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EXECUTIVE SUM:MARY

Mbinga district (like most of Tanzania) lacks soils information at sufficient detail for proper land use
planning and management. The district falls under the Miombo.woodlands zone of Tanzania which
are areas that are or were formerly under Miombo woodlands. these areas have been under natural
vegetation for a long time but are now being encroached by arable land uses. The resultant changes
in land cover are liable to disturb the ecological equilibrium of the natural resources. Studies to assess
the land resources have not been done adequately in these areas. . .

Several villages have been selected for detailed studies in the district. The selected villages will form
sample areas and nuclei of technology transfer in the district and the Miombo woodland areas of
Tanzania in general. The studies which are taking place include socio-economy, technological studies
and natural resources.

This report describes the natural resources study of LupUo village as part of the continuing project
on the assessment of the natural resources of Mbinga district. The study involved measurements of
terrain characteristics, quantitative investigations of soil properties, inventory of land use systems and
an assessment of the ecological potential and constraints as determined from a balance sheet analysis
of resources and land use requirements.

Climatic resources

There are no specific climatic records for Lupilo village. However, the rainfall pattern is monomodal,
starting in November and ending in May with an estimated mean annual precipitation of slightly less
than. 1,000 mol. During this period crop production is feasible without irrigation. The rest of the year
is virtually dry. The average annual temperatures for Mbinga district are reported to range from about
13"C in the Matengo highlands to about 30De on the shores of Lake Nyasa. The study area is
expected to be in between with mean annual temperatures between 20°C and 25°C. Seasonal
variations in temperature exist whereby the dry season (May to September) is cooler than t;he rainy
season.

Geology and landform

The study area is underlain by mixed intermediate and mafic metamorphic rocks. The higher-lying
parts of the village form hilland which is essentially a denudational landscape. Immediately below and
adjacent to the hilland are the piedmonts which are primarily colluvial (deposinonal) sites but are also
secondary denudational sites. The lowest-lying parts are the valleys. These form the ultimate sink for
all material eroded from the higher-lying land.

Vegetation and land use

In Lupilo village miombo woodland still prevails. In general miombo woodlands, with grasses as
undergrowth, occupy mainly the hillands and middle terrace of the moderately dissected piedmonts.
The dominant tree species are. Bradtystegia spp., Parinari curatelifolia, Uapaka kirikiana,
Pterocarpus angolensis. Others include Ntomoni and Mtumhitumhi. The dominant grasses are
Hyparrheniaspp, and Brycharia spp, There are two major categories of land use in Lupilo village:
ngoro andlor ridge cultivation with maize and beans as the dominant crops and shifting cultivation
(known as slash and burn) with finger millet as the main crop.

Soils
Eight mapping units were distinguished in the area and their distribution and extent are shown on the .
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soil map which is presented at the scale of 1:25,000. The soils of Lupilo area are:
(a) mainly shallow and very shallow, well and excessively drained dark reddish brown to dark

brown gravelly sandy clay loams to clay loams in the hilly landscape. Here rock outcrops and
surface stones are common. .

(b) very deep. well drained, dark red clays on the piedmonts. In many places these soils have a
moderately thick dark reddish brown, sandy day to clay topsoils to which the ngoro farming
practice has contributed a great deal in transforming.

(c) very deep, moderately well to imperfectly drained, brown and dark yellowish brown. sandy
clays and clays. In some places the soils are stratified andlor mottled.

The soils of the hillands were classified as Eutric Leptosol (Lithic Ustorthent) and Ferralic CambisoJ,
lithic phase (Lithic Ustropept) and Chromic Luvisol, lithic phase (Lithic Rhodustalt)

The soils of the piedmonts were classified as Ferric Luvisol (Typic Rhodusltalt), Haplic Acrisol
(Typic Rhodustult) and Geric Ferralsol (~hodic Acrustox).

The soils of the river valleys were classified as Eutric Fluvisol (Tropofluvent) and Dystric Cambisol
(Ustic Humitropept).

The bulk densities of most topsoils are relatively lower than those of the subsoils, ranging from 0.7
to 1.3 glee (topsoils) and 1.3 to 1.5 glee (subsoils). Total porosity ranges from 50 to 62 percent in
the topsoils and from 46 to 59 percent in the subsoils. Available water holding capacities of the soils
are between 120 and 167 mm per meter of soil.

The soils have overall poor supply of the major nutrients i.e. nitrogen and phosphorus. The CIN
ratios range from 10 to 18, which indicates good to moderate quality of organic matter. Most of the
basic cations e.g. Ca++, Mg" " and K+ are low to medium. The overall capacity of the soils to retain
nutrients against leaching is low (CEC values range between 6 and 12 Cmol(+)/kg).
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I.INTRODUCTION

Soil information gathering by systematically identifying, grouping and delineating different soils
accordingto their genesis, physico-chemical characteristics and overall ecological conditions is a pre-
requisite when sound interpretations towards land use potential are to be made. Socio-economic
factors also form an important element in land management (Msanya et al, 1.995).A good data bank
on soil properties and related site characteristics is inevitable for one to be able to advise both current
andpotential land users on how to use the land in the best possible way. Proper site selection and soil
characterization are also basic to the success of agronomic experiments and to the effectiveness of
extendingresearch results to a large number of farmers. Fertilizer and other agronomic trials carried
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.

Tanzaniain general and Mbinga district specifically have a lack of soils information at sufficient detail
for proper land use planning and management. A large part of Tanzania is covered by Miombo wood-
landsor was formerly under Miombo woodlands. These areas have been under natural vegetation for
a long time but are now being encroached by arable land uses. The resultant changes in land cover
are liable to disturb the ecological equilibrium of the natural resources. Studies to assess the land
resources have not been done adequately in these areas. In order to provide a starting point the
Miombo Woodlands Research Project (MWRP) was initiated and Mbinga district was chosen' as an
area which could represent a large part of Miombo woodland areas on Tanzania.

This study is part of the continuing Miombo Woodlands Research Project on the assessment of the
naturalresources of Mbinga district with particular emphasis on terrain, soils, vegetation and land use
systems. Information generated by this and other studies in the project will form a base for tbe
development of the soil information system for Tanzania (SIST AN) and its linkage to computerized
land evaluation systems and geographic information systems (GIS).

The Natural Resources Study team of the Miombo Woodlands Research Project at the .Sokoine
University of Agriculture, which carried out the current study, has, as one of its mandates, the
responsibility of providing information on natural resources to other research teams of the MWRP
working in Mbinga district. This study was aimed mainly at the identification of the soils of Lupilo
village, their pedological characterization and the spatial relationships between the identified
pedologicalentities.

The specific objectives of the study were:
(a) to identify and characterize the soils and terrain elements of Lupilo village;

(b) to map the spatial distribution of the existing pedological entities in the village;

(c) to classify the soils of Lupilo village using the two international systems adopted in Tanzania
(i.e. the FAO legend of the soil map of the world and the United States Department of
Agriculture [USDA] Soil Taxonomy system) in order to enable correlation with other areas
in the country and international transfer of soil technology;

(d) to link the properties of the land resources above to ecological requirements of the existing
land use systems in order to provide a basis for quantification of their potential and
constraints to the use of land in the village;

(e) to provide a land information system (LIS) to both researchers and land use planners in the
area that will guide activities related to management of land resources.
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2. MATERIALS AND METHODS

2.1. Pre-field work

The tasks performed during this phase including literature search, collection of available data and pre-
liminary study of the materials listed below:

Geological map at the scale of 1:125,000 quarter degree sheet 285 (85 N.E.) Mnada.
Geological survey of Tanganyika, 1957. Geological Survey Department, Dodoma, Tanzania.
Topographic map at the scale of 1:50,000, Kigonsera, map sheet 298/3, 1972. Ministry of
Lands, Survey and Mapping Division, Dar es Salaam, Tanzania.
Aerial photographs at the scale of 1:50,000, runs 8403, 8404, 8405, by Geosurvey
International Limited, August/September 1990.
SPOT imagery: False colour composite (FCC)
A report on the identification of indigenous tree species and shrubs for agroforestry use and
suggestion of boundary for the forest reserve in Mpepo Division, Mbinga district, Tanzania.
Mwihomeke, S.T., C.K. Rutfo and C.K. Mabula, 1991. Tanzania Forestry Research Institute
(TAFORI).

Before the commencement of the soil mapping, systematic stereoscopic interpretation of static and
dynamic photo elements (landform, geology, lineaments, drainage patterns. vegetation. land use and
drainage conditions was carried out. The delineated polygons on the photo interpretation map formed
the basis for planning the field mapping.

2.2. Field work

In the field soils were examined from hand auger borings. The free survey method was applied. using
the photo interpretation map to select observation and sampling points. At each observation site data
on pedological (soil morphological) characteristics, landform, elevation, slope gradients, parent
material (lithology), vegetation and land use/crops were collected. Soils were studied by description
of mini-pits plus auger hole borings and/or soil profile pits. In total 12 mini-pits and 11 soil profile
pits were studied and described. Description of the soils and landforms was done following standard
procedures as outlined in the FAO guidelines and USDA Soil Taxonomy. The data collected were
recorded on standard analogue field forms.

Correlation of the described soil augerings enabled soils similar in characteristics and in arrangement
of soil horizons to be singled out and mapped. In this way eight soil mapping units (section 3.2.5)
were confirmed on the photo interpretation base map.

Soil samples were collected from the field for laboratory analysis as follows:
disturbed soil samples for physico-chemical analysis
undisturbed soil samples for bulk density and soil moisture characteristics
composite topsoil samples (0-20 em) for soil fertility characterization.

Appendix 1 presents the soil profile descriptions and their corresponding laboratory data. Appendix
2 provides a guide to general evaluation of soil chemical and physical properties.

2.3. Post-field work

Post-field work activities included cartographic generalization of the topographic base map to reduce
thematic details and enlarging the scale to 1:25,000, transfer of the polygons delineated on the photo- .
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interpretation map onto the enlarged topographic base map and copying of the field and laboratory
analytical data recorded on the analogue forms into the national digital soil data base management
system (SISTAN).

2.3.1. Laboratory and office lWrk

Analysis of chemical and physical properties of soils was as follows:
pH was measured potentiometrically in water and in 1M KCl at the ratio of 1/2.5 soil-water and soil-
KCI respectively. Organic carbon was determined by the wet oxidation method of Walkley and Black
(Nelson and Sommers, 1982) and converted to organic matter by multiplying by a factor of t.724.
Total nitrogen was determined by Kjeldal method (Bremner and Mulvaney. 1982). Phosphorus was
extracted by Bray and Kurtz-I method (Bray and Kurtz, 1945) and determined spectrophotometrically
(Murphy and Riley. 1962; Watanabe and Olsen, 1965). The cation exchange capacity and
exchangeable bases were extracted by saturating soil with neutral 1M NH,OAc (Thomas, 1982) and
the absorbed NH4'" displaced by K+ using 1M KCl and then determined by Kjeldal distillation method
for the estimation of CEC of soil. The bases CaH• Mg2+. Na", and K+. displaced by NHH were
measured by atomic absorption. spectrophotometer. CEC of clay was calculated using the formula
developed hy Baize (1993) which corrects for the CEC contributed by organic matter (OM) as
follows:

CECelily ={[CECeoil - (% OM x 2)J/% clay} x 100.

Texture was determined by pipette method after dispersing soil with sodium hexametaphosphate
(calgon). Bulk density was determined using core sample method (Blake, 1965). Soil moisture
characteristics were determined using pressure plate and membrane apparatus (Klute, 1986).

2.3.2. Preparation and presentation of soil map and legend

The soi! map polygons were delineated on the basis of the following hierarchy of elements: land-
forms, relative position in the landscape, slope classes and soil properties. The soil mapping legend
is given in table 2.

In the legend and on the map every mapping unit has a code referring to the topography, Further
subdivision is based on slope and soil characteristics and is indicated by a number following the
capital letter. The column "soil description" in the legend gives the main characteristics of the soil
types i.e. soil depth, drainage, color, texture, and other diagnostic characteristics that separate each
soil type from all other soil types described.

2.3.3. Soil classification and data processing

Using both field and laboratory data the identified soil types were classified to level-2 of the FAO-
Unesco (1989) legend of the soil map of the world and up to subgroup level of the USDA Soil Taxon-
omy (Soil Survey Staff, 1990). This information is also included in the description of map units. Data
processing and report writing was done using SISTAN and other computer software available at
Sokoine University of Agriculture, Morogoro and National Service, Mlingano; Tanga.



