops. The topsoils of profile KP1
and KP3 have medium P levels (17 and 9 mg
kg respectively).

Cation :éxchang‘e capacity (CEC) .
The CEC reflects the capacny of the soil to

'retaln nutriénts agamst leaching. CEC values of

most of the studled smls are very low to low

.rangmg from 5 to 12 cmol(+)/kg soil. The top—

soil’of profile KP8 has CEC value of 15
cmol(+)/kg soil. The high CEC value is related
to high organic matter content in this horizon.
The subsoil of profile KP1 have CEC values
ranging between 13 and 15 cmol(+)/kg soil.
The high CEC values are > related to high
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amounts 0f calcium and sodium in the deeper only kaolinite and mica in. varylng proportions.

subsoils of this profile. " Thé peaks of 7. 2A and 3.6A are those of
‘kaolinite; 10A" and 3.3A represent mica; 17A

Exchangeable calcium (Ca), Jand 12 4A are of Na—smecute '

magnesium (Mg) and potassium |

(K) _ ‘ T Total chemlcal analysrs
Table 4 presents the levéls of topsorl and
subsoil exchangeable cations (Ca, Mg, and K)
of the studied soils. The levels of exchangeable -
Ca and Mg can be rated as medium to very
high. Exchangeable K levels are medium in
most topsoils. The levels of exchangeable Kin ;7
profile KP1 are low. .

" The data on total chem1cal analysis ex-
' pressed in form of oxides is presented in Table
> 6. The following statements can be made about
the-studied soils: Profiles KP1, KP2, KP3, KP4
and KP5 can be grouped together as soils with
~low to intermediate pedogenic development.
‘They have relatively lower Fe, Al and Ti con-
tents, and both high Si content and Si/Al ratios.

. . On the other hand, profiles KP6, KP7 and KP8
EXChangeable sodium (Na) and represent more advanced pedogenic develop-

eXChangeable sodium P ercentage ment as indicated by.much higher contents of
(ESP) : .. " Fe,;Al and Ti and relatively low Si/Al ratios.
] Generally, the soils have both low Fe/Al and
-Mg/K ratios indicating that they have been
formed from materials which are relatively rich
" in felsic minerals.

Sodium levels in the study area are very low"
(Table 4) ranging from. 0.01 to 0.17
cmol(+)/kg soil both in topsoils and subsoils.
The subsoils of profile KP1 have high ex-
changeable sodium levels ranging from 1 to 5 . . .
cmol(+)/kg soil. Generally, soils with ex-~ ~ Soil classification
changeable sodium levels of more than 1
cmol(+)/kg soil are regarded as potentially -
sodic. The levels of ESP suggest that'most of
the studied soils are non-sodic. The subsoils of
profile KP1 (map C5) are moderately sodic to
extremely sodic (ESP 13 to 40%). s

Both field and. laboratory analytical data
. were used to classify the soils. Table 7 gives a
~ summary of the soil morphological and diagnos-
tic features used to classify the soils. Soil names
according to two systerns of classification are
" presented in Table 8. The soils have been cate-
. ) «  gorized into three soil orders of the USDA Soil
Nutrient balance X ) " Taxonomy namely Inceptisols (KP1, KP4,
A - KP5, KP8), Mo_ll1s0ls (KP2, KP3) and Alfisols
(KP6, KP7) which respectively correspond to
* Cambisols, Phaeozems and Lixisols in the
FAO-UNESCO Classification System. The soil
profiles .are variably located in different slope
. facets in the landscape. Profiles KP1, KP2,
KP3, KP4 and KP5 occupy valley bottoms, pro-
file KP6 occupies linear slope; while profiles
- KP7 and KP8 occupy convex slopes.

In most of the soils Ca, Mg and K are well .
balanced with Ca > Mg > K. Ca/Mg ratios
are 2 and 3, which are within the optimal range.
The K levels are medium for most of the soils.
The overall K/TEB (total exchangeable bases) -
ratios are above 2% which are considered fa-
vourable for most tropical crops. - .

