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ABSTRACT

A field experiment was conducted on cultivated sandy

• Uluguru mountains. The objectives were to study the effects
of terracing methods on some soil physical and chemical
properties and to relate the results to crop performance

The subtreatments were threebench and ladder terraces.
positions on the slope, and five 10 cm interval soil depth

The physical properties assessed were particlesections.
bulk and particle densities and availablesize analysis,

water capacity. The assessed chemical properties included
cations, organicexchangeable carbon, totalpH, CEC,

nitrogen, and available phosphorus.

significant increases in silt,clay,There were
capacity,available exchangeable calciumwater and

magnesium contents and a decreasing trend in very coarse
sand particles along the slope under ladder terraces. In
the bench terraces, bulk density inreased slightly while

significantly differentterraces werebench thealong

nitrogen, maintotal for the two
Exchangeable cations, 

organic carbon

total porosity decreased significantly along the slope.
Most of the soil physical and chemical properties from the

slope, but lacked a defined trend, 
and

clay loam Chromic Cambisols at Mgeta on the slopes of

observed in the field. The main treatments consisted of
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treatments showed a decreasing trend from surface to the
soil profile.of the soil physicalbottom Other and

chemical properties lacked defined trends with depth. The
and laddercauses

terraces are
movement of soil and gradual but continuous transportation
of fine soil materials by water down the slope.

variations in soil physical chemicalThe and
properties within and between the two treatments were
attributed to the nature of the soils and methods used in
the construction of the terraces.

Variations in the studied soil properties account for
In order to improve cropthe observed crop performance.

performance and maintain a sustainable crop production at
several soil management and conservation measuresMgeta,

are proposed.

in the benchof the observed trends
respectively attributed to the mechanical
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CHAPTER 1

INTRODUCTION

the tropicalAgricultural development in ofmost
countries is limited by physical, economic,

The physical constraints includepolitical constraints.
precipitation and availability of plantsoil fertility,

nutrients which are the dominant factors limiting crop
If soils are not well conserved and managed,production.

intense precipitation can cause severe erosion on hillslope
In soils whichareas resulting in reduced soil fertility.

are either shallow or with many stones or rock outcrops,
excessive internal drainagelow water-holding capacity,

crop yieldslow fertility result reduction inand in
(Buringh 1979). Some of these problems can be rectified
by observing appropriate land management practices such as
using appropriate soil and water conservation measures, for
example terracing, addition of organic matter or plant

soil,the planting adaptedresidues to cultivars of

practices.

soil andSome water conservationandmanagement
practices have been practised in Tanzania. Terracing, for

is extensively practisedexample, Uluguru andin the
Usambara mountains and Arumeru district (Shenkalwa 1989;

recommended crops and adoption of appropriate land use

social and
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2Kaihura1 of1990). Despite the1990, Mawenya use

still observing spatial variation in crop perfomance and
There is need, therefore,and overall reduction in yields.

to investigate the causes responsible for the variations

This would enable one to assess the effectivenessmethods.
of the various conservation methods.

Mgeta is an important agricultural land on the western

1988) and othertemperate-like climate (Delobel fii al.
physical aspects of the area have encouraged farmers to

(vegetables) andlarge variety of both annualgrow a
perennial (deciduous fruits) crops. Despite the high and
intense rainfall (about 2000 mm per annum) on the steep

The unique tillage operations practised byanticipated.
farmers and the rapid regeneration of vegetation after land

could bepreparation considered possibletheas
explanations of the reduced soil erosion.

1 Unpublished paper

2 Personal communication

terraces to reduce soil degradation by water, farmers are

in yield and to relate these to the soil conservation

The conducive

slopes, soil erosion is not as severe as would have been

upper slopes of the Uluguru mountains.
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There are two main types of terracing methods, namely

bench and small ladder terraces which are used for soil and
Bench terraces (Figure la andwater conservation at Mgeta.

Plate 1) are exclusively used for growing vegetables. They
are made by truncating the soil from the upper part of the
slope and make level steps of about 1.5 m wide across the

convent i ona1lythoughslope. benchThe terraces,
the steepsoilacceptable onas

slopes like those of Malaysia (Morgan 1986), have received
great deal of criticisms in their application in thea

Due to the fact that the soils of theUluguru mountains.
when bench terraces are constructed thearea are shallow,

Construction of suchinfertile subsoil is often exposed.
terraces also require high labour input and maintenance.
In addition, water on thebench terraces hold back much

soil consequentlyhill side making the saturated and
inducing landslides (Temple 1972b; Morgan 1986). The
above stipulations, however. have been adequatelynot

and quantified,substantiated hence for more
investigation.

Ladder terraces (Figure lb wideand Plate 2) are
spread in Mgeta and mainly used for growing food crops such
as maize, beans and others except vegetables. The ladder
terraces are made such that when vegetation

soil cutcovered with

conservation measures

the need

cultivating,
and crop residues are spread and
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Plate 1: A photograph showing a part of bench terraces In
which a current study was undertaken.
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Fig ,1b. A sketch of a cross section of the ladder (progresive bench) terraces showing 
three plots (R), three positions (P) on each plot and five intervals of sampling 
depth.
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Slow mechanicalfrom the
movement of soil down the slope is the main limitation

Such movements of soilassociated with ladder terraces.
together with the land use systems operating in Mgeta have
resulted in another kind of terrace known as progressive

Progressive bench terraces have resultedbench terrace.
from ladder terraces on plots owned by different people,
but on the same slope of a given side of the mountain. The

but staggered acrossladder terraces are not continuous,
Thethe slope in the progressive bench terrace system.

across
barriers for soils shifted from the terraces of the above
plot owned by another farmer. In the long run a single plot
is transformed into a broader bench terrace.

From field observations, on several farms at Mgeta and
with Franco-Tanzaniapersonal communication thefrom

Horticultural Development Project Staff (1990) at Mgeta,
crop performance in any one plot under ladder terraces
varies along the slope. The performance is better at the
lower end of a given plot, and worse at the upper end. On
the bench terraces,
performance pattern, that is, higher yields on the lower
end of each plot than on the upper end.

one would anticipate a similar crop

lateral borders between plots

face of the terraces above.

the slope act as
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Several authors have reported occurrence of various

types of erosion by water in the area, notably sheet wash
and even landslides (Temple 1972a; Temple and Murray -

These forms of1972; and Temple and Rapp 1972).Rust
not observed in the field at the

Franco-Tanzania Horticultural Development Project Staff
duringsoilmechanical ofmovementfrom theapart

The general variation inconstruction of the terraces.
yields and crop performance reported by the farmers in the

could be attributed to differences in soil physicalarea
and chemical fertility status resulting from the terracing

There is need to investigate the advantages andsystems.
disadvantages of the terracing methods practised in Mgeta

soilsoil and water conservation and maintenance ofon
Thefertility,

specific objectives of the study were:
to study the effect of bench and ladder terraces(1)
(progressive bench) on the physical and chemical
parameters of the soils along the slope (upper,
middle and lower) and at different soil depths,
to compare soil parameters within and between(2)
plots in the two terracing methods, and
to relate the findings from this study with the(3)
crop performance observed in the field.

erosion, however, were

and their effects on crop production.

were not reported by thebeginning of this study and
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CHAPTER 2

LITERATURE REVIEW

Problems of conservation tillage research2.1

The major goals of conservation tillage systems are:
(3)(2) erosion control,conservation of moisture,(1)

improvement of the soil productivity (Fauck 1977; Unger
Numerous studies1983).1980; Baver et al.and McCalla

have been undertaken in recent years to examine the effect
of different types of conservation tillage methods on soil

soil conditions and crop yields (Morganerosion rates,
The results show that the success of the systems1986).

1986).is highly soil specific (Morgan

(1967)by Gill andfindings VandernBergEarlier
indicated that, on the fertility aspect of the variables
used in conservation tillage research, it was difficult to
define the optimal soil physical and chemical conditions.

long-term undertakings due to the many factors involved and
the complex interactions encompassed.

the long term
forexperiments conservation are■tillage operations < 

important from the fact that the short-term experiments so

According to Gill 
and VandernBerg (1967) and Hillel (1982)

It was suggested that tillage investigations should be



11
andoften under constraints of time,undertaken are

Hilleland seldom yield conclusive results.personnel,
(1982) has stressed that tillage methods when compared may
differ widely in terms of cost, performance and measurable

Additionally, final crop yields fromeffect on the soil.
inconsistentbetillage methodsdifferent ormay

lackresultsand theirinsignificantly different may
universal applicability because of faulty selections of

soilandmeasurable inexactcriteria, measurements
Crop response to tillage also often tends tovariability.

be masked by numerous unpredictable yet decisive variables
1985).1967; Lalacting in the field (Gill and VanderBerg

Examples of such variables include deficit or excess of
water due to diversities of climate, fertility, pests and

When carefully chosen some soil physical anddiseases.
chemical properties have been reported to be appropriate

studying various andin soil managementparameters
conservation problems of different soils in different agro­

environments inecological the 1985;(Laltropics
1989).Shenkalwa

rapid degradation in physical and chemical properties of
a soil is common after clearing a land, the trend could be
stopped and reversed by observing good andsoil crop

argued that some
properties could be used to

It was therefore, 
soil physical and chemical

management and adoption of proper tillage systems (Fauck 
1977; Roose 1977).

It has been reported that, although a
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methods (Fauck 1977) .

Soil Physical Properties Influenced by2.2 Some
Conservation Tillage Operations

Information on the physical characteristics of the

tropical soils as influenced by management is far behind

characteristics.chemical pedologicalandthat of
According to Lal (1979)
available still lacks uniformity in the techniques adopted

For the purpose of studying andto characterize the soils.

physical properties have been suggested.

include; bulk density; particle density; soil porosity and/
Texture and particle size distribution and

soil-water-plant relationship characteristics have also
1978; McCallabeen included (FAO Landon1980; 1984 ;

Burden and Seim 1989; Shenkalwa 1989; Vareecken et al.
The aforementioned soil physical properties have1989) .

been termed as factors of soil degradation and are reported
influence the productivity of givento soil (Cheonga

1978).1971; FAO

From various
comparing various conservation tillage methods, some soil

or aeration.

assess soil degradation by various conservation tillage

studies the soil properties considered to be important

the little information that is
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Bulk density2.2.1

Very little information is available concerning the
effect of conservation tillage methods on the bulk density

sloping studiesof lands. the few undertakenFor
1989) it was found that bulk density tended to(Shenkalwa

decrease down the slope. The decrease was attributed to an
same slope

caused by the slight water erosion.

Bulk density guide to soilbeen usedhas as a
soil porosity, indicatorcompaction and and ofas an

problems of root penetration and soil aeration in different
soil horizons (Landon According to Landon (1984)1984) .
bulk density values vary considerably with moisture content

f ine-textured soils.particularly those of The bulk
densities of clay, clay loam and silt loam top soils have

betweenreported tobeen to1.00 1.60range g
conditions likedepending compactionthe andon

(Landon 1984) . Further,
there has often occurred a tendency for bulk density values

increase with depth,to of
organic matter content decrease (Taylor et al. 1966).

for sands or 1.46 and 1.63
for silts and clays, have been citedg

-3 cm °

Bulk densities above 1.75 g cm-3
-3 cm J

cultivation. Sands and sandy loams usually show variations 
cm-3

as causing

between 1.20 and 1.80 g

increase in organic matter content down the

as effects cultivation and
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hindrance to root penetration (Taylor et al. 1966; deGeus
According to Taylor et al. (1966) , even in horizons1973) .

lying at similar depths,of
usually great differences in bulk density values depending

organic matter soilpenetrationlevels, androoton
Very compact subsoils of whatever texture havestructure.

found to have bulk densities exceedingbeen
(deGeus 1973) .

Increases in soil bulk density have been reported to
impose several stresses on plant root system, through the

penetration,mechanical resistance and thusto root
reducing the plant's ability to exploit its environment.

in bulk density also decrease the air filledIncreases
porosity of the soil thus restricting air supply to the
plant roots and facilitating build-up of toxic products

dioxide and ethylene (deGeuscarbon 1973) .such as
Compaction of the soil causes a decrease of the volume of

relative to the volume of fine hencecoarse pores ones,
increasing the proportion of total porosity occupied by

suctiongiven (Russellwater at Soil1973) .any
permeability has been found to decrease with increase in
bulk density thus making field crops more susceptible to
the adverse effects of waterlogging (Landon 1984) .

-3 cm J

similar texture there are

2.0 g
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Soil porosity and aeration2.2.2

The quantity and size distribution of pores in soils
are indicators of the physical condition of the soils. Pore

change betweencharacteristics known tohowever, are
and are notseasons as well as within a cropping season,

influencetheirreadily quantifiable in on crop
Apart from the quantity andproductivity (Landon 1984).

the tortuosity and continuity of pores aredistribution,
said to be important features influencing aeration, water

1984; Thomas andmovement and root penetration (Landon
1985).Troeh

The total porosity of soils has been found to lie
between 30 and 70% and has been used as a very general
indicator of the degree of compaction in the same way as
bulk density. Total porosities of less than 40% and 50% for
sands and clay respectively have been reported to restrict
root growth due to excessive strength (Harrod 1975). Landon
(1984) stressed that the values of total porosity should

problems in soil, but rather as indicators of likely risk.

and an
an indication of the aeration

Pores that are not filled with water at field capacity 
(-10 kPa matric potential)

not be used as conclusive evidence for over-compaction

are filled with air,
estimate of their volume is
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and drainage status of In general terms, the
higher the air-filled porosity (at field capacity) the
better the drainage and aeration of a soil (Landon 1984;

airlimiting value forThomson 1985). A
capacity of 10% has been used general value belowas a
which anaerobic conditions are unlikely to occur (Greenwood

practice, limit dependshowever, the1975). In on
temperature, microbial activity, oxygen consumption by the

Eavis (1972)
illustrated a way of distinguishing between the effects of
mechanical impedance, aerobism and soil moisture using root
growth of pea seedlings in soils with various textures,

According to Eavis (1972)compaction and water contents.
aerobism was found to occur in soils with up to 30% air­

intactaround the roots and the presence or absence of
soils were found to be anaerobic atwater films. However,

AFP values below 10 to 15%.

Soil texture and particle-size distribution2.2.3

The proportions of individual soil particle ranges

(Landon Zonn1984;

have often been needed in correlation studies, for instance 
to relate available water capacity (AWC) to silt and/or 
clay contents and for size grading studies to indicate, for 
example potential compactability

a soil.

and Troeh

plant and the continuity of the pores.

filled porosity (AFP), but depended on local conditions
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Various methods have been devized to determine the1986).

relative proportion of various size groups. Due to high
variability in the results obtained, it has been suggested
that a standard method should be used when determining the

Various authors now advocate use of the• soil texture.
(Dewis and Freitas 1984 andpipette method 1970; Landon

1986).Zonn

to Thomson and Troeh (1985) each type ofAccording
particle present in the soil makes its contribution to the
nature of the soil as a whole. Clay, for instance has been
reported to interact with organic matter and increase water
and nutrient holding capacity. The finer particles bind
soil together into structural aggregates whilst the largest
particles act as skeleton to the soil supporting most of
the weight borne by the soil and making the soil permeable

Thomson and Troeh 1985). Sandy soils have been found to be
quite permeable to air, water and roots but have relatively
low water-holding and plant nutrient storage capacities.
In general, sandy soils if farmed should receive frequent
additions of water and plant nutrients in
highly productive (Thomson and Troeh 1985). The presence
of a high percentage of organic matter has been reported
to compensate for low clay contents in the soil. Clays hold 
more water than sands due to

1983 andas well as aerated (Hillel 1982; Baver et al.

order to be

their large surface area
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(Thomson and Troeh Soils with high clay content1985).
have been associated with high water-holding capacities,
but inadequate aeration (Baver et al. For that1983) .

high content organic istherefore, of matterreason,
reported to be helpful in overcoming the problem of too
much water in a clay soil and improving the water holding
capacity in sandy soils (Baver et al. 1983; Thomson and
Troeh 1985).

tillagestudies demonstrated thathaveSeveral
operations require considerably more power in clay soils
than in sandy or loamy soils (Thomson and Troeh 1985).
Loam and silt loam soils are considered more desirable for

They have enough clay content for storingmost uses.
adequate amounts of water and plant nutrients for optimal
plant growth (Russell 1973) but not too high to cause poor
aeration or reduce workability (Thomson and Troeh 1985).

contain betweensoils and 27% clay andthat 7Loam
approximately equal amounts of silt and sand and several
percent organic matter were found to be very good for most

1984; Thomson and Troehuses (Landon 1985).

the tropics (Landon 1984; Thomson and Troeh 1985),
textural variations have been reported to be important 
under conservation tillage systems due to the fact that

According to studies undertaken in various parts in
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high clay contents in the subsurface horizons were found
to seriously restrict air, water and root penetration.