3. RESULTS AND DISCUSSION

3.1. Physical environment

3.1.1. Location

Mbinga district in which the study was carried out is located within longitudes 34° 24'E and 35°
28'E and latitudes 10° IS'S and 110 34'S. Lupilo village is situated in the Kigonsera low hills and
footslopes. The approximate geographical coordinates are 35" 12' E and 10° 52' S. Figure 1 shows
the location of the study area

3.1.2. Climate

The rainfall pattern is monomodaI, starting in November and ending in May. During this period crop
production is feasible without irrigation. The rest of the year is virtually dry. The average annual
temperatures for Mbinga district are reported to range from about 13"C in the Matengo highlands to
about 30"C on the shores of Lake Nyasa (Mchan, 1993). The study area is expected to be in between
with mean annual temperatures between 20"C and 25"C. Seasonal variations in temperature exist
whereby t.be dry season (May to September) is cooler than the rainy season.

There are no specific climatic records for Lupilo Village. The study area falls in a relatively drier part
of Mbinga district and is estimated to receive a total annual rainfall of sligb,tly less than 1000 mm
compared to the average range of between 1,200 to t500 nun as reported by Mchau (1993) for
Mbinga district in general. Table 1 shows some rainfall data obtained from District authorities at
Mbinga covering a period of 6 years. The rainfall pattern is monomodal, starting in November and
ending in May. During this period crop production is feasible without irrigation. The rest of the year
is virtually dry.
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Table 1 Rainfall distribution (mm) during the period 1988/89 - 1993/94 at Mbinga

Month Sept Oct Nov Dee Jan Feb Mar Apr May Jun Jui Aug Total

Year

1988/89 56.0 70.1 179.2 198.3 110.1 253.7 139.9 35.0 1024.3

1989/90 82.0 200.0 149.9 188.5 166.4 137.3 15.5 939.6

1990/91 4.7 18.2 47.5 314.0 126.2 199.0 164.8 2.6 877.0

1991/92 79.4 182.6 218.5 179.3 151.5 65.5 64.4 941.2

1992/93 107.9 95.0 266.2 319.1 479.1 154.5 36.1 1457.9

1993/94 5.2 54.5 21.5 325.0 324.5 300.5 94.6 1125.8
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3. J .3. Geology and landforms

The underlying geology of Mbinga district is essentially comprising hornblende-biotite and garnet
gneisses, granulites and charnockites of the Ubendian system (Ministry of Commerce and Industries
1967). The geology of Lupilo village comprises two main geological blocks namely migmatized and
hornfelsed granulites and amphibolites (Geological Survey Department, 1956).

The village lies in three landscapes generally corresponding to altitude levels. The high areas are
predominantly hilly, the mid-altitude areas are piedmonts adjacent to the hilly landscape. The river
valleys comprise the lowest-lying landscape.

The general topography of the area comprises very steep slopes (dominantly 30 - 50%) in the hilly
landscapes, becoming gentler in the piedmont landscapes (mainly less than 10%, rising to about 30%
in some parts closer to the hillands). The valleys are generally flat, being river terraces and river
floors.

The hilly landscape is dominated by processes of denudation. Due to the high altitudes and steep
slopes the materials resulting from weathering of the lithological materials are removed relatively
quickly. These materials are deposited as colluvium on the piedmont". The valley landscape forms
the ultimate sink for all material denuded laterally from the higher landscapes as well as longitudinally
along the courses of the drainage ways and river courses.

3.1.4. Vegetation. and land use

Miombo woodland is the typical vegetation which covers approximately three quarters of the
agricultural land in southern Tanzania. Many agricultural lands in this part of the country are
influenced by the ecological conditions prevailing under miombo woodlands. Human influence in the
miombo woodland environment e.g. fuel wood harvesting, food production, livestock. keeping etc.
plays a major role in the ecological balance. This vegetation type contributes little to the soils in terms
of fertility. Once disturbed. its contribution disappears quickly and it can not be replenished quickly.
For this reason the practice of shifting cultivation (slash and burn) has evolved in these areas.

In this paragraph an inventory on vegetation and land use of Lupilo village is presented. The
relationship between landforms, soils, vegetation and land use is given in Table 2. Actually. natural
vegetation still exists only in the hillands and some parts of the piedmonts. In the remaining areas.
the woodland has been cleared. The lands in Lupilo village have been occupied for agricultural
production rather recently j .e. less than 15 years.

Miombo woodlands, with grasses as undergrowth, occupy mainly the hillands and middle terraces of
the moderately dissected piedmonts. The dominant tree species are Brachystegia spp., Parinari
curatelifolia, Uapaka kirikiana, Pterocarpus angolensis. Others include Ntomoni and Mtumbitumbi.
The dominant grasses are Hyparrhenia spp. and Brycharia spp.

A big part of the piedmonts and river valleys in Lupilo village are used for cultivation. There are two
major categories of land use in Lupilo village:
(a) Ngoro and/or ridge cultivation system with maize and beans as the dominant crops. Maize is

planted in November/December and harvested in July/August. Beans are planted in February
and harvested in May. In the river valleys maize and beans are planted in August on residual
moisture and harvested in February.

(b) Shifting cultivation (slash and burn) with finger millet as the main crop. The crop is planted
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in November/December and harvested in April/May.

Other minor land use systems are those based on coffee (Arabica), cassava, pigeon peas. bananas,
gronndnuts and mango.

3.2. Soils

3.2.1. Landforms, soils and vegetation/land use associations

The map showing the spatial distribution of the soils of Lupilo village is included in the back cove'
of this report. The relationship between landforms, soils and vegetation/land use is shown in table 2..



Table 2. Landforms, soils and vegetation/land use of Lupilo village

01 I

DOM1NANT

I
AREA

II

SOIL DESCRIPTION

II

VEGETATIONILAND USE

I
LANDFORll1 SLOPE (%)

IHa %

HILLAND (H), elevation 1000 to 1500 ill above sea level

HI Hills (summits and shoulder, convex 0- 2 597 12.5 Very shallow to shallow, well to somewhat Natural forest: mainly miombo woodland
slopes) excessively drained, dark reddish brown, gravelly (Brachystegia spp., Parinari curatelifolia, Uapaka

clay loams with very thin dark brown, sandy clay kirikiana, Pterocarpus angolensisy. Grasses:
loam topsoils; developed on mixed metamorphic mainly Hyparrhenia spp., Brycharia spp. Farming
rocks. In places rock outcrops, boulders, stones and systems include few ridge cultivation, with mainly
gravel appear at or near the surface maize, sweet potato and

finger millet.

H2 Hills (backslopes, linear, very steep 30 - 50 746 15.7 Association of: Very shallow to shallow, Natural forest: mainly miombo
slopes) excessively drained, dark brown, extremely woodland (Brachystegia spp.,

gravelly sandy clay loams with very thin, brown, Parinari curatelifolia, Uapaka
sandy loam topsoils; and Very shallow to kirikiana, Pterocarpus angolensisy. Grasses:
moderately deep, well to somewhat excessively mainly Hyparrhenia spp., Brycharia spp.
drained, dark reddish brown, clay loams with very
thin, dark brown, clay loam topsoils; developed on
mixed metamorphic rocks. In places occur rock
outcrops, boulders and stones up to 1 m high

STRONGLY DISSECIED PIEDMOI\'T (PI), elevation 950 to 1100 ill above sea level

Pll Higher terrace (rolling to hilly) 10 - 30 586 12.3 Very deep, well drained, dark red to dusky, clays, Ngoro cultivation system with maize and beans as
with moderately thick, dark reddish brown to the main crops. Coffee, few bananas and mango
reddish brown, sandy clay to clay loam, man-made trees are also grown. The unit is also covered with
horizon (ngoro epipedon) or topsoils; developed on few scattered miombo woodland trees such as
colluvium derived from mixed metamorphic rocks) Brachystegia spp. and Parinari curatelifolia.

P12 Middle terrace (undulating to rolling) 5 - 15 272 5.7 Very deep, well drained, dark reddish brown, Patches of natural forest mainly
sandy clays to clays, with thin dark brown, sandy miombo woodland (Brachystegia spp., Parinari
clay loam topsoils; developed on colluvium derived curatelifolia, Uapaka kirikiana, Pterocarpus
from mixed metamorphic rocks angolensisy. Also grasses (Hyparrhenia spp.).

Farming systems in this unit are ridge
cultivation with maize and beans as the main
crops. Slash and burn for finger millet cultivation
is also practised.

9



MODERA'IELY DISSEClED PIEDMONT (P2), elevation 900 to 980 ill above sea level

P21 Higber terrace (gently undulating to 2 - 10 1,243 26.2 Very deep, well drained, red clays, with very thin, Ridge and ngoro cultivation system; the main
undulating) yellowish red, clay topsoils; developed on crops grown are maize, beans, cassava. Few

colluvium derived from mixed metamorphic rocks bananas, pigeon peas, and pumpkins are also
grown. Fallow land about 3 to 5 years is common.
Few scattered trees such as Brachystegia spp.,
Ntomoni and Mtumbitumbi occur in the unit.

P22 Middle terrace (almost flat to gently 0- 5 221 4.7 Very deep, well drained, red clays with thick, red Natural forest: mainly miombo woodland (Brachy-
undulating) sandy clay topsoils; developed on colluvium derived stegia spp., Parinari curatelifolia, Uapaka

from mixed metamorphic rocks kirikiana, Pterocarpus angolensis). Grasses:
mainly Hyparrhenia spp., Brycharia spp. Farming
systems include some ridge cultivation with maize,
beans and groundnut as the main crops.

RIVER VALLEYS (V) elevation 850 to 950 m above sea level,

VI 863 18.2 Very deep, moderately well to imperfectly drained, Ridge and ngoro cultivation systems; the main
brown and dark yellowish brown, stratified, crops grown are maize, beans and cassava.
mottled, loams and sandy clay loams with thick, Other vegetation include Bamboo trees, Ferns,

Almost flat river terrace O· 2 dark yellowish brown; developed on alluvial- Hyparrhenia spp. and Napia grass.
colluvium derived from highly weathered mixed
metamorphic rocks

V2 224 4.7 Very deep, well drained, dark brown to dark Mainly miombo wood land trees.
yellowish brown, sandy clay loams with very thick,
dark brown, clay topsoils; developed on colluvio-al-
luvium derived from highly weathered mixed
metamorphic rocks

10
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Table 3. Texture, organic carbon, bulk density, total porosity and available water capacity of
selected soils of soils of Lupilo village

Profile No. Depth Textural Org.mc BuJk demity TOltl Availabk w.tc:r Available \Vater
(em) elMs carbon (~) (glee) poroMly (S> ClIJ*ity (" vol) capacity (1MIIm)

Ll'-l 0-10 SCI.. 1.8 r.t 57 13

25-60 SC 0.6 1.4 48 8 120

60-100 C 0.4 1.4 47 15

LP-2 0-15 SC [.0 1.3 53 13

J5-55 C 0.4 1.3 SO 15 149

55-100 C 0.2 l.Z 57 16

LP-3 0-10 C 3.2 1.0 62 13

40-50 C 1.0 1.2 58 14 167

50-100 C 0.3 1.1 59 21

Lp·6 0-20 C 3.4 1.2 55 16

40-55 SCI. 1.4 1.4 49 17 148

7S·IOO SeL 0.4 1.5 46 11

LP-7 0·15 SC 1.4 1.3 51 18

40-85 C 0.2 1.1 60 l~ 156

85-120 C 0.2 1.0 63 11

LP·9 0-15 CL 3.1 0.1 73 16

30-55 CI- 0.8 1.5 44 16 120

90-110 SCL 1l,4 1.5 .•4 10

LP-1O 0-18 CL 2.3 1.3 53 11

40-80 C 0.4 1.5 48 13 1:;1:2

~O-120 C 0.2 1.4 51 14
ZA
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3.2.2. Physical properties

Four main soil £.hysical properties, i.e. texture, bulk density, porosity (Table 3) and water retention
characteristics (Figures 2) are presented and discussed.

Soil texture, bulk density and total porosity

The dominant texture of the studied soils is sandy clay and clay except fqT. profiles LP-6 and LP-9
m which the texture IS preqmmnantly. sandy clay loam. The bulk densltle~ of most topsolls are
relatively lower than those of the subsoils; ranging from 0.7 to 1.3 g/cc (topsoils) and ].3 to 1.5 glee
for the subsoils. Profiles LP-6 and LP-9 have 11igher bulk densities- (t.5 glee) in the deeper subsoils
while profile LP-7 has the lowest bulk densities (1.0 - 1.1 glee). Total porosity ranges from 50 - 62 %
in the topsoils and from 46 - 59% in the subsoils except tor profile LP-7 which has total porosity of
60 - 63% in the subsoils. Bulk density and total porosify of tfie soils are mainly influenced-by texture
and to some extent by the organic matter content of the soils.

Water retention and available water capacit)·

Figure 2. shows the moisture characteristics of three depths (surface horizon, intermediate horizon and
subsoil) of the studied profiles. In Lupilo village the soils are mainly clayey in texture. Therefore they
have relatively high matric potenti:il throughout the suction ranges which decreases gently with
increasing suction. Nonetheless, differences of practical significance exist which are related to topo-
graphic position in the landscape.