Soil clay mineralogy

The x-ray diffractograms of the studied s011s Conclusions
are presented in Figure 2. The estimation of the'
relative mrneralog1cal composrtron of the clay'. .i.The available climatic data.suggest that the

fractions is based on these diffractograms and ‘'study. area has medium to high potential for
the results are presented in Table 5. The subsorl ~__agricultural production. With proper selec-
clay mineralogy of the studied soils is predorm- tion of crops there can be two cropping sea-
nantly mixed, whereby, KP1 has kaolinite, mica = . sons in one yea'r;,/short__r,ains crop (October to

and some smectite and the othér profrles have
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Table 5: Relative mineralogical composition of _clay fractions of- soils.of Mikese Area, Morogoro:™ - ¢ T

Kaolinite Mica LAz Smectite i
Profile - s
ot \ .
( .
::kr;z ettt s d . b g . » o -
KP3 -~ LR AR A Ao s SR v -t
KP4 4+ T r-w'[ [ A
KPS P i ottt
KP6 e+ ’ Rasaasd : ,
KP7 - '.‘+,+.+;_}r..' . ‘_m‘ ._l._‘: el 3 bt . . . Yee
KPS i e ! R e
N.B. Relative amounts based on total score of 10+ K e-ld s B '
Table 6: Total chemical analysis (% oxides) of the soils of Mikese Area, Morogoro. N ~
“solpro. | Feds T MnOr ., -Ca0 . Kil. _j,Ps_ - 5i0z. A - M0 Nap  Toul
file. .. R N o ps . . e . P
’ 1.70 023 0032 24_0_ . ., 072 0003 75 60 1187 040 305 100 01
KPi . P " ot B DA
2.79 034 0062 - 307 089 ' 0 093 7712 12.34 0634 2.67 100 01
KP2
KP3 3.10 040 0057 261 Y% 123 0063 7423 1474 082 275 10001
KP4 1.75 025 + 0048 217, » 088 L 0088" 8017 nn ! 038 265 100 01
KPS 1.73 023 0043 -+~ -219, - + 085 "' 0004 8093 1107 039 2.55 99 99
KP6 3.23 037 0067 314 - R 02 0042 3 72.52 1551 0.80 339 9999
KP7 3.74 048 0065 " 261+ - 095 0026 * 7298 ~ 1540 3¢ 076 <299 10001
KP8 4.81 059 0085 * 3.43 =514 0075 69 24 16.55 =120 2.88 100 0!
Table 7: Summary of sallent morphologlcal and dlagnostlc features' of the studled sorls S, -
L. . 50 PR F G . DI o Nk -
Profile _ Diagnostic| horiz 47 lidgnostic featires’ Smldeplh Mlneralogy___t_:_!pss
KP1 Ochric epipedon ( ochnc A) cambrc hori- Aquic SMR(*gleyic properties), -, °: Deep | Mixed (kaolinite, mica, smeclite)
z0n (*cambic B) *° isohyperthermic STR ‘ >6'/o ESP’ wnhm et Tl R '
< T+ 3ri00em rA L ver T KA TR (-
KP2 Mollic epipedon (*mollic A) argrlllc hon _~.Ustic SMR, |sohyperthenmc STR Deep Mixed (kaolinite, mica) i
zon (*argic B) B R ot
KP3 Mollic epipedon (*mollic A), argillichofi~7E2 Ustic SMR, isohypérthérmic STR & ve Deep . . “Mixéd (kaolinite, mica):
P
zon (*argic B) 1%, < mpe 5 The T,
H TR e .o o
KP4 Ochric epipedon (*ochric A), cambic hori- Ustic STR, %BS=or>50 in the subsdil Deep | . ered (kaohnne mrca)
zon (*cambic B) isohyperthermic SMR,‘OC decieasesir<”, . > 1 AT Y
T regularly wr(h depth, slopes=or<25% - o
KP5 Ochric epipedon (*ochric A), cambic hori- Ustic SMR %BS=5r350 in the subsoil, - ~Deep ~ ' Mixed (kaolinite, mica)
zon (cambic B) e s e isohyperthermic STR, OC decreasesir-y¢ *7, _AfalT I AN
se 0T P regularly with depth, slopes=0r<25% * . .
KP6 Ochnic epipedon (‘ochrlc A) arglllxc horl-A “f" Usti¢ SMR, isohyperthermic STR, Deep “Mixed (kaolinite, inica) -
zon (*argic B) L -7 CEC<24 cmol(* kg clay in major pirtof 5 v+ ¥ % T e
-+, .« argillic horizon A .
KP7 Ochric epipedon (‘ochnc A) argrlllc horl - Ustic SMR, lsohypenhennlc STR"‘ i ‘ Déep * 4. " Mixed (kaolinite, mic‘a) 4
zon (*argic B) Lt I "‘CEC<24 cmol (+)kg clay,in-major part of , -~ LT .-
Y argillic horizon N .
KP8 Ochric epipedon (*ochric A); cambic hori- *¥"” Ustic SMR, %BS=or>50 in the subsoil, Déep ¢ Mixed (Kaolinite, mica) -~
pip P
zon (*cambic B) = ) - isohyperthermic STR, CEC<24, RPN . - -
' e ;cmol(+)/kg clay in major part of subsoil - -
. 2 '