2.2.4 Soil-water-plant relationship

Soil as a medium for plant growth has been known to
and permit theair and plant nutrientsfurnish water,

1977).physical development of plant root systems (Cheong
The ability of soil to perform the above functions depends
both on its texture and structure, which unfortunately vary
over the soil profile and from area to area (Landon 1984).

Different plants require different amounts of soil
moisture and show preference for different soil physical

several soil-water related parametersconditions. Further,
used determine the real availablehave been to water

capacity of a particular soil for a given crop (Cheong
1984).Landon The soil-water1971; related aspects

relevant to the crop-water requirements and which have been
reported to be influenced by tillage operations are field
capacity (FC), permanent wilting point (PWP), available
water capacity (AWC), and water retention characteristics

1983; Landon(Oswal 1984).
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Field capacity (FC)2.2.4.1

andVeihmeyerdescribed byField capacity as
Hendrickson (1931) is the maximum water content that the

This has beensoil will hold following free drainage.
reported not to correspond to a fixed soil water potential
but represents the condition of each individual soil after
the larger pores have drained freely under gravity (Landon

Several attempts have been made to correlate field1984).
capacity with a particular soil-water potential, but none
has been entirely satisfactory due to their failure to take

soil
profile such as transmission characteristics and hydraulic

Nevertheless,hysteresis and other factors.gradients,
1972; Stakman 1974)previous studies (Webster and Beckett

fieldthereasonable estimates concerninggave some
which still forused todate.capacity, UK,Inare

instance, Webster and Beckett (1972) reported that matric
potentials 48 hours after thorough wetting do not generally
exceed -5 kPa. This figure was reported to be used to
determine field capacity in the laboratory by the Soil
Survey of England and Wales (Avery and Bascomb 1974).
Stakman (1974) in the Netherlands In theused -10 kPa.
tropics or subtropics, significant losses of inwater

For medium­wetting.

addition to drainage losses have been observed during the 
24 to 48 hours period following

into account the dynamic properties of the whole
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soils, field moisturecapacitytextured content

corresponding to -33 kPa potential has commonly been used
where field capacity in the field cannot be determined

According to Russell (1973) soils at1984) .(Landon
kPa potential have lost water in pores larger than• -33

about 10 /xm diameter, and a useful approximate relationship
between tension and the size of pores was given as:

is suction in cmdiameter of pores (cm)

of water tension.

Permanent wilting point (PWP)2.2.4.2

Permanent wilting point has arbitrarily been defined
the soil water content at which the leaves of sunfloweras

plants wilt permanently, that is when they do not recover
inif placed saturatedsubsequentlytheir turgor a

Permanent wilting point hasJ964).atmosphere (Landon
taken content at -1.5 MPacommonly been

This has been supported by the fact that, manypotential.
tend tosoil-water be flatter at low

and unit changes in potential produce lesspotentials,
variation in soil-water content than at the high potentials
associated with field capacity values (Oswal 1983; Landon

1986).Zonn1984; has beenhowever,

and soilthe the

0.3 , where h 
h

o 
N)

cautioned from the fact that the value of PWP depends on 
climatic

I

conditions, the hydraulic 
conductivities at corresponding water potential levels in

cn § —k o>

.••• V' ,'’L* S'

The use of PWP,

retention curves

as the water
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the soil-plant-atmosphere continuum, and the plant species

1969 cited by Landon, 1984). According to Sykes(Sykes,
an interspecies variation was found in the water(1969),

potential isat Therebars.toPWP -39 no
available concerning theliterature direct ofeffects

terracing methods on the field capacity and thevarious
permanent wilting point.

Available water capacity (AWC)2.2.4.3

capacity hasAvailable water theas
capacityfieldretained andbetweenwatervolume of

permanent wilting point, and is a concept that applies to
It must be pointedfreely drained soils (Landon 1984) .

capacity and permanent wilting point can be considered as
Milthorpe (1960) suggestedequally available to plants.

that at matric potentials down to -100 kPa, water is freely
whilstavailable al. (1980)crops,

considered that 75% of the AWC can easily be extracted.
According to Landon (1984), total readily available water
capacity (TRAWC) of a profile is about 66% of the total

The proportion of water held at theAWC. low tensions

than the total AWC
1965) . According

represented by the TRAWC may sometimes be more important 
in determining crop response to soil 

moisture conditions (Salter and Williams

out, however, that not all the water held between field

been defined

to most

from -7

Hansen et
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it is TRAWC held at lowto Salter and Williams (1965),

tension within the larger soil pores which is particularly
Further, as soilsaffected by soil structural conditions.

become finer in texture, the TRAWC is said to increase to
a maximum within the loams and silt loams.

Water retention characteristics2.2.4.4

By determining water content at a number of matric
potentials between -10 kPa and -1.5 MPa a complete water
retention characteristic or release curve can be plotted.
Various properties of water retention curves for various

severaldiscussed bybeen exhaustivelyhavetextures
1983; Landonresearchers (Taylor and Ashcroft 1972; Oswal

1984).

Knowledge of water retention characteristics has been
reported to be indispensable in describing soil water

Vareecken at al. (1989) found that, soil waterprocesses.
processes can be modelled for better understanding of the
water movement in porous media using easily measurable soil

often monitored duringproperties, soil Thesurvey.
properties were named as particle-size distribution, dry
bulk density and carbon-dioxide content. the

suggested as very

Further, 
relationship between easily measurable soil properties and 
water retention characteristics has been
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important when studying the effect of management practices

the soil physical properties (Oswal 1983; Burden andon
Seim inFor instance,et al. 1989) .

medium textured soilsorder
■ should be tilled under optimum matric potential range of -

This water potential1000 1983).

range was reported as being wider for sand and narrow for
heavy soils, while soils containing good amount of organic
matter could be tilled at matric potentials higher than -
1000 kPa (Oswal 1983) .

Bache et al. (1981) reported considerable variability

The reason for that variability was attributed to the core
sampling (where some of the cores could sample structural

whilesubsoilin others could texturalnot) ,cracks
differences within series, differences in land management
and organic matter content. The latter two were said to be

intrinsic soil properties in causing variability inthe
structure (Bache et al.

1981).

same soil series, and more so for subsoils than top soils.
in the moisture release curves between sites within the

1989; Vareecken

to -1500 kPa (Oswal

measurements depending on the

to improve soil structure,
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Soil Chemical Properties and Conservation Tillage2.3
Operations

Efficient soil and water management and good crop
production require practical and scientific manipulation
of the chemical properties of soils. Arakeri and Donahue
(1985) observed that practical soil and water conservation
has a significant effect on several chemical properties.

of the chemical properties profoundly affected bySome
conservation tillage (like terracing) have been pointed out

soil pH, cation exchange capacity, organic matter,as
phosphorus and nitrogen (McCalla Landon1978; 1984;
Arakeri and Danahue Despite the1985; Shenkalwa 1989) .
importance of chemical data on crop production, there have
been many difficulties in making generalizations from soil

analytical al.chemical results. Barber (1963)et
attributed these difficulties to sampling, as samples from

of the influence of some factors such as cropping history,
management practices and/or time of the year when a sample
was collected.

laboratory extraction does not

root 1963; Landon 1984).

Additionally, interpretations of crop nutrient responses

necessarily reflect accurately or measure the availability 
of that nutrient to plant at the point of absorption on the 

hair (Barber et al.

a single site could differ in chemical properties because

Further, the quantity of an 'available*
nutrient measured by a
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difficult due to interactions between soil chemicalare

effect of soil conditionsconstituents,
1982).nutrients and their uptake by plants (Mengel

of the chemical properties have beenNevertheless, some
used to indicate potential excess or deficiency problems

1984; Shenkalwa 1989). Somesystems (Acres 1983; Landon

being influenced by most of terracing methods are discussed
in the following sections.

Soil reaction (pH)2.3.1

Soil
important chemical property due
availability of the 12 essential plant nutrients (McCalla

pH values have further been reported to depend on1978).
localized redox states, the concentration of soluble salts

in the
soil air, all of which are constantly changing due to farm
management practices (Landon 1984).

The use of various terracing methods have indicated
variation in soil pH on hillslope cultivated areas. A study
undertaken the slopes ofon Usambara undermountains
different conservation tillage methods 1989)(Shenkalwa

in the soil solution and the concentration of C02

on movement of

of the chemical properties which have been reported as

in soils, as well as comparing various soil terracing

effects on the
pH has been pointed out as one of the most

to its
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slopes. The reason for the increase was suggested to be the
washing away of surface soil from the upper parts of the
slope thus exposing the more acidic subsoil to the surface.

' pH variations caused by various terracing methods have
significant effectsbeen reported havefurther to on

For most commercial crops, a neutral rangevarious crops.
most suitable(pH between 6.3 and 7.5)

1984) .(Landon

Cation exchange capacity (CEC)2.3.2

Cation-exchange capacity measurements have been made
potentialof theoverall assessmentof thepartas

and possible response to fertilizerfertility of a soil,
CEC results haveFurther,1984).application (Landon

sometimes been used as a rough guide to the types of clay
minerals present (Russell 1973). CEC values often depends

variable ionicindicated by thecritically PH, ason
adsorption, different concentrations of leaching solution
and different solutions used for washing out the soil (Bohn

1985).et al.

was asserted as

CEC of allophane is particularly susceptible to pH changes, 
a hysteresis loop being produced by subsequent acid and

From various studies, it has been reported that, the

showed that soil pH was increasing from upper to lower
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Studies by Jackson (1965) have foralkali treatments.

example, indicated that the CEC of allophane is near zero
at pH 3.5 and over 200 cmol( + ) kg at pH 10.7. Even at
constant pH, hysteresis effects could produce variations
in CEC from 50 to 150 cmol( + ) kg"1. Corresponding values at
pH 7 for other materials (in cmol( + ) kg"1) include: zero for

10gibbsite; for0.5kaolinite forand quartz;
montimorillonite; and 18 for halloysite (Aomine and Jackson

quoted by Landon 1984).1959

FAO (1979) quoted CEC values of 8 to 10 cmol( + ) kg-1
of soil as indicative values in the top 30 cm of soil for

provided thatsatisfactory production under irrigation,
CEC has been pointed out asother factors are favourable.

derivedsoil,fraction of
mainly from the clay and organic matter fraction, although
the silt-sized particles sometimes contribute significantly

1979). Landon (1984) remarked that, since both CEC(FAO
and water retention properties are related to soil texture,
there generally exists a fair correlation between CEC and

saturation percentage particularlybase in soils with
similar parent materials and history of formation.

a property of the colloidal
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2.3.3 Exchangeable cations (Ca, Mg, K and Na)

byThe of accounted forproportion the CEC
exchangeable bases (Ca, Mg, K and Na) has been frequently

fertility. The baseused of soilindicationas an
saturation percentage (BSP), however, does not distinguish

between different bases, and imbalances in their relative

plantproportions have been reported to cause severe
1984). According to Clarknutrition problems (Landon

optimum(1966) assumed that forit has often been
agricultural production a neutral soil is required, with

all
In acid soils the limiting factorcomplex exchange sites.

has often been the concentration of aluminium ions in the
soil solution which in turn depends on the concentrations
of the other ions involved in the exchange reaction (Mengel

It has also been shown by Clark (1966) that some1982).
soils are saturated with bases at pH 5, which may explain

soils with pH values about 5.5, and why liming does not
increase their yield (Russell 1973).

The BSP values have been used in soil classification
by FAO-UNESCO (1989) indications ofas soil fertility
status. Two ranges are used based on ammonium acetate
extractions of samples from 20 to 50 cm depth. According

why acid-sensitive crops can be grown on some tropical

the acidity neutralized by the bases on the clay
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> 50% - eutricto FA0-UNESC0 (1989), the values used are:

dystric (or infertile)50%
soils. A general interpretation of BSP values was further
given as: low < 20, medium 20 - 60 and high > 60 (Varley
1983 1984).quoted by Landon

The levels of individual exchangeable cations in the
soil have been reported to have a more immediate value than

This has been supported by thethe CEC in advisory work.
existingtheindicateexchangeable cationsfact that

nutrient status as well as assessing the balance amongst
1984). It has further beencations (Mengel 1982; Landon

reported that many effects, for example, on soil structure
are influenced by theand on nutrient uptake by crops,

relative concentrations as well as by their absolute levels
(Landon 1984).

Exchangeable calcium (Ca)

Indices of plant available Ca have been reported to
have little value in determining the fertility status of
soils due to the enormous variability of its availability
and great dependence on a number of other factors (Landon
1984). From previous experience, Ca deficiency has been

or less (Mengel Large inputs of potassium (K)
reported to occur in soils of low CEC at pH values of 5.5 

1982).

(or fertile) soils and <
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fertilizers or high natural K reserves have been found,
to inhibit plant uptake of Ca in soils having ahowever,

more neutral reaction. As a rule of thumb, some response
to Ca fertilizer when applied as a plant nutrient has been
observed for most crops when exchangeable Ca in the soil

of soil (Landon It1984) .
has been found from various studies that high values of

soil10 cmol(+)above
1982; Landon 1984). Although it is known that Ca(Menge1

hashave an affinity for phosphate, Landon (1984)ions
interaction thetheeffect ofthethatobserved on

availability to plants is not well understood.

calcareous soils and to plants (Russell 1973; Mengel 1982;

Landon 1984).

Exchangeable Magnesium (Mg)

The presence of Mg deficiency in
suggested to be associated with low Mg content in the soil

presence of large amounts
particularly Ca and K (Mengel and Kirkby With1987).
increasing Ca:Mg ratios above about 5:1, the Mg has been
reported to become progressively less available to plants,

(LandonCa:Mgof 1984) .
of exchangeable Mg,

though soils could remain fertile over a very wide range 
ratios

is less than 0.2 cmol(+) kg-1

kg-1

Hence, in

a crop has been

as well as of other cations

exchangeable Ca start from

Deficiency symptoms
resulting from low absolute values
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rather than cation imbalance have been reported in acid,
coarse textured soils having exchangeable Mg levels less

High levels of Mg are generallythan 0.2 cmol(+) kg soil.
taken as those above 4.0 cmol( + ) kg-1 soil (Varley 1982 as
quoted by Landon 1984).

Exchangeable Potassium (K)

Exchangeable potassium levels have been suggested to
posses only limited value for predicting crop response.

is due to lack of knowledge of the capacity of theThis
to release currently unavailable K over a period ofsoil

1982).(Mengel and Buschtime
levels have been found to alter when the soils are dried.
As a general rule, samples with large amounts of available
K are known to loose some of the element by fixation, and
those with low amounts have their exchangeable K released
from sources that are non-available in the field (Mengel
1982; Landon 1984)

According to Landon (1984) soils can be referred to
as deficient in K when exchangeable K (cmol( + ) kg’1) by the
ammonium acetate extraction method is less than 0.05 for
sands,

In Malawi soils it was found that a
likely when a soil had an

0.1 for sandy loams and 0.15 for typical red-brown 
clays respectively.
response to K fertilizers was

Further, exchangeable K
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of soilexchangeable K value of below about 0.2 cmol( + ) kg
of soiland unlikely when it was above 0.4 cmol( + ) kg

(Young and 1962). humid tropical soils,InBrown
exchangeable K ranges of between 0.07 and 0.2 cmol( + ) kg

have been quoted as minimum absolute level in order to
1972).avoid deficiency (Boyer

(1975) pointed out that the values were only approximate
and would vary with crops and production levels.

Exchangeable Sodium (Na)

particularbeen reported inAlthough sodium has
circumstances as being utilized by some plants as a partial

Its absence or presence in only(Mengel and Kirkby 1987).

detrimental effect to plant nutrition. When Na is present
in the soil in significant quantities, however, it can have
adverse effects on many crops as well as on the physical
conditions of the soil (Landon 1984). Due to the absence
of sodicity in the soils of the study area, exchangeable
Na is not discussed in detail.

very small quantities is therefore reported to have no

However, Jones and Wild

substitute for K, it is not an essential plant nutrient
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medium; 0.1 to 0.2 low; 0.1 low.and less than very
Effects of low pH on N availability have been observed
(Landon Generally,1984) remarkable.beto
microbiological activity is reduced by high acidity and

available N is consequently reduced, whatever the total N.