In the alluvial landscap~l at any given water potential, the volume fraction of water in the surface
layer was higher than mat in the intermediate layer and subsoil. This can be explained by the
relatively higher organic matter in topsoils (see Table 3). III the piedmont this trend is reversed. This
can be explained by the fact that organic matter levels In the topsoils of the piedmont are in general
not much higher than in the subsoil, but there is a general increase of clay content with depth, Thus
texture is the controlling factor for water retention. Profile LP-3 is exceptional for piedmont soils due
to its high organic matter levels in the topsoil and high porosity. Available water capacity per meter
of soil ranges from 120 to 167 mm (Table 3).

3.2.3. Chemical properties

The analytical data of the studied soillrotiles are given in Appendix 1. Table 4 and 5 present the
chemical analyticaldata of topsoils an subsoils of Lupilo soils. The following chemicaf properties
are presented and dISCUSSed:

Soil reaction

Soil pH values are medium acid in most topsoils ranging from 5.7 to 6.0. The subsoils are strongly
acid to medium acid with pH values ranging from 5.0 to 5.8. The pH values of profile LP-3 (map
unit P21) are strongly acid in the topsoil and very strongly acid in the subsoil. In general nearly an
topsoils have higher pH values than subsoils. Soils with very' low pH values (less than 5.5) and high
aluminum saturation levels require very high doses of fertilizers as wen as beavy liming to obtain
acceptab1tU'ields. Soils of mapping unit P21 (profile LP-3) have medium percent aluminum saturation
(41 to 54 '10) in the subsoils. .

Organic matter and nitrogen

Organic matter contents are generally medium to high corresponding to organic carbon levels between
1.4 to 3.5 percent in topsoils. The levels of organic matter in the subsoils are very low (less than-Il.fi
percent organic carbon). The soils of profile LP-2 (map unit PIt) are low in organic matter (less than
1.2 percent organic carbon). In most soils absolute nitrogen levels are generally low (less than 0.2
percent). However, the topsoils of these soils have moderate to good quality organic matter contents
{C/N ratios between 10 and 18).

A vailable phosphorus

AU soils have low levels of available phosphorus in the subsoils (about 1 mg P/kg). An average
phosphorus levels of more than 7 mg Pfkg are considered to be o.p.tlmum below which P-deficiency
symptoms are like.!)' to occur in many crops. The topsoils of profile .LP-l, LP-3, LP-4, LP-6, LP ...7
and LP-1O have high levels (ranging from 20 to 31 mg P/kg) of available phosphorus. The topsoils
of remaining soils have very Jow levels of available phosphorus (less than 6 rngP/kg). .
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Cation exchange capacity (CEC)

The CEC reflect the cap'acity of the soil to retain nutrients against leaching. CEC values of most soils
are low ranging from 6 to 12 me/l00g soil. The soils of profile LP-5, LP-6, LP-9 and LP-lO have
high CEC values (ranging from 15 to 30 Cmol( +)/kg).

Exchangeable Calcium (Ca), Magnesium (Mg) and Potassium (K)

Table 5 presents the topsoil and subsoil exchangeable cations (Ca. Mg, and K) levels of LUJ,Jilosoils.
II appears that the levels of exchangeable Ca and Mg are very low to low for most soils and medium
to liigh for profiles LP-5, LP-6, LP-9 and LP-IO, Exchangeable K levels are low to medium in most
topsoils,

Nutrient balance

The availability of nutrients for uptake by the plant depends. not only uI!on absolute levels but also
on nutrient balances, It IS Lffiportant to consider the nutrient ratios CalMg, Mg/K and Kltotal
exchangeahle bases Ca, Mg, K and Na (TEB). The general trends for Lupilo soils are as follows:
In most soils calcium, magnesium and potassium are well balanced with calcium higher than
magnesium and magnesium higher than potassium. Ca/Mg ratios are 2 and 3 which is considered to
be an optimal range. The Mg/K ratios for most soils are in the range of 1 to 4. Because of overall
higher K levels this ratio is reported as unfavourahle for most tropical crops, The K levels are
medium for most of the soils.I'he overall KlTEB (total exchangeable bases) ratios are above 2
percent which is said to be favourable for most tropical crops.

3. 2. 4, Soil classification
Table 6 gives a summary of the salient soil morp.hological and diagnostic features used in classifying
the soils. Table 7 gives the soil names according to the two systems of classification used, The soils
were categorized into five soil orders of the USDA Soil Taxonomy namely Ultisol (LP-l), Oxisol
(LP-21 LP-3, LP-7), Entisol (LP-4 and LP-9), AI.fiso! (LP-5 and LP-10) and Ince:ptisol (LP-6 and LP-
g) which respectively correspond to Acrisol, Ferralsol, Leptosol/Pluvisol, Luvisol and Cambisol in
the FAO-Unesco Classificatfon.



Figure 2:
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Table 4. Chemical analytical data of soils of Lupilo village

Profile Depth C/N Base
No. saturation %

LP-1 Topsoil 6.0 1.8 0.12 15 28 7.0 61

subsoil 5.3 0.4 0.03 12 12 8.8 39

LP-2 Topsoil 5.9 1.0 0.09 11 6 6.1 63

Subsoil 5.4 0.2 0.02 10 1 5.8 48

LP-3 Topsoil 5.3 3.2 0.20 16 31 11.9 39

Subsoil 4.7 0.3 0.03 10 1 8.5 9

LP-4 Topsoil 5.7 1.8 0.11 16 31 11.7 55

LP-5 Topsoil 6.1 3.1 0.18 17 2 18.3 64

Subsoil 6.1 0.6 0.06 10 1 29.7 70

LP-6 Topsoil 5.5 3.4 0.19 18 20 27.8 47

Subsoil 5.7 0.4 0.04 10 17.3 52

LP-7 Topsoil 5.7 1.4 0.08 18 25 6.7 52

Subsoil 5.4 0.2 0.02 10 7.3 46

LP-8 Topsoil 5.8 2.4 0.13 18 5 7.3 62

Subsoil 5.8 0.5 0.05 10 1 7.0 62

LP-9 Topsoil 5.7 3.1 0.24 13 1 23.5 53

Subsoil 5.0 0.5 0.04 13 1 15.0 28

LP-10 Topsoil 6.1 2.3 0.17 14 26 15.0 69

Subsoil 5.7 0.4 0.04 10 1 20.5 56
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Table 5. Interpretation ratings for exchangeable cations of Lupilo soils

Exchangeable Calcium Exchangeable Magnesium (me/100g Exchangeable Potassium (me/lOOg Percent Aluminum
(Cmol(+)/kg) soil) soil) saturation

Profile No. Map Unit Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil
(0-20cm) (30-1S0cm) (0-20cm) (30-1S0cm) (0-20cm) (30-150cm) (0-20cm) (30-1S0cm)

LP-1 P12 Low Very low Low Low to medium Medium Low to medium Nil Low
(2.4) (1.3-1.8) (0.7-1.4) (0.6-1.2) (0.42) (0.33-0.67) (S)

LP-2 Pll Low Very low Medium Low Medium (0.S4) Low Nil Nil
(2.0-4.1) . (1.6-1.7) (1.3-1.8) (0.5-0.8) (0.33-0.37)

LP-3 P21 Low Very low Medium Very low to low Medium (0.42) Low to medium Low Medium
(2.3) (0.4-0.8) (1.9) (0.10-0. SO) (2) (41-S4)

(0.1-0.S)

LP-4 HI Low to medium Nil Low to medium Nil Low to medium Nil Nil Nil
(1.4-2.7) (0.33-66)

(4.6-5.8)

LP-S H2 Medium High High High Medium (0.91) Medium Nil Nil
(7.2) (9.2-13.7) (3.5) (6.4) (0.64)

LP-6 V2 Medium to high Medium Medium Medium to high Medium (0.42) Low to medium Nil Low
(3.4-S.3) (1.8) (2.1-3.6) (0.26-0.53) (1-2)

(8.0-10.7)

LP-7 P22 Low Very low Low Low to medium Low to medium Low to medium Nil Nil
(2.5) (1.5-1.9) (0.S-1.0) (0.31-0.50) (0.29-0.54)

(0.8-1.3)

LP-8 H2 Very low (2.0- Very low Low Medium Medium Medium Nil Nil
2.S) (1.8) (0.8-1.3) (1.2) (0.40) (0.41)

LP-9 VI Medium Low Medium Medium Low to Medium Very low Nil Low
(8.3-8.8) (2.1-2.9) (2.4-2.8) (1.2-1. 7) (0.32-0.71) (0.OS-0.21) (8-16)

LP-10 Pll Medium Medium Medium to high High Medium Medium Nil Nil
(7.8-8.5) (6.8-8.0) (1.1-4.9) (2.6-4.6) (0.48-0.78) (0.49-0.6S)

16



Table 6.
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Summary of salient morphological and diagnostic features of the studied
representative soils

Profile Other diagnostic featuresDiagnostic horizons

LP-l Ustic SMR; Isohyperthemic STR

LP-2

LP-3

LP-4

LP-5

LP-6

LP-7

LP·8

LP-9

LP-IO

*Ochric A (*ochric epipedon); *argic
B (argillic horizon)

*Ochric A (ochric epipedon); *ferrallic
B (oxic horizon)

*Ochric A (ochric epipedon); *ferrallic
B (oxic horizon)

*Ochric A (ocbric epipedon)

*Ochrie A (ochric epipedon): *argic B
(argillic horizon)

*Oehric A (ochric epipedon); *cambic
B (cambic horizon)

*Ochric A (ochric epipedon); *ferrallic
B (oxic horizon)

*Ochric A (ochric epipedon); *cambic
B (cambic horizon)

*Ocbric A (ochric epipedon)

*Ochric A (ochric epipedon); *argic B

(argillic horizon)

Ustic SMR; isohyperthermic STR; *ferric
properties; gerric properties (small textural
gradient in the B-horizon)

Ustic SMR; isohyperthermic STR; *gerric
properties (small textural gradient in the B-
horizon)

Ustic SMR; isohyperthermic STR .

Ustic SMR; isohyperthermic STR; lithic
phase

Ustic SMR; isohyperthermic STR

Ustic SMR; isohypertbermic STR; *gerric
properties (small textural gradient in the
B_horizon)

Ustic SMR; isohyperthermic STR; ferralic
properties

*Fluvic properties; *gleyic properties (aquic
SMR); isohyperthermic STR

Ustic SMR; isohyperthermic STR; *ferric
properties; gerric properties (small textural
gradient in the B-horizon)

if

NB. * terminology used particularly in tbe FAO-Unesco Classificsticn; those without" are USDA

System



Table 7. Classification of the studied representative soils

F AO-Unesco legend classification USDA soil taxonomy
PROFILE level 1 level 2 order suborder sub-groupgreat group

LP-l Acrisol Haplic Acrisol (ACh) Ultisol Ustult Rhodustult Typic Rhodustult

LP-2 Ferralsol Geric Ferralsol (FRg) Oxisol Ustox Haplustox Rhodic Haplustox

LP-3 Ferralsol Gene Ferralsol (FRg) Oxisol Ustox Acrustox Rhodic Acrustox

LP4 Leptosol Eutric Leptosol (FPe) EntisoJ Orthent Ustorthent Lithic Ustorthent

LP-5 Luvisol Chromic Luvisol (LVx), lithic phase Alfisol Ustalf Rhodustalf Lithic Rhodustalf

LP-6 Cambisol Dystric Cambisol (CMd) Inceptisol Tropept Humitropept Ustic Humitropept

LP-7 Ferralsol Gerie Ferralsol (FRg) Oxisol Ustox Haplustox Rhodic Haplustox

LP-8 Cambisol Ferralic Cambisol (FRo) Inceptisol Tropept Ustropept Lithic Ustropept

LP-9 Fhrvisol Eutric Fhrvisol (FLe) Entisol Fluvent Tropofluvent *
LP-lO Luvisol Ferric Luvisol (LVf) Alfisol Ustalf Rhodustalf Typic Rhodustalf

18
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3.2.5. Description of soil mapping units

Each mapping unit is described in a defined order. The first paragraph outlines the setting (landform
and vegetation cover) of the unit. The second paragraph outlines the field characteristics of the soil
profile; the major soil horizons are described in terms of colour, texture, structure and thickness or
depth range of the horizon. Soil names according to the FAO-Unesco legend of the soil map of the
world are given, together with USDA Soil Taxonomy equivalents in brackets. Physical properties
(drainage, effective rooting depth, bulk density, available water capacity) are discussed in the third
paragraph. The fourth paragraph concerns the chemical properties of the soil. Physical and chemical
properties are described in relative terms. Absolute values are presented under the chapters discussing
the physical and chemical properties respectively.