NB.* terminology used particularly in the FAQ-‘Uf?cseo classification; tHose Wrtirout* are of the USD:A Sdil Taxonor'ny'A .

January) and long rams crop (February to “:(dra:in-agé is imperfect due’to poor soil ﬁh'ysi—
May). e ¢ 'al conditions; théValley bottoms present a

"‘ very hlgh potent!al for crop productlon

iii. Generally, thie 's6ils of the study area are’
relatively uniform in both physical and chemical
properties. There is a close relationship be-
tween the main soils of the area and the topog-
raphy. The more developed soils, i.e. Alfisols,
occur, on the undulating to rolling convex slopes
on-piedmonts.;The/ Mollisols and Inceptisols oc-
cur in the gently- uridulating concave valley bot--

ii.On the basis of the physwgraphy of Mlkese
the dissected linear slopes may be 00 eroded
to be useful for crop production, whlle the
convex slopes on the other hand; could, w1th
careful management be utilized for crop pro—
duction. The areas with steép relief should be
reserved for catchment forestry.or for recre-
ation. Apart from localized areas where
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Table 8: Classification of representative soils:of'MiKese. Aréa,/Morogoro » i

Profile rwof USDA Soil =i w3 FAO-UnescoClassification  -i+:9

Taxonomy - : 1 1,1
Order Suborder Greatgroup....”.** Subgroup Family by Levell.... ... Level:2  tiu
KP1 Inceptisols Aguepts Tropaquepts ~ < ++ Typic Tropaquepts - Isohyperthermic; deep, Cambisols Gleyic ¢
i - mixed, Typic - -+ Cambisols ‘A
L Tropaquepts . . (CMg), sodic  »qy:
- o et phase  la
KP2 Mollisols Ustolls Argiustolls | 'l‘yplc Argxustolls Isohyperthermic, deep, Phaeozems Luvic -
, mixed, Typic Ar ustolls Phaeozems e
— e e e - e e —;-—t--—-—-«———y- ----- - — — ~——(PHl)— — &L
KP3 Mollisols Ustolls Argiustolls Typic Argiustolls Isohypenhenmc . deep, ; re Phaeozems joLuvic . sy J
mlxed Typlc Arglustolls Phaeozems
(PHI)
KP4 Inceptisols Tropepts . +*: ¥~ Ustropepts 2334 Fluvéntic Ustropeptsy *- Isdhyperthermic; deep2y s 27 Cambisolsiiz: Eufric 07 :& s'¢nT
mixed, Fluventic Cambisols
- Ustropepts =~ (CMe)
KPS ‘Iriceptisols '."  Tropepts “+* Ustropepts Fluventic Ustropept$- Isohyperthermic, deep~+  Cambisols  Euiric 1 T
mixed, Fluventic Cambisols
T 0 I 5 . S94 Ustropepts 0 [ (CM};) f .
KP6 Alfisols Ustalfs Haplustalfs Kanhaplic Isohyperthermic, deep, Lixisols Haphc Lxxlsols ta
W v e e Lo Haplustalfs *. 0 mixed, Kanhaplic ¢ 0 o LXKy = 30
ine, [y oo ISR M L) {81 Haplustalfs S n 0 €& .
KP7* Alfisols  » Ustalfs :*,  Haplustalfs Kanhaplic < . Isohyperthermic, deep,. = Lixisols ® Hapli¢ Lixisols
e g R N [ Haptustalfs +; 1, mixed, Kanhaplic ;, i (LXh) ¢ L
‘s . et 5 - re Haplusta]f§ \ 2 T [$9 Sl