2.3.5 Organic carbon (O.C.)

Organic carbon, like soil nitrogen, has been reported
experimentaldifficulties offrom similarsufferto

The two parameters havedetermination and interpretation.
further been made as a measure of organic matter in the

which in turn has been taken as a crude measure ofsoil,
1984). Landonfertility status (Landon According to

due thearise experimentally(1984) toproblems can
presence in the soil of other forms of C, notably charcoal

and undecomposed plantin regions of human habitation,
Both carbon sources may influence the analyticalresidues.

contributing littlewhilstresults to the nutrients
immediately available to crops.

seasonal,analyses, storage and pretreatment changes in
soil organic matter are also reported to greatly affect
measured values.

Additionally, as with N
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The importance of organic matter in improving the

other soil chemical properties can not be underestimated

when studying the influence of tillage operations on any

soil. Wrigley (1971) asserted that organic matter

compounds or humus in association with clay colloids have
important effects on the buffering of soil pH. Humus and
clay colloids have been reported to retain the natural
fertility or hold elements from added fertilizers in a way
which sandy soils can not due to the increased soil CEC
(Money 1968). authors, organicAccording to various
matter also contains most of the soils reservoir of N and

1972; Sanchezin some soils phosphorus (Swift and Posner
1976).

Although the interpretations of organic C data lacks
adequate guidelines as those of N, a rough approximation

Metson (1961) using the method byhas been provided.
Walkley and Black rated the organic carbon measurements in
the order; more than 20%, 10 to 20%, 4 to 10%, 2 to 4%, and

respectively.
less than 2% as very high, high, medium, low and very low
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Phosphorus (P)2.3.6

Of all the major plant nutrients, phosphorus has been

reported to possibly have the most complicated chemistry

in the soils at least as far as assessment of P levels and

the P fertilizer requirements are concerned (Fassbender

Although several standard 'available P' methods are1980).
their applicability depends on the soilin common use,

For most soils with pH less thanconditions (mainly pH).
7.0 the Bray, Truog or Morgan methods have been advocated

1971).1970; Hesse(Dewis and Freitas

inusedmethodsofvarietyof theBecause

generalavailableof P,determinations oneno

1984). theinterpretation has been given (Landon For
for most acidacid fluoride (Bray) method and, indeed,

low values have been suggested to indicateextractions,
but high values could also be ambiguouslydeficiencies,

1984).interpreted (Landon For the purpose of studying
offertility status given soil,the the generala

guidelines for available P have been provided by Olsen and
According to Olsen and Dean (1965), and AcresDean (1965).

indicative available(1983), P values in kg asmg
determined by Bray - dilute HF1/NH4F show that more than
50 is high and hence fertilizer response is unlikely; 50
to 15 is medium, whereby fertilizer response is probable;
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most likely.

2.4 Influence of Bench and Ladder Terraces on Crop
Performance

Bench and ladder terraces have been used with the same
basic goal of conserving soil and water on steep sloped
areas (Constantinesco 1976). The applicability of the two
methods on soils with different depths has been compared
in various parts of the world like in Africa, Asia and

Constantinesco (1976) reported successful use ofAmerica.
bench terraces in soils which were sufficiently deep and
stable.
grow well on the subsoil exposed, and where the soils were

the whole terrace collapsed. In Africa,unstable one
solution was suggested to be the laying of rows of crop
residues across the slope at intervals of about one metre
and to cover the rows with soil about half a metre high
(Constantinesco 1976; Shenkalwa 1989). According to the
two authors, the result was found to be a series of small

core of crop residues
(somewhat similar to split ridges) and often known as
ladder terraces.

back-sloping terraces containing a

and less than 15 is low, such that fertlizer response is

For soils which were too shallow, crops did not
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little information available

effect of bench and ladder terraces on crop performance.
has been studied on the methods of their

construction and their effect on the physical and chemical
• properties, which in turn are known to affect the crop
performance (Arakeri and Donahue 1985; Shenkalwa 1989) .

(1986) observed that benchMorgan when terraces are

much of the top fertile soil is truncated inconstructed,
This in turn exposes the lessorder to make level steps.

fertile subsurface soils especially in areas with shallow
soils like those of Uluguru mountains. Bench terraces,

have been widely acceptable in Malaysia (Morganhowever,
The construction of ladder terraces has also been1986) .

slow mechanical movement of fertile
soil down the slope, which in the long run could decrease

(Rwehumbizafertilitysoil and 1990).Roosethe
Information available concerning the movement and depletion
of the top fertile soil during construction of terraces by
the two methods suggest that crop performance would also
be affected.

Terracing on steep slopes has been reported to be very
important in controlling water erosion. According to

organic matter,
phosphorus, potassium and nitrogen in many parts of the

reported to cause a

Barrows and Kilmer (1963), terracing was found to be very 
effective in controlling runoff rich in

on theThere is very

Much, however,
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tropics. Adejuwon and Ekanade (1987) found that terracing

very effective especially in areas where forestwas was
removed

Large reductions in pH, organic matter content,slopes.
nitrate ions, available P,
base saturation were observed in areas not well conserved
(Adjuwon and Ekanade 1987) . Soil erosion, if not properly

controlled, has been pointed out to be the reason for crop

yields to remain the same or even to decrease despite much

applicationfertilizerincrease yields byefforts to
(Bennet 1947).

soil physical andconcluded that(1989)Shenkalwa
conservationproperties affected by thechemical are

be used thepractices, tolatterand the can assess
effectiveness of erosion control measures.

CEC, exchangeable cations and

and replaced by field and tree crops on steep
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CHAPTER 3

MATERIALS AND METHODS

General Characteristics of the Area3.1

the western upper slopes of
Uluguru mountains which lie between latitudes 6'

East (Sampson and
1964) and at an altitude of 2000 m above sea level.Wright

The area receives annual rainfall of between 1000 and 2000
1988).mm, with a temperate-like climate (Delobel si al.

The drainage of the area shows a sub-radial pattern
related to the horseshoe of high mountains (Sampson and

This is demonstrated by some of the larger1964).Wright
rivers like the upper reaches of part of the Ruvu river on
part of Mgeta, extended on to or across the piedmont zone.
This, further, probably indicates that the Uluguru Massif
is an inselberg of very long standing (Sampson and Wright
1964).

in

1964). The

The most widespread rock type is biotite gneiss, 
places magmatitic, where it is generally richer in potash 
(Sampson and Wright, dominant vegetation 
include fern, guavar, Cypruswattle, eucalyptus and thatch

0 45' and 7°
Mgeta is situated on

30* South and longitudes 37° 20’ and 38°
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grass (Themeda spp.). The current land use is cultivation

of vegetables like cabbage, cauliflower, leek and lettuce.

Maize intercroppedand beans withand allgrownare
deciduous fruit trees like peaches and citrus.

Experimental Site3.2

Before the field work was started,
survey of the areas cultivated using the two conservation
tillage systems (bench and ladder) conducted. Awas

where the two conservation tillagerepresentative site,

practised was chosen at Nyandira in Mgeta

division.
uniform slope of 30% and covering a total area of about 1

Half of the area was under bench terraces while theha.
A sketchadjacent half was under ladder terraces.other

of the field layout is shown on Figure 2. The two adjacent
but contrasting terrace systems were made about three years

Fertilizerconducted.wasago
regardless of the type of crop.

ammonia.The farmers usually apply sulphate of Neither
phosphorus containing fertilizer nor organic
applied on the terraces.

a reconnaissance

application is the same

methods were

manure are

The site chosen was under cultivation, with a

from the time the study
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3.3 Soils

According to the soil map of the world (FAO-UNESCO
1974), the soils of the study area have been classified
generally as
Regosols. For a more precise information a representative
profile in the study area was dug/opened at Nyandira to a
depth of 120 described according theand FAOtocm

(FAO 1977). TheGuidelines for Soil Profile Description
soils were classified up to a subgroup level according to
USDA Soil Taxonomy (Soil Survey Staff 1990) and up to level

under the FAO classification systems (FAO-two soil name
A summary of the field morphological andUNESCO 1989).

laboratory analytical data are presented in Appendix 1 and
Appendix 2 respectively. The diagnostic features used for
classification of the soils are presented in Appendix 3.

Soil sampling for physical and chemical analysis3.4

Sampling sites were selected across the slopes on
adjacent plots representing each of the two terracing

Twenty profiles were excavated at each upper,methods.

The
to study the possible

changes in the physical and chemical properties of the

sample collection.
three positions were chosen in order

middle and lower positions of each plot as shown in Figures 
1(a) and (b) for disturbed soil

Chromic Cambisols associated with Dystric
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soils down the slope. The disturbed soil samples for
physical and chemical analyses were taken from 0-10, 10-20,
20-30, 30-40 and 40-50 cm depths. The 10 cm intervals to
50 depth inmaximum chosen attempt tocm anwere
investigate the possible occurrence of vertical changes in
the physical and chemical properties of the soils in the
zone where most of the horticultural and other crops like
maize and beans’ roots obtain their mineral nutrients and

20Composite samples comprised offor growth.water
the 20from

The composite soil samplesprofiles on each plot position.
(about 2 kg each) were thoroughly mixed and put in plastic

Additionally, five undisturbed core samples werebags.
taken from each plot position following the depth sequence
adopted for the disturbed soil samples and these were used

bulk densitycharacteristics andfor retentionwater
90 disturbed samples andtotal ofdeterminations. A

90 undisturbed core samples were collected foranother
laboratory analysis for both bench and ladder terraces.

is:The 5breakdown centimetresten intervals 3x
positions on each plot 3 plots (or replications) perx
terracing method x 2 terracing methods.

subsamples from each depth were obtained
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3.5 Experimental Layout

The experimental layout was a 3 x 5 factorial with the
plot and depth oftwo

factorial design wassampling respectively.
possiblechosen theit possiblemake toto assess

variations in the soil variables (physical and chemical

properties of the soils) in two directions namely, down the

slope following three points or positions that is upper,

50 cm depthand vertically downmiddle lower, toand
The experiment was replicatedfollowing 10 cm intervals.

A sketch of thethree times for each terracing method.
experimental layout is given in Figure 2 and Plate 3.

3.6. Laboratory Analytical Methods
Soil sample preparation3.6.1

The disturbed soil samples were air dried, ground,
mixed thoroughly and sieved through a 2 mm sieve and then
stored in plastic bags. The core samples takenwere

the laboratorydirectly to for water retention
characteristics and bulk density determinations.

A two-way
factors being position on the
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& lower (L) & two terracing methods namely bench & ladder terraces
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Determination of the soil physical properties3.6.2

Brief inofaccounts the procedures used the
determinations of the selected soil physical properties are
shown below:

Particle-sjze analysis(a)

Particle-size distribution determined thebywas

pipette method outlined by the National Soil Service (1987)
and the textural class designation was done by following
the USDA triangle (FAO 1977).

Water retention characteristics(b)
Undisturbed (core) samples were analysed to determine

water retention characteristics of the soils. This was done
by equilibrating the samples with water at various pressure

100, 200, 500 and 1500 kPa) using50,
(for high pressure values), platemembranepressurea

low pressure values)(for andextractor compressora
(National Soil Service 1987).

Bulk density(c)

1965) and expressed in g(Blake
The bulk density was determined by the core method 

cm-3.

levels (0.1, 10, 30,
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(d) Pore-size distribution
Pore size and pore-size distribution of the soils were

deduced from the moisture retention characteristic curves
(Oswal 1983). The pore-size distribution was indicated
by the slope of individual desorption curve of a given
soil, whereby a horizontal section in the curve represented

could drain over the tension or pressure range concerned.
A vertical section of the curve represented a situation

ofoflarge numberwhere soil contains pores aaa
A straight line section at intermediateparticular size.

pore-sizewheresituationslopes represented the
distribution resulted in uniform release of water per unit

1986).1984; Zonnpressure change (Landon

Available water capacity (AWC)(e)
This was taken as a difference between the moisture

contents in volume percentage between 10 and 1500 kPa which
are referred to as the tensions at field capacity (FC) and
permanent wilting points respectively (Oswal 1983; Landon
1984).

(f) Particle density
Particle density of the soils was determined by the

pycnometer method (Blake 1965), and expressed in g cm-3.

a situation where no pores were available of a size that
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(g) Total porosity
The total porosity of the soils was determined by the

computation involving the bulk and particle densities of
the soils. The formula used was:

e

total porosity (%)
bulk density (g cm-3), andDb

« particle density (g cm"3)Dp

Determination of the soil chemical properties3.6.3

Most of the soil chemical properties were determined
using the standard methods with some minor modifications

determinedSoil pH (H20) wasin some of the procedures.
suspension1:2.5 soil-waterpotentiometrically in a
by the wet1987), organic carbon(National Soil Service
1965) andcombustion method of Walkley and Black (Allison

total nitrogen by the semi-microkjeldahl method using a
block digester as outlined by the National Soil Service

Available phosphorus was determined by the Bray(1987).
and Kurtz number 1 method (Olsen and Dean 1965) modified
by the National Soil Service (1987) such that, a flow auto
analyzer was used to read the phosphorus concentrations in
mg kg Cation­screen.
exchange capacity (CEC) and
determined according to the procedure given by Chapman

(1 - Db) . 100
Dp

where, e =

soil directly on the computer
exchangeable cations were
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(1965) and modified by the National Soil Service (1987).
These thefromwere
computerized flow auto-analyzer.

3.7 Data Analysis

The data for each of the physical (except for soil
moisture retention) and chemical variables were analyzed
as a 2-way factorial in a randomized complete block design

The means of the two factorsreplicated three times.
sampling depth and second orderposition on each plot,

interaction on each of the key variables were separated by
using Duncan1s Multiple Range Test (Snedecor and Cochran

The 2-way factorial design enabled the assessment1989).
of the changes of the soil fertility parameters (physical

down the slope (monitored through threeand chemical)
positions - upper, middle and lower) and vertical changes

The grand means forof the parameters through 50 cm depth.
each variable were compared for the two treatments using
a normal test to identify the superior treatment in terms
of the parameters used.

The data for soil moisture retention were analyzed as
This

design was specifically used for soil moisture retention
data in order to enable incorporation of a third factor

a 3-way factorial design replicated three times.

determined and obtained directly
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namely soil potential the otherwith twowater
aforementioned. The means obtained were used to sketch the
soil moisture characteristic for the soils atcurves
various positions and depths.
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CHAPTER 4

RESULTS

Three dimension comparison of some soil physical and
chemical properties for the two terracing methods practised

The comparison of the properties wasat Mgeta was made.
made quantitatively between the adjacent bench and ladder
terrace plots along their slope and to a depth of 50 cm.

chemical variablesandphysicalResults of the
are presented incorresponding to the named dimensions

soilfor fewonly dataFor clarity,8.Tables 1 to
Tables 1 and 2 show theproperties have been graphed.

andthe physicalterracing methodstheeffect of on
chemical variables based on two separate and independent

the plots and soil depthposition onfactors namely,
Tables 3 and 4 show the effect of therespectively.

terracing methods on the soil water retention based on the
Table 5 is a function of

relateswhich different kinds4Table of soil water
contents and specific water capacities to plot positions
for the two terracing methods. Tables 6, 7 and 8 show the
effect of the terracing methods on the soil physical and 
chemical variables when the two factors interact.

same factors outlined above.
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terracing wethod
Bench terraces Ladder terracesVariable

Upper MiddleUpper MiddlePosition Lower LSD

Physical
t0.03* 1.031.02 0.991.07 1.06
n2.592.572.61 2.602.512.512.51 2.49
n60.5 61.6 60.459.157.2
»**27.5 26.1 26.934.6 27.1

it26.131.430.5 31.032.5

a0.2* 2.21.81.81.7 2.0

47.3 47.134.1 49.7 46.133.5 35.333.5

at46.3 44.8 37.043.7 44.4 40.4 44.4 40.8

nt19.0 17.1 19.2 18.6 12.8 13.0 10.9 12.2

t25.625.9 27.4 26.3 28.4
Cheiical

ttt0.1*5.3 5.2 5.5 5.3 6.1

AVC water 
content 
(volute X)

PWP water 
content 
(volute X)

PC water 
content 
(volute X)

Total sand 
content (X)

Table I : Physical and cbetical variables of the soils at influetced by tbe terracing 
■ethods and tbe position within the plots and a coiparisot of their grand leant

Grand
lean

Very coarse 
sand content

(X)

Clay content
(X)

Silt content(XI

Total porosity
(X)

6.2*Soil pH (Ml

Lower LSD Grand Grand 
nean weans coo pa­

rison

24.2B

58.9*

36.0*

57.6*B

33.6*

34.0B

1.06*B
Particle density (8 cn'J)

33.7B

1.12*

6.0B

55.1B

1.03B*

35.0B 26.4*B

7.6*’2?.4*B

0.4***

2.1*

6.1*

1.8B

Bulk density 
(g ci j

1.9**

2.7*

26.9* 1.6“
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Table 1 coat.