Mapping unit HI

Veryshallow to shallow, well to somewhat excessively drained, dark reddish brown, gravelly clay
loamswith very thin dark brown, sandy clay loam topsoils; developed on mixed metamorphic rocks.
Inplaces rock outcrops, boulders, stones and gravel appear at or near the surface.

Setting:
This unit is on the summits (convex slopes) of Lupilo hills. It occupies the highest positions in the
billand landscape. The slopes are between 0 and 2 percent at mean elevation of about 1500 m as1. The
lands are occupied with natural forest mainly miombo woodland (Brachystegia, Parinari curatelifolia,

Pterocarpus angolensisi with less dense grass vegetation (Hyparrhenia; Brycharia) as undergrowth.
Farming systems include few ridge cultivation with mainly maize. sweet potato and finger millet.

Soil profile characteristics:
The topsoil (about 10 em thick) is dark brown, friable, sandy clay loam and it is moderately
structured. The subsoil to a depth of 30 ern is friable, dark reddish brown, gravelly clay loam and
it is moderately structured. The soil classifies as Eutric Leptosol (Lithic Ustorthent) and profile
LP-4 is representative.

Soil physical properties:
The soil is well to somewhat excessively drained and the rooting depth is limited at 30 em. The
available water capacity is low. The surface conditions are limited by rock outcrops, boulders, stones
and gravels.

Soil chemical properties:
Organic matter contents are medium. Nitrogen levels are low in the topsoils. The available
phosphorus is generally high. The soil is medium acid and has low to medium levels of exchangeable
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bases. The overall capacity of the soil to retain nutrient is low.

Mapping unit H2

Association of' Very shallow to shallow, excessively drained, dark brown, extremely gravelly sandy
clay loams with very thin, brown, sandy loam topsoils; and Very shallow to moderately deep, well
to somewnat excessively drained, dark reddish brown, clay looms with very thin, dark brown, clay

loam topsoils; developed on mixed metamorphic rocks. In. places occur rock outcrops, boulders and
stones up to 1m high.

Setting:

The unit occupies the backslopes (very steep linear slopes) of Lupilo hills. The dominant slopes are
between 30 and 50 percent and the mean elevation is at about 1100 m asl. Typically the soil surface
is rocky, bouldery and stony. The lands are occupied with natural forest mainly miombo woodlands
(Brachystegia, Parinari curatelifolia, Pterocarpus angolensisv with less dense grass vegetation
tHyparmenia, Brychariai as undergrowth.

Soil profile characteristics:

The topsoils less than 10 em thick, are brown and dark brown, sandy loam and clay loam and weakly
to moderately structured. The subsoils to a depth of 50 em are friable and firm, dark brown and dark
reddish brown sandy clay loam and clay loam and it is moderately strongly structured. The soils
classifies as Ferralllc Cambisols - Lithic phase (Lithic Ustropept) and Chromic Luvisol - Lithic

phase (Lithic Rodustalfs) and profiles LP-8 and LP~S are representative respectively.

Soil physical properties:
The soil are well to excessively drained and the rooting depth is less than 50 em. The available water
capacity is low. In places surface rock outcrops, boulders and stones are common.

Soil chemical properties:
In these soils phosphorus and nitrogen are clearly deficient with levels varying from very low to low.
Topsoils have medium to high amounts of moderate quality organic matter. The soils are medium and
slightly acid. The soils have low to medium levels of exchangeable bases. The capacity of the soil to
retain nutrient is very low for profiles LP-8 and high for profiles LP~5.

Mapping unit P11

Verj deep, well drained, dark red to dusky red. clays, with moderately thick, dark reddish brown to
reddishbrown, sandy clay to clay loam, man-made horizon (ngoro epipedon) or topsoils; developed,
on colluvium derived from mixed metamorphic rocks.
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Setting:
The unit occupies the higher terrace of the strongly dissected piedmont slopes. The dominant slopes
are generally between 10 arid 30 percent with rolling to hilly topography and the mean elevation is.
at about 1000 m asl. In this unit Ngoro is the main cultivation system with maize and beans as the
main crops. Coffee, few bananas and mango trees are also grown. The unit is also covered with few
miombo woodland trees such as Brachystegia and parinari curatelifolia.

Soil profile characteristlcs;
The topsoil (15 to 20 em thick) is reddish brown to dark reddish brown, friable, sandy clay to clay
loam and moderately structured. The subsoil to a depth of 180 em and more is friable, dark red to
dusky red, clay and it is moderately structured. The subsoils show diffuse textural and colour gradient
with many Mn-Fe-Clay nodules increasing with depth. 'The soil classifies as Geric FerraLsol (Rhodic
Haplustox) and Ferric Luvisol (Typic Rhodustalf) and profile LP-2 and LP-IO are representative
respectively.

Soil physical properties:
The soil is well drained, the root zone extends to a depth of 180 cm and deeper. Available water
capacity is medium (120 to 150 mm/m). Bulk density is medium around 1.3 glee in the topsoil and
1.4 glee in the subsoil. Total porosity is high (more than 50%) both in the topsoil and subsoil.

Soilchemical properties:
The soil has overall poor supply of major nutrients i.e. nitrogen and phosphorus. Potassium levels
are medium in the topsoil and low to medium in the subsoil. The soil reaction is medium slightly
acid in the topsoil and strongly to medium acid in the subsoil. The soil has overall good amounts of
organic matter. Calcium and magnesium levels are low to medium. TIle soil has very low to medium
capacity to retain nutrients.

Mapping unit P12

Very deep, well drained, dark reddish brown, sandy clays to clays, with thin dark brown, sandy clay
loam topsoils; developed on colluvium derived from mixed metamorphic rocks.

Setting:
The unit occupies the middle terrace of the strongly dissected piedmont slopes. The slopes are
between 5 and 15 percent with undulating to rolling topography. The mean elevation is at about 950
m asl. The lands are covered with patches of natural forest mainly miombo woodland (Brackystegla,

Parinari curatelifolia and Pterocarpus angolensi,s) and grasses mainly Hyparrhenia as undergrowth.
Farming systems in this unit are ridge cultivation with maize and beans as the main crops. Slash and
burn for finger millet cultivation is also practised.
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Soil profile characterisiics:
The topsoil (about 10 em thick) is dark brown, sandy clay loam.. The consistence is friable and it is

moderately structured. The subsoil to depth of 150 em and deeper is dark reddish brown, friable

sandy cJay to clay with moderate structure. Small and hard irregular feldspar nodules are common.

This soil classifies as HapUc Acrlsol (Typic Rhodustult) and profile LP-l is representative.

Soli physical properties:
The soil is well drained. The rooting depth is more than 150 em. The available water capacity is
medium (119 mm/m). Bulk densities are medium with values ranging between 1.1 glee in the topsoil

to 1.4 glee in the subsoil. The soil has high porosity in the topsoil (57%) and about 48% in the

subsoil.

Soil chemical properties:
The soil has overall poor supply of nitrogen. Phosphorus levels are high in the topsoil. Exchangeable

bases are generally low. The soil reaction is medium acid in the topsoil and strongly acid in the

subsoil. The soil has overall moderate quality organic matter. The soil has very low capacity to retain
nutrients.

Mapping unit P21

Very deep, well drained, red clays, with very thin, yellowish red, clay topsoils; developed on
colluvium derived from mixed metamorphic rocks.

Setting:
The unit occupies the higher terrace of the moderately dissected piedmont slopes of Lupilo hills. The

slopes are between 2 and 10 percent and the mean elevation is at about 980 m asl. The lands are
mainly agricultural land with ridge and ngoro cultivation as the main cultivation system. The main

crops grown are maize, beans and cassava. Few bananas, pigeon peas, and pumpkins are also grown.

Fallow land about 3 to 5 years is common. Few scattered trees such as Brachystegia, Ntomoni and

Mtumbitumbi are also found in the area.

Soil profile characteristics:
The topsoil is 10 em thick and the colour is yellowish red. The soil is friable and texture is clay

throughout. The structure is moderate in the topsoil and weak in the subsoil. The soil classifies as

Gerrie Ferralsol (Rhodic Acrustox) and the profile LP-3 is representative.

Soil physical properties:
The soil is well drained. The rooting depth extends to a depth of 150 em and deeper . Available water

capacity is high (167 mm/m). Bulk density is low (1.0 glee) in the topsoil and medium (1.1 to 1.2

glee) in the subsoil.
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Soil chemical properties:
The soil has overall low supply of nitrogen. Phosphorus is high in the topsoil and very low in the
subsoil. Potassium levels are medium. Topsoils have moderate quality of organic matter. The soil

reaction is strongly acid in the topsoil and very strongly acid in the subsoil associated in some profiles

with medium levels of aluminum saturation (aluminum saturation between 40, and 50 percent).

Calcium and magnesium levels are very low to low. This soil has low capacity to retain nutrients.

Mapping unit P22

Very deep, well drained, red clays with thick, red sandy clay topsoils .. developed on colluvium
derived from mixed metamorphic rocks.

Setting:
The unit occupies the middle terrace of the moderately dissected piedmont slopes of Lupilo hills. The

dominant slopes are between 0 and 5 percent and the mean elevation is at about 920 m asl with almost
flat to gently undulating topography. The lands are covered with natural forest mainly miombo
woodland (Brachystegia, Pterocarpus angolensis, Parinari curatelifolia, Uapoka kirtkianas with

grasses iHyparrhenia. Brychariay as undergrowth. Farming systems including some ridge cultivation

of maize. Beans and groundnut are also grown.

Soil profile characteristics:
The topsoil (15 em thick) is red, friable, moderately structured sandy clay. The subsoil to adepth of

170 em and deeper is red, friable. clay and weakly structured. Spherical and hard feldspar fragments

are common in the subsoil. The soil classifies as GelTic Ferralsol (Rhodic Acrustox) and profile

LP-7 is representative.

Soil physical properties:
The soil is well drained. The rooting depth extends to a depth of 170 em and deeper. Available water

capacity is high (156 mm/m). Bulk density is medium (1.3 g/cc) in the topsoil and low (1.0 glee) in
the subsoil. Total porosity is around 50% in the topsoil and more than 60% in the subsoil.

Soil chemical properties:
The soil has overall very low supply of nitrogen, Phosphorus is high in the topsoil and very low in

the subsoil. Potassium levels are low to medium. Topsoils have moderate quality of organic matter.
The soil reaction is medium acid in the topsoil and strongly acid in the subsoil. Calcium and

magnesium levels are very low to low. This soil has low capacity to retain nutrients.
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Mapping unit VI

Very deep, moderately well to impeifectly drained, brown and dark yellowish brown, stratified,

mottled, loams and sandy clay loams with thick, dark yellowish. brown; developed on alluvial-

colluvium derived from highly weathered mixed metamorphic rocks.

Setting:
The unit represents the almost flat river terrace of the low lying drainage ways and river courses in
Lupilo village. The slopes are between 0 and 2 percent. The lands are covered with dense mixed
vegetation including few, scattered miombo woodland, bamboo trees, ferns, and grasses (Hyparrhenia

and Napia grass). Ridge and ngoro cultivation systems are also practised with maize, beans and
cassava as main crops.

Soil profile characteristics:
The topsoil (15 em thick) is dark yellowish brown, friable, clay loam. The subsoil is dark yellowish
brown and brown, firm, clay loam to sandy loam and sandy clay loam with common angular fresh
mica fragments and massive structure. This soil classifies as Eutric Fluvisol (Tropofluvent) and
profile LP-9 is representative.

Soil physical properties:
The soil is moderately well to imperfectly drained. The rooting depth extends to a depth of 160 em
and deeper. Available water capacity is medium (120 mmlm). Bulk density L" low « 1.0' g/cc) in
the topsoil and high (> 1.5 g/cc) in the subsoil. Total porosity is high (around 70%) in the topsoil
and less than 45 % in the subsoil.

Soilchemical properties:
The soil has overall very low supply of phosphorus. Nitrogen is medium in the topsoil an.d very low
in the subsoil. Potassium levels are low. Topsoils have good quality amounts of organic matter. The
soil reaction is medium acid in the topsoil and very strongly acid in the subsoil associated in some
profiles with low levels of aluminum saturation (aluminum saturation between 10 and 20 percent).
Calcium and magnesium levels are medium. This soil has medium capacity to retain nutrients. ,

Mapping unit V2

Verydeep, well drained, dark brown to dark yellowish. brown, sandy clay loams 'With very thick, dark
brown, clay topsoils; developed on colluvio-alluvium derived from highly weathered mixed

metamorphic rocks.
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Setting:

The setting of this unit is similar to those of unit V2.

Soil profile characteristics:

The topsoil is very thick (about 20 em thick), dark brown, friable, clay with moderate structure. The

subsoil is dark brown to dark yellowish brown, friable, sandy clay loam, with weak structure.