[ . ooan Y K 4
Inceptisols . Tropepts- - Ustropgpts -~ . OxicUstropepts ..,  Isohyperthermic, deep, < Cambisols Femalic: -]
. i A ,  mixed, Oxic Ustropepts. 3 - Camblsols o

toms. The Alfisols have much higher contents. . tional Board for.Soil Research.and Management
of Fe, Al and Ti and relat1vely low Si/Al ratios. (IBSRAM) for the financial assistance to carry
The Inceptisols and Mollisols show low to inter-" . -out the research. They-are also very grateful<to
mediate pedogenic development with relat1vely ‘Professors K:-Kyuma and S: Arakl for provid-
lower Fe, Al and Ti contents and both h1gh Sr " ing ‘laboratory facilities at Kyoto Umversrty for
and Si/Al ratios. the determination of tofal elemental composmon

The topsoil textures of most of the soils are - - of-soil samples:-«-. .
predominantly sandy loam grading to sandy ., e e
clay loam and sandy clay with depth. These tex- ) CooT

tures together with the relatively low subsorl ‘,“References )

3 a . >
OM content, imply poor nutrient retemlon and ., 'Blaké, G.R. 1965. Bulk density. Tn: Meihods of Soil Analy-
low supply of N and P. , e s esis, part 1 (eds.-C.A Black, D.D. Evans, J.L. White,
Most of the soils are slightly acid:and have - k. . L:E. Ensminger and F.E. Clark); pp. 374-390. ASA,

" Madison, WlSCOﬂS]ﬂ
medium to_high levels.of the.essential basic cat- - :
£0. ugh ; s C esse | basic cat Bray, R H. and Kurtz ‘L.T7 1945. Dctermlnatlon of tofal,

ions for crop production. Thé ratio of the “hajor '_‘,? . vorganic and available forms of phosphorus in soils. Soil
nutrient cations-i-e Ca, Mg dnd K are favour- .. Sci: 59:30:45. . 1 2 - . L ~/

able and as such there is no immediate problém'? ”Bremnef J.M. and Mulvaney, C: 571982 Toul mtrogcn
i Methods of Soil Analysis, part 2, 2nd edit’ (eds.

of nutrient imbalance. However, continuous uti- A.L. Page, R.H.|Millér and D.R. Keeney), PP
lization of these sorls for crop productlon wlth- 7595624 ~ASA L, SSSA Manograph no..9,;Madison;
out proper management could result into drastic. - Wisconsin.
reductlon of OM It is therefore recommended Day, P.R. 1965’ Partlcle fractionation and particle size
S ~_ analysis™ In? Methods of:Soil"Aalysis, {part:1;_(eds.
that some amounts of 1norrgamc fertrlrzers _ C.A Black, D.D. EVans, J.L. White, L E. Ensmlnger
should” be applled from the very, begmnlng if and F.E. Clark), pp. 545 566. ASA, Madison, Wiscon-
these soﬂs are, to be used opt1mally for crop pro— S Lot sl dans il

Dcnt D and Young

ductlon . CRn sloviizicn  tion? E'& FN Spont‘ London; 278 ppDé" Pauw’E.
ge e e ‘|_ ol g fama oy s ':1984. -Soils, Physiography-and agroecologital Zonés: of
oL TET L uT S s ST Tanzania, Ministry of -Agriculture;and _Food and; Agri-
ACkI’lOWlCdgementS L T IR = M - culturc Orgamzatlon (EAO), Dar es Salaam e
it IS AN RS TS SR ol B Dl'xo 1B, and, Wecd S B..(eds. 3 1989 Mmerals m “soil

. " environménts? 2™ edmon Soil Sci’ Soc. Am’- Madi-
- The authors w1sh to express.their sincere‘ap son, Wisconsin, pp 1051~ 1087 iz

preciation-to the Norwegian-Agéncy:for Devel-2
opment Cooperation' (NORAD) and:the’ Interna:a

- '. .
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