Variable Ladder terraces

Position Middle Upper KiddleUpper Lover LSD Lover

st*20.517.8 20.1 21.0 20.5

1.0* tat10.56.1

0.6* aaa3.52.82.5 3.12.8

O.H *0.12 0.160.17 0.130.17 0.16 0.16

aaa0.15 0.08 0.11 0.100.130.150.16 O.H
aaa0.02*Total N (X) 0.15 0.18
aaaOrganic C (X) 1.48 1.651.46 1.75 1.21

0.69 0.36 0.670.78 0.83 0.46 0.500.47 US

NB:

* Significant at less than IX level

- Keans superscripted by the sane letter in a given rov of a given tillage lethod are not 
significantly different

1 - Significant at 5X level

aa

Available P 
■g/kg

Grand
lean

LSD Grand
■ean

Grand
leans 

coipa- 
rison

_____ terracing lethod
Bench terraces

0.02*

1.38c

11.0*

O.I3B

10.8*

1.63b

0.21*0.16!

1.99*

0.15B

CEC (enol (♦) 
kg" of soil)

0.15*B 0.17®

17.3B19.1*17.1B

6.3* 9.6B

3.3®

5.4B

. .J*9.21

Exchangeable Ca 
(ciol(t) kg" 
of soil) 6.5*

3.9*

A 0.7

1.7“’

3.4*B

Exchangeable Na 
(ciol(a) kg" 
of soil)

Exchangeable Ng 
(ciol(t) kg’ 
of soil)
Exchangeable K 
(ciol(i) kg" 
of soil)

- Significant at IX level
aaa
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Soil physical properties4.1

Bulk density:4.1.1

1.45
(mean 1.07) in the bench terraces and from 0.7 6 to

, in the ladder terraces.(mean1.38 1.03) From
can be observed that bulk densities1 itTable

soils of bench terraces were relatively higher than those
Moreover, bulk densities obtainedof the ladder terraces.

in the bench terrace soils were significantly (p < 0.05)

There was no significant variation in bulkrespectively.

with ladderdensity along respect theslope tothe
terraces, though a gradual decreasing pattern can be noted
down the slope.

in the respective upper, middle and lower parts of the
plots.

Table 2 shows an irregular but significant variation

(p = 0.01) in bulk density with depth in the soils of the

bench terraces, but nonsignificant in the ladder terraces.

soilthe surface (to 10From depth)cm of the bench
terraced plots and from 20 to 3 0 cm depth, bulk densities
were similar. Between 10 and 20 cm the bulk densities

cm-3

cm-3

-3 g cm °

Bulk density of the soils ranged from 0.76 to 
g cm-3

for the

increasing down along the slope from 1.03, 1.06 to 1.12 g

The trend was from 1.06, 1.02 to 0.99 g

in the upper, middle and lower parts of the plots
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Ladder terrace

0-10

0.09*8S) 1.02 1.04 1.03 1.07 1.01 0.98

2.57 2.55 2.61 2.61 2.632.512.52 2.512.44 2.54

2.7*Total porosity (X) 59.4 59.8 58.8 61.3 62.8

Clay content (X) 27.0 27.0 27.0 27.0 27.035.0 35.0 33.035.0 34.0

Silt content (X) 26.0 27.0 25.0 26.0 26.032.0 32.030.0 31.0 31.0

Very coarse sand (X) 2.0 2.0 2.0 2.0 2.0 2.02.0 2.02.02.0

46.9 46.7 47.8 47.0 47.134.832.334.9 34.434.1

41.2 37.2 40.4 42.6 41.742.846.947.344.5 42.3

12.0 12.1 12.6 12.5 11.5

29.1 25.1 27.8 30.1 29.922.025.825.9 30.527.3
Cheiical

6.0 6.0 6.0 6.1 6.1,-l
17.9 17.2 20.7 19.7 20.3 21.3 20.917.3 17.519.1

6.0 5.76.4 5.76.5 11.2 11.0 9.0 10.2 10.0

0.7* 2.8 2.9 2.82.7 2.8

PWP water 
content!voluse X)
AVC water 
content (voluse X)

FC water 
content(voluie X)

Variable
Sanpling 
depth (ci)

Table 2 : Physical and chewical variables of the soils as influenced by the terracing 
■ethods and the depth of saapling

Grand
10-20 20-30 30-40 40-50 lean 0-10 10-20 20-30 30-40 40-50 LSD

Total sand content 
(X)

terracing nethod 
Bench terrace

Exchangeable Kg 
(ciol(i) kg' 
of soil)

0.91c

53.2C62.8* 50.8C

Soil pH (H,0) 
CSC (cool(i) kg 
of soil

1.23*

16.8B 20.7*

59.5B 59.7B

1.17*

Exchangeable Ca 
(csol(l) kg" 
of soil)

Physical
Bulk density(g ci 1 
Particje density 
(8 ca’3)

21.1*

l.02B

17.2®

5.0C

16.4B

0.3

3.6*B

5.7*

3.4*“

5.4B

3.1"

5.0C

4.0* 3.8*B

5.3BC

3.1B
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Table 2 cont.

Variable Ladder terraces
LSD LSD

0*10 10-20 20-30 30-10 40-50 0-10 10-20 20-30 30-40 40-50

0.28 0.26 0.12 0.10 0.07 0.17 0.14 0.13 0.13 0.10

0.19 0.10 0.10 0.11 0.10 0.110.18 0.13 0.13 0.13

.A IBTotal N (X)

Organic C (X|

0.009* 0.87* 0.74*

NO:

I - Significant at 5X level
- Significant at IX level

in - Significant at less than IX level

Available P 
ng/kg

Sampling 
depth (ca)

- Keans in the sane rov of a given terrace superscripted by the sane letter are not 
significantly different at 0.05 level of significance

_________ terracing Method
Bench terraces

0.09C

1.96*

1.29* 1.55*8

1.99*

1.43*

0.83C

0.048

1.22B

0.19* 0.19*

0.1?B 0.01B

1.59BC

Exchangeable Na 
(csol(i) kg'1 
of soil)

0.13B

1.38B

0.67* 0.17B 0.005°

0.14B

Exchangeable 1 
(c»ol(>) kg" 
of soil)

0.03
a .3* 0.26 1.99* 1.84*B

0.16® 0.16B 0.03°

1.49C 1.34C 0.27°

0.20* 0.20* 0.18
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, while from 30 to 50 cm

depth it increased from 1.02 to 1.23 g cm-3. There was no
significant difference when the two factors, position on
the plot and soil depth interacted on the bulk density in

the two terracing systems (Table 6) .

Particle density:4.1.2

Particle densities of the soils of bench terraces
3 while in ladderranged from 2.37 to 2.73 (mean 2.51) g cm"

terraces it ranged from 2.40 to 2.91 (mean 2.59)
soilsdensityParticle bench terraceof the were

significantly lower (p = 0.01) than that of the adjacent
it canFrom Tables 1, 2 and 6,ladder terraces (Table 1) .

be noted that there was no significant variation either
in profilevertically down thealong slope,the or

interaction of the two parameters respectively for bench
and ladder terraces.

Total porosity:4.1.3

Total porosity values of the soils from the bench
terraces were significantly lower than those of the ladder
terraces (p = 0.01). In the bench terraces, total porosity

(mean 57.2)
terraces it ranged from 47.1 to 70.5 (mean 60.4) %. Table

decreased from 1.02 to 0.91 g cm-3

g cm-3

ranged from 40.1 to 68.7 % while in ladder
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1 and Figure 3 show a significant decrease (p = 0.01) in

total porosity down the slope from 58.9, 57.6 to 55.1% in

the upper, middle and lower parts of bench terrace plots

respectively. Ladder terraces had a non significant, but

gradual increase in the soils’ total porosity along the

slope.

With respect to vertical changes along 50 cm soil

depth (Table 2), there was only a significant variation (p

In bench terraces total= 0.01) in the bench terraces.
porosity mean values were decreasing with increase in soil
depth,
density of the same soils. In the ladder terraces there

depth, but an opposite trend of variation to that of its

total porosity down the profile.

Soil texture:4.1.4

Generally, there were significant differences in all
textural fractions between bench and ladder terrace plots
(p = 0.05). Clay and silt contents of the soils from bench

ranging from 27
(mean 34.6)% and 25 to 38 (mean 31.4)% respectively as
compared to those terraces. ladder

was no significant variation in total porosity with soil

terraces were relatively higher, to 40

bulk density values can be noted, that is an increasing

following the opposite trend shown by the bulk

In theof ladder
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terraces clay content ranged from 18 to 40 (mean 26.9)% and
silt content from 20 to 35 (mean 26.1)%. Very coarse sand
and total sand contents of bench terraces were

significantly lower than those in the ladder terrace soils
(p = 0.05 and p = 0.01 respectively). Very coarse sand

(%) of the bench terrace soils ranged from tracecontent
to 5 (mean 1.8) while in the ladder terrace soils it ranged

Total sand content in the benchfrom 1 to 5 (mean 2.2).
terraces ranged from 25 to 47 (mean 34.1)% and for ladder
terraces from 37 to 57 (mean 47.1)%.

There was a significant increase in clay content down
the slope for bench terraces (p = 0.05), from 34.0 to 36.0%
in the upper and middle parts respectively. In the lower

almostparts of the bench terrace plots,
similar amount of clay content to that of the upper parts.
In the adjacent ladder terrace plots, clay content showed

significant variation along the slope (Figure 3). Thereno
however a gradual increase in clay content from thewas

middle parts 27.5%)(27.1 to of the plots,toupper
followed by a slight decrease (26.1%). Silt content, there
was only a significant increase down the slope (p = 0.01)
in ladder terraces. The trend was 25.0, 26.0 to 26.9% in

middlethe and lower parts respectively.upper, The

adjacent bench didterraces not show any significant
variation along the same direction. In contrast to silt,

there was an
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very coarse sand content of the soils from ladder terraces

decreased significantly (p = 0.01) down the slope, while

a non significant variation was noted in the bench terrace
plots along the same direction. Total sand contents for

• both bench and ladder terrace soils did not show
any significant variation along the slope of the
plots.

considerable verticalGenerally, there was no

variation in texture in the soils for the two terracing
Nevertheless, a close look at the data presentedmethods.

unique phenomenon whereby the very2
for the two terracing methodssand content arecoarse

similar (2%) along the sections of 50 cm soil depth. Other
textural fractions are markedly different. Further, there

was no significant difference with terracing methods when
considering the interaction of position on the plots and
soil depth upon soil textural fractions (Table 6) .

Soil water contents at FC, PWP and MIC4.1.5

4 and 5 and Figures 5(a)Tables 1, and (b) show the
water content status for the two terracing methods. On one

soilsbench terracehand, higher
10 kPa

matric suction) and permanent wilting point (18.6 volume

contained relatively 
moisture at both field capacity (44.8 volume % at

in Table shows a
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terraces. The ladder terraces contained 40.6 and 12.2
volume percent at the respective matric suctions. On the
other hand, soils from ladder terraces contained higher

available water capacity (28.4% by volume) than soils from

the bench terraces (26.2% by volume).

From the results presented in Table 1, it was observed

significant variation in soilthat there waterwas no
content at field capacity as well as at permanent wilting
point along the slope of both bench and ladder terrace

Conversely, only the ladder terrace soils had anplots.
increase in the available water capacity down along the

27.4 and 33.6The trend of variation was 24.2,slope.
volume % in the upper, middle and lower parts of the plots

The available, water capacity for the benchrespectively.
terrace soils did not vary significantly along the slope.

From Tables 2 and 3, and Figure 4 it can be noted that
the exception ofwith content at permanent

point benchwilting in the terraces, there was no

significant variation in water contents at field capacity,
permanent wilting point, water retention characteristics

available water capacity for the soilsand of the two
terracing systems around the 50 cm depth. The permanent 
wilting point water content in the bench terraces showed

% at 1500 kPa matric suction) than the adjacent ladder

the water
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(Bars)kPa

0-10

10 - 20

20 - 30

30 - 40

40 - 50

Table 3 : Soil water retention characteristic data for the bench 
and ladder terrace soils along 50 ca soil depth

Sampling Soil matric suction in: 
depth(cm) 

(0.001)
(0.100)
(0.300)
(0.500)
(1.000)
(2.000)
(5.000)
(15.000)

(0.001)
(0.100)
(0.300)
(0.500)
(1.000)
(2.000)
(5.000)
(15.000)

(0.001)
(0.100)
(0.300)
(0.500)
(1.000)
(2.000)
(5.000)
(15.000)

(0.001)
(0.100)
(0.300)
(0.500)
(1.000)
(2.000)
(5.000)
(15.000)

(0,001)
(0.100)
(0.300)
(0.500)
(1.000)
(2.000)
(5.000)
(15.000)

61.5
44.5
39.4
28.2
36.4
34.6
22.6
17.2

60.3
47.3
43.5
42.1
40.2
38.3
23.9
16.8

55.8
41.2
32.7
30.6
29.5
28.4
19.7
12.0

54.1
42.6
36.1
33.9
32.6
30.8
19.5
12.4

0.1 
10.0 
30.0 
50.0 

100.0 
200.0 
500.0 
1500.0

0.1 
10.0 
30.0 
50.0 
100.0 
200.0 
500.0 

1500.0

57.6
42.3
36.5
34.6
32.9
31.7
22.0
16.4

55.3
40.4
32.6
30.8
27.1
26.5
16.1
12.6

0.1 
10.0 
30.0 
50.0 

100.0 
200.0 
500.0 
1500.0

60.4
47.6
42.7
40.2
38.4
37.2
27.6
21.1

0.1 
10.0 
30.0 
50.0 
100.0 
200.0 
500.0 

1500.0

0.1
10.0
30.0
50.0
100.0
200.0
500.0

1500.0

55.3
42.8
37.5
34.9
34.3
32.8
23.5
20.7

53.5
37.2
30.7
28.9
24.9
22.6
17.2
12.1

57.2
41.7
32.6
31.3
30.2
28.9
16.6
11.9

Soil water content (volume 
___________% ) in :_________  
Bench terraces Ladder terraces
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Soil water content(volume X) in :Soil matric suction in;

(Bars) Ladder terracesBench terraceskPa

0

0

Table 4 : Soil water retention characteristic data for the two 
terracing methods through three positions on each plot

(0.001)
(0.100)

(0.001)
(0.100)

(0.001)
(0.100)

42.4
40.8
38.6
36.0
24.6
19.2 
0

58.7
46.3

60.3
44.7

57.9
43.7

54.5 )
37.0 ) Drainage

Lower 
0.1 
10.0

Upper
0.1
10.0

Middle 
0.1 
10.0

39.9
37.8
36.0
35.8
23.7
17.1 
0

37.5
35.5
34.7
33.0
23.5
19.0
0

30.0
50.0
100.0
200.0
500.0

1500,0 io’

30.0
50.0

100.0
200.0 
500.0 

1500,0
107

30.0
50.0

100.0
200.0
500.0

1500,0
10f

31.3 )
29.1 )
27.5 )
26.0 )AWC
18.8 )
12.8 ) Residual 

(Unavailable)

56.6 )
40.4 ) Drainage
32.7 )
30.6 )
28.8 ) AWC
27.3 )
18.9 )
13.0 ) Residual 

(Unavailable)

54.4 )
44.4 ) Drainage

34.8 )
33.6 )
30.3 ) AWC
29.0 )
15.7 )
10.9 ) Residual

0 (Unavailable)

(0.300)
(0.500)
(1.000)
(2.000)
(5.000)

(15.000)
10*

(0.300)
(0.500)
(1.000)
(2.000)
(5.000)

(15.000)
10*

(0.300)
(0.500)
(1.000)
(2.000)
(5.000)

(15.000)
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two patterns: low contents in the 0-30 cm depth and a
slight increase in the 30-50 cm depth layer (Figure 4) .
Interactions of the three factors, position on the plots,
soil depth and different levels of applied matric suctions
(Table terracing7) for the two methods showed no
significant effect on the general soil water status.