Weathered fragments and small and hard irregular feldspar nodules are common. The soil classifies

as Dystric Cambisol (Ustlc Humltropept) and profile LP-6 is representative.

Soil physical properties:

The soil is wen drained and the rooting depth is deeper than 145 em. The available water capacity
is medium (148 mm/m). Bulk density is medium (1.2 g/cc) in the topsoil and relatively higher (1.4

to 1.5 glee) in the subsoil. Total porosity decreases with depth i.e. 55 % in the topsoil to about 45 %
in the subsoil.

Soil chemical properties:

The topsoil has high contents of organic mater and low to medium supply of major nutrients i.e.

nitrogen, phosphorus and potassium. Soil reaction is strongly acid. Calcium and Magnesium levels

are medium to high. The soil has medium to high capacity to retain nutrients.



4. CONCLUDING REMARKS
Theclimatic conditions prevailing in Lupilo are not limiting for the production of adapted crops. The
amountof rainfall is sufficient to support most crops. The soil physical characteristics are also favor-
ablefor rooting and aeration. However, in most parts of the village slopes are steep, which results
in losses of water supply from rainfall and soil erosion. The hazard of soil erosion is mainly due to
theclearing of vegetation which has been done after introduction of agricultural production. The area
was originally covered by miombo woodland until the late 1970s; this vegetation still exists in many
parts of the Village.

In order to protect the lands of the village from further erosion, the steep parts and hills should be
protected from clearing. and where possible trees should be replanted. In areas where lands are
already under arable agriculture. studies to determine the effectiveness of the established ngoro

farmingtechnology in land conservation should be undertaken. Research on agroforestry should also
be taken into consideration.

Mostof the soils in the area have low to medium exchangeable potassium, available phosphorus, and
lownitrogen and organic matter content. The low soil fertility in Lupilo village is to a large extent
due to the high degree of weathering of the soils which are relatively old. In Lupilo village, as in
otherparts of the miombo ecosystem, organic matter (from the natural vegetation) is the dominant
contributingfactor to soil fertility. The mineral exchange complex has less contribution. Once the
woodland is cleared and annual crops established, replenishment of organic matter is reduced
drasticallyand soil productivity declines very quickly. Therefore, apart from mineral fertilizers, trials
on the application of organic matter and its economics and well as the social implications should be
carriedout. Due to the low pH levels in most of the soils, there may be a P-fixation problem. All P-
fertilizer experimentation should take this factor into account in order to come out with proper
fertilizerrecommendations for the village,
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Appendix 1 Soil profile descriptions and analytical data

Prvfile JIIIIIber : lP·1 lIappinq unit: P12
1lI!gi0ll : Ruvue
Ofstrict : Itli rl9a
••• sIIeet 00. : 296/3
CoordiMtes : 35' B' 48.1" El10' 52' 39.0" 5
1..IIaIti0ll : 27 kJI frOlWHbinga to Kitanda "urd (1.5 kJI east of village office)
£lewt1on : 930 !IIast. Parem: llllterial: colluvilS derived froe .ixed metilllOrpOic rocks.
I..aIldfara : piedllloot plain; rolling. Slap!!: 11 %; straight
StrfICl! d!riICtt'Mstics: Outi::rops: 0 : Erosion: none or slight. OepositfGII: none.
1lMI1Jl1!11! class: well draillP.\l
llescrflled tI)': 6.101. HsanY8. D.N. KiQro, J.P. MiI9O!I9O and A.r. I(jwelu on 25/10/94

Soils: Very deep. well drained. dart; reddi:;h brown. sandy cl~s to clays with thin dart; broIin sandy
clay 10\lIl topsoil

A.h O· 1001: dart; brown <7.S,(R4f4) dry. darkbrolm (7.5YR3fZ) 110151; serntycll1yloall; soft dry.
friable lIOist. 51ightly stidy and slightly plastic wet; lIIOde!'ate fine and lledi ••
subanguhr blocks; IIi!I1Y f1Re end very fine pores; few saall irregular hard
feldsp¥ nodules; ~ flne and few lIIedi•• roots: pit!<:&S of ch1ll'roal, el.,. + Fe
oodules thrOU9haut; grildu>.!1 s.ooth bourodory to

BA 10· 25 011: ~1l0ll<1shred (SYl!.4f6)dry. dark re<Jdis!l brown (5YR3/4) lIOist; Satldy cli)' ;oaII;

soft dry. friable lI!Oist. sl1ghtly stldy ind plastic wet; lIOderrtl! fine and lIIediu.
sl/bal'l!/Uiar blocks; l!l3ny fine Ind very fille pores; few millIS 1rregular hard
feldspar nodules; ff!¥ coerse and ~ fine roots; clear SlIOOth boundary to

IIt1 2S. 60 01: darl::red(Z.5YR3/6) dry. dari<re<ldlshbrown (Z.SOO/4) lOOi51; saMyclay; herd dry.
friable lIOist. 51ict,y and plastiC wet; IIOderate lledila subangular blods and
iII1Xierate coarse !ngullf' blods; patchy th1ll clay + Iron (It.ydr)oxide cutOlfls; IIiIny

fine end yuy fine pores; f~ SIIiIll irregular hard felr:\sj)ir nodules; few
coarse and C01RKlnlledi •• roots: l:.rotOYlna; diffuse SIIOOth boIII'ldIIry to

Bt2 60 ·100 01: dark r!!d (l.!i¥R3f6) dry, \lerkreddishbrown (2.5YR3f4lllOist: clay; frfablelOOist.
stldy lIlldplasticwet; IIOderite fine suilangular blocks and IIOOente lill!dlIII!lI!lgUlar
blocks; Plltc!1y thin clay + iron (hydr)oxide cutans; Illm¥ fine and YfIIryfine pores;
few liediUlil ~lar fresh qutrtz frllgillellts; frequent Sllall irregular hard feldspar
nOO-Jles; few COIIrse ij/ld !led! UIII roots; clelr !IlIOOthbounditry to

BtJ 100· 1.5501: red (Z.5r1!4/8l dry. red (Z.SYR4/6) !iHlist; clay; friable 110151. stfd,y.nd plast tc
>rtt; lIIOderote fine 1I1l9Ulllrblocts and iIOdente eedlU1 sdlangular bloct;$; prtdIY
thin clay .•. iron (hydr)oxlde cutans; UI\Y fine and very fine pores; frequent SINn

irrl!glllar bard feld!;par nodules; few fine and very fine roots

SOIL CLASSlFICATION: FAIllegend 1989; Hapl1c Alisol
USQ,I. t~; Ha;ll1c ltlIooo51ult

ANAlYTICALDATAFORPROfILE lP-l
Horizon Ah 8A Bt1 8t2 Bt3
Depth (ell) o . 10 10 . 2S 3S . 55 65 85 120 . 140
Clay % 22 29 36 45 49
Silt r 15 14 13 12 9
Very fine Sind r 8 7 6 1 4
Fine sand .t 20 16 12 12 8
Hedl~ sand : 22 20 18 16 13
Coarse sand % 11 12 12 11 12
Very coarse sand t 2 3 3 5
ToUl sand t 63 57 51 43 42
Textu.--e class SCl SCL SC C C

pH H2O 1:2.5 6.0 5.2 S.4 S.3 S.2
pH I(Cl 1:2.5 5.6 4.5 4.2 4.5 4.9
EC _5/01 1:2.5 0.07 0.03 0.23 0.02 0.01
Orgonic C t 1.8 0.9 0.6 0.4 0.2
Total II % 0.12 0.07 0.04 0.03 0.02
tIll 15 13 15 13 10
Available P IIg/tg 28 2il 24 12 1

ere /Ij4()A(: ClIO l( +)/k.g 7.0 7.0 7.6 8.8 9.6
Exc!!. Ca 0I01(+)/k.9 2.4 1.3 i.s 1.8 1.5
Exdl. M9 0101(+)/1:.9 1.4 0.7 0.6 1.2 1.2
Exdl. I( CIllO 1(+) 11;9 0.42 0.33 0.49 0.33 0.67
Exdl. lia ClIO 1( +) 1k.1I 0.06 O.M 0.07 0.08 0.06
Exch. 1i ClIO l( +) Il:;g 0.06 0.09 0.08 0.02
lR c.o1(+)/tg 4.3 2.4 2.8 3.4 3.4
Base saturation .t 61 34 37 39 35
CEClOlay cao1{+)/l:g 32 24 21 20 20



Profile __ : LP-2 ""!'Ping unit: Pll
IIo!giIWl : Run.a
DistMct : 11>1nga
_ liIIeet 110_ : 298/J
Coonflllltes 35" 8' 41.3" EllO" 52' 39.7" S
l.Dc:4tion 27 kII fr(ll Hb1ngatown, 1.5 kII east of lupilo village office
£1e.at1on 950 "as!. PBn!l'lt ab!tial: f!!lsic .et.arpl!ic rocks.
lMdfGnll pieOlont plain; rolling. Slape: 12 t; straight
SurfiCl! cNriCter"istics: Cracks:' none ErOS1GII: ao<ierate. Deposition: none.
Dr~tnage c:1iSS: 'Jft!11 drained
llesalbed by: O.N. Kill<lN> , B_H. Ks~n,ya, J.P_ I!aqoggo and A.E. Kiwelu QI1 26/10/94

St!i1: Very ~. well drained. dark red clays with lIOderately thid dartc. redltish 1w0lm sandy clay
topsoils.

~~ O· 15 c.: YI!'llOitishred (5YR4/5) dry, redd1shbrown {5YR4/4} lIOist: S~ndycl~y; sliljltlyhard
dry, vttry fr1able lIOist, sticky and plastic wet; liOderate IlediIiS and couse
s.IDingular blOCks: coaon I\f!dillll anc1 .any fine pores; IUny fine and very fine
roots: clear ••.avy boundary to

Shl 15 - 55 CIII: red (2.5Yl14/fl) &y. "ed (Z.5'r1!4/6) 1II01st;clay; hard dry, frilble DOist, sticky
amI plastic ~t: III!Yjerate cotrse subangular blOCKS lInd lIOderate ~i\llt angular
bl<ds; pateny thin ClilY + iroo (hy(lr)axitle ctltans; comon JDe(fiUll and ltany fir.e
?,J!"fS: frf.oqUent lle<liUIII irregular hard f'e & Mil nodules; CQll\lll(lti fine a1l<lvery fine
roots: grOOlJ~lszooth booodtJry to

ets2 'is - 1000\1: reG (2.~Yil4/6) wy, daN<. red (2.SYlt1/6) moist; clay: l\-~rd ct.!'/, friGb!" iIOist,
~,t';::l<"y41'!i plll.tic wet: fIIOtIerete coarse £ubar.g'~lllr t>l()c~.s 4rni lIr(X,\ef~te "e;:;iLlll
all9Uiar bl(A;i;s: potctly th;n clay + irOll (tlydr)o)(i(je cvtsns: MallYt:'!dh'" ilrnl fir~
P'~S; fl"t SI\~!1 i/l9U1&rfresh quertz fra;.-..eI'Its; frequent ~i'JI! irr'2\'lUl<!'r hBr-d
Fe &. ~.n nodules; few fine and very fine roots, dHfur,,, :;f!!OOth boundary to

IIt53 100· 18001: red (Z.5'IR4/6) dl'y, dirk red (2.5m/6) llI)iSt; cli.Y; hard dr)'. fri.ble llI)ist,

stidy a1ldplast tc wet; IIIO<Ierate coarse sooangular blods ~nd ltOderate MeltilD
anguhr blod.s: prtd'.y thin clAY+ Iron (!lydr)OXide CIIU~~: JIlIn),lIItdil8 and fine
pores; few saaH anoultr fresh quertz fra\j!llellts; fr~_ tlIediUD lrreguhr hard
Fe It Mn nodules; few fine and ver)' fine roots

SOIL Cl.ASSlflCAllOll: fNJ legend 1989 :ferric Acrisol

ANAlYTICAl.. MTA FOR PROFII.£ LP-2
Horizon M' Btsl Bts2 Bts3
Depth (ea) o . 15 25 - 45 70 - 90 130 150
CllIY t 4{} 64 58 59
Silt t 12 5 10 8
Very fine sand l 5 4 4 4
Fine sand t 14 9 9 9
1Ied!~ sand % 15 10 10 10
Coarse sand t 7 6 6 7
Very coarse sand t 7 2 3 3
Tobl san<! t 48 31 32 33
Texture class SC C C C

pH H2O 1:2.5 5.9 5.8 5.4 5.5
pH J(Cl 1:2.5 5.3 5.2 5.4 4.6
EC !IS/OIl 1:2.5 0.05 0.03 0.02 0.01
Organic C : 1.0 0.4 0.2 0.2
Total N t 0.09 0.03 0.02 0.01
C/N 11 13 10 20
Avail.hle P "Ii/k.g 6 1 1 1

eEC HH40Ac CIIIOl(+)/lcg 7.2 7.2 5.8 5.8
Excll. Ca CIllO1{ .•.) (kg 2.1 2.0 1.6 1.7
£xch. ~ CfJIQ 1( .•.) /I<;g 1.8 1..3 0.8 0.5
Exch, K CIIOl (.-)llcg 0.54 0.37 0.3-( 0.33
Exch. Ha QII01(+)/kg 0.10 0.06 D.09 0.10
tx(h. H C>101(+}/l<g
Till 0II01(~)/"g ~.5 3.7 2 8 2.6
hsF. ~.t\ir·~ti00 r 63 51 48 45
UCchy C1!Ol (+)/kg 18 11 10 10



Profile number LP-3 Mapping unit: P21
Region Ruvuma
District Mbinga
Map sheet no. 298/3
Coordinates 35' 9· 24.5" EI10' 52· 48.0" S
Location 1 km south of Lupilo P/School. along the road to Chipole
Elevation 980 m asl. Parent material: colluvium derived from mixed metamorphic rocks.
Landform piedmont plain: gently undulating. Slope: 4 %: straight
Surface characteristics: Outcrops: 0 % Erosion: none or sl ight. Deposition: none.
Drainage class: well drained
Described by: J.P. Magoggo. D.N. Kimaro. B.M. Msanya and A.E. Klwelu on 29110/94

Soil: Very deep. well drained. red clays with very thin dark reddish brown clay topsoils.