Soil water retention characteristics4.1.6

The amount of water released per unit change in soil
specificmatric suction is referred to the wateras

capacity of a soil, and this is determined by the gradient
of a given soil water retention curve (Oswal 1983) . It

specific drainage water capacity was relatively higher in
the ladder terraces than in bench terraces. In the case
of specific water capacity in the range of the available
water capacity, there was no marked difference between the

Specific residual water capacitytwo terracing methods.
for the bench terrace soils was relatively higher than that
of the adjacent ladder terraces.

decreased in the lower parts to the
parts (Table 5) .

same level as the upper

In the ladder terraces, specific drainage

Specific drainage water capacity appeared to increase 

from upper to middle parts of bench terrace

can therefore be noted from Table 5 and Figure 5 that

plots, then
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Table 5 : Soil water contents (voluae X) and the respective specific water
capacities (in brackets) summarized from the water retention
characteristics data in Table 4 and Figures 5a and 5b for the two terracing
methods

Terracing method

awc

17.5(8.8) 24.2(11.0) 12.8(4.6)19.0(6.8)25.9(11.8)14.2(7.1)Upper
13.0(4.6)16.2(8.1) 27.4(12.5)17.1(6.1)25.6(11.6)Middle 15.6(7.8)

10.0(5.0) 33.6T15.3) 10.9(3.9)19.2(6.9)27.4(12.5)12.4(6.2)Lower

Plot's 
position

Kind of 
water content

___ Ladder terraces 
Drainage awc ResidualBench terraces_____

Drainage AWC Residual
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water capacity showed a decreasing trend from 8.8, 8.1 to
5.0% by volume suction (Figure 6) .per

specific water capacity in theFurther, of therange
available water capacity showed no considerable differences

ladder terraces, a marked increase down the slope can be
noted.
terraces seems to be higher in the upper and lower parts
followed by lower values in the middle parts which is
contrary to the trend shown by its clay content (Table 1) ,
but similar to its organic carbon content. Ladder terrace

specific residualsimilarplots values of waterhad
capacity in the upper and middle parts and least value in
the lower parts corresponding to that of its clay content,
water content at permanent wilting point and its particle

Table 7 shows no significant variation in waterdensity.
retained by soils from the two terracing methods when the
interaction of the three main factors in the present study

However, from Table 7 it is apparent thatare considered.
bench terrace soils retained much more water at any level
of matric suction compared to the adjacent ladder terraces.

along the slope for the bench terraces, whereas in the

Specific residual water capacity of the bench

unit matric
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Upper Upper

KB: There is no significant difference (P = 0.05) within the terraces.

Total sand 
content %

Table 6: Physical variables of the soils as influenced by the terracing 
■ethods, plot position and depth of sampling

Variable 
Plot's 
posit ion

Saapling 
depth 
(ca)

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

35.7
34.0
31.7
33.0
33.3

61.5
64.3
60.0
56.9
51.6

2.49
2.49
2.54
2.56
2.49

0.96
0.89
1.01
1.10
1.20

32
32
33
33
33

33
34
35
34
34

2
2
2
2
1

34.7
33.0
34.7
32.3
33.0

36
37
36
36
35
29
30
30
31
32

59.4
60.6
61.5
52.2
54.1

1.02
0.94
0.96
1.18
1.20
2.51
2.382.49
2.47
2.63

2
2
2
2
2

2.57
2.47
2.60
2.51
2.41
57.7
63.4
57.5
50.5
46.6

1.09
0.90
1.10
1.24
1.29

35
34
32
36
31
30
31
31
32
31

34.3
35.3
37.0
31.7
38.0

1
12
2
2

1.06
1.12
1.09 
1.04 
0.99
2.60
2.562.74
2.55
2.62
58.2
56.2
59.8
58.9
62.3
27
2427
28
28
25
27
24
24
25

47.7
48.7
49.3
47.7
46.3

3
2
3
3
3

1.01
0.93 
1.06 
1.04 
1.06
2.53
2.512.56
2.72
2.67
59.8
62.8
58.5
61.6
60.0
26
31
27
28
26

45.7
44.3
47.3
46.3
46.7

1.02
1.02
1.07
0.93
0.88
2.58
2.57
2.55
2.56
2.60
60.2
60.2
58.0
63.6
66.0

47.3
47.0
46.7
47.0
48.3

26
2527
26
26
26
28
26
29
26
3
2
2
1
2

2
2
2
1
2

28
25
26
26
27

Ladder terraces
Middle Lower

Very coarse 
sand content X

Silt content
X

Clay content
X

Particle  density(g on-3)

Total porosity
X

Bulk density (g/c»"3)

__________ terracing sethods
Bench terraces____

Middle Lower
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Xatric section Ladder terrce

(hi) 30 500.1 100 20010 30 50

Upper

*

Lover

9,5

SB: There is no significant difference (P = 0.0$) within the terraces
t Grand leans are significantly different at 5! lerel of significance

tn Grand leans are significantly different at IX leiel of significance

Table 7: Soil water of the soil as influenced by eatric section, plot position aid the depth of 
Sampling in tvo terracing aethods and a coiparison between terracei

100 200 500 1500 Grand 0.1 10 
lean

58.2 10.9 34.8 33.2 32.5 31.3 22.1 12.3
52.) 31.8 28.2 25.7 25.3 21.0 19.3 12.9
53.1 41.3 30.7 27.3 25.8 24.8 20.2 13.9
81.7 50.4 38.0 36.0 34.0 32.1 18.1 13.3
54.0 43.0 31.1 30.4 29.8 28.8 16.1 10.3
54.2 45.3 35.0 33.2 24.2 20.5 13.1 10.9

53.1 40.3 36.7 34.8 33.4 31.0 20.2 12.5
55.9 34.0 30.1 29.1 28.6 27.9 17.8 12.9

500 1500 Grand Grand 
seas leans 

coipa 
risen

55.3 46.1 41.0 39.7 38.5 36.9 18.0 10.9
54.0 40.8 29.8 28.9 28.1 26.7 13.8

_______ terracing nethods
Bench terrace

0-10 60.1 40.3 37.7 36.6 34.2 34.3 23.1 16.7
10-20 57.6 (1.9 38.0 35.6 34.2 33.3 23.9 14.1

Kiddle 20-30 63.7 50.8 48.6 16.8 44.8 43.3 20.8 15.6 36.9 56.3 37.8 31.7 3.00 26.3 24.3 14.8 12.6 31.0
30-40 63. 1 48.2 39.6 38.9 34.5 37.1 28.9 21.2
40-50 57.3 42.4 35.8 31.0 32.3 31.2 21.7 17.9
0-10 66.0 47.7 45.4 44.2 42.6 39.9 22.9 18.4
10-20 54.2 40.0 34.6 32.6 30.4 28.8 21.9 17.8
20-30 57.9 44.1 40.8 39.3 37.2 35.2 24.1 16.7 38.3 54.5 46.9 37.2 35.8 31.0 32.4 17.6 12.8 31.6
30-40 59.0 50.3 47.5 45.6 42.5 37.5 27.3 19.7
40-50 56.7 49.2 43.6 42.0 40.3 38.4 26.6 23.5 -

0-10 58.5 45.4 35.2 33.8 32.2 29.6 21.8 16.4 55.2 39.7 32.1 28.3 26.3 25.1 21.0 13.5
10-20 61.0 44.9 36.9 35.6 34.2 33.1 20.3 17.2 53.4 34.5 28.7 27.0 23.5 23.5 19.2 12.3
20-30 59.4 47.0 41.2 40.2 38.7 36.3 26.7 18.1 35.6 55.1 36.7 29.1 26.6 24.1 22.7 15.8 12.5 29.6
30-40 59.0 44.3 41.0 36.0 38.0 36.9 26.6 22.5
40-50 51.8 36.7 33.1 36.6 30.6 30.2 28.8 20.)

Plot Sanpling 
position depth 

(ci)
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4.2. Soil chemical properties
4.2.1 Soil reaction (pH)

The pH of the bench terraces was significantly lower
(p = 0.01) than that of the ladder terraces (Table 1). In
the bench terraces pH ranged from 4.0 to 6.3 (mean 5.3),
while in ladder terraces the range was 5.7 to 6.3 (mean
6.1). there was a significantTable 1 also shows that,

decrease in soil pH (p » 0.01) down along the slope of the
6.0 the6.2, 6.1 inladder terrace plots, from to

respective upper, middle and lower parts of the plots. On
the other hand, there was no significant variation in soil

TherepH along the same direction for the bench terraces.
was also a significant increase in soil pH (p = 0.01) with

In the ladder terraces,depth in the bench terrace soils.
there was a gradual increasing trend though nonsignificant.
The pH variations down the profiles of the bench terraces
correspond to those of total nitrogen and organic carbon
in the same terraces. Generally there was no significant
variation when an interaction of the two factors - position

the two terracing methods (Table 8).
on the plot and soil depth is considered upon soil pH for
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Sampling terracing methods
Ladder terracesBench terraces(cm)
MiddleMiddle LowerUpperLowerUpper

soil)

1

1

NB: There is no significant difference (p = 0.05) within the terraces.

5.1
5.0
5.0
5.2
5.5

6.6
6.8
6.0
5.9
6.1
2.7
3.2
2.6
2.8
2.8

7.2
7.3
5.9
6.4
5.7

6.1
6.2
6.2
6.1
6.2

1.9
1.4
1.1
1.3
1.0

4.7
4.1
3.3
4.3
3.2

6.0
6.0
6.0
6.2
6.2

2.0
2.4
1.6
1.3
1.2

6.0
6.0
5.9
6.0
5.9

2.1
2.1 
2.0 
1.9 
1.8

3.7
3.4
3.2
3.4
3.1

Variable 
depth

1.8 
2.0
1.3
1.4 
0.9

2.5
2.4
2.3
2.6
2.5

5.2
4.9
5.3
5.3
5.6

5.3
5.4
5.1
5.7
5.3

2.3
2.2
1.8
1.4 
1.0

1.7
1.8
1.1
0.9
0.6

4.8
5.2
5.6
5.7
6.0

3.1
3.0
3.2
3.0
3.1

3.6
3.9
2.8
3.2
2.8

Available 
phosphorus 
■g/kg

Table 8 : Chemical variables of the soils as influenced by the terracing 
methods, plot position and the depth of sampling

Exchangeable 
magnesium 
(cmol(t) kg” 
of soil)

Exchangeable 
potassium 
(cmol(*) kg” 
soil)

Position on 
the plots

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0-10 
10-20 
20-30 
30-40 
40-50

0.18
0.19
0.14
0.15
0.10

0.66
0.14
0.43
0.10 
trace

0.29
0.28
0.11
0.10
0.06

0.19
0.18
0.14
0.12
0.15

17.6
16.4
15.5
18.0
17.8

20.5
18.1
18.8
19.2
18.6

0.26
0.20
0.15
0.13
0.07

0.18
0.14
0.13
0.14
0.12

0.23
0.21
0.15
0.14
0.10

19.2
17.4
18.2
16.3
15.3

0.28
0.31
0.10
0.05
0.07

0.19
0.21
0.12
0.12
0.13

0.16
0.16
0.12
0.10
0.09

2.23
1.21
0.54
0.14
0.02

19.7
17.8
18.6
20.6
23.6

0.17
0.09
0.09
0.19
0.05

0.09
0.05
0.08
0.12
0.06

0.19
0.16
0.16
0.15
0.17

21.6
20.5
21.4
21.5
19.9

0.15 
0.12 
0.14 
0.10 
0.14

0.11
0.11
0.13
0.11
0.17

0.21 
0.21 
0.18 
0.15
0.16

1.04
1.00
0.02
0.25 
trace

20.7
20.9
20.8
21.0
19.2

0.21
0.22
0.17
0.11
0.10

0.11
0.14
0.11
0.09
0.09

0.19
0.22
0.19
0.18
0.16

1.42
1.52
0.68 
0.27 
trace

0.77
0.42
0.09 
0.54 
trace

11.1
11.9
10.4
11.4
10.3

Organic carbon 
%

Total nitrogen
X

0.81 
0.80 
trace 
1.22
0.51

10.9
10.2
8.4
9.5
8.9

11.5
11.0
10.8
9.7
10.8

Cation exchange 
capacity(emo) (♦) kg”1 soil)

Soil pH (H20)

Exchangeable 
sodium (cmol(t) kg”1 
soil)

Exchangeable 
calcium (cmol (♦) kg-1 of 
soil)
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Cation exchange capacity (CEC)4.2.2

The CEC of the bench terrace soils was significantly
lower (p = 0.01) than that of the ladder terraces. In the

soil while in ladder terraces it was from 16.1
soil (Table 1) . From

soilsit hadTable 1 an

From middle to lower parts of the plotssoil respectively.
the CEC remained similar to the upper part (that is 17.3

thesoil). for
ladder terrace plots along the slope corresponds to that

combination of clay and silt (fine soil materials)

CEC for thecontents of the soils from the same terraces.
ladder terrace soils showed no significant variation along

Variation of CEC with depth forthe slope of the plots.
both bench and ladder terraces was not significant. From

itTable 8, can no
significant variation in CEC within terracing methods when

the two main factors act together.

(mean 20.5) cmol(+) kg-1

increasing pattern in CEC from upper to middle parts of the 
plots with values ranging from 17.1 to 19.1 cmol(+) kg"1

' bench terraces CEC ranged from 12.4 to 22.6 (mean 17.8) 
cmol(+) kg-1

cmol kg"1

of a

The pattern observed in CEC

to 34.5

further be noted that, there was

is noted that bench terrace
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4.2.3 Exchangeable Cations (Ca, Mg, K and Na)

Table 1 shows that there were significantly (p = 0.01)
lower exchangeable calcium and magnesium contents in the
soils of bench terraces than that of the adjacent ladder

Bench terrace soils contained between 4.3 andterraces.
(mean 6.1) exchangeable calcium while there was 7.2 to8.9

ladder15.8 (mean 10.5)
The exchangeable magnesium in the bench terracesterraces.

ranged from 1.4 to 4.7 (mean 2.8) compared to 1.1 to 6.0
A general case was for(mean 3.5) in the ladder terraces.

the exchangeable potassium and sodium, in which the soils
of bench terraces had slightly higher contents. Thus, the
exchangeable potassium in the bench terraces ranged from

was from 0.04 to 0.45 (mean 0.14). The exchangeable sodium
content ranged from 0.05 to 0.27 (mean 0.15) in the bench

(mean 0.10) in the ladderterraces and from 0.03 to 0.29
terraces.

Table 1 also shows a significant increase (p = 0.01)

the exchangeable calcium content down the slopein for

both soils of bench and ladder terraces. The increase in

both cases was sharp from upper to middle parts of the
The increase was from 5.4 to 6.3 and 9.6adjacent plots.

to 11.0 soil in the bench and ladder terraces respectively.

0.01 to 0.39 (mean 0.17) whereas in the ladder terraces it

exchangeable calcium in the
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From middle to lower parts of both bench and ladder terrace
plots the remainedexchangeable calcium contents
statistically non significant (Table 1). In the case of

exchangeable magnesium, only significanta

variation along the slope for the ladder terrace plots and

with nonsignificant variation in the bench terraces. The
exchangeable magnesium for the ladder terraces decreased
sharply from upper to middle parts of the plots (3.9 to
3.3), then gradually increased from middle to lower parts

soils’ exchangeable potassium and sodium along the slope
With the exception offor the two terracing methods.

exchangeable magnesium, exchangeable cations did not show
significant variation with depth.

Total nitrogen and organic carbon4.2.4

From the results presented in Table 1, it appears that
there were relatively lower total nitrogen and organic
carbon contents in the soils of bench terraces than in
those of ladder terraces. In the bench terraces the total
nitrogen (%) ranged from 0.03 to 0.25 (mean 0.15), whereas

0.18).

A large fraction of the

in the ladder terraces it ranged from 0.10 to 0.28 (mean
The organic carbon (%) was from 0.5 to 2.6 (mean 

1.48) and 0.8 to 2.6 (mean 1.65) in the bench and ladder

(3.3 to 3.4). There was no significant variation in the

terrace soils respectively.

there was
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organic carbon (about 40% of total) found in the ladder
terrace plots was found in the lower parts (Figure 6 and
Table 8). not the case in the bench
terraces.

There were significant variations (p ■ 0.01) in total

terraces along their plot slopes (Table 1 and Figure 7).
In the bench terrace plots, the soil total nitrogen showed

gradual increase from upper to middle parts (0.15 toa
0.16%), followed by a sharp decrease from middle to lower
parts of the plots (0.16 to 0.13%). In the ladder terrace
plots, there was only sharp decrease in total nitrogen from
upper to middle parts (0.21 to 0.15%), followed by a slight
insignificant increase in the lower part of the plots

In the case of organic carbon there was a clear(0.17%).
significant (p « 0.01) increase down along the slope in the
ladder terrace plots.
organic carbon contents in the upper, middle and lower
parts of ladder terrace plots, respectively.

Table 2 and Figure 8 show significant decrease (p «
0.01) in total nitrogen and organic carbon with depth in
the soils for both bench and ladder terraces. In the bench

total nitrogen started decreasing 
significantly from 20 cm soil depth, whereas the organic

This was, however,

The trend was 1.38, 1.63 to 1.99%

and ladder terraces,

nitrogen contents of soils from both bench and ladder
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carbon content showed a similar trend in the bench terraces

only. Ladder terrace soils showed a gradual decrease in

soil organic carbon from the soil surface to 50 cm depth.

Similar to other physical and chemical variables in the two

terracing nitrogen and organictotal carbonsystems,
contents in the soil showed no significant variation when

interaction of the two main factors was considered

(Table 8).

4.2.5 Available phosphorus

The available phosphorus content for bench terrace
soils was relatively lower than that of the adjacent ladder

In the bench terrace plots, available phosphorusterraces.
ranged from trace amounts to 5.3 (mean 0.69 mg kg-1) whereas
the ladder terrace plots contained between trace amounts

values (Table 1). There was noto 1.68 (mean 0.50) mg kg
significant variation in available phosphorus in both soils

and ladder along their slopes.from bench terraces
increasing trend along

the slope was observed for the two terracing methods
(Table 1).

A similar decreasing trend with depth in available

From the surface to 20cm soil depth in both
phosphorus content was noted in the two terracing systems 
(Table 2).

However, though nonsignificant, an
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adjacent availableplots, phosphorus contents were

statistically non significant, but from 20 to 50cm depth,
there was a gradual decrease in the bench terraces while
in the ladder terraces a decreasing trend was followed by

40cm soil depth.unusual increase 30 andbetweenan
Further, variation in thethere significantwas no

terracing methods when the two main factors interact
(Table 8).

4.3 of Bench and Ladder CropInfluence Terraces on
Performance

A general relationship between the soil physical and
chemical properties and crop performance observed in the
field are summarized in Tale 9. From Table 9 it can be
noted that the trends of the soil properties followed the
pattern displayed by their corresponding crop performance.

available phosphorus content in the soils from the two
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Ladder terracesBench terraces

0.362.7 24.2 1.38 0.2127.1 25.0Upper good 1.16 0.15 0.4734.0 36.0 1.7 25.9 poor

1.63 0.15 0.461.8 27.4Kiddle uediua 36.0 30.5 2.0 lediui 27.5 26.40.781. 75 0.1625.6
1.99 0.17 0.672.1 33.626.1 26.9Lover good 1.21 0.13 0.83 good33.7 31.0 1.8 27.4

Table 9:Influence of sone soil physical and cheiical properties on the observed crop perforiance (vegetables 
under beach terrace and aaise, beans under ladder terrace) at Kgeta.

Plot 
Posi­
tion

coarse
carbon;

crop Soil properties  crop soil properties* .
perfor- XC XSi XVCS Xvol AVC X0.C XTH Av.Flag kg'1) perfor- XC XSi XVCS Xvol ABC XC .C XTK Av.Piig kg’1)
aance sance

sand; AWC=available 
TN=total nitrogen;

*C=clay: Si=silt; VCS=very
water capacity; O.C=organic 
Av.P=available phosphorus.
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CHAPTER 5
DISCUSSION

interaction of the mainhas been noted thatIt
soil depth, and matricfactors, position within plots,

suction (for soil moisture studies) in the present study
yielded no significant effect on the chosen soil physical
and chemical properties. The reason could probably be due
to relatively slow and gradual occurrence of degradation

instance, theresoil.in the For was noprocesses

conspicuous soil erosion by water observed in the field
during presurvey of the present study,
evidence of an increase down the slope of soil organic
carbon and silt content in the ladder terrace plots. On
the other hand, very

This suggests that thepattern along the same direction.
rate of transportation of fine soil particles and organic

along the slope is very slow and gradual. Thematter
results obtained in the field were just a cumulative effect
of the transpotation process. This has been exemplified by
having higher total sand content in the ladder terraces
compared to that of the adjacent bench terrace plots. Lack
of significant levels when the main factors were considered
together (Tables 7 and 8) could be due to the nature of the
experimental field, such that in the bench terraces
cultivation was undertaken on the subsurface soil while in

coarse sand showed

yet there was

a decreasing
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the ladder

Practically it was impossible to obtain true statistical

randomization for plots because they were already laid out

field.in thesystematically anotherunderneath one
thebetweenNevertheless, variationssignificant two

terracing methods were ascribed to soil depths and plot
positions.

Soil physical properties5.1
5.1.1 Bulk density

Bulk density values obtained in the present study for
both bench and ladder terraces were less than critical

for silts and clayey soils
for many crops (Taylor et al. 1966; Landon 1984). However,
critical values of bulk density at which root growth is

be treated with greataffected need tobelikely to
caution. This is because the effect of gradual increase in
mechanical impedance, that is increasing bulk density, on
root growth is progressive and decreases air porosity.

restricts air supply to plant roots andThis, in turn,
facilitates the build-up of toxic products such as carbon
dioxide and ethylene in the plants' (deGeusroot zone
1973). For that matter, bulk density could be among the
limiting factors to better crop performance in the bench

(Russell 1973).terraces Further, in theusedmethods

values of 1.46 and 1.63 g cm"3

terraces only thin top soil was depleted.
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construction of the two types of terraces might have led

to the existing differences in the soil bulk density. In
bench terraces the subsoil containing lower organic matter
is exposed to the surface when the top soil is truncated
and mechanically moved down the hill (Rwehumbiza and Roose
1990). In contrast, soil is mixed with crop residues and

1976;weeds when ladder terraces are made (Constantinesco

1990) which upon1986;Morgan
decomposition add organic matter to the soil and thus lower
the bulk density.

Effect of the two terracing treatments on the bulk
density of the soils can be noted from the trends observed
along the slope as well as deep in the soil. An increasing
trend in bulk density down the slope observed in the bench
terrace plots (Table 1) could be caused by a decrease in
organic carbon in the same direction when the terraces were

On the other hand, a gradual transportationconstructed.
of light humic materials laterally in the same direction

The latter is
supported by the fact that organic carbon content of the
soils from ladder terraces showed a similar trend to that
of the bulk density. Together with humic materials, other

materials (clay and silt) showed similara
increase down along the slope. This suggests that due to 
high mean annual rainfall of about 2000 mm (Delobel al.

Rwehumbiza and Roose

could have contributed to that trend.

fine soil
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fine soil particles though no sign of water erosion was
noted in the field. Moreover, a decreasing trend in bulk
density observed in the ladder terraces corresponds to the
findings obtained by Shenkalwa (1989). Irregular bulk

density variations along the soil depth in both bench and
ladder terraces might be due to differences in the nature
of the soils. Bench terraces constituted subsoils with more

only fewclay hadwhile ladderand silt terraces

during theirmovedsoilcentimetres disturbedof

expectedbulk density tosoilconstruction. The was

increase with soil depth because of decreasing soil organic

1966;matter with increasing soil depth (Taylor fit al.,

Bohn fit al., 1985).

Particle density5.1.2

Particle density values obtained from the soils of
both bench and ladder terraces were slightly less than that

g cm'3* The latterof the common quartz mineral of 2.65
value also represents an average figure for non-ferruginous
and non-humose subsoils (Blake 1965; Landon 1984). The
higher values observed in the ladder terraces could be

to higher sand contentsattributed (Table 1) after a

reduction of greater part of the soil finer materials by

Relatively higher values of the particle densitywater.

1988) water moving down the slope carry, on its way, some
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performance thecouldin field, but influencethe

calculations for the total porosity and judgement concerned
the moisturesoilestimated soil
content at field capacity (Zonn 1986). Lack of significant
variation in particle density laterally along the slope and
vertically deep in the profile for the bench and ladder
terraces suggests that the soils could have originated from

chemical andwiththe materialparent commonsame
mineralogical composition.

Total porosity5.1.3

Total porosity values for bench and ladder terrace
soils (Table 1) fell within a generally acceptable range

According toof 30 to 70% suggested by Harrod (1975).
sands with a total porosity (pore space)Harrod (1975),

less than about 40% are said to be liable to restrict root

limiting total porosities should be less than 50%.

The influence of terracing methods on the soils' total
porosity was obviously noted in the two directions chosen.
In bench terrace plots, total porosity decreased down the
slope probably due to the decreasing pattern shown by their
fine particle contents (clay and silt) as well as their

growth due to excessive strength, whilst in clay soils

in the ladder terraces have no direct effect on crop

aeration status and
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bulk density (Table 1). According to Thomson (1957), the
finer the texture of a soil, the greater is its percent of
total pore space. Thomson (1957) further indicated that,
fine-textured soils have smaller bulk density values than

However, an increase in claydo coarser - textured soils.
content and total nitrogen as well as organic carbon in the
middle of bench terrace plots showed no effect on their
total porosity values. This could not be given an immediate
possible explanation. In ladder terraces, total porosity

higher total nitrogen and organic carbon together with the
observed clay and silt contents (Table 1). A combination
of soil organic matter and fine soil materials result into
higher total porosity values (Thomson, 1957; Landon, 1984).
Additionally, total porosity values in ladder terraces were

The increase followed a similarincreasing down the slope.
total nitrogen and organicsilt,trend shown by clay,

From the

can be reasoned out that, methods used in the construction
of bench terraces allowed only mechanical movement of soil

At the same time, when ladder terraces aredown the slope.
constructed, small amounts of soil is moved mechanically

the slope (Figure 1(b)),down but relatively larger
proportion of finer soil materials including soil organic 
matters are gradually and continuously being transported

carbon contents in the ladder terrace soil.
observed differences among the two terracing systems, it

values were generally high probably due to relatively
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Hence, the

observed variations in total porosity values along the
slope in bench terrace plots could be caused by the nature
of the soils after the two types of the terraces were made.
The increase in total porosity down the slope in ladder
terraces conforms to the results obtained by Shenkalwa
(1989) on the micro contour lines on Usambara mountains.
The increase was attributed to transportation by water of

there were large amounts of total sandslope. Further,
content in the ladder terraces which could be taken as an
indication of long term effects of gradual depletion of
fine soil materials along the slope (Table 1).

An increase in total porosity from the surface to 20
by cultivationhave been causeddepth couldsoilcm

practices which have a tendency of mixing organic matter
1957; Adejuwon and Ekanadein the soil (Thomson 1987).

This has further been supported by the trend displayed by
the organic carbon content vertically in the same direction
(Figure 8). Continuous decrease in total porosity and bulk
density with increase in soil depth under bench terraces

terraces could be theattributed to

presence of greater proportion of fine soil particles

followed the acceptable pattern suggested by Taylor et al. 
(1966). A slight increase in total porosity along the soil 
depth in ladder

finer soil materials, notably humic materials along the

down the slope by water during rainy seasons.
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presence of greater proportion of fine soil particles
together with soil organic matter. A slight difference was
noted between porosity determined soilthe total by
saturation method (Figure 4) and the calculated one (Figure
5) . This could be due to inherent errors in the procedures
used in determining the total porosity. The collapse of
some formed soil peds and expansion of some clay minerals
(also noted in the present bench terrace soils) in the
soils wetted in the cores could be another reason for the

the procedures used innoted differences. theFurther,

determination of soil particle and bulk densities (Blake
1965) could also attribute to the noted1965; Vomocil

differences.
research on the exact cause for the observed discrepancies.

Soil texture5.1.4

While clay content of the ladder terraces fell within
the acceptable range of 7 to 27% suggested to be very good
for most agricultural uses (Landon 1984; Thomson and Troeh
1985) , bench terraces contained slightly higher value. The
soils of bench terraces were saturated with water in most

times of the year (Personal observations in the field,
withcommunication Mgeta farmers and Franco-Tanzania

Horticultural Project Staff, 1990). This could be a result

of simultaneous occurrence higher bulk density and lower

However, the differences call for further
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total nitrogen and organic carbon (organic matter) and

total porosity values in the soils from bench terraces

relative to those of ladder terraces (Table 1) and high

mean annual rainfall (2000 mm) in the area. From the above

facts, it can be suggested that occurrence of high clay and

silt contents in the soils from bench terraces together

(Figure 5) especially during rainy seasons could ultimately

result could be temporary soil water logging during such

The temporary water logging could affect cropseasons.
performance in the bench terraces and this is supported by

the higher contents of sodium and pottasium ions observed

the bench terraces than in the corresponding ladderin

1985; Mengel and Kirkby 1987) .(Bohn et al.terraces

Higher clay and silt contents and lower very course and
total sand contents both in the bench terraces than in the
ladder terraces concur with the suggestion that some fine
soil particles are transported by water down the slope in
ladder terrace plots leaving behind the coarse particles.
Trasportation of fine soil particles is supported by a
decreasing trend in very coarse sand content (Figure 3)
from upper to middle parts of the ladder terraces. A
slight increase in very coarse sand at the lower parts of
the ladder terrace plots could be due to minor mechanical

particlesof themovement down the todueslope 

gravitational force during the construction of the terraces

with much standing water with slow or no free drainage
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(Delobel et ai. 1988; Rwehumbiza and Roose 1990) .

Lack of significant variation for all soil fractions

along the slope, down the soil profile and the interaction

of the two main factors in both terraces suggest that the

soils of the two types of terracing methods could have the

same parent material with common chemical and mineralogical

properties. This is further supported by the occurrence of

similar very coarse sand content along the soil depth in

both terraces (Table 2). However, due to exposure to the

two different terracing systems, the current differences

in physical and probably chemical properties (degradation)

Increased quantitative differences in soilhave occurred.
physical properties like the already noted in this study
can have a direct effect on the soil water status (Baver

1983) and when combined with some differences inet al.

chemical properties could aggravate into some differences

in soil fertility status, hence lead to clear disparity in

the terracingbetween methodsperformance (Zonncrop

1986) . A similarity in very coarse sand content deep in the
which is less easily transported by water,profile, for

both bench and ladder terraces (Table 2) can support the
assumption in soil physical 
properties were actually a consequence of the contrasting 
treatments.

that observed differences
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5.1.5 Soil water content

Soils from bench terrace plots contained a higher
water content at field capacity (-10 kPa matric potential)
than those of ladder terraces. This does conform with the
literature that soil dominated by fine particles can hold
more water than the ones dominated with coarse particles
(Hillel This implies that, since bench terraces1982) .
had relatively higher clay, and silt contents compared to

ladder they should be expected to haveterraces, more
retained water than the adjacent ladder terraces. Fine

textured soils are known to possess greater surface area
which contributes much energy used to retain water in the

contain claysoil. instance,
particles which have the ability of expanding as they are

inobserved ladderwetted. notSuch a

terrace soils. The difference between the two soils could
be a reason for having different water content at any given

Soilmatric suction 1986).(Zonn water content at
permanent wilting point (PWP) in the bench terraces (-1500
kPa matric potential)
ladder terraces.
soils could be another possible reason due to the fact that
not all fine particles
drained easily below 1500 kPa matric suction (Baver et al.

was also higher than that of the

phenomenon was

can be

Bench terrace soils for

Greater clay content in bench terrace

water retained by soil
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1984). Despite the higher water contentssuction (Landon
found at field capacity and permanent wilting point in the
bench terrace soils, the available water capacity (AWC) was
lower than that of the ladder terraces.
suggests that fine soil particles can hold much water which

(Oswalnecessarily available to higher plantsis not
If soil organic matter is combined with fine soil1983).

water held by the soils could bematerials (inorganic),
easily be drained out and used by higher plants which was
a case in the ladder terraces (Landon 1984). This implies

farely higher organic matter content in the ladderthat,
terraces (Table 1) might have contributed to the higher

soilimprovinginImportance of organic matterAWC.
beenandstructure

1984; Zonn1983; Landondiscussed by many authors (Oswal
1986; Shenkalwa 1989).