Ah 0 - 10 cm: dark reddish brown (5YR3/4) dry. yellowish red (5YR3/3) moist: clay: soft dry.
friable moist. slightly sticky and slightly plastic wet. moderate medium and fine
subangul ar blocks: commonmedi um and many fi ne pores: many medi um and fine roots.
clear smooth boundary to

Btsl 10 - 40 cm: red (2.5YR4/6) dry. dark red (2.5YR3/6) moist: clay: soft dry. friable moist.
s t icky and s 1i ght ly P1ast i c wet: weak medi um subangul ar blocks: many fi ne and very
fine pores: common coarse and many fine roots: diffuse smooth boundary to

Bts2 40 - 100 cm: red (lOR4/8) dry. red (lOR4/6) moist : clay: soft dry. friable motst . sticky and
s 1i ght ly P1ast ic wet: weak medi umsubangul ar blocks: many fi ne and very fi ne pores:
few medium and common fine roots: di ffuse smooth boundary to

Bts3 100 - 160 cm red (lOR4/6) dry. dark red (lOR3/6) moist. clay: soft dry. friable moist. sticky
and slightly plastic wet: weak medium subangular blocks: many fine and very fine
pores: common fine and very fine roots

SOIL CLASSIFICATION: FAO legend

ANALYTICALDATAFDR PROFILE LP-3
Horizon Ah Btsl Bts2 Bts3
Depth (em) o - 10 15 - 35 60 80 100 140
Clay % 48 54 57 57
Si It % 10 9 7 7
Very fl ne sand % 9 10 9 8
Fi ne sand % 10 12 10 14
Medium sand % 14 11 10 8
Coarse sand % 7 6 5 4
Very coarse sand % 2 2 2 2
Total sand % 42 41 36 36
Texture class C C C C

pH H2O 1: 2.5 5.3 4.8 4.7 4.9
pH KCl 1: 2.5 4 6 4.0 4.1 4.2
EC mS/cm 1: 2.5 0.05 0.01 0.01 0.04
Organic C % 3.2 1.0 0.3 0.2
Total N % 0.20 0.06 0.03 0.02
ClN 16 17 10 10
Available P mg/kg 31 6 1 1

CEC NH40Accmol(+)/kg 11.9 9.2 8.5 9.2
Exch. Ca cmol(+)/kg 2.3 0.6 0.4 0.8
Exch. Mg cmol( +)/kg 1.9 0.1 0.2 0.5
Exch. K cmol (+)/kg 0.42 0.10 0.20 0.50
Exch. Na cmol(+)/kg 0.06 0.06 0.04 0.81
Exch. H cmol(+)/kg 0.04 0.10 0.20 0.03
TEB cmol(+)/kg 4 7 0.9 0.8 1.9
Base saturat i on % 39 10 9 21
CECclay cmol(+)/kg 25 17 15 16
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Profile number LP-4 Mapping unit: HI
Regi on Ruvuma
Di stri ct Mbinga
Map sheet no. 298/3
Coordinates 350 9' 18.7" E110° 55' 8.0" 5
Location Matengo hill. 3 km from Lupilo P/School
Elevation 1140 m asl. Parent material: mixed metamorphic rocks.
Landform hill. hilly. Slope: 1 %, convex
Surface characteristics: Outcrops: 5 % Stones: 5 % Erosion: moderate.
Depos it ion: none.
Drainage class: somewhat excessively drained
Described by: D.N. Kimaro and A.E. Kiwelu on 28110/94

Soil: Very shallow to shallow, well to somewhat excessively drained. dark reddish brown. gravelly
clay loams with very thi n dark brown sandy clay loam topsoi 1s

Ah 0 - 10 cm: strongbrown(7.5YR4/6)dry,darkbrown(7.5YR4/4)moist:sandyclay loam: slightly
hard dry. fri ab 1e moi st , s 1i ght ly st icky and s 1i ght ly p l ast i c wet: moderate coarse
and medium subangular blocks, many fine and very fine pores: many fine and few
medi um roots: clear smooth boundary to

Bt 10 - 30 cm: dark red (2 5YR3/6) dry, dark reddish brown (2 5YR3/4) moist: gravelly clay loam:
hard dry, friable moist, sticky and plastic wet, moderate medium angular blocks
and moderate fine subangular blocks: patchy thin clay + iron (hydr Ioxi de cutans:
many fine and very fine pores: few small angular fresh quartz fragments: few fine
and very fi ne roots: abrupt wavy boundary to

SOIL CLASSIFICATION: FAO legend

ANALYTICALDATAFOR PROFILE
Hori zon Ah
Depth (em) 0 - 10
Cl ay 22
Si It 19
Very fi ne sand 9
Fine sand 16
Medium sand 14
Coarse sand % 13
Very coarse sand % 7
Total sand % 59
Texture class SCL

LP-4
Bt

10 - 30
39
17

7
11
10
10
6

44
CL

pH H2O I: 2.5 5.7 5.8
pH KCl l: 2.5 5.0 4.9
EC mS/cm l: 2.5 0.05 0.03
Organic C % 1.8 0.5
Total N % 0.11 0.05
ClN 16 10
Available P mg/kg 3 I

CEC NH40Ac cmol(+)/kg II. 7 16.6
Exch. Ca cmol(+)/kg 4.6 5.8
Exch. Mg cmol(+)/kg 1.4 2.7
Exch. K cmol(+)/kg 0.30 0.66
Exch Na cmol(+)/kg 0.05 0.06
Exch. H cmol(+)/kg
TEB cmol(+)/kg 6.4 9.2
Base saturation % 55 55
CECclay cmol( +)/kg 53 43
ESP % 4
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Profile number LP-5 Mapping unit: H2
Regi on Ruvuma
District Mbinga
Map sheet no. 298/3
Coordinates 350 9' 245" EIlO° 54' 5.8" S
Location Matengo hill. about 2.5 km from Lupilo P/School
Elevation 1080 m asl Parent material. mixed metamorphic rocks.
Landform hill. hilly. Slope: 45 %: straight
Surface characteristics: Outcrops: 50 % Erosion: moderate. Deposition: none.
Drainage class: well drained
Described by: 8.M. Msanya. D.N. Kimaro. D.N. Kimaro and A.E. Kiwelu on 20110/94

Soil. Very shallow. well to somewhat excessively drained dark reddish brown clays with very thin
brown clay loam topsoils.

Ah 0 - 10 cm: brown (75YR4/4) dry. dark brown (7.5YR3/4) moist: clay loam: hard dry. friable
moist. slightly sticky and slightly plastiC wet: moderate medium and fine
subangul ar blocks: many very fi ne and fi ne pores: many medi um and fi ne roots:
gradua 1 smooth boundary to

Btl 10 - 25 cm: dark red (2.5YR3/6) dry. dark reddish brown (Z.5YR3/4) moist: clay loam: hard dry.
firm moist. sticky and plastiC wet: strong coarse and medium angular blocks: many
fi ne and very fi ne pores: few medi umangul ar fresh quartz fragments: frequent sma11
irregular hard Fe & Mn nodules: few very fine and fine roots: diffuse smooth
boundary to

Bt2 25 - 40 cm: dark red (2.5YR3/6) dry. dark reddish brown (25YR3/4) moist. clay: hard dry. firm
moist. sticky and plastic wet. strong medium and fine angular blocks: many fine
and very fine pores. few medi umangul ar weathered granite fragments: frequent small
spherical hard feldspar nodules: few very fine roots

SOIL CLASSIFICATION: FAO legend

ANALYTICALDATAFOR PROFILE LP-5
Hori zon Ah Btl Bt2
Depth (em) o - 10 10 - 25 25 - 40
Clay % 29 40 64
Si It % 31 27 19
Very fi ne sand % 11 10 5
Fi ne sand % 15 12 6
Medium sand % 7 5 3
Coarse sand % 5 4 2
Very coarse sand % 2 2 I
Total sand % 40 33 17
Texture class CL CL C

pH H2O I: 2 5 6.1 6.0 6.1
pH KCl 1:2.5 5.2 5.0 4.9
EC mS/cm 1:2.5 0.07 0.06 0.03
Organic C % 3.1 1.1 0.6
Total N % 0.18 0.12 0.06
UN 17 9 10
Available P mg/kg 2 I I

CEC NH40Ac cmo1(+) Ikg 18.3 20.2 29.7
Exch. Ca cmol (+)/kg 7.2 9.2 13.7
Exch. Mg cmol (+)/kg 3.5 3.2 6.4
Exch. K cmol (+)/kg 0.91 0.62 0.64
Exch. Na cmol (+)/kg 0.08 0.07 0.06
Exch. H cmol( +)/kg
TEB cmol(+)/kg II. 7 13. I 20.8
Base saturation % 64 65 70
CECcl ay cmol(+)/kg 63 51 46
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Profile number LP-6 Mapping unit: V2
Regi on Ruvuma
Di stri ct Mbi nga
Map sheet no. 298/3
Coordinates 35' 12' l.1" EI10' 52' 18.1" S
Location Kiyogawal i RC Si sters farm
Elevation 850 m asl. Parent material: colluvio-alluvium derived from mixed metamorphiC rocks
Landform (closed) depression: gently undulating. Slope: 1 %: straight
Surface characteri sti cs: Outcrops: 0 % Erosion: none or s 1i ght. Depositi on: none.
Drainage class: well drained
Described by: D.N. Kimaro and A.E Kiwelu on 31110/94

Soil: Very deep. well dra i ned. dark brown to dark yell owi sh brown sandy clay loams with dark brown
clay topsoil s

Ah 0 - 20 cm: brown (7.5YR4/2) dry. dark brown (7.5YR3/2) moist: clay: hard dry. friable moist.
sticky and plastiC wet: moderate medium and fine subangular blocks: commonmedium
and many fine pores: many fine and medium roots: gradual smooth boundary to

Bw 20 - 40 em: dark reddish brown (5YR3/4) dry. dark reddish brown (5YR3/3) moist: clay: hard dry.
fri abl e moist. sti cky and pl astic wet: moderate medi urnand fine subangul ar blocks:
common medium and many fine pores. common coarse and many medium roots: abrupt
smooth boundary to

2ABb 40 - 55 cm: reddish brown (5YR4/3) dry. dark reddish brown (5YR3/3) moist: sandy clay loam:
hard dry. friable moist, sticky and plastic wet: weak coarse and medium subangular
blocks: many fine and very fine pores: few small irregular weathered fragments:
few coarse and many medi urn roots. abrupt smooth boundary to

2Btl 55 - 75 cm: strong brown (7.5YR4/6) dry. dark brown (7.5YR4/4) moist. sandy clay loam: hard
dry, friable moist. sticky and plastiC wet: weak coarse and medium subangular
blocks: many fine and very fine pores: few small irregular weathered fragments:
few small irregular hard feldspar nodules: common fine and very fine roots:
gradual smooth boundary to

2Bt2 75 - 100 cm dark yellowish brown (lOYR4/6) dry. dark yellowish brown (lOYR4/4) moist: sandy
clay loam: hard dry. fri abl e moi st. sticky and plastic wet: weak coarse and medium
subangular blocks: many fine and very fine pores: frequent 1arge i rregul ar slight ly
weathered granite fragments: frequent medium irregular hard Fe & Mnnodules: few
fi ne and very fi ne roots: di ffuse smooth boundary to

2Bt3 100 - 145 em: dark yellowish brown (lOYR4/6) dry. dark yellowish brown (lOYR3/6) mots t : sandy
cl ay loam: hard dry. fri abl e moist. sticky and pl ast tc wet: weak coarse and medi urn
subangul ar blocks: many fi ne and very fine pores: frequent 1arge i rregul ar slight ly
weathered fragments: frequent medi urn i rregul ar hard Fe & Mnnodul es : few fine and
very fine roots

SOIL CLASSIFICATION: FAD legend

ANALYTICALDATAFOR PROFILE LP-6
Horizon Ah Bw 2ABb 28tl 2Bt2 2Bt3
Depth (em) o - 20 20 - 40 40 55 55 75 80 100 120 140
Clay % 45 48 28 29 34 25
Si It % 16 15 12 12 9 11
Very fi ne sand % 8 10 11 10 10
Fi ne sand % 22 14 23 24 22 24
Medium sand % 10 10 17 17 17 20
Coarse sand % 4 4 8 6 6 8
Very coarse sand % 3 1 2 1 2 2
Total sand % 39 37 60 59 57 64
Texture class C C SCL SCL SCL SCL

pH H2O 1: 2.5 5.5 5.4 5.4 5.4 5.7 6.0
pH KCl 1: 2.5 4.5 4.7 4.4 4.3 4.6 4.8
EC mS/cm 1: 2.5 0.05 0.04 0.02 0.02 0.01 0.02
Organic C % 3.4 l.6 l.4 0.8 0.4 0.3
Total N % 0.19 0.11 0.08 0.06 0.04 0.02
ClN 18 15 18 13 10 15
Available P mg/kg 20 3 1 1 1 17

CEC NH40Accmol( +) Ikg 27.8 26.5 16.3 15.8 17.3 12 7
Exch. Ca cmol(+ )/kg 10.7 8.0 3.6 4.1 5.3 3.4
Exch. Mg cmol(+ )/kg l.8 3.6 3.0 2.1 3.4 0.5
Exch. K cmol(+ )/kg 0.42 0.50 0.26 0.53 0.32 0.10
Exch Na cmol(+ )/kg o 04 0.06 0.05 0.08 0.07 0.05
Exch H ernol(+)/kg 0.07 0.05 0.05
TEB ernol (+)/kg 13.0 12.2 6.9 6.8 9.1 4.1
8ase saturation % 47 46 42 48 52 32
CECclay cmol(+ )/kg 62 55 58 54 51 51
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Profile number LP-7 Mapping unit: P22
Regi on Ruvuma
District Mbinga
Map sheet no. 298/3
Coordinates 350 11· 19.7" E110° 52· 8.0" S
Location Kiyogawal i. RC Ki 1imolMifugo farm. 1 km from the camps
Elevation 920 m asl. Parent material: mixed metamorphic rocks.
Landform piedmont plain: gently undulating. Slope: 3 %: straight
Surface characteristics: Erosion: none or s l ight. Deposition: none.
Drai nage cl ass: well drai ned
Described by: J.P. Magoggo. D.N. Kimaro. B.M. Msanya and A.E. Kiwelu on 31110/94

Soil: Very deep. well drained red clays with very thin red sandy clay topsoil

Ap 0 - 15 cm: red (lOR4/6) dry. red (lOR4/6) moist: sandy clay: hard dry. friable moist. sticky
and p1as t ic wet: moderate medi umand fi ne subangul ar blocks: corrrnonmedi umand many
fi ne pores: corrrnon fi ne and very fi ne roots. gradua 1 smooth boundary to

Btsl 15 - 40 cm: red (lOR4/6) dry. red (lOR4/6) moist. clay: hard dry. friable mctst . sticky and
plastic wet: moderate fine and medium subangular blocks: many fine and very fine
pores: few small spherical hard feldspar nodules: few coarse and corrrnon fine
roots: gradual smooth boundary to

Bts2 40 - 85 cm: red (lOR4/8) dry. red (lOR4/6) moist: clay: slightly hard dry. friable moist.
sticky and plastic wet: weak medium and fine subangular blocks: many fine and very
fine pores. frequent medium irregular hard feldspar nodules: few fine and very
fi ne roots: di ffuse smooth boundary to

Bts3 85 - 120 cm: red (lOR4/8) dry. red (lOR4/6) moist: clay: soft dry. very friable moist. slightly
sticky and plastic wet: weak medium subangular blocks: many fine and very fine
pores: frequent medium spherical hard feldspar nodules: few fine and very fine
roots: di ffuse smooth boundary to

Bts4 120 - 170 cm: red (lOR4/8) dry. red (lOR4/6) moist: clay: soft dry. very friable motst , slightly
sticky and plastic wet: weak medium subangular blocks: many fine and very fine
pores: frequent medium spherical hard feldspar nodules: few fine and very fine
roots

SOIL CLASSIFICATION: FAO legend

ANALYTICALDATAFOR PROFILE LP-7
Hori zon Ap Btsl Bts2 Bts3 Bts4
Depth (cm) o - 10 20 - 35 45 80 90 110 130 160
Clay % 37 60 63 58 61
Si lt % 10 9 6 9 9
Very fi ne sand % 11 8 8 9 9
Fi ne sand % 26 14 14 15 12
Medium sand % 13 7 6 6 5
Coarse sand % 3 2 2 2 2
Very coarse sand % 1 1 2
Total sand % 53 31 31 33 30
Texture class SC C C C C

pH H2O 1: 2.5 5.7 5.3 5.5 5.4 5.4
pH KCl 1: 2.5 4.9 4.7 5.2 5.0 5.0
EC mS/cm 1: 2.5 0.07 0.02 0.01 0.01 0.01
Organic C % 1.4 0.4 0.2 0.2 0.2
Total N % o 08 0.03 o 02 0.01 0.01
c/N 18 13 10 20 20
Available P mg/kg 25 1 1 1 1

CEC NH40Ac cmol (+)/kg 6.7 7.6 7.6 7.3 7.6
Exch. Ca cmol (+)/kg 2.5 1.5 1.9 1.7 2.5
Exch. Mg cmol(+ )/kg 0.5 1.0 1.3 0.8 0.4
Exch. K cmol(+ )/kg 0.50 0.31 0.29 0.54 0.19
Exch. Na cmol (+)/kg 0.04 0.05 0.05 0.06 o 04
Exch. H cmol (+)/kg 0.09 0.05 0.05
TEB cmol (+)/kg 3.5 2.9 3.5 3.1 3.1
Base saturation % 52 38 46 42 41
CECclay cmol (+)/kg 18 13 12 13 12
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Profile number LP-8 Mapping unit: H2
Regi on Ruvuma
Di stri ct Mbinga
Hap sheet no. 298/3
Coordinates 350 8' 20.4" E/lO° 53' 46.0" S
Locati on l. 5 km north of vi 11age offi ce. along the road to Kitanda.
Elevation 1140 m asl. Parent material: mixed metamorphic rocks.
Landform hill: hilly. Slope: 52 %: straight
Surface characteri sti cs: Outcrops: 2 % Stones. 10 % Erosi on: moderate.
Deposition: none.
Drainage class: somewhat excessively drained
Described by: B.M. Msanya. J.P. Magoggo. D.N. Kimaro and A.E. Kiwelu on 31110/94

Soil: Very shallow to shallow. excessively drained drk brown. extremely gravelly clays. In places
rock outcrops. stones and gravel appear at or near the surface.

Ah 12 cm: light brown (7.5YR6/4) dry. brown (7.5YR5/4) no ist : gravelly sandy loam: soft dry.
very fri ab 1e moi st. s 1i ght ly st icky and pI ast i c wet: weak medi umsubangul ar blocks:
comnon medium and many fine pores: frequent small irregular fresh fragments: few
medi um and many fi ne roots: abrupt smooth boundary to

Bwl 12 - 33 cm: strong brown (7.5YR5/6) dry. dark brown (7.5YR4/4) moist: very gravelly sandy clay
loam: hard dry. friable moist. sticky and plastic wet: weak medium subangular
blocks: many fine and very fine pores: frequent medium irregular fresh fragments:
common fine and very fine roots. gradual smooth boundary to

Bw2 33 - 50 cm: strong brown (7.5YR5/6) dry. dark brown (7.5YR4/4) moist: very gravelly sandy clay
loam: hard dry. friable moist. sticky and plastic wet: weak medium subangular
blocks: many fine and very fine pores: frequent small irregular fresh quartz
fragments: common fi ne and very fi ne roots. abrupt smooth boundary to

SOIL CLASSIFICATION: FAD 1egend

ANALYTICALDATAFOR PROFILE LP-8
Hori zon Ah Bw1 Bw2
Depth (on) o - 12 12 - 33 33 - 50
Clay % 18 25 32
Si It % 20 19 17
Very fi ne sand % 10 8 7
Fine sand % 14 12 10
Medium sand % 13 11 10
Coarse sand % 13 13 12
Very coarse sand % 12 12 12
Total sand % 62 56 51
Texture class SL SCL SCL

pH H2O 125 5.8 5.6 5.8
pH KCl 1: 2.5 5.2 4.5 4.5
EC mS/cm 1: 2.5 0.07 0.03 0.02
Organic C % 2.4 o 7 0.5
Tota 1 N % 0.13 0.04 0.05
c/N 18 18 10
Available P mg/kg 5 1 1

CEC NH40Ac cmol( +) Ikg 7.3 6.4 7.0
Exch. Ca cmol(+ )/kg 2.5 2.0 l.8
Exch. Mg cmol(+)/kg l.3 0.8 l.2
Exch. K cmol(+)/kg 0.40 0.41 0.41
Exch. Na cmol(+)/kg 0.30 0.31 0.91
Exch. H cmol(+)/kg
TEB cmol(+)/kg 4.5 3.5 4.3
Base saturation % 62 55 62
CECcl ay cmol(+)/kg 41 26 22
ESP % 4 5 13
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Profi 1e number LP-9 Mappi ng unit: VI
Regi on Ruvuma
Di stri ct Mbinga
Map sheet no. 298/3
Coordi nates 350 9· 28.8·· E110° 53· 17.2·· S
Location Namangwina. I km east of Lupilo P/School.
Elevation 900 m asl. Parent material: alluvio-colluvium derived from mixed metamorphic rocks.
Landform alluvial/flood plain: flat or almost flat. Slope: 1 %: straight
Surface characteristics: Erosion: none or slight. Deposition: none.
Drainage class: imperfectly drained
Described by: B.M. Msanya. J.P. Magoggo. D.N. Kimaro on 01/11/94

Soi 1 : Very deep. moderately we11 to imperfect ly drai ned brown and dark ye 11owi sh brown. strat ifi ed mott 1ed
loams

Ah 0 - 15 em: yellowish brown OOYR5/4) dry. dark yellowish brown OOYR4/4) moist: clay loam: slightly
hard dry. weak coarse and medium subangular blocks: many fine and very fine pores:
frequent small angular fresh mica fragments: many medium and fine roots: abrupt smooth
boundary to

2Cg 15 - 30 cm: dark brown (7.5YR3/4) dry. dark brown (7.5YR312) moist: loam: coomon medium distinct
clear mottles: slightly hard dry. porous massive: few medium and many fine pores:
frequent small angular fresh mica fragments: conmon medium and many fine roots. abrupt
smooth boundary to

3Cg 30 - 55 cm:

4Cg 55 - 70 cm:

5Cg 70 - 90 cm:

6Cq 90 - 110 cm:

7Cg 110 - 160 cm:

dark brown OOYR4/3) moist: clay loam: many coarse promi nent sharp mott 1es. fi rm moist.
porous mass i ve: many fi ne and very fi ne pores: frequent sma11 angul ar fresh mica
fragments: comnon medium and many fine roots: clear smooth boundary to

brown OOYR5/3) moist: sandy loam: comnon coarse distinct clear mottles. firm motst .
porous massive: many fine and very fine pores: frequent small angular fresh mica
fragments: comnon fi ne and very fi ne roots: clear smooth boundary to

dark yellowish brown OOYR4/4) moist : sandy clay loam: coomon medium distinct clear
mott 1es: fi rm moi st. porous mass i ve: many fi ne and very fi ne pores: frequent sma11
angul ar fresh mica fragments: coomon fi ne and very fi ne roots: clear smooth boundary to

brown OOYR4/3) moist: sandy clay loam: many medium distinct clear mottles: firm moist.
porous massive: comnon fine and very fine pores. frequent small angular fresh mica
fragments: few fi ne and medi um roots: gradua 1 smooth boundary to

brown (7. 5YR5/4) moi st: clay loam: many coarse promi nent sharp mott 1es: fi rm moist.
porous massive: coomon fine and very fine pores: frequent small angular fresh mica
fragments: few fine and very fine roots