The effect of the two terracing methods on the soil
moisture status can be noted on the differences in trends
of variation of the soil water content at field capacity,
permanent wilting point and available water capacity along
the slope of the respective plots. andFrom Table 1,
Figure 6, it can be suggested that an increasing available

in the ladder terraces
without similar trend in the adjacent bench terraces could

the soil fine particles which may need over 105 kPa matric

water capacity down the slope

This, further,

soil's water holding capacity has
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the soil fine particles which may need over 105 kPa matric
suction (Landon 1984). Despite the higher water contents
found at field capacity and permanent wilting point in the
bench terrace soils, the available water capacity (AWC) was
lower than that of the ladder terraces.
suggests that fine soil particles can hold much water which

(Oswalnecessarily available to higher plantsis not
If soil organic matter is combined with fine soil1983).

materials (inorganic), water held by the soils could be
easily be drained out and used by higher plants which was
a case in the ladder terraces (Landon 1984). This implies

farely higher organic matter content in the ladderthat,
terraces (Table 1) might have contributed to the higher

soilimprovinginorganic matterofAWC. Importance
beenwater holding capacity hassoil'sandstructure

1984; Zonn1983; Landondiscussed by many authors (Oswal

1989).1986; Shenkalwa

The effect of the two terracing methods on the soil
moisture status can be noted on the differences in trends
of variation of the soil water content at field capacity,
permanent wilting point and available water capacity along
the slope of the respective plots. andFrom Table 1,
Figure 6, it can be suggested that an increasing available

in the terracesladder
without similar trend in the adjacent bench terraces could
water capacity down the slope

This, further,
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be attributed to differences in clay, silt and organic

matter Hillelcontents 1980;

1982). Due to the on going cultivation practices on both
bench and ladder terraces, there was no definite trend in
soil water content values down the profile. A significant
increase in soil water content at permanent wilting point
with increase in soil depth in the bench terraces could be
the consequence of increased clay and silt contents with
depth. From the present study it can therefore be noted
that bench terrace soils had a tendency of holding more
water which was not necessarily available to plants.

Soil water retention characteristics5.1.6

(Table 5 and
Figure 6) it can be assumed. that the trends of variation
shown by specific residual and drainage water capacities
represent the micro- and macro- pore size distribution of

respectively. Further, thethe soils, specific water
capacity at the available water capacity range represents
distribution of medium - sized pores of the soils for the
two terracing systems (Oswal 1983; Landon 1984; Burden

1989). Using the aforementionedand Seim criteria for
pore-size distribution in the soil, it can be said that
bench terraces had relatively less proportion of large
pores compared to ladder terraces. This implies that the

From the water characteristic curves

in the soils (Sankaram
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capacity of the soils from bench terraces for draining
excess water after the soil is saturated by rainfall at a
given period of time may be lower than that for the ladder
terraces. Further, a continuous rain on the bench terraces

could probably lead to breakdown of any formed soil peds.

The ultimate result would be destruction of soil structure,

air porosity and its effect on the general soil fertility

and crop performance in the field. The lower specific

drainage water capacity in the bench terraces could be

attributed to its soil texture because of the high contents

of clay and silt as compared to the soils from the ladder

terraces which are dominated by sand particles. Soils from

bench terraces had lower proportion of large pores than

those of ladder terraces because at field capacity the

former contained more water. This leads to an argument

that since at field capacity the soil structure is not

disturbed, and the drainage water considered is freely
drained water below 10 kPa matric suction, then there
should be greater resistance for water to drain out of the
soil dominated with finer particles (clay and silt) than
those which dominated by sand. This isare further
supported when the design of the terraces is taken into
consideration [Figures 1(a) and (b)]. On the other hand,

the trends shown by 
specific water capacities for the available water capacity 
and residual water capacity corresponded to the trends of

it can be noted from Table 5 that
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and residual water capacity corresponded to the trends of

soils1the siltclay, and organic and othercarbon
properties derived from them such as bulk and particle

densities and total porosity (Table 1) in the two terracing

This further suggests a relationshipmethods under study.

between soil texture and structure with the soil specific

water capacities, hence pore-size distribution.

The higher specific drainage water capacity found in

the middle of bench terrace plots than their upper or lower

parts (Table 5) could be expected due to higher clay, silt

and organic matter contents. Specific soil drainage water

capacity of the ladder terraces showed a decreasing trend

down the slope (Figure 5) probably due to lack of stable

matter contents and a simultaneous decrease in total sand

content along the same direction (Oswal 1983; Bohn et al.

1985).

In the case of residual water capacity for the two
terracing treatments (Table 5) the soil moisture retained

decreasing trend
towards the middle parts of the plots in the bench terraces
then increased on the lower parts. In the ladder terraces

Such trendsit showed a decreasing trend down the slope.
contradict that of soil clay content in the two terracing

over 1500 kPa matric suction showed a

structure in the soil, an increase in clay and organic
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clay particles hold water molecules very tight due to their

high charges and specific surface area (Bohn et al. 1985).

The organic matter at the middle part of bench terrace

plots was higher, and that of the ladder terraces was
increasing down the slope. A similar trend was shown by
the residual water capacity along the slope as well
as that of particle density in the soils from both bench

It can thus be suggested that soiland ladder terraces.
organic
retained soil water above 1500 kPa matric suction than clay

particles.

Soil chemical properties5.2
5.2.1 Soil reaction (pH)

The pH values obtained from the bench terrace soils
were slightly lower than the range of 5.5 to 7.5 which has
been suggested by Landon (1984) good for most cropsas
performance. In the ladder terraces the pH range obtained
fell within the suggested one. For that matter therefore,

terraces.

1984; Thomson and

Soil acidity is known to affect many plant 
nutrients which are essential for crop yield performance 
and soil fertility in general (Landon

pH could be taken as partly a limiting factor among several 
factors which cause poor crop performance in Mgeta bench

methods. This is in conformity with the literature that

in releasing stronglymatter has much effect
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Troeh 1985).

Soils from bench terraces were more acidic than those

of ladder terraces despite the fact that all received equal

agronomic treatments in the cropping seasons. Relatively
lower pH values in bench terraces (Table 1) could be caused
by several factors. areone or
constructed, the top soil rich in organic matter and major

basic cations like calcium and magnesium, is mechanically

moved down the slope and the subsoil which is less fertile

1989). Soils with pHand more acidic is left (Shenkalwa

values less than 5.5 is reported to be weathered and that

exchangeablethere
aluminium and ferric compound ions in such soils (Drosdoff
1972; Sanchez 1976).

In the ladder terraces, loosely bound (drainage) soil
drained down the slopeeasily bywater awayis

gravitational force (Zonn 1986) because there are no beds
er se like those of bench terraces which could obstruct

This has been supportedwater from flowing down the slope.
by the evident transportation of finer soil materials down
the slope, namely clay, silt and organic matter.

A decrease in soil pH down the slope in the ladder
terraces cannot be clearly explained due to the increase

possibility of obtaining some

When bench terraces

is a
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in exchangeable calcium in the same direction. However,

though statistically significant, the LSD (0.05) value of

0.1 obtained for pH values is too small to have pronounced

effect in agriculture (Russell According to1973) .

' Russell (1973) pH readings to the nearest 0.2 of a unit is

quite acceptable for most agricultural practices. Hence
soil consideredin ladder beterracesPH can as
agronomically not variable along the slope. On the other
hand,
pattern in soil pH along the slope for the bench terrace
plots could be attributed to the nature of the soils.

Profile pH values in the bench terraces followed a
similar pattern to that of clay and silt contents. This
suggests that the variation is associated with the nature
of the soils. For that matter, the mineralogy of the soils
studied in the present research needs to be determined and
related to the observed chemical properties.

Cation exchange capacity (CEC)5.2.2

From the previous section it has been noted that the
soils in the bench terraces had pH values less than 5.5
suggesting that the activity of aluminium in the soils was
high (section 5.2.1) and that the soils could have some
acid related infertility. Due to low pH values, aluminium

the absence of significant variation and defined
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Thissimilar pattern to that of clay and silt contents.

suggests that the variation is associated with the nature
of the soils. For that matter, the mineralogy of the soils
studied in the present research needs to be determined and
related to the observed chemical properties.

Cation exchange capacity (CEC)5.2.2

From the previous section it has been noted that the
soils in the bench terraces had pH values less than 5.5
suggesting that the activity of aluminium in the soils was
high (section 5.2.1) and that the soils could have some

aluminiumacid related infertility. Due to low pH values,

the absence of significant variation and defined

effect in agriculture (Russell
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ions could undergo hydrolysis which end up with formation

of positively charged intermediate aluminium compounds,

aluminium and hydrogen ions which in turn could react with

the soil colloidal system and coagulate it irreversibly and

consequently lowering the soil's CEC. According to Mengel

and Kirkby (1987), the extent of coagulation of negatively

:A1 has been reported to

This implies that, once the CECbe in the ratio 1:20:350.

calcium magnesiumandexchangeablelowered, are

selectively replaced by aluminium and its compounds. It

becomecan

easily taken by plants from soil solution or leached by
1985). Ladder terraces had soils withwater (Bohn et al.

pH values higher than 6.0, hence its CEC and exchangeable

calcium and magnesium appeared relatively higher. From the

observed differences between the two terracing treatments

it can be noted that design of bench terraces gives chances

for the soils to become more acidic and render it with a

lower CEC than that for the ladder terraces.

As a rule, soils rich in clay and organic matter are
known to have greater ability to adsorb more water and

This concept supports

hydration of ion species concerned, 

coagulating capacity of Na+:Ca2+*an3+

cations and possessing higher CEC than soils low in those 

variables (Mengel and Kirkby 1987).

Hence, the relative

charged colloids depends on the valency and degree of

follows that calcium and magnesium cations
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selectively replaced by aluminium and its compounds. It

becomefollows

easily taken by plants from soil solution or leached by

1985). Ladder terraces had soils withwater (Bohn et al.

pH values higher than 6.0, hence its CEC and exchangeable

calcium and magnesium appeared relatively higher. From the

observed differences between the two terracing treatments
it can be noted that design of bench terraces gives chances
for the soils to become more acidic and render it with a
lower CEC than that for the ladder terraces.

soils rich in clay and organic matterAs a rule, are

known to have greater ability to adsorb more water and

cations and possessing higher CEC than soils low in those

variables (Mengel and Kirkby 1987). This concept supports

hydration of ion species concerned, 

coagulating capacity of Na+:Ca2+*&13+

Hence, the relative

charged colloids depends on the valency and degree of

that calcium and magnesium cations can
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significant variation in CEC (p = 0.05) noted in bench

terraces (Table 1) had higher values in the middle part of

the plots than upper and lower parts.

as

organic matter (total nitrogen and organic carbon) contents
indicated similar pattern to that of the soils' CEC along

Dependence of fractions derived from clay andthe slope.
organic matter, and slightly from silt-sized particles has
been further supported by FAO (1979) and Landon (1984) .

Lack of significant variation (p = 0.5) in CEC with
respect to soil depth could be due to the nature of the

and methods used in their construction.cultivated soils

though insignificantly variable, the patternsMoreover,

displayed by the CEC corresponded those of clay and silt
Organic matter incontents in the two terracing methods.

the soils for both terracing treatments was very low, hence
soils'had CEC

lesser siltclay and to extentcompared to contents
(Schnitzer and Skinner 1965; FAO 1979; Mengel and Kirkby

1987) .

Exchangeable cations (Ca, Mg, K and Na)5.2.3

Exchangeable calcium and magnesium obtained in the

silt as well

the findings obtained in the present study in which a

a combination of clay,

relatively insignificant effect on the

In the ladder

terraces too,
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soils for the two terracing systems ranged from adequate
to high with respect to most crop requirements. This is

exchangeable calcium or magnesium less than 0.2 cmol kg“

soil respectively were considered

high (Mengel 1982; Landon 1984; Mengel and Kirkby 1987).

Calcium:magnesium ratios of the soils for both bench and

ladder terraces did not reach 5:1 in which magnesium could

1984). Values of

of soil which was also suggested to

be adequate for most crops (Boyer 1972; Landon 1984). The

exchangeable cations as plant nutrients were not among the

possible limiting factors for crop performance at Mgeta in

for thevaluespresent study.the

exchangeable calcium and magnesium of the bench terrace
As itsoils were lower than those in the ladder terraces.

was noted in section 5.2.2, this could be a result of low

pH and organic matter in the bench terrace soils. On the
relatively higher contents of exchangeable

potassium and sodium observed in bench terraces than in the
adjacent ladder terrace plots could be attributed to the

which has

in agreement with various researchers who suggested that
1

temporary water logging observed in the soils, 

been associated with higher clay and silt and lower organic 

matter contents in the former (Baver et al. 1983; Mengel

soil show deficiency symptoms to most crops, while levels 

above 10 and 4 cmol kg-1

exchangeable potassium and sodium fell within a range of 

0.05 to 0.25 cmol kg-1

other hand,

be less available to plants (Landon

Nevertheless the
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and Kirkiby, 1987). In the bench terraces, as it was noted

water or fine soil materials down the slope,
potassium and sodium ions are dispersed in soil solution
could not find a way out of the beds, rather they just
remain in the soils unless they are taken up by plants.

terracinginfluenceThe of the methods theon

exchangeable cations can be depicted from the variations
in cation contents along the two directions selected, along
the slope and vertically in the soil. As noted earlier,
the method used in the construction of bench terraces led
to mechanical movement of the top soil rich in organic
matter and exchangeable calcium and magnesium down the

Ekanade Shenkalwa(Adejuwon and 1987;slope 1989;
1990) with the consequence that theRwehumbiza and Roose

exchangeable calcium seemed to increase significantly
(p = 0.1) down the slope.
changes observed could be a result of combination ofa
mechanical movement of the soils down the slope during
cultivation and the lateral transportation of inorganic and
organic fine soil materials. Since most of the fine soil

so even if
in most of its physical properties, no free movement of

materials are negatively charged (Sanchez 1976; Mengel and 
Kirkby 1987), when they are moved down the slope by water, 
they carry with them adsorbed calcium and magnesium ions. 
Furthermore, the absence of significant variation in all

In the ladder terraces, the



exchangeable cations deep soil (Table 2) and
considering significancelack of for second order

interaction (Table 8), is sufficient evidence to suggest

minimal movement of fine soil materials, notably clay in

• the two directions for both bench and ladder terraces.

Total nitrogen and organic carbon5.2.4

Generally, total nitrogen and organic carbon (organic

soils bench and ladderfromthematter) ofcontent

Accordingwere very low in the present study.terraces,
(1961) total nitrogen content between 0.1 andto Metson

0.2% and organic carbon less than 2% are considered low for

agricultural and microbiological activities whatever the

of total nitrogen in the soil. Low organic mattersources
content in soils can lead to some set backs in the general
fertility status of such soils.

The amounts and patterns of variations in soil total
nitrogen and organic carbon (Figure 7)
important factors among others which might have led to poor

This may becrop performance in Mgeta.
there could be enough organic

matter in the bench terraces down to a depth of 50 cm the 
structure of the soils would have improved, increasing soil 
aeration, total porosity and other properties such that no

a valid reason

can be taken as

in the

because if, for instance,
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water would have temporarily been stagnating on the beds

(Mengel and Kirkby 1987). Cation exchange capacity would

be high and more plant nutrients would be available for

better crop performance in the bench terraces (Schnitzer

and Skinner 1976). In the1965; Drosdoff 1972; Sanchez

case of ladder terraces, it seems that addition of organic
soil withoutmaterials andin proper managementthe

conservation could not help because most losses of its fine
soil materials appeared to be by gradual transportation by

slope rather than soil erosionwater se.er
Hence growing of grass or small fruit trees
slope to prevent soil from moving down the slope together
with frequent additions of organic matter could probably

performance in Mgeta (Lal 1979; Morganimprove crop
authors have stressed the overwhelmingSeveral1986) .

importance of organic matter conservation in

soil fertilitymaintainingimproving andformeans
1965; Greenland and Dart(Schnitzer and Skinner 1972;

Adejuwon and Ekanade Shenkalwa1987;Sanchez 1976;

1989) .

Slightly lower quantities of total nitrogen observed
ladder terraces

relatively lower soil pH found in the former terraces.

low PH mostly attributed reducedto
Landon (1984) commented that lower nitrogen content in the 
soils with low pH is

across the

soils as a

down the

could be due toin bench than in the
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microbiological activities other factors.among
Additionally, low total nitrogen observed in the bench
terraces could be associated with the method used in the
construction of the terraces whereby the top soil, normally
rich in organic matter is truncated and mechanically moved
down the slope (Rwehumbiza and Roose 1990). In ladder
terraces, low organic matter content (total nitrogen and
organic carbon) observed could be caused by transportation
and depletion of fine humic compounds together with other
fine soil materials which are moved by water down the slope

The evidence of transportationduring the rainy seasons.
of such particles down the slope can be deduced from Table
1 and Figure 7. From Table 1 and Figure 7, clay, silt and
organic matter content of ladder terrace soils seemed to

increase down the slope while very coarse sand decrease

Transportation fine soilofdown slopes.the same
materials down the slope move together with adsorbed plant
nutrients like calcium, magnesium, potassium, nitrogen and
others.

Similar patterns for total nitrogen and organic carbon
invariations observed bench terrace soils could be

Further, strong relationship between total 
nitrogen and organic carbon,

expected because there was no depletion of organic matter 
by moving water as it was suggested in the ladder terraces.

in which about 99% of the

there is a
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former is said to be bound in organic matter (Mengel and
Kirkby 1987; Shenkalwa 1989).

can be noted that there is no straight forward pattern in

the trends for total nitrogen and organic carbon, probably

due to differences in the rate of mineralization or other

chemical by differences in chemicalcausedprocesses
ratio of the organicproperties like soil pH and C:N

The significantin soilsmatters 1980).(Verloothe

increase in organic carbon content (p = 0.01) for ladder

terrace soils down the slope support the suggestion that

fine soil materialsis ofthere movementlaterala

transported by water down the slope. The organic carbon

content of the bench terraces did not show any significant

suggesting absence fineofvariation along the slope,

movement in the soils.materials'
total nitrogen and organic carbon with increase in soil
depth was expected due to the fact that most of the organic
matter is found in the top soils and it is incorporated
into deeper layers (to plough layer depth of about 30 cm)
by cultivation practices (Sanchez 1976; Bohn et al. 1985;

Mengel and Kirkby 1987) .

Available phosphorus5.2.5

The available phosphorus for both bench and ladder

terrace soils were extreme, being lower than the lowest

However, from Table 1 it

A clear decrease in
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which is viewed as the minimum value at

which fertilizer response is most likely (Olsen and Dean

1965; Acres 1983). Although available phosphorus was very
low in the present study, such values may not necessarily

• be associated with any terracing system due to the fact
that, in the profile which was dug on uncultivatedeven
land (Appendix 2) showed low values too. Hence it could

including inherentbe attributed lowto
phosphorus content in the parent materials (Mengel and

when the soil pH is considered,Kirkby Further,1987) .
suggested that soilsit and ladderfrom benchbecan

available phosphorus forlowcommonlyterraces had
the bench terraces predominantdifferent Inreasons.

could be dominant (Bohn et
Since exchangeable aluminium and ferric ionsal. 1985).

presumed to exist in the soil solution, and organicwere
the soils was very low, the

phosphorus in the soil could be precipitated (fixed) as
and consequently lead to the observed low

available phosphorus in the soils. From the same reason,
it would be expected to have more available phosphorus in
the ladder than in the bench terraces.
not the case (Table 1) probably because of the extremely
low content of soil organic matter (Sanchez 1976) which 
has been thought to be transported together with other fine

phosphorus species could be H2P04“ whereas in the ladder 
'42'

or FePO4A1PO4

terraces both H2P04" and HPO

However, this was

matter content of most of

other factors

value of 15 mg kg-1
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soil materials down the slope by rain water. Additionally,
the observed lower values in the cultivated land in bench
and ladder terraces could be due to the fact that most
farmers containingat Mgeta do not apply phosphorus

• fertilizers and organic matter to their farms regardless
of (Personal communication with Mgetathe crop grown

They just apply sulphate of ammoniafarmers 1990).
fertilizers for all crops. It can generally be suggested
that the observed and reported decline in crop performance
in Mgeta could be aggravated by several factors, these may
include inherently low phosphorus content in the soil, lack
of application of phosphorus - containing fertilizers and
organic matter as well

(with pHsoils less thanacid 5.5)inmetals found

particularly when organic matter content of the soils is
very low (Schnitzer and Skinner 1965; Greenland and Dart
1972; Mengel and Kirkby 1987).

Despite the low amounts of phosphorus in the soils,
the effect of terracing methods on the available phosphorus
can be noted in Tables 1 and 2. The trend shown by the

variation for the availabletrends of phosphorus
corresponds to that of organic carbon along the slope and

deep in the soil for both terracing methods. Since it is
known that phosphorus mobility in the low

that soil(Mengel and Kirkby 1987; Shenkalwa 1989) , and

as phosphorus fixation by heavy

soil is very
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organic matter supplies 50 to 60% of the phosphate in the

soil (Barrower and Kilmer 1963; Sanchez 1976; Bohn et al.
it can be suggested that the factors which affect1985),

available phosphorus in soil. Consequently,the the
addition and management of organic matters in the soils
would also be beneficial to phosphorus status in the soils,
provided phosphorus-containing fertilizers are added to the
soils. soils, recommended phosphorusthemostFor

containing fertilizers include water soluble, basic slags

1984; Mengel and Kirkbyand rock phosphate (Kucey and Bole

1987) .

Ladder CropTerracesofInfluence5.3 on
Performance.

concur with theresults summarized in Table 9The
suggestions provided in the preceding sections that soils
under bench terraces are relatively infertile when compared
to those of the ladder terraces. This has been attributed

construction of fertileto the process

observed pattern
in crop performance in the ladder terraces assumed the same
trend as for the fine soil materials, which goes together
with the suggestion that the
water down the slope during rain seasons.

topsoil is truncated. Furthermore, the

latter are transported by

Bench and

in which most

the organic matter in the soil could also affect the
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CHAPTER 6
SUMMARY AND CONCLUSION

Soil physical properties6.1

The results of this study indicate that bench terrace
plots slightly higher bulk density,had (P = 0.05)
moderately higher (p = 0.01) silt and very high (p < 0. 01)

clay contents compared to the adjacent

Further, bench terrace soils had slightly lower AWCplots.
moderately lower

particle density and total porosity whereas total sand
content was relatively very low when compared to those of
the ladder terrace soils. The effects of higher clay and
silt content and relatively low organic matter levels had
negative consequences in the soil water status (low AWC)
in the bench terraces.

Some effects of the treatments on the soil physical
In bench
in bulk
and adensity; no well defined pattern in clay content; 

decreasing pattern for the soil total porosity down the 
slope. Other soil physical variables studied did not show

terraces, there was a slight increase (p = 0.05)
properties were noted in the present study.

as well as very coarse sand content,

ladder terrace
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Soil physical properties6.1

The results of this study indicate that bench terrace
plots slightly higherhad bulk density,(P = 0.05)

moderately higher (p = 0.01) silt and very high (p < 0.01)

clay contents compared to the adjacent

Further, bench terrace soils had slightly lower AWCplots.

particle density and total porosity whereas total sand
content was relatively very low when compared to those of
the ladder terrace soils. The effects of higher clay and
silt content and relatively low organic matter levels had
negative consequences in the soil water status (low AWC)
in the bench terraces.

Some effects of the treatments on the soil physical
properties were noted in the present study. In bench

density; no well defined pattern in clay content; and a
decreasing pattern for the soil total porosity down the

Other soil physical variables studied did not showslope.

terraces, there was a slight increase (p = 0.05) in bulk

ladder terrace

as well as very coarse sand content, moderately lower
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significant variation along the slope in bench terrace

plots. In the ladder terraces, there was a slight increase
(p = 0.05) in silt content and AWC of the soils.

The methods used in construction of bench and ladder
terraces contributed to the observed differences in soil
physical properties. The bench terraces' topsoil, which is
rich in organic matter and most mineral plant nutrients

is truncated and mechanically moved(notably Ca and Mg),
This process leaves behind the subsoildown the slope.

Due to high clay and siltwhich is generally less fertile.
content with little organic matter of the soils and very
high mean annual rainfall at Mgeta, most of the rain water

cause
This happens due to the fact thattemporary water-logging.

fine soilmovement ofterracesladderslowly.
silt and some humic compounds of

the soil organic matter are transported by rain water along
the slope gradually but continuously. Long term effect of

finetransportation soilof materialsgradual was
associated with highest total sand content found in ladder

terrace soils compared to those of bench terraces. Within

the profile there was generally no significant variation 

in the soil physical properties.

leaching in the soil occur very

particles, namely clay,

water infiltration and

stagnates on the beds of the bench terraces and

In the
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chemical properties

Ladder terraces had quite higher (p < 0.01) values
1 pH, CEC, exchangeable Ca and Mg and total nitrogen.
.c carbon was moderately higher (p > 0.01) in the
* compared to those of the adjacent bench terraces.
terrace soils contained relatively higher (p < 0.01)

(P 0.05)slightly highersodium andigeable

those of laddercomparedpotassium toigeable

Available phosphorus content of the soils fromes.
differdid notbench and ladder terraces

icantly.

ost of the chemical variables studied in the present
the recommendedch range

The CEC for bothted for better crop performances.
and ladder terraces and the exchangeable calcium for
terraces were relatively higher than the recommended

. The exchangeable magnesium, potassium, sodium, and
nitrogen for both bench and ladder terraces had

the recommendedwithin wellranges as as
jeable calcium for bench terrace soils. The soil

; carbon for both bench and ladder terraces were
.y lower than the recommended values while values of
1 available phosphorus for both terraces were lower
e suggested value of 15 mg kg*1.

gave values well above
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than the suggested value of 15 mg kg-1.

Most chemical variables,of the with significant

variations along the lacked

defined patterns. This was attributed to the method used
in the construction of the terraces such that, after the

bench terrace beds have stabilized, no more free movement

soilof Organic carbon andwater down the slope.or

obviousmagnesiumexchangeable calcium showedand an

increase down the slope in the ladder terrace plots. The

study showed that most of the physical (clay, silt and AWC)

and soil chemical properties (organic matter, exchangeable

calcium and magnesium) had an increasing pattern down the

slope. This was attributed to the gradual and continuous

transportation of fine soil materials along the slope by

water, probably accompanied with minor mechanical movement

of soil in the ladder terraces during their construction.

Lower values of soil pH (less than 5.5) were observed in

Such low values render plant nutrientsbench terraces.

Many acid soil related properties suchunavailable. as

exchangeable cationslower (example calcium andCEC,

magnesium) and available phosphorus were noted in bench

terrace soils. Low values of the available phosphorus in
the ladder terracesandbench associated withwere
depletion of the organic matter in the soil as well as lack
of application of phosphorus - containing fertilizers and

slope in bench terraces,
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Deep in the profile, and ladder

soilterraces there inwas
chemical properties. The observed soil chemical properties
(total nitrogen, organic carbon, and available phosphorus)
indicated a decreasing trend with soil depth.

General conclusion and recommendation6.3

It has been found that the two methods of terraces
practised at Mgeta have some positive and negative effects
on the physical and chemical properties of the soils. Bench
terraces, drastically reduce soil and water movement down
the slope. Most of the bench terrace plots tended to have
poor soil structure because of high clay and silt content
and low organic matter. The poor structure could result in

Applicationreduced root penetration.poor aeration and

in aof organic matter
inorganic benchwith fertilizers intogethermanures

terrace plots followed by mulching would improve crop
performance.

ladderThe terraces made whensuch thatare
cultivating , vegetation and crop residues are spread and
covered with soil cut from the face of the terraces above.

form of animal, green or compost

reduced soil infiltration, low available water capacity,

Other crop residues are taken out as animal feeds. This

no noticeable differences
for both bench
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together with reduction of the fine soil materials lead to

improve crop performance on ladder teraces, pastures like
guatemala or elephant grass and deciduous fruit trees like
peaches should be grown by single line intervals across the
slope on each individual plot. In advantage, pastures could
be used to feed the tamed animals like cattle and milk
goats while fruits would be used as food for human beings.
The plants grown on the terraces across the slope would
check the movement of fine soil materials. The drainage
systems should be designed so that rain water can follow
predetermined channels rather than flowing down the slope
through the ladder terraces.

poor soil fertility and hence poor crop performance. To
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APPENDIX 1
General Information on Site and Soil

LOCATION: 1.5 road fromkm the Tchenzematoon

Nyandira

MountainousLAND FORM: Mountain RELIEF:

1800 m a.s.l.SLOPE OF SITE: 30% ELEVATION:

PARENT MATERIAL: Colluvial

Fern, guava, cyperus, wattle, eucalyptus,VEGETATION:
thatch grass Themeda spp. Cultivation of
cabbage, maize and beans

Deep, well drained with sandy clay loamSOIL:
texture
Higher category classification:

- Chromic CambisolsFAO
USDA - Typic Eutropept

The profile was described on 21.1.1991 withAUTHORS:

(ofof Dr.assistance B.M. Msanyathe

Kimaro (of NationalS.U.A.) and Mr. D.N.
Soil Service, Mlingano, Tanzania)
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SOIL PROFILE DESCRIPTION:
Horizon Depth Description

All 0-18cm Dark brown (7.5YR 4/4) moist;
sandy clay loam ; weak fine and
medium crumby; friable when
moist, sticky and plastic when
wet; many fine pores; fine
medium and many fine roots; clear
smooth boundary.

Strong brown (7.5YR 5/6) moist;BA 18-46cm
sandy clay loam; weak fine and
medium subangular blocky; firm

sticky and plasticwhen moist,

few

smoothgradualmedium roots;

boundary.

Strong brown (7.5YR 5/6) moist;Bwl 46-60cm
sandy clay loam; strong fine and

firmmedium subangular blocky;
stick and plasticwhen moist.

fewandwhen finewet; many

thin broken cutans; 2.5%
medium pores; few course roots;

when wet; many fine pores;
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irregular quartz; gradual smooth
boundary.

Bw2 60-85cm Strong brown (7.5YR 5/8) moist;
sandy clay loam; moderate fine
and medium subangular blocky;
firm when moist, sticky and
plastic when finewet; many

few fine roots; gradualpores;
smooth boundary.

Bw3 Strong brown (7.5YR 5/8) moist;85-104cm
sandy clay loam; many fine and

blocky;subangularmedium

slightly firm when moist, sticky
and plastic when wet; many fine
pores;
roots; clear smooth boundary.

Bw4 Reddish yellow (5YR 6/6) moist;104-120cm
sandy clay loam; moderate fine

medium subangular blocky;and
friable when moist, sticky and
plastic wet;when finemany

fine and very fewpores; very
roots.

very fine and very few
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APPENDIX 2

The analytical laboratory results for the profile described at lyandira

CEC

6 11 8 12 11.0 3.6 0.11 0.11 80.3n to 2 1.0 18.60-18 (.1 3.1 0.21 15lb

6 10 10.1 1.9 0.25 0.12 80.133 30 9 10 2 19.85.9 2.01.4 0.13 1118-46BA

5 1 10 10 10.1 3.4 0.06 0.14 82.111.335 31 2.0I 0.9 0.01 136.046-608»1

8 9 119 9.8 3.2 0.10 0.18 83.016.034 29 2.05.1 0.6 0.05 12260-85Bv2

5 1\ io 10.2 3.5 0.09 0.09 19.36 11.585-104 35 31 5.8 0.32B»3

9.5 2.9 0.04 0.15 79.16 15.8104-120 33 30 0.25.12BV4

1

t

M|lH%

Si = Silt; V

\

7

Exckaigeible cation. Base 
aba1/1I btf • 1 CJltl*

' Ca l{ [ la ratios 
soil) (X)

9 12 8

Borison Depth Particle site aialysis(ca) p8 Orgaaic Total C/1 asaila-
(cs) Cl. Si. IPS PS IS CS ICS (8,0) carboa II hie Bray 1 (ciol Jciolls) bf1 soil

1 P (H/UI (W

CL = Cla- ’(jium sand; CS = very fine sand; FS = fine sand; MS 5 m coarse sand; VSC = very
coarse sand.

\

* *
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Other diagnostic features
FAO-UNESCO

Ochric A Gamble B

' S'3

Appendix 3 : A su»«ary showing the classification of the soils 
froa Nyandira

Diagnostic Diagnostic 
epipedon sub-surface 

horizon

- Strong brown to red (7.5 
YR and chroma of sore 
than 4 or 9 hue redder 
than 7.5 YR> soil colour

- High base saturation 
throughout

Great group: 
Untropept
subgroup:Typic 
Butropept

level 2:Chroaic
Caabisol

- Iso-mesic (8-15°C mean 
annual) soil temperature 
regime

- High organic matter order:Inceptisol level I:Cambisol 
content particularly in suborder:Tropept 
the surface horizons 
(up to 46 cm depth)

______ Soil name
USDA Soil Taxonomy
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