SOIL CLASSIFICATION: FAO legend

ANALYTICALDATAFOR PROFILE LP-9
Hori zon Ah 2Cgl 3Cgl 4Cg3 5Cg4 6Cg5 7Cg6
Depth (em) o - 15 15 - 30 35 55 55 70 70 90 90 110 120 140
Clay 30 26 35 18 23 29 38
Si It 41 34 31 16 17 24 23
Very fine sand 10 11 12 15 16 15 12
Fine sand 10 12 15 32 28 20 17
Medium sand 5 7 1 15 13 8 8
Coarse sand % 3 4 6 3 3 3 2
Very coarse sand % 1 6 1 1
Total sand % 29 40 34 66 60 47 39
Texture class CL L CL SL SCL SCL CL

pH H2O 1: 2.5 5.7 5.8 5.7 5.4 5.0 4.8 5.0
pH KCl 1: 2.5 5.0 5.0 4 7 4.3 3.8 3.6 3.6
EC mS/cm 1:2.5 0.10 0.06 0.03 0.01 0.01 0.01 0.01
Organic C % 3.1 1.8 0.8 0.5 0.5 0.4 0.3
Total N % 0.24 0.13 0.06 0.03 0.04 0.03 0.02
ClN 13 14 13 17 13 13 15
Available P mg/kg 1 1 1 1 1 1 1

CEC NH40Ac cmol( +) /kg 23.5 18.7 22.8 11. 9 15.0 18.4 23.7
Exch. Ca cmol (+)/kg 8.8 8.3 8.3 2.9 2.6 2.1 4.2
Exch. Mg cmol (+)/kg 2.8 2.4 3.7 1 7 1.3 1.2 2.6
Exch. K cmol(+)/kg 0.71 0.32 0.19 o 09 0.19 0.20 0.16
Exch. Na cmol(+)/kg 0.08 0.04 0.06 0.05 0.06 0.05 0.07
Exch. H cmol( +)/kg 0.05 o 20 0.21 0.31
TEB cmol(+)/kg 12.4 11.1 12.3 4.7 4.2 3.6 7.0
Base saturat i on % 53 59 54 39 28 20 30
CECc1ay cmol(+)/kg 78 72 65 66 65 63 62
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Profile number LP-I0 Mapping unit: P11
Regi on Ruvuma
Distri ct Mbinga
Map sheet no. 298/3
Coordinates 350 8' 10" E110° 53' 27.6" S
Location Makambako. 1 km west of the road to Kitanda - Chopole road
Elevation 1020 m asl. Parent material: colluvium derived from mixed metamorphiC rocks.
Landform piedmont plain: rolling. Slope: 12 %: straight
Surface characteristics: Erosion: none or slight. Deposition: none.
Drainage cl ass: well drained
Described by: J.P. Magoggo. B.M. Msanya. D.N. Kimaro and A.E. Kiwelu on 01111/94

Soi 1 : Very deep, well drai ned. dark red clays with moderately thi ck man-made dark reddi sh brown clay
loam topsoils ("Ngoro horizon"). The "ngoro horizon" is comparatively young. It is thin and
less dark.

Ap 0 - 18 cm: reddi sh brown (5YR3/4) dry, dark reddi sh brown (5YR3/3) moi s t: clay loam: hard dry,
fri ab 1e moi st , st icky and p1ast i c wet: moderate fi ne and medi um subangul ar blocks:
few coarse and many fine pores: comnon fine and very fine roots: clear wavy
boundary to

8t! 18 - 40 cm: dark red (2 5YR3/6) dry. dark reddish brown (2.5YR3/4) moist, clay: hard dry,
fri ab 1e moi st . st icky and p1ast i c wet: moderate medi um angul ar blocks and moderate
fi ne subangul ar blocks: patchy thi n clay + iron (hydr )oxi de cutans: many fi ne and
very fine pores: frequent small irregular hard Fe & Mnnodules: few fine and very
fi ne roots: gradua 1 smooth boundary to

Bt2 40 - 80 cm: red (lOR4/6) dry, dark red (lOR3/6) moist: clay: hard dry, friable moist, sticky
and plastic wet: moderate medium angular blocks and moderate fine subangular
blocks: patchy thi n clay + iron (hydr )oxi de cut ans : many fi ne and very fi ne pores:
few medi um angul ar fresh quartz fragments: frequent medi um i rregul ar hard Fe & Mn
nodul es : few fi ne and very fi ne roots: di ffuse smooth boundary to

Bt3 BO - 120 cm: dark red (lOR4/6) dry, duskyred (lOR3/4) moist: clay: hard dry, friable moist.
st icky and p1asti c wet: moderate medi umangul ar blocks and moderate fi ne subangul ar
blocks: patchy thi n clay + iron (hydr )oxi de cutans: many fi ne and very fi ne pores:
frequent small irregular weathered fragments: frequent small irregular hard Fe &
Mn nodul es: few very fi ne roots: diffuse smooth boundary to

Bt4 120 - 160 cm: dusky red (lOR3/4) moist : clay: slightly hard dry, friable moist, sticky and
plastic wet: moderate medium angular blocks and moderate fine subangular blocks:
patchy thi n clay + iron (hydr )oxi de cutans: comnon fi ne and very fi ne pores:
frequent small irregular weathered fragments: frequent small irregular hard Fe &
Mn nodules: few very fi ne roots

SOIL CLASSIFICATION: FAO legend

ANALYTlCALDATAFOR PROFILE LP-I0
Hori zon Ap Bt! Bt2 Bt3 Bt4
Depth (en) o - 20 20 - 40 50 - 70 90 - 110 130 - 150
Clay 3B 62 71 69 67
Si It IB 12 7 9 11
Very fi ne sand 20 5 4 4 5
Fi ne sand 5 8 6 7 7
Medium sand 11 6 5 5 5
Coarse sand % 6 5 4 4 3
Very coarse sand % 2 2 3 2 2
Total sand % 44 26 22 22 22
Texture class CL C C C C

pH H2O 1· 2 5 6.1 6.0 5.7 5.7 5.6
pH KCl 1: 2.5 5.3 5.0 5.3 5.4 5.4
EC mS/cm 1: 2.5 0.10 0.05 0.03 0.02 0.01
Organic C % 2.3 1.1 0.4 0.2 0.2
Total N % 0.17 0.08 0.04 0.02 0.02
UN 14 14 10 10 10
Available P mg/kg 26 2 1 1 1

CEC NH40Accmol( +) Ikg 15.0 20.8 21.4 20.5 19.8
Exch. Ca cmol(+)/kg 8.5 7.8 6.7 8.0 7.5
Exch. Mg cmol(+)/kg 1.1 4.9 4.6 2.7 2.6
Exch. K cmol(+)/kg 0.78 048 0.49 0.65 0.54
Exch. Na cmol( +)/kg 0.04 0.09 0.08 0.05 0.05
Exch. H cmol(+)/kg
TEB cmol(+)/kg 10.4 13.3 11.9 114 10 7
Base saturation % 69 64 56 56 54
CECclay cmol(+)/kg 39 34 30 30 30
ESP % 5
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Appendix 2 Guide to general evaluation of some soil chemical and physical properties
(Compiled from Baize (1993), EUROCONSULT (1989) and Landon (1991).)

1. Organic matter and total nitrogen

Very low Low Medium High Very high

Organic matter % < 1.0 1.0-2.0 2.1-4.2 4.3-6.0 > 6.0

Organic C % <0.60 0.60-1.25 1.26-2.50 2.51-3.50 > 3.50

Total N % <0.10 0.10-0.20 0.21-0.50 > 0.50

C/N ratios give an indication of the quality of the organic matter:
C/N 8 - 13 : good quality
C/N 14 - 20: moderate quality
C/N > 20 : poor quality

2. Soil reaction

Soil reaction (PH H20) is classified as follows:
extremely acid pH below 4.5
very strongly acid pH 4.5 to 5.0
strongly acid pH 5.1 to 5.5
medium acid pH 5.6 to 6.0
slightly acid pH 6.1 to 6.5

neutral
mildly alkaline
moderately alkaline
strongly alkaline
very strongly acid

pH 6.6 to 7.3
pH 7.4 to 7.8
pH 7.9 to 8.4
pH 8.5 to 9.0
pH above9.0

3. Available phosphorus

mg/kg Low Medium High

Avail. P (Bray-Kurtz I) <7 7-20 >20

Avail P. (Olsen) <5 5-10 >10

Available phosphorus is determined by the Bray-Kurtz I method if the pH H20 of the soil is less than
7.0. In soils with a pH H20 of more than 7.0 the Olsen method is used.

4. Cation exchange capacity (CEC)

me/lOO g Very low Low Medium High Very high

CEC <6.0 6.0-12.0 12.1-25.0 25.0-40.0 >40.0

CEC is determined using 1M ammonium acetate in soils with pH less than 7.5. In soils with pH
greater than 7.5 CEC is determined using 1M sodium acetate.
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5. Exchangeable calcium

mellOO g Very low Low Medium High Very high

Ca
(clayey soils
rich in 2: 1 clays) <2.0 2.0-5.0 5.1-10.0 10.1-20.0 >20.0

Ca
(loamy soils) <0.5 0.5-2.0 2.1-4.0 4.1-6.0 >6.0

Ca
(kaolinitic and sandy
soils) <0.2 0.2-0.5 0.6-2.5 2.6-5.0 >5.0

6. Exchangeable magnesium

mellOO g Very low Low Medium High Very
high

Mg
(clayey soils) <0.3 0.3-1.0 1.1-3.0 3.1-6.0 >6.0

Mg
(loamy soils) <0.25 0.25-0.75 0.75-2.0 2.1-4.0 >4.1

Mg
(sandy soils) <0.2 0.2-0.5 0.5-1.0 1.1-2.0 >2.0

The desired saturation level of exchangeable Mg is 10 to 15 percent; for sandy and kaolinitic soils
6 to 8 percent Mg saturation is still sufficient.
Ca/Mg ratios of 2 to 4 are favourable.

7. Exchangeable K

me/lOO g Very low Low Medium High Very high

K
(clayey soils) <0.20 0.20-0.40 0.41-1.20 1.21-2.00 >2.00

K
(loamy soils) <0.13 0.13-0.25 0.26-0.80 0.81-1.35 > 1.35

K
(sandy soils) <0.05 0.05-0.10 0.11-0.40 0.41-0.70 >0.70

The desired saturation level of exchangeable K is 2 to 7 percent.
Favourable Mg/K ratios for most crops are in the range of 1 to 4 .

.\



8. Exchangeable sodium
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me/lOO g Very low Very highLow Medium High

Na <0.10 >2.000.10-0.30 0.31-0.70 0.71-2.00

More important than the absolute level of exchangeable Na is the exchangeable sodium percentage
ESP) calculated by dividing exchangeable Na by CEC (x 100). ESP values area measure of the
sodicity of the soil.

9. Soil sodicity

Non-sodie Slightly
sodie

Moderately
sodie

Extremely
sodic

Strongly
sodic

Very
strongly
sodie

ESP % 6-10 11-15 16-25 >35<6 26-35

-up to 50 percent yield reduction of sensitive crops (maize, beans)
-up to percent yield reduction of semi-tolerant crops (rice, wheat, sorghum,
sugarcane)
-up to 50 percent yield reduction of tolerant crops (barley, cotton)

ESP < 15%
ESP 16-25%

ESP 35%

10. Basic infiltration rate (IR)

IR <0.1 cm/h

IR 0.1-0.3 cm/h

IR 0.3-0.5 cm/h

IR 0.5-2.0 cm/h

IR 2.0-6.5 cm/h

IR 6.5-12.5 cm/h

IR 2.5-25.0 cm/h

IR >25.0 cm/h

extremely slow

very slow

slow

moderately slow

moderate

moderately rapid

rapid

very rapid

Basie infiltration rate is the constant rate at whieh water enters the (pre-wetted) soil and whieh
develops after 3 to 5 hours of infiltration.



11. Available water capacity (AWC)
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Awe <25 mm/m

Awe 25-50 mm/m

Awe 50-100 mm/m

Awe 100-150 mm/m

Awe 150-200 mm/m

Awe > 200 mm/m

extremely low

very low

low

medium

high

very high

Available water capacity is the capacity of the soil to store water that is readily available for uptake
by plant roots; usually expressed in millimeters of water per metre depth of soils; technically the
difference between the percentage of soil water at field capacity (normally taken as the water content
at pF 2.2) and the percentage at wilting point (taken as the water content at pF 4.2).

12. Aluminium saturation

very low very highlow medium high

Al saturation % < 10 10 - 30 > 8031 - 50 51 - 80

Aluminium saturation as a measure of toxicity is calculated by dividing exchangeable Al by the sum
of exchangeable bases and exchangeable AI